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Background

Scleritis is a serious inflammatory eye disease that can lead to blindness. The etiology and pathogenesis of scleritis remain unclear, and increasing evidence indicates that some specific genes and proteins are involved. This study aimed to identify pivotal genes and drug targets for scleritis, thus providing new directions for the treatment of this disease.





Methods

We screened candidate genes and proteins associated with scleritis by text-mining the PubMed database using Python, and assessed their functions by using the DAVID database. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were used to identify the functional enrichment of these genes and proteins. Then, the hub genes were identified with CytoHubba and assessed by protein-protein interaction (PPI) network analysis. And the serum from patients with active scleritis and healthy subjects were used for the validation of hub genes. Finally, the DGIdb database was used to predict targeted drugs for the hub genes for treating scleritis.





Results

A total of 56 genes and proteins were found to be linked to scleritis, and 65 significantly altered pathways were identified in the KEGG analysis (FDR < 0.05). Most of the top five pathways involved the categories “Rheumatoid arthritis,” “Inflammatory bowel disease”, “Type I diabetes mellitus,” and “Graft-versus-host disease”. TNF and IL6 were considered to be the top 2 hub genes through CytoHubba. Based on our serum samples, hub genes are expressed at high levels in active scleritis. Five scleritis-targeting drugs were found among 88 identified drugs.





Conclusions

This study provides key genes and drug targets related to scleritis through bioinformatics analysis. TNF and IL6 are considered key mediators and possible drug targets of scleritis. Five drug candidates may play an important role in the diagnosis and treatment of scleritis in the future, which is worthy of the further experimental and clinical study.
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Introduction

Scleritis is an inflammatory condition causing sharp pain in the sclera, which in severe cases may spread to the cornea and uvea (1). According to the site of the lesion, it can be divided into anterior scleritis, posterior scleritis and panscleritis. It usually occurs in people between the ages of 40 and 60, with females affected more commonly, and both eyes are involved in more than 50% of patients. Without timely treatment, ocular structure and function may be affected, sometimes even leading to blindness (2). At present, the etiology and pathogenesis of scleritis have not been fully clarified. 4% to 10% of all reported cases are caused by infections with bacteria, such as Treponema pallidum, or viruses, such as varicella-zoster virus (3, 4). It has also been associated with autoimmune diseases such as rheumatoid arthritis (RA) and systemic lupus erythematosus (5, 6), as well as metabolic diseases like gout (7). Malignancy, surgical induction, or medication side effects have been suggested as possible causes of scleritis (8, 9). In addition, the diagnosis of scleritis is complex and is mainly based on clinical manifestations and ophthalmic examinations. For the posterior scleritis, ultrasound or ocular imaging tests are also required to confirm the diagnosis (10, 11).

The treatment of scleritis mainly involves suppressing inflammation and reducing tissue damage. Currently, the main clinical treatment for infectious scleritis is based on the primary cause of infection. For noninfectious scleritis, the major therapeutic interventions are systemic glucocorticoids, nonsteroidal anti-inflammatory drugs (NSAIDs) and immunosuppressants (12). However, long-term use of these drugs may cause side effects such as hyperglycemia, gastrointestinal lesions, and severe liver and kidney toxicity. It has been demonstrated that biological therapies that target specific mediators and cells of the immune system and inflammatory response can be more specific and selective for precise treatment (13, 14). Therefore, it is necessary to further understand the pathogenesis of scleritis and screen new and more effective target genes and key drugs to control symptoms and improve prognosis.

Although the lack of specific and reproducible animal models of scleritis has hindered further research into the pathogenesis and treatment of this disease, accumulating evidence has proven that some specific genes and proteins are involved in the occurrence and development of scleritis. In this study, we identified genes and proteins associated with scleritis from the literature, analyzed them through a bioinformatics approach, explored the pathogenesis of scleritis and crucial drug targets for this disease, and provided a new direction for treatment.





Materials and methods




Text-mining of scleritis manuscripts

We comprehensively reviewed the literature related to the keyword “scleritis” in any language published in the PubMed database from 1910 to February 2022, using the computer programming language Python. Then, we performed text mining of common words from the abstract. These publications were summarized in a word cloud, with noninformative common English terms curated and removed manually (15).





Identifying target genes

According to similar methods previously used by others (16, 17), we manually collected candidate genes and proteins linked to scleritis. The database was eligible if the study included comparisons of gene or protein expression levels between scleritis patients and normal controls. The main exclusion criteria included: (i) meta-analyses and reviews; (ii) experimental studies conducted only in animal models; (iii) other articles not related to the topic.





Gene function analysis

Gene function was analyzed using the Database for Annotation, Visualization and Integrated Discovery (DAVID), version 2021 (https://david.ncifcrf.gov) (18). According to the Gene Ontology (GO) database, an ontology database that describes the functions of all genes, candidate genes and proteins were categorized as cellular component (CC), molecular function (MF) or biological process (BP) (19). CC indicates the cellular location where a particular gene product performs its molecular function. MF refers to the molecular-level activity that a particular gene product performs, such as “binding activity” or “protein activity”. BP terms describe a series of events that are accomplished by one or more organized sets of molecular functions, for instance, “cellular physiological processes” and “signaling”. Following the upload of the gene list to the website, we performed the analysis of the above three categories and selected terms with FDR<0.05.





KEGG pathway analysis

Enriched candidate genes were assessed with Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis on the DAVID platform, and pathways including at least three genes with an FDR<0.05 were selected. KEGG is an online database that systematically analyzes gene functions from the perspective of gene and molecular networks. The KEGG database contains maps of the most known metabolic pathways and regulatory pathways. Graphical information rather than complex text is used in KEGG to introduce each metabolic pathway and its relationship to others (20).





Protein-protein interaction (PPI) network analysis

PPIs were analyzed using candidate genes and proteins in the Search Tool for the Retrieval of Interacting Genes (STRING), version 11.5 (https://cn.string-db.org/). STRING is a biological database of known and predicted PPIs in molecular biology (21). The network type used was “Full STRING Type”, “Required score=0.4”, and “FDR stringency=5%”. PPI network visualization was performed with Cytoscape software (version 3.8.1). Cytoscape consists of a network of nodes and edges. Each node can be a gene, miRNA or protein, and the edges represent interactions between them. The candidate genes or proteins were clustered and ranked using molecular complex detection (MCODE), a plugin for Cytoscape (22), with parameters set to degree cutoff=2, node score cutoff = 0.2, k-core=2, and max depth=100.





Hub genes identification and validation in vitro

CytoHubba, an app of Cytoscape, which assigns a value to each gene through a topological network algorithm, sequentially identifies hub genes and subnetworks, and ranks nodes according to their properties in the network (23). The nodes were ranked using the five algorithms provided by CytoHubba, including the maximum neighborhood component (MNC), maximal clique centrality (MCC), degree, edge percolated component (EPC), and closeness. To improve the accuracy of the prediction results, these five methods were examined separately and the top ten significant nodes derived from each were used as intersection sets to identify the hub genes. The STRING online database was used for the coexpression analysis of hub genes. A heatmap of the coexpression scores of these genes was created from RNA expression patterns, and protein co-regulation provided by ProteomeHD (https://www.proteomehd.net/index). Five patients with active scleritis and five healthy control adults were recruited from the Eye Center, Renmin Hospital of Wuhan University (2021–2023), and their serum samples were collected for enzyme-linked immunosorbent assay (ELISA) validation. The inclusion criteria for patients were as follow: (i) the presence of swelling and edema of the scleral tissue and congestion of the deeper episcleral vessels, and diagnosed by an experienced ophthalmologist as scleritis (24); (ii) no other ocular disease (glaucoma, high myopia, strabismus, optic atrophy, etc.). The exclusion criteria were as follow: (i) history of eye surgery and ocular trauma; (ii) uncertain diagnoses. General information about the participants was provided in Supplementary Table S1. The study protocol was approved by the Research Ethics Committee of the Renmin Hospital of Wuhan University (WDRY2019-K032), and informed consent was obtained from all participants and/or minor(s)’ legal guardian/next of kin.





ELISA

Protein expression in serum samples was determined by ELISA. The serum levels of TNF, IL6, IFNγ, IL1β, ICAM1, IL17A, MMP9, IL4, IL12, TGFβ (Thermo Fisher Scientific, US), and HMGB1 (Arigo Biolaboratories, China) were determined by ELISA following the manufacturer instructions. The statistical analyses were carried out using GraphPad Prism 8.0. All experiments were performed by a two-tailed Student’s t-test. P<0.05 was considered significant.





Prediction of potential drugs for key genes

The Drug-Gene Interaction Database (DGIdb, version 4.2.0, http://www.dgidb.org/) provides an interface to search for drug-gene interactions and drug-ready genomes by leveraging existing resources. Potential drugs that interact with the top two genes above were found using DGIdb (25). Unique matches and selected interaction scores were used to evaluate the strength of drug-gene interactions.






Results




Overview of research findings

The search results indicate that the number of case reports and articles related to scleritis has generally increased since the publication of the first article on scleritis in 1910, with a more pronounced trend from 1988 onward (Figure 1A). Up to February 2022, a total of 2290 publications on scleritis were identified in PubMed, with case reports accounting for the largest share of 57% (Figure 1B). Retrospective studies were more common than prospective studies in terms of study type.




Figure 1 | Overview of research findings. (A)Number of articles published from 1910 to February 2022. (B) Percentage of article categories. (C) Word cloud of the 100 most frequently used words in the literature abstract (the larger the font size, the higher the frequency).



To identify the most studied topics or areas of interest in the current literature on scleritis, we analyzed the frequency of biological terms used in the abstracts of the retrieved literature and created a word cloud map of the top 100 words (Figure 1C). Notably, the most common terminology was “scleritis, patient, disease, inflammation, ocular, eye, systemic, treatment, present, sclera, uveitis, clinical, therapy, antibody, corneal, granulomatosis”, which generally shows that most of the articles focus on the diagnosis and treatment of scleral infection. Terms such as “patient, disease, ocular, eye, retina, pain” are often used in abstracts as an introduction to facts rather than the subject of the article. Other terms, such as “systemic, autoimmune, rheumatoid”, are used to study scleritis associated with autoimmune disease, which provides a partial basis for finding potential targets for scleritis pathogenesis.





Generating the required proteins and genes

We screened 2290 articles from PubMed and found that 136 were eligible (Figure 2). Fifty-six genes and proteins related to scleritis were identified based on the inclusion and exclusion criteria (Table 1). According to previous studies, these screened genes were expressed differently in patients with scleritis and healthy individuals. A total of 56 genes are listed in Supplementary Table 2 with data sources, regulation of pathogenesis, and classification by etiology and location.




Figure 2 | Flow chart for the selection of candidate genes and proteins.




Table 1 | Scleritis-associated genes selected from eligible articles.







GO functional analysis

To evaluate the biological characteristics of the identified genes and proteins, GO enrichment analysis was conducted using DAVID online tools. A total of 46 functions were included in the CC analysis, of which 24 were significantly enriched (FDR < 0.05). For the CC analysis, most of the genes and proteins identified were enriched in “extracellular space”, “external side of plasma membrane”, “MHC class II protein complex”, “integral component of lumenal side of endoplasmic reticulum membrane” and “cell surface”. In the MF analysis, 29 functions were involved, of which 17 were significantly enriched (FDR< 0.05). These genes were highly associated with “serine-type endopeptidase activity”, “endopeptidase activity”, “metalloendopeptidase activity”, “zinc ion binding” and “metallopeptidase activity”. The BP analysis identified 143 functions, 99 of which were significantly enriched (FDR < 0.05). The top 5 terms were “immune response”, “collagen catabolic process”, “extracellular matrix organization”, “antigen processing and presentation of peptide or polysaccharide antigen via MHC class II” and “antigen processing and presentation”. The top ten functional enrichment analyses for GO (CC, MF, BP) are shown in Figure 3. Furthermore, specific information on the significant GO terms is provided in Supplementary Table S3.




Figure 3 | GO analysis bubble map of scleritis-associated genes. (A) Cellular components (CC); (B) Molecular functions (MF); (C) Biological process (BP). The circles highlighted in purple had higher FDRs, while those highlighted in yellow had lower FDRs. X-axis stands for the Gene Ratio of the pathway. Counts of pathways are represented by circles, and a larger circle indicates a pathway with a higher enrichment. (Crafting website: https://www.chiplot.online/).







KEGG analysis of genes and proteins

KEGG enrichment pathways were analyzed using DAVID online tools to show the enriched pathways associated with the identified candidate genes and proteins. As a result of KEGG analysis, 65 pathways were significantly altered (FDR<0.05) (Supplementary Table S4).

The top five pathways were “Graft-versus-host disease (GVHD)”, “Type I diabetes mellitus”, “RA”, “Allograft rejection” and “Inflammatory bowel disease (IBD)” (Figure 4). A detailed list of the corresponding genes enriched in KEGG analysis is provided in Supplementary Table S4. Moreover, the GVHD pathway was the most significant in the enrichment analysis (Supplementary Figure S1.A). The RA pathways had the largest number of genes, with a total of 17 genes enriched in these pathways (Supplementary Figure S1.B). Moreover, histocompatibility complex (MHC), TNF, IL1A, IL1β, IL2, IFNγ, and TNF were widely present in the top five disease signaling pathways (Supplementary Table S4), suggesting that these genes may be involved in the development of scleritis.




Figure 4 | Bubble map of scleritis-associated genes for the top ten pathways of KEGG. X-axis stands for the Gene Ratio of the pathway. (Crafting website: https://www.chiplot.online/).







PPI network construction and key module identification

Using the STRING database, the PPI network was constructed and uploaded to Cytoscape for the purpose of searching key modules of genes and proteins. All 52 nodes and 896 edges of the PPI network are depicted in Figure 5. In addition, three main modules were identified with the MCODE plugin in Cytoscape. Cluster 1 (MCODE score = 18.857) consisted of 22 nodes and 198 edges, and cluster 2 (MCODE score = 5.000) had 5 nodes and 19 edges (Figure 5). Several genes were significantly enriched in cluster 1, including TNF, IL6, CD4, IL2, IFNγ, IL1β, ICAM1 and the MMP family of genes, most of which are related to intercellular signal transduction and protein hydrolysis. According to the KEGG pathway analysis of Cluster 1, these genes are involved in RA, IBD, African trypanosomiasis, GVHD and cytokine-cytokine receptor interaction. In cluster 2, the significantly enriched genes were HLA-B, HLA-A, HLA-DRB1, HLA-DQA1 and HLA-DQB1, with all genes related to allograft rejection, GVHD, type I diabetes, autoimmune thyroid disease and viral myocarditis.




Figure 5 | PPI network and KEGG pathway analysis for key clusters. (A) Construction and analysis of the PPI network. Hexagons represent cluster 1, diamonds represent cluster 2, and other circles showed interactions between multiple genes in the PPI network. The size and color of the graph are related to the degree. The bigger and more red, the higher degree on the map. (B) KEGG pathway analysis for cluster 1; (C) KEGG pathway analysis for cluster 2.







Identifying the hub genes

To identify the most critical nodes in the PPI network, all nodes were ranked using five algorithms in CytoHubba: MNC, MCC, degree, EPC, and closeness. As shown in Supplementary Table S5, the top ten hub genes were identified with these five algorithms. The overlapping hub genes in the five algorithms were analyzed with VENN (Figure 6A). The overlapping genes based on VENN were identified as hub genes, namely, TNF, IL6, IFNγ, IL1β, ICAM1, IL17A and MMP9. Among all genes, TNF and IL6 had the highest combined scores (Figure 6B). Furthermore, gene coexpression analysis of the seven hub genes suggested that these hub genes might interact actively (Figure 6C).




Figure 6 | Screening for hub genes. (A) Hub genes are obtained in Venn analysis. (B) The scleritis-associated genes PPI network was constructed by Cytohubba with 7 hub genes and 45 other genes. Nodes in pink diamonds represent the top 7 hub genes, and other blue circles represent the other 45 genes, indicating gene interactions. (C) Coexpression analysis of seven hub genes in Homo sapiens.







Validating the hub genes in vitro

To verify the protein expression levels of TNF, IL6, IFNγ, IL1β, ICAM1, IL17A and MMP9, serum samples from 5 healthy controls and 5 patients with active scleritis were collected to perform ELISA (Figure 7). The expressions of TNF, IL6, IFNγ, IL1β and IL17A in the serum of patients with active scleritis were significantly increased (P < 0.05). The expressions of ICAM1 and MMP9 were not significantly different between healthy controls and patients, but showed an increasing trend in patients. Additionally, we also investigated the expression of other important Inflammation-related cytokines such as IL4, IL12, TGFβ and HMGB1 (Supplementary Figure S2).




Figure 7 | Validation of the relative protein expression levels in serum. (A-G) The levels of TNF, IL6, IFNγ, IL1β, ICAM1, IL17A and MMP9 in patients with active scleritis (n = 5) and healthy control subjects (n = 5). *P < 0.05; **P < 0.01; NS, no significant (two-tailed student’s t-test). Graphs show mean ± SEM.







Drug-gene interaction

As key genes, TNF and IL6 were considered first-grade hub genes. We entered TNF and IL6 into the DGIdb to search for potential drugs. This analysis revealed 88 drugs, and Supplementary Table S6 provides detailed information for these drugs, including the type of interaction, sources, PMIDs, interaction scores, and Food and Drug Administration (FDA) approval status. A higher score indicates greater importance. A review of the collected results shows that most drugs are antibodies and inhibitors. Among these illustrated drugs, ADALIMUMAB, ETANERCEPT, INFLIXIMAB, INSULIN, and PF-04236921 were predicted to target both TNF and IL6 (Figure 8).




Figure 8 | Interaction network between hub genes and targeted drugs. TNF and IL6, the two drug-targeted genes, are represented as pink diamonds. As identified therapeutic agents, 88 drugs were displayed in triangles and regularly arranged according to their score level; triangles closer to the center have higher scores. DALIMUMAB, ETANERCEPT, INFLIXIMAB, INSULIN, PF-04236921 represented by a hexagon. Drugs approved by FDA are shown in purple, while those not approved are shown in gray.







Identifying the hub genes and analyzing the drug-gene interaction according to different subtypes of scleritis

Since scleritis can be divided into different subtypes according to etiology or site of onset, clinical management strategies for them are different. Therefore, we further refined the collected candidate genes and proteins associated with scleritis (Supplementary Table S2). They were divided into infectious scleritis-associated and non-infectious scleritis-associated according to etiology, and anterior scleritis-associated and posterior scleritis-associated according to location. We performed the hub genes identification and drug-gene interaction analysis again as described previously. It was found that TNF was the highest-scoring hub gene in all scleritis subtypes, TNF and IL6 and their targeted drugs remained applicable to non-infectious scleritis and anterior scleritis. However, in addition to 68 drugs targeting TNF, four drugs targeting HLA-DQA1 were found to be potentially effective for infectious scleritis, nine drugs targeting CD4 were found to be potentially effective for posterior scleritis (Supplementary Table S7 and Figure S2).






Discussion

In the current study, we summarized and refined the genes and proteins associated with scleritis from the published literature. Through these candidate genes and proteins, we performed a systematic analysis to identify essential pathways and search for potential drugs. Two key modules and eight key genes were finally identified. Eighty-eight potential drugs were considered as candidates for the key genes TNF and IL6, and DALIMUMAB, ETANERCEPT, INFLIXIMAB, PF-04236921, and INSULIN were found to act against both TNF and IL6 and were identified as potentially contributing to the treatment of scleritis.

The results of GO concentration analysis showed that cytokines and MHC class II protein complexes have important roles in the development of inflammation in scleritis disease, as suggested in several reports (26–29). The top pathway enrichment analysis from the KEGG database was GVHD, which occurs in patients who have undergone allogeneic hematopoietic stem cell transplantation. It is caused by a series of “cytokine storms” stimulated after transplantation by T lymphocytes in the allogeneic donor graft that promote an immune response against the recipient’s antigens (30). Whereas ocular GVHD is predominantly characterized by inflammation of the ocular surface, cornea, conjunctiva, eyelids and lacrimal glands, less commonly, the posterior segment of the eye is involved in the form of microvascular retinopathy, scleritis or intraretinal and vitreous hemorrhage (31). Reports of GVHD-associated scleritis are rare, but we cannot ignore them in the clinic. Although ocular GVHD is not fatal, it has an extremely serious impact on a patient’s quality of life and ability to perform daily activities, so a more careful ocular evaluation for patients before transplantation, including pretransplant screening, will allow for early detection and treatment of ocular complications associated with GVHD and may prevent more dramatic outcomes (32). In addition, KEGG analysis showed the enrichment of many pathways associated with autoimmune diseases, such as type I diabetes, RA, IBD, autoimmune thyroid disease, leukemia and systemic lupus erythematosus (33–36). The relationship between type I diabetes and scleritis has received attention. There is limited information to accurately describe the relationship and clinical course of diabetes mellitus with scleritis. A few case reports suggest that diabetes may be a potential cause of infectious scleritis (37, 38). Studies that have attempted to characterize patients with scleritis have found that up to 20% of patients have an underlying diagnosis of diabetes mellitus (39), which raises red flags about the potential for catastrophic ocular disease in those with underlying diabetes mellitus. Furthermore, scleritis associated with RA has been widely reported. Scleritis is the most common ocular manifestation of RA, accounting for 25%-36% of all ocular involvement, while RA accounts for 8%-15% of scleritis cases (40). Treatment of scleritis in RA can be challenging and in severe cases can lead to loss of vision or even the eye.

In our study, two key genes, TNF and IL6, were eventually identified by CytoHubba and Venn analysis. TNF encodes a multifunctional proinflammatory cytokine belonging to the tumor necrosis factor superfamily. It can bind to and act through its receptors TNFRSF1A/TNFR1 and TNFRSF1B/TNFBR (41). TNF-α is the major active component of TNF, accounting for 70%-95% of the total, and several studies have shown that TNF-α participates in the pathogenesis of scleritis (42, 43). In addition, this cytokine has been associated with various diseases, including ankylosing spondylitis, tuberculosis, vasculitis, and many autoimmune diseases, some of which are closely related to scleritis (44–46). According to some studies, TNF-α is elevated in the tears and tissues of patients with necrotizing scleritis (47). Moreover, TNF-α has been shown to be significantly elevated in infiltrating inflammatory cells, especially plasma cells, compared to control cells and to induce an increase in matrix metalloproteinase content (48). On the other hand, we found that IL6 plays an important role in scleritis. It encodes a cytokine that has an important effect on inflammation and B-cell maturation (49). IL6 can be produced by fibroblasts, monocytes/macrophages, B cells, T cells, and various cancer cells. IL6 is involved in the growth, differentiation and functional regulation of a variety of cells and plays an important role in systematic immune and inflammatory responses (50). In an in vitro experiment, scleral cells stimulated with IL1β showed a significant increase in the expression level of IL6 compared to control cells (51), indicating that IL6 is involved in an important reaction process in the inflammation of the sclera. In addition, in patients with scleritis associated with giant cell arteritis, anti-IL6 drugs have been tested in those with several relapses, corticosteroid dependence and resistance to methotrexate (52). These results support our findings that TNF and IL6 are key mediators associated with scleritis, suggesting that they may be attractive drug targets for the treatment of scleritis.

We made network diagrams by drug-gene interactions to find targeted drugs that can interact with TNF and IL6. From the results obtained with DGIdb, most of the 88 targeted drugs were inhibitors, monoclonal antibodies, etc. According to the results of the analysis, a total of five drugs were specific for both TNF and IL6, namely, INFLIXIMAB, ADALIMUMAB, ETANERCEPT, PF-04236921, and INSULIN, among which PF-04236921 has not been currently recognized by the FDA (40, 53, 54). As previously reported, INFLIXIMAB and ADALIMUMAB have achieved satisfactory clinical efficacy in the treatment of ocular inflammatory and systemic autoimmune diseases (55, 56). The current research on the mechanism of action of these two biological agents mainly focuses on targeting TNF-α. However, according to the results of DGIdb database analysis, IL6 is also a potential target of infliximab and adalimumab, and there is no related research so far, and more basic research and clinical trials are needed in the future. Since ETANERCEPT’s first introduction in 1998, it has shown a significantly beneficial effect on the treatment of RA. ETANERCEPT has also been increasingly used in the treatment of psoriatic arthritis and ankylosing spondylitis, with favorable results in randomized controlled trials, but it has been reported to have adverse effects, including inflammatory ophthalmopathy (57). Current studies are limited, and it is challenging to establish a true link between ETANERCEPT and inflammation (58). Since ETANERCEPT is an anti-TNF drug with a different mechanism of action, it has been hypothesized that the imbalance between TNF-α and its soluble and membrane-bound cell receptor levels leads to the paradoxical performance of the treatment (59). Therefore, it is necessary to be cautious about whether to choose this drug, and more exploration and research are needed on how to apply it in clinical practice. PF-04236921 is a fully humanized IgG2 monoclonal antibody now at the stages of clinical testing in autoimmune diseases (60, 61), possessing important reference significance and application prospects for scleritis related to autoimmune diseases. INSULIN is a protein hormone secreted by islet β-cells in the pancreas that is stimulated by endogenous or exogenous substances. Published literature indicates that the role of tumor necrosis factor in the development of insulin resistance is well established, but the mechanism of interaction in humans has not yet been reported. In the case of IL6, insulin resistance and stimulation of IL6 seem to be mechanistically related (62). Currently, an increasing number of basic experiments and clinical studies have demonstrated that the modulation of insulin signaling has a considerable role in treating neurodegenerative disease (63–65). Insulin has anti-inflammatory effects, and the application of insulin can reduce pro-inflammatory mediators, especially TNFα and IL6, in animal models of endotoxemia (66–68). Although no information has been reported on insulin for the treatment of scleritis, the role of insulin in treating inflammation cannot be underestimated. Intensive insulin therapy with close, continuous monitoring of plasma glucose levels is feasible in clinical practice in major hospitals (69). Glucose-insulin-potassium (GIK) regimen in patients with ischemic heart disease (acute myocardial infarction) or IBD has been found to inhibit inflammatory processes and appear to be cytoprotective (70–72). Therefore, establishing a link between insulin and scleritis is prospective, and further studies are needed to determine the effectiveness of insulin in treating scleritis.

Since scleritis can be divided into different subtypes according to the etiology or location of disease, the clinical treatment strategies are also different, we further refine the analysis results to identify the potential hub genes and targeted drugs of different subtypes of scleritis. The results confirmed that our prediction of scleritis hub genes and targeted drugs is more suitable for non-infectious scleritis and anterior scleritis, but for infectious scleritis and posterior scleritis, the current analysis methods cannot accurately locate the target drug. This may be due to the small number of cases and the unclear description of the subtype of scleritis in the reports, which requires further study.

Some limitations exist in the present study. First, from the data sources, the data analyzed in our study are from the published literature, which has restricted the total amount and scope of data. New studies may have an unpredictable impact on the current results. Second, we could not perform bioinformatic network analysis or gene expression prediction due to a lack of epigenetic data. Third, some bioactive lipids may also play an important role in the pathogenesis of scleritis (73), but due to the current limited number of case reports and detection indicators, further exploration is needed. Finally, our research focuses on two important genes, TNF and IL6, and drug candidates have been postulated based on them. Currently, INFLIXIMAB and ADALIMUMAB have been used in the clinical treatment of scleritis. In refractory scleritis, experts may consider alternative or combination drugs to relieve patients’ symptoms. However, the effect of ETANERCEPT is still controversial, and PF-04236921 is currently still being tested in clinical trials and may become a promising drug. The association of INSULIN with scleritis is still in the predictive stage, and further research is necessary. This study provides comprehensive bioinformatics information on target genes and drug candidates for the treatment of scleritis. It may be possible to gain a deeper understanding of the molecular mechanisms involved in this disease based on this information. Nevertheless, biomarkers and drugs need to be investigated further to determine their mechanisms and specific functions in disease pathogenesis.





Data availability statement

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





Ethics statement

The studies involving human participants were reviewed and approved by the Research Ethics Committee of the Renmin Hospital of Wuhan University. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.





Author contributions

FY: Conceptualization, Methodology, Formal Analysis, Writing - Original Draft; YL: Data Curation, Writing - Original Draft; TZ: Validation, Review & Editing; YS: Conceptualization, Funding Acquisition, Resources, Supervision, Writing - Review & Editing. All authors contributed to the article and approved the submitted version.





Funding

Our work was supported by National Key R&D Program of China (No. 2017YFE0103400).





Conflict of interest

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





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2023.1098140/full#supplementary-material




References

1. Okhravi, N, Odufuwa, B, McCluskey, P, and Lightman, S. Scleritis. Survey Ophthalmol (2005) 50:351–63. doi: 10.1016/j.survophthal.2005.04.001

2. Watson, P, and Romano, A. The impact of new methods of investigation and treatment on the understanding of the pathology of scleral inflammation. Eye (London England) (2014) 28:915–30. doi: 10.1038/eye.2014.110

3. Samalia, P, Sims, J, and Niederer, R. Necrotizing syphilitic scleritis: The resurgence of syphilis in new Zealand. Asia-Pac J Ophthalmol (Philadelphia Pa.) (2021) 10:417. doi: 10.1097/apo.0000000000000383

4. Tsui, E, Sarrafpour, S, and Modi, YS. Posterior scleritis with choroidal effusion secondary to herpes zoster ophthalmicus. Ocular Immunol Inflammation (2018) 26:184–6. doi: 10.1080/09273948.2017.1351572

5. Artifoni, M, Rothschild, PR, Brézin, A, Guillevin, L, and Puéchal, X. Ocular inflammatory diseases associated with rheumatoid arthritis. Nat Rev Rheumatol (2014) 10:108–16. doi: 10.1038/nrrheum.2013.185

6. Wakefield, D, Di Girolamo, N, Thurau, S, Wildner, G, and McCluskey, P. Scleritis: Immunopathogenesis and molecular basis for therapy. Prog Retinal Eye Res (2013) 35:44–62. doi: 10.1016/j.preteyeres.2013.02.004

7. Sousa, JM, Trevisani, VF, Modolo, RP, Gabriel, LA, Vieira, LA, and Freitas, D. Comparative study of ophthalmological and serological manifestations and the therapeutic response of patients with isolated scleritis and scleritis associated with systemic diseases. Arquivos Brasileiros Oftalmol (2011) 74:405–9. doi: 10.1590/s0004-27492011000600004

8. Lin, CP, and Su, CY. Infectious scleritis and surgical induced necrotizing scleritis. Eye (London England) (2010) 24:740. doi: 10.1038/eye.2009.144

9. Liu, AT, Luk, FO, and Chan, CK. A case of giant nodular posterior scleritis mimicking choroidal malignancy. Indian J Ophthalmol (2015) 63:919–21. doi: 10.4103/0301-4738.176038

10. Daniel Diaz, J, Sobol, EK, and Gritz, DC. Treatment and management of scleral disorders. Survey Ophthalmol (2016) 61:702–17. doi: 10.1016/j.survophthal.2016.06.002

11. Kuroda, Y, Uji, A, Morooka, S, Nishijima, K, and Yoshimura, N. Morphological features in anterior scleral inflammation using swept-source optical coherence tomography with multiple b-scan averaging. Br J Ophthalmol (2017) 101:411–7. doi: 10.1136/bjophthalmol-2016-308561

12. Khan, IJ, Barry, RJ, Amissah-Arthur, KN, Carruthers, D, Elamanchi, SR, Situnayake, D, et al. Ten-year experience of pulsed intravenous cyclophosphamide and methylprednisolone protocol (PICM protocol) in severe ocular inflammatory disease. Br J Ophthalmol (2013) 97:1118–22. doi: 10.1136/bjophthalmol-2012-302130

13. Sims, J. Scleritis: Presentations, disease associations and management. Postgraduate Med J (2012) 88:713–8. doi: 10.1136/postgradmedj-2011-130282

14. Zhong, Z, Su, G, Kijlstra, A, and Yang, P. Activation of the interleukin-23/interleukin-17 signalling pathway in autoinflammatory and autoimmune uveitis. Prog Retinal Eye Res (2021) 80:100866. doi: 10.1016/j.preteyeres.2020.100866

15. Lee, WY, Bachtiar, M, Choo, CCS, and Lee, CG. Comprehensive review of hepatitis b virus-associated hepatocellular carcinoma research through text mining and big data analytics. Biol Rev Cambridge Philos Soc (2019) 94:353–67. doi: 10.1111/brv.12457

16. Chen, Z, Zhong, Z, Zhang, W, Su, G, and Yang, P. Integrated analysis of key pathways and drug targets associated with vogt-Koyanagi-Harada disease. Front Immunol (2020) 11:587443. doi: 10.3389/fimmu.2020.587443

17. Cheng, L, Yang, H, Zhao, H, Pei, X, Shi, H, Sun, J, et al. MetSigDis: A manually curated resource for the metabolic signatures of diseases. Briefings Bioinf (2019) 20:203–9. doi: 10.1093/bib/bbx103

18. Dennis, G Jr., Sherman, BT, Hosack, DA, Yang, J, Gao, W, Lane, HC, et al. DAVID: Database for annotation, visualization, and integrated discovery. Genome Biol (2003) 4:P3. doi: 10.1186/gb-2003-4-5-p3

19. Ding, R, Qu, Y, Wu, CH, and Vijay-Shanker, K. Automatic gene annotation using GO terms from cellular component domain. BMC Med Inf Decision Making (2018) 18:119. doi: 10.1186/s12911-018-0694-7

20. Kanehisa, M, Furumichi, M, Tanabe, M, Sato, Y, and Morishima, K. KEGG: New perspectives on genomes, pathways, diseases and drugs. Nucleic Acids Res (2017) 45:D353–d361. doi: 10.1093/nar/gkw1092

21. Szklarczyk, D, Gable, AL, Nastou, KC, Lyon, D, Kirsch, R, Pyysalo, S, et al. The STRING database in 2021: Customizable protein-protein networks, and functional characterization of user-uploaded gene/measurement sets. Nucleic Acids Res (2021) 49:D605–d612. doi: 10.1093/nar/gkaa1074

22. Deng, JL, Xu, YH, and Wang, G. Identification of potential crucial genes and key pathways in breast cancer using bioinformatic analysis. Front Genet (2019) 10:695. doi: 10.3389/fgene.2019.00695

23. Zhou, S, Lu, H, and Xiong, M. Identifying immune cell infiltration and effective diagnostic biomarkers in rheumatoid arthritis by bioinformatics analysis. Front Immunol (2021) 12:726747. doi: 10.3389/fimmu.2021.726747

24. Watson, PG, and Hayreh, SS. Scleritis and episcleritis. Br J Ophthalmol (1976) 60:163–91. doi: 10.1136/bjo.60.3.163

25. Freshour, SL, Kiwala, S, Cotto, KC, Coffman, AC, McMichael, JF, Song, JJ, et al. Integration of the drug-gene interaction database (DGIdb 4.0) with open crowdsource efforts. Nucleic Acids Res (2021) 49:D1144–d1151. doi: 10.1093/nar/gkaa1084

26. Fabiani, C, and Sota, J. New potential weapons for refractory scleritis in the era of targeted therapy. Mediators Inflamm (2020) 2020:8294560. doi: 10.1155/2020/8294560

27. Al Bishawi, A, Abdalla, S, and Askar, M. Dilemma of tocilizumab therapy for a patient with critical COVID-19 disease and neutropenia: Case report and review of the literature. Clin Case Rep (2022) 10:e05932. doi: 10.1002/ccr3.5932

28. Levy-Clarke, G, Ding, X, Gangaputra, S, Yeh, S, Goodglick, T, Byrnes, G, et al. Recalcitrant granulomatous sclerouveitis in a patient with granulomatous ANCA-associated vasculitis. Ocular Immunol Inflammation (2009) 17:83–7. doi: 10.1080/09273940802596500

29. Kubicka-Trzaska, A, and Undas, A. [New methods of therapy for ocular inflammatory autoimmune diseases]. Klinika Oczna (2003) 105:428–32.

30. Kezic, JM, Wiffen, S, and Degli-Esposti, M. Keeping an ‘eye’ on ocular GVHD. Clin Exp Optomet (2022) 105:135–42. doi: 10.1080/08164622.2021.1971047

31. Carreno-Galeano, JT, and Dohlman, TH. A review of ocular graft-versus-Host disease: Pathophysiology, clinical presentation and management. Ocul Immunol Inflamm (2021) 29:1190–9. doi: 10.1080/09273948.2021.1939390

32. Saboo, US, Amparo, F, Abud, TB, Schaumberg, DA, and Dana, R. Vision-related quality of life in patients with ocular graft-versus-Host disease. Ophthalmology (2015) 122:1669–74. doi: 10.1016/j.ophtha.2015.04.011

33. Li, M, Yang, L, Zhao, L, Bai, F, and Liu, X. Comparison of intestinal microbes in noninfectious anterior scleritis patients with and without rheumatoid arthritis. Front Microbiol (2022) 13:925929. doi: 10.3389/fmicb.2022.925929

34. King, D, and Chandan, JS. Risk of a subsequent diagnosis of inflammatory bowel disease in subjects with ophthalmic disorders associated with inflammatory bowel disease: a retrospective cohort analysis of UK primary care data. BMJ Open (2022) 12:e052833. doi: 10.1136/bmjopen-2021-052833

35. Streho, M, Roussat, B, Bouaziz, T, Ounnas, N, and Nordmann, JP. Bilateral necrotizing scleritis following strabismus surgery for thyroid ophthalmopathy. J Pediatr Ophthalmol Strabismus (2008) 45:43–6. doi: 10.3928/01913913-20080101-20

36. Dammacco, R. Systemic lupus erythematosus and ocular involvement: An overview. Clin Exp Med (2018) 18:135–49. doi: 10.1007/s10238-017-0479-9

37. Locher, DH, Adesina, A, Wolf, TC, Imes, CB, and Chodosh, J. Postoperative rhizopus scleritis in a diabetic man. J Cataract Refractive Surg (1998) 24:562–5. doi: 10.1016/s0886-3350(98)80302-7

38. Siatiri, H, Mirzaee-Rad, N, Aggarwal, S, and Kheirkhah, A. Combined tenonplasty and scleral graft for refractory pseudomonas scleritis following pterygium removal with mitomycin c application. J Ophthalmic Vision Res (2018) 13:200–2. doi: 10.4103/jovr.jovr_122_16

39. Ansari, AS, de Lusignan, S, Hinton, W, Munro, N, Taylor, S, and McGovern, A. Glycemic control is an important modifiable risk factor for uveitis in patients with diabetes: A retrospective cohort study establishing clinical risk and ophthalmic disease burden. J Diabetes its Complications (2018) 32:602–8. doi: 10.1016/j.jdiacomp.2018.03.008

40. Promelle, V, and Goeb, V. Rheumatoid arthritis associated episcleritis and scleritis: An update on treatment perspectives. J Clin Med (2021) 10(10):2118. doi: 10.3390/jcm10102118

41. Balkwill, F. TNF-alpha in promotion and progression of cancer. Cancer Metastasis Rev (2006) 25:409–16. doi: 10.1007/s10555-006-9005-3

42. Levy-Clarke, G, Jabs, DA, Read, RW, Rosenbaum, JT, Vitale, A, and Van Gelder, RN. Expert panel recommendations for the use of anti-tumor necrosis factor biologic agents in patients with ocular inflammatory disorders. Ophthalmology (2014) 121:785–96.e3. doi: 10.1016/j.ophtha.2013.09.048

43. Karampetsou, MP, Liossis, SN, and Sfikakis, PP. TNF-α antagonists beyond approved indications: Stories of success and prospects for the future. QJM: Monthly J Assoc Phys (2010) 103:917–28. doi: 10.1093/qjmed/hcq152

44. Yang, P, Ye, Z, Tang, J, Du, L, Zhou, Q, Qi, J, et al. Clinical features and complications of scleritis in Chinese patients. Ocular Immunol Inflammation (2018) 26:387–96. doi: 10.1080/09273948.2016.1241282

45. Akpek, EK, Thorne, JE, Qazi, FA, Do, DV, and Jabs, DA. Evaluation of patients with scleritis for systemic disease. Ophthalmology (2004) 111:501–6. doi: 10.1016/j.ophtha.2003.06.006

46. Turk, MA, Hayworth, JL, Nevskaya, T, and Pope, JE. Ocular manifestations in rheumatoid arthritis, connective tissue disease, and vasculitis: A systematic review and metaanalysis. J Rheumatol (2021) 48:25–34. doi: 10.3899/jrheum.190768

47. Seo, KY, Lee, HK, Kim, EK, and Lee, JH. Expression of tumor necrosis factor alpha and matrix metalloproteinase-9 in surgically induced necrotizing scleritis. Ophthalmic Res (2006) 38:66–70. doi: 10.1159/000090010

48. Di Girolamo, N, Tedla, N, Lloyd, A, and Wakefield, D. Expression of matrix metalloproteinases by human plasma cells and b lymphocytes. Eur J Immunol (1998) 28:1773–84. doi: 10.1002/(sici)1521-4141(199806)28:06<1773::aid-immu1773>3.0.co;2-b

49. Weissenbach, J, Chernajovsky, Y, Zeevi, M, Shulman, L, Soreq, H, Nir, U, et al. Two interferon mRNAs in human fibroblasts: in vitro translation and escherichia coli cloning studies. Proc Natl Acad Sci United States America (1980) 77:7152–6. doi: 10.1073/pnas.77.12.7152

50. Rossi, JF, Lu, ZY, Jourdan, M, and Klein, B. Interleukin-6 as a therapeutic target. Clin Cancer Res (2015) 21:1248–57. doi: 10.1158/1078-0432.ccr-14-2291

51. Atta, G, Schroedl, F, Kaser-Eichberger, A, Spitzer, G, Traweger, A, Heindl, LM, et al. Scleraxis expressing scleral cells respond to inflammatory stimulation. Histochem Cell Biol (2021) 156:123–32. doi: 10.1007/s00418-021-01985-y

52. Zulfiqar, AA. Giant cell arteritis and scleritis: A rare association. Caspian J Internal Med (2022) 13:642–5. doi: 10.22088/cjim.13.3.642

53. Doctor, P, Sultan, A, Syed, S, Christen, W, Bhat, P, and Foster, CS. Infliximab for the treatment of refractory scleritis. Br J Ophthalmol (2010) 94:579–83. doi: 10.1136/bjo.2008.150961

54. Gaggiano, C, Tarsia, M, Tosi, GM, Grosso, S, Frediani, B, Cantarini, L, et al. Adalimumab for refractory idiopathic scleritis in children. Clin Exp Rheumatol (2022) 40:1447–8. doi: 10.55563/clinexprheumatol/8v3f7i

55. Hu, Y, Huang, Z, Yang, S, Chen, X, Su, W, and Liang, D. Effectiveness and safety of anti-tumor necrosis factor-alpha agents treatment in behcets’ disease-associated uveitis: A systematic review and meta-analysis. Front Pharmacol (2020) 11:941. doi: 10.3389/fphar.2020.00941

56. Hemperly, A, and Vande Casteele, N. Clinical pharmacokinetics and pharmacodynamics of infliximab in the treatment of inflammatory bowel disease. Clin Pharmacokinet (2018) 57:929–42. doi: 10.1007/s40262-017-0627-0

57. Taban, M, Dupps, WJ, Mandell, B, and Perez, VL. Etanercept (enbrel)-associated inflammatory eye disease: Case report and review of the literature. Ocular Immunol Inflammation (2006) 14:145–50. doi: 10.1080/09273940600659393

58. Gaujoux-Viala, C, Giampietro, C, Gaujoux, T, Ea, HK, Prati, C, Orcel, P, et al. Scleritis: A paradoxical effect of etanercept? etanercept-associated inflammatory eye disease. J Rheumatol (2012) 39:233–9. doi: 10.3899/jrheum.110865

59. de Fidelix, TS, Vieira, LA, de Freitas, D, and Trevisani, VF. Biologic therapy for refractory scleritis: A new treatment perspective. Int Ophthalmol (2015) 35:903–12. doi: 10.1007/s10792-015-0124-0

60. Li, C, Shoji, S, and Beebe, J. Pharmacokinetics and c-reactive protein modelling of anti-interleukin-6 antibody (PF-04236921) in healthy volunteers and patients with autoimmune disease. Br J Clin Pharmacol (2018) 84:2059–74. doi: 10.1111/bcp.13641

61. Wallace, DJ, Strand, V, Merrill, JT, Popa, S, Spindler, AJ, Eimon, A, et al. Efficacy and safety of an interleukin 6 monoclonal antibody for the treatment of systemic lupus erythematosus: a phase II dose-ranging randomised controlled trial. Ann Rheum Dis (2017) 76:534–42. doi: 10.1136/annrheumdis-2016-209668

62. Rehman, K, Akash, MSH, Liaqat, A, Kamal, S, Qadir, MI, and Rasul, A. Role of interleukin-6 in development of insulin resistance and type 2 diabetes mellitus. Crit Rev Eukaryotic Gene Expression (2017) 27:229–36. doi: 10.1615/CritRevEukaryotGeneExpr.2017019712

63. Al Hussein Al Awamlh, S, Wareham, LK, Risner, ML, and Calkins, DJ. Insulin signaling as a therapeutic target in glaucomatous neurodegeneration. Int J Mol Sci (2021) 22(9):4672. doi: 10.3390/ijms22094672

64. Morris, JK, Bomhoff, GL, Stanford, JA, and Geiger, PC. Neurodegeneration in an animal model of parkinson’s disease is exacerbated by a high-fat diet. Am J Physiol Regul Integr Comp Physiol (2010) 299:R1082–90. doi: 10.1152/ajpregu.00449.2010

65. Kimura, N. Diabetes mellitus induces alzheimer’s disease pathology: Histopathological evidence from animal models. Int J Mol Sci (2016) 17:503. doi: 10.3390/ijms17040503

66. Franklin, JL, Bennett, WL, and Messina, JL. Insulin attenuates TNFα-induced hemopexin mRNA: An anti-inflammatory action of insulin in rat H4IIE hepatoma cells. Biochem Biophys Rep (2017) 9:211–6. doi: 10.1016/j.bbrep.2016.12.013

67. Bortoff, KD, Keeton, AB, Franklin, JL, and Messina, JL. Anti-inflammatory action of insulin via induction of Gadd45-β transcription by the mTOR signaling pathway. Hepatic Med: Evid Res (2010) 2001:79–85. doi: 10.2147/hmer.s7083

68. Xu, J, Ji, S, Venable, DY, Franklin, JL, and Messina, JL. Prolonged insulin treatment inhibits GH signaling via STAT3 and STAT1. J Endocrinol (2005) 184:481–92. doi: 10.1677/joe.1.05977

69. Das, UN. Insulin and the critically ill. Crit Care (London England) (2002) 6:262–3. doi: 10.1186/cc1501

70. Das, UN. Possible beneficial action(s) of glucose-insulin-potassium regimen in acute myocardial infarction and inflammatory conditions: A hypothesis. Diabetologia (2000) 43:1081–2. doi: 10.1007/s001250051497

71. Das, UN. Is insulin an antiinflammatory molecule? Nutr (Burbank Los Angeles County Calif.) (2001) 17:409–13. doi: 10.1016/s0899-9007(01)00518-4

72. Das, UN. Can glucose-insulin-potassium regimen suppress inflammatory bowel disease? Med Hypotheses (2001) 57:183–5. doi: 10.1054/mehy.2001.1334

73. Das, UN. Molecular pathobiology of scleritis and its therapeutic implications. Int J Ophthalmol (2020) 13:163–75. doi: 10.18240/ijo.2020.01.23




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 © 2023 Yan, Liu, Zhang and Shen. 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/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Identifying TNF and IL6 as potential hub genes and targeted drugs associated with scleritis: A bio-informative report

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Text-mining of scleritis manuscripts

          



          		

            Identifying target genes

          



          		

            Gene function analysis

          



          		

            KEGG pathway analysis

          



          		

            Protein-protein interaction (PPI) network analysis

          



          		

            Hub genes identification and validation in vitro

          



          		

            ELISA

          



          		

            Prediction of potential drugs for key genes

          



        



        



        		

          Results

        

          		

            Overview of research findings

          



          		

            Generating the required proteins and genes

          



          		

            GO functional analysis

          



          		

            KEGG analysis of genes and proteins

          



          		

            PPI network construction and key module identification

          



          		

            Identifying the hub genes

          



          		

            Validating the hub genes in vitro

          



          		

            Drug-gene interaction

          



          		

            Identifying the hub genes and analyzing the drug-gene interaction according to different subtypes of scleritis

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-14-1098140-g008.jpg
PROPYLTHIOURACIL

LAPACHONE
STAVUDINE

PENTOXIFYLLINE
CARBAMAZEPINE

VADIMEZAN
OMEPRAZOLE

ABBV-257
PYRIDOXINE

MILTEFOSINE
BUPIVACAINE

REMTOLUMAB

DIGOXIN GOLIMUMAB

5,7-DIHYDROXY-4 AFEMOMAR \\ | |/
-METHYLCOUMARIN - LENERCEPT \\ /.

METHIMAZOLE

7
LACTULOSE ™ pe GsuNERCEPT

RABEPRAZOLE

HALOFUGINONE OZOHEEENMAB

\

SORAFENIB

NERELIMOMAB
BCG VACCINE

AZ9773
SOBLIDOTIN

CARBOPLATIN
THALIDOMIDE

CELASTROL

RISPERIDONE ISONIAZID

GEMCITABINE

ENBREL
ETHAMBUTOL

MEROPENEM

\ e
\ PLACULUMAB

CYCLOSPORINE
LENALIDOMIDE

RUTIN ORTATAXEL

HYDROXYCHLOROQUINE
ALTEPLASE

LENABASUM
AMPHOTERICIN B

HOMIDIUM
BROMIDE

CERTOLIZUMAB

NAFAMOSTAT  DIDANOSINE

—SPIRONOLACTONE
BENZO[E]PYRENE

DERSALAZINE
CERTOLIZUMAB
PEGOL
MIDAZOLAM

CEFOTAXIME
PYRAZINAMIDE

ONERCEPT

METHYLENE

BLUE
GLIMEPIRIDE

ATORVASTATIN

RIFAMPIN

GENTAMICIN

INFLIXIMAB

ADALIMUMAB

ETANERCEPT

PF-04236921

INSULIN

SAQUINAVIR  pieaviRIN
LINEZOLID
FENOFIBRATE
NELFINAVIR
SILTUXIMAB ELSILIMOMAB
IBUDILAST
L6
= B CISPLATIN
OLOKIZUMAB COR-001
FENTANYL
CLAZAKIZUMAB
RITUXIMAB
LEVOFLOXACIN
METRONIDAZOLE
ECHINACEA,
UNSPECIFIED IFOSFAMIDE





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-14-1098140-g002.jpg
Including the following types: 424

Reviews: 1128

A total of 2290 articles from 1910 to Case reports: 253
2022 were rerrieved by the “scleritis” Meta-analysis : 279
Animal models: 15

The others: 191

15 articles on animal models
677 reviews and meta-analysis studies were excluded

were excluded

767 irrelevant case reports were

Other irrelevant content were excluded
excluded

136 literatures are related to this
study

56 genes and proteins are
extracted






OEBPS/Images/fimmu.2023.1098140_cover.jpg
& frontiers | Frontiers in Immunology

Identifying TNF and IL6 as potential hub
genes and targeted drugs associated with
scleritis: A bio-informative report





OEBPS/Images/fimmu-14-1098140-g004.jpg
KEGG

-Log10_FDR
Graft-versus-host disease o
Type | diabetes mellitus 5
Rheumatoid arthritis 10
. 15
Allograft rejection
Inflammatory bowel disease 21.9

Autoimmune thyroid disease

Th17 cell differentiation

Influenza A

Human T-cell leukemia virus 1 infection

Viral myocarditis






OEBPS/Images/fimmu-14-1098140-g006.jpg
L6 W
g
IFNy D
TNF B

MMP9 ED
IL17A D
ICAM1 >

TIL
35zz8 8=
SEFLEEZ

$S8UBS0[D






OEBPS/Images/fimmu-14-1098140-g001.jpg
A 200
180
160
140
120 8% | Case Reports
100 I Retrospective studies
80 M Reviews
B Others
60 1 Prospective studies
40
20
0
OVT-OVONTORONTOVONTOOVONTOXONTORONTOOVONTOOO T
= LWVWOWO COORNNRNNOODNOVDNDPINOO0O0Or v v N2
BoBd3B 88 Bsa88aL50FE800085884380880R3RRES
E
N
o]
— o
o]
32 5 o glaucoma
h complcaton & i, g O
= @ 4
B complication ' cortlcostermds T0 3 H 3
= | vario = = f 3 positive
I - wscleratherapy "o 3, eyeQ o
5 [%) 5= £ ®
woman é 'S 3 left Cllnlcal steroid . S LY ~ D < right
! £3 & acute rare =N o3
biopsy B 2 3 Severe =+ C g:._ e~ = revealed
£ @ M detect = = O, performed
383 - O Qg & initial &
i ® vmon QO o w
® uitis e 2z treatment
4
pury s arthrltls < 24 chronic
o 8 g
2o o e uveitis O e System|c 3o d
o ( ) 0 =+ 5S¢
25 z & = 2.2 3
[0} — " g 0o 3 022 a
By 3T S s § infection " pain > ° g 858
® = B intraocular m Wegener & ecrotiz cataract
2 o

=

sisoau

S






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





OEBPS/Images/fimmu-14-1098140-g003.jpg
A GO-CC B
-Log10_FDR i :
extracellular space . [ serine-type endopeptidase activity
. 2
external side of plasma membrane . endopeptidase activity
4
MHC class Il protein complex [ ] & metalloendopeptidase activity
integral component of lumenal side of | @ 8 2ine fon binding
endoplasmic reticulum membrane
cell surface o 1058 metallopeptidase activity
extracellular region . peptidase activity
ER to Golgi transport vesicle membrane [ ] cytokine activity
° MHC class Il protein
clathrin-coated endocytic vesicle membrane complex binding
extracellular matrix [ ) peptide antigen binding
integral component of plasma membrane . MHC class Il receptor activity
RIS ©
PO R R R

immune response
collagen catabolic process

extracellular matrix disassembly

antigen processing and presentation of peptide
or polysaccharide antigen via MHC class II

adaptive immune response

antigen processing and presentation
inflammatory response

extracellular matrix organization
cellular response to UV-A

positive regulation of interferon-gamma production

GO-BP

GO-MF

~Log10_FDR

[ ] o
() 2

4

-Log10_FDR
o

2

4

@
@
®-
'L
®

P o 00 p D e p s o GeneRatio





OEBPS/Images/fimmu-14-1098140-g007.jpg
<
o

o

- o
uoissaidxg pazijewioN

*

<
~

*%

< o «°
- - o

uoissaidx3 pazijewioN

< el o~ L 2

<

uoissaidx3 pazijewioN

w o w 9
- o

&
o

o

Scleritis

Control

Scleritis

Control

Scleritis

Control

IFNy

IL6

TNF

N
N

w

n.s.

nw
N

w

1 =] ] =
- - o o

uoissaidxg pazijewioN

0 ! )
- -~ o

uoissaidxg pazijewioN

< © ~N .

[a]

uolssaidx3 pazijewioN

o
o

o

Scleritis

IL17A

Control

Scleritis
ICAM1

Control

Scleritis

Control

IL1B

e
o

(0]

n.s.

0 ] 0
- - o

uoissaidx3 pazijewioN

]
o

Scleritis
MMP9

Control





OEBPS/Images/table1.jpg
10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

45

46

47

48

49

50

51

52

53

54

55

56

ACE2

CD3G

CD4

CD68

CRP

CTLA4
FAS

FASLG

FCGBP

GZMB

HLA-A

HLA-B

HLA-C

HLA-
DQAL

HLA-
DQBI

HLA-
DRB1

HLA-
DRB4

ICAMIL
IENY
IGAN1
IL17
IL18
L1p

ILIRA

12
122

127

ITGAL
ITGB2
KRT19
MEFV
MMP1
MMP10
MMP13
MMP2

MMP3

MMP8

MMP9

MPO

MS4A1

MT-CO1

MT-CO2

PDGFRA

PDGFRB

PRTN3

PTPN22

SOCS1

SSB

STAT1

THBD
TIA1
TIMP1
TNF
TRIM21

UROS

59272

917

920

968

1401

1493

355

356

8857

3002

3105

3106

3107

3117

3119

3123

3126

3383

3458

60498

3605

3606

3553

3552

3558

50616

246778

3569

3683

3689

3880

4210

4312

4319

4322

4313

4314

4317

4318

4353

931

4512

4513

5156

5159

5657

26191

8651

6741

6772

7056

7072

7076

7124

6737

7390

Description

angiotensin converting enzyme 2

CD3 gamma subunit of T-cell receptor
complex

CD4 molecule

CD68 molecule

C-reactive protein

cytotoxic T-lymphocyte associated protein 4
Fas cell surface death receptor

Fas ligand

Fc gamma binding protein

granzyme B

major histocompatibility complex, class I, A

major histocompatibility complex, class 1, B

major histocompatibility complex, class I, C

major histocompatibility complex, class II,
DQ alpha 1

major histocompatibility complex, class II,
DQ beta 1

major histocompatibility complex, class II,
DR beta 1

major histocompatibility complex, class II,
DR beta 4

intercellular adhesion molecule 1
interferon gamma

IgA nephropathy

interleukin 17A

interleukin 18

interleukin 1 beta

interleukin 1 alpha

interleukin 2
interleukin 22
interleukin 27

interleukin 6

integrin subunit alpha L

integrin subunit beta 2

keratin 19

MEFV innate immuity regulator, pyrin
matrix metallopeptidase 1

matrix metallopeptidase 10

matrix metallopeptidase 13

matrix metallopeptidase 2

matrix metallopeptidase 3

matrix metallopeptidase 8

matrix metallopeptidase 9

myeloperoxidase

membrane spanning 4-domains Al

mitochondrially encoded cytochrome ¢
oxidase I

mitochondrially encoded cytochrome ¢
oxidase IT

platelet derived growth factor receptor alpha

platelet derived growth factor receptor beta

proteinase 3

protein tyrosine phosphatase non-receptor

type 22
suppressor of cytokine signaling 1

small RNA binding exonuclease protection
factor La

signal transducer and activator of
transcription 1

thrombomodulin

T-cell intracellular antigen 1
TIMP metallopeptidase inhibitor 1
tumor necrosis factor

tripartite motif containing 21

uroporphyrinogen Tl synthase

ACEH

CD3-GAMMA, CD3GAMMA, IMD17, T3G

CD4mut, IMD79, OKT4D

GP110, LAMP4, SCARD1

PTX1

ALPS5, CD, CD152, CELIAC3, CTLA-4, GRD4, GSE, IDDM12
ALPSIA, APO-1, APT1, CD95, FAS1, FASTM, TNFRSF6

ALPS1B, APTILG1, APTL, CD178, CD95-L, CD95L, FASL,
TNFSF6, TNLG1A

FC(GAMMA)BP

Cl1, CCPIL, CGL-1, CGL1, CSP-B, CSPB, CTLAl, CTSGL1, HLP,
SECT

HLAA

AS, B-4901, HLAB

D6S204, HLA-JY3, HLAC, HLC-C, MHC, PSORS1

CELIACI, DQ-AlL, DQA1, HLA-DQA,

HLA-DQB, IDDM1

DRBI, HLA-DRIB

DR4, DRB4, HLA-DR4B

BB2, CD54, P3.58

IFG, IFI, IMD69

IGAN

CTLAS; IL-17; ILA17; CTLA-8; IL-17A
IGIF, IL-18, IL-1g, IL1F4

IL1-BETA, IL1F2, IL1beta

IL-1 alpha, IL-1A, IL1F1

IL-2, TCGF, lymphokine
IL-D110, IL-TIF, ILTIF, TIFIL-23, TIFa, zcytol8
1L-27A, 1L27p28, 1130, p28

BSF-2, BSF2, CDF, HGF, HSF, IFN-beta-2, IFNB2

CDI11A, LFAIA

CD18, LAD, LCAMB, LFA-1, MAC-1, MF17, MFI7
CK19, K19, K1CS

FMF; MEF; PAAND; TRIM20

CLG, CLGN

SL-2, STMY2

CLG3, MANDP1, MDST, MMP-13

CLG4, CLG4A, MMP-II, MONA, TBE-1

CHDS6, SL-1, STMY, STMY1, STR1

CLG1, HNC, PMNL-CL

CLG4B, GELB, MANDP2

B1, Bp35, CD20, CVID5, FMC7, LEU-16, S7

COI, MTCO1, COX1

COII, MTCO2, COX2

CD140A, PDGFR-2

CD140B, IBGC4, IMF1, JTK12, KOGS, PDGFR, PDGFR1,
PENTT

ACPA, AGP7, C-ANCA, CANCA, MBN, MBT, NP-4, NP4, P29,
PR3

LYP, LYP1, LYP2, PEP, PTPN22.5, PTPN22.6, PTPN8

AISIMD, CIS1, CISH1, JAB, SOCS-1, SSI-1, SSI1, TIP-3, TIP3

LARP3, La, La/SSB

CANDEF7, IMD31A, IMD31B, IMD31C, ISGF-3, STAT91

AHUS6, BDCA-3, BDCA3, CD141, THPH12, THRM, TM
TIA-1,

CLGI, EPA, EPO, HCI, TIMP

DIF, TNF-alpha, TNFA, TNFSE2, TNLG1F

RNF81, RO52, Ro/SSA, SSA, SSA1

UROIIIS

34351874

18303163

18303163/
32615955

18303163

35866779/
23030356

30921471

19412867

19412867

14722460

25750517

11339599

17579295/
27428361

9822977

9822977

9124099

9124099

9822977

19412867

17496900

36191648

17496900

20505198
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17496900
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9645358

27478294
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9033278
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