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Background

Necroptosis, a recently discovered programmed cell death, has been pathologically linked to various diseases and is thus a promising target for treating diseases. However, a comprehensive and objective report on the current status of entire necroptosis research is lacking. Therefore, this study aims to conduct a bibliometric analysis to quantify and identify the status quo and trending issues of necroptosis research in the last decade.



Methods

Articles were acquired from the Web of Science Core Collection database. We used two bibliometric tools (CiteSpace and VOSviewer) to quantify and identify the individual impact and cooperation information by analyzing annual publications, journals, co-cited journals, countries/regions, institutions, authors, and co-cited authors. Afterwards, we identified the trending research areas of necroptosis by analyzing the co-occurrence and burst of keywords and co-cited references.



Results

From 2012 to 2021, a total of 3,111 research articles on necroptosis were published in 786 academic journals by 19,687 authors in 885 institutions from 82 countries/regions. The majority of publications were from China and the United States, of which the United States maintained the dominant position in necroptosis research; meanwhile, the Chinese Academy of Sciences and Ghent University were the most active institutions. Peter Vandenabeele published the most papers, while Alexei Degterev had the most co-citations. Cell Death & Disease published the most papers on necroptosis, while Cell was the top 1 co-cited journal, and the major area of these publications was molecular, biology, and immunology. High-frequency keywords mainly included those that are molecularly related (MLKL, TNF-alpha, NF-κB, RIPK3, RIPK1), pathological process related (cell-death, apoptosis, necroptosis, necrosis, inflammation), and disease related (cancer, ischemia/reperfusion injury, infection, carcinoma, Alzheimer’s disease).



Conclusion

Necroptosis research had a stable stepwise growth in the past decade. Current necroptosis studies focused on its cross-talk with other types of cell death, potential applications in disease treatment, and further mechanisms. Among them, the synergy with ferroptosis, further RIPK1/RIPK3/MLKL studies, its association with inflammation and oxidative stress and translational applications, and the therapeutic potential to treat cancer and neurodegenerative diseases are the trending research area. These might provide ideas for further research in the necroptosis field.
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1 Introduction

Necroptosis is a form of programmed cell death (PCD) mediated by receptor interacting protein kinase-3 (RIPK3) and its substrate mixed lineage kinase domain-like protein (MLKL) (1). It was first observed in 1988 as a tumor necrosis factor (TNF)–induced new necrotic cell death, with the “classical” features of apoptosis but a “balloon-like” morphology without unclear disintegration (2). In 2005, Junying Yuan and colleagues proposed the term “necroptosis” and identified a specific small-molecule inhibitor of necroptosis, necrostatin-1, which blocks a critical step in necroptosis (3). Necroptosis is morphologically similar to necrosis but rigorously regulated by intracellular signaling cascades. Apoptosis and necroptosis are both PCD; compared to the former, necroptosis is an inflammatory process characterized by swollen organelles, membrane pores, and the eventual rupture of the plasma membrane and organelles (4). The initiation of necroptosis is usually triggered by the activation of death receptors (e.g., TNF receptor), which subsequently recruit receptor interacting protein kinase-1 (RIPK1). The elimination or inhibition of caspase-8 enables the activation of RIPK1 and recruitment of RIPK3. RIPK3 then recruits and phosphorylates MLKL, and phosphorylated MLKL oligomerizes and moves to the plasma membrane and forms a pore, leading to the membrane rupture (1, 2). Necroptosis has been pathologically related to various human diseases, such as cancers (5–7), Alzheimer’s disease (AD) (8), Parkinson’s disease (PD) (9), multiple sclerosis (10), stroke (11), infection (12), inflammatory bowel disease (13), pancreatitis (14), and atherosclerosis (15). Consequently, necroptosis is considered to be a promising target for many diseases.

According to its great potential, necroptosis has gained researchers’ keen interest with a rapidly increasing number of publications. Many reviews have summarized necroptosis studies from various aspects (7, 16–20), including a bibliometric analysis (21); however, this bibliometric study only focused on neuroscience and included both research articles and reviews. Therefore, to the best of our knowledge, there is no report on the whole picture of necroptosis research.

Although a quantitative overview could be conducted through many approaches, such as traditional review, systematic review, main path analysis, evidence map, and bibliometrics (22), only bibliometrics could qualitatively and quantitatively analyze the contribution and cooperation of authors, institutions, countries, and journals and evaluate the knowledge base and trending research topics at the same time (23, 24).

Therefore, the present study aims to use two bibliometric software, CiteSpace and VOSviewer, to quantify the whole picture of necroptosis research and identify trending research questions in the last decade, which may help to generate hypotheses for future studies in the necroptosis field.



2 Materials and Methods


2.1 Data Collection

The Web of Science Core Collection (WoSCC) database is widely used in bibliometrics, which contains Science Citation Index Expanded (SCIE), Social Science Citation Index (SSCI), and Emerging Sources Citation Index (ESCI) (21, 24). Data were obtained from the WoSCC database on March 24, 2022. The search formula was [TS = (“necroptosis” OR “necroptotic”)] AND [Publication type = (Article)] AND [Language = (English)], and the publication year was limited to (2012-2021). Search results were downloaded as “Full Record and Cited References” and “Plain Text”. For further analysis, we subsequently renamed the files as “download_*.txt”, which CiteSpace software could read.



2.2 Data Analysis

We used CiteSpace 5.8.R3 (Chaomei Chen, 2006), VOSviewer 1.6.16 (Nees Jan van Eck and Ludo Waltman, 2010), and Microsoft Excel 2019 to perform bibliometric analysis and visualization. Data cleaning was the first step, for instance, “tumor cell” and “tumor-cells” were merged as “tumor cells”, “reactive oxygen” and “ros” were unified as “ros”, and meaningless terms such as “age” and “assay” were deleted (25).

CiteSpace is a bibliometric and visual analysis tool that excels at detecting cooperation, key points, internal structure, potential trends, and dynamics in a scientist field (26). Therefore, we used CiteSpace to analyze the co-occurrence of countries/regions and institutions, the dual-map of journals, reference timeline, citation bursts, keyword timeline, and keyword bursts. The settings were as follows: timespan (2012–2021), years per slice (1), pruning (none), selection criteria (Top N=100), minimum duration of burstness (2 years), cluster labels were extracted by light semantic indexing (LSI) and the log-likelihood ratio (LLR) algorithm, and others followed the default. In CiteSpace visualization, the size of node reflects the co-occurrence frequencies, and the links indicate the co-occurrence relationships. The colors of the node and line represent different years; the colors vary from purple to red as time goes from 2012 to 2021. Nodes with purple round mean a high betweenness centrality (≥0.10), which acts as a bridge between different networks (26–28).

VOSviewer is another bibliometric software that is good at creating and visualizing knowledge maps, showing the types of clusters, overlays, or density colors (29, 30). It was used to perform the co-occurrence of authors and co-cited authors, journals and co-cited journals, co-cited references, and keywords. We set the counting method as full counting; other thresholds were shown in the corresponding chapter. In the cluster map, the size of node reflects the co-occurrence frequencies, and the same color represents the same cluster; furthermore, the link indicates the co-occurrence relationship, and the thickness of the link depends on a calculated strength value, which is proportional to the number of publications two researchers co-authored or the number of publications in which two keywords occur together (30). In density maps, the size of word and round and the opacity of yellow are positively related to the co-cited frequency. In the overlay map, the color indicates the average published year.

We used Excel software to analyze the annual publications. Furthermore, the impact factor (IF) and Journal citation reports (JCR) division of journals and the H-index of scholars were obtained from the Web of Science on April 5, 2022.




3 Results


3.1 Annual Growth Trend

We obtained 3,194 papers from the WoSCC database and finally included 3,111 eligible articles (Figure 1; Supplementary Table 1). As shown in Figure 2, the number of necroptosis-related articles has steadily increased over the past decade.




Figure 1 | Flow chart of data collection.






Figure 2 | Trends of necroptosis publications over the past decade.





3.2 Distribution of Countries/Regions and Institutions

A total of 3,111 papers were from 82 different countries/regions and 885 institutions (Table 1). China published the most articles (n=1,213), followed by the United States (n=955) and Germany (n=318). However, the centrality of China was less than 0.10, which means China might not be a “bridge” node in necroptosis studies. By contrast, Germany (centrality=0.41), the United States (centrality=0.23), and France (centrality=0.14) had high centrality, which is presented with a purple circle in Figure 3A. The density of country/region co-occurrence (Figure 3B) was 0.14, indicating active cooperation among them. Chinese Academy of Sciences is the most productive institution, but its centrality is relatively low (n=86, centrality=0.07). By contrast, Harvard Medical School (n=70, centrality=0.14), Ghent University (n=77, centrality=0.12), and St. Jude Children’s Research Hospital (n=55, centrality=0.10) had a high centrality.


Table 1 | Top 10 countries/regions and institutions related to necroptosis.






Figure 3 | The co-occurrence map of countries/regions (A) and institutions (B) in necroptosis research. (A) Country/regions (n≥100); (B) Institution (n≥50). The node size reflects the co-occurrence frequencies, and the links indicate the co-occurrence relationships. The color of node and line represent different years; colors vary from purple to red as time goes from 2012 to 2021, and nodes with purple round mean high betweenness centrality (≥0.1).





3.3 Authors and Co-Cited Authors

A total of 19,687 authors were involved in necroptosis research; among them, 91 authors published at least ten papers (Figure 4A; Supplementary Table 2). Peter Vandenabeele from the University of Ghent published the highest number of necroptosis-related articles (n=45), followed by John Bertin and James M. Murphy (Table 2). There were fifteen colors in Figure 4A, representing 15 clusters among authors. Active collaborations usually exist in the same cluster, such as Bertin John and Gough Peter J. There were also collaborations among linked two nodes in different clusters, such as John Bertin and Peter Vandenabeele.




Figure 4 | The co-occurrence authors’ (A) and co-cited authors’ (B) map of necroptosis research. (A) Authors with documents ≥10 (cluster map). The size of node reflects the authors’ co-occurrence frequencies, the link indicates the co-occurrence relationship between authors, the thickness of the link is proportional to the number of publications two researchers have co-authored, and the same color of node represents the same cluster. (B) Co-cited authors with citations ≥100 (density map). The size of word, the size of round, and the opacity of yellow are positively related to the co-cited frequency.




Table 2 | Top 10 authors and co-cited authors related to necroptosis.



Co-cited authors are the authors who were cited in one article (31). Among 61,882 co-cited authors, 99 had over 100 co-citations (Figure 4B; Supplementary Table 2). Figure 4B presented them as a density map, which could clearly show the high-frequency co-cited authors. The more citations, the warmer the color. As shown in Table 2 and Figure 4B, Alexei Degterev, Sudan He, and Kim Newton had the most co-cited.

Given the inherent limitations of the CiteSpace and VOSviewer visualization, the pictures cannot show all the information. Therefore, we placed the complete data in Supplementary Table 2, as well as the figures below.



3.4 Journals and Co-Cited Academic Journals

A total of 786 academic journals published articles on necroptosis research. The top 15 journals published 821 papers, accounting for 26.39% of all publications (Table 3). Cell Death & Disease had the greatest number of publications (n=164), followed by Cell Death and Differentiation (n=87) and Scientific Reports (n=84).


Table 3 | Top 15 journals and co-cited journals related to necroptosis.



Among 6,555 co-cited sources, 49 journals had >500 citations; among which, Cell (n=6,414), Nature (n=5,083), and Proceedings of the National Academy of Sciences of the United States of America (PNAS) (n=4,210) had the greatest number of citations. Furthermore, the top 15 co-cited journals accounted for 28.20% citation of all cited sources (Table 3).

The dual-map overlay of journals stands for the topic distribution of academic journals (32) (Figure 5). Citing journals are on the left, cited journals are on the right, and colored paths indicate citation relationships. Figure 5 showed there was only one primary citation path from Molecular/Biology/Genetics journals to Molecular/Biology/Immunology journals.




Figure 5 | The dual-map overlay of journals on necroptosis. The citing journals are on the left, the cited journals are on the right, and the colored path represents the citation relationship.





3.5 Co-Cited References and Reference Burst

Of the 89,431 cited references, 71 were cited at least 100 times (Supplementary Table 3). Table 4 showed that the top 10 co-cited references were co-cited at least 348 times. Among them, the most co-cited reference is an article published in Cell by Liming Sun et al. in 2011 (n=714). Furthermore, seven of the top 10 were research articles, two were reviews, and one was a report.


Table 4 | Top 10 co-cited references related to necroptosis.



The references timeline view could visualize the evolution of research hotspots over time. The terms with the highest frequency in each cluster were tagged as cluster labels, and the rest were listed in Supplementary Table 2. As shown in Figure 6, cluster #0 (necroptosis/MLKL), #1 (apoptosis/TNF-α), #3 (RIPK3/necrostatin-1), #5 (inducing factor/astrocytes), and #6 (RIP1/AIF) started earlier; while cluster #2 (RIPK1/ZBP1) and #4 (lymphocytes/ferroptosis) are still ongoing, which could be considered as the frontier.




Figure 6 | Timeline view of co-cited references related to necroptosis. Each horizontal line represents a cluster; the smaller the number, the larger the cluster, and #0 is the largest cluster. The node size reflects the co-cited frequencies, and the links indicate the co-cited relationships; the color of node and line represent different years; nodes are at their first co-cited year. Cluster labels were extracted from title by LSI (red) and LLR (yellow).



References with citation bursts are those that have been cited significantly more frequently over a period (28). A total of 243 references were detected as citation bursts, and we listed the top 20 in Figure 7. The strongest burstness (strength=79.48) occurred in a paper entitled “Molecular mechanisms of necroptosis: an ordered cellular explosion” (36), published in Nat Rev Mol Cell Biol by Vandenabeele et al. in 2010, with citation burstness from 2012 to 2015. Notably, four references (16–18, 41) were still in burstness. Respectively, Pasparakis et al. (17) reviewed necroptosis and its role in inflammation; Weinlich et al. reviewed necroptosis in development, inflammation, and disease (18); the Nomenclature Committee on Cell Death prompted a recommendation on the molecular mechanisms of cell death (41); Galluzzi et al. (16) reviewed the mechanisms of necroptosis and its relevance to disease.




Figure 7 | Top 20 references with the strongest citation bursts involved in necroptosis (sorted by the starting year). The Blue bars mean the reference had been published; the red bars represent citation burstness.





3.6 Keyword Analysis of Trending Research Topic

A total of 5,639 keywords were extracted, among which 297 keywords appeared at least ten times and 62 keywords appeared at least 50 times. As we can see from Table 5, cell death was the most frequent keyword (n=1,211), followed by apoptosis (n=1,104) and necroptosis (n=885). Table 6 showed the top 10 keywords of molecules, pathological processes, and diseases related to necroptosis. It could be seen that MLKL (n=521), TNF-alpha (n=332), NF-κB (n=315), RIPK3 (n=233), and RIPK1 (n=155) were the most studied molecules; cell-death (n=1211), apoptosis (n=1,104), necroptosis (n=885), necrosis (n=557), inflammation (n=443), and oxidative stress (n=273) were the most mentioned pathological process; and cancer (n=170), ischemia/reperfusion injury (n=110), infection (n=50), carcinoma (n=32), and Alzheimer’s disease (n=31) were the most studied diseases in necroptosis studies.


Table 5 | Top 20 keywords related to necroptosis.




Table 6 | Top 15 molecules, pathological process and disease related to necroptosis.



Figure 8A showed the high-frequency keywords (n≥50) as an overlay map, where the color indicated the average published year. As we can see, inflammation, oxidative stress, phosphorylation, and protection are emerging fields that were colored yellow. The timeline view (Figure 8B) presented the top 3 (if any) high-frequency keywords in each cluster over time. We could see that seven of the eight clusters (except #6) are still ongoing. Among them, #0 (reperfusion injury/rat model) is the biggest cluster, followed by #1 (cell death/anticancer effect), #2 (necroptotic cell death/molecular switch), and #3 (oxidative stress/smoke-induced necroptosis). More information was listed in Supplementary Table 2.




Figure 8 | The overlay map (A) and timeline view (B) of keywords related to necroptosis. (A) Keywords appeared ≥50, max lines = 200. The node size reflects the co-occurrence frequencies, the link indicates the co-occurrence relationship, the thickness of the link is proportional to the number of times two keywords co-occur, and the color indicates the average published year. (B) Each horizontal line represents a cluster; the smaller the number, the larger the cluster, and #0 is the largest. The time is at the top, and keywords are located at their first co-occurrence time in the cluster. Cluster labels were extracted from title and abstract information by LSI (red) and LLR (yellow). LSI, light semantic indexing; LLR, log-likelihood ratio; AD, Alzheimer’s disease; AKI, acute kidney injury; ALL, acute lymphoblastic leukemia; ALS, amyotrophic lateral sclerosis; AML, Acute Myelocytic leukemia; APP, amyloid precursor protein; bcl-2, B-cell lymphoma-2; er stress, endoplasmic reticulum stress; GM-CSF, granulocyte/macrophage colony-stimulating factor; GSDMD, gasdermin-D; HCC, hepatocellular carcinoma; IAP, inhibitors of apoptosis; IBD, inflammatory bowel disease; INF-γ, interferon-γ; MI, myocardial infarction; MLKL, mixed lineage kinase domain-like protein; NF-κB, nuclear factor κ-light-chain-enhancer of activated B cells; NLRP3, NOD-, LRR- and pyrin domain-containing protein 3; PCD, programmed cell death; RIPK, receptor-interacting protein kinase; RIPK1, receptor-interacting protein kinase-1; RIPK3, receptor-interacting protein kinase-3; ROS, reactive oxygen species.



Keyword bursts are those that were cited significantly frequently over a period (28). As shown in Figure 9, receptor interacting protein had the strongest bursts (strength=9.96), followed by TNF (strength=9.42) and l929 cell (strength=8.06). Notably, rat, ferroptosis, and protect were in burstness until 2021.




Figure 9 | Top 20 keywords with the strongest citation bursts (sorted by the starting year). The red bars mean citation burstness.






4 Discussion


4.1 General Information

Based on the data from the WoSCC database from 2012 to 2021, a total of 3,111 necroptosis articles were published in 786 academic journals by 19,687 authors in 885 institutions from 82 countries/regions.

The increasing trend of publications indicated that necroptosis is attracting mounting attention and interest. The necroptosis research officially started in 2005, when Junying Yuan proposed the term “necroptosis” (3). Since then, necroptosis research has grown rapidly. In the past decade, necroptosis research had stable stepwise growth, and the published article in 2021 is almost ten times that of 2012.

In country/region analysis, the number of publications and betweenness centrality are two vital indicators, in which high centrality (≥0.10) nodes imply the “bridge” effects of those countries/regions in the global cooperation network (26, 27, 42, 43). According to Table 1 and Figure 3, China and the United States contributed the most to publications on necroptosis. Of the top 10 institutions that published the most research items, five were in China, two in the United States, two in Australia, and one in Belgium (1/10). However, the centrality of China and Chinese institutions was less than 0.1 while that of the United States was 0.23, indicating that the United States might maintain the dominant position in necroptosis research. Moreover, Germany, the United States, and France had high centrality, which means they played key roles in the global cooperation of necroptosis research. Furthermore, in terms of network density, there was active cooperation among countries and institutions.

Among the top 10 authors and co-cited authors (Table 2), Peter Vandenabeele not only published the greatest number of necroptosis-related papers but is also among the top seven co-cited authors, indicating his outstanding contribution to necroptosis research. Vandenabeele is a professor at Ghent University, focusing on cell death, immunology, and inflammation. In 2010, his group published a review (36) that described the molecular mechanisms of necroptosis in detail and discussed its immunological outcomes and pathophysiological implications, which was co-cited up to 542 times and had the strongest citation bursts in this study. Among both top 10 authors and co-cited authors, Andreas Linkermann is also a professor working in Technische Universitat Dresden; his laboratory is interested in multiple regulated cell deaths in kidney transplantation, acute kidney injury, antibody-mediated rejection, and ischemia-reperfusion injury. In 2014, the New England Journal of Medicine published a Linkermann and Green’s review entitled Necroptosis (1). They summed the regulatory mechanism and pathophysiology of necroptosis and pointed out the therapeutic strategies for preventing necroptotic diseases; this reference had a strong burst from 2015 to 2019. Notably, the most co-cited author, Alexei Degterev, an associate professor at Tufts University, recently centered on analyzing the roles of RIPK1/RIPK3 in necroptosis and inflammation. He published two top 10 co-cited articles that proposed the concept “necroptosis” (3) and identified the RIP1 kinase as a specific cellular target of necrostatins distinct from necrostatin-1 (38), respectively.

In a journal analysis (Table 3), Cell Death & Disease published the most necroptosis studies, and it was also the eighth most cited journal. Cell death and differentiation and PNAS were both the top 5 publication journals and top 5 co-cited journals, indicating their essential role in disseminating necroptosis research. Cell received the most co-citations, partly because three of the top four highly cited papers (33–35) were published in Cell (Table 4), followed by Nature and PNAS. The journals were mainly in the cell biology, immunology, and comprehensive fields. This is consistent with the dual-map analysis (Figure 5), which showed that the main citation path in necroptosis research is related to molecular, biology, and immunology.

The collection of co-cited references cited by the corresponding research community could partly represent the knowledge base (28, 44–46). Among the top 10 co-cited references, six mainly elaborated RIPK1 or RIPK3 (33–35, 37–39), three are about the key role of MLKL (33, 39, 40), two are related to the necroptosis in inflammation (17, 34), one prompted the term “necroptosis” and regarded it as a therapeutic potential for ischemic brain injury (3), and one reviewed the molecular mechanisms of necroptosis (36). As for reference burst analysis, four references are still in burst and worth our attention: three are about necroptosis-related diseases and inflammation (16–18), and one is a recommendation on the molecular mechanisms of cell death (41).



4.2 The Hotspots and Trending

In such an era of information explosion, keeping abreast of the trending research area in the research field is critical to researchers. Bibliometrics provides a method in which keyword co-occurrence can reflect the hotspots of an academic area (47), the overlay and timeline view can present the evolution of new hotspots (21, 48), and reference clusters and citation bursts can characterize the emerging topics in the discipline (23, 28, 42). In this study, we tried to objectively evaluate the hotspots and frontiers of necroptosis research through the analysis of keyword co-occurrence (Table 5 and Table 6), keyword overlay and timeline (Figure 8), keyword burst (Figure 9), reference timeline (Figure 6), and reference burst (Figure 7). We summarized three aspects as follows.


4.2.1 The Cross-Talk of Necroptosis With Other Types of Cell Death

PCD is a form of cell death that results from the activation of signal transduction modules, including apoptosis, necroptosis, pyroptosis, and ferroptosis, and hence can be pharmacologically or genetically modulated (41). Over the last two decades, numerous studies have highlighted the cross-talk between multiple types of PCD rather than linear pathways with defined immunological outputs (49, 50).

The pathways of necroptosis and apoptosis are tightly linked through caspase-8 (51, 52), which not only is a typical activator of extrinsic apoptosis but also inhibits necroptosis through the cleavage of RIPK1 and possibly RIPK3 (53, 54). That is, the cell commits three fates when TNF engages its receptor and forms Complex I, which consists of TNFR1-associated death domain protein (TRADD), TNFR-associated factors (TRAF), RIPK1, the cellular inhibitor of apoptosis protein 1 (cIAP1), and the cellular inhibitor of apoptosis protein 2 (cIAP2) (55). If RIPK1 is ubiquitinated, cell death is aborted; if caspase-8 activity is inhibited, necroptosis occurs; otherwise, the cells undergo apoptosis (56).

Necroptosis and pyroptosis are both regulated necrosis, among which pyroptosis can be initiated by the NLRP3 inflammasome when it suffers changes in cellular ion homeostasis, while this property also allows its activation in response to membrane disruption caused by MLKL, the terminal effector of necroptosis (57, 58).

Ferroptosis is an iron-dependent PCD caused by unrestricted lipid peroxidation and subsequent membrane damage (59). In this study, the keyword ferroptosis is not only in keyword co-occurrence; especially, it is also among the top 20 keywords with the strongest citation bursts and still on bursts and is the cluster label (#4) of the reference timeline (Figure 6) in which the cluster remains ongoing. That means ferroptosis still occurs frequently in recent necroptosis studies, indicating that the cross-talk between necroptosis and ferroptosis might be a new rising research area. Multiple structural, functional, and mechanistic evidence proved their cross-talk (60). One of the mechanisms of ferroptosis is that iron overload leads to a mitochondrial permeability transition pore (MPTP) opening, which exacerbates RIPK1 phosphorylation and contributes to necroptosis (61, 62). Moreover, heat shock protein 90 (HSP90) facilitates necroptosis and ferroptosis by promoting RIPK1 phosphorylation and inhibiting glutathione peroxidase 4 (GPX4) activation (63, 64). The cross-talk between necroptosis and ferroptosis has drawn attention in the areas of ischemic stroke (60), neuronal death after hemorrhagic stroke (65), kidney disease (66), pulmonary disease (67), and so on, which might have huge prospects.

Autophagy is also frequently mentioned in necroptosis research. Necroptosis and autophagy could cross-talk through RIPK1. When RIPK1 activates ERK, ERK negatively regulates transcription factor EB (TFEB) and, subsequently, basal autophagy through phosphorylation at the serine 142 site; if RIPK1 forms DISC and caspase-8 is activated, it leads to necroptosis (68).

Recently, a review discussed the emerging connectivity of PCD pathways and its physiological implications (50). The authors pointed out that the various types of PCD might be a single, coordinated cell death system in which the individual pathways are highly interconnected and can flexibly compensate for one another. Similar to our findings, the cross-talk between necroptosis and other cell death modalities and the synergy in disease might be the trending research area in the field of necroptosis.



4.2.2 Potential Applications of Necroptosis in Various Diseases

According to our results (Table 6, Figures 6–9), necroptosis-related disease is a hot area in necroptosis research, including cancers (cancer, tumor, carcinoma, breast cancer, hepatocellular carcinoma, leukemia, drug resistance), neurological diseases (AD, brain injury, stroke, PD, ischemia/reperfusion injury), acute kidney injury, other ischemia/reperfusion injuries, infection, autoinflammatory disease, and myocardial ischemia. We discussed the first two fields below: cancers and neurological diseases.

The role of necroptosis in cancer is still controversial (6, 69). On the one hand, the dysregulation of necroptosis regulatory molecules such as MLKL and RIPK3 is associated with cancer development (70–72), and the activation of RIPK1/RIPK3 may potentiate antitumor immunity (73) and reverses drug resistance (70). On the other hand, there is also evidence that necroptosis may promote carcinogenesis by inducing adaptive immunosuppression; for instance, RIPK1 is overexpressed in glioblastoma, lung cancer, and pancreatic ductal adenocarcinoma (PDAC) (74, 75), and RIPK3 and MLKL are highly expressed in PDAC (75, 76). Among the clinically approved drugs, 5-FU (77, 78) and shikonin (79, 80) might enhance antitumor immunity through necroptosis induction. Overall, although the molecular mechanism of necroptosis has been studied well, its application and regulation in cancer only began to emerge and need further investigation (20).

Similar to our findings, accumulating evidence indicates that age-related neurodegenerative diseases, such as AD and PD, and acute neuronal injury, such as stroke, traumatic brain injury, and ischemia/reperfusion injury of brain, are strongly associated with necroptosis (8, 81, 82). Notably, degradation is among the top 20 keywords with the strongest citation bursts (Figure 9), indicating that it is a hot research field from 2017 to 2018; moreover, neuronal cell death is extracted as the label of cluster #5 (Figure 8B) that is still ongoing, meaning it remains as the research foci for now. AD is characterized by severe neuronal loss in which necroptosis is observed and correlated positively with the Braak stage and negatively with brain mass and cognition (8, 83). RIPK1, a key regulator of necroptosis, has emerged as a promising therapeutic target for neurodegenerative disease (81, 84, 85). It might be involved in regulating transcriptional responses in AD, and the inhibition of RIPK1 might promote the ability of microglia to degrade amyloid-β, reduce inflammatory microglia, and restore the phagocytic capacity of microglia (84). Recently, Park et al. demonstrated that O-GlcNAcylation (O-linked β-N-acetylglucosaminylation) plays a protective role in AD by inhibiting necroptosis through ameliorated AD pathology, including Aβ burden, neuronal loss, neuroinflammation, and damaged mitochondria and recovered the M2 phenotype and phagocytic activity of microglia (86). The increased levels of RIPK1, RIPK3, and MLKL were also observed in the PD model (81); furthermore, the necrostatin-1, an inhibitor of necroptosis, improves the survival of optic atrophy type 1 mutant human iPSC–derived neurons in vitro and attenuate MPTP-induced dopaminergic neuron loss (9). Necroptosis was also observed in traumatic brain injury, stroke, and ischemia/reperfusion injury of brain (87–89). Moreover, the inhibitor of necroptosis, necrostatin-1, has been regarded as a promising treatment target for neurodegenerative diseases  (88, 90, 91). Necroptosis has shown a great therapeutic promise in neurodegenerative diseases and acute neuronal injury, which has attracted the researchers’ interests and is becoming a trending topic.



4.2.3 Mechanism of Necroptosis

As shown in Tables 5, 6, in the necroptosis research field, the hotspots of key players include RIPK1, RIPK3, and MLKL; the hotspots of triggering factors include TNF-alpha, NF-κB, toll-like receptors, and ZBP1, as supported by the timeline analysis (Figures 6, 8). We will not repeat them because previous reviews (1, 36, 92) have thoroughly explained these. Notably, our results show that inflammation and oxidative stress are at the forefront of the current necroptosis research.

It is known that necroptosis is an inflammatory form of PCD; when cells die and the membrane ruptures, damage-associated molecular patterns (DAMPs) that can cause inflammatory responses are released (18, 93). In addition, previous studies suggested that RIPKs facilitate the activation of the NLRP3 inflammasome (94, 95). Indeed, necroptosis is associated with some inflammatory diseases, such as neuroinflammatory disease (96), infection (12), autoinflammation (97), inflammatory bowel disease (13), and idiopathic inflammatory myopathy (98). Therapeutically, the inhibition of RIPK3 or RIPK1 exhibited anti-inflammatory effects in animal disease models, suggesting that the inhibitors of these kinases may have a therapeutic potential to treat inflammatory injuries (99).

Oxidative stress is labeled as the fourth cluster that is still ongoing (Figure 8, #3); it is an imbalance between oxidants and antioxidants in favor of the oxidants, leading to a disruption of redox signaling and control and/or molecular damage (100). Oxidative stress is caused by an imbalance between the production of ROS and the antioxidant capacity. Oxidative damage is not only the cause of necroptosis but also its consequence (101, 102). Excess ROS leads to lipid peroxidation and damage to proteins and DNA, and the latter is an important cause of genomic instability in age-related diseases (102). For instance, oxidative stress could promote Aβ deposition, tau hyperphosphorylation, and synaptic and neuronal loss and subsequently contributes to the development of AD (103).




4.3 Strength and Limitations

Overall, this is the first bibliometric study to systematically analyze the necroptosis-related publications in the past decade. Compared to traditional reviews, the bibliometric analysis provides a novel and objective insight into the evolving research foci and trends (24). Meanwhile, we used various bibliometric software to perform an analysis, which could provide richer results in multiple dimensions (24, 104). This study will inform the public of the importance of necroptosis, provide scholars a whole picture of necroptosis research, and further serve as a comprehensive and objective guide for the future development of the necroptosis research field.

Inevitably, this study has some limitations. Firstly, we exclusively retrieved the articles published in English from the WoSCC database, thus omitting articles that are not in WoSCC or not English. Nevertheless, English articles in WoSCC are the most commonly used data source in bibliometrics, which could represent most of the information to a degree (24, 105). Secondly, bibliometric methods are based on natural language processing, which may be biased, as reported by other bibliometric studies (21, 24). However, our results are consistent with recent traditional reviews (92, 106, 107) while providing more comprehensive and objective information.




Conclusion

In conclusion, research on necroptosis had a stable stepwise growth with active cooperation worldwide in the past decade, of which the United States might maintain the dominant position in necroptosis research. Peter Vandenabeele contributed to most of the publications, and Alexei Degterev was the most co-cited in necroptosis field. Current necroptosis studies are focused on its cross-talk with other types of cell death, potential applications in disease, and further mechanisms. Among them, the synergy with ferroptosis, further RIPK1/RIPK3/MLKL studies, the mechanism and translational applications with inflammation and oxidative stress, and the therapeutic potential to treat cancer and neurodegenerative diseases might be the rising and promising research areas. These might provide guidance and new insight for further research in the necroptosis field.



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 authors.



Author Contributions

HX, JQJ, JL, and JZ designed this study. JDJ and WT collected and cleaned the data. JZ and LS performed the analysis. RL normalized the pictures. ZZ and JDJ re-checked data. JZ and LS wrote the original draft. All authors reviewed the manuscript.



Funding

The work was supported by the National Natural Science Foundation of China (No. 82004145, 82004301, 81874412), CACMS Innovation Fund (CI2021A00917), Central Public Welfare Research Institutes of China Academy of Chinese Medical Sciences (No. ZZ13-YQ-017), and the Fundamental Research Funds for the Central Universities, Beijing University of Chinese Medicine (No.2022-JYB-XJSJJ-053).



Acknowledgments

The authors would like to thank National Clinical Research Center for Chinese Medicine Cardiology for supporting that work.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.917155/full#supplementary-material

Supplementary Table 1 | Included studies (.xlsx).

Supplementary Table 2 | Additional information of figures (.xlsx).

Supplementary Table 3 | High-frequency co-cited references (.xlsx).



References

1. Linkermann, A, and Green, DR. Necroptosis. N Engl J Med (2014) 370(5):455–65. doi: 10.1056/NEJMra1310050

2. Laster, SM, Wood, JG, and Gooding, LR. Tumor Necrosis Factor Can Induce Both Apoptic and Necrotic Forms of Cell Lysis. J Immunol (1988) 141(8):2629–34.

3. Degterev, A, Huang, Z, Boyce, M, Li, Y, Jagtap, P, Mizushima, N, et al. Chemical Inhibitor of Nonapoptotic Cell Death With Therapeutic Potential for Ischemic Brain Injury. Nat Chem Biol (2005) 1(2):112–9. doi: 10.1038/nchembio711

4. Zhang, Y, Chen, X, Gueydan, C, and Han, J. Plasma Membrane Changes During Programmed Cell Deaths. Cell Res (2018) 28(1):9–21. doi: 10.1038/cr.2017.133

5. Gong, Y, Fan, Z, Luo, G, Yang, C, Huang, Q, Fan, K, et al. The Role of Necroptosis in Cancer Biology and Therapy. Mol Cancer (2019) 18(1):100. doi: 10.1186/s12943-019-1029-8

6. Tang, R, Xu, J, Zhang, B, Liu, J, Liang, C, Hua, J, et al. Ferroptosis, Necroptosis, and Pyroptosis in Anticancer Immunity. J Hematol Oncol (2020) 13(1):110. doi: 10.1186/s13045-020-00946-7

7. Chen, X, Zeh, HJ, Kang, R, Kroemer, G, and Tang, D. Cell Death in Pancreatic Cancer: From Pathogenesis to Therapy. Nat Rev Gastroenterol Hepatol (2021) 18(11):804–23. doi: 10.1038/s41575-021-00486-6

8. Jayaraman, A, Htike, TT, James, R, Picon, C, and Reynolds, R. Tnf-Mediated Neuroinflammation Is Linked to Neuronal Necroptosis in Alzheimer's Disease Hippocampus. Acta Neuropathol Commun (2021) 9(1):159. doi: 10.1186/s40478-021-01264-w

9. Iannielli, A, Bido, S, Folladori, L, Segnali, A, Cancellieri, C, Maresca, A, et al. Pharmacological Inhibition of Necroptosis Protects From Dopaminergic Neuronal Cell Death in Parkinson's Disease Models. Cell Rep (2018) 22(8):2066–79. doi: 10.1016/j.celrep.2018.01.089

10. Zelic, M, Pontarelli, F, Woodworth, L, Zhu, C, Mahan, A, Ren, Y, et al. Ripk1 Activation Mediates Neuroinflammation and Disease Progression in Multiple Sclerosis. Cell Rep (2021) 35(6):109112. doi: 10.1016/j.celrep.2021.109112

11. Naito, MG, Xu, D, Amin, P, Lee, J, Wang, H, Li, W, et al. Sequential Activation of Necroptosis and Apoptosis Cooperates to Mediate Vascular and Neural Pathology in Stroke. Proc Natl Acad Sci USA (2020) 117(9):4959–70. doi: 10.1073/pnas.1916427117

12. Jorgensen, I, Rayamajhi, M, and Miao, EA. Programmed Cell Death as a Defence Against Infection. Nat Rev Immunol (2017) 17(3):151–64. doi: 10.1038/nri.2016.147

13. Patankar, JV, and Becker, C. Cell Death in the Gut Epithelium and Implications for Chronic Inflammation. Nat Rev Gastroenterol Hepatol (2020) 17(9):543–56. doi: 10.1038/s41575-020-0326-4

14. Boonchan, M, Arimochi, H, Otsuka, K, Kobayashi, T, Uehara, H, Jaroonwitchawan, T, et al. Necroptosis Protects Against Exacerbation of Acute Pancreatitis. Cell Death Dis (2021) 12(6):601. doi: 10.1038/s41419-021-03847-w

15. Leeper, NJ. The Role of Necroptosis in Atherosclerotic Disease. JACC Basic Transl Sci (2016) 1(6):548–50. doi: 10.1016/j.jacbts.2016.08.002

16. Galluzzi, L, Kepp, O, Chan, FK, and Kroemer, G. Necroptosis: Mechanisms and Relevance to Disease. Annu Rev Pathol (2017) 12:103–30. doi: 10.1146/annurev-pathol-052016-100247

17. Pasparakis, M, and Vandenabeele, P. Necroptosis and Its Role in Inflammation. Nature (2015) 517(7534):311–20. doi: 10.1038/nature14191

18. Weinlich, R, Oberst, A, Beere, HM, and Green, DR. Necroptosis in Development, Inflammation and Disease. Nat Rev Mol Cell Biol (2017) 18(2):127–36. doi: 10.1038/nrm.2016.149

19. Tonnus, W, Belavgeni, A, Beuschlein, F, Eisenhofer, G, Fassnacht, M, Kroiss, M, et al. The Role of Regulated Necrosis in Endocrine Diseases. Nat Rev Endocrinol (2021) 17(8):497–510. doi: 10.1038/s41574-021-00499-w

20. Yan, J, Wan, P, Choksi, S, and Liu, ZG. Necroptosis and Tumor Progression. Trends Cancer (2022) 8(1):21–7. doi: 10.1016/j.trecan.2021.09.003

21. Yan, WT, Lu, S, Yang, YD, Ning, WY, Cai, Y, Hu, XM, et al. Research Trends, Hot Spots and Prospects for Necroptosis in the Field of Neuroscience. Neural Regener Res (2021) 16(8):1628–37. doi: 10.4103/1673-5374.303032

22. Dong, Q, Liang, Q, Chen, Y, Li, J, Lu, L, Huang, X, et al. Bibliometric and Visual Analysis of Vascular Calcification Research. Front Pharmacol (2021) 12:690392. doi: 10.3389/fphar.2021.690392

23. Chen, C, and Song, M. Visualizing a Field of Research: A Methodology of Systematic Scientometric Reviews. PloS One (2019) 14(10):e0223994. doi: 10.1371/journal.pone.0223994

24. Zhang, J, Song, L, Xu, L, Fan, Y, Wang, T, Tian, W, et al. Knowledge Domain and Emerging Trends in Ferroptosis Research: A Bibliometric and Knowledge-Map Analysis. Front Oncol (2021) 11:686726. doi: 10.3389/fonc.2021.686726

25. Paunkov, A, Chartoumpekis, DV, Ziros, PG, and Sykiotis, GP. A Bibliometric Review of the Keap1/Nrf2 Pathway and Its Related Antioxidant Compounds. Antioxid (Basel) (2019) 8(9):353. doi: 10.3390/antiox8090353

26. Chen, C. Searching for Intellectual Turning Points: Progressive Knowledge Domain Visualization. Proc Natl Acad Sci USA (2004) 101 Suppl 1(Suppl 1):5303–10. doi: 10.1073/pnas.0307513100

27. Chen, C, Hu, Z, Liu, S, and Tseng, H. Emerging Trends in Regenerative Medicine: A Scientometric Analysis in Citespace. Expert Opin Biol Ther (2012) 12(5):593–608. doi: 10.1517/14712598.2012.674507

28. Chen, C. Science Mapping:A Systematic Review of the Literature. J Data Inf Sci (2017) 2(02):1–40. doi: 10.1515/jdis-2017-0006

29. 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

30. Eck, N, and Waltman, L. Vosviewer Manual. Leiden Leiden Universiteit. (2020).

31. Li, C, Wu, K, and Wu, J. A Bibliometric Analysis of Research on Haze During 2000-2016. Environ Sci Pollut Res Int (2017) 24(32):24733–42. doi: 10.1007/s11356-017-0440-1

32. Chen, C, and Leydesdorff, L. Patterns of Connections and Movements in Dual-Map Overlays: A New Method of Publication Portfolio Analysis. J Assoc Inf Sci Technol (2014) 65(2):334–51. doi: 10.1002/asi.22968

33. Sun, L, Wang, H, Wang, Z, He, S, Chen, S, Liao, D, et al. Mixed Lineage Kinase Domain-Like Protein Mediates Necrosis Signaling Downstream of Rip3 Kinase. Cell (2012) 148(1-2):213–27. doi: 10.1016/j.cell.2011.11.031

34. Cho, YS, Challa, S, Moquin, D, Genga, R, Ray, TD, Guildford, M, et al. Phosphorylation-Driven Assembly of the Rip1-Rip3 Complex Regulates Programmed Necrosis and Virus-Induced Inflammation. Cell (2009) 137(6):1112–23. doi: 10.1016/j.cell.2009.05.037

35. He, S, Wang, L, Miao, L, Wang, T, Du, F, Zhao, L, et al. Receptor Interacting Protein Kinase-3 Determines Cellular Necrotic Response to Tnf-Alpha. Cell (2009) 137(6):1100–11. doi: 10.1016/j.cell.2009.05.021

36. Vandenabeele, P, Galluzzi, L, Vanden Berghe, T, and Kroemer, G. Molecular Mechanisms of Necroptosis: An Ordered Cellular Explosion. Nat Rev Mol Cell Biol (2010) 11(10):700–14. doi: 10.1038/nrm2970

37. Zhang, DW, Shao, J, Lin, J, Zhang, N, Lu, BJ, Lin, SC, et al. Rip3, an Energy Metabolism Regulator That Switches Tnf-Induced Cell Death From Apoptosis to Necrosis. Science (2009) 325(5938):332–6. doi: 10.1126/science.1172308

38. Degterev, A, Hitomi, J, Germscheid, M, Ch'en, IL, Korkina, O, Teng, X, et al. Identification of Rip1 Kinase as a Specific Cellular Target of Necrostatins. Nat Chem Biol (2008) 4(5):313–21. doi: 10.1038/nchembio.83

39. Wang, H, Sun, L, Su, L, Rizo, J, Liu, L, Wang, LF, et al. Mixed Lineage Kinase Domain-Like Protein Mlkl Causes Necrotic Membrane Disruption Upon Phosphorylation by Rip3. Mol Cell (2014) 54(1):133–46. doi: 10.1016/j.molcel.2014.03.003

40. Cai, Z, Jitkaew, S, Zhao, J, Chiang, HC, Choksi, S, Liu, J, et al. Plasma Membrane Translocation of Trimerized Mlkl Protein Is Required for Tnf-Induced Necroptosis. Nat Cell Biol (2014) 16(1):55–65. doi: 10.1038/ncb2883

41. Galluzzi, L, Vitale, I, Aaronson, SA, Abrams, JM, Adam, D, Agostinis, P, et al. Molecular Mechanisms of Cell Death: Recommendations of the Nomenclature Committee on Cell Death 2018. Cell Death Differ (2018) 25(3):486–541. doi: 10.1038/s41418-017-0012-4

42. Ma, L, Ma, J, Teng, M, and Li, Y. Visual Analysis of Colorectal Cancer Immunotherapy: A Bibliometric Analysis From 2012 to 2021. Front Immunol (2022) 13:843106. doi: 10.3389/fimmu.2022.843106

43. Liu, S, Xia, K, Liu, X, Duan, Y, Hu, M, Xia, H, et al. Bibliometric Analysis of Birt-Hogg-Dubé Syndrome From 2001 to 2021. Front Med (Lausanne) (2022) 9:857127. doi: 10.3389/fmed.2022.857127

44. Chaomei, C. Citespace Ii: Detecting and Visualizing Emerging Trends and Transient Patterns in Scientific Literature. J Am Soc Inf Sci Technol (2005) 57(3):1–4. doi: 10.1002/asi.20317

45. 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

46. Chen, C, and Song, M. Science Mapping Tools and Applications, In Representing Scientific Knowledge: The Role of Uncertainty. Springer (2017). p. 57–137.

47. Xiao, F, Li, C, Sun, J, and Zhang, L. Knowledge Domain and Emerging Trends in Organic Photovoltaic Technology: A Scientometric Review Based on Citespace Analysis. Front Chem (2017) 5:67. doi: 10.3389/fchem.2017.00067

48. Wang, Y, Jia, Y, Li, M, Jiao, S, and Zhao, H. Hotspot and Frontier Analysis of Exercise Training Therapy for Heart Failure Complicated With Depression Based on Web of Science Database and Big Data Analysis. Front Cardiovasc Med (2021) 8:665993. doi: 10.3389/fcvm.2021.665993

49. Snyder, AG, and Oberst, A. The Antisocial Network: Cross Talk Between Cell Death Programs in Host Defense. Annu Rev Immunol (2021) 39:77–101. doi: 10.1146/annurev-immunol-112019-072301

50. Bedoui, S, Herold, MJ, and Strasser, A. Emerging Connectivity of Programmed Cell Death Pathways and Its Physiological Implications. Nat Rev Mol Cell Biol (2020) 21(11):678–95. doi: 10.1038/s41580-020-0270-8

51. Oberst, A, Dillon, CP, Weinlich, R, McCormick, LL, Fitzgerald, P, Pop, C, et al. Catalytic Activity of the Caspase-8-Flip(L) Complex Inhibits Ripk3-Dependent Necrosis. Nature (2011) 471(7338):363–7. doi: 10.1038/nature09852

52. Kaiser, WJ, Upton, JW, Long, AB, Livingston-Rosanoff, D, Daley-Bauer, LP, Hakem, R, et al. Rip3 Mediates the Embryonic Lethality of Caspase-8-Deficient Mice. Nature (2011) 471(7338):368–72. doi: 10.1038/nature09857

53. Newton, K, Wickliffe, KE, Dugger, DL, Maltzman, A, Roose-Girma, M, Dohse, M, et al. Cleavage of Ripk1 by Caspase-8 Is Crucial for Limiting Apoptosis and Necroptosis. Nature (2019) 574(7778):428–31. doi: 10.1038/s41586-019-1548-x

54. Feng, S, Yang, Y, Mei, Y, Ma, L, Zhu, DE, Hoti, N, et al. Cleavage of Rip3 Inactivates Its Caspase-Independent Apoptosis Pathway by Removal of Kinase Domain. Cell Signal (2007) 19(10):2056–67. doi: 10.1016/j.cellsig.2007.05.016

55. Haas, TL, Emmerich, CH, Gerlach, B, Schmukle, AC, Cordier, SM, Rieser, E, et al. Recruitment of the Linear Ubiquitin Chain Assembly Complex Stabilizes the Tnf-R1 Signaling Complex and Is Required for Tnf-Mediated Gene Induction. Mol Cell (2009) 36(5):831–44. doi: 10.1016/j.molcel.2009.10.013

56. Ketelut-Carneiro, N, and Fitzgerald, KA. Apoptosis, Pyroptosis, and Necroptosis-Oh My! The Many Ways a Cell Can Die. J Mol Biol (2022) 434(4):167378. doi: 10.1016/j.jmb.2021.167378

57. Conos, SA, Chen, KW, De Nardo, D, Hara, H, Whitehead, L, Núñez, G, et al. Active Mlkl Triggers the Nlrp3 Inflammasome in a Cell-Intrinsic Manner. Proc Natl Acad Sci USA (2017) 114(6):E961–e9. doi: 10.1073/pnas.1613305114

58. Gutierrez, KD, Davis, MA, Daniels, BP, Olsen, TM, Ralli-Jain, P, Tait, SW, et al. Mlkl Activation Triggers Nlrp3-Mediated Processing and Release of Il-1β Independently of Gasdermin-D. J Immunol (2017) 198(5):2156–64. doi: 10.4049/jimmunol.1601757

59. Stockwell, BR, Friedmann Angeli, JP, Bayir, H, Bush, AI, Conrad, M, Dixon, SJ, et al. Ferroptosis: A Regulated Cell Death Nexus Linking Metabolism, Redox Biology, and Disease. Cell (2017) 171(2):273–85. doi: 10.1016/j.cell.2017.09.021

60. Zhou, Y, Liao, J, Mei, Z, Liu, X, and Ge, J. Insight Into Crosstalk Between Ferroptosis and Necroptosis: Novel Therapeutics in Ischemic Stroke. Oxid Med Cell Longev (2021) 2021:9991001. doi: 10.1155/2021/9991001

61. Zhu, P, Hu, S, Jin, Q, Li, D, Tian, F, Toan, S, et al. Ripk3 Promotes Er Stress-Induced Necroptosis in Cardiac Ir Injury: A Mechanism Involving Calcium Overload/Xo/Ros/Mptp Pathway. Redox Biol (2018) 16:157–68. doi: 10.1016/j.redox.2018.02.019

62. Basit, F, van Oppen, LM, Schöckel, L, Bossenbroek, HM, van Emst-de Vries, SE, Hermeling, JC, et al. Mitochondrial Complex I Inhibition Triggers a Mitophagy-Dependent Ros Increase Leading to Necroptosis and Ferroptosis in Melanoma Cells. Cell Death Dis (2017) 8(3):e2716. doi: 10.1038/cddis.2017.133

63. Wang, Z, Guo, LM, Wang, Y, Zhou, HK, Wang, SC, Chen, D, et al. Inhibition of Hsp90α Protects Cultured Neurons From Oxygen-Glucose Deprivation Induced Necroptosis by Decreasing Rip3 Expression. J Cell Physiol (2018) 233(6):4864–84. doi: 10.1002/jcp.26294

64. Chen, C, Wang, D, Yu, Y, Zhao, T, Min, N, Wu, Y, et al. Legumain Promotes Tubular Ferroptosis by Facilitating Chaperone-Mediated Autophagy of Gpx4 in Aki. Cell Death Dis (2021) 12(1):65. doi: 10.1038/s41419-020-03362-4

65. Zille, M, Karuppagounder, SS, Chen, Y, Gough, PJ, Bertin, J, Finger, J, et al. Neuronal Death After Hemorrhagic Stroke in Vitro and in Vivo Shares Features of Ferroptosis and Necroptosis. Stroke (2017) 48(4):1033–43. doi: 10.1161/strokeaha.116.015609

66. Belavgeni, A, Meyer, C, Stumpf, J, Hugo, C, and Linkermann, A. Ferroptosis and Necroptosis in the Kidney. Cell Chem Biol (2020) 27(4):448–62. doi: 10.1016/j.chembiol.2020.03.016

67. Minagawa, S, Yoshida, M, Araya, J, Hara, H, Imai, H, and Kuwano, K. Regulated Necrosis in Pulmonary Disease. A Focus on Necroptosis and Ferroptosis. Am J Respir Cell Mol Biol (2020) 62(5):554–62. doi: 10.1165/rcmb.2019-0337TR

68. Yonekawa, T, Gamez, G, Kim, J, Tan, AC, Thorburn, J, Gump, J, et al. Rip1 Negatively Regulates Basal Autophagic Flux Through Tfeb to Control Sensitivity to Apoptosis. EMBO Rep (2015) 16(6):700–8. doi: 10.15252/embr.201439496

69. Koren, E, and Fuchs, Y. Modes of Regulated Cell Death in Cancer. Cancer Discov (2021) 11(2):245–65. doi: 10.1158/2159-8290.Cd-20-0789

70. Koo, G-B, Morgan, MJ, Lee, D-G, Kim, W-J, Yoon, J-H, Koo, JS, et al. Methylation-Dependent Loss of Rip3 Expression in Cancer Represses Programmed Necrosis in Response to Chemotherapeutics. Cell Res (2015) 25(6):707–25. doi: 10.1038/cr.2015.56

71. Li, X, Guo, J, Ding, A-P, Qi, W-W, Zhang, P-H, Lv, J, et al. Association of Mixed Lineage Kinase Domain-Like Protein Expression With Prognosis in Patients With Colon Cancer. Technol Cancer Res Treat (2017) 16(4):428–34. doi: 10.1177/1533034616655909

72. He, L, Peng, K, Liu, Y, Xiong, J, and Zhu, F-f. Low Expression of Mixed Lineage Kinase Domain-Like Protein Is Associated With Poor Prognosis in Ovarian Cancer Patients. OncoTargets Ther (2013) 6:1539. doi: 10.2147/OTT.S52805

73. Snyder, AG, Hubbard, NW, Messmer, MN, Kofman, SB, Hagan, CE, Orozco, SL, et al. Intratumoral Activation of the Necroptotic Pathway Components Ripk1 and Ripk3 Potentiates Antitumor Immunity. Sci Immunol (2019) 4(36):eaaw2004. doi: 10.1126/sciimmunol.aaw2004

74. Park, S, Hatanpaa, KJ, Xie, Y, Mickey, BE, Madden, CJ, Raisanen, JM, et al. The Receptor Interacting Protein 1 Inhibits P53 Induction Through Nf-Kb Activation and Confers a Worse Prognosis in Glioblastoma. Cancer Res (2009) 69(7):2809–16. doi: 10.1158/0008-5472.CAN-08-4079

75. Seifert, L, Werba, G, Tiwari, S, Giao Ly, NN, Alothman, S, Alqunaibit, D, et al. The Necrosome Promotes Pancreatic Oncogenesis Via Cxcl1 and Mincle-Induced Immune Suppression. Nature (2016) 532(7598):245–9. doi: 10.1038/nature17403

76. Colbert, LE, Fisher, SB, Hardy, CW, Hall, WA, Saka, B, Shelton, JW, et al. Pronecrotic Mixed Lineage Kinase Domain-Like Protein Expression Is a Prognostic Biomarker in Patients With Early-Stage Resected Pancreatic Adenocarcinoma. Cancer (2013) 119(17):3148–55. doi: 10.1002/cncr.28144

77. Oliver Metzig, M, Fuchs, D, Tagscherer, K, Gröne, H, Schirmacher, P, and Roth, W. Inhibition of Caspases Primes Colon Cancer Cells for 5-Fluorouracil-Induced Tnf-A-Dependent Necroptosis Driven by Rip1 Kinase and Nf-Kb. Oncogene (2016) 35(26):3399–409. doi: 10.1038/onc.2015.398

78. Zhao, D, Zhang, H, Tao, W, Wei, W, Sun, J, and He, Z. A Rapid Albumin-Binding 5-Fluorouracil Prodrug With a Prolonged Circulation Time and Enhanced Antitumor Activity. Biomater Sci (2017) 5(3):502–10. doi: 10.1039/C6BM00884D

79. Fu, Z, Deng, B, Liao, Y, Shan, L, Yin, F, Wang, Z, et al. The Anti-Tumor Effect of Shikonin on Osteosarcoma by Inducing Rip1 and Rip3 Dependent Necroptosis. BMC Cancer (2013) 13(1):1–10. doi: 10.1186/1471-2407-13-580

80. Wang, H, Tang, Y, Fang, Y, Zhang, M, Wang, H, He, Z, et al. Reprogramming Tumor Immune Microenvironment (Time) and Metabolism Via Biomimetic Targeting Codelivery of Shikonin/Jq1. Nano Lett (2019) 19(5):2935–44. doi: 10.1021/acs.nanolett.9b00021

81. Degterev, A, Ofengeim, D, and Yuan, J. Targeting Ripk1 for the Treatment of Human Diseases. Proc Natl Acad Sci USA (2019) 116(20):9714–22. doi: 10.1073/pnas.1901179116

82. Moujalled, D, Strasser, A, and Liddell, JR. Molecular Mechanisms of Cell Death in Neurological Diseases. Cell Death Differ (2021) 28(7):2029–44. doi: 10.1038/s41418-021-00814-y

83. Caccamo, A, Branca, C, Piras, IS, Ferreira, E, Huentelman, MJ, Liang, WS, et al. Necroptosis Activation in Alzheimer's Disease. Nat Neurosci (2017) 20(9):1236–46. doi: 10.1038/nn.4608

84. Ofengeim, D, Mazzitelli, S, Ito, Y, DeWitt, JP, Mifflin, L, Zou, C, et al. Ripk1 Mediates a Disease-Associated Microglial Response in Alzheimer's Disease. Proc Natl Acad Sci USA (2017) 114(41):E8788–e97. doi: 10.1073/pnas.1714175114

85. Li, S, Qu, L, Wang, X, and Kong, L. Novel Insights Into Ripk1 as a Promising Target for Future Alzheimer's Disease Treatment. Pharmacol Ther (2022) 231:107979. doi: 10.1016/j.pharmthera.2021.107979

86. Park, J, Ha, HJ, Chung, ES, Baek, SH, Cho, Y, Kim, HK, et al. O-Glcnacylation Ameliorates the Pathological Manifestations of Alzheimer's Disease by Inhibiting Necroptosis. Sci Adv (2021) 7(3):eabd3207. doi: 10.1126/sciadv.abd3207

87. Wang, CF, Zhao, CC, Weng, WJ, Lei, J, Lin, Y, Mao, Q, et al. Alteration in Long Non-Coding Rna Expression After Traumatic Brain Injury in Rats. J Neurotrauma (2017) 34(13):2100–8. doi: 10.1089/neu.2016.4642

88. Jun-Long, H, Yi, L, Bao-Lian, Z, Jia-Si, L, Ning, Z, Zhou-Heng, Y, et al. Necroptosis Signaling Pathways in Stroke: From Mechanisms to Therapies. Curr Neuropharmacol (2018) 16(9):1327–39. doi: 10.2174/1570159X16666180416152243

89. Tuo, QZ, Zhang, ST, and Lei, P. Mechanisms of Neuronal Cell Death in Ischemic Stroke and Their Therapeutic Implications. Med Res Rev (2022) 42(1):259–305. doi: 10.1002/med.21817

90. Wang, YQ, Wang, L, Zhang, MY, Wang, T, Bao, HJ, Liu, WL, et al. Necrostatin-1 Suppresses Autophagy and Apoptosis in Mice Traumatic Brain Injury Model. Neurochem Res (2012) 37(9):1849–58. doi: 10.1007/s11064-012-0791-4

91. Deng, XX, Li, SS, and Sun, FY. Necrostatin-1 Prevents Necroptosis in Brains After Ischemic Stroke Via Inhibition of Ripk1-Mediated Ripk3/Mlkl Signaling. Aging Dis (2019) 10(4):807–17. doi: 10.14336/ad.2018.0728

92. Khan, I, Yousif, A, Chesnokov, M, Hong, L, and Chefetz, I. A Decade of Cell Death Studies: Breathing New Life Into Necroptosis. Pharmacol Ther (2021) 220:107717. doi: 10.1016/j.pharmthera.2020.107717

93. Bibo-Verdugo, B, and Salvesen, GS. Caspase Mechanisms in the Regulation of Inflammation. Mol Aspects Med (2022) 88:101085. doi: 10.1016/j.mam.2022.101085

94. Kang, S, Fernandes-Alnemri, T, Rogers, C, Mayes, L, Wang, Y, Dillon, C, et al. Caspase-8 Scaffolding Function and Mlkl Regulate Nlrp3 Inflammasome Activation Downstream of Tlr3. Nat Commun (2015) 6:7515. doi: 10.1038/ncomms8515

95. Moriwaki, K, Bertin, J, Gough, PJ, and Chan, FK. A Ripk3-Caspase 8 Complex Mediates Atypical Pro-Il-1β Processing. J Immunol (2015) 194(4):1938–44. doi: 10.4049/jimmunol.1402167

96. Yu, Z, Jiang, N, Su, W, and Zhuo, Y. Necroptosis: A Novel Pathway in Neuroinflammation. Front Pharmacol (2021) 12:701564. doi: 10.3389/fphar.2021.701564

97. Taft, J, Markson, M, Legarda, D, Patel, R, Chan, M, Malle, L, et al. Human Tbk1 Deficiency Leads to Autoinflammation Driven by Tnf-Induced Cell Death. Cell (2021) 184(17):4447–63.e20. doi: 10.1016/j.cell.2021.07.026

98. Shi, J, Tang, M, Zhou, S, Xu, D, Zhao, J, Wu, C, et al. Programmed Cell Death Pathways in the Pathogenesis of Idiopathic Inflammatory Myopathies. Front Immunol (2021) 12:783616. doi: 10.3389/fimmu.2021.783616

99. Newton, K, and Manning, G. Necroptosis and Inflammation. Annu Rev Biochem (2016) 85:743–63. doi: 10.1146/annurev-biochem-060815-014830

100. Sies, H, and Jones, D. Oxidative Stress. 2nd. Amsterdam: Elsevier (2007).

101. Canli, Ö, Alankuş, YB, Grootjans, S, Vegi, N, Hültner, L, Hoppe, PS, et al. Glutathione Peroxidase 4 Prevents Necroptosis in Mouse Erythroid Precursors. Blood (2016) 127(1):139–48. doi: 10.1182/blood-2015-06-654194

102. Tang, D, Kang, R, Berghe, TV, Vandenabeele, P, and Kroemer, G. The Molecular Machinery of Regulated Cell Death. Cell Res (2019) 29(5):347–64. doi: 10.1038/s41422-019-0164-5

103. Chen, Z, and Zhong, C. Oxidative Stress in Alzheimer's Disease. Neurosci Bull (2014) 30(2):271–81. doi: 10.1007/s12264-013-1423-y

104. Shen, J, Shen, H, Ke, L, Chen, J, Dang, X, Liu, B, et al. Knowledge Mapping of Immunotherapy for Hepatocellular Carcinoma: A Bibliometric Study. Front Immunol (2022) 13:815575. doi: 10.3389/fimmu.2022.815575

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

106. Newton, K, Dixit, VM, and Kayagaki, N. Dying Cells Fan the Flames of Inflammation. Science (2021) 374(6571):1076–80. doi: 10.1126/science.abi5934

107. Choi, ME, Price, DR, Ryter, SW, and Choi, AMK. Necroptosis: A Crucial Pathogenic Mediator of Human Disease. JCI Insight (2019) 4(15):e128834. doi: 10.1172/jci.insight.128834




Conflict of Interest: All 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 Zhang, Song, Jia, Tian, Lai, Zhang, Li, Ju and Xu. 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-13-917155-g007.jpg
Type

Review
Article
Article
Article
Article
Article
Article
Review
Article
Article
Article
Article
Article
Review
Article
Article
Review
Review
Review
Review

References
Vandenabeele P, 2010, NAT REV MOL CELL BIO, V11, P700, DOI 10.1038/nrm2970(), DOI
Cho Y, 2009, CELL, V137, P1112, DOI 10.1016/j.cell.2009.05.037 ), DOI
He SD, 2009, CELL, V137, P1100, DOI 10.1016/j.cell.2009.05.021(*), DOI
Zhang DW, 2009, SCIENCE, V325, P332, DOI 10.1126/science.1172308(), DOI
Degterev A, 2008, NAT CHEM BIOL, V4, P313, DOI 10.1038/nchembio.83 ), DOI
Oberst A, 2011, NATURE, V471, P363, DOI 10.1038/nature09852 (*), DOI
Kaiser WJ, 2011, NATURE, V471, P368, DOI 10.1038/nature09857(*), DOI
Christofferson DE, 2010, CURR OPIN CELL BIOL, V22, P263, DOI 10.1016/j.ceb.2009.12.003¢), DOI
Feoktistova M, 2011, MOL CELL, V43, P449, DOI 10.1016/j.molcel.2011.06.011¢), DOI
Sun LM, 2012, CELL, V148, P213, DOI 10.1016/j.cell.2011.11.031(*), DOI
Zhao J, 2012, P NATL ACAD SCI USA, V109, P5322, DOI 10.1073/pnas.1200012109 (), DOI
Murphy JM, 2013, IMMUNITY, V39, P443, DOI 10.1016/j.immuni.2013.06.018 (), DOI
Li JX, 2012, CELL, V150, P339, DOI 10.1016/j.cell.2012.06.019(), DOI
Linkermann A, 2014, NEW ENGL J MED, V370, P455, DOI 10.1056/NEJMra1310050¢), DOI
Wang HY, 2014, MOL CELL, V54, P133, DOI 10.1016/j.molcel.2014.03.003 (), DOI
Cai ZY, 2014, NAT CELL BIOL, V16, P55, DOI 10.1038/ncb2883(*), DOI
Pasparakis M, 2015, NATURE, V517, P311, DOI 10.1038/nature14191(), DOI
Weinlich R, 2017, NAT REV MOL CELL BIO, V18, P127, DOI 10.1038/nrm.2016.149(*), DOI
Galluzzi L, 2018, CELL DEATH DIFFER, V25, P486, DOI 10.1038/s41418-017-0012-4(*), DOI

Year Strength Begin End 2012 - 2021

2010
2009
2009
2009
2008
2011
2011
2010
2011
2012
2012
2013
2012
2014
2014
2014
2015
2017
2018

Galluzzi L, 2017, ANNU REV PATHOL-MECH, V12, P103, DOI 10.1146/annurev-pathol-052016-100247 ), DOI 2017

79.48 2012
67.852012
59.09 2012
57.152012
41142012
37.03 2012
35.63 2012
30.33 2012
25.16 2012
60.99 2014
28.82 2014
24.76 2014
24.74 2014
26.42 2015
39.74 2016
29.22 2016
40.31 2017
33.292018
34.07 2019
24.28 2019

2015 m——
2014 e
2014 s
2014 s
2013
2076 s
20716 sm——
2015
2015 ma—
2017 e e
2017 e o e
2018 ——

2017 e
2019
2019
2019

. e
o

2021 E—
. —

. —

-

2021
2021
2021





OEBPS/Images/fimmu-13-917155-g004.jpg
neurath, markus f,_2nders.hds;joachim®

guenther, claudia »-0

krautwald, stefan
becker, ehristoph
.08 gghan, bing

yuan/jiinying

ahighong

@
\inkerma‘ andreas

bertrand, athie j. m. reen, douglas r.

degte%v alexer

pasparakis, manolis

petrie,@mmaj. oberstandrew

kznneganth thirumala-devi cnd® @uping
¢iurphyligrmes m. balachandran, SiddRarth
F rodriguez diego a.
ygung; sgmuel n. o eter .
o SiKEORM®, ke e, g\oﬂlsk“dwacd s.
hildebrari@#joanpe m: & 0 kaiseftwilliam j.
alexandefjwarrere. i Bl ®
chan, frangis ka-ming
strasserfiandreas moriwaki, kenta
han, jiahuai
choi, augustine m. k. wu, jianfeng

newton, kim
erijoshua d.

vucic, domago]

liu, hao

yang, ws

dixon, 5]
zhou, h

zhang,y
wa

zhang.yy
lin

Borris. oo ofengeim, d

e takah:
xie,t ,m
e .
berger, sb ey dupr
R i 3 i K
2hao,j Sthe.d .
ma
Kayagaki, n

lawlor, ke dillon, cp .i

UPtON, W keliner, ma

roychowdhury, s

hildebrand, jm

murphy, jm

rickard, ja wang, |

mccomb, s

oberst, a

vince, je
mocarski, es

shatig, lei
Xiongykun

xu, shiivien
gofigalez juarbe, norberto

zhari@jing
®
wang f@odong
@etibshe
ol

i, jun
meng, xi86-ming
yang gin

zhang yan

han, wd

kroemer, g

wu, yt

vercammen, d

vanlangenakker, n

lin,y

feoktistova, m,

o'donnell, ma
bertrand, mjm

varfolomeev, e





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Knowledge Mapping of Necroptosis From 2012 to 2021: A Bibliometric Analysis

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and Methods

        

          		

            2.1 Data Collection

          



          		

            2.2 Data Analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Annual Growth Trend

          



          		

            3.2 Distribution of Countries/Regions and Institutions

          



          		

            3.3 Authors and Co-Cited Authors

          



          		

            3.4 Journals and Co-Cited Academic Journals

          



          		

            3.5 Co-Cited References and Reference Burst

          



          		

            3.6 Keyword Analysis of Trending Research Topic

          



        



        



        		

          4 Discussion

        

          		

            4.1 General Information

          



          		

            4.2 The Hotspots and Trending

          

            		

              4.2.1 The Cross-Talk of Necroptosis With Other Types of Cell Death

            



            		

              4.2.2 Potential Applications of Necroptosis in Various Diseases

            



            		

              4.2.3 Mechanism of Necroptosis

            



          



          



          		

            4.3 Strength and Limitations

          



        



        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Rank Molecules
1 MLKL

2 TNF-alpha

3 NF-xB

4 RIPK3

5 RIPK1

6 Complex

g Caspase-8

8 NLRP3

9 ROS

10 FADD

11 Necrostatin-1
12 Inflammasome
13 p53

14 bel-2

15 Toll-like receptors

Counts

521
358
315
233
155
89
82
65
50
38
37
34
33
32
19

Pathological process

Cell-death
Apoptosis
Necroptosis
Necrosis
Inflammation
Oxidative stress
Phosphorylation
Autophagy
Proliferation

ER stress
Ubiquitination
DNA damage
Pyroptosis
Ferroptosis
Mitophagy

Counts

1,211
1,104
885
557
443
273
254
204
70
65
45
40
26
25
19

Diseases

Cancer
Ischemia/reperfusion injury
Infection

Carcinoma

Alzheimer’s disease
Brain injury

Fibrosis

Stroke

Acute kidney injury
Breast cancer

Tumor

Drug resistance
Hepatocellular carcinoma

Inflammatory bowel disease

Parkinson’s disease

Counts

170
110
50
32
31
30
26
26
25
25
23
22
22
20
19

MLKL, mixed lineage kinase domain-like protein; TNF-alpha, tumor necrosis factor-alpha; NF-«B, nuclear factor x-light-chain-enhancer of activated B cells; RIPK3, receptor-interacting
protein kinase-3; RIPK1, receptor-interacting protein kinase-1; NLRP3, NOD-, LRR- and pyrin domain-containing protein 3; ROS, reactive oxygen species; FADD, Fas-associated via
death domain; er stress, endoplasmic reticulum stress; bcl-2, B-cell ymphoma-2.





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Rank Author Count H-index Co-cited author Count H-index
1 Peter Vandenabeele 45 118 Alexei Degterev 1363 40
2 John Bertin 37 66 Sudan He 866 20
3 James M. Murphy 36 18 Kim Newton 865 39
4 Manolis Pasparakis 34 76 Andreas Linkermann 843 47
5 Junying Yuan 33 63 Galluzzi L 765 107
6 Peter J. Gough 32 38 Liming Sun 752 14
7 John Silke 32 72 Peter Vandenabeele 742 18
8 Douglas R. Green 29 23 Young-Sik Cho 705 19
9 Andreas Linkermann 29 47 William J. Kaiser 616 51
10 Edward S. Mocarski 27 82 Duanwu Zhang 597 11






OEBPS/Images/fimmu-13-917155-g002.jpg
7
g
o

=

-

o)
=
Q

G
@)

b
:

Z

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Year






OEBPS/Images/table4.jpg
Title

1 Mixed lineage kinase domain-like protein mediates necrosis signaling downstream of RIP3 kinase (33)

2 Phosphorylation-driven assembly of the RIP1-RIP3 complex regulates programmed necrosis and
virus-induced inflammation (34)

3  Chemical inhibitor of nonapoptotic cell death with therapeutic potential for ischemic brain injury (3)

4 Receptor Interacting Protein Kinase-3 Determines Cellular Necrotic Response to TNF-a (35)

5  Molecular mechanisms of necroptosis: an ordered cellular explosion (36)

6 RIP3, an energy metabolism regulator that switches TNF-induced cell death from apoptosis to
necrosis (37)

7 Identification of RIP1 kinase as a specific cellular target of necrostatins (38)

8 Necroptosis and its role in inflammation (17)

9 Mixed lineage kinase domain-like protein MLKL causes necrotic membrane disruption upon
phosphorylation by RIP3 (39)

10 Plasma membrane translocation of trimerized MLKL protein is required for TNF-induced necroptosis
(40)

First Author

Liming Sun
‘Young Sik Cho

Alexei Degterev
Sudan He
Peter
Vandenabeele
Duan-Wu
Zhang

Alexei Degterev
Manolis
Pasparakis
Huayi Wang

Zhenyu Cai

Journals

Cell
Cell

Nat Chem Biol
Cell

Nat Rev Mol
Cell Biol
Science

Nat Chem Biol
Nature

Mol Cell

Nat Cell Biol

Citations Type

714
657

652
647
542
539

520
463

438

348

Article
Article

Article
Article
Review

Report

Article
Review

Article

Article

Year

2011
2009

2005
2009
2010
2009

2008
2015

2014

2014






OEBPS/Images/table3.jpg
Rank

Journal

Cell Death & Disease
Cell death and Differentiation
Scientific Reports

Proceedings of the National Academy of Sciences
of the United States of America

Plos One

Nature Communications

Cell Reports

International Journal of Molecular Sciences
Biochemical and biophysical research
communications

Journal of Immunology

Oncotarget

Cell death Discovery

Journal of Biological Chemistry

Frontiers in Immunology

Molecular Medicine Reports

Count

164
87
84

55

51
47
46
45
40

40
40
33
33
30
26

JCR
(2020)

Ql
Q1
Q1

Q1

Q
Qt
Ql
Q1/Q2
Q2/Q3

Q2

/

Q2

Q2

Q
Qa/Q4

IF
(2020)

8.469
15.828
4.380

11.205

3.240
14.919
9.423
5.924
3.575

5.422
i/
5.241
5.157
7.561
2952

Cited journal

Cell

Nature

Proceedings of the national academy of sciences
of the United States of America

Cell Death and Differentiation

Journal of Biological Chemistry
Science

Immunity

Cell Death & Disease
Molecular Cell

Plos One

Journal of Immunology

Nature Reviews Molecular Cell Biology
Nature Communications

Nature Chemical Biology

Cell Reports

Cited
count

6414
5083
4210

4183

3941
2791
2472
2410
2299

2205
2148
1812
1496
1396
1335

JCR

IF

(2020) (2020)

al
at
at

at

Q2
Qi
Q1
Q1
Q1

Q
Q2
Ql
al
al
at

41.584
49.962
11.205

15.828

5.157
47.728
31.745

8.469
17.970

3.240
5.422
94.444
14.919
15.040
9.423






OEBPS/Images/fimmu-13-917155-g001.jpg
Web of Science Core
Collection (WoSCCQC)

N=3194

Included for analysis

N=3111

TS = necroptosis OR necroptotic
Publication type = Article

Language = English
Publication year: 2012-2021

Removed (N=83)
Duplication=1
Book=13

Editorial=5
Retracted publication=3
Unqualified publacation year=61

CiteSpace 5.8.R3

VOSviewer 1.6.16

Excel 2019





OEBPS/Images/fimmu-13-917155-g006.jpg
Timespan: 2012-2021 (Slice Length=1)

Selection Criteria: Top 100 per slice, LRF=3.0, L/IN=10, LBY=5, e=1.0
Network: N=526, E=2993 (Density=0.0217)

Largest CC: 490 (93%)
Nodes Labeled: 1.0% 2010 2013
Pruning: None

Modularity Q=0.5185
Weighted Mean Silhouette S=0.8399
Harmonic Mean(Q, S)=0.6412

2016 2019 2020
LSI/LLR

__________________________ #0 necroptosis
MLKL
_________________ #1 apoptosis
TNF-a

= ’\\\ N
D@ D#2 2P

: =< : : A LA AN QALY ZBP1
: - #3 RIPK3
s necrostatin-1
® #4 lymphocytes
‘ ferroptosis
e 1 B L e | 8 R #5 inducing factor
astrocytes
----- N AT N oot #6 RIPA
AIF
>-C ®-—--—---- #7 calcium
- myocardial ischemia
0 Q- #8 MLKL
prognosis






OEBPS/Images/fimmu-13-917155-g008.jpg
contributes
A ischemia/rep@rfusion injury

injury
protects model
inflammation
damage mice righ
r@s dis@ase pathogenesis ripk3
@O tnfiglpha
oxidative stress WP o
er s@ess mechanism receptor ki
induced@poptosis
necrosis "3 .Y
lecul o cells cell-death™. A
e eobagy inhibition necroptosis |
] programmed necrosis
a optosis . __macrophages binding
mitochondria pathway expression activation
cancepcells .
. phosphorylation
KiQase nfekb
. metabolism - s
in-vitro - indwygtion
survival
release casp@se-8
proliferation infdaitor
growth nes complex
therapy resis@nes, infeetion ripk
cancer target pathyays

identification

1 I I
2017.6 2017.8 2018.0 2018.2 20184

2012 2013
Timespan: 2012-2021 (Slice Length=1)
Selection Criteria: g-index (k=25), LRF=3.0, LIN=10, LBY=5, e=1.0
Network: N=698, E=5513 (Density=0.0227)
Largest CC: 696 (99%)
Nodes Labeled: 1.0%
Pruning: None
Modularity Q=0.3403
Weighted Mean Silhouette S=0.6427
Harmonic Mean(Q, S)=0.4449

e —— , /LLR

#0
modle AD

e AD_up regulation neuron nitric oxide —ALS _reperfusion microglia  gjo, myocardial ischemia rat model
_Injury /brain‘injury — prain - spinal cord-injury - M] neuronalce/ldeathrelevance deficiency protect/‘o%aumahc rl_:trall_;; 6%
oxidatig SHoae—/K} damage dysfunction” protect  Stroke jsohemic srokeCAu@tON ke

neuroinfllflammation
R R N e e maton. 21

/ ; colorectal cancer j 1 S receptor interacting serine i

pathway = mitochondria tumor chemotherapy NF-kb d,_’:‘cgls’fé%”suppresspn Statisﬁcsp g/yco/ysiéq anticancer effect
expression | .survival carcinoma ine  lung cancer meta§tfasls cycle drug necroptotic cell death

mechanism’autophagy’ cytotoxicity endothelial cell IFN-y toxicity phosphatase squamous cell carcinoma

#2
T cell /dendritic cell LRP3 inflammasome activation

s response : RINA caspase 1 Immune computational platform
pCD || infection o ke gges;a,tsor innate nlammasome aciiy ’a’%l’{u: p  reveal pseudoFIJ(inase nyklcy tokine microenvironment
gene///mact OPhagiﬁnatei mulMfpP3 inflammasome family—=~ Spp VD - Promote mediates necroptosis generation

double strnded RNA
differentiation

fibrosis epithelial cell _ 0€ crohns disease. acid pathophysiology health blockade
disease’_IBD ~homeostasijs mutation gjscovery mouse

3 ¢ .. risk-_animal model peptide
> ene expression J )
mice ~ pathogenesis stress g 5nfolded protein ,espgﬁg'fp tosis extracellular vesicle DNA repair

molecular switch

#3
smoke-induced necroptosis

#4
/ I E / - : tivation loop trial Z-DNA bindin i
domain like “MLKL immunogenicity - RIPK3  heart failure 4 AN \ g pseudokinase MLKL
nceeclrloclljelg?flls NE-xb activation binding kinase activity - pj | caspase 8activation death domain RIPK

/ .ce 4 \ Sy
apoptosismixed lineage kg’;‘fnsgn like pgoel;g’%moma cell_RIPK1 signal transduction membrane . pseudokinase mikl ubiquitin

metabolism caspase independent necroptosis pJAPK / d tion AML j lenii defici
53 é 1 axonal degeneration AML iron selenium deficiency neuronal cell death
er stress I—pl co nanoparticle " pog IAP  glioma transiocation Sensitivity jipid peroxidation
molecular mechanism ’ RIPK  calcium bcl-2 cancer therapy oxidative stress GM-CSF
signaling pathway APP mitochondrial dysfunction  prognostic biomarker

#6
cytochrome c release  Bim

suppressive function
activated protein kinase = Bax
induced apoptosis

#5

#7

amylopectinosis autoinflammation
growth factor receptor

lipopolysaccharide






OEBPS/Images/fimmu.2022.917155_cover.jpg
’ frontiers l Frontiers in Immunology

Knowledge Mapping of
Necroptosis From 2012 to 2021: A
Bibliometric Analysis





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





OEBPS/Images/fimmu-13-917155-g009.jpg
Keywords
receptor interacting protein

1929 cell
identification
ripoptosome
drug resistance
tnf

Year Strength Begin End 2012 - 2021

2012
2012
2012
2012
2012
2012

mitochondrial permeability transition 2012

IN VIVO

toll like receptor
kappa b activation
Immune response
brain injury

ischemia/reperfusion injury

signaling pathway
stem cell
degradation
epithelial cell

rat

ferroptosis
protect

2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012

9.96 2012
8.06 2012
7.88 2012
7.11 2012
5.36 2012
9.42 2013
6.51 2013
7.99 2014
6.04 2014
5.79 2014
6.4 2016
5.12016
5.62 2017
5.31 2017
5.18 2017
4.85 2017
5922018
5.29 2018
52018
5.04 2019

2016 pmm——
2015 e
2013 o
2015
2016 m——
2015
2016  e—
2018 o ——
2016 _ e—
2017
20718 e e
ZA0) | I —
2019 o —
2018 o o
2019 o
2018 o
2019 o
2021
20271 o





OEBPS/Images/fimmu-13-917155-g005.jpg
Blondel

g
m
H
:






OEBPS/Images/table1.jpg
Rank

= 0O 0O~NOO~WN =

Countries/Regions

China

United States
Germany
Japan

South Korea
England
Australia
Canada
Belgium
France

Centrality

0.08
0.23
0.41
0.07
0.09
0.09
0.08
0.05
0.08
0.14

Count

1213
955
318
195
172
130
116
116
97
94

Institution

Chinese Acad Sci (China)

Univ Ghent (Belgium)

Univ Melbourne (Australia)

Harvard Med Sch (United States)

Fudan Univ (China)

Shanghai Jiao Tong Univ (China)

Zhejiang Univ (China)

Walter & Eliza Hall Inst Med Res (Australia)
Sun Yat Sen Univ (China)

St Jude Childrens Res Hosp (USA)

Centrality

0.07
0.12
0.07
0.14
0.07
0.06
0.08
0.04
0.06
0.10

Count

86
77
74
70
67

62
60
58
55





OEBPS/Images/table5.jpg
Rank

2 OO NOOA~N -

0

Keywords

cell-death

apoptosis
necroptosis

activation

necrosis

MLKL

programmed necrosis
inflammation
mechanism
expression

Counts

1,211
1,104

885
711
557
521
467
443
393
391

Rank

11
12
13
14
15
16
17
18
19
20

Keywords

TNF-alpha
NF-xB
oxidative stress
kinase
phosphorylation
inhibition

RIPK3
autophagy
pathway
cancer

Counts

358
315
273
259
254
238
233
204
194
170

MLKL, mixed lineage kinase domain-like protein; TNF-alpha, tumor necrosis factor-alpha; NF-xB, nuclear factor -light-chain-enhancer of activated B cells; RIPK3, receptor-interacting

protein kinase-3.





OEBPS/Images/fimmu-13-917155-g003.jpg
Timespan: 2012-2021 (Slice Length=1)

Selection Criteria: Top 100 per slice, LRF 3.0, LIN=10, LBY=5, e=1.0
Network: N=82, E=468 (Density=0.1403)

Largest CC: 74 (90%)

Nodes Labeled: 1 0‘/-

Pruning: None

UTH KOREA.

‘lGLAND.

’ :RMANY.
A, ®

] '.USTRALIA.

)EOPLES R CHINA.

o

. e

Timespan: 2012-2021 (Slice Length=

1)
Seledlon Cmerla Top 100 per slice, LRF 3.0, L/IN=10, LBY=5, e=1.0

75, E=3328 (Density=0.| 0087]
Largest CC 751 (85%)

° (6] .
a Jiao Tong Univ

ang’nal
" K
‘nbYabSen Umv

o OJ.-
0'10' Masgaohuse?ts
Jude Childrens Res Hosp

'. ', ?vaoj

lngse Acad Sci

ard Med Sch

alter & Eliza Hall Inst Med Res

AT hoe® OIV Melbourne





