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Lipids are involved in both energy metabolism and signaling transduction. Abnormal lipid metabolism in T cells is associated with the differentiation, longevity and activity of T cells, which has received increasing concern since its firstly reported in 1985. To evaluate the trends of lipid metabolism in T cells and map knowledge structure, we employed bibliometric analysis. A total of 286 related publications obtained from the Web of Science Core Collection published between 1985 and 2022 were analyzed using indicators of publication and citation metrics, countries, institutes, authors, cited references and key words. The present research status, the global trends and the future development directions in lipid metabolism and T cells were visualized and discussed. In summary, this study provides a comprehensive display on the field of lipid metabolism in T cells, which will help researchers explore lipid metabolism in T cells more effectively and intuitively.
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Introduction

T lymphocytes (also named T cells) are the main components of lymphocytes, which derived from bone marrow pluripotent stem cells. Immunotherapy based on T cells has been confirmed as a successful method for the treatment of various diseases (1–3). The differentiation, longevity, durability, and functionality of T cells play vital roles in regulating the efficacy of immunotherapy, which are largely determined by the metabolic activity of glucose, lipid and amino acid (4, 5). Clarifying the metabolic status in T cells can help to control T cell differentiation and fate, so that the effect of immunotherapy based on T cells can be amplified.

Lipids, consisting of acylglycerols, isoprenoids, sterols, and phospholipids, etc., are hydrophobic biomolecules making up biological membranes (6, 7). Besides participating in energy metabolism, lipids on the membranes can also give rise to signaling transduction in response to extracellular stimuli through working as second messengers, highlighting the importance of lipid components on membrane (8, 9). As signaling molecules, lipid metabolism in cells, including biosynthesis, storage and degradation, participates in controlling the status and function of various cells, including T cells. Actually, the correlation between lipid metabolism and T cells has received limited but increasing concern since related publication firstly reported in 1985 (9). Till now, the effect and status of lipid metabolism has been partly revealed in regulating the differentiation, longevity and activity of T cells. For instance, Pearce et al. (10) has demonstrated that the deficiency of mitochondrial long chain fatty acid oxidation (LC-FAO) caused by specific deletion of TNF receptor associated factor 6 (TRAF6) in T cells results in defect in their ability to generate long lived memory T (TM) cells, highlighting that LC-FAO is indispensable to the formation of TM cells. Opposite results indicated that LC-FAO is not required for TM cell formation in both human and mice (11). These contradictory results suggested the complicated and vital effect of lipid metabolism in T cells. However, limited studies have been published in this field, which means that researches on lipid metabolism in T cells is still in development stage. Analyzing what has been achieved in this field can help us to estimate the developmental trend in lipid metabolism in T cells and guide experimentation strategies and funding decisions.

Bibliometrics is a method exploring library and information science through comprehensively analyzing the bibliographic material based on quantitative measurement (12). Bibliometrics can help researchers quickly grasp the hotspots and development trends in their fields, laying a cornerstone for the direction of future researched (13, 14). Over the years, the outcomes of application of bibliometrics in immune cells are fruitful (15–17). However, bibliometric study on the relationship between T cells and lipid metabolism is still a void. Therefore, we here performed a bibliometrics study on lipid metabolism in T cells based on data published to help to make further decisions in this field.



Materials and Methods


Data Sources and Search Strategies

The Web of Science Core Collection (WoSCC) was used to search and obtain data on T cells and lipid metabolism in the past 40 years (from 1985 to 2022). Literature retrieval was conducted within one day (February 19, 2022) to avoid fluctuations in citations caused by rapid updates of publications. The search formula was set to TS= (T lymphocytes OR T cells) AND TS=(lipid metabolism). A total of 2911 studies were acquired via this step. Next, 128 articles including meeting articles (n=55), online publication (n=23), book chapter (n=20), editorial materials (n=14), meeting abstract (n=12) and others (n=4) were excluded. Further, only articles written in English was kept (n=2761). Finally, we read the title, abstract or even full text of these publications to screen out papers closely related to the topic we studied (lipid metabolism in T cells). The topics we mainly focus on are how T cells recognized extracellular lipid, how lipid metabolism regulated the fate of T cells and how lipid metabolism in T cells was regulated. Finally, only 290 publications were enrolled for bibliometrics analysis. The detailed process was shown in Figure 1. The studies used included the following information: the number of publications and citations, titles, publication year, countries/regions, affiliations, authors, journals, key words and references. This procedure was conducted by three researchers (PC, CZ and SJ) independently and any potential differences were discussed. The publications list of the 290 articles was provided in Supplementary Table 1.




Figure 1 | Flowchart of the screening process.





Statistical Analysis

All valid data were imported to Microsoft Office Excel 2019, HisCite (version 2009.08.24), VOSviewer (version 1.6.18), CiteSpace (version 5.8.R2), and Bibliometrix 4.1.0 Packages based on the R language to perform visual analysis.

Microsoft Office Excel 2019 was employed to plot radar charts.

HisCite (18) was employed to calculate the number of publications, total local citation score (TLCS) and total global citation score (TGCS) for each publication year, and top countries, authors, journals and institutions.

Vosviewer (19) was hired to visualize the bibliometric network including the cooperation among countries and institutions. The colors of the nodes represent various times or clusters; the size of the nodes means the number of publication; the thickness of the line represents the strength of the relation.

CiteSpace (20) was used to conduct cluster analysis and bursts of references and keywords, timeline views. Cluster analysis of key words can identify vital areas on lipid metabolism in T cells through classifying keywords and references. The modularity Q > 0.3 and mean silhouette > 0.5 indicated the clustering results are enough and convincing. Keywords and references bursts can be used to detect new research trends on lipid metabolism in T cells.

The Bibliometrix Packages (21) is a tool based on the R language used for bibliometric analysis, which was used to analyze the annual growth rate of publications and top 10 cited references here.




Results


Analysis of the Overall Distribution

A total of 194 original researches and 96 reviews associated with lipid metabolism in T cells were screened out. Curve fitting analysis (Figure 2A) revealed an overall increasing trend of the annual amount of publications on lipid metabolism in T cells since its first reported in 1985, and the annual growth rate is 3.39%. During 1985 to 2012, less than 10 publications on lipid metabolism in T cells was published annually. Specially, in the earliest six years (1985-1990), only three papers were published in 1985 (written by Goppelt M), 1987 (written by Cockcroft S) and 1990 (written by Stephen FD), respectively. Goppelt et al. (9) proposed the effect of lipid metabolism in the activation of T cells for the first time. Closed to the same time, Cockcroft et al. (22) identified activated inositol lipid kinase as a main signal in the activation of human T cells. After that, Stephen et al. (23) identified the effect of free fatty acids on spectrin organization in lymphocytes. Afterwards, the number of publications gradually increased from 11 in 2013 to 45 in 2021. Although the number of the papers is still not very high, the average annual growth increased rapidly. Especially, the amount of papers in 2021 (n=45) was even slightly higher than that in the earliest 20 years (1985-2003, n=41). Although the annual citation of publications fluctuated over the past years, an overall increasing trends could still been found (Figure 2B). The increased annual publication and citation highlighted the rapidly progression of interest in the field of lipid metabolism in T cells.




Figure 2 | Overall distribution of publication outputs on lipid metabolism in T cells (A) Global annual output trends; (B) Global annual citation.





Analysis of Countries/Regions

From 1985 to 2022, a total of 32 countries performed studies on lipid metabolism in T cells, and the global article productivity is shown in Figure 3A. The top 11 with the highest number of outputs were displayed in Table 1. Especially, the USA exhibited the highest publications with a total of 123 papers associated with lipid metabolism in T cells over past years. Then, China (n=42) and UK (n=37) took the second and third places, respectively (Figure 3B).




Figure 3 | Analysis of countries/regions. (A) Geographical distribution of global output; (B) Radar map of the top 10 productive countries; (C) Radar map of TGCS of the top 10 productive countries; (D) Visual cluster analysis of cooperation among countries.




Table 1 | The top 11 productive countries concerning lipid metabolism in T cells.



The most cited countries for published researches are the USA (cited 12227 times), followed by UK (cited 2082 times) and Canada (cited 1646 times) (Figure 3C). A further co-authorship network of countries/regions with equal to or more than five publications were constructed. The network demonstrated that the cooperation among countries displayed is relatively close. Among them, the USA has been in cooperation with almost all other countries, and Germany possess the most closest cooperation with the USA (Figure 3D).



Analysis of Institutions and Authors

A total of 473 institutions have conducted researches on lipid metabolism in T cells. The top 12 institutions with the most publications are listed in Table 2. Among them, Harvard Medical School (n=10) and St Jude Children’s Research Hospital in the USA (n=10) were the leading institutions in terms of outputs, followed by Karolinska Institute in Sweden (n=9) (Figure 4A). The institutions with the publication number greater than or equal to four were used to construct co-authorship network. The network demonstrated that the cooperation among institutions presented is relatively not strong, suggesting enhanced cooperation among institutions (Figure 4B).


Table 2 | The top 12 productive institutions concerning lipid metabolism in T cells.






Figure 4 | Analysis of institutions and authors. (A) Radar map of the top 12 productive institutions; (B) Visual cluster analysis of cooperation among institutions. (C) The top authors' production over time.



A total of 1896 researchers have published articles on lipid metabolism in T cells till now, and the top 19 productive authors are listed in Table 3. Among them, Chi H was the most productive author with 10 publications, followed by Chapman NM (published 6 papers) and Zhang J (published 6 papers). Pearce EL is the most cited author (cited 1751 times), followed by Rathmell JC (cited 1471 times) and Chi H (cited 826 times). Further, a timeline of authors who has had published papers on lipid metabolism in T cells were drawn (Figure 4C). Among the top 19 productive authors, Xu QB has keened on this field for more than 30 years since publishing his first paper in 1991; Calder PC and Curi R have keened on this field for about 30 years since publishing their first paper in 1993; Wick G has only published papers between 1991 and 1995; and the other 15 authors engaged in lipid metabolism in T cells after 2001.


Table 3 | The top 19 productive authors concerning lipid metabolism in T cells.





Analysis of Journals

A total of 153 journals accepted studies on lipid metabolism in T cells, and the top 10 core journals are shown in Table 4. A total of 83 papers were published in these 10 journals. Frontiers in Immunology (published 19 articles) was the most prolific journal, followed by Journal of Immunology (published 10 articles) and Nature (published 10 articles). Nature was the most cited journal (3137 times), followed by Journal of Immunology (2197 times) and Immunity (1031 times).


Table 4 | The top 10 core journals publishing lipid metabolism in T cells.





Analysis of Cited and Co-Cited References

Both cited and co-cited references are foundation for studying the filed researchers interested in, which can provide basic background information. Therefore, we performed an analysis on cited and co-cited references. The top 10 cited references among the 290 publications were presented in Table 5, and the top 10 co-cited references was listed in Table 6. The article with the most citation and co-citation was written by Michalek RD et al. (77) in 2011 who revealed that lipid oxidation based activation of AMP-activated protein kinase is required for the generation of regulatory T cells (Tregs). Further, we build a co-cited reference network cluster analysis. The modularity Q was 0.8873, and the mean silhouette value was 0.9126, suggesting the excellent quality of the cluster analysis. Nine clusters with the highest K values were plotted (Figure 5A), which contain “tumor microenvironment”, “glycosphingolipids”, “th2”, etc. Additionally, we conducted a timeline for these clusters (Figure 5B). Relatively, the correlation between lipid metabolism and Th2 cells, and the application of chemicals targeting lipid metabolism in cancer treatment are newly concerned by researchers. Finally, a references burst was performed based on the top 10 co-cited references with the strongest citation (Figure 5C). We found that the research published by Kidani et al. (2013) (76) possess the highest bursts strength (8.58), in which they pointed out the necessity of sterol regulatory element-binding proteins (SREBP) in affecting lipid metabolism in activated CD8+ T cells. Besides, Yang W had a relatively high citation bursts in recent years.


Table 5 | The top 10 cited references among the 290 publications.




Table 6 | The top 10 co-cited publications in lipid metabolism in T cells.






Figure 5 | Analysis of cited and co-cited references. (A) Cluster analysis of co-cited references; (B) Timeline distribution of the top seven clusters; (C) Top 10 references with the most strongest citation bursts.





Analysis of Keywords

We firstly constructed a network based on extracted keywords (Figure 6A). Interestingly, we found the existence of dendritic cells, suggesting the crosstalk between immune cells mediated by lipid. Liu et al. (2019) (74) demonstrated that tregs can enhance the SREBP1-dependent metabolic fitness of macrophages through inhibition of CD8+ T cell-released interferon gamma (IFN-γ). However, the crosstalk between T cells and other immune cells is nearly void when discussing lipid metabolism. Thus, studies on exploring this field should be enhanced to fulfill the gap. Subsequently, we built a keywords cluster analysis, and 13 clusters were obtained (Figure 6B). The modularity Q and the mean silhouette value of the cluster were 0.624 and 0.8485, respectively, indicating the outstanding quality of this analysis. Based on the clusters, we further plotted a timeline (Figure 6C). The timeline of clusters showed that fatty acid oxidation is a relatively new selection for lipids type studied. Finally, the top 10 keywords with the strongest bursts indicated that regulatory T cell (Treg) takes the first place, especially in recent years, suggesting studies on lipid metabolism in regulating tregs attracted the attention of researchers (Figure 6D).




Figure 6 | Analysis of Keywords. (A) Co-network of keywords; (B) Cluster analysis of keywords; (C) Timeline distribution of the top 15 clusters; (D) Top 10 keywords with the most strongest bursts.






Discussion

In this study, we analyzed the main knowledge domain and emerging trends of lipid metabolism in T cells. Increasing annual outputs and citations of publication were found with time. The USA was the most productive country among the 32 countries, and nine of the top 12 productivity institutions are located in the USA. Among the authors work in the institutions in the USA, Chi H was the most representative. His team mainly concentrated on the effect of lipid metabolism on the differentiation and maintenance of T follicular helper (T-FH) and tregs (72, 73, 75, 78). Their latest study on T-FH cells revealed cytidine diphosphate (CDP)-ethanolamine pathway, along with C-X-C motif chemokine receptor 5 (CXCR5) as essential factors for T-FH cell differentiation (72). Besides, they found that inhibiting SREBPs-depended lipid synthesis in tregs can unleash effective and safe antitumour immune responses, highlighting the potential of SREBPs as checkpoints for tregs (78). Among the top 12 productive institutions, the most cited institution is the Duke University in the USA (published 5 articles, cited 1574 times). The most cited publication in the Duke University is written in 2011 by Rathmell JC who found that CD4+ T cell subsets require distinct metabolic programs (77). In detail, they reported that Th1, Th2, and Th17 cells are highly glycolytic due to the highly expressed glucose transporter glucose transporter 1 (Glut1) on the membrane, while low expressive level of Glut1 but high lipid oxidation rates are detected in tregs.

According to the published documents, lipid metabolism regulates the fate of both CD4+ and CD8+ T cells (Table 7, Figure 7). Based on the timelines of references and keywords, and burst of keywords, the differentiation of CD4+ T cells, especially tregs, draw large attention recently. Th17 cells are characterized by the secretion of pro-inflammatory cytokine IL-17 to induce inflammatory diseases and tumors, and its differentiation is positively controlled by the nuclear receptor retinoic acid receptor-related orphan receptor γ (RORγt) (41, 42). Accumulation of the cholesterol precursor desmosterol can specifically activate RORγt and subsequently trigger Th17 differentiation (27). Similarly, 7β, 27-dihydroxycholesterol, a derivative oxysterol of cholesterol, was identified as the most selective and potent agonist for RORγt, which can restore the inhibitory effect of ursolic acid (an RORγt inhibitor) on Th17 differentiation (29). In summary, cholesterol uptake and biosynthesis programs are enhanced, whereas cholesterol efflux and metabolism programs are inhibited during Th17 differentiation. Similar effect of cholesterol on tregs differentiation has also been confirmed, and liver kinase B1 (LKB1) was identified as a key regulator. Researchers have proved the mevalonate pathway (the first step of cholesterol synthesis) as the most affected pathway in tregs with specific mTOR deletion (75). Also, tregs with LKB1-deficient showed impaired suppressive activity, which can be restored by the enhancement of the mevalonate pathway (43). Besides, it has been shown that geranylgeranyl pyrophosphate (GGPP), an intermediate metabolites of cholesterol synthesis, amplifies Tregs differentiation via enhancing signal transducer and activator of transcription 5 (STAT5) phosphorylation in colitis (24). However, there exists opposite evidence demonstrating a conversed effect of the cholesterol biosynthesis pathway (CBP) on tregs. Researchers showed that targeting SREBPs, a key regulator of cholesterol synthesis, in tregs can unleash its effective anti-tumour responses without autoimmune toxicity (78). The function of other lipids on CD4+ T cells has also been studied previously. For instance, naive CD4+ T cells with depletion of acid sphingomyelinase (ASM), which is a phospholipids hydrolase enzyme, possess a greater probability to differentiate into Th1 and Th17 cells which can facilitate anti-tumor immunity in non-small-cell lung cancer (31). Besides, Michalek RD et al. (77) revealed that lipid oxidation based activation of AMP-activated protein kinase is required for the generation of Tregs. However, Raud et al. (11) and Saravia et al. (44) argued that fatty acid oxidation medicated by carnitine palmitoyltransferase 1A (CPT1A) is not indispensable to tregs generation or function in vivo. Although dispute exists in the effect of lipids on tregs, the importance of them in CD4+ T cells differentiation should be attached.


Table 7 | The effect of part metabolites generated in lipid metabolism on T cells.






Figure 7 | The process of lipid metabolism in T cells. The citrate is exported from mitochondria to cytosol by mitochondrial citrate carriers to generate acetyl-CoA and. Acetyl-CoA is the substrate for the biosynthesis of fatty acid synthesis (FAS), cholesterol (CBP), phospholipids and other active lipids. For CBP, HMG-CoA reductase (HMGCR) is the rate-limiting enzyme mediating the synthesis of acetyl-CoA to farnesyl pyrophosphate (FPP), and statins are specific chemicals inhibiting HMGCR. Squalene monooxygenase (SE) is the rate-limiting enzyme mediating the synthesis from squalene to cholesterol, and naftifine, terbinafine, NB-598 are specific chemicals targeting SE. After cellular distribution, excessive cholesterol is disposed of either through exporting outsides the cells or storing as cholesterol esters via cholesterol acyltransferase (ACAT) enzymes, and CI-1011, CI-976, CP-113, CP-818 and K604 are inhibitors of ACAT1. For FAS, Acetyl-CoA is firstly converted into malonyl-COA by acetyl-CoA carboxylase 1 (ACC1), and NDI-010976 and PF-05221304 repress ACC1. Malonyl-COA is further used to synthesize fatty acid through the regulation of FASN ans SCD1. TVB2640 and FT4101 specific target FASN, and specific Aramchol targets stearoyl-Coenzyme A desaturase 1 (SCD1). Fatty acid is synthesized to phospholipids which can hydrolyze to sphingosine-1-phosphate (S1P) through acid sphingomyelinase (ASM), and Amitriptyline suppresses ASM. and it can participate fatty acid oxidation (FAO) after turning into Acyl-COA. Besides, fatty acid can also participate in fatty acid oxidation after entering into mitochondria, which is mediated by CTP1A, and etomoxir is a chemical targeting carnitine palmitoyltransferase 1A (CPT1A).⊣: inhibition.



In addition to CD4+ T cells, lipids are also indispensable to CD8+ T cells. Cai et al. (45) indicated that activation of RAR related orphan receptor A (RORɑ) with SR1078 (a cholesterol synthetic agonist) can impair the survival and proliferation of activated CD8+ T cells. Besides, ablation of cytochrome P450 family 27 subfamily A member 1 (CYP27A1), a rate-limiting enzyme responsible for 27-hydroxycholesterol biosynthesis, could dramatically inhibit metastasis of cancers by decreasing the amount of CD8+ T cells (30). These results indicated a positive cholesterol content in CD8+ T cells enhances their effect. However, excessive cholesterol in tumor microenvironment was proved to be an inhibitor regulating the anti-tumor activity of CD8+ T cells (46). The role of other lipids on CD8+ T cells has also been explored previously. For instance, Corrado et al. (39) found that deficiency of cardiolipin-synthesizing enzyme PTPMT1 results in poor response of CD8+ T cells to antigens due to the lack of essential cardiolipin. Additionally, Pearce et al. (10) has indicated that the deficiency of long chain fatty acid oxidation (LC-FAO) in T cells leads to defect in their ability to generate long lived memory T (TM) cells, However, Raud et al. (11) demonstrated that LC-FAO is not required for TM cells formation in vivo. Besides, Pan et al. (47) reported that specific deficiency of fatty-acid-binding proteins 4 and 5 (FABP4 and FABP5) hampers exogenous free fatty acid uptake by mouse CD8+ tissue-resident Tm cells and reduces their survival, while having no effect on the survival of central Tm cells in lymph nodes.

In light of the effect of lipid metabolism on T cells, clearing drugs or inhibitors targeting key enzymes regulating lipid metabolism seems to be helpful (Table 8, Figure 7). Among these drugs, the cholesterol-lowering chemicals Statin, an inhibitor of HMGCR, is the most widely used. The most recognized role of statin is to promote the differentiation of CD4+ T cells into Th2, whereas to inhibit that into Th1 and Th17 in inflammation or autoimmune diseases (49–54). However, Shimada et al. (48) identified statin as a drug inducing Th1 in patients with acute coronary syndrome. As for tregs, the effect of statins is also in dispute. Studies have reported that tregs proliferation, activation and immunological suppressive ability are largely restricted in the presence of simvastatin (75). Opposing data were available regarding the role of statins in patients with rheumatoid arthritis or acute coronary syndrome in which increased number of tregs were detected after treatment with statins (55, 56). For CD8+ T cells, statins have been clarified to attenuate T cells exhaustion in subjects with HIV-1 infection (57) and minimize the incidence of tumor recurrence of breast cancer (58). Above evidence suggest the potential value of statins in inflammation, autoimmune diseases and tumors. However, most studies published now are mainly on statins, and statins may elevate the amount and activity of tregs in some patients, which may lead to a terrible outcome for some patients with cancers. Understanding the reason why some effective therapies targeting lipid metabolism function in some patients but not in others, mining new drugs targeting other key enzymes, and exploiting the combined use of drugs targeting lipid metabolism with immunotherapy, radiotherapy or chemotherapy are our future research direction.


Table 8 | The effect of part drugs targeting key enzymes in lipid metabolism on T cells.



Although we summarized the past and looked to the trends in further in the field of lipid metabolism in T cells through a relatively comprehensive bibliometrics analysis, there still exist several limitations. First, despite our efforts to obtain the most comprehensive literature, some articles were still not included in the analysis, which may cause bias in the analysis. Second, some of the studies with excellent quality published in recent years may failed to obtain excessive citations due to the limited time span, they had not been highlighted in this analysis. Thirdly, this project is performed based on machine algorithm, which may lead to a slightly insufficient evidence.

Our results indicated that researches on lipid metabolism in T cells are developing rapidly at present. The USA is a major producing country, which generates many breakthroughs in this field. Frontiers in Immunology and Nature were the most prolific and cited journals, respectively. Finally, the correlation between lipid metabolism and Th17 and Tregs cells attracted increasing attention recently.



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

PC, CZ, and SJ performed this bibliomrtrics analysis and wrote manuscript. YZ, YL, QX, and JC participated in experimental design and manuscript writing. HL and XF designed this study and organized the manuscript writing. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Key Research and Development Program (grant number 2016YFC0906400) and China’s National Natural Science Foundation (grant number 81874059).



Acknowledgments

Thanks for all the colleagues who helped me in this work.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.884030/full#supplementary-material



References

1. Depil, S, Duchateau, P, Grupp, SA, Mufti, G, and Poirot, L. 'Off-the-Shelf' Allogeneic CAR T Cells: Development and Challenges. Nat Rev Drug Discov (2020) 19:185–99. doi: 10.1038/s41573-019-0051-2

2. van de Donk, N, Usmani, SZ, and Yong, K. CAR T-Cell Therapy for Multiple Myeloma: State of the Art and Prospects. Lancet Haematol (2021) 8:e446–61. doi: 10.1016/S2352-3026(21)00057-0

3. Labanieh, L, Majzner, RG, and Mackall, CL. Programming CAR-T Cells to Kill Cancer. Nat BioMed Eng (2018) 2:377–91. doi: 10.1038/s41551-018-0235-9

4. Kishton, RJ, Sukumar, M, and Restifo, NP. Metabolic Regulation of T Cell Longevity and Function in Tumor Immunotherapy. Cell Metab (2017) 26:94–109. doi: 10.1016/j.cmet.2017.06.016

5. Phan, AT, Goldrath, AW, and Glass, CK. Metabolic and Epigenetic Coordination of T Cell and Macrophage Immunity. Immunity (2017) 46:714–29. doi: 10.1016/j.immuni.2017.04.016

6. Luo, X, Cheng, C, Tan, Z, Li, N, Tang, M, Yang, L, et al. Emerging Roles of Lipid Metabolism in Cancer Metastasis. Mol Cancer (2017) 16:76. doi: 10.1186/s12943-017-0646-3

7. Olzmann, JA, and Carvalho, P. Dynamics and Functions of Lipid Droplets. Nat Rev Mol Cell Biol (2019) 20:137–55. doi: 10.1038/s41580-018-0085-z

8. Rohrig, F, and Schulze, A. The Multifaceted Roles of Fatty Acid Synthesis in Cancer. Nat Rev Cancer (2016) 16:732–49. doi: 10.1038/nrc.2016.89

9. Goppelt, M, Kohler, L, and Resch, K. Functional Role of Lipid Metabolism in Activated T-Lymphocytes. Biochim Biophys Acta (1985) 833:463–72. doi: 10.1016/0005-2760(85)90104-3

10. Pearce, EL, Walsh, MC, Cejas, PJ, Harms, GM, Shen, H, Wang, LS, et al. Enhancing CD8 T-Cell Memory by Modulating Fatty Acid Metabolism. Nature (2009) 460:103–7. doi: 10.1038/nature08097

11. Raud, B, Roy, DG, Divakaruni, AS, Tarasenko, TN, Franke, R, Ma, EH, et al. Etomoxir Actions on Regulatory and Memory T Cells Are Independent of Cpt1a-Mediated Fatty Acid Oxidation. Cell Metab (2018) 28:504–15. doi: 10.1016/j.cmet.2018.06.002

12. Smith, DR. Bibliometrics, Dermatology and Contact Dermatitis. Contact Dermat (2008) 59:133–6. doi: 10.1111/j.1600-0536.2008.01405.x

13. Cancino, CA, Merigo, JM, Coronado, F, Dessouky, Y, and Dessouky, M. Forty Years of Computers & Industrial Engineering: A Bibliometric Analysis. Comput Ind Eng (2017) 113:614–29. doi: 10.1016/j.cie.2017.08.033

14. Ma, C, Su, H, and Li, H. Global Research Trends on Prostate Diseases and Erectile Dysfunction: A Bibliometric and Visualized Study. Front Oncol (2020) 10:627891. doi: 10.3389/fonc.2020.627891

15. Seo, B, Kim, S, and Kim, J. The 100 Most Influential Studies in Chimeric Antigen Receptor T-Cell: A Bibliometric Analysis. Front Med Technol (2020) 2:3. doi: 10.3389/fmedt.2020.00003

16. Gao, H, Huang, FY, and Wang, ZP. Research Trends of Macrophage Polarization: A Bibliometric Analysis. Chin Med J (Engl) (2018) 131:2968–75. doi: 10.4103/0366-6999.247215

17. Wang, S, Zhou, H, Zheng, L, Zhu, W, Zhu, L, Feng, D, et al. Global Trends in Research of Macrophages Associated With Acute Lung Injury Over Past 10 Years: A Bibliometric Analysis. Front Immunol (2021) 12:669539. doi: 10.3389/fimmu.2021.669539

18. 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

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

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

21. Aria, M, Alterisio, A, Scandurra, A, Pinelli, C, and D'Aniello, B. The Scholar's Best Friend: Research Trends in Dog Cognitive and Behavioral Studies. Anim Cognit (2021) 24:541–53. doi: 10.1007/s10071-020-01448-2

22. Cockcroft, S, Lamb, JR, and Zanders, ED. Inositol Lipid Metabolism in Human T Lymphocytes Activated via the T3 Complex. Immunology (1987) 60:209–12.

23. Stephen, FD, Yokota, SJ, and Repasky, EA. The Effect of Free Fatty Acids on Spectrin Organization in Lymphocytes. Cell Biophys (1990) 17:269–82. doi: 10.1007/BF02990722

24. Pandit, M, Acharya, S, Gu, Y, Seo, SU, Kweon, MN, Kang, B, et al. Geranylgeranyl Pyrophosphate Amplifies Treg Differentiation via Increased IL-2 Expression to Ameliorate DSS-Induced Colitis. Eur J Immunol (2021) 51:1461–72. doi: 10.1002/eji.202048991

25. Timilshina, M, You, Z, Lacher, SM, Acharya, S, Jiang, L, Kang, Y, et al. Activation of Mevalonate Pathway via LKB1 Is Essential for Stability of Treg Cells. Cell Rep (2019) 27:2948–61. doi: 10.1016/j.celrep.2019.05.020

26. Dunn, SE, Youssef, S, Goldstein, MJ, Prod'Homme, T, Weber, MS, Zamvil, SS, et al. Isoprenoids Determine Th1/Th2 Fate in Pathogenic T Cells, Providing a Mechanism of Modulation of Autoimmunity by Atorvastatin. J Exp Med (2006) 203:401–12. doi: 10.1084/jem.20051129

27. Hu, X, Wang, Y, Hao, LY, Liu, X, Lesch, CA, Sanchez, BM, et al. Corrigendum: Sterol Metabolism Controls TH17 Differentiation by Generating Endogenous RORgamma Agonists. Nat Chem Biol (2015) 11:741. doi: 10.1038/nchembio0915-741b

28. Wu, T, Ma, F, Ma, X, Jia, W, Pan, E, Cheng, G, et al. Regulating Innate and Adaptive Immunity for Controlling SIV Infection by 25-Hydroxycholesterol. Front Immunol (2018) 9:2686. doi: 10.3389/fimmu.2018.02686

29. Soroosh, P, Wu, J, Xue, X, Song, J, Sutton, SW, Sablad, M, et al. Oxysterols are Agonist Ligands of RORgammat and Drive Th17 Cell Differentiation. Proc Natl Acad Sci USA (2014) 111:12163–8. doi: 10.1073/pnas.1322807111

30. Baek, AE, Yu, YA, He, S, Wardell, SE, Chang, CY, Kwon, S, et al. The Cholesterol Metabolite 27 Hydroxycholesterol Facilitates Breast Cancer Metastasis Through its Actions on Immune Cells. Nat Commun (2017) 8:864. doi: 10.1038/s41467-017-00910-z

31. Kachler, K, Bailer, M, Heim, L, Schumacher, F, Reichel, M, Holzinger, CD, et al. Enhanced Acid Sphingomyelinase Activity Drives Immune Evasion and Tumor Growth in Non-Small Cell Lung Carcinoma. Cancer Res (2017) 77:5963–76. doi: 10.1158/0008-5472.CAN-16-3313

32. Boll, S, Ziemann, S, Ohl, K, Klemm, P, Rieg, AD, Gulbins, E, et al. Acid Sphingomyelinase Regulates TH 2 Cytokine Release and Bronchial Asthma. Allergy (2020) 75:603–15. doi: 10.1111/all.14039

33. Schneider-Schaulies, J, and Beyersdorf, N. CD4+ Foxp3+ Regulatory T Cell-Mediated Immunomodulation by Anti-Depressants Inhibiting Acid Sphingomyelinase. Biol Chem (2018) 399:1175–82. doi: 10.1515/hsz-2018-0159

34. Royds, J, Conroy, MJ, Dunne, MR, McCrory, C, and Lysaght, J. An Investigation Into the Modulation of T Cell Phenotypes by Amitriptyline and Nortriptyline. Eur Neuropsychopharmacol (2020) 31:131–44. doi: 10.1016/j.euroneuro.2019.12.106

35. Yao, C, Hirata, T, Soontrapa, K, Ma, X, Takemori, H, and Narumiya, S. Prostaglandin E(2) Promotes Th1 Differentiation via Synergistic Amplification of IL-12 Signalling by cAMP and PI3-Kinase. Nat Commun (2013) 4:1685. doi: 10.1038/ncomms2684

36. Yao, C, Sakata, D, Esaki, Y, Li, Y, Matsuoka, T, Kuroiwa, K, et al. Prostaglandin E2-EP4 Signaling Promotes Immune Inflammation Through Th1 Cell Differentiation and Th17 Cell Expansion. Nat Med (2009) 15:633–40. doi: 10.1038/nm.1968

37. Sharma, S, Yang, SC, Zhu, L, Reckamp, K, Gardner, B, Baratelli, F, et al. Tumor Cyclooxygenase-2/Prostaglandin E2-Dependent Promotion of FOXP3 Expression and CD4+ CD25+ T Regulatory Cell Activities in Lung Cancer. Cancer Res (2005) 65:5211–20. doi: 10.1158/0008-5472.CAN-05-0141

38. ElMasry, MN, and Rich, RR. Prostaglandin E2 Selectively Increases Interferon Gamma Receptor Expression on Human CD8+ Lymphocytes. J Clin Invest (1989) 83:1436–40. doi: 10.1172/JCI114035

39. Corrado, M, Edwards-Hicks, J, Villa, M, Flachsmann, LJ, Sanin, DE, Jacobs, M, et al. Dynamic Cardiolipin Synthesis Is Required for CD8(+) T Cell Immunity. Cell Metab (2020) 32:981–95. doi: 10.1016/j.cmet.2020.11.003

40. Haghikia, A, Jorg, S, Duscha, A, Berg, J, Manzel, A, Waschbisch, A, et al. Dietary Fatty Acids Directly Impact Central Nervous System Autoimmunity via the Small Intestine. Immunity (2015) 43:817–29. doi: 10.1016/j.immuni.2015.09.007

41. Tesmer, LA, Lundy, SK, Sarkar, S, and Fox, DA. Th17 Cells in Human Disease. Immunol Rev (2008) 223:87–113. doi: 10.1111/j.1600-065X.2008.00628.x

42. Ivanov, II, McKenzie, BS, Zhou, L, Tadokoro, CE, Lepelley, A, Lafaille, JJ, et al. The Orphan Nuclear Receptor RORgammat Directs the Differentiation Program of Proinflammatory IL-17+ T Helper Cells. Cell (2006) 126:1121–33. doi: 10.1016/j.cell.2006.07.035

43. Yang, K, Blanco, DB, Neale, G, Vogel, P, Avila, J, Clish, CB, et al. Homeostatic Control of Metabolic and Functional Fitness of Treg Cells by LKB1 Signalling. Nature (2017) 548:602–6. doi: 10.1038/nature23665

44. Saravia, J, Zeng, H, Dhungana, Y, Bastardo, BD, Nguyen, TM, Chapman, NM, et al. Homeostasis and Transitional Activation of Regulatory T Cells Require C-Myc. Sci Adv (2020) 6:w6443. doi: 10.1126/sciadv.aaw6443

45. Cai, Z, Ishibashi, T, Kozai, M, Mita, H, Wang, S, Takada, K, et al. ROR Agonist Hampers the Proliferation and Survival of Postactivated CD8(+) T Cells Through the Downregulation of Cholesterol Synthesis-Related Genes. Immunol Cell Biol (2021) 99:288–98. doi: 10.1111/imcb.12406

46. Ma, X, Bi, E, Lu, Y, Su, P, Huang, C, Liu, L, et al. Cholesterol Induces CD8(+) T Cell Exhaustion in the Tumor Microenvironment. Cell Metab (2019) 30:143–56. doi: 10.1016/j.cmet.2019.04.002

47. Pan, Y, Tian, T, Park, CO, Lofftus, SY, Mei, S, Liu, X, et al. Survival of Tissue-Resident Memory T Cells Requires Exogenous Lipid Uptake and Metabolism. Nature (2017) 543:252–6. doi: 10.1038/nature21379

48. Shimada, K, Miyauchi, K, and Daida, H. Early Intervention With Atorvastatin Modulates TH1/TH2 Imbalance in Patients With Acute Coronary Syndrome: From Bedside to Bench. Circulation (2004) 109:e213–4. doi: 10.1161/01.CIR.0000127616.70152.5D

49. Cheng, X, Ding, Y, Xia, C, Tang, T, Yu, X, Xie, J, et al. Atorvastatin Modulates Th1/Th2 Response in Patients With Chronic Heart Failure. J Card Fail (2009) 15:158–62. doi: 10.1016/j.cardfail.2008.10.001

50. Kanda, H, Yokota, K, Kohno, C, Sawada, T, Sato, K, Yamaguchi, M, et al. Effects of Low-Dosage Simvastatin on Rheumatoid Arthritis Through Reduction of Th1/Th2 and CD4/CD8 Ratios. Mod Rheumatol (2007) 17:364–8. doi: 10.3109/s10165-007-0589-4

51. de Oliveira, DM, de Oliveira, EM, Ferrari, MF, Semedo, P, Hiyane, MI, Cenedeze, MA, et al. Simvastatin Ameliorates Experimental Autoimmune Encephalomyelitis by Inhibiting Th1/Th17 Response and Cellular Infiltration. Inflammopharmacology (2015) 23:343–54. doi: 10.1007/s10787-015-0252-1

52. Zhang, X, Tao, Y, Troiani, L, and Markovic-Plese, S. Simvastatin Inhibits IFN Regulatory Factor 4 Expression and Th17 Cell Differentiation in CD4+ T Cells Derived From Patients With Multiple Sclerosis. J Immunol (2011) 187:3431–7. doi: 10.4049/jimmunol.1100580

53. Youssef, S, Stuve, O, Patarroyo, JC, Ruiz, PJ, Radosevich, JL, Hur, EM, et al. The HMG-CoA Reductase Inhibitor, Atorvastatin, Promotes a Th2 Bias and Reverses Paralysis in Central Nervous System Autoimmune Disease. Nature (2002) 420:78–84. doi: 10.1038/nature01158

54. Zeiser, R, Youssef, S, Baker, J, Kambham, N, Steinman, L, and Negrin, RS. Preemptive HMG-CoA Reductase Inhibition Provides Graft-Versus-Host Disease Protection by Th-2 Polarization While Sparing Graft-Versus-Leukemia Activity. Blood (2007) 110:4588–98. doi: 10.1182/blood-2007-08-106005

55. Tang, TT, Song, Y, Ding, YJ, Liao, YH, Yu, X, Du, R, et al. Atorvastatin Upregulates Regulatory T Cells and Reduces Clinical Disease Activity in Patients With Rheumatoid Arthritis. J Lipid Res (2011) 52:1023–32. doi: 10.1194/jlr.M010876

56. Ma, X, Liu, S, Li, T, and Yuan, H. Intensive Statin Treatment Ameliorate the Th17/Treg Functional Imbalance in Patients With Non-ST Elevation Acute Coronary Syndrome Underwent Percutaneous Coronary Intervention. Clin Cardiol (2020) 43:379–85. doi: 10.1002/clc.23326

57. Elahi, S, Weiss, RH, and Merani, S. Atorvastatin Restricts HIV Replication in CD4+ T Cells by Upregulation of P21. Aids (2016) 30:171–83. doi: 10.1097/QAD.0000000000000917

58. Chae, YK, Valsecchi, ME, Kim, J, Bianchi, AL, Khemasuwan, D, Desai, A, et al. Reduced Risk of Breast Cancer Recurrence in Patients Using ACE Inhibitors, ARBs, and/or Statins. Cancer Invest (2011) 29:585–93. doi: 10.3109/07357907.2011.616252

59. Yang, W, Bai, Y, Xiong, Y, Zhang, J, Chen, S, Zheng, X, et al. Potentiating the Antitumour Response of CD8(+) T Cells by Modulating Cholesterol Metabolism. Nature (2016) 531:651–5. doi: 10.1038/nature17412

60. Schmidt, NM, Wing, P, Diniz, MO, Pallett, LJ, Swadling, L, Harris, JM, et al. Targeting Human Acyl-CoA:cholesterol Acyltransferase as a Dual Viral and T Cell Metabolic Checkpoint. Nat Commun (2021) 12:2814. doi: 10.1038/s41467-021-22967-7

61. Ross, TT, Crowley, C, Kelly, KL, Rinaldi, A, Beebe, DA, Lech, MP, et al. Acetyl-CoA Carboxylase Inhibition Improves Multiple Dimensions of NASH Pathogenesis in Model Systems. Cell Mol Gastroenterol Hepatol (2020) 10:829–51. doi: 10.1016/j.jcmgh.2020.06.001

62. Morkholt, AS, Oklinski, MK, Larsen, A, Bockermann, R, Issazadeh-Navikas, S, Nieland, J, et al. Pharmacological Inhibition of Carnitine Palmitoyl Transferase 1 Inhibits and Reverses Experimental Autoimmune Encephalitis in Rodents. PloS One (2020) 15:e234493. doi: 10.1371/journal.pone.0234493

63. Byersdorfer, CA, Tkachev, V, Opipari, AW, Goodell, S, Swanson, J, Sandquist, S, et al. Effector T Cells Require Fatty Acid Metabolism During Murine Graft-Versus-Host Disease. Blood (2013) 122:3230–7. doi: 10.1182/blood-2013-04-495515

64. Wang, RN, Dillon, CP, Shi, LZ, Milasta, S, Carter, R, Finkelstein, D, et al. The Transcription Factor Myc Controls Metabolic Reprogramming Upon T Lymphocyte Activation. Immunity (2011) 35:871–882. doi: 10.1016/j.immuni.2011.09.021

65. van derWindt, GJJW, Everts, B, Chang, C-H, Curtis, JD, Freitas, TC, et al. Mitochondrial Respiratory Capacity Is a Critical Regulator of CD8+ T Cell Memory Development. Immunity (2012) 36:68–78. doi: 10.1016/j.immuni.2011.12.007

66. Shi, LZ, Wang, R, Huang, G, Vogel, P, Neale, G, Green, DR, et al. HIF1T–Dependent Glycolytic Pathway Orchestrates a Metabolic Checkpoint for the Differentiation of TH17 and Treg cells. J Exp Med (2011) 208(7): 1367–76. 

67. Patsoukis, N, Bardhan, K, Chatterjee, P, Sari, D, Liu, B, Bell, LN, et al. PD-1 Alters T-cell Metabolic Reprogramming by Inhibiting Glycolysis and Promoting Lipolysis and Fatty Acid Oxidation. Nat Commun (2015) 6:6692 doi: 10.1038/ncomms7692

68. O’Sullivan, D, van derWindt, GJW, Huang, SC-C, Curtis, JD, Chang, C-H, Buck, MD, et al. Memory CD8+ T Cells Use Cell-Intrinsic Lipolysis to Support the Metabolic Programming Necessary for Development. Immunity (2014) 41:75–88 doi: 10.1016/j.immuni.2014.06.005

69. Daynes, RA, and Jones, DCEmerging Roles of PPARS in Inflammation and Immunity. Nat Rev Immunol (2002) 2. doi: 10.1038/nri912

70. Bensinger, SJ, Bradley, MN, Joseph, SB, Zelcer, N, Janssen, EM, Hausner, MA, et al. LXR Signaling Couples Sterol Metabolism to Proliferation in the Acquired Immune Response. Cell (2008) 134:97–111 doi: 10.1016/j.cell.2008.04.052

71. Ma, C, Kesarwala, AH, Eggert, T, Medina-Echeverz, J, Kleiner, DE, Jin, P, et al. NAFLD Causes Selective CD4+ T Lymphocyte Loss and Promotes Hepatocarcinogenesis. (2016) 531 doi: 10.1038/nature16969

72. Fu, G, Guy, CS, Chapman, NM, Palacios, G, Wei, J, Zhou, P, et al. Metabolic Control of TFH Cells and Humoral Immunity by Phosphatidylethanolamine. Nature (2021) 595:724–9. doi: 10.1038/s41586-021-03692-z

73. Su, W, Chapman, NM, Wei, J, Zeng, H, Dhungana, Y, Shi, H, et al. Protein Prenylation Drives Discrete Signaling Programs for the Differentiation and Maintenance of Effector Treg Cells. Cell Metab (2020) 32:996–1011. doi: 10.1016/j.cmet.2020.10.022

74. Liu, C, Chikina, M, Deshpande, R, Menk, AV, Wang, T, Tabib, T, et al. Treg Cells Promote the SREBP1-Dependent Metabolic Fitness of Tumor-Promoting Macrophages via Repression of CD8(+) T Cell-Derived Interferon-Gamma. Immunity (2019) 51:381–97. doi: 10.1016/j.immuni.2019.06.017

75. Zeng, H, Yang, K, Cloer, C, Neale, G, Vogel, P, and Chi, H. Mtorc1 Couples Immune Signals and Metabolic Programming to Establish T(reg)-Cell Function. Nature (2013) 499:485–90. doi: 10.1038/nature12297

76. Kidani, Y, Elsaesser, H, Hock, MB, Vergnes, L, Williams, KJ, Argus, JP, et al. Sterol Regulatory Element-Binding Proteins are Essential for the Metabolic Programming of Effector T Cells and Adaptive Immunity. Nat Immunol (2013) 14:489–99. doi: 10.1038/ni.2570

77. Michalek, RD, Gerriets, VA, Jacobs, SR, Macintyre, AN, MacIver, NJ, Mason, EF, et al. Cutting Edge: Distinct Glycolytic and Lipid Oxidative Metabolic Programs are Essential for Effector and Regulatory CD4+ T Cell Subsets. J Immunol (2011) 186:3299–303. doi: 10.4049/jimmunol.1003613

78. Lim, SA, Wei, J, Nguyen, TM, Shi, H, Su, W, Palacios, G, et al. Lipid Signalling Enforces Functional Specialization of Treg Cells in Tumours. Nature (2021) 591:306–11. doi: 10.1038/s41586-021-03235-6

79. Berod, L, Friedrich, C, Nandan, A, Freitag, J, Hagemann, S, Harmrolfs, K, et al. De Novo Fatty Acid Synthesis Controls the Fate Between Regulatory T and T Helper 17 Cells. Nat Med (2014) 20:1327–33. doi: 10.1038/nm.3704




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


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

Copyright © 2022 Chen, Zhong, Jin, Zhang, Li, Xia, Cheng, Fan and Lin. 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-13-884030-g004.jpg
A B

Harvard Med Sch St Jude Childrens Univghent ‘Seoul gt Univ
YaleUniv 10 Res Hosp. Naplgainst N
f e i Harvardjed Sch
Vanderbit Univ d Karolinska Inst ]
UnivPenn Harvard Univ ueen Margniv London
Stanf Univ e o
Univ Orford Stanford Univ Lp e W A
Duke Univ el Univ @¥ford
CNRS s

Top-Authors' Production over Time






OEBPS/Images/fimmu.2022.884030_cover.jpg
’ frontiers ‘ Frontiers in Immunology

Global Trends in Research of Lipid
Metabolism in T lymphocytes From
to 2022: A Bibliometric Analysis 1985





OEBPS/Images/fimmu-13-884030-g006.jpg
su

Top 10 Keywords with the Strongest Citation Bursts

- mTﬂ

|| immunometabolism

Keywords  Year Strength Begin End

receptor 1985
memory 1985
differentiation 1985
lipid metabolism 1985
reguatoryt 1985
immunity 1985
ppar gamma 1985
dendritic cell 1985
cancer 1985
regulatory t cell 1085

289
315
414
38l
546
389
309
377
2091
an

2000
2013
2015
2016
2017
2017
2017
2018
2018
2019

1985 - 2022

. #0cd1d

#1 activation

#2 atherosclerosis

#3 peripheral blood lymphocyte
#4 asthma

#5 diotary fat

#6 signal transduction
#7 tiymphocytes

#8 cd1

#9 inhibition
#10fatty acid oxidation
#11 cell growth

#13apolipoproteins






OEBPS/Images/fimmu-13-884030-g007.jpg
09000000000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢

NDI-010976
PF-05221304

m Acetyl-CoA —ACC1T__ 5 Malonyl-CoA
TVB2640
‘ i | l) lFASN FET4101
@
P1A — Etomoxir

13001 F—Aramchol

HMG-CoA <«—— Acetyl-CoA
Statins—| HMGCRl

FPP —— Squalene

Naftifine
GGPP SE b— Terbinafine . Fatty Acid

Q NB-598 l

Lipid Droplets

~Acyl-CoA

holesterol

Phosph-lipids

ACTA1
Amitriptyline— ASM
e ©
CI-1011,976 S1P
CP-113,818

Nucleus Koh4





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Global Trends in Research of Lipid Metabolism in T lymphocytes From 1985 to 2022: A Bibliometric Analysis

      

        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Data Sources and Search Strategies

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Analysis of the Overall Distribution

          



          		

            Analysis of Countries/Regions

          



          		

            Analysis of Institutions and Authors

          



          		

            Analysis of Journals

          



          		

            Analysis of Cited and Co-Cited References

          



          		

            Analysis of Keywords

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Rank First Author Year Journal Dol

1 Michalek RD (77) 2011 Journal of Immunology 10.4049/jimmunol. 1003613

2 Berod L (79) 2014 Nature Medicine 10.1038/nm.3704

3 Pearce EL (10) 2009 Nature 10.1038/nature08097

4 Kidani Y (76) 2013 Nature Immunology 10.1038/ni.2570

5 O’Sullivan D (68) 2014 Immunity 10.1016/}.immuni.2014.06.005
6 Shi LZ (66) 2011 Journal of experimental medicine 10.1084/jem.20110278

7 Wang RN (64) 2011 Immunity 10.1016/j.immuni.2011.09.021
8 Bensinger SJ (70) 2008 Cell 10.1016/j.cell.2008.04.052

9 van der Windt GJW (65) 2012 Immunity 10.1016/j.immuni.2011.12.007
10 Zeng H (75) 2013 Nature 10.1038/nature12297






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-13-884030-g002.jpg
50~

404

8 8
suopealqnd Jo JaquinN

104

2000-

1500

-3

g

$091 Jo Jequin

500






OEBPS/Images/table2.jpg
Rank

@O NOO O~ N =

9

10
1
12

Institution

Harvard Medical School

St Jude Children’s Research Hospital
Karolinska Inst

Harvard University

Stanford University

National Cancer Institute

French National Centre for Scientific Research
Duke University

University Oxford

University Penn

Vanderbilt University

Yale University

" TLGS, total local citation score.
2 TGCS, total global citation score.

Country

USA
USA
Sweden
USA
USA
USA
French
USA
UK
USA
USA
USA

Counts

10 (3.4%)
10 (3.4%)

5 (1.7%)

5(1.7%)

TLCS!

13
44

22
"
68
16
41

17

TGCS?

670
826
148
1473
1308
494
558
1590
278
1440
162
492





OEBPS/Images/table4.jpg
Rank Journal Counts TLCS! TGCS?
1 Frontiers in Immunology 19 (6.6%) 0 428
2 Journal of Immunology 10 (3.4%) 88 2197
3 Nature 10 (3.4%) 93 3137
4 International Journal of Molecular Sciences 9 (3.1%) 0 34
5 Immunity 7 (2.4%) 24 1031
6 Cell Reports 6 (2.1%) 9 160
7 Nature Immunology 6 (2.1%) 41 609
8 Proc Natl Acad Sci U S A 6 (2.1%) 35 564
9 European Journal of Immunology 5(1.7%) 19 269
10 Immunology 5(1.7%) 5 147

" TLCS, total local citation score.
2 TGCS, total global citation score.





OEBPS/Images/table3.jpg
Rank

©~NO O~ N~

©

10
1
12
13
14
15
16
17
18
19

Author

ChiH
Chapman NM
Zhang J
Calder PC
Curi R
Pearce EL
Zeng H
Bensinger SJ
Berod L
Coquet JM
Getz GS
Parks JS
Rathmell JC
Reardon CA
Tibbitt CA
Vogel P

Wei J

WICK G
XuQB

Counts

o

AEAARARAADDDDREDOOOOOO®

TLCS'

o oo

TGCS?

826
81
52

279
94

1751

736

765

303
95

292

553

1471

292
95

705
96
45
59

" TLCS, total local citation score.
2 TGCS, total global citation score.





OEBPS/Images/table8.jpg
Chemicals Targeted enzymes Effect on T cells

Statin HMGCR' Thi 1 (48)"

Thi | (49-51)

Thi7 | (51, 52)

Th2 1 (53, 54)

Treg 1 (65, 56)

Treg | (75)

CD8+ T 1 (57, 58)
Avasimibe ACAT12 CD8+ T 1 (59, 60)
PF-05221304 AcCC1® Thi |, Th17 | (61)
Soraphen A ACC1® Th17 | (79)

Treg 1 (79)
Amitriptyline ASM* Th2 number 1, activity | (32)

Treg 1 (39)

CD8+ T | (34)
Etomoxir CPT1A® Thi7 | (62)

Treg 1 (11)

T§) formation 1 (11)

CD8+ T | (63)

"HMGCR, HMG-CoA reductase; “ACATT, acetyl-CoA acetyltransferase 1; ACCT1, acetyl-
CoA carboxylase 1; “ASM, acid sphingomyelinase; SCPT1A, camitine palmitoyltransferase
1A; 6T, memory T cells; '+, increased: 8|, decreased.





OEBPS/Images/fimmu-13-884030-g003.jpg
Austria

Japan

Italy

Switzerland ‘

4000 Canada

Germany

France
Switzerland

AuTria

Sweden

Austria

Canada

Switzerland

Spain

Nethﬂlands

e
S China
100
o
P UK
o
2
Germany
taly
Japan  France
Brazil
~





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





OEBPS/Images/fimmu-13-884030-g005.jpg
lupus oytitems

B men. #0 SyStemic lupus erythematosus
PSS e #1 mammalian target of rapamycin

ST e #2 tumour microenvironment
N S #5 th2
e AT Ao W1 t lymphoOCYtes

g E. #9 tissue damage
. #13 cell cycle
- #16 cancer treatment
. @ o
Top 10 References with the Strongest Citation Bursts
References. Year Suength Begin End 1988 - 2022
Muchalek RD, 2011, J IMMUNOL, V186, P3299, DOI 10 4049/smmmumol 1003613, DOL 201 596 2011 2015
StaLZ, 2011, J EXP MED, V208, P1367. DOI 10 10844em 20110278, ROI 2011 546 2011 2015

Delgoffe GM, 2009, IMMUNITY, V30, P832, DOI 10 10164 immura 2009.04 014,D01 2009 538 2011 2013
van der Windt GIW, 2012, IMMUNITY, V36, P63, DOI 10 1016 emumnas 201112007, D01 2012 678 2012 2017

Wang RN, 2011, IMMUNITY, V35, P871, DOI 1010164 imemus 2011.09.021, DOL W 656 M2 2016
Kidanu Y, 2013, NAT INMUNOL, V14, P489, DOI 10,1038/ 2570, DOL W3 858 MS 2018
OSulivan D, 2014, IMMUNITY, V41, P75, DOI 10 1016 immusi 2014 06 005, DOI. 04 721 M8 2019
Berod L, 2014, NAT MED, V20, P1327, DOI 10.1038%m 3704, DOL 04 82226 2019
‘Yang W, 2016, NATURE, V531, P61, DOI 10 1038Amtwrel 7412, DOL 006 568207 X

il

Ma XZ. 2019, CELL METAB, V30, P143, DO 1010164 cmet 2019 04,002, DOL 2019 52200





OEBPS/Images/fimmu-13-884030-g001.jpg
2911 original articles

Excluded meeting articles (n=55)
and abstract (n=12), online
publication (n=23), book chapter
(n=20), editorial materials (n=14)
and others (n=4)

2782 articles identified
2761 articles identified
Excluded mannualy

290 articles employed
194 original articles, 96 reviews

Excluded 22 non-English





OEBPS/Images/table7.jpg
Metabolites Generation Pathway Key Enzymes Effect on T cells
FPP'/GGPP? Metabolites in CBP HMGCR® Treg 1 (24, 25)"®

Thi 1 (26)
Desmosterol Precursor of cholesterol HMGCR® Thi7 1 (27)
25-hydroxylase Derivative of cholesterol CYP25A14 Th | (28)"
27-hydroxylase Derivative of cholesterol CYP27A1° Th17 1 (29)

CD8+ T | (30)
sphingosine-1-phosphate Hydrolyzate of phospholipids ASM® Tht |, Th17 | (31)

Prostaglandin E2

Cardiolipin

Platelet activating factor
Long-chain fatty acids
Short-chain fatty acids

Prostaglandin

Glycerophospholipids
Glycerophospholipids
Fatty acid
Fatty acid

COX’, mPGES1®

GPAM®, PTPMT1"®

GPAM?
AcC1'’, sCD1'?
AcC1'", sCD1'?

Th2 number 1, activity | (32)
Treg 1 (33)

CD8+ T | (34)

Th1 1, Th17 1 (35, 36)

Treg 1 (37)

CD8+ T 1(39)

CD8+ T 1 (39)

Thi7 1 (39)

Thi 1, Th17 1 (40)

Treg 1 (40)

"FPP, famesy! pyrophosphate; “GGPP, geranyigeranyl pyrophosphate; *HMGCR, HMG-CoA reductase; *CYP25A1, cytochrome P450 family 25 subfamily A member 1; *CYP27A1,
cytochrome P450 family 27 subfamily A member 1; ASM, acid sphingomyelinase; “COX, cytochrome ¢ oxidase; °mPGES1, prostaglandin E synthase; *GPAM, glycerol-3-phosphate
acyltransferase, mitochondrial; "®PTPMTT1, protein tyrosine phosphatase mitochondrial 1; "’ACCT1, acetyl-CoA carboxylase 1; '2SCD1, stearoyl-Coenzyme A desaturase 1.

3% increased: |, decreased.





OEBPS/Images/table1.jpg
Rank Country Counts TLCS! TGCS?
1 USA 123 (42.4%) 387 12227
2 China 42 (14.5%) 0 512
3 UK 37 (12.8%) 33 2082
4 Germany 28 (9.7%) 50 1415
5 Italy 19 (6.6%) 18 411
6 France 17 (5.9%) 25 826
7 Japan 7 (6.9%) 0 313
8 Switzerland 14 (4.8%) 17 811
9 Canada 11 (3.8%) 59 1646
10 Austria 10 (3.4%) 1" 298
1 Sweden 10 (3.4%) 4 158

" TLGS, total local citation score.
2 TGCS, total global citation score.





OEBPS/Images/table5.jpg
Rank First Author Year Journal Dol

Michalek RD (77) 2011 Journal of Immunology 10.4049/jimmunol. 1003613
Pearce EL (10) 2009 Nature 10.1038/nature08097
Daynes RA (69) 2002 Nature Review Immunology 10.1038/nri912
Patsoukis N (67) 2015 Nature Communications 10.1038/ncomms7692
Zeng H (75) 2013 Nature 10.1038/nature12297
Daynes RA (69) 2002 Cell 10.1016/j.cell.2008.04.052
Patsoukis N (67) 2015 Immunity 10.1016/}.immuni.2014.06.005
Daynes RA (69) 2002 Journal of Immunology 10.4049/jimmunol.164.3.1364
Patsoukis N (67) 2015 Nature 10.1038/35009119

0 Ma C (71) 2016 Nature 10.1038/nature16969

2T OO NOOH~»ON =






