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Background

RNA methylation has emerged as an active research field in diabetes mellitus (DM) and its complications, while few bibliometric analyses have been performed. We aimed to visualize the hotspots and trends using bibliometric analysis to provide a comprehensive and objective overview of the current search state in this field.



Methods

The articles and reviews regarding RNA methylation in DM and its complications were from the Web of Science Core Collection. A retrospective bibliometric analysis and science mapping was performed using the CiteSpace software to plot the knowledge maps and predict the hotspots and trends.



Results

Three hundred seventy-five qualified records were retrieved. The annual publications gradually increased over the past 20 years. These publications mainly came from 66 countries led by Canada and 423 institutions. Leiter and Sievenpiper were the most productive authors, and Jenkins ranked first in the cited authors. Diabetes Care was the most co-cited journal. The most common keywords were “Type 2 diabetes”, “cardiovascular disease”, “diabetes mellitus”, and “n 6 methyladenosine”. The extracted keywords mainly clustered in “beta-cell function”, “type 2 diabetes”, “diabetic nephropathy”, “aging”, and “n6-methyladenosine”. N6-methyladenosine (m6A) in DM and its complications were the developing areas of study.



Conclusion

Studies on RNA methylation, especially m6A modification, are the current hotspots and the future trends in type 2 diabetes (T2D) and diabetic nephropathy (DN), as well as a frontier field for other complications of DM. Strengthening future cooperation and exchange between countries and institutions is strongly advisable to promote research developments in this field.
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1 Introduction

DM is a common complicated chronic glycolipid metabolic disorder syndrome characterized by insulin resistance (IR) and insulin deficit (1). DM causes damage to major organs, including kidneys, heart, eyes, nerves, and blood vessels, eventually leading to diabetes complications that seriously threaten the health of individuals (1). According to the 10th edition of the International Diabetes Federation (IDF) Diabetes Atlas, DM has been one of the fast-growing health emergencies of the 21st century and has ranked among the top causes of premature death (2). However, the pathogenesis of DM remains unclear, and it is urgently essential to keep up with the current hotspots to explore the pathogenesis of DM and its complications.

RNA methylation may post-transcriptionally regulate RNA stability, localization, transport, splicing, and translation (3). More than 170 RNA modifications have been identified (4), of which m6A is the most abundant epigenetic modification in eukaryotic RNA. The abundance and effects of m6A on RNA are dynamically regulated by the interplay of methyltransferase, demethylases, and binding proteins. The methyltransferases that perform the modification reaction consist of Methyltransferase Like 3 (METTL3), METTL14, Wilms Tumor 1 Associated Protein (WTAP), etc. Reverse-modified demethylases known as “erasers” include fat mass and obesity-associated protein (FTO), α-ketoglutarate-dependent dioxygenase alkB homolog 5 (ALKBH5), etc. RNA-binding proteins are known as “readers” mainly composed of YTH domain-containing family 1/2/3 (YTHDF1/2/3), and YTH domain-containing protein 1/2 (YTHDC1/2) (5). M6A-mediated post-transcriptional modification is essential in many biological processes such as cell differentiation, stresses, circadian rhythm, cycle regulation, and metabolism (6). Emerging evidence revealed that m6A was involved in many human diseases and provided a potential novel pathogenesis study for the prevention or treatment of various diseases (7), such as cancer, cardiovascular disease (CVD), progeroid syndromes, autoimmune diseases, and metabolic diseases (8–12).

The complicated pathogenesis, as well as the lasting multi-organ damage of DM, made RNA methylation an increasingly interesting topic with a measurable increase in publications. Several studies identified the abnormal m6A levels and key methylesterase of m6A. For example, several studies monitored the decreased m6A in T2D and β-cells (13, 14). Correspondingly, changes in the levels of methylesterase were also monitored, such as METTL3, METTL14, WTAP, FTO, ALKBH5, and YTHDF1 in T2D and its complications (13–15). The abnormal change in m6A and key methylesterase affected cell proliferation, differentiation, apoptosis, and autophagy and led to abnormalities in cell structure and function that participated in the initiation and progression of DM and its complications (16). The current evidence from these studies reported that the upregulated or downregulated levels of m6A were connected with β-cells, renal tubular cells, IR, inflammatory, oxidative stress, lipid levels, obesity, and other unknown mechanisms, which aggravated hyperglycemia and its further damage to other organs (17). Therefore, a systematic review and summary of the topical and major findings of RNA methylation in DM and its complications based on the current literature is urgent and necessary at this stage.

Unlike general systematic reviews, bibliometrics is characterized by mathematical techniques to investigate publication and communication patterns in the distribution of information and to evaluate research trends qualitatively and quantitatively based on bibliographic databases and bibliometrics (18). It not only helps researchers to grasp the hotspots and trends of specific research fields but also helps to quantify the characteristics of the countries, journals, and authors of published articles (19). This analytical method has been widely used in various fields to develop guidelines, understand research hotspots, and evaluate research trends (20). Therefore, this review was conducted using bibliometrics analysis to identify essential evidence in RNA methylation for DM and its complications and to help scholars understand the intellectual backgrounds and the emerging research trends in this field.



2 Materials and methods


2.1 Data sources and search strategy

The Web of Science Core Collection is the largest comprehensive academic information resource covering multiple disciplines (21). To ensure the quality and accessibility of data, all data were downloaded from the Web of Science Core Collection online database with the queries shown in Supplementary Table 1, with no language or region restrictions. The document types were articles or reviews with dates ranging from 1 January 2002 to 28 May 2022.



2.2 Data collection and analysis

Two authors collected the documents from the Web of Science Core Collection according to the set retrieval mode, exported them to a plain text file with full records and cited references, and stored them in download_txt format. Any disagreements were resolved by consensus. All valid data were converted to Microsoft Excel 2019, CiteSpace (5.8. R 3), and GraphPad Prism 9.0, and the review flowchart is shown in Figure 1.




Figure 1 | Flowchart of the review.



CiteSpace is a Java application for visualizing and analyzing scientific literature trends and patterns (22). It not only helps conduct burst detection, intermediate centrality, and heterogeneous networks and identify and track critical paths and milestone studies during professional development but also helps detect emerging trends and transient patterns at the research forefront (21). Therefore, this review used the CiteSpace software to conduct a bibliometric analysis of the publications of RNA methylation in DM and its complications, including countries, institutions, authors and cited authors, journals, references and keywords, the bursts of references and keywords, an overlay of journals, and a timeline viewer of keyword clusters.

Microsoft Word 2019 was used to conduct the descriptive statistics on ranks, frequency, attributes, centrality, etc. GraphPad Prism 9.0 was used to analyze and plot the annual publication output. The web tool MapInSeconds (mapinseconds.com) of Eugene Chen, Darkhorse Analytics was used to draw the geographical distribution of article publications.




3 Results and analysis


3.1 The trend of publication outputs

A total of 384 documents were collected from the Web of Science Core Collection based on the predefined queries. CiteScape identified no duplications, and 373 qualified records were included in this review. As shown in Figure 2, the research trend was divided into three stages. The first stage with 110 literatures was from 2004 to 2011, when the outputs of literature gradually rose from 6 to 18. There was a slight fluctuation in the second phase, with 13 articles in 2012, 25 articles in 2014, and a drop to 16 articles in 2016. From 2017 was the third stage; annual outputs climbed gradually steadily without any decline, as of 28 May 2022, out of 184 articles. In 2022, only 5 months of publication were counted; it cannot represent the whole annual outputs, but the overall trend in outputs was increasing on RNA methylation in DM and its complications, which suggests that RNA methylation may be a promising direction in this field.




Figure 2 | Trends of the annual publications related to RNA methylation in DM and its complications.





3.2 Analysis of countries/regions distribution

Three hundred seventy-three records were published in 66 countries/regions in the five continents. The deeper color in Figure 3 indicates that the publications were higher in this country, while the gray indicates no articles published. Canada ranked first with the highest number of 245 articles in the field. The USA with 93 articles ranked second, and China with 85 articles ranked third. Both were far ahead of other countries. Annual outputs of the top 10 countries/regions are shown in Figure 4; Canada posted significantly more annual outputs than any other country until 2019, after which Canada and USA decreased, while China overtook other countries to rank first in annual productions.




Figure 3 | Geographical distribution of article publications related to RNA methylation in DM and its complications. The label represents the country and the outputs of the country; the depth of color matched with the number of publications.






Figure 4 | Trends of annual publications of the top 10 countries/regions related to RNA methylation in DM and its complications.



The collaboration of countries/regions is visualized in Figure 5. Each node with colorful annual rings represents a country, and the size of the node matches the outputs in this country; the color bandwidth corresponds to the outputs for this year, and the wider the ribbon, the higher the number of outputs posted. The results in Figure 5 matched the geographical distribution in Figure 3. The purple color around the nodes represents high centrality. Belgium, Argentina, and Australia were circled in purple, which indicates they have a strong bridge role in this field. The link density between two nodes matches the cooperation strength, and the link color represents the initial cooperation year. Although relatively few articles were issued, Belgium and Argentina had the most cooperative relations with other countries. Among the top countries, Australia had a higher centrality and more cooperation such as Canada, the USA, China, England, Germany, etc.




Figure 5 | Visualization map of countries/regions collaboration analysis related to RNA methylation in DM and its complications. Each node with colorful annual rings represents a country; the color bandwidth corresponds to the outputs of the year; the wider the ribbon, the higher the number of outputs posted and the corresponding node increases. The purple color around the nodes represents high centrality. Link between the two nodes represents the cooperation relationship, and the link color represents the initial cooperation year.





3.3 Analysis of institutions distribution

A total of 375 qualified articles were published by 423 institutions. As shown in Supplementary Table 2, Univ Toronto (205) and St Michaels Hosp (154) were marked leaders in the publications, followed by McMaster Univ and Univ Saskatchewan. Of the top 10 institutions, seven were in Canada and two were in the USA.

Institutional co-occurrence analysis reflects the collaboration relationship. The map with a network density of 0.0123 comprised 423 nodes and 1368 links. As shown in Figure 6, the Univ Toronto and St Michaels Hosp circled in purple were the two largest nodes, with the highest literature and the strongest centrality, which implied an essential role in this field. The thickness of the line between nodes indicates institution collaboration. Most institutions collaborated, for example, McMaster Univ, St Michaels Hosp, Heart and Stroke Fdn Ontario, Tech Univ Dresden, and so on.




Figure 6 | Visualization map of institution collaboration analysis related to RNA methylation in DM and its complications. Each node with colorful annual rings represents an institution. Institutions with partnerships make up the different color groups. The text with # represents the keyword clusters of the institutions.



To explore the research themes among institutions, log-likelihood tests (LLR) were used to cluster the keywords of the articles published by the institutions by CiteSpace, and the top 10 clusters with different colored areas are shown in Figure 6. “Cluster #0 dpp 4-inhibitors” is the largest cluster, followed by “cluster #1 postprandial glycemia”. The top two institutions are clustered in “#3 type 2 diabetes mellitus”, which was the focus of the two institutional studies.



3.4 Analysis of authors and cited authors

These publications involved 511 authors, with an average of 1.37 authors per article (Supplementary Table 3). The first eight authors were all from Canada. Leiter was the highest producer with 44 articles; the rest of the authors in this field had more than 10 articles. Jenkins had received 55 citations and was the first cited author, followed by Wolever, Wang, and Sievenpiper.

When author collaborations were analyzed, Figure 7 visualizes the top five author collaboration groups. Leiter, Sievenpiper, Kendall, and others worked together for years and formed the largest collaborative team, of which Leiter is circled in purple for greater centrality and Wolever with conspicuous red for higher burst. Gilbert, Advani, Kelly, and other authors made up the second collaboration team, of which Kelly is circled red for having publication burst growth in a short time.




Figure 7 | Visualization map of the top five author collaboration related to RNA methylation in DM and its complications. Each node with colorful annual rings represents an author. The size of the nodes matches the publications of the author. The nodes circled in purple represent greater centrality; the nodes circled in red represent higher burst. The separate areas made up of nodes and links represent the author collaborative relationships.





3.5 Analysis of cited journals

Co-citation analysis of the journal in the references reveals the authoritative and influential journal in this field. Among the 517 cited journals, eight were cited over 100 times (Table 1). Diabetes Care was cited most, while New England Journal of Medicine and Diabetes followed second. Of the top 10 cited journals, nine were distributed in the Q1 region, with only PLoS One belonging to Q2. Among the top 10 journals, the New England Journal of Medicine had the highest impact factor (IF) of 91.253, and Lancet ranked second with an IF of 79.323.


Table 1 | The top 10 co-cited journals related to RNA methylation in DM and its complications.



The dual-map overlay of journals reflects the relationship between the source journals on the left and the target journals on the right, as well as the subjects involved in the journals. As shown in Figure 8, the colorful links represent the relationship between the two journals; there were three main wide citation paths, namely two green paths and one green path. The green paths indicated that the journals that involved molecular, biology, genetics and health, nursing, and medicine were always cited by medicine, medical, and clinical journals. The orange paths indicated that the journals that involved molecular, biology, and genetics were cited by molecular, biology, and immunology.




Figure 8 | The dual-map overlay of journals on RNA methylation in DM and its complications. The left nodes represent the included literature; the right represent the references in the literature. The labels represent the discipline. The link represents the cited path.





3.6 Analysis of co-cited references and reference burst

When two or more references are cited by several articles, the two references are considered to be a co-citation relationship. Among the 695 cited references, the top eight most frequently co-cited references are shown in Table 2. The reference published by Yang (13) had the highest number of citations, which implied that the research related to this article may be a research hotspot, and five references were cited more than 10 times and were valuable literature in this field.


Table 2 | Top eight co-cited references related to RNA methylation in DM and its complications.



Reference burst detection helps select the bulged references in a short time from the numerous references and find the most influential cited articles, thus clearly discovering the research frontiers and trends. Figure 9 displays the reference citation burst detection. The reference written by Bhattacharyya (23) had the highest centrality and burst strength and was the bridge between the two related studies, representing the current research hotspot and a turning point. The references published by Committee CDACPGE (2008) and Wang (2014) had the longest burst duration, which suggested a longer active duration of the research. Judged from the last 3 years, the references published by Yang (13), Roundtree (3), and Huang (2018) had a stronger burst, which had become the latest research frontier so far and may continue in the future.




Figure 9 | Top 21 references with the strongest citation bursts related to RNA methylation in DM and its complications.





3.7 Analysis of hotspots and frontiers

Keywords represent the research hotspots. We counted the keywords in the literature by CiteSpace and merged the top similar keywords and obtained the top 20 high-frequency keywords in Table 3; “type 2 diabetes”, “cardiovascular disease”, “diabetes mellitus”, “n 6 methyladenosine”, and “expression” had higher frequency. It indicated that they were the popular topics on RNA methylation in DM and its complications.


Table 3 | The top 20 keywords related to RNA methylation in DM and its complications.



Keywords bursts were detected to review and predict the phased hotpots and their evolutionary trends of RNA methylation in DM and its complications. As shown in Figure 10, “coronary heart disease”, “risk factors”, and “mellitus” with stronger bursts of strength emerged earlier and were the topics of early attention. The keywords “mellitus” and “diabetes mellitus”, as synonymous terms, had the longest, 7 years of duration burst, followed by “coronary heart disease”. Since 2018, the keywords related to RNA methylation have begun to appear and have continued until now. “N 6 methyladenosine” with the strongest burst suggested that it was the hotspot and maybe a turning point with prospective research implications.




Figure 10 | Keyword bursts related to RNA methylation in DM and its complications.



Keywords clusters were carried out and presented in a timeline view to observe the basic knowledge structure and the evolution over time of RNA methylation in DM and its complications. A total of 30 clusters were obtained through CiteSpace. The 1–10 clusters were presented in Figure 11. The nodes are chronicled on the horizontal line, which evolved the historical outcomes of the cluster. The clusters’ names are listed in order on the right. Cluster “#1 beta-cell function” was the largest cluster and “#2 type 2 diabetes” was the second cluster; “#10 mettl3” was the last one. “#1 beta-cell function” appeared earliest and “#6 stimulated insulin secretion” appeared latest. Cluster “type 2 diabetes”, “n6-methyladenosine”, “hpv e6/e7”, and “mettl3” related studies were available in 2022, while “aging”, “stimulated insulin secretion”, and “insulin sensitivity” gradually decreased or even disappeared, suggesting a decreased trend in this field. The colored annual node on the horizontal line represents keywords; the position on the line indicates the time of the first literature, and the width of the annual color band matches the amount of literature in this year. It was observed that the nodes of “expression”, “diabetic nephropathy”, “insulin resistance”, “type 2 diabetes”, and “diabetes mellitus” were larger, which indicated that there were more published articles on related studies. “Risk”, “expression”, and “type 2 diabetes” circled in purple had a higher centrality and implied a significant link role in this field. The number of nodes in cluster “diabetic nephropathy”, “n6-methyladenosine”, and “mettl3” grew in recent years and may be the frontier on RNA methylation in DM and its complications in the future.




Figure 11 | CiteSpace visualization timeline view of keywords clustering analysis related to RNA methylation in DM and its complications. The different colored horizontal lines with the label on the right represent the clusters formed by the keywords, the nodes on the horizontal lines represent the keywords, and the position of the nodes on the horizontal lines represents the year in which the literature containing the keywords first appeared, thus forming the timeline of the keywords cluster evolution.






4 Discussion


4.1 General information

The output of publications at a particular stage reflects the trends in the research themes. The trends in annual publications showed an overall upward in the number of publications. The period from 2004 to 2011 was a nascent period with few articles published and a waved rise in publications. From 2012 to 2016, the research entered the exploration period. In the last 5 years, the research entered a critical period along with the rapid growth of the literature. It was evident that the research related to RNA methylation in DM and its complication was a hot topic in recent years and had a positive future trend.

Visualization results are based on countries, institutions, and authors in the literature. Canada was the leading country with the highest publications and almost all of the top 10 institutions and authors were from Canada in this field. China has also gradually invested in this field with increasing publications in the last 3 years. However, Canada and China do not have a higher centrality, which implied that the academic cohesion was still insufficient and the bridge role was insignificant. As for the collaboration relationship, there was a collaborative network between countries, but the relationship was relatively loose, and most cooperative institutions and researchers were limited to internal connections, with less international cooperation. This situation may not be conducive to complementary strengths, thus preventing research development. Therefore, it is strongly advisable to import specialized talents or send our countries or institutional personnel to advanced institutions or renowned scholars for targeted training, such as Univ Toronto and St Michaels Hosp. It is necessary to promote international academic exchanges and accelerate research progress in the same field.

To some extent, the frequency of the co-citation reflects the intrinsic scientific value and research backgrounds. The frequency of the co-citation reflects the influence of the author in this field and the centrality reflects the connection with the other authors. Jenkins was the most co-cited author and had higher centrality, indicating a high level of influence in this field and a stronger connection to other authors. Wolever had the higher burst, which indicated that his published reports received a high level of interest over time. The New England Journal of Medicine, Lancet, and Nature were highly specialized journals and influenced the academic directions and the foundations of the field. The dual-map overlay reflects the major studies on RNA methylation in DM and its complications involving various disciplines, including molecular, biology, genetics, etc. Concerning the co-cited references, the most cited article by Yang (13) had a valuable contribution revealing alterations of m6A and methyltransferase in T2D (13). The article by Roundtree in 2008 had the highest centrality, reflected the relationship between CVD and DM, and reviewed recommendations for risk factor management in CVD (23).



4.2 Hotspots and frontiers

Keywords articulate the subject of the documents and the timeline viewer reveals the formation process of the cluster. Combined with some similar keywords, the keywords and their clustering showed that DM, T2D, DN, and insulin appeared frequently and had four clusters associated with them. T2D, which accounts for 90% of DM (24), also had a long duration in the timeline map and was the key point of the study. In the complications of DM, DN had the highest frequency and was clustered in #3; DN, as one of the common microvascular complications of DM, is the leading cause of chronic kidney disease (CKD) and end-stage renal disease (ESRD) (25). In addition, “risk factor” and “cardiovascular disease” appeared in the top 20 keywords. Several studies suggested that either hyperglycemia or hypoglycemia was associated with an increased risk of cardiovascular events and mortality, and CVD was the main cause of mortality among DM patients (23, 26). Thus, DM was the main axis of research in terms of frequency or importance. m6A, expression, RNA, and the clusters “#5 n6-methyladenosine” and “#10 mettl 3” were all involved in the RNA methylation. M6A was the most studied RNA modification implicated in many fundamental RNA metabolisms such as translation, splicing, stability, and decay (3, 4, 27). METTL3 mediates m6A methylation of mRNA, which affects the stability of mRNA and its translation into protein (28). M6A contributed to the development of RNA epigenetics and became a frontier research area.

Burst detection reveals the hotspots, frontiers, and trends. Co-cited references reflect the backgrounds and the baselines. Combining those keywords and keywords clusters, we screened the references related to m6A in T2D and DN and summarized the current research hotspots and trends in the following aspects; a brief diagram of the current status of research on m6A and methylesterases in T2D and DN and risk factors for CVD is shown in Figure 12.




Figure 12 | Schematic illustration of current mechanism of m6A and methylesterase in T2D and DN, and CVD risk factors associated with m6A and methylesterase in T2D. The orange lines represent mechanisms associated with T2D, and the blue lines represent mechanisms associated with DN.




4.2.1 Change of m6A and methylesterase in T2D and DN

Currently, there are guidelines for diagnosing T2D and DN, but specific markers for its pathogenesis are still being explored. Emerging evidence confirmed the change of m6A in T2D and DN. The levels of m6A were reduced in the peripheral blood of T2D patients compared with healthy controls. The levels of m6A were negatively correlated with fasting blood glucose. The upregulated mRNA expression of FTO may be responsible for the reduction of m6A and was associated with the risk of T2D (14). Another study also reported the decreased level of m6A in white blood cells of patients with T2D compared with healthy individuals. The study demonstrated that the mRNA expression of the demethylase FTO was upregulated in white blood cells, and high glucose promoted FTO expression, which further induced m6A to decrease in T2D (13). Additionally, the levels of other m6A methylesterase were also varied in T2D. The mRNA levels of METTL3, METTL14, and WTAP were increased in the white blood cells of T2D patients compared with healthy individuals; the high-glucose stimulation promoted the abundance of FTO protein in both patients with T2D and HepG2 cells (13). In the islets, m6A and m6A methylesterases were also altered. FTO mRNA expression was lower in T2D islets than in non-diabetic islets (29). METTL3, METTL14, ALKBH5, and YTHDF1 were decreased in the β-cells of T2D patients than in non-diabetic individuals. METTL3 and METTL14 protein levels were also decreased in the whole islets from T2D patients (15). Therefore, alteration of m6A contents may be a specific biomarker for predicting the risk of T2D and its complications. However, these results should be repeated and validated in a larger population and different experiments. Furthermore, more studies are needed to identify the levels and corresponding causes of m6A and m6A methylesterase in T2D and to find their correlation with cellular function. This will help to facilitate the elucidation of the biological significance of m6A and methylesterase changes in T2D.

The m6A and m6A methylesterase levels were also detected in DN. Compared with db/m mice, in the renal tissue of streptozotocin-induced diabetic mice and db/db mice, m6A modification levels and METTL3 levels were significantly increased (30). In high-glucose-treated mouse mesangial cell lines, the m6A level was reduced, and the serum level of METTL3 was reduced in patients with DN compared with healthy individuals (31). In HK2, the decreased mRNA expressions of FTO, METTL3, and METTL14 were reported (32). The M6A level and expression of WTAP were increased in renal tubules but not the glomerulus from patients with DN and HK2 (33). M6A, METTL3, METTL14, and WTAP were significantly upregulated in the renal cortex of Adriamycin-treated mice than the corresponding controls, and METTL14 was also upregulated in the biopsy samples of patients with DN in comparison to healthy controls (34). In the high-glucose human renal glomerular endothelial cells (HRGECs), METTL14 was significantly increased compared with the normal-glucose HRGECs, and METTL14 was significantly increased in the kidney tissues of DN patients both at the mRNA and protein levels compared with the normal adjacent tissues of renal carcinoma patients (35). FTO expression was significantly reduced in the serum samples of DN patients compared with healthy volunteers (36). Together, these data revealed that the levels of m6A and m6A methylesterase varied in DN. However, due to the small number of current studies, more evidence is needed to identify the m6A and its regulators’ change in the kidney, which will facilitate the labeling of specific markers to predict the risk or the progress of DN and thus facilitating the research on pathological or targeted therapies of DN.



4.2.2 Function and mechanism of m6A and methylesterase in T2D

T2D was characterized by classic β-cell dysfunction and IR (1). The considerable current research focused on trying to determine the pathogenic reason for β-cell dysfunction and IR. Recently, scientists revealed the effect of m6A methylation on the dysfunction and lower mass of the β-cell, with several proposed mechanisms. The m6A modification mediated by the methyltransferases METTL3/14 derived functional maturation of neonatal mouse β-cells, and deletion of METTL3/14 resulted in the inability to establish an adequate amount of functional β-cells after birth (37). A study demonstrated that m6A controlled the insulin/IGF1-Akt-PDX1 pathway, and the ablation of m6A by targeting METTL3 or METTL14 levels decreased Akt phosphorylation and PDX1 protein levels, resulting in cell-cycle arrest and impaired insulin secretion (15). Another study reported similar results that METTL14 deficiency in β-cell increased cell death, altered cell differentiation, and decreased β-cell mass and insulin secretion (38). The β-cell-specific deletion of METTL3 also induced cell failure and hyperglycemia (39). The mechanism of METTL3/14 regulation of β-cell function was shown to be related to inflammation and oxidative stress (38, 39). Decreased β-cell function can affect insulin secretion and glucose homeostasis. The silencing of FTO expression inhibited insulin secretion by affecting metabolic signaling (29).

In addition, the role of m6A modification in IR was also explored in many studies. IR was usually defined as impaired glucose uptake by peripheral tissues and overproduction of hepatic glucose (40). A study found that hyperglycemia enhanced FTO expression in the white blood cells of T2D patients, which promoted the mRNA expression of forkhead box O1 (FOXO1), fatty acid synthetase (FASN), glucose-6-phosphatase catalytic subunit (G6PC), and diacylglycerol O-acyltransferase 2 (DGAT2); all four genes played a critical role in glucose and lipid metabolism via IR in T2D (13, 41–44). Another evidence supported that METTL3 and m6A were upregulated in the liver tissues of T2D compared with non-diabetes patients, and the silence of METTL3 expression reduced m6A methylation and FASN mRNA levels, inhibited fatty acid metabolism thus improving insulin sensitivity, and prevented abnormal lipids and cholesterol metabolism (45). A recent study observed similar results, which reported that the overexpression of METTL3 aggravated high-fat diet (HFD)-induced liver metabolic disorders and IR, the knockout of METTL3 alleviated IR by slowing weight, reducing lipid accumulation (46). METTL3 or METTL14 enhanced the m6A methylation of NOD-like receptor protein 3 (NLRP3), which led to the As2O3-induced hepatic IR (47).

These data not only reflected the vital role of m6A and methylesterase in the β cell but also suggested that they were simultaneously involved in IR, which ultimately caused abnormalities in glucose. However, the mechanism is complex and multi-targeted, and more research is still needed to discover its downstream target genes that cause alternation in the corresponding pathways and targets. This will help enrich the understanding of the pathogenesis of DM and provide a theoretical basis for m6A-targeted therapy for DM.



4.2.3 Function and mechanism of m6A and methylesterase in DN

The development of DN is accompanied by many alternations in the structure of multiple renal compartments, and metabolic changes associated with DM lead to glomerular hypertrophy, glomerulosclerosis, tubulointerstitial inflammation, and fibrosis in the kidney (25). Several studies confirmed that m6A and methylesterase were involved in histopathological changes characteristic of DN. For example, the overexpression of METTL14 in HRGECs markedly increased reactive oxygen species (ROS), tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), apoptosis, and suppressed cell proliferation by suppressing the m6A modification of α-klotho, while α-klotho can prevent tubular and glomerular injury and delayed DN (35, 48). However, another study revealed that podocyte-specific METTL14 deletion upregulated Sirt1 expression, thereby alleviating apoptosis and inflammation, regulating autophagy, and delaying the development of proteinuria and glomerulosclerosis (34). Another study reported the overexpression of METTL14 reversed high-glucose-activated phosphatidylinositol-3-kinase/protein kinase B(P13K/Akt) pathway inactivation in HK2 by enhancing phosphatase and tensin homolog (PTEN), followed by the downregulation of histone deacetylase 5 (HDAC5), thus ameliorating DN manifestations such as fibrosis, inflammation, cell death, and albuminuria (32, 49). Overexpression of METTL3 enhanced the stability and expression of nuclear receptor-binding SET domain protein 2 (NSD2) in the high-glucose-induced mouse mesangial cell lines and that NSD2 overexpression attenuated pathological changes in the kidney, including glomerular dilatation, glomerulosclerosis, thylakoid proliferation, and interstitial fibrosis (31). METTL3 was highly expressed in the podocytes of db/db mice and streptozotocin-induced mice compared with db/m mice, and the upregulated expression of METTL3 in podocytes induced by high glucose accounted for the aberrant m6A modification. The METTL3-mediated m6A modification level of TIMP2 mRNA may promote podocyte injury, apoptosis in glomeruli, and kidney inflammation through upregulating the Notch3 and Notch 4 signaling pathways (30). The knockdown of WTAP inhibited pyroptosis and diminished the release of IL-18, IL-1β, caspase-1, and NLRP3 in high-glucose-induced HK-2 cells (33). In clinical applications of regulators targeting RNA modification enzymes, a cell experiment demonstrated the total flavones of Abelmoschus Manihot, the main components of the Huangkui capsule and ameliorated pyroptosis and injury in podocytes under high-glucose conditions by adjusting METTL3-dependent m6A modification and regulating NLRP3-inflammasome activation and PTEN/PK13/Akt signaling (50).

Methylatase-mediated m6A modifications were involved in various renal tissue structural and functional alternations in DN. However, the mechanisms were intricate and complex, covering multiple targets and multiple pathways in various cells. Therefore, future research is necessary to investigate which methylatases are involved in the pathogenesis of DN and determine the exact regulatory and functional mechanisms of these methylatases that participated in the development and progression of DN, and if possible, mechanistic studies on different periods of DN and continuous follow-up may provide a new target for the prevention or treatment of DN.

In this article, more RNA methylation studies focused on T2D and DN, with a small number of studies revealing the role of m6A methylation in other complications of DM. Diabetic retinopathy is the main cause of visual disability and blindness in DM (51). A recent study suggested that alteration of m6A was related to the pathogenesis of diabetic retinopathy such as inflammation, oxidative, and angiogenesis (52). The overexpression of METTL3 alleviated high-glucose-induced retinal pigment epithelium cell division, apoptosis, and pyroptosis, and reduced the levels of IL-1β and IL-18. The overexpression of METTL3 promoted cell proliferation by regulating miR-25-3p/PTEN/Akt signaling (53). However, in another study, the level of m6A RNA modification and METTL3 was increased in diabetic retinal vessels, and the increased METTL3 accelerated pericyte apoptosis and decreased pericyte viability (54). Based on the current research baseline and research background, RNA methylation may be a new hotspot and direction for research on other complications of DM and types of DM.



4.2.4 Risk factors for CVD in DM and its complications

There were few studies of RNA methylation in DM combined with CVD, but in this article, the keywords “cardiovascular disease”, “risk factors”, “mellitus”, and “m6A” appeared both in the burst detection of keywords and references. It is known that T2D is an independent risk factor for CVD; hyperglycemia, IR, dyslipidemia, inflammation, and oxidative stress were also associated with CVD in DM (17, 23). The mechanisms of the above risk factors were all associated with m6A methylation and methylesterase.

Emerging evidence indicated that m6A was closely related to the occurrence and progression of CVD (9, 17). However, whether m6A modification is involved with CVD in DM remained largely incomplete. Diabetic cardiomyopathy (DCM) is defined as impairments of cardiac structure and function caused by the dysregulated glucose and lipid metabolism associated with DM (55, 56). A study demonstrated that in the diabetic heart disease mice model, FTO was downregulated in the heart tissue, and the overexpression of FTO improved the cardiac function by reducing myocardial fibrosis and myocyte hypertrophy in db/db mice (57). METTL14 was significantly downregulated in the heart tissue and serum samples of DCM rats compared to those of normal rats (58). Pyroptosis is programmed cell death and the consequent release of pro-inflammatory mediators such as caspase-1. Several studies suggested that pyroptosis played an important role in the progression of DCM (59). Enhanced METTL14 inhibited pyroptosis levels in myocardial tissues, including the downregulation of NLRP3, caspase-1, and gasdermin D through downregulating the expression of TINCR lncRNA and NLRP3 (58, 60, 61). The altered cardiac metabolic pathways were also involved in the pathogenesis of DCM (55, 62). A recent study demonstrated that FTO regulates glycolysis in an m6A-dependent manner and also regulated glucose metabolism by modulating the Akt-GLUT4 axis in the heart failure mouse model, thus regulating the energy supply in the cardiac function and structure (63). Lipotoxicity was also evident in cardiac metabolism. A study demonstrated that FTO not only facilitated adipogenesis and lipid droplet formation but also disordered lipid utilization in skeletal muscles through the inhibition of PPARβ/δ and AMPK pathways; the upregulation of FTO also reduced insulin secretion by the inflammatory NF-κB pathway and led to the development of hyperglycemia and hyperlipidemia (64). Moreover, the other mechanisms of DCM referred to in the Discussion section such as impaired insulin sensitivity, inflammation, and oxidative stress were also closely connected with the progression of DCM (55, 56). However, there were few direct studies that showed a relationship between RNA methylation and other mechanisms of DCM. Therefore, we supposed that methylesterase-mediated m6A modifications may play a bridge role between the mechanism of DCM and DM. The m6A methylesterase may be a risk forecast indicator for CVD in DM, but further studies are warranted to systematically assess the role of m6A modification and the change of m6A methylesterase in DM combined with CVD.

Apart from the most studied and most abundant m6A RNA modification, some other types of RNA methylation have been identified, such as N1-methyladenosine (m1A), 5-methylcytosine (m5C), N3-methylcytosine (m3C), N7-methylguanosine (m7G), 2′-O-methylation, etc., and many studies also revealed their function and mechanism for various diseases (65–70). However, relatively little literature was collected in this paper, although other forms of RNA methylation were retrieved in the Web of Science Core Collection. This may be caused by the fact that other RNA methylation may not have been studied or published yet in DM and its complications, which indicates that we are still at the threshold of this new frontier research that may provide a new research direction in DM and its complications.





5 Strengths and limitations

This study is the first bibliometric analysis to systematically analyze publications related to RNA methylation in diabetes mellitus and its complications in the past 20 years. Unlike traditional systematic reviews, the bibliometric analysis objectively and comprehensively quantifies and evolutionize research hotspots and trends in a field by mathematical techniques. In this review, not only the evidence of hotspots and trends in RNA methylation of DM and its complications were objectively visualized but also the research on the current achievements and prospects was systematically summarized. Moreover, according to the results of the hotspots and frontiers, we provided a detailed review of the change and the mechanisms of m6A and methylesterase in T2D and DN. We also summarized the mechanism of m6A and methylesterase in DCM. It is hoped that the comprehensive picture of RNA methylation especially m6A modification in this review will serve as a baseline and guide for the future development of DM and its complications. Meanwhile, it is hoped that the summary of the current research helps researchers quickly identify the strengths and weaknesses and thus enrich and improve the development of the field.

Inevitably, there were some limitations in this study. Firstly, the restricted database and time make retrieved literature incomplete. Only representative Web of Science Core Collection databases were searched and were limited to the period of 1 January 2002 to 28 May 2022; some updated published literature was not included. Secondly, the diversity of subject terms or the incompleteness of the literature reduced the credibility of atlas mapping. Finally, incomplete extraction of a few isolated keywords by software, articles containing incomplete items excluded by software, or a deficiency in the research itself may also affect the accuracy of the results.

To minimize limitations, we additionally manually retrieved fewer keywords and the updated article and summarized them with the results of the bibliometric analysis to provide scholars with the most recent comprehensive reviews, to quickly get the research backgrounds and keep up with the hotspots and trends in RNA methylation of DM and its complications.



6 Conclusion and perspectives

This reversible RNA methylation added a new dimension to the development of post-transcriptional regulation of gene expression. Convincing evidence suggested that m6A modification provided novel substantial perspectives on the physiopathology of DM and its complications. In this field, Canada, the USA, and China published the most articles; Univ Toronto and St Michaels Hosp were the leaders in the publication; and professors such as Leiter and Sievenpiper have made outstanding contributions in this field. The literature related to RNA methylation has received the attention of high-level journals and has been widely cited. Especially, m6A writers, readers, and erasers were the hotspots and trends in T2D and DN, as recent advances highlighted their contribution to the numerous physiological processes of cells and diverse pathological mechanisms of DM and its complications. However, looking toward the future, there are still many significant knowledge gaps to be completed. Firstly, strengthening national and institutional interactions and collaboration is necessary to produce more achievements for the positive upward and rapid expansion of this field. Secondly, the m6A modification had a difference in organisms under different conditions, reflecting its complex multi-pathway and multi-target mechanism, and DM also causes multi-organ and tissue damage. Much consolidation evidence is still needed to explore its intricate network mechanisms. Also, other RNA modifications, including m1A and m5C, should be further explored. Thirdly, much of the current research has been confined to molecular mechanisms; more attention is urgent, albeit difficult and protracted, and needs to be paid to the clinical applications targeting m6A, such as proposing non-invasive clinical specific biomarkers of the mechanisms or progression of DM, especially predictive markers of risk for its complications DN and CVD. Meanwhile, research on small-molecule modulators targeting m6A for DM and its complications is necessary to fill the gaps in current clinical applications.



Author contributions

YG, MZ, and WZ conceived the work. WZ wrote the manuscript. YG and MZ discussed and edited the manuscript. SZ, CD, and SG collected and analyzed the data. WJ, YJ, and CW checked the results. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Administration of Traditional Chinese Medicine Young Qi Huang Scholars support project (National Traditional Chinese Medicine Human Education Development [2020] No. 7).



Acknowledgments

The authors thank Dongzhimen Hospital, Beijing University of Chinese Medicine, and Beijing Hospital of Traditional Chinese Medicine, for their support of this work and the reviewers for allowing us to improve the manuscript.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2022.997034/full#supplementary-material



References

1.American Diabetes association. diagnosis and classification of diabetes mellitus. Diabetes Care (2013) 36 Suppl 1(Suppl 1):S67–74. doi: 10.2337/dc13-S067

2. Sun, H, Saeedi, P, Karuranga, S, Pinkepank, M, Ogurtsova, K, Duncan, BB, et al. IDF diabetes atlas: Global, regional and country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes Res Clin Pract (2022) 183:109119. doi: 10.1016/j.diabres.2021.109119

3. Roundtree, IA, Evans, ME, Pan, T, and He, C. Dynamic RNA modifications in gene expression regulation. Cell (2017) 169(7):1187–200. doi: 10.1016/j.cell.2017.05.045

4. Frye, M, Harada, BT, Behm, M, and He, C. RNA Modifications modulate gene expression during development. Science (2018) 361(6409):1346–9. doi: 10.1126/science.aau1646

5. Yang, Y, Hsu, PJ, Chen, YS, and Yang, YG. Dynamic transcriptomic M6A decoration: Writers, erasers, readers and functions in RNA metabolism. Cell Res (2018) 28(6):616–24. doi: 10.1038/s41422-018-0040-8

6. Zhao, BS, Roundtree, IA, and He, C. Post-transcriptional gene regulation by mRNA modifications. Nat Rev Mol Cell Biol (2017) 18(1):31–42. doi: 10.1038/nrm.2016.132

7. He, PC, and He, C. M6A RNA methylation: From mechanisms to therapeutic potential. EMBO J (2021) 40(3):e105977. doi: 10.15252/embj.2020105977

8. He, L, Li, H, Wu, A, Peng, Y, Shu, G, and Yin, G. Functions of N6-methyladenosine and its role in cancer. Mol Cancer (2019) 18(1):176. doi: 10.1186/s12943-019-1109-9

9. Wu, S, Zhang, S, Wu, X, and Zhou, X. M6A RNA methylation in cardiovascular diseases. Mol Ther (2020) 28:2111–9. doi: 10.1016/j.ymthe.2020.08.010

10. Li, Y, Wang, J, Huang, C, Shen, M, Zhan, H, and Xu, K. RNA N6-methyladenosine: A promising molecular target in metabolic diseases. Cell Biosci (2020) 10(10):19. doi: 10.1186/s13578-020-00385-4

11. Wu, Z, Shi, Y, Lu, M, Song, M, Yu, Z, Wang, J, et al. METTL3 counteracts premature aging Via M6A-dependent stabilization of mis12 mRNA. Nucleic Acids Res (2020) 48(19):11083–96. doi: 10.1093/nar/gkaa816

12. Wang, Y, Li, L, Li, J, Zhao, B, Huang, G, Li, X, et al. The emerging role of M6A modification in regulating the immune system and autoimmune diseases. Front Cell Dev Biol (2021) 9:755691. doi: 10.3389/fcell.2021.755691

13. Yang, Y, Shen, F, Huang, W, Qin, S, Huang, JT, Sergi, C, et al. Glucose is involved in the dynamic regulation of M6A in patients with type 2 diabetes. J Clin Endocrinol Metab (2019) 104(3):665–73. doi: 10.1210/jc.2018-00619

14. Shen, F, Huang, W, Huang, JT, Xiong, J, Yang, Y, Wu, K, et al. Decreased N6-methyladenosine in peripheral blood RNA from diabetic patients is associated with FTO expression rather than ALKBH5. J Clin Endocrinol Metab (2015) 100(1):E148–54. doi: 10.1210/jc.2014-1893

15. De Jesus, DF, Zhang, Z, Kahraman, S, Brown, NK, Chen, MJ, Hu, J, et al. M6A mRNA methylation regulates human β-cell biology in physiological states and in type 2 diabetes. Nat Metab (2019) 1(8):765–74. doi: 10.1038/s42255-019-0089-9

16. Geng, X, Li, Z, and Yang, Y. Emerging role of epitranscriptomics in diabetes mellitus and its complications. Front Endocrinol (Lausanne) (2022) 13:907060. doi: 10.3389/fendo.2022.907060

17. Zhang, B, Jiang, H, Dong, Z, Sun, A, and Ge, J. The critical roles of M6A modification in metabolic abnormality and cardiovascular diseases. Genes Dis (2020) 8(6):746–58. doi: 10.1016/j.gendis.2020.07.011

18. Smith, DR. Bibliometrics, dermatology and contact dermatitis. Contact Dermatitis (2008) 59(3):133–6. doi: 10.1111/j.1600-0536.2008.01405.x

19. Ma, CQ, Su, H, and Li, HJ. Global research trends on prostate diseases and erectile dysfunction: A bibliometric and visualized study. Front Oncol (2021) 10:627891. doi: 10.3389/fonc.2020.627891

20. Guler, AT, Waaijer, CJ, and Palmblad, M. Scientific workflows for bibliometrics. Scientometrics (2016) 107:385–98. doi: 10.1007/s11192-016-1885-6

21. Lv, J, Li, Y, Shi, S, Liu, S, Xu, X, Wu, H, et al. Frontier and hotspot evolution in cardiorenal syndrome: A bibliometric analysis from 2003 to 2022. Curr Probl Cardiol (2022), 101238. [Online ahead of print] doi: 10.1016/j.cpcardiol.2022

22. Chen, CM. 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

23. Bhattacharyya, OK, Shah, BR, and Booth, GL. Management of cardiovascular disease in patients with diabetes: The 2008 Canadian diabetes association guidelines. CMAJ (2008) 179(9):920–6. doi: 10.1503/cmaj.080554

24. Stumvoll, M, Goldstein, BJ, and van Haeften, TW. Type 2 diabetes: Principles of pathogenesis and therapy. Lancet (2005) 365(9467):1333–46. doi: 10.1016/s0140-6736(05)61032-x

25. Alicic, RZ, Rooney, MT, and Tuttle, KR. Diabetic kidney disease: Challenges, progress, and possibilities. Clin J Am Soc Nephrol (2017) 12(12):2032–45. doi: 10.2215/CJN.11491116

26. Stephanie, AA, Pablo, A, Belinda, C, Philip, EC, Bastiaan E de, G, and Brian, MF. Hypoglycaemia, cardiovascular disease, and mortality in diabetes: Epidemiology, pathogenesis, and management. Lancet Diabetes Endocrinol (2019) 7(5):385–96. doi: 10.1016/S2213-8587(18)30315-2

27. Liu, N, Dai, Q, Zheng, G, He, C, Parisien, M, and Pan, T. N6-Methyladenosine-Dependent RNA structural switches regulate RNA-protein interactions. Nature (2015) 518(7540):560–4. doi: 10.1038/nature14234

28. Shi, H, Wei, J, and He, C. Where, when, and how: Context-dependent functions of RNA methylation writers, readers, and erasers. Mol Cell (2019) 74(4):640–50. doi: 10.1016/j.molcel.2019.04.025

29. Taneera, J, Prasad, RB, Dhaiban, S, Mohammed, AK, Haataja, L, Arvan, P, et al. Silencing of the FTO gene inhibits insulin secretion: An in vitro study using grinch cells. Mol Cell Endocrinol (2018) 472(472):10–7. doi: 10.1016/j.mce.2018.06.003

30. Jiang, L, Liu, X, Hu, X, Gao, L, Zeng, H, Wang, X, et al. METTL3-mediated M6A modification of TIMP2 mRNA promotes podocyte injury in diabetic nephropathy. Mol Ther (2022) 30(4):1721–40. doi: 10.1016/j.ymthe.2022.01.002

31. Tang, W, Zhao, Y, Zhang, H, Peng, Y, and Rui, Z. METTL3 enhances NSD2 mRNA stability to reduce renal impairment and interstitial fibrosis in mice with diabetic nephropathy. BMC Nephrol (2022) 23(1):124. doi: 10.1186/s12882-022-02753-3

32. Xu, ZX, Jia, KQ, Wang, H, Gao, F, Zhao, S, Li, F, et al. METTL14-regulated PI3k/Akt signaling pathway via PTEN affects HDAC5-mediated epithelial-mesenchymal transition of renal tubular cells in diabetic kidney disease. Cell Death Dis (2021) 12(1):32. doi: 10.1038/s41419-020-03312-0

33. Lan, J, Xu, B, Shi, X, Pan, Q, and Qing, T. WTAP-mediated N6-methyladenosine modification of NLRP3 mRNA in kidney injury of diabetic nephropathy. Cell Mol Biol Lett (2022) 27(1):51. doi: 10.1186/s11658-022-00350-8

34. Lu, Z, Liu, H, Song, N, Liang, Y, Zhu, J, Chen, J, et al. METTL14 aggravates podocyte injury and glomerulopathy progression through N6-Methyladenosine-Dependent downregulating of Sirt1. Cell Death Dis (2021) 12(10):881. doi: 10.1038/s41419-021-04156-y

35. Li, M, Deng, L, and Xu, G. METTL14 promotes glomerular endothelial cell injury and diabetic nephropathy via M6A modification of α-klotho. Mol Med (2021) 27(1):106. doi: 10.1186/s10020-021-00365-5

36. Sun, Q, Geng, H, Zhao, M, Li, Y, Chen, X, Sha, Q, et al. FTO-mediated M6A modification of SOCS1 mRNA promotes the progression of diabetic kidney disease. Clin Transl Med (2022) 12(6):e942. doi: 10.1002/ctm2.942

37. Wang, Y, Sun, J, Lin, Z, Zhang, W, Wang, S, Wang, W, et al. M6A mRNA methylation controls functional maturation in neonatal murine β-cells. Diabetes (2020) 69(8):1708–22. doi: 10.2337/db19-0906

38. Liu, J, Luo, G, Sun, J, Men, L, Ye, H, He, C, et al. METTL14 is essential for β-cell survival and insulin secretion. Biochim Biophys Acta Mol Basis Dis (2019) 1865(9):2138–48. doi: 10.1016/j.bbadis.2019.04.011

39. Li, XZ, Jiang, YZ, Sun, X, Wu, Y, and Chen, Z. METTL3 is required for maintaining β-cell function. Metabolism (2021) 116:154702. doi: 10.1016/j.metabol.2021.154702

40. DeFronzo, RA. Pathogenesis of type 2 diabetes mellitus. Med Clin North Am (2004) 88(4):787–835. doi: 10.1016/j.mcna.2004.04.013

41. Li, Y, Ma, Z, Jiang, S, Hu, W, Li, T, Di, S, et al. A global perspective on FOXO1 in lipid metabolism and lipid-related diseases. Prog Lipid Res (2017) 66:42–9. doi: 10.1016/j.plipres.2017.04.002

42. Menendez, JA, Vazquez-Martin, A, Ortega, FJ, and Fernandez-Real, JM. Fatty acid synthase: Association with insulin resistance, type 2 diabetes, and cancer. Clin Chem (2009) 55(3):425–38. doi: 10.1373/clinchem.2008.115352

43. Jornayvaz, FR, Birkenfeld, AL, Jurczak, MJ, Kanda, S, Guigni, BA, Jiang, DC, et al. Hepatic insulin resistance in mice with hepatic overexpression of diacylglycerol acyltransferase 2. Proc Natl Acad Sci U.S.A. (2011) 108(14):5748–52. doi: 10.1073/pnas.1103451108

44. Farah, BL, Landau, DJ, Sinha, RA, Brooks, ED, Wu, Y, Fung, SYS, et al. Induction of autophagy improves hepatic lipid metabolism in glucose-6-Phosphatase deficiency. J Hepatol (2016) 64(2):370–9. doi: 10.1016/j.jhep.2015.10.008

45. Xie, W, Ma, LL, Xu, YQ, Wang, BH, and Li, SM. METTL3 inhibits hepatic insulin sensitivity Via N6-methyladenosine modification of FASN mRNA and promoting fatty acid metabolism. Biochem Biophys Res Commun (2019) 518(1):120–6. doi: 10.1016/j.bbrc.2019.08.018

46. Li, YH, Zhang, QY, Cui, GS, Zhao, F, Tian, X, Sun, BF, et al. M6A regulates liver metabolic disorders and hepatogenous diabetes. Genomics Proteomics Bioinf (2020) 18(4):371–83. doi: 10.1016/j.gpb.2020.06.003

47. Qiu, T, Wu, C, Yao, X, Han, Q, Wang, N, Yuan, W, et al. As3mt facilitates NLRP3 inflammasome activation by M6A modification during arsenic-induced hepatic insulin resistance. Cell Biol Toxicol (2022), 1–7. [Online ahead of print] doi: 10.1007/s10565-022-09703-7

48. Wang, Q, Ren, D, Li, Y, and Xu, G. Klotho attenuates diabetic nephropathy in db/db mice and ameliorates high glucose-induced injury of human renal glomerular endothelial cells. Cell Cycle (2019) 18(6-7):696–707. doi: 10.1080/15384101.2019.1580495

49. Hadden, MJ, and Advani, A. Histone deacetylase inhibitors and diabetic kidney disease. Int J Mol Sci (2018) 19(9):2630. doi: 10.3390/ijms19092630

50. Liu, BH, Tu, Y, Ni, GX, Yan, J, Yue, L, Li, ZL, et al. Total flavones of abelmoschus manihot ameliorates podocyte pyroptosis and injury in high glucose conditions by targeting METTL3-dependent M6A modification-mediated NLRP3-inflammasome activation and PTEN/PI3k/Akt signaling. Front Pharmacol (2021) 12:667644. doi: 10.3389/fphar.2021.667644

51. Yau, JW, Rogers, SL, Kawasaki, R, Lamoureux, EL, Kowalski, JW, Bek, T, et al. Global prevalence and major risk factors of diabetic retinopathy. Diabetes Care (2012) 35(3):556–64. doi: 10.2337/dc11-1909

52. Kumari, N, Karmakar, A, Ahamad Khan, MM, and Ganesan, SK. The potential role of M6A RNA methylation in diabetic retinopathy. Exp Eye Res (2021) 208:108616. doi: 10.1016/j.exer.2021.108616

53. Zha, X, Xi, X, Fan, X, Ma, M, Zhang, Y, and Yang, Y. Overexpression of METTL3 attenuates high-glucose induced RPE cell pyroptosis by regulating mir-25-3p/PTEN/Akt signaling cascade through DGCR8. Aging (Albany NY) (2020) 12(9):8137–50. doi: 10.18632/aging.103130

54. Suo, L, Liu, C, Zhang, QY, Yao, MD, Ma, Y, Yao, J, et al. Mettl3-mediated N6-methyladenosine modification governs pericyte dysfunction during diabetes-induced retinal vascular complication. Theranostics (2022) 12(1):277–89. doi: 10.7150/thno.63441

55. Ritchie, RH, and Abel, ED. Basic mechanisms of diabetic heart disease. Circ Res (2020) 126(11):1501–25. doi: 10.1161/CIRCRESAHA.120.315913

56. Tan, Y, Zhang, Z, Zheng, C, Wintergerst, KA, Keller, BB, and Cai, L. Mechanisms of diabetic cardiomyopathy and potential therapeutic strategies: Preclinical and clinical evidence. Nat Rev Cardiol (2020) 17(9):585–607. doi: 10.1038/s41569-020-0339-2

57. Ju, W, Liu, K, Ouyang, S, Liu, Z, He, F, and Wu, J. Changes in N6-methyladenosine modification modulate diabetic cardiomyopathy by reducing myocardial fibrosis and myocyte hypertrophy. Front Cell Dev Biol (2021) 9:702579. doi: 10.3389/fcell.2021.702579

58. Meng, L, Lin, H, Huang, X, Weng, J, Peng, F, and Wu, S. METTL14 suppresses pyroptosis and diabetic cardiomyopathy by downregulating TINCR LncRNA. Cell Death Dis (2022) 13(1):38. doi: 10.1038/s41419-021-04484-z

59. Xu, Y, Fang, H, Xu, Q, Xu, C, Yang, L, and Huang, C. LncRNA GAS5 inhibits NLRP3 inflammasome activation-mediated pyroptosis in diabetic cardiomyopathy by targeting mir-34b-3p/AHR. Cell Cycle (2020) 19(22):3054–65. doi: 10.1080/15384101.2020.1831245

60. Broz, P. Immunology: Caspase target drives pyroptosis. Nature (2015) 526(7575):642–3. doi: 10.1038/nature15632

61. Liu, X, Zhang, Z, Ruan, J, Pan, Y, Magupalli, VG, Wu, H, et al. Inflammasome-activated gasdermin d causes pyroptosis by forming membrane pores. Nature (2016) 535(7610):153–8. doi: 10.1038/nature18629

62. Jia, G, Hill, MA, and Sowers, JR. Diabetic cardiomyopathy: An update of mechanisms contributing to this clinical entity. Circ Res (2018) 122(4):624–38. doi: 10.1161/CIRCRESAHA.117.311586

63. Zhang, BJ, Jiang, H, Wu, J, Cai, Y, Dong, Z, Zhao, Y, et al. M6A demethylase FTO attenuates cardiac dysfunction by regulating glucose uptake and glycolysis in mice with pressure overload-induced heart failure. Signal Transduct Target Ther (2021) 6(1):377. doi: 10.1038/s41392-021-00699-w

64. Yang, Z, Yu, GL, Zhu, X, Peng, TH, and Lv, YC. Critical roles of FTO-mediated mRNA M6A demethylation in regulating adipogenesis and lipid metabolism: Implications in lipid metabolic disorders. Genes Dis (2022) 9(1):51–61. doi: 10.1016/j.gendis.2021.01.005

65. Zhou, Y, Kong, Y, Fan, W, Tao, T, Xiao, Q, Li, N, et al. Principles of RNA methylation and their implications for biology and medicine. BioMed Pharmacother (2020) 131:110731. doi: 10.1016/j.biopha.2020.110731

66. Ayadi, L, Galvanin, A, Pichot, F, Marchand, V, and Motorin, Y. RNA ribose methylation (2'-O-Methylation): Occurrence, biosynthesis and biological functions. Biochim Biophys Acta Gene Regul Mech (2019) 1862(3):253–69. doi: 10.1016/j.bbagrm.2018.11.009

67. Trixl, L, and Lusser, A. The dynamic RNA modification 5-methylcytosine and its emerging role as an epitranscriptomic mark. Wiley Interdiscip Rev RNA (2019) 10(1):e1510. doi: 10.1002/wrna.1510

68. Xu, Y, Zhang, M, Zhang, Q, Yu, X, Sun, Z, He, Y, et al. Role of main RNA methylation in hepatocellular carcinoma: N6-methyladenosine, 5-methylcytosine, and N1-methyladenosine. Front Cell Dev Biol (2021) 9:767668. doi: 10.3389/fcell.2021.767668

69. Song, B, Tang, Y, Chen, K, Wei, Z, Rong, R, Lu, Z, et al. m7GHub: Deciphering the location, regulation and pathogenesis of internal mrna N7-methylguanosine (M7G) sites in human. Bioinformatics (2020) 36(11):3528–36. doi: 10.1093/bioinformatics/btaa178

70. Fu, Y, Dominissini, D, Rechavi, G, and He, C. Gene expression regulation mediated through reversible M6A RNA methylation. Nat Rev Genet (2014) 15(5):293–306. doi: 10.1038/nrg3724



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 Zhang, Zhang, Dong, Guo, Jia, Jiang, Wang, Zhou and Gong. 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/fendo-13-997034-g006.jpg
CiteSpace, v. 5.8.R3 (64-bit)

May 31, 2022 1:54:47 PM CST

WoS: F:\Citescape\data

Timespan: 2004-2022 (Slice Length=1)
Selection Criteria: g-index (k=25), LRF=3.0, L/N=10, LBY=5, e=1.0
Network: N=423, E=1098 (Density=0.0123)
Largest 8 CCs: 352 (83%)

Nodes Labeled: 1.0%

Pruning: Pathfinder

Modularity Q=0.8726

Weighted Mean Silhouette S=0.9828
Harmonic Mean(Q, S)=0.9245

rial fibrillation

Master Univ .

| Index Labs Inc

110 satiety





OEBPS/Images/fendo-13-997034-g012.jpg
mO6A

Express
. in various cells
“Writer”

“Reader” “Eraser” i in T2D and DN
1

- METTL14 METTL3 ~ YTHDF1 ~ FTO
~ P13K
IAkt
" Insulin/GF1 Siri1 | " NLRP3:  FASN TIMP24  NSD2 | PPARB/5 |

! a-kldtholx f

-AKT-PDX1 mRNA mRNA mRNA mRNA AMPK

mRNA

N

P T

podocyteT
injury

T upregulation / increase;l—o downregulation / decrease;|uncertain; ——T2D; ——DN





OEBPS/Images/fendo-13-997034-g008.jpg
I P,

LY 1 o
1. VETERINARY, ANIMAL

) - »
. o F0, *
U

Sl ~:2" .
1. SYSTEMS, COMPUTING, COMPUTER

o0 DEM-IOURNAL . ST <, LI
e’ s
< L
pes .
o . - -
.y
GY, IMMUNOLOGY P A
e = % ° » ;e
S G % o o
et
° ° .6.
L ] .
.

o

o a0 . e e

® % g g o At

» NG, MEDICINE. .

~ 9 90 - 3
G) /, DENTISTRY, SURGERY I

® : as s @ %er e
o, . s
5 |.1T.AT[0N, SPORT 18. HISTORY, PI:IIL(?SQ;JFHY, RECORDS

P

'SPORTS, REHABI
'.. ¢ < Sl ® .





OEBPS/Images/fendo-13-997034-g009.jpg
References

Cleeman JI, 2001, JAMA-J AM MED ASSOC, V285, P2486, DOI 10.1001/jama.285.19.2486, DOL

Collins R, 2002, LANCET, V360, P7, DOI 10.1016/50140-6736(02)09327-3, DOL
Colhoun HM, 2004, LANCET, V364, P685, DOI 10.1016/S0140-6736(04)16895-5, DOL
Barclay AW, 2008, AM J CLIN NUTR, V87, P627, DOI 10.1093/2jcn/87.3.627, DOIL

Year Strength

2001
2002
2004
2008

**CommitteeCDACPGE, 2008, CAN J DIABETES, V32, PO, DOI DOI 10.1503/CMAJ.080554, DOI 2008

Advani A, 2007, P NATL ACAD SCI USA, V104, P14448, DOI 10.1073/pnas.0703577104, DOL
Jenkins DJA, 2008, JAMA-J AM MED ASSOC, V300, P2742, DOI 10.1001/jama.2008.808, DOIL
Marriott BP, 2009, J NUTR, V139, PO, DOI 10.3945/jn.108.098277, DOL

Sievenpiper JL, 2009, DIABETES CARE, V32, P1930, DOI 10.2337/dc09-0619, DOL

Wang X, 2014, NATURE, V505, P117, DOI 10.1038/nature12730, DOL

Zinman B, 2015, NEW ENGL J MED, V373, P2117, DOI 10.1056/NEJMoal504720, DOL

Neal B, 2017, NEW ENGL J MED, V377, P644, DOI 10.1056/NEJMoal1611925, DO

Marso SP, 2016, NEW ENGL J MED, V375, P311, DOI 10.1056/NEJMoal1603827, DOL
Roundtree IA, 2017, CELL, V169, P1187, DOI 10.1016/.cell.2017.05.045, DOL

Wang X, 2015, CELL, V161, P1388, DOI 10.1016/.cell.2015.05.014, DOL

Yang Y, 2019, J CLIN ENDOCR METAB, V104, P665, DOI 10.1210/c.2018-00619, DOIL
Huang HL, 2018, NAT CELL BIOL, V20, P285, DOI 10.1038/541556-018-0045-z, DOI

Shi HL, 2017, CELL RES, V27, P315, DOI 10.1038/cr.2017.15, DOL

Lin SB, 2016, MOL CELL, V62, P335, DOI 10.1016/j.molcel.2016.03.021, DOL

Xie W, 2019, BIOCHEM BIOPH RES CO, V518, P120, DOI 10.1016/j.bbrc.2019.08.018, DOL
Wei JB, 2018, MOL CELL, V71, P973, DOI 10.1016/j.molcel.2018.08.011, DOI

2007
2008
2009
2009
2014
2015
2017
2016
2017
2015
2019
2018
2017
2016
2019
2018

3.65
3.65
435
3.02

6.5
4.05
3.48
375
375
3.38
4.61
4.03
345
5.14
4.04
5.82
5.09

35

37

3.7
3.28

2004
2004
2005
2008
2009
2009
2010
2012
2012
2015
2018
2018
2018
2019
2019
2020
2020
2020
2020
2020
2020

End
2006
2006
2008
2010
2013
2012
2011
2014
2014
2019
2019
2019
2019
2022
2020
2022
2022
2022
2022
2022
2022

2004 - 2022

|

animllHlHl





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        A bibliometric analysis of RNA methylation in diabetes mellitus and its complications from 2002 to 2022

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Data sources and search strategy

          



          		

            2.2 Data collection and analysis

          



        



        



        		

          3 Results and analysis

        

          		

            3.1 The trend of publication outputs

          



          		

            3.2 Analysis of countries/regions distribution

          



          		

            3.3 Analysis of institutions distribution

          



          		

            3.4 Analysis of authors and cited authors

          



          		

            3.5 Analysis of cited journals

          



          		

            3.6 Analysis of co-cited references and reference burst

          



          		

            3.7 Analysis of hotspots and frontiers

          



        



        



        		

          4 Discussion

        

          		

            4.1 General information

          



          		

            4.2 Hotspots and frontiers

          

            		

              4.2.1 Change of m6A and methylesterase in T2D and DN

            



            		

              4.2.2 Function and mechanism of m6A and methylesterase in T2D

            



            		

              4.2.3 Function and mechanism of m6A and methylesterase in DN

            



            		

              4.2.4 Risk factors for CVD in DM and its complications

            



          



          



        



        



        		

          5 Strengths and limitations

        



        		

          6 Conclusion and perspectives

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo.2022.997034_cover.jpg
’ frontiers | Frontiers in Endocrinology

A bibliometric analysis
of RNA methylation in diabetes
mellitus and its complications
from 2002 to 2022





OEBPS/Images/fendo-13-997034-g003.jpg
Sweden, 17
Norway,7| .
Germany, 25| | Finland, 6
Denmark, 13 | 4
England, 38
France, 17,-

Russia, 3

Number of publications

16

»
) ) ,‘_)Japan, 8
1

Cezch Public, 7
Croatia, 14
Poland, 7
Greece, 9

e | | |
o wyg R

[

(=]

No data

South Africa, 5






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-13-997034-g010.jpg
Top 18 Keywords with the Strongest Citation Bursts

Keywords

Year Strength

coronary heart disease 2004

risk factor

mellitus

diabetes mellitus
metabolic syndrome
blood pressure
consumption
metaanalysis

n6 methyladenosine
protein

m(6)a

obesity

n 6 methyladenosine
ma

translation

nuclear rna
messenger rna

expression

2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004

8.54
5317

3.5
4.76

33
552
3.25
3.02
3.99
3.99
4.88
3.04

6.3
5.39
4.94
4.94

44
3.66

Begin
2005
2005
2005
2009
2010
2011
2012
2016
2018
2018
2019
2019

End
2011
2010
2006
2012
2012
2014
2014
2020
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022

~
S
S
|
o
o
o
(8]

A





OEBPS/Images/table2.jpg
Author  Year Reference Citation Centrality

1 YangY 2019 Glucose is involved in the dynamic regulation of m®A in patients with type 2 diabetes 16 0.02
2 Roundtree TA 2017 Dynamic RNA modifications in gene expression regulation 15 0
3 Huang HL 2018  Recognition of RNA N-6- methyladenosine by IGF2BP proteins enhances mRNA stability and translation 14 0.19
4 Bhattacharyya 2008 Management of cardiovascular disease in patients with diabetes: the 2008 Canadian Diabetes Association 14 0
OK guidelines
5 De Jesus DF 2019 m°A mRNA methylation regulates human beta-cell biology in physiological states and in type 2 diabetes 13 0.01
6 Xie W 2019 METTL3 inhibits hepatic insulin sensitivity via N6-methyladenosine modification of Fasn mRNA and 9 0
promoting fatty acid metabolism
7 Shi HL 2017 YTHDEF3 facilitates translation and decay of N-6-methyladenosine-modified RNA 9 0

8 Lin SB 2016 The m°A Methyltransferase METTL3 promotes translation in human cancer cells 9 0





OEBPS/Images/fendo-13-997034-g001.jpg
Identification

Visualization

Analysis

413 studies identified from Web
of Science Core Collection

Excluded 29 studies, including meeting
abstracts, early access, proceedings
papers, letters, editorial materials

384 qualified studies identified

CiteSpace|(5.8. R3)

Countries; institutions;
authors; journals

GraphPad Prism 9.0

General Cooperation Hotspots

Keywords References

Microsoft Word 2019 Burst detection

Trends

information relationship frontier






OEBPS/Images/table3.jpg
Keywords

type 2 diabetes
cardiovascular disease
diabetes mellitus

n 6 methyladenosine
expression

coronary heart disease
disease

risk

glucose

diabetic nephropathy
blood pressure
insulin resistance
mortality

messenger RNA
association

risk factor
metaanalysis

insulin

gene expression

RNA

Count

51
48
38
35
33
33
29
27
26
25
24
23
17
16
16
16
15
14
14
12

Centrality

0.21
0.14
0.18
0.04
0.14
0.11
0.23
0.3
0.13
0.11
0.08
0.14
0.08
0.08
0.07
0.05
0.08
0.1
0.02
0.01





OEBPS/Images/fendo-13-997034-g005.jpg
CiteSpace, v. 6.1.R3 (64-bit) Basic
July 31, 2022 at 5:32:21 PM CST

WoS: Fi\Citescape\data

Timespan: 20042023 (Slice Length=1)

Selection Criteria: g-index (k=28), LRF=3.0, LIN=10, LBY=5, e=1.0
Network: N=66, E=491 (Density=0.2289)

Largest CC: 61 (92%)

Nodes Labeled: 1.0%

Pruning: None

LOVENIA
NORTH MACE! 1A

-
" (UKRAINE
MALAYSIA

CciteSpace
]

PLES R CHINA
 KENYA

NETHERLANDS

(WALES

AUSTRIA
SWITZERLAND





OEBPS/Images/fendo-13-997034-g007.jpg
CiteSpace, v. 5.8.R3 (64-bit)

June 1, 2022 12:08:11 PM CST

WosS: F \Citescape\data

Timespan: 2004-2022 (Slice Length=1)

Selection Criteria: g-index (k=25), LRF=3.0, L/N=10, LBY=5, e=1.0

Network: N=511, E=1606 (Density=0.0123)

Largest 5 CCs: 277 (54%) [0

Nodes Labeled: 1.0% "o}
Pruning: None






OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-13-997034-g004.jpg
30

[ g]
(o]

3
:
<

@]
¢

& USA
—&— China
-¥ England
~¢- Australia
-@ Germany
- Spain
A Italy

S wn =]
[\ — Y

suoneIqng Jo JoquinN

¥ Sweden
-®- France

Time (year)





OEBPS/Images/fendo-13-997034-g002.jpg
Number of Publications

40

30

20

0
AL

,»Q

,»Q

S

f»

f»

,»Q

W AR A AR AN AN RN
Time (year)

A

f»

oA N
DAV O SN AN Q\?&Wf&'\‘w W





OEBPS/Images/fendo-13-997034-g011.jpg
2018 2022

2013 2016

2004 2007 2010

#1 beta-cell function

’/ .
<> ;
= = =

“«uu-um . o Prata-oait function
besit ihpaired glu 0
any | cormplicatio

insulin re- iy,

#2 type 2 diabetes

N e >
m = Pk recane Sl
' STS - co oM basal insulis Stress
o~

——apepto . ..,

. ' 2 ,;-;? 7 ,W& o

type 2 diabete gf/’& '\&)}i\. e o N\ N #3 diabetic nephropathy
‘ ‘ ' < \?"”' % o R differentialo ,/ssme .

{ ) . - reveal

carg '. 3 br‘risft > V4 rma

________ 127~ ( . AN ) Lt #4 aging

- J »
carbohydrate | 1 C
oxidative stress / e
=
MESOOHE AS: LOymonpiasm

, /
type Z_Qi_)c?lé _
diabetic retinopathy

O z — b5 : L aa oy
/ ance = R e _,mt i“ \\“ \‘\ \
.,'/' q 1 i | Stule (HE : N - _— \ \ . \ TOURNQ . . . .
@ = o e SN X e #6 stimulated insulin secretion

.

=.. #5 n6-methyladenosine

hepsoc ipd metsodisering -
vwﬁvc\ﬂgs' arma

/
e
/

#7 myocardial infarction

PN

/ y disegse w’ e\ | -
"""" : o ingof e~ N TSN -
/ - —\ | #8 hpv e6/e7

BOIC GYTOYSIS caneaiean

aclor bela ~a S e
_he failure Labatism
“cell proliferation < = - ‘
| —
: f P s —~ . . I
Lz _—gene expre M/ 23 — — =l S, X T #9 insulin sensitivity
insulin socml'i\m.,...’..m.a . - ) ‘
american ginseng, .., fissvo miee '
insulin sensitivity.—— \
______ Yl Ve , | et o, #10 mettl3
atorvastatin .ETE‘{Z?:}". ——— oot promn if ’ Dem Cod Yot on
atherosclerosis o childhood N — proli eratiof, othyRIa0S10133 iy
lear rna

mellitus né methyladenos%cn slation





OEBPS/Images/table1.jpg
Co-cited Journal

Diabetes Care

New England Journal of Medicine

Diabetes

Lancet

JAMA—]Journal of the American Medical Association
Diabetologia

Circulation

Nature

PLoS One

American Journal of Clinical Nutrition

Citation

202
168
154
152
141
138
130
118
99

98

Centrality

0.01
0.01
0.07
0.03
0.05
0.01
0.02
0.07
0.03
0.04

IF (2020)

19.112
91.253
9.461
79.323
56.274
10.122
29.69
49.962
324
7.047

JCR

Q1
Q1

Q1
Q1
Q1
Q1
Q1
Q
Q1





