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Background

Autoimmune diseases (AIDs) are a class of chronic disabling diseases characterized by inflammation and damage to muscles, joints, bones, and internal organs. Recent studies have shown that much progress has been made in the research of exosomes in AIDs. However, there is no bibliometric analysis in this research field. This study aims to provide a comprehensive overview of the knowledge structure and research hotspots of exosomes in AIDs through bibliometrics.



Method

Publications related to exosomes in AIDs from 2002 to 2021 were searched on the web of science core collection (WoSCC) database. VOSviewers, CiteSpace and R package “bibliometrix” were used to conduct this bibliometric analysis.



Results

312 articles from 48 countries led by China and the United States were included. The number of publications related to exosomes in AIDs is increasing year by year. Central South University, Sun Yat Sen University, Tianjin Medical University and University of Pennsylvania are the main research institutions. Frontiers in immunology is the most popular journal in this field, and Journal of Immunology is the most co-cited journal. These publications come from 473 authors among which Ilias Alevizos, Qianjin Lu, Wei Wei, Jim Xiang and Ming Zhao had published the most papers and Clotilde Théry was co-cited most often. Studying the mechanism of endogenous exosomes in the occurrence and development of AIDs and the therapeutic strategy of exogenous exosomes in AIDs are the main topics in this research field. “Mesenchymal stem cells”, “microRNA”, “biomarkers”, “immunomodulation”, and “therapy” are the primary keywords of emerging research hotspots.



Conclusion

This is the first bibliometric study that comprehensively summarizes the research trends and developments of exosomes in AIDs. This information identifies recent research frontiers and hot directions, which will provide a reference for scholars studying exosomes.
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Introduction

AIDs are a class of diseases caused by the loss of the body’s autoimmune tolerance leading to damage to its own tissues, affecting about 10% of the world’s population (1). AIDs are characterized by inflammation and damage to muscles, joints, bones, and internal organs, including rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), and type 1 diabetes (T1D), Sjögren’s Syndrome (SS), Multiple Sclerosis (MS) and more than 80 diseases. At present, the treatment of AIDs is mainly based on anti-rheumatic drugs such as non-steroidal anti-inflammatory drugs, hormones, and biological agents. However, long-term use of these drugs can cause many side effects, so it is imperative to find safe and effective alternatives (2).

Exosomes are extracellular vesicles (EVs) with a diameter of about 30~150 nm, and their contents are rich, including: DNA, RNA, lipids, proteins, cytokines and other substances. The other two extracellular vesicles with larger diameters are microvesicles and apoptotic bodies, but the immunomodulatory effect of exosomes is the strongest (3, 4). In addition, the source of exosomes is wide, and their parental cells are diverse, including: mesenchymal stem cells (MSCs), Dendritic cells (DC), T cells, etc. Compared with parent cells, exosomes have the characteristics of stable physicochemical properties, no heterologous risk, and easy storage and transportation, so they are likely to be ideal products for the treatment of AIDs in the future (5, 6). In recent years, many scholars have begun to try to use exosomes to treat AIDs and have made great breakthroughs (6–13), and related clinical trials have gradually been launched (14).

Bibliometrics is a literature analysis method that analyzes the output and status of publications in a particular research field from a quantitative and qualitative perspective (15, 16). During the analysis, we can obtain detailed information about authors, keywords, journals, countries, institutions, references, etc. in the relevant research field (16). Bibliometric tools such as CiteSpace (17), VoSviewer (18), R package” bibliometrix” (19), and HistCite (20) are commonly applied to visualize the results of literature analysis, and these tools have been widely used in medical fields, such as oncology (21, 22), Orthopedics (23), Thoracic Surgery (24), and Rheumatology (25). In 2019, Wang B et al. summarized the research status of exosomes in the world, but the study did not introduce the detailed research progress of exosomes in various medical disciplines (15). As far as we know, although related scholars have done bibliometric studies of exosomes in cancer (21), cardiovascular disease (26), and diabetes (27), studies of exosomes in AIDs have not emerged by means of bibliometrics. However, related studies in recent years have shown that exosomes show good prospects in the treatment of AIDs. To fill this knowledge gap, this study aimed to perform a bibliometric analysis of publications of exosomes in AIDs over the past two decades (from 2002 to 2021) to identify major contributors and current research status, and to look forward to the research trends and future development prospects in this field.



Methods


Search Strategy

We conducted a literature search on the Web of Science Core Collection (WoSCC) database (https://www.webofscience.com/wos/woscc/basic-search) on 15 April 2022. The search formula is ((TS = (Exosomes)) AND TS = (Autoimmune Diseases)) AND LA = (English), and the type of documents is set to “articles “ and “review” (Figure 1).




Figure 1 | Publications screening flowchart.





Data Analysis

VOSviewer (version 1.6.18) is a bibliometric analysis software that can extract the key information from numerous publications (28), which is often used to build collaboration, co-citation and co-occurrence networks (29, 30). In our study, the software mainly completes the following analysis: country and institution analysis, journal and co-cited journal analysis, author and co-cited author analysis, and keyword co-occurrence analysis. In the map produced by VOSviewer, a node represents an item such as country, institution, journal, and author. Node size and color indicate the number and classification of these items, respectively. Line thickness between nodes reflects the degree of collaboration or co-citation of the items (25, 31).

CiteSpace (version 6.1.R1) is another software developed by Professors Chen C for bibliometric analysis and visualization (17, 30). In our study, CiteSpace was applied to map the dual-map overlay of journals and to analyze reference with Citation Bursts.

The R package “bibliometrix” (version 3.2.1) (https://www.bibliometrix.org) was applied for a thematic evolution analysis and to construct a global distribution network of publications of exosomes in AIDs (32). The quartile and impact factor of the journal are obtained from Journal Citation Reports 2020. Additionally, Microsoft Office Excel 2019 was used to conduct quantitative analysis of publication.




Results


Quantitative Analysis of Publication

According to our search strategy, there were a total of 312 studies of exosomes in AIDs in the past two decades, including 157 “articles” and 155 “reviews”. Judging from the growth rate of the number of publications each year, the whole period can be divided into three parts: Period I (2002-2008), Period II (2009-2016) and Phase III (2017-2021). As shown in Figure 2, the number of publications in Phase I is 0, and the research of exosomes in AIDs has not been conducted during this period. The number of publications in Phase II is relatively small, with an average annual publication number of about 7.5, which is in the initial stage of the research of exosomes in AIDs. The number of publications in Phase III began to increase significantly, with an average annual number of about 50.4. The number of relevant publications published in 2017 was 31, 2.4 times that of 2016. In 2021, the number of publications of exosomes in AIDs reached 86. In the past five years (Phase III), the number of publications of exosomes in AIDs has shown an upward trend year by year, and the total number of papers in this stage has increased significantly compared with the other two stages.




Figure 2 | Annual output of research of exosomes in AIDs.





Country and Institutional Analysis

These publications came from 48 countries and 122 institutions. The top ten countries are distributed in Asia, North America, and Europe, mainly in Asia (n=4) and Europe (n=4) (Table 1). Among the countries, the country with the largest number of publications is China (n=97, 23.3%), followed by The United States (n=89, 21.4%), Italy (n=34, 8.2%), Iran (n=23, 5.5%). The combined number of publications from China and the United States accounted for almost half of the total (44.7%). Subsequently, we filtered and visualized 48 countries based on the number of publications more than or equal to 2, and constructed a collaborative network based on the number and relationship of publications in each country (Figure 3). Notably, there is a lot of active cooperation between different countries. For example, China has close cooperation with the United States, Canada, and Japan; the United States has active cooperation with Italy, Switzerland, Germany, and Iran.


Table 1 | Top 10 countries and institutions on research of exosomes in AIDs.






Figure 3 | The geographical distribution (A) and visualization of countries (B) on research of exosomes in AIDs.



The top 10 institutions are located in 3 countries, with three-fifths of them located in China. The four institutions that published the most relevant papers are: Central South University (n=7, 1.7%), Sun Yat Sen University (n=7, 1.7%), Tianjin Medical University (n=7, 1.7%) and University of Pennsylvania (n=7, 1.7%). Subsequently, we selected 44 institutions based on the minimum number of publications equal to 3 for visualization, and constructed a collaborative network based on the number and relationship of publications of each institution (Figure 4). As shown in Figure 4, the cooperation between Sun Yat Sen University, Tianjin Medical University and University of Pennsylvania is very close, and there is active cooperation between Shahid Beheshti University Medical Sciences, Tehran University of Medical Sciences, Iran University of Medical Science. In addition, we note that Central South University, although it publishes the most papers, has no partnership with other institutions.




Figure 4 | The visualization of institutions on research of exosomes in AIDs.





Journals and Co-Cited Journals

Publications related to exosomes in AIDs were published in 169 journals. Frontiers in Immunology published most papers (n=38, 12.2%), followed by International Journal of Molecular Sciences (n=16, 5.1%), Stem Cell Research & Therapy (n=8, 2.6%) and Scientific Reports (n=6, 1.9%). Among the top 15 journals, the journal with the highest impact factor is Cellular & Molecular Immunology (IF=11.53), followed by Molecular Therapy (IF=11.46). Subsequently, we screened 48 journals based on the minimum number of relevant publications equal to 2 and mapped the journal network (Figure 5A). Figure 5A shows that Frontiers in Immunology has active citation relationships with International Journals of Molecular Sciences, International Immunopharmacology, and Plos One, etc.




Figure 5 | The visualization of journals (A) and co-cited journals (B) on research of exosomes in AIDs.



As shown in Table 2, among the top 15 co-cited journals, 4 journals were cited more than 500 times, and Journal of Immunology (Co-citation=1005) was the most cited journal, followed by International Journal of Molecular Sciences (Co-citation=651), Blood (Co-citation=568) and Frontiers in Immunology (Co-citation=514). In addition, the impact factor of Nature reviews Immunology is the highest (IF=53.11), followed by Nature (IF=49.93). Journals with the minimum co-citation equal to 150 were filtered to map the co-citation network (Figure 5B). As shown in Figure 5B, Journal of immunology has positive co-citation relationships with Blood, Plos one, Frontiers in immunology, etc.


Table 2 | Top 15 journals and co-cited journals for research of exosomes in AIDs.



The dual-map overlay of journals shows the citation relationships between journals and co-cited journals, with clusters of citing journals on the left and clusters of cited journals on the right (33). As shown in Figure 6, the orange path is the main citation path, which represents the research published in Molecular/Biology/Genetics journals is mainly cited by literature in Molecular/Biology/Immunology journals.




Figure 6 | The dual-map overlay of journals on research of exosomes in AIDs.





Authors and Co-Cited Authors

A total of 1858 authors participated in research of exosomes in AIDs. Among the top 10 authors, five authors each published 4 papers (Table 3). We build a collaborative network based on authors whose number of published papers is more than or equal to 3 (Figure 7A). Ilias Alevzos, Qianjin Lu, Wei Wei, Jim Xiang and Ming Zhao have the largest nodes because they publish the most related publications. Besides, we observed close collaboration among multiple authors. For example, Xiaoyu Xiang has close cooperation with Xiaoying Zhuang, Huang-Ge Zhang and William Grizzle; Jim Xiang has active cooperation with Yufeng Xie, etc.


Table 3 | Top 10 authors and co-cited authors on research of exosomes in AIDs.






Figure 7 | The visualization of authors (A) and co-cited Authors (B) on research of exosomes in AIDs.



Among the 15815 co-cited authors, 6 authors were co-cited more than 50 times (Table 3). The most co-cited author is Clotilde Théry (n=223), followed by Graça Raposo (n=87) and Seon Hee Kim (n=85). Authors with minimum co-citations equal to 30 were filtered to map co-citation network graphs (Figure 7B). As shown in Figure 7B, there are also active collaborations among different co-cited authors, such as Clotilde Théry and Seon Hee Kim, Bo Zhang and Ruenn Chai Lai.



Co-Cited References

There are 20,422 co-cited references on research of exosomes in AIDs over the past two decades. In top 10 co-cited references (Table 4), all references were co-cited at least 32 times, and a reference was co-cited more than 50 times (34). We selected references with co-citation more than or equal to 23 for the construction of the co-citation network map (Figure 8). According to Figure 8, “Valadi H, 2007, Nat Cell Biol” shows active co-cited relationships with “Thery C, 2009, Nat Rev Immunol”, “Thery C, 2002, Nat Rev Immunol” and “Raposo G, 1996, J Exp Med”, etc.


Table 4 | Top 10 co-cited references on research of exosomes in AIDs.






Figure 8 | The visualization of co-cited references on research of exosomes in AIDs.





Reference with Citation Bursts

Reference with citation bursts refers to those references that are frequently cited by scholars in a certain field over a period of time. In our study, 13 references with strong citation bursts were identified by CiteSpace (Figure 9). As shown in Figure 9, every bar represents a year, and the red bar represents strong citation burstiness (44). Citation bursts for references appeared as early as 2010 and as late as 2018. The reference with the strongest citation burst (strength=8.61) was titled “Extracellular vesicles: exosomes, microvesicles, and friends”, authored by Graça Raposo et al. with citation bursts from 2016 to 2018. The reference with the second strongest citation burst (strength=7.34) was titled “Membrane vesicles as conveyors of immune responses “, published in Nature reviews Immunology by Clotilde Théry et al. with citation bursts from 2010 to 2014. Overall, the bursts strength of these 13 references ranged from 3.1 to 8.61, and endurance strength was from 2 to 5 years. Table 5 summarizes the main research contents of the 13 references in the order of the literature in Figure 9.




Figure 9 | Top 13 references with strong citation bursts. A red bar indicates high citations in that year.




Table 5 | The main research contents of the 13 references with strong citations bursts.





Hotspots and Frontiers

Through the co-occurrence analysis of keywords, we could quickly capture research hotspots in a certain field. Table 6 shows the top 20 high-frequency keywords in research of exosomes in AIDs. Among these keywords, mesenchymal stem cells and miRNA appeared more than 40 times, which represented the main research direction of exosomes in AIDs.


Table 6 | Top 20 keywords on research of exosomes in AIDs.



We filtered keywords with the number of occurrences more than or equal to 4 and performed cluster analysis through VOSviewer (Figure 10A). The thicker the lines between the nodes, the stronger the connection between the keywords. As shown in Figure 10A, we obtained three clusters in total, representing three research directions. The keywords in green clusters consists of microRNAs, biomarkers, autoimmune diseases, rheumatoid arthritis, systemic lupus erythematosus, etc. The keywords in red clusters consist of MSCs, immune regulation, inflammation, autoimmunity, etc. The keywords in blue clusters consist of dendritic cells, regulatory T cells, drug delivery, multiple sclerosis, etc. The trend topic analysis of the keywords (Figure 10B) showed that from 2002 to 2016, the research in this period mainly focused on microvesicles and microparticles, and that the main keywords were microvesicles, immunotherapy, secretome, dendritic cells, microparticles. Since 2017, Scholars have begun to actively explore the pathogenesis and therapeutic potential of exosomes in AIDs, and the main keywords are mesenchymal stem cells, immunomodulation, microRNA, drug delivery, inflammation, rheumatoid arthritis, etc. Besides, these three keywords: mesenchymal stem cells, immunomodulation, and microRNA have appeared frequently in the past two years (2020-2021), so they are very likely to represent the current research hotspots of exosomes in AIDs.




Figure 10 | Keyword cluster analysis (A) and trend topic analysis (B).






Discussion


General Information

The annual publications from 2002 to 2008 is 0, indicating that the research of exosomes in AIDs has not been carried out at this time, and that the research foundation between exosomes and AIDs is lacking. From 2009 to 2016, research in this field was still in its infancy, with an average annual publication of 7.5 papers. From 2017 to 2021, the number of publications began to increase significantly, with an average annual publication of 50.4 papers. The number of related publications has grown rapidly over the past five years, which indicates the research of exosomes in AIDs is being in an explosive period, and that related research has attracted more and more scholars’ attention.

China and the United States are major countries conducting research of exosomes in AIDs, and China ranks first. About 60% of the top 10 research institutions are located in China, followed by the United States (n=2, 20%) and Iran (n=2, 20%). We noticed the close cooperation among four countries: the United States, China, Italy, and Iran. In addition, Iran has active collaborations with the United States, Spain and Germany. When it comes to research institutions, there is a good cooperative relationship between some of them, such as Sun Yat Sen University, Tianjin Medical University and University of Pennsylvania. However, we also found Central South University, while publishing the most papers, had little collaboration with other institutions, which will be detrimental to the long-term development of academic research. Although there are cooperative relations between some countries, the breadth and intensity of cooperation between institutions are not ideal. For example, there is only a small amount of cooperation between institutions in the United States and China. Clearly, this situation will hinder the development of the research field in the long run. Therefore, we strongly recommend research institutions in various countries carry out extensive cooperation and communication to jointly promote the development of exosomes in AIDs.

Most of the research of exosomes in AIDs was published in Frontier in immunology (IF=7.561, Q1), indicating it is currently the most popular journal in this research field. Among the journals, the journal with the highest impact factor is Cellular & Molecular Immunology (IF=11.53, Q1), followed by Molecular Therapy (IF=11.46, Q1). Regarding the co-cited journals, we could find most of them are high-impact Q1 journals. Obviously, these journals are high-quality international journals, providing support for the study of exosomes in AIDs. What’s more, the current research of exosomes in AIDs is mainly published in Molecular, Biology, and Immunology related journals, and very few studies are published in clinically related journals, indicating that most of the current research is still in the stage of basic research.

From the perspective of the author, Ilias Alevzos, Qianjin Lu, Wei Wei, Jim Xiang and Ming Zhao published the most articles, with 4 papers per capita. Professor Ilias Alevzos published 4 papers, two of which pointed out most of the human miRNAs are present in serum and saliva-derived exosomes, and that these miRNAs could be diagnostic markers for related diseases (54, 55). They also found exosomes derived from T cells and B cells can transmit miR-142-3p and miR-BART13-3p to the epithelial cells, thereby impairing the function of epithelial cells and promoting the occurrence of SS (56, 57). Qianjin Lu and Ming Zhao co-published 4 papers, two of which reviewed the research progress of exosomes in the pathogenesis, immune regulation and treatment of AIDs (53, 58), and the two other articles pointed out the mechanism of serum exosomal miR-451a and miR-642-3p involved in the pathogenesis of SLE and SS (59, 60). Wei Wei published 4 papers, three of which reviewed the pathogenesis of extracellular vesicles in vasculitis and lupus nephritis (LN) (61–63), and another article pointed out plasma exosomes participate in the inflammation process of microscopic polyangiitis (64). Besides, four papers authored by Jim Xiang mainly studied the immunomodulatory effects of exosomes derived from CD4+ T cells, CD8+25+ regulatory T cells (65–67) and dendritic cells (68) in mice. In general, the above studies mainly focus on the pathogenesis, diagnosis and treatment of exosomes in AIDs.

In terms of co-cited authors, Théry C (citation=223) is the most frequently cited author, followed by Raposo G (citation=87) and Kim SH (citation=85). In 2001, Théry C conducted a detailed identification of the protein components in dendritic cell-derived exosomes, and found that the components in exosomes were significantly different from those of apoptotic vesicles (69). The next year, Professor Théry C found that dendritic cell-derived exosomes could indirectly activate CD4+ T cells and amplify the initiation of primary adaptive immune responses (70), and this paper laid the foundation for the study of dendritic cells in AIDs (46, 68). In the same year, a review published by Théry C in Nature reviews Immunology summarized the biological effects of exosomes on the immune system and discussed the potential roles of secreted vesicles as intercellular messengers (37). Subsequently, a study published in 2006 summarized the approaches for purifying exosomes from different sources, and proposed a protocol for evaluating the purity and homogeneity of exosomes (38). In recent years, a paper published by Théry C and his colleagues summarizes important details for the separation/enrichment, classification and identification of EVs which has a standardized and instructive impact on the current research of exosomes in various fields (43). Obviously, the achievements of Théry C have laid a theoretical and experimental foundation for research of exosomes in AIDs.



Knowledge Base

A co-cited reference refers to a reference that is cited together by multiple other publications, so that co-cited references could be considered as the research basis in a field (71). In this bibliometric study, we selected the 10 co-cited references with the highest number of co-citations to determine the research basis of exosomes in AIDs. Hadi Valadi et al. published the most co-cited study in 2007, and this study firstly points out that exosomes can communicate with other cells by transmitting mRNA and miRNA, which lays the foundation for the study of mechanism in exosomes (34). So far, miRNAs are still the research hotspot of exosomes in AIDs. Professor Clotilde Théry has published 4 papers in these 10 total cited papers, and these four papers have been discussed in the previous paragraph, so they will not be repeated here. Graça Raposo published 2 papers in these 10 co-cited papers, the first of which was published in The Journal of experimental medicine in 1996, which first proposed that EB virus-transfected B cells can perform antigen presentation by secreting exosomes, which stimulated people’s interest in the role of exosomes in antigen presentation (39). The second study summarizes new progress of EVs in their formation, targeting, and function (36). In 2011, Lydia Alvarez-Erviti et al. published the 7th co-cited paper in Nature biotechnology (40). They found exosomes delivered siRNAs to the mouse brain in a targeted manner and cause therapeutic effects, which provided a new idea for engineering exosomes to treat diseases (40). In 2014, the 8th co-cited reference authored by Marina Colombo et al. outlined the formation, delivery, and intercellular communication of exosomes (41). The following year, the last co-cited paper authored by María et al. summarizes the contents and functions of EVs, and the physiological mechanisms of EVs (42). Overall, the top 10 co-cited references focus on the following topics: biological function of exosomes, identification and purification of exosomes, components of exosomes and targeted delivery, which are the research basis in exosomes.



Hotspots and Frontiers

References with citation bursts represent emerging topics within a particular research field, as these references have been frequently cited by researchers in recent years (72). According to the main research contents of references with strong citations bursts (Table 5), we can find studying the biological role and pathogenesis of endogenous exosomes in AIDs and how to use exogenous exosomes to treat AIDs are the current major topics in the research of exosomes in AIDs. These exogenous exosomes include exosomes derived from cells with immunomodulatory effects (such as MSCs, dendritic cells and Treg) or engineered exosomes (such as exosomes loaded with siRNA and TGF-β, etc.).

In addition to references with citation bursts, keywords can also help us quickly capture the distribution and evolution of hotspots in the research field of exosomes in AIDs. Excluding keywords such as exosomes, extracellular vesicles, and AIDs, Table 6 mainly includes the following keywords: mesenchymal stem cells, microRNA, biomarkers, treatment, and immunomodulation. According to keyword clustering analysis and trend topic analysis (Figure 10), we concluded that the research of exosomes in AIDs mainly focuses on the following aspects:


MSC-Exos

Among the exosomes-producing parent cells, MSCs have attracted the attention of many researchers (4). MSCs have powerful immune regulation and tissue repair effects, which are easily obtained from umbilical cord, bone marrow, blood, and adipose tissue, etc (6). In recent years, MSCs have gradually been used in many clinical trials to treat AIDs such as RA, T1D, MS, and SLE, and most of the results show that MSCs have good therapeutic effect and safety on AIDs (73). In these clinical trials, most adverse events were mild. For example, in a clinical trial using MSCs to treat RA (N=53), 94% of adverse events were mild events such as fever, respiratory infections, and headache (74). However, several animal experiments have shown that MSCs may increase the risk of cancer by inhibiting the function of CD8+ T cells (75–77). Besides, most of the relevant clinical trials are not unblinded, and the number of patients included is small (N<110) (78). There is currently no large multicenter placebo-controlled trials, so the efficacy and safety of MSCs in the treatment of AIDs needs to be further confirmed (78). MSC-derived exosomes (MSC-Exos) have biological functions similar to MSCs, but MSC-Exos are more stable and less toxic, which can largely avoid the body’s triggering immune response and capillary embolism and other adverse events, so researchers are actively exploring the strategy of MSCs-Exos in the treatment of AIDs (4, 10, 79).

Compared with single-factor drugs (traditional DEMARDs drugs, small-molecule drugs, and biologics), MSC-Exos are complex mixtures of factors targeting different therapeutic pathways, so their immunomodulatory and tissue repair effects are much stronger (Figure 11). In RA, MSC-Exos could deliver miR-150-5p to fibroblast-like synoviocytes (FLS) and reduce the production of matrix metalloproteinase 14 and vascular endothelial growth factor to reduce invasion and migration of FLS and ultimately treat RA. MSC-Exos also inhibited the invasion and migration of MH7A cells (RA-FLS cell lines) by delivering miR-124a (80). Besides, MSC-Exos can inhibit the formation of Th17 and plasmablasts and promote the formation of Treg cells in CIA mice (4). In SLE, MSC-Exos can deliver miR-155-5p, miR-10a, miR-142-3p and miR-216a-5p to produce anti-inflammatory immunosuppressive effects on immune cells such as B cells and T cells (81). Riazifar et al. (82) found that MSC-Exos contained several mRNAs (such as indoleamine 2,3-dioxygenase, thymosin beta 10 pseudogene 1, etc.) and proteins (such as macrophage inhibitory cytokine 1, galectin-1, heat shock protein 70, etc.) with anti-inflammatory properties, and these anti-inflammatory substances could promote the formation of Tregs in the mouse spinal cord and inhibit the secretion of IL-6, IL-12p70, IL-17AF and IL-22 from PBMCs to cure MS. However, the therapeutic mechanism, such as how indoleamine 2,3-dioxygenase in Exos promotes the formation of Tregs, remains to be further studied. Co-culture experiments also showed that MSC-Exos can inhibit the proliferation of human PBMCs (83), whether it has a similar therapeutic effect in MS patients remains to be further studied. In SSc, MSC-Exos can exert antifibrotic and anti-inflammatory effects by promoting M1 macrophage polarization and inhibiting M2 macrophage polarization (84). In T1D, MSC-Exos are able to increase the ratio of Treg in PBMCs of T1D patients and inhibit the proliferation of Th1 and Th17 cells in T1D mice (85). In addition, MSC-Exos have a positive effect on promoting the survival and generation of β cells (85). Recent studies have shown that the content of protein in exosomes is much higher than that of miRNAs, so MSC-Exos are highly likely to treat AIDs mainly through proteins, which provides a new idea for the study of mechanism associated with MSC-Exos in the treatment of AIDs (7).




Figure 11 | Immunomodulation and tissue repair effects of MSC-Exos in AIDs. MSC-Exos can differentiate immune cells in the direction of suppressing inflammation, reduce the secretion of inflammatory cytokines, and repair damaged tissue cells in the body, such as FLS and β cells. miRNAs are the most studied substances on the mechanisms associated with MSC-Exos in the treatment of AIDs. Tr1, T regulatory type 1 cells; Th 17, T helper 17 effector cells; miR, microRNA; IDO, indoleamine 2,3-dioxygenase; MIC-1, macrophage inhibitory cytokine 1; Gal, galectin-1; HSP70, heat shock protein 70.



Although scholars have achieved good results in the use of MSC-Exos in the treatment of AIDs animal models, there is still a long way to go before its clinical application in the treatment of AIDs. Firstly, the manufacturing and preparation processes of MSC-Exos are tedious and complicated, which are still to be optimized. We should seriously consider standardized methods for MSC-Exos isolation, purification, quantification, and quality control, which can reduce batch effects and establish quality control for its clinical applications. Secondly, we can try to explore ways to increase the half-life of exosomes [such as MSC-Exos with an injectable hydrogel (86)] and determine which substances in MSC-Exos are mainly responsible for anti-inflammatory effects, and accordingly produce engineered exosomes that overexpress these substances to improve the efficacy of MSC-Exos. Finally, the route of administration, dose, infusion time, treatment interval, and long-term safety of MSC-Exos in the treatment of AIDs deserve further confirmation in more high-quality studies for its further clinical application in the future.



miRNA and Biomarkers

miRNAs are currently the most studied substances in the contents of exosomes (Table 7), and these endogenous exosomes mainly come from body fluids such as serum, plasma and urine of AIDs patients. On the one hand, miRNAs in endogenous exosomes in AIDs patients are of vital importance in promoting the onset of AIDs. For example, miR-548a-3p in serum exosomes of RA patients could inhibit the proliferation and activation of pTHP-1 cells and miR-6089 could regulated the generation of IL-6, IL-29, and TNF-α (87, 88). In SLE, let-7b and miR-21 in patients’ plasma exosomes can activate plasmacytoid DCs (pDCs) cells and allow them produce proinflammatory cytokines through the TLR7 signaling (98). In MS, let-7i in patients’ plasma exosomes can suppresses induction of Treg cells by targeting insulin like growth factor 1 receptor (IGF1R) and transforming growth factor beta receptor 1 (TGFBR1) (104). Cortes et al. found that miR-142-3p in T cell-derived exosomes could impair glandular cell function in SS by downregulating Calcium signaling and cAMP production (56). In a word, these endogenous exosomes can ultimately lead to the occurrence of AIDs by delivering miRNA to recipient cells and causing them to release pro-inflammatory factors or differentiate these cells in a pro-inflammatory direction.


Table 7 | The contents of endogenous exosomes in the pathogenesis or diagnosis of AIDs.



Many miRNAs can be biomarkers for disease diagnosis and prognosis. The results of miRNA microarray showed that the level of miR-548a-3p in serum exosomes of RA patients was significantly reduced, and was negatively correlated with inflammatory indicators such as serum CRP and rheumatoid factor (RF), so miR-548a-3p may serve as a biomarker for predicting disease activity in RA (87). In addition, miR451a (90), miR-25-3p (90), and miR-6089 (88) in serum exosomes also contribute to the diagnosis of early RA. Tan L et al. found that the level of miR-451a in serum exosomes of SLE patients was significantly reduced and correlated with disease activity, indicating that miR-451a could be a biomarker and therapeutic target for SLE (59). Besides, miR-150 (99), miR-29c (103) in the urinary exosomes of LN patients were associated with renal fibrosis, and miR-26a was associated with podocyte injury (100), so these three miRNAs may be biomarkers for renal fibrosis or podocyte injury in LN. Kimura K et al. found that the significantly elevated miR-let-7i in plasma exosomes of MS patients can promote the pathogenesis of MS by inhibiting the generation of regulatory T cells, indicating this miRNA is likely to become a potential biomarker of MS (104). Eight miRNAs in serum exosomes of SSc patients are associated with clinical symptoms of SSc patients, and these miRNAs are helpful to contribute to the diagnosis of the disease process of SSc (113). Lakhter A et al. found that before the onset of T1D, the level of miR-21-5p in serum exosomes would increase progressively, indicating miR-21-5p could be a potential biomarker of T1D (107). Fortunately, miRNAs in exosomes of some AIDs show high specificity and sensitivity for the diagnosis of AIDs disease process (90, 96, 102, 109). However, the sample sizes in these studies were small (N<70), and we should further validate its sensitivity and specificity in a large population before using it as a biomarker of disease activity in AIDs. In addition, in the exosomes of AIDs, the pathogenic mechanism of some miRNAs with high diagnostic value of disease process has not been studied (90, 96, 109). There is no doubt that these pathogenic exosomes provide targets for the treatment of AIDs, but how to identify, isolate and remove these pathogenic “bad” exosomes will become another problem.



Treatment and Immunomodulation

On the other hand, due to the unique lipid bimolecular structure, exogenous exosomes can deliver miRNAs from the outside into the organism, and have an intervening effect on the target cells to treat AIDs. In addition to the aforementioned MSC-Exos, other cells-derived exosomes can also deliver miRNAs to treat AIDs. For example, dendritic cell-derived exosomes can deliver miR-146a to promote the formation of Treg cells, ultimately alleviating clinical symptoms in Myasthenia gravis (114).

More importantly, exogenous exosomes can also exert immunomodulatory effects on other cells (115, 116). Relevant studies have shown MSC-Exos could promote the formation of M2 macrophages (117) and regulatory dendritic cells (118) to produce anti-inflammatory effects. Besides, MSC-Exos could inhibit the proliferation and differentiation of T cells (119, 120), B cells (3, 121, 122), and NK cells (123, 124). Interestingly, the biological effects of MSC-Exos on immune cells may be influenced by the microenvironment and ultimately produce different outcomes (125, 126). In addition to MSCs, other cells-derived exosomes can also produce immunomodulatory effects. For example, Exosomes from gene-modified dendritic cells can inhibit the differentiation of Th1 and Th17 cells and promote the formation of Treg cells by delivering TGF-β1 (50). Exosomes derived from B cells (127) and Treg cells (47) can exert anti-inflammatory effects by delivering miR-155 and miR-Let-7d, respectively, which may be helpful for the treatment of AIDs, but further validation is needed. In general, using exosomes to treat AIDs is still in the early stages, because most current studies focused on animal models and experiments in vitro.

In conclusion, exosomes are not only involved in the occurrence and development of many AIDs, but also can be used as therapeutic carriers to participate in the treatment of AIDs. On the one hand, studying the mechanism of endogenous exosomes in the occurrence and development of AIDs will help us analyze the reasons for the immune imbalance of AIDs and be beneficial to the diagnosis of the disease process of AIDs. On the other hand, exogenous exosomes have great advantages (low toxicity, stability in vivo and high delivery efficiency) in the treatment of AIDs compared to traditional drugs and cell therapy (115, 128), so exploring the therapeutic strategy of exogenous exosomes has great application value for the treatment of AIDs.




Advantages and Shortcomings

This study has several unique advantages. Firstly, we systematically analyzed research of exosomes in AIDs by bibliometrics for the first time, which can provide comprehensive guidance for scholars who pay attention to related research. Secondly, we used three bibliometric tools simultaneously for the survey, two of which (VOSviewer and CiteSpace) have been widely used in the field of bibliometrics (30), so our data analysis process is very likely to be objective. Finally, bibliometric analysis provides more complete insight into the hotspots and frontiers than traditional reviews.

Of course, this study also has some shortcomings. Firstly, the data of this study are only from the WoSCC database, and other databases are ignored, which may miss some relevant studies. Secondly, we filtered studies published in English, which may mean non-English writing papers were underestimated. What’s more, publications in 2022 were not included due to insufficient data.




Conclusions

Exosomes have important research value and application prospects in AIDs. The rapidly increasing number of publications shows that the research of exosomes in AIDs is increasingly valued by scholars from the whole world. The leading countries are China and the United States; however, cooperation and communication among various countries and institutions remain to be strengthened. On the one hand, studying the mechanism of endogenous exosomes in the occurrence and development of AIDs will help us to analyze the reasons for the immune imbalance of AIDs and be beneficial to the diagnosis of the disease process of AIDs. On the other hand, compared with traditional drugs and cell therapy, exogenous exosomes have great advantages in the treatment of AIDs, so studying the therapeutic strategy of exogenous exosomes will be of great application value for the precision treatment of AIDs in the future. Notably, in addition to basic research, we should also pay attention to the transformation of research results, that is, the clinical application of exosomes to AIDs patients.



Data Availability Statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.



Author Contributions

FW and JG wrote the manuscript. FW and JG have contributed equally to this work and share first authorship. JK, XW, QN and JL analyzed the data and drew pictures. LZ reviewed and revised the manuscript. All authors read and approved the final manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Natural Science Foundation of China [grant number 81771768] and by the applied basic research project of Shanxi Science and Technology Department [grant number 201901D111416].



Acknowledgments

We thank all authors who participated in the study of exosomes in AIDs.



References

1. Cooper, GS, Bynum, ML, and Somers, EC. Recent Insights in the Epidemiology of Autoimmune Diseases: Improved Prevalence Estimates and Understanding of Clustering of Diseases. J Autoimmun (2009) 33(3-4):197–207. doi: 10.1016/j.jaut.2009.09.008

2. Smolen, JS, Aletaha, D, and McInnes, IB. Rheumatoid Arthritis. Lancet (2016) 388(10055):2023–38. doi: 10.1016/S0140-6736(16)30173-8

3. Cosenza, S, Toupet, K, Maumus, M, Toupet, K, Maumus, M, Luz-Crawford, P, Blanc-Brude, O, Jorgensen, C, et al. Mesenchymal Stem Cells-Derived Exosomes are More Immunosuppressive Than Microparticles in Inflammatory Arthritis. Theranostics (2018) 8(5):1399–410. doi: 10.7150/thno.21072

4. Liu, H, Li, R, Liu, T, Yang, L, Yin, G, and Xie, Q. Immunomodulatory Effects of Mesenchymal Stem Cells and Mesenchymal Stem Cell-Derived Extracellular Vesicles in Rheumatoid Arthritis. Front Immunol (2020) 11:1912. doi: 10.3389/fimmu.2020.01912

5. Ghafouri-Fard, S, Niazi, V, Hussen, BM, Omrani, MD, Taheri, M, and Basiri, A. The Emerging Role of Exosomes in the Treatment of Human Disorders With a Special Focus on Mesenchymal Stem Cells-Derived Exosomes. Front In Cell And Dev Biol (2021) 9. doi: 10.3389/fcell.2021.653296

6. Huldani, H, Abdalkareem Jasim, S, Olegovich Bokov, D, Abdelbasset, WK, Nader Shalaby, M, Thangavelu, L, et al. Application of Extracellular Vesicles Derived From Mesenchymal Stem Cells as Potential Therapeutic Tools in Autoimmune and Rheumatic Diseases. Int Immunopharmacol (2022) 106:108634. doi: 10.1016/j.intimp.2022.108634

7. Wang, S, Lei, B, Zhang, E, Gong, P, Gu, J, He, L, et al. Targeted Therapy for Inflammatory Diseases With Mesenchymal Stem Cells and Their Derived Exosomes: From Basic to Clinics. Int J Nanomedicine (2022) 17:1757–81. doi: 10.2147/IJN.S355366

8. Meng, Q, and Qiu, B. Exosomal MicroRNA-320a Derived From Mesenchymal Stem Cells Regulates Rheumatoid Arthritis Fibroblast-Like Synoviocyte Activation by Suppressing CXCL9 Expression. Front Physiol (2020) 11. doi: 10.3389/fphys.2020.00441

9. Zheng, J, Zhu, LJ, In, LI, Chen, Y, Jia, N, and Zhu, W. Bone Marrow-Derived Mesenchymal Stem Cells-Secreted Exosomal microRNA-192-5p Delays Inflammatory Response in Rheumatoid Arthritis. Int Immunopharmacol (2020) 78:105985. doi: 10.1016/j.intimp.2019.105985

10. Nojehdehi, S, Soudi, S, Hesampour, A, Rasouli, S, Soleimani, M, and Hashemi, SM. Immunomodulatory Effects of Mesenchymal Stem Cell-Derived Exosomes on Experimental Type-1 Autoimmune Diabetes. J Cell Biochem (2018) 119(11):9433–43. doi: 10.1002/jcb.27260

11. Rui, K, Hong, Y, Zhu, QG, Shi, X, Xiao, F, Fu, H, et al. Olfactory Ecto-Mesenchymal Stem Cell-Derived Exosomes Ameliorate Murine Sjogren's Syndrome by Modulating the Function of Myeloid-Derived Suppressor Cells. Cell Mol Immunol (2021) 18(2):440–51. doi: 10.1038/s41423-020-00587-3

12. Wang, G, Yuan, J, Cai, X, Xu, Z, Wang, J, Ocansey, DKW, et al. HucMSC-Exosomes Carrying miR-326 Inhibit Neddylation to Relieve Inflammatory Bowel Disease in Mice. Clin Transl Med (2020) 10(2):e113. doi: 10.1002/ctm2.113

13. Li, ZJ, Liu, F, He, X, Yang, X, Shan, F, and Feng, J. Exosomes Derived From Mesenchymal Stem Cells Attenuate Inflammation and Demyelination of the Central Nervous System in EAE Rats by Regulating the Polarization of Microglia. Int Immunopharmacol (2019) 67:268–80. doi: 10.1016/j.intimp.2018.12.001

14. Lu, MR, DiBernardo, E, Parks, E, Fox, H, Zheng, SY, and Wayne, E. The Role of Extracellular Vesicles in the Pathogenesis and Treatment of Autoimmune Disorders. Front Immunol (2021) 12. doi: 10.3389/fimmu.2021.566299

15. Wang, B, Xing, D, Zhu, Y, Dong, S, and Zhao, B. The State of Exosomes Research: A Global Visualized Analysis. BioMed Res Int (2019) 2019:1495130. doi: 10.1155/2019/1495130

16. Ke, L, Lu, C, Shen, R, Lu, T, Ma, B, Hua, Y, et al. Knowledge Mapping of Drug-Induced Liver Injury: A Scientometric Investigation (2010-2019). Front Pharmacol (2020) 11:842. doi: 10.3389/fphar.2020.00842

17. Synnestvedt, MB, Chen, C, and Holmes, JH. CiteSpace II: Visualization and Knowledge Discovery in Bibliographic Databases. AMIA Annu Symp Proc (2005) 2005:724–8.

18. Yeung, AWK, Tzvetkov, NT, Balacheva, AA, Georgieva, MG, Gan, RY, Jozwik, A, et al. Lignans: Quantitative Analysis of the Research Literature. Front Pharmacol (2020) 11:37. doi: 10.3389/fphar.2020.00037

19. Li, C, Ojeda-Thies, C, Renz, N, Margaryan, D, Perka, C, Trampuz, A, et al. The Global State of Clinical Research and Trends in Periprosthetic Joint Infection: A Bibliometric Analysis. Int J Infect Dis (2020) 96:696–709. doi: 10.1016/j.ijid.2020.05.014

20. Lu, C, Liu, M, Shang, W, Yuan, Y, Li, M, Deng, X, et al. Knowledge Mapping of Angelica Sinensis (Oliv.) Diels (Danggui) Research: A Scientometric Study. Front Pharmacol (2020) 11:294. doi: 10.3389/fphar.2020.00294

21. Shi, S, Gao, Y, Liu, M, Bu, Y, Wu, J, Tian, J, et al. Top 100 Most-Cited Articles on Exosomes in the Field of Cancer: A Bibliometric Analysis and Evidence Mapping. Clin Exp Med (2021) 21(2):181–94. doi: 10.1007/s10238-020-00624-5

22. Teles, RHG, Yano, RS, Villarinho, NJ, Yamagata, AS, Jaeger, RG, Meybohm, P, et al. Advances in Breast Cancer Management and Extracellular Vesicle Research, a Bibliometric Analysis. Curr Oncol (2021) 28(6):4504–20. doi: 10.3390/curroncol28060382

23. Wu, H, Cheng, K, Tong, L, Wang, Y, Yang, W, and Sun, Z. Knowledge Structure and Emerging Trends on Osteonecrosis of the Femoral Head: A Bibliometric and Visualized Study. J Orthop Surg Res (2022) 17(1):194. doi: 10.1186/s13018-022-03068-7

24. Oo, S, Fan, KH, Khare, Y, Fan, KS, Chan, J, Lam, CM, et al. Top 100 Cited Manuscripts in Aortic Valve Replacement: A Bibliometric Analysis. J Card Surg (2020) 35(11):2943–9. doi: 10.1111/jocs.14941

25. Wu, H, Cheng, K, Guo, Q, Yang, W, Tong, L, Wang, Y, et al. Mapping Knowledge Structure and Themes Trends of Osteoporosis in Rheumatoid Arthritis: A Bibliometric Analysis. Front Med (Lausanne) (2021) 8:787228. doi: 10.3389/fmed.2021.787228

26. Ma, D, Guan, B, Song, L, Liu, Q, Fan, Y, Zhao, L, et al. A Bibliometric Analysis of Exosomes in Cardiovascular Diseases From 2001 to 2021. Front Cardiovasc Med (2021) 8:734514. doi: 10.3389/fcvm.2021.734514

27. Dehghanbanadaki, H, Aazami, H, Razi, F, Nasli-Esfahani, E, Norouzi, P, and Hashemi, E. The Global Trend of Exosome in Diabetes Research: A Bibliometric Approach. Diabetes Metab Syndr (2022) 16(4):102450. doi: 10.1016/j.dsx.2022.102450

28. van Eck, NJ, and Waltman, L. Software Survey: VOSviewer, a Computer Program for Bibliometric Mapping. Scientometrics (2010) 84(2):523–38. doi: 10.1007/s11192-009-0146-3

29. Yeung, AWK, and Mozos, I. The Innovative and Sustainable Use of Dental Panoramic Radiographs for the Detection of Osteoporosis. Int J Environ Res Public Health (2020) 17(7):2449. doi: 10.3390/ijerph17072449

30. Pan, X, Yan, E, Cui, M, and Hua, W. Examining the Usage, Citation, and Diffusion Patterns of Bibliometric Mapping Software: A Comparative Study of Three Tools. J Informetrics (2018) 12(2):481–93. doi: 10.1016/j.joi.2018.03.005

31. Zhang, XL, Zheng, Y, Xia, ML, Wu, YN, Liu, XJ, Xie, SK, et al. Knowledge Domain and Emerging Trends in Vinegar Research: A Bibliometric Review of the Literature From WoSCC. Foods (2020) 9(2):166. doi: 10.3390/foods9020166

32. Aria, M, and Cuccurullo, C. Bibliometrix : An R-Tool for Comprehensive Science Mapping Analysis. J Informetrics (2017) 11(4):959–75. doi: 10.1016/j.joi.2017.08.007

33. Chen, C. Science Mapping: A Systematic Review of the Literature. J Data Inf Sci (2017) 2(2):1–40. doi: 10.1515/jdis-2017-0006

34. Valadi, H, Ekstrom, K, Bossios, A, Sjöstrand, M, Lee, JJ, and Lötvall, JO. Exosome-Mediated Transfer of mRNAs and microRNAs is a Novel Mechanism of Genetic Exchange Between Cells. Nat Cell Biol (2007) 9(6):654–9. doi: 10.1038/ncb1596

35. Thery, C, Ostrowski, M, and Segura, E. Membrane Vesicles as Conveyors of Immune Responses. Nat Rev Immunol (2009) 9(8):581–93. doi: 10.1038/nri2567

36. Raposo, G, and Stoorvogel, W. Extracellular Vesicles: Exosomes, Microvesicles, and Friends. J Cell Biol (2013) 200(4):373–83. doi: 10.1083/jcb.201211138

37. Thery, C, Zitvogel, L, and Amigorena, S. Exosomes: Composition, Biogenesis and Function. Nat Rev Immunol (2002) 2(8):569–79. doi: 10.1038/nri855

38. Thery, C, Amigorena, S, Raposo, G, and Clayton, A. Isolation and Characterization of Exosomes From Cell Culture Supernatants and Biological Fluids. Curr Protoc Cell Biol (2006). Chapter 3: Unit 3 22. doi: 10.1002/0471143030.cb0322s30

39. Raposo, G, Nijman, HW, Stoorvogel, W, Liejendekker, R, Harding, CV, Melief, CJ, et al. B Lymphocytes Secrete Antigen-Presenting Vesicles. J Exp Med (1996) 183(3):1161–72. doi: 10.1084/jem.183.3.1161

40. Alvarez-Erviti, L, Seow, Y, Yin, H, Betts, C, Lakhal, S, and Wood, MJ. Delivery of siRNA to the Mouse Brain by Systemic Injection of Targeted Exosomes. Nat Biotechnol (2011) 29(4):341–5. doi: 10.1038/nbt.1807

41. Colombo, M, Raposo, G, and Thery, C. Biogenesis, Secretion, and Intercellular Interactions of Exosomes and Other Extracellular Vesicles. Annu Rev Cell Dev Biol (2014) 30:255–89. doi: 10.1146/annurev-cellbio-101512-122326

42. Yanez-Mo, M, Siljander, PR, Andreu, Z, Zavec, AB, Borràs, FE, Buzas, EI, et al. Biological Properties of Extracellular Vesicles and Their Physiological Functions. J Extracell Vesicles (2015) 4:27066. doi: 10.3402/jev.v4.27066

43. Thery, C, Witwer, KW, Aikawa, E, Alcaraz, MJ, Anderson, JD, Andriantsitohaina, R, et al. Minimal Information for Studies of Extracellular Vesicles 2018 (MISEV2018): A Position Statement of the International Society for Extracellular Vesicles and Update of the MISEV2014 Guidelines. J Extracell Vesicles (2018) 7(1):1535750. doi: 10.1080/20013078.2018.1535750

44. Huang, X, Fan, X, Ying, J, and Chen, S. Emerging Trends and Research Foci in Gastrointestinal Microbiome. J Transl Med (2019) 17(1):67. doi: 10.1186/s12967-019-1810-x

45. Montecalvo, A, Larregina, AT, Shufesky, WJ, Stolz, DB, Sullivan, ML, Karlsson, JM, et al. Mechanism of Transfer of Functional microRNAs Between Mouse Dendritic Cells via Exosomes. Blood (2012) 119(3):756–66. doi: 10.1182/blood-2011-02-338004

46. Cai, ZJ, Zhang, W, Yang, F, Yu, L, Yu, Z, Pan, J, et al. Immunosuppressive Exosomes From TGF-Beta 1 Gene-Modified Dendritic Cells Attenuate Th17-Mediated Inflammatory Autoimmune Disease by Inducing Regulatory T Cells. Cell Res (2012) 22(3):607–10. doi: 10.1038/cr.2011.196

47. Okoye, IS, Coomes, SM, Pelly, VS, Czieso, S, Papayannopoulos, V, Tolmachova, T, et al. MicroRNA-Containing T-Regulatory-Cell-Derived Exosomes Suppress Pathogenic T Helper 1 Cells. Immunity (2014) 41(1):89–103. doi: 10.1016/j.immuni.2014.05.019

48. Kordelas, L, Rebmann, V, Ludwig, AK, Radtke, S, Ruesing, J, Doeppner, TR, et al. MSC-Derived Exosomes: A Novel Tool to Treat Therapy-Refractory Graft-Versus-Host Disease. Leukemia (2014) 28(4):970–3. doi: 10.1038/leu.2014.41

49. Zhang, B, Yin, Y, Lai, RC, Tan, SS, Choo, AB, and Lim, SK. Mesenchymal Stem Cells Secrete Immunologically Active Exosomes. Stem Cells Dev (2014) 23(11):1233–44. doi: 10.1089/scd.2013.0479

50. Yu, L, Yang, F, Jiang, L, Chen, Y, Wang, K, Xu, F, et al. Exosomes With Membrane-Associated TGF-Beta1 From Gene-Modified Dendritic Cells Inhibit Murine EAE Independently of MHC Restriction. Eur J Immunol (2013) 43(9):2461–72. doi: 10.1002/eji.201243295

51. Witwer, KW, Buzas, EI, Bemis, LT, Bora, A, Lässer, C, Lötvall, J, et al. Standardization of Sample Collection, Isolation and Analysis Methods in Extracellular Vesicle Research. J Extracell Vesicles (2013) 2:20360. doi: 10.3402/jev.v2i0.20360

52. Buzas, EI, Gyorgy, B, Nagy, G, Falus, A, and Gay, S. Emerging Role of Extracellular Vesicles in Inflammatory Diseases. Nat Rev Rheumatol (2014) 10(6):356–64. doi: 10.1038/nrrheum.2014.19

53. Tan, L, Wu, H, Liu, Y, Zhao, M, Li, D, and Lu, Q. Recent Advances of Exosomes in Immune Modulation and Autoimmune Diseases. Autoimmunity (2016) 49(6):357–65. doi: 10.1080/08916934.2016.1191477

54. Gallo, A, Tandon, M, Alevizos, I, and Illei, GG. The Majority of microRNAs Detectable in Serum and Saliva is Concentrated in Exosomes. PloS One (2012) 7(3):e30679. doi: 10.1371/journal.pone.0030679

55. Alevizos, I, and Illei, GG. MicroRNAs as Biomarkers in Rheumatic Diseases. Nat Rev Rheumatol (2010) 6(7):391–8. doi: 10.1038/nrrheum.2010.81

56. Cortes-Troncoso, J, Jang, SI, Perez, P, Hidalgo, J, Ikeuchi, T, Greenwell-Wild, T, et al. T Cell Exosome-Derived miR-142-3p Impairs Glandular Cell Function in Sjogren's Syndrome. JCI Insight (2020) 5(9):e133497. doi: 10.1172/jci.insight.133497

57. Gallo, A, Jang, SI, Ong, HL, Perez, P, Tandon, M, Ambudkar, I, et al. Targeting the Ca(2+) Sensor STIM1 by Exosomal Transfer of Ebv-miR-BART13-3p is Associated With Sjogren's Syndrome. EBioMedicine (2016) 10:216–26. doi: 10.1016/j.ebiom.2016.06.041

58. Zhang, B, Zhao, M, and Lu, Q. Extracellular Vesicles in Rheumatoid Arthritis and Systemic Lupus Erythematosus: Functions and Applications. Front Immunol (2020) 11:575712. doi: 10.3389/fimmu.2020.575712

59. Tan, LN, Zhao, M, Wu, HJ, Zhang, Y, Tong, X, Gao, L, et al. Downregulated Serum Exosomal miR-451a Expression Correlates With Renal Damage and Its Intercellular Communication Role in Systemic Lupus Erythematosus. Front In Immunol (2021) 12. doi: 10.3389/fimmu.2021.630112

60. Tomiyama, T, Yang, GX, Zhao, M, Zhang, W, Tanaka, H, Wang, J, et al. The Modulation of Co-Stimulatory Molecules by Circulating Exosomes in Primary Biliary Cirrhosis. Cell Mol Immunol (2017) 14(3):276–84. doi: 10.1038/cmi.2015.86

61. Yang, N, Zhao, Y, Wu, XH, Zhang, N, Song, H, Wei, W, et al. Recent Advances in Extracellular Vesicles and Their Involvements in Vasculitis. Free Radical Biol And Med (2021) 171:203–18. doi: 10.1016/j.freeradbiomed.2021.04.033

62. Wu, XH, Liu, Y, Wei, W, and Liu, ML. Extracellular Vesicles in Autoimmune Vasculitis - Little Dirts Light the Fire in Blood Vessels. Autoimmun Rev (2019) 18(6):593–606. doi: 10.1016/j.autrev.2018.12.007

63. Zhao, Y, Wei, W, and Liu, ML. Extracellular Vesicles and Lupus Nephritis - New Insights Into Pathophysiology and Clinical Implications. J Of Autoimmun (2020) 115:115. doi: 10.1016/j.jaut.2020.102540

64. Wang, Y, Bai, YY, Liu, YX, Wilfried Noel, S, Yan, Q, Pham Thi, H, et al. Plasma Exosomal miRNAs Involved in Endothelial Injury in Microscopic Polyangiitis Patients. FASEB J (2020) 34(5):6215–28. doi: 10.1096/fj.201902964R

65. Zhang, HF, Xie, YF, Li, W, Chibbar, R, Xiong, S, and Xiang, J. CD4(+) T Cell-Released Exosomes Inhibit CD8(+) Cytotoxic T-Lymphocyte Responses and Antitumor Immunity. Cell Mol Immunol (2011) 8(1):23–30. doi: 10.1038/cmi.2010.59

66. Mu, CY, Zhang, XS, Wang, L, Xu, A, Ahmed, KA, Pang, X, et al. Enhanced Suppression of Polyclonal CD8(+)25(+) Regulatory T Cells via Exosomal Arming of Antigen-Specific Peptide/MHC Complexes. J Of Leukocyte Biol (2017) 101(5):1221–31. doi: 10.1189/jlb.3A0716-295RR

67. Xie, Y, Zhang, X, Zhao, T, Li, W, Xiang, J, et al. Natural CD8(+)25(+) Regulatory T Cell-Secreted Exosomes Capable of Suppressing Cytotoxic T Lymphocyte-Mediated Immunity Against B16 Melanoma [J]. Biochem Biophys Res Commun (2013) 438(1):152–5. doi: 10.1016/j.bbrc.2013.07.044

68. Xie, YF, Zhang, HF, Li, W, Deng, Y, Munegowda, MA, Chibbar, R, et al. Dendritic Cells Recruit T Cell Exosomes via Exosomal LFA-1 Leading to Inhibition of CD8(+) CTL Responses Through Downregulation of Peptide/MHC Class I and Fas Ligand-Mediated Cytotoxicity. J Of Immunol (2010) 185(9):5268–78. doi: 10.4049/jimmunol.1000386

69. Thery, C, Boussac, M, Veron, P, Ricciardi-Castagnoli, P, Raposo, G, Garin, J, et al. Proteomic Analysis of Dendritic Cell-Derived Exosomes: A Secreted Subcellular Compartment Distinct From Apoptotic Vesicles. J Immunol (2001) 166(12):7309–18. doi: 10.4049/jimmunol.166.12.7309

70. Thery, C, Duban, L, Segura, E, Véron, P, Lantz, O, and Amigorena, S. Indirect Activation of Naive CD4+ T Cells by Dendritic Cell-Derived Exosomes. Nat Immunol (2002) 3(12):1156–62. doi: 10.1038/ni854

71. Chen, C. CiteSpace II: Detecting and Visualizing Emerging Trends and Transient Patterns in Scientific Literature. J Am Soc Inf Sci Technol (2006) 57(3):359–77. doi: 10.1002/asi.20317

72. Miao, Y, Zhang, Y, and Yin, L. Trends in Hepatocellular Carcinoma Research From 2008 to 2017: A Bibliometric Analysis. PeerJ (2018) 6:e5477. doi: 10.7717/peerj.5477

73. Jasim, SA, Yumashev, AV, Abdelbasset, WK, Margiana, R, Markov, A, Suksatan, W, et al. Shining the Light on Clinical Application of Mesenchymal Stem Cell Therapy in Autoimmune Diseases. Stem Cell Res Ther (2022) 13(1):101. doi: 10.1186/s13287-022-02782-7

74. Alvaro-Gracia, JM, Jover, JA, Garcia-Vicuna, R, Carreño, L, Alonso, A, Marsal, S, et al. Intravenous Administration of Expanded Allogeneic Adipose-Derived Mesenchymal Stem Cells in Refractory Rheumatoid Arthritis (Cx611): Results of a Multicentre, Dose Escalation, Randomised, Single-Blind, Placebo-Controlled Phase Ib/IIa Clinical Trial. Ann Rheum Dis (2017) 76(1):196–202. doi: 10.1136/annrheumdis-2015-208918

75. Djouad, F, Plence, P, Bony, C, Tropel, P, Apparailly, F, Sany, J, et al. Immunosuppressive Effect of Mesenchymal Stem Cells Favors Tumor Growth in Allogeneic Animals. Blood (2003) 102(10):3837–44. doi: 10.1182/blood-2003-04-1193

76. Xu, S, Menu, E, De Becker, A, Van Camp, B, Vanderkerken, K, and Van Riet, I. Bone Marrow-Derived Mesenchymal Stromal Cells are Attracted by Multiple Myeloma Cell-Produced Chemokine CCL25 and Favor Myeloma Cell Growth In Vitro and In Vivo. Stem Cells (2012) 30(2):266–79. doi: 10.1002/stem.787

77. Djouad, F, Bony, C, Apparailly, F, Louis-Plence, P, Jorgensen, C, and Noël, D. Earlier Onset of Syngeneic Tumors in the Presence of Mesenchymal Stem Cells. Transplantation (2006) 82(8):1060–6. doi: 10.1097/01.tp.0000236098.13804.0b

78. Gilkeson, GS. Safety and Efficacy of Mesenchymal Stromal Cells and Other Cellular Therapeutics in Rheumatic Diseases in 2022: A Review of What We Know So Far. Arthritis Rheumatol (2022) 74:752–65. doi: 10.1002/art.42081

79. Seo, Y, Kim, HS, and Hong, IS. Stem Cell-Derived Extracellular Vesicles as Immunomodulatory Therapeutics. Stem Cells Int (2019) 2019:5126156. doi: 10.1155/2019/5126156

80. Meng, HY, Chen, LQ, and Chen, LH. The Inhibition by Human MSCs-Derived miRNA-124a Overexpression Exosomes in the Proliferation and Migration of Rheumatoid Arthritis-Related Fibroblast-Like Synoviocyte Cell. BMC Musculoskelet Disord (2020) 21(1):150. doi: 10.1186/s12891-020-3159-y

81. Yang, CJ, Sun, JM, Tian, YP, Li, H, Zhang, L, Yang, J, et al. Immunomodulatory Effect of MSCs and MSCs-Derived Extracellular Vesicles in Systemic Lupus Erythematosus. Front Immunol (2021) 12. doi: 10.3389/fimmu.2021.714832

82. Riazifar, M, Mohammadi, MR, Pone, EJ, Yeri, A, Lässer, C, Segaliny, AI, et al. Stem Cell-Derived Exosomes as Nanotherapeutics for Autoimmune and Neurodegenerative Disorders. ACS Nano (2019) 13(6):6670–88. doi: 10.1021/acsnano.9b01004

83. Baharlooi, H, Nouraei, Z, Azimi, M, Moghadasi, AN, Tavassolifar, MJ, Moradi, B, et al. Umbilical Cord Mesenchymal Stem Cells as Well as Their Released Exosomes Suppress Proliferation of Activated PBMCs in Multiple Sclerosis. Scandinavian J Of Immunol (2021) 93(6):e13013. doi: 10.1111/sji.13013

84. Yu, Y, Shen, LL, Xie, XY, Zhao, J, and Jiang, M. The Therapeutic Effects of Exosomes Derived From Human Umbilical Cord Mesenchymal Stem Cells on Scleroderma. Tissue Eng And Regenerative Med (2022) 19(1):141–50. doi: 10.1007/s13770-021-00405-5

85. Hu, W, Song, X, Yu, H, Sun, J, Wang, H, and Zhao, Y. Clinical Translational Potentials of Stem Cell-Derived Extracellular Vesicles in Type 1 Diabetes. Front Endocrinol (Lausanne) (2021) 12:682145. doi: 10.3389/fendo.2021.682145

86. Zhang, K, Zhao, X, Chen, X, Wei, Y, Du, W, Wang, Y, et al. Enhanced Therapeutic Effects of Mesenchymal Stem Cell-Derived Exosomes With an Injectable Hydrogel for Hindlimb Ischemia Treatment. ACS Appl Mater Interfaces (2018) 10(36):30081–91. doi: 10.1021/acsami.8b08449

87. Wang, Y, Zheng, F, Gao, G, Yan, S, Zhang, L, Wang, L, et al. MiR-548a-3p Regulates Inflammatory Response via TLR4/NF-kappaB Signaling Pathway in Rheumatoid Arthritis. J Cell Biochem (2018) 120:1133–40. doi: 10.1002/jcb.26659

88. Xu, DH, Song, MY, Chai, CX, Wang, J, Jin, C, Wang, X, et al. Exosome-Encapsulated miR-6089 Regulates Inflammatory Response via Targeting TLR4. J Of Cell Physiol (2019) 234(2):1502–11. doi: 10.1002/jcp.27014

89. Wang, L, Wang, C, Jia, X, and Yu, J. Circulating Exosomal miR-17 Inhibits the Induction of Regulatory T Cells via Suppressing TGFBR II Expression in Rheumatoid Arthritis. Cell Physiol Biochem (2018) 50(5):1754–63. doi: 10.1159/000494793

90. Rodriguez-Muguruza, S, Altuna-Coy, A, Castro-Oreiro, S, Poveda-Elices, MJ, Fontova-Garrofé, R, and Chacón, MR. A Serum Biomarker Panel of exomiR-451a, exomiR-25-3p and Soluble TWEAK for Early Diagnosis of Rheumatoid Arthritis. Front In Immunol (2021) 12. doi: 10.3389/fimmu.2021.790880

91. Yoo, J, Lee, SK, Lim, M, Sheen, D, Choi, EH, and Kim, SA. Exosomal Amyloid A and Lymphatic Vessel Endothelial Hyaluronic Acid Receptor-1 Proteins are Associated With Disease Activity in Rheumatoid Arthritis. Arthritis Res Ther (2017) 19:119. doi: 10.1186/s13075-017-1334-9

92. Ding, YJ, Wang, LF, Wu, HQ, Zhao, Q, and Wu, S. Exosomes Derived From Synovial Fibroblasts Under Hypoxia Aggravate Rheumatoid Arthritis by Regulating Treg/Th17 Balance. Exp Biol And Med (2020) 245(14):1177–86. doi: 10.1177/1535370220934736

93. Liu, D, Fang, Y, Rao, Y, Tan, W, Zhou, W, Wu, X, et al. Synovial Fibroblast-Derived Exosomal microRNA-106b Suppresses Chondrocyte Proliferation and Migration in Rheumatoid Arthritis via Down-Regulation of PDK4. J Mol Med (Berl) (2020) 98(3):409–23. doi: 10.1007/s00109-020-01882-2

94. Edhayan, G, Ohara, RA, Stinson, WA, Amin, MA, Isozaki, T, Ha, CM, et al. Inflammatory Properties of Inhibitor of DNA Binding 1 Secreted by Synovial Fibroblasts in Rheumatoid Arthritis. Arthritis Res Ther (2016) 18:87. doi: 10.1186/s13075-016-0984-3

95. Rao, Y, Fang, Y, Tan, W, Liu, D, Pang, Y, Wu, X, et al. Delivery of Long Non-Coding RNA NEAT1 by Peripheral Blood Monouclear Cells-Derived Exosomes Promotes the Occurrence of Rheumatoid Arthritis via the MicroRNA-23a/MDM2/SIRT6 Axis. Front Cell Dev Biol (2020) 8:551681. doi: 10.3389/fcell.2020.551681

96. Li, W, Liu, S, Chen, Y, Weng, R, Zhang, K, He, X, et al. Circulating Exosomal microRNAs as Biomarkers of Systemic Lupus Erythematosus. Clinics (Sao Paulo) (2020) 75:e1528. doi: 10.6061/clinics/2020/e1528

97. Chuang, HC, Chen, MH, Chen, YM, Ciou, YR, Hsueh, CH, Tsai, CY, et al. Induction of Interferon-Gamma and Tissue Inflammation by Overexpression of Eosinophil Cationic Protein in T Cells and Exosomes. Arthritis Rheumatol (2022) 74(1):92–104. doi: 10.1002/art.41920

98. Salvi, V, Gianello, V, Busatto, S, Bergese, P, Andreoli, L, D'Oro, U, et al. Exosome-Delivered microRNAs Promote IFN-Alpha Secretion by Human Plasmacytoid DCs via TLR7. JCI Insight (2018) 3(10):e98204. doi: 10.1172/jci.insight.98204

99. Zhou, H, Hasni, SA, Perez, P, Tandon, M, Jang, SI, Zheng, C, et al. miR-150 Promotes Renal Fibrosis in Lupus Nephritis by Downregulating SOCS1. J Am Soc Nephrol (2013) 24(7):1073–87. doi: 10.1681/ASN.2012080849

100. Ichii, O, Otsuka-Kanazawa, S, Horino, T, Kimura, J, Nakamura, T, Matsumoto, M, et al. Decreased miR-26a Expression Correlates With the Progression of Podocyte Injury in Autoimmune Glomerulonephritis. PloS One (2014) 9(10):e110383. doi: 10.1371/journal.pone.0110383

101. Tangtanatakul, P, Klinchanhom, S, Sodsai, P, Sutichet, T, Promjeen, C, Avihingsanon, Y, et al. Down-Regulation of Let-7a and miR-21 in Urine Exosomes From Lupus Nephritis Patients During Disease Flare. Asian Pac J Allergy Immunol (2019) 37(4):189–97. doi: 10.12932/AP-130318-0280

102. Garcia-Vives, E, Sole, C, Moline, T, Vidal, M, Agraz, I, Ordi-Ros, J, et al. The Urinary Exosomal miRNA Expression Profile is Predictive of Clinical Response in Lupus Nephritis. Int J Mol Sci (2020) 21(4):1372. doi: 10.3390/ijms21041372

103. Sole, C, Cortes-Hernandez, J, Felip, ML, and Vidal, M. miR-29c in Urinary Exosomes as Predictor of Early Renal Fibrosis in Lupus Nephritis. Nephrol Dialysis Transplant (2015) 30(9):1488–96. doi: 10.1093/ndt/gfv128

104. Kimura, K, Hohjoh, H, Fukuoka, M, Sato, W, Oki, S, Tomi, C, et al. Circulating Exosomes Suppress the Induction of Regulatory T Cells via Let-7i in Multiple Sclerosis. Nat Commun (2018) 9:17. doi: 10.1038/s41467-017-02406-2

105. Galazka, G, Mycko, MP, Selmaj, I, Raine, CS, and Selmaj, KW. Multiple Sclerosis: Serum-Derived Exosomes Express Myelin Proteins. Mult Scler (2018) 24(4):449–58. doi: 10.1177/1352458517696597

106. Wermuth, PJ, Piera-Velazquez, S, and Jimenez, SA. Exosomes Isolated From Serum of Systemic Sclerosis Patients Display Alterations in Their Content of Profibrotic and Antifibrotic microRNA and Induce a Profibrotic Phenotype in Cultured Normal Dermal Fibroblasts. Clin Exp Rheumatol (2017) 35 Suppl 106(4):21–30.

107. Lakhter, AJ, Pratt, RE, Moore, RE, Doucette, KK, Maier, BF, DiMeglio, LA, et al. Beta Cell Extracellular Vesicle miR-21-5p Cargo is Increased in Response to Inflammatory Cytokines and Serves as a Biomarker of Type 1 Diabetes. Diabetologia (2018) 61(5):1124–34. doi: 10.1007/s00125-018-4559-5

108. Guay, C, Kruit, JK, Rome, S, Menoud, V, Mulder, NL, Jurdzinski, A, et al. Lymphocyte-Derived Exosomal MicroRNAs Promote Pancreatic Beta Cell Death and May Contribute to Type 1 Diabetes Development. Cell Metab (2019) 29(2):348. doi: 10.1016/j.cmet.2018.09.011

109. Xu, H, Bao, Z, Liang, D, Li, M, Wei, M, Ge, X, et al. Plasma Exosomal miR-106a-5p Expression in Myasthenia Gravis. Muscle Nerve (2020) 61(3):401–7. doi: 10.1002/mus.26785

110. Pasquali, L, Svedbom, A, Srivastava, A, Rosén, E, Lindqvist, U, Ståhle, M, et al. Circulating microRNAs in Extracellular Vesicles as Potential Biomarkers for Psoriatic Arthritis in Patients With Psoriasis. J Eur Acad Dermatol Venereol (2020) 34(6):1248–56. doi: 10.1111/jdv.16203

111. Cui, X, Liu, Y, Wang, S, Zhao, N, Qin, J, Li, Y, et al. Circulating Exosomes Activate Dendritic Cells and Induce Unbalanced CD4+ T Cell Differentiation in Hashimoto Thyroiditis. J Clin Endocrinol Metab (2019) 104(10):4607–18. doi: 10.1210/jc.2019-00273

112. Sun, Y, Wang, W, Tang, Y, Wang, D, Li, L, Na, M, et al. Microarray Profiling and Functional Analysis of Differentially Expressed Plasma Exosomal Circular RNAs in Graves' Disease. Biol Res (2020) 53(1):32. doi: 10.1186/s40659-020-00299-y

113. Colletti, M, Galardi, A, De Santis, M, Guidelli, GM, Di Giannatale, A, Di Luigi, L, et al. Exosomes in Systemic Sclerosis: Messengers Between Immune, Vascular and Fibrotic Components? Int J Of Mol Sci (2019) 20(18):4337. doi: 10.3390/ijms20184337

114. Yin, WF, Ouyang, S, Luo, ZH, Zeng, Q, Hu, B, Xu, L, et al. Immature Exosomes Derived From MicroRNA-146a Overexpressing Dendritic Cells Act as Antigen-Specific Therapy for Myasthenia Gravis. Inflammation (2017) 40(4):1460–73. doi: 10.1007/s10753-017-0589-2

115. Shen, ZW, Huang, W, Liu, J, Tian, J, Wang, S, and Rui, K. Effects of Mesenchymal Stem Cell-Derived Exosomes on Autoimmune Diseases. Front In Immunol (2021) 12. doi: 10.3389/fimmu.2021.749192

116. Gomzikova, MO, James, V, and Rizvanov, AA. Therapeutic Application of Mesenchymal Stem Cells Derived Extracellular Vesicles for Immunomodulation. Front Immunol (2019) 10. doi: 10.3389/fimmu.2019.02663

117. Song, JY, Kang, HJ, Hong, JS, Kim, CJ, Shim, JY, Lee, CW, et al. Umbilical Cord-Derived Mesenchymal Stem Cell Extracts Reduce Colitis in Mice by Re-Polarizing Intestinal Macrophages. Sci Rep (2017) 7(1):9412. doi: 10.1038/s41598-017-09827-5

118. Favaro, E, Carpanetto, A, Caorsi, C, Giovarelli, M, Angelini, C, Cavallo-Perin, P, et al. Human Mesenchymal Stem Cells and Derived Extracellular Vesicles Induce Regulatory Dendritic Cells in Type 1 Diabetic Patients. Diabetologia (2016) 59(2):325–33. doi: 10.1007/s00125-015-3808-0

119. Blazquez, R, Sanchez-Margallo, FM, de la Rosa, O, Dalemans, W, Alvarez, V, Tarazona, R, et al. Immunomodulatory Potential of Human Adipose Mesenchymal Stem Cells Derived Exosomes on In Vitro Stimulated T Cells. Front Immunol (2014) 5:556. doi: 10.3389/fimmu.2014.00556

120. Lee, S, Kim, S, Chung, H, Moon, JH, Kang, SJ, and Park, CG. Mesenchymal Stem Cell-Derived Exosomes Suppress Proliferation of T Cells by Inducing Cell Cycle Arrest Through P27kip1/Cdk2 Signaling. Immunol Lett (2020) 225:16–22. doi: 10.1016/j.imlet.2020.06.006

121. Budoni, M, Fierabracci, A, Luciano, R, Petrini, S, Di Ciommo, V, and Muraca, M. The Immunosuppressive Effect of Mesenchymal Stromal Cells on B Lymphocytes is Mediated by Membrane Vesicles. Cell Transplant (2013) 22(2):369–79. doi: 10.3727/096368911X582769b

122. Khare, D, Or, R, Resnick, I, Barkatz, C, Almogi-Hazan, O, and Avni, B. Mesenchymal Stromal Cell-Derived Exosomes Affect mRNA Expression and Function of B-Lymphocytes. Front Immunol (2018) 9:3053. doi: 10.3389/fimmu.2018.03053

123. Bai, LL, Shao, H, Wang, HX, Zhang, Z, Su, C, Dong, L, et al. Effects of Mesenchymal Stem Cell-Derived Exosomes on Experimental Autoimmune Uveitis. Sci Rep (2017) 7:4323. doi: 10.1038/s41598-017-04559-y

124. Fan, Y, Herr, F, Vernochet, A, Mennesson, B, Oberlin, E, and Durrbach, A. Human Fetal Liver Mesenchymal Stem Cell-Derived Exosomes Impair Natural Killer Cell Function. Stem Cells Dev (2019) 28(1):44–55. doi: 10.1089/scd.2018.0015

125. Burrello, J, Monticone, S, Gai, C, Gomez, Y, Kholia, S, Camussi, G, et al. Stem Cell-Derived Extracellular Vesicles and Immune-Modulation. Front Cell Dev Biol (2016) 4:83. doi: 10.3389/fcell.2016.00083

126. Lai, PL, Weng, JY, Guo, LY, Chen, X, and Du, X. Novel Insights Into MSC-EVs Therapy for Immune Diseases. biomark Res (2019) 7:6. doi: 10.1186/s40364-019-0156-0

127. Momen-Heravi, F, Bala, S, Bukong, T, and Szabo, G. Exosome-Mediated Delivery of Functionally Active miRNA-155 Inhibitor to Macrophages. Nanomedicine (2014) 10(7):1517–27. doi: 10.1016/j.nano.2014.03.014

128. Xu, KY, Liu, Q, Wu, KH, Liu, L, Zhao, M, Yang, H, et al. Extracellular Vesicles as Potential Biomarkers and Therapeutic Approaches in Autoimmune Diseases. J Of Trans Med (2020) 18(1):432. doi: 10.1186/s12967-020-02609-0




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.

Copyright © 2022 Wu, Gao, Kang, Wang, Niu, Liu and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-13-939433-g007.jpg
_VOSviewer





OEBPS/Images/fimmu.2022.939433_cover.jpg
’ frontiers ‘ Frontiers in Immunology

Knowledge Mapping of Exosomes
in Autoimmune Diseases: A
Bibliometric Analysis
(2021-2002)





OEBPS/Images/fimmu-13-939433-g002.jpg
30.0%

100

Period III

—
—
e
o
oy
=
0]
A

90

25.0%

8

70

20.0%

60

15.0%

50

40

10.0%

30

5.0%

ercent

Number





OEBPS/Images/fimmu-13-939433-g003.jpg
new

B grehada

finland

sweden
\ germany

united kmgdom \ canad

spain
russia R \~
netherlands
semia
switzerland
hungary france
italy
= south korea
slovenia
portugal
taian
denmark
~VOSviewer

2017 2018 2019 2020





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Knowledge Mapping of Exosomes in Autoimmune Diseases: A Bibliometric Analysis (2002–2021)

      

        		

          Background

        



        		

          Method

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        

          		

            Search Strategy

          



          		

            Data Analysis

          



        



        



        		

          Results

        

          		

            Quantitative Analysis of Publication

          



          		

            Country and Institutional Analysis

          



          		

            Journals and Co-Cited Journals

          



          		

            Authors and Co-Cited Authors

          



          		

            Co-Cited References

          



          		

            Reference with Citation Bursts

          



          		

            Hotspots and Frontiers

          



        



        



        		

          Discussion

        

          		

            General Information

          



          		

            Knowledge Base

          



          		

            Hotspots and Frontiers

          

            		

              MSC-Exos

            



            		

              miRNA and Biomarkers

            



            		

              Treatment and Immunomodulation

            



          



          



          		

            Advantages and Shortcomings

          



        



        



        		

          Conclusions

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-13-939433-g011.jpg
Proliferation+
Proliferation differentiation+
IL-104

IL-6, IL-12p70
IL-17AF, IL-22 +

T cells

. Proliferation
MiR-155-5p @ g v
Th2, Tregs*

iy,
VoL %0 miR-10a
Iz

RA

Proliferation +

Migration +

Invasion+

algae FIS miR-124a

miR-150-5p
miR-192-5p

Treg, Tr1+ @0 / \% = m NA C|rcRNA o "
Th17 {4 o L)
[\' P ’W\_f("'\’ N .
T cells ~ / § IncRNA NG Dendritic cells
n -~ protein miR-216a-5p
LL) /// ’\V}[‘ﬁ ) “& \ \)j

TGF-B

Proliferation +
maturation+

IL-6, IL-12p70Y
TGF-B1, IL-104

miR-142-3p

PIasmabIast+

Bregs 4 b ‘vx 00N w\f» ot
M1y
T cells M2 *
Macrophages
Th1, Th17 § C
Treg+ , Ml*
T1D "y
Survival + myofibroblasts + Macrophages SS

generation A Bells





OEBPS/Images/table4.jpg
Rank Co-cited reference Citations
1 Valadi H, 2007, Nat Cell Biol, V9, P654 (34) 58
2 Thery C, 2009, Nat Rev Immunol, V9, P581 (35) 48
3 Raposo G, 2013, J Cell Biol, V200, P373 (36) 47
4 Thery C, 2002, Nat Rev Immunol, V2, P569 (37) 45
5 Thery C, 2006, Curr Protoc Cell Biol, Vchapter 3 (38) 37
6 Raposo G, 1996, J Exp Med, V183, P1161 (39) 36
7 Alvarez-erviti L, 2011, Nat Biotechnol, V29, P341 (40) 35
8 Colombo M, 2014, Annu Rev Cell Dev Bi, V30, P255 (41) 34
9 Yanez-mo M, 2015, J Extracell Vesicles, V4 (42) 34
10 Thery C, 2018, J Extracell Vesicles, V7 (43) 32






OEBPS/Images/table3.jpg
Rank

authors count Co-Cited Authors citations
1 lias Alevizos 4 Clotilde Théry 223
2 Qianjin Lu 4 Graga Raposo 87
3 Wei Wei 4 Seon Hee Kim 85
4 Jim Xiang 4 Bo Zhang 68
5 Ming Zhao 4 Hadi Valadi 58
6 Edit | Buzas 3 Ruenn Chai Lai 55
7 Giacomo Casella 3 Marina Colombo 45
8 Minghan Chen 3 Aled Clayton 43
9 Raijni Chibbar 3 Paul D Robbins 42
10 Raquel Cortes 3 Guillaume van Niel 42






OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-13-939433-g004.jpg
beni s@f univ

zheji univ

univ paiermo . \yenzho d univ

weifang fled univ  univ cz

semmeleis univ
cents univ

taipei genh

baylor €oll med

niv

2014 2016

2018

2020





OEBPS/Images/fimmu-13-939433-g008.jpg
van niel g, 20

W 1 Y e N
NPIRSSERSE
Y=

N
“‘%"{4"’"53{“\9"'
AR _/l:—.. X
Pt I XX
ocimmipy /LS

S —ws VA

B,

»\“_ = = :':z‘f > (‘
\ S _//anez-mo-m, 2015, | extracell;
\ ) XN el L I — TN
N ERHAS =P
Sid ;'v‘a Z -Vg\‘éqrﬁlygg\\b\\Vl‘ //
N NCALSSIAA /) /
i o SN S W M&} )
i =18 £§ y ‘.‘,":;;‘\ e 1

P “
\’
3>

N 2
AN
\\\:
\l

7h

Z"
D
R/
I
‘\

. "
AN
=%

L Z [
RS
V‘

‘\
7






OEBPS/Images/table7.jpg
Diseases Origin of exosomes Contents Pathogenic mechanism or diagnostic value references
RA Serum of RA patients miR-548a-3p Inhibit the proliferation and activation 87)
of pTHP-1 cells
Serum of RA patients miR-6089 Regulated the generation of IL-6, IL-29, and TNF-o. (88)
Serum of RA patients miR-17 Destroy the Tregs homeostasis (89)
Serum of RA patients miR-451a Early diagnosis of RA (90)
miR-25-3p
Serum of RA patients amyloid A, Associated with disease activity in RA 91)
LYVE-1
FLS of CIA mice miR-424 Enhance the inflammatory response of RA 92)
FLS of CIA mice miR-106b Suppresses chondrocyte proliferation and migration (93
FLS of K/BxN mice Id1 Induces angiogenesis (94)
PBMCs of CIA mice LncRNA NEAT1 Promotes FLS viability and inflammation (95)
SLE Serum of SLE patients miR-451a Correlates with renal damage and intercellular communication role 59)
Serum of SLE patients miR-21, A potential diagnostic value for SLE and LN (96)
miR-155
T cell of ECP-transgenic mice ECP Induction of interferon-y and tissue inflammation 97)
Plasma of SLE patients let-7b, Activate pDC cells and allow them produce proinflammatory cytokines through (98)
miR-21 the TLR7 signaling
LN Urine of LN patients miR-150 Increased profibrotic proteins in proximal tubular cells and podocytes (99)
Urine of LN patients and miR-26a Regulates podocyte differentiation and cytoskeletal integrity (100)
B6.MRLc1 mice
Urine of LN patients let-7a, Guide the clinical stage of LN patients (101)
miR-21
Urine of LN patients miR-31, Early markers for predicting LN clinical response (102)
miR-107,
miR-135b-5p
Urine of LN patients miR-29¢ Correlated with the degree of renal chronicity (103)
MS Plasma of MS patients miR-let-7i Suppress the induction of regulatory T cells (104)
Serum of MS patients myelin basic protein, Enhance and/or perpetuate anti-myelin immune reactions (105)
proteolipid protein,
MOG
SSc Serum of SSc patients 9 profibrotic miRNAs (such Induce the expression of profibrotic genes (106)
as let-7g-5p,
miR-17-5p and
miR-21-5p
)
T1D Serum of T1D patients miR-21-5p Increased B cell apoptosis (107)
human Jurkat T cells miR-142-3p, miR-142-5p, Promote pancreatic § Cell death and may contribute to T1D development (108)
miR-155
MG Plasma of MG patients miR-106a-5p Associated with MG severity 109)
PsA Plasma of MG patients let-7b-5p, Associated with the presence of PsA (110)
miR-30e-5p
SS T cells of SS patients miR-142-3p Impairs glandular cell function through downregulating Calcium signaling and (56)
CAMP production in SS
HT Serum of HT patients TPO, Causing DC activation via the NF-kB pathway, leading to an imbalance in 111)
HSP60, CD4* T lymphocyte differentiation
MHC-Il
GD Serum of GD patients hsa_circRNA_000102 Involved in pathways of immune system activation, such as viral infection and (112)

interferon-beta signaling.






OEBPS/Images/fimmu-13-939433-g005.jpg
fesearch &

current ster

biophysicalr
gy and medi

Shperimentart

xhe’arm

w’ch &
\ e kv

journal of neuroi

neural regener

2016

VOSviewer

B

5 VOSviewer

2017

2018

2019

2020





OEBPS/Images/fimmu-13-939433-g009.jpg
Top 13 Relferences with the Strongest Citation Bursts

References Year Strength Begin End
Thery C, 2009, NAT REV IMMUNOL, V9, P581, DOI 10.1038/nri2567, DOT 2000 734 2010 2014
Montecalvo A, 2012, BLOOD, V119, P756, DOI 10.1182/blood-2011-02-338004, DOL 2012 394 2003 2017
Cai Z, 2012, CELL RES, V22, P607, DOI 10.1038/cr.2011.196, DOL 2012 394 2003 2017
Alvarez-eviti L, 2011, NAT BIOTECHNOL, V29, P341, DOT 10.1038/nbt. 1807, DOL 2011 407 2014 2016
Okoye I, 2014, IMMUNITY, V41, P89, DOT 10.1016 immuni 2014.05.019, DO 2014 462 205 2019
Kordelas L, 2014, LEUKEMIA, V28, P970, DO 10.1038/le.2014 .41, DOT 2014 412015 2019
Raposo G, 2013, J CELL BIOL, V200, P373, DOI 10.1083/cb. 201211138, DOT 2013 8612006 2018
Colombo M, 2014, ANNU REV CELL DEV BI, V30, P255, DOI 10.1146/annurev-cellbio-101512-122326, DOT 2014 62016 2019
Zhang B, 2014, STEM CELLS DEV, V23, P1233, DOT 10.1089/5¢d.2013.0479, DOT 2014 388 2006 2019
Yu L, 2013, EUR J IMMUNOL, V43, P2461, DO 10.1002/¢j 201243205, DOT 2013 383 2006 2017
Witwer K, 2013, J EXTRACELL VESICLES, V2, P0, DOT 10.3402/jev.v2i0.20360, DOL 2013 328 2006 2017
Buzas E, 2014, NAT REV RHEUMATOL, V10, P356, DOT 10.1038/nrrheum 2014.19, DOT 2014 312006 2018

Tan L 2016. AUTOIMMUNITY. V40 P357. DOI 10.1080/08016034.2016.1191477. DOIL 2016 32 2018 2021






OEBPS/Images/table6.jpg
Rank Keywords Counts Rank Keywords Counts
1 exosomes 149 11 inflammation 18
2 extracellular vesicles 63 12 therapy 15
3 mesenchymal stem cells 48 13 microvesicles 14
4 microRNAs al 14 immunomodulation 12
5 autoimmune diseases 31 15 cancer 10
6 autoimmunity 27 16 mesenchymal stromal cells 9
7 multiple sclerosis 23 17 experimental autoimmune encephalomyelitis 8
8 biomarkers 22 18 proteomics 8
9 rheumatoid arthritis 21 19 sjogren’s syndrome 8
10 systemic lupus erythematosus 19 20 dendritic cells vd






OEBPS/Images/table2.jpg
Rank Journal Count IF Q Co-cited Journal Co-cita- IF Q
tion
1 Frontiers in immunology 38 7.56 Q1 Journal of Immunology 1005 542 Q2
(12.2%)
2 International Journal of Molecular Sciences 16 592 Q1 Plos One 651 324 Q2
(5.1%)
3 Stem Cell Research & Therapy 8 6.83 Q1 Blood 568 2363 Q1
(2.6%)
4 Scientific Reports 6 4.38 Q1 Frontiers in Immunology 514 7.561 Q1
(1.9%)
5 Autoimmunity Reviews 5 9.75 Q1 Proceedings of the National Academy of Sciences of the United 494 9.58 Q1
(1.6%) States of America
6 Journal of Cellular Physiology 5 6.38 Q1 Scientific reports 451 438 Q1
(1.6%)
7 Journal of Immunology 5 5.42 Q2 Journal of extracellular vesicles 370 2585 Q1
(1.6%)
8 Plos One 5 8.24 Q2 The Journal of biological chemistry 350 5.157 Q2
(1.6%)
9 Biochemical and Biophysical Research 4 358 Q2 Nature 343 49.93 Q1
Communications (1.3%)
10 Cellular & Molecular Immunology 4 1153 Q1 Stem cells 317 6.28 Q1
(1.3%)
11 European Journal of Immunology 4 553 Q2 Stem Cell Research & Therapy 295 6.83 Q1
(1.3%)
12 International Immunopharmacology 4 4.94 Q2 International journal of molecular sciences 289 592 Q1
(1.3%)
13 Journal of Neuroimmunology 4 3.48 Q8 Nature reviews Immunology 282 5311 Q1
(1.3%)
14 Molecular Therapy 4 11.46 Q1 Cell 272 4159 Q1
(1.3%)
15 Cells 3 6.6 Q2 The Journal of experimental medicine 263 1431 Q1

(1%)






OEBPS/Images/fimmu-13-939433-g006.jpg





OEBPS/Images/fimmu-13-939433-g001.jpg
337 studies identified from Web of
Science Core Collection Excluded 14 studies, including

Early Access(6), Book

Chapters(5), Meeting
Abstracts(2), and Letters(1)

Excluded 11 studies
publicated in 2022

323 studies identified

312 studies identified

Visualization and Analysis by Microsoft

Office Excel 2019, CiteSpace,
VOSviewer and R package "bibliometrix"






OEBPS/Images/fimmu-13-939433-g010.jpg
~ VOSviewer

Term

immunomodulation -
systemic lupus erythematosus -
autoimmune -

stem cells -

exosomes -

extracellular vesicles -
mirnas -

mesenchymal stem cells -
rheumatoid arthritis -
autoimmunity -

multiple sclerosis -
sjogren's syndrome -
experimental autoimmune -
drug delivery -
microvesicles -

cancer-

secretome -
immunotherapy -

dendritic cells -
microparticles -

2013

2015~

systemiogclerosis

Trend Topics

Yea

~ 2017°

00000

2019°

20217

Term frequency
@® 50
@ 100
@ 0





OEBPS/Images/table1.jpg
Rank Country Counts Institution Counts
1 China (Asia) 97(23.3%) Central South University (China) 7(1.7%)
2 The United States (North America) 89(21.4%) Sun Yat Sen University (China) 7(1.7%)
3 Italy (Europe) 34(8.2%) Tianjin Medical University (China) 7(1.7%)
4 Iran (Asia) 23(5.5%) University of Pennsylvania (The United States) 7(1.7%)
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7 Japan (Asia) 11(2.6%) Tehran University of Medical Sciences (Iran) 6(1.4%)
8 South Korea (Asia) 11(2.6%) China Medical University (China) 5(1.2%)
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Main research content

The role of exosomes in the communication between

different cells, such as immune and tumor cells (35).

Mechanism of miRNA delivery by dendritic cell-derived exosomes (45).

Dendritic cell-derived exosomes induce generation of regulatory T cells to alleviate inflammatory bowel disease (46).

Targeted exosomes can deliver siRNA to mouse brain for therapeutic effect (40).

Regulatory T cell-derived exosomes can inhibit the proliferation and secretion of inflammatory mediators of Pathogenic Th1 Cells by delivering miR-
Let-7d (47).

MSC-derived exosomes could treat graft-versus-host disease (48).

The characterization of exosomes and mechanisms of their generation, secretion, and effect (36).

The formation, delivery, and intercellular communication of exosomes (41).

Infusion of MSC exosomes elevates Tregs levels and increases survival in allogenic skin graft mice (49).

Genetically modified dendritic cell-derived exosomes deliver TGF-B1 and maintain the regulatory capacity of Treg cells to suppress EAE in mice (50).
The standardization of sample preparation, isolation, purification and subsequent analysis in EVs research (51).

The development and prospect of Exosomes for prevention and treatment of ADs (52).

The advances of exosomes in the pathogenesis and therapeutics of AlDs (53).






