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Background

Patients with diabetic kidney disease (DKD) often have gastrointestinal dysfunction such as inflammatory bowel disease (IBD). This study aims to investigate the genetic mechanism leading to IBD in DKD patients through data mining and bioinformatics analysis.



Methods

The disease-related genes of DKD and IBD were searched from the five databases of OMIM, GeneCards, PharmGkb, TTD, and DrugBank, and the intersection part of the two diseases were taken to obtain the risk genes of DKD complicated with IBD. A protein–protein interaction (PPI) network analysis was performed on risk genes, and three topological parameters of degree, betweenness, and closeness of nodes in the network were used to identify key risk genes. Finally, Gene Ontology (GO) analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis were performed on the risk genes to explore the related mechanism of DKD merging IBD.



Results

This study identified 495 risk genes for DKD complicated with IBD. After constructing a protein–protein interaction network and screening for three times, six key risk genes were obtained, including matrix metalloproteinase 2 (MMP2), hepatocyte growth factor (HGF), fibroblast growth factor 2 (FGF2), interleukin (IL)-18, IL-13, and C–C motif chemokine ligand 5 (CCL5). Based on GO enrichment analysis, we found that DKD genes complicated with IBD were associated with 3,646 biological processes such as inflammatory response regulation, 121 cellular components such as cytoplasmic vesicles, and 276 molecular functions such as G-protein-coupled receptor binding. Based on KEGG enrichment analysis, we found that the risk genes of DKD combined with IBD were associated with 181 pathways, such as the PI3K-Akt signaling pathway, advanced glycation end product–receptor for AGE (AGE-RAGE) signaling pathway and hypoxia-inducible factor (HIF)-1 signaling pathway.



Conclusion

There is a genetic mechanism for the complication of IBD in patients with CKD. Oxidative stress, chronic inflammatory response, and immune dysfunction were possible mechanisms for DKD complicated with IBD.
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Introduction

Diabetic kidney disease (DKD) is the most common cause of chronic kidney disease and end-stage renal disease worldwide, affecting approximately 30%–40% of people with diabetes (1). In recent years, the incidence of diabetes worldwide has increased in parallel with the prevalence of DKD due to changes in obesity rates, metabolic syndrome, and lifestyle habits (2). At the same time, due to the high medical cost and poor prognosis in the advanced stage of the disease, DKD has brought a heavy burden to the whole society and families (3).

Inflammatory bowel disease (IBD) is a chronic inflammatory disease of the gastrointestinal tract of unknown etiology. IBD has traditionally been viewed as a disease of the Western world. However, data over the past decade have shown that IBD has become a global disease with a dramatic increase in incidence and prevalence in the East (4). Due to the early onset of IBD, complex clinical symptoms (fatigue, diarrhea, and pain), and fluctuating disease course (prolonged disease course, recurrent attacks, and difficult to cure), it has a great impact on the quality of life and psychological state of patients (5). Although the precise cause and pathogenesis of IBD remain unknown and an effective cure is lacking, genetic research is now providing insight into the biological mechanisms behind the disease, which may hold promise for future therapies (6). Recently, extraintestinal symptoms and associated diseases of IBD have attracted increasing attention, most of which are related to autoimmune diseases such as type 1 diabetes mellitus, thyroid disease, and dermatitis herpetiformis (7). DKD and IBD are common and complex chronic diseases that are clinically heterogeneous and progressive. Some studies have shown that DKD and IBD are related disorders that probably share susceptibility genes. Patients with DKD are often associated with gastrointestinal dysfunction and may be more susceptible to IBD (8–10). However, the mechanism of DKD concurrent IBD remains unclear. As DKD and IBD are currently incurable, they represent a major public health challenge worldwide. Therefore, a clear knowledge of the key risk genes implicated in DKD complicated with IBD could help to identify potential therapeutic targets for the development of new drugs, in addition to the possible discovery of new potential diagnostic biomarkers for the early diagnosis of DKD complicated with IBD, while an understanding of the possible molecular mechanisms implicated in DKD and IBD could help improve the prognostic and therapeutic tools leading to a better quality of life of the patients, delaying the progression of the disease.

In recent years, with the continuous development of molecular biotechnology, bioinformatics has played an increasingly important role in exploring the molecular mechanisms of human diseases through systematic analysis of available biomedical data (11). In this study, we systematically explored the key targets and important pathways of DKD combined with IBD using bioinformatics methods, which enhanced our understanding of the underlying molecular mechanisms of DKD and IBD and provided potential targets for further research.



Methods


Collection of gene targets in DKD and IBD

The human genes associated with DKD and IBD were gathered from Online Mendelian Inheritance in Man (OMIM, https://omim.org/) (12), GeneCards (https://www.genecards.org/), Pharmacogenomics Knowledge Base (PharmGkb, https://www.pharmgkb.org/), Therapeutic Target Database (TTD, http://db.idrblab.net/ttd/), and DrugBank (https://www.drugbank.ca/). GeneCards is a comprehensive database that provides information on all predicted and annotated human genes, and genes with a correlation coefficient >10 are filtered as relevant genes (13). PharmGKB is a comprehensive resource on how human genetic variation leads to variation in drug response (14). TTD is a database that provides information on known and explored therapeutic proteins and targeted diseases (15). DrugBank, a comprehensive bioinformatics database, also provides relevant information on disease targets (16). The search terms “diabetic kidney disease” and “inflammatory bowel disease” were used to retrieve data from the above five databases, respectively.



Identification of the risk genes for DKD with IBD

We gathered the DKD- and IBD-related genes. The potential risk genes for DKD and IBD were identified from the above-shared genes.



Protein–protein interaction network

The risk genes of DKD and IBD were imported into the STRING database to obtain their interaction relationship. STRING (https://string-db.org/, version 11.0) is a database containing known and predicted PPI, which gathers information using bioinformatics strategies (17). These species are restricted to “Homo sapiens,” and a PPI with a confidence score >0.9 was chosen for this study.



Network construction

The PPI network of risk genes for DKD with IBD was built by linking them to their interacting genes. Next, the network visualization software Cytoscape version 3.4.2 (http://www.cytoscape.org/) was used to present the network. Lastly, Network Analyzer was used to calculate four topological parameters of each node in the network, including the degree, betweenness centrality, closeness centrality, and clustering coefficient (18). Nodes with values above the median for all four topological parameters were selected to construct a subnetwork, where another selection was finally performed to obtain the core risk genes for DKD and IBD.



GO and KEGG pathway enrichment analysis

To further understand the role of DKD and IBD risk genes in biological process (BP), cellular component (CC), and molecular function (MF), we used the Gene Ontology (GO) database (http://geneontology.org/) to clarify the possible biological mechanisms. KEGG (https://www.kegg.jp/) is a database for extracting biological information on functional classification, annotation, and enriched pathways of various genes. In this study, we used an R-package-Bioconductor clusterProfiler for GO and KEGG enrichment analysis. The R-package-Bioconductor clusterProfiler is widely used to automate biological term classification and enrichment analysis of gene clusters (19).




Results

The flowchart of the study based on data mining and bioinformatic analysis is presented in Figure 1.




Figure 1 | Schematic illustration showing the investigative process undertaken in the present study. This investigation is organized into three sections: Step 1, collection of gene targets/identification of the risk genes for diabetic kidney disease (DKD) with inflammatory bowel disease (IBD); Step 2, mining the risk genes for DKD with IBD’s PPI network; Step 3, probing the pathways and biological process, gene-disease enrichment analysis related to obtained important intersection protein/genes, and then validation with a literature review.




Collection of gene targets in DKD and IBD

Using “diabetic nephropathy” and “inflammatory bowel disease” as keywords, their related genes were retrieved from OMIM, GeneCards, PharmGkb, TTD, and DrugBank databases, respectively. As shown in Figure 2A, a total of 756 genes related to DKD were collected, and 2,096 genes related to IBD were retrieved, as shown in Figure 2B. For both DKD and IBD, the GeneCards database is the most common source of disease-related genes, suggesting that the it has the advantage of being comprehensive in terms of human genetic information.




Figure 2 | The Venn diagram. (A) Collection of gene targets associated with DKD from databases. (B) Collection of gene targets associated with IBD from databases. (C) Identification of the possible risk genes of DKD complicated with IBD.





Identification of the risk genes for DKD with IBD

Since the targeted genes for both DKD and IBD were gathered, using the shared genes described above, 459 possible risk genes for DKD complicated with IBD were obtained, as shown in Figure 2C. A total of 459 disease-associated risk genes are obviously too many, suggesting that further screening for key risk genes among them is necessary.



Risk genes for DKD with IBD’ PPI network

The PPI network of risk genes for DKD with IBD is shown in Figure 3A, including 407 nodes and 2,330 edges. Four topological features of 407 targets were calculated using a network analyzer to identify key nodes in the network. The detailed information of all the risk genes in the PPI network is displayed in Supplementary Table S1. The median values of the degree, node betweenness, closeness, and clustering coefficient were 7, 0.00142208, 0.3137558, and 0.333333, respectively. As shown in Figures 3B, C, nodes with values of all four topological parameters exceeding the median were selected to construct subnetworks. In the subnetwork, another selection was performed to finally obtain the central targets (Figure 3D). Finally, six genes were identified as central risk genes for DKD with IBD, including matrix metalloproteinase 2 (MMP2), hepatocyte growth factor (HGF), fibroblast growth factor 2 (FGF2), interleukin (IL)-18, IL-13, and C–C motif chemokine ligand 5 (CCL5), and their detailed information in the PPI network is displayed in Table 1.




Figure 3 | Protein–protein interaction network of the possible risk genes of DKD complicated with IBD. (A) The original PPI network of therapeutic targets and all nodes in the network are green. (B) The core nodes in this network screened by their topological features are purple, and the other nodes are green. (C) The sub-network constructed from the core nodes of B, the core nodes in this network screened by their topological features are purple, and the other nodes are green. (D) The sub-network constructed from the core nodes of C, all nodes in the network are purple and represent the final central therapeutic targets obtained through screening.




Table 1 | Central risk genes for diabetic kidney disease with inflammatory bowel disease.





GO and KEGG pathway enrichment

To elucidate the complex mechanisms of DKD complicated with IBD, we analyzed the GO biological process (BP), cell component (CC), and molecular function (MF) of 459 possible risk genes and six identified key risk genes, respectively, and the most relevant results that were chosen by p-value are presented in Figures 4A, B, correspondingly. The specific entries of GO enrichment analysis for BP, CC, and MF of all risk genes and key risk genes are listed in Supplementary Tables S2, S3, respectively. The regulation of cytokine production and the regulation of inflammatory response were among the most closely related biological processes, which was in accord with our general cognition to the disease. Moreover, the relationships between the risk genes and the obtained GO enrichment entries are depicted in Figure 5.




Figure 4 | Gene Ontology enrichment analysis. (A) The most relevant biological process, cell component, and molecular function terms in all risk genes of DKD complicated with IBD. (B) The most relevant biological process, cell component, and molecular function terms in the key risk genes of DKD complicated with IBD.






Figure 5 | Relationships of the risk genes with the most significant biological process, cell component, and molecular function terms in Gene Ontology enrichment analysis.



To explore the underlying mechanisms of DKD complicated with IBD, KEGG pathway enrichment analysis was also performed on the risk genes and identified key risk genes, respectively, and the most relevant results are presented in Figures 6A, B, correspondingly. The detailed information of KEGG enrichment analysis for all risk genes and key risk genes is listed in Supplementary Tables S4, S5, respectively. As shown in Supplementary Table S4 and Figure 6A, there were 181 major pathways involved in DKD combined with IBD, p<0.05. These 181 pathways were involved in human diseases, pathophysiological mechanisms, and signaling pathways. The top 10 significantly enriched signaling pathways include the advanced glycation end product–receptor for AGE (AGE-RAGE) signaling pathway, Toll-like receptor signaling pathway, PI3K-Akt signaling pathway, hypoxia-inducible factor (HIF)-1 signaling pathway, tumor necrosis factor (TNF) signaling pathway, Janus kinase–signal transducer and activator of transcription (JAK-STAT) signaling pathway, IL-17 signaling pathway, T-cell receptor signaling pathway, mitogen-activated protein kinase (MAPK) signaling pathway, and Rap1 signaling pathway. The risk genes for DKD with IBD in the PI3K-Akt signaling pathway are depicted in Figure 7. These results suggest that the pathogenesis of DKD combined with IBD is regulated through the regulation of multiple pathways, and many risk genes for DKD combined with IBD play their roles in multiple pathways simultaneously.




Figure 6 | Kyoto Encyclopedia of Genes and Genomes (KEGG) terms. (A) The most relevant KEGG terms in all risk genes of DKD complicated with IBD. (B) The most relevant KEGG terms in the key risk genes of DKD complicated with IBD.






Figure 7 | The risk genes for DKD with IBD are depicted in the PI3K-Akt signaling pathway.






Discussion

Inflammatory bowel disease (IBD) is an autoimmune disease consisting of Crohn’s disease (CD), ulcerative colitis (UC), and indeterminate colitis. IBD is most common in Western countries, especially in North America and northern Europe; its prevalence is increasing year by year, and its cause is still unclear (20, 21). Genetic, environmental, and host-related factors are associated with the exacerbation of gut inflammation (22). The classical presentations of IBD are malabsorption and gastrointestinal symptoms; however, CD is more likely to manifest as watery diarrhea and vague symptoms, whereas UC is more likely to manifest as diarrhea and bleeding (23). The extraintestinal symptoms and associated diseases of IBD have been increasingly recognized in recent years. Many of these are associated with autoimmune diseases such as type 1 diabetes, thyroid disease, and dermatitis herpetiformis (7). There are many reports of combined kidney disease in patients with IBD, especially DKD (8–10). Therefore, in this study, we applied the bioinformatics approach to investigate the possible mechanisms of IBD complicated with DKD from a genetic perspective.

Through data mining, we found that IBD and DKD have many related genes in common, and MMP2, HGF, FGF2, IL-18, IL-13, and CCL5 were identified as the core risk genes for DKD with IBD by PPI analysis. MMP2 is an enzyme with gelatinase activity. Overexpression of MMP2 in glomerulus and tubules can lead to kidney damage and fibrosis by inflammatory processes through various pathologies (24). Meanwhile, mucosal MMP2 activity has been reported to be upregulated in humans with IBD (25). It facilitates remodeling of ECM and degradation of basal membrane type IV collagen, leading to intestinal ulceration, epithelial damage, and fistula formation (26, 27). HGF is a pleiotropic factor with the activities of antiapoptotic, cytoprotective, and modulating central inflammation and immunoreaction in many diseases (28, 29). Elevated serum HGF level is significantly associated with the incidence of type 2 diabetes (T2DM) and the development of insulin resistance (IR) (30). It has a positive effect on the survival of islet β cells and could protect against high-fat diet-induced obesity and regulate IR (31). Many studies have also found that serum HGF levels are higher in IBD patients compared with controls, which may be a good acute phase response biomarker of IBD activity (32, 33). HGF could modulate intestinal epithelial cell proliferation and migration, thus accelerating the repair of the intestinal mucosa (34). Recombinant human HGF and HGF gene therapy eliminates the severity in some animal models of IBD and is considered as a new treatment modality (35). IL-18 and IL-13 are both inflammatory cytokines, and CCL5 is a chemokine; inflammatory processes have been demonstrated to be associated with the development of DKD (36). It has been reported that IL-18 levels in urine and serum are increased in patients with DKD, and the serum IL-18 level is related to renal injury severity in DKD (37, 38). IL-18 could induce the release of interferon γ; lead to the production of other inflammatory cytokines, such as IL-1 and TNF; and induce endothelial cell apoptosis (39). In fact, IL-18 is thought to be more closely related to the progression of DKD than other diabetic complications (40). CCL5 is a potent chemoattractant for macrophages, monocytes, T cells, and granulocytes. CCL5 is significantly upregulated in renal biopsy samples from patients with T2DM and overt nephropathy, and its expression in renal tubular cells has a direct correlation with the interstitial cellular infiltration and the magnitude of proteinuria (41). The production of IL-18 was regarded as a key etiological factor for patients with IBD (42). It has been shown to disrupt the mucosal barrier, trigger inflammation, and amplify damage to the intestinal epithelium during disease (43). CCL5 also plays a crucial role in IBD; its expression is enhanced in the intestine and is closely implicated in the pathophysiology (44–46). These studies on the core risk genes for DKD with IBD validate our findings to some extent. These core risk genes may serve as the potential therapeutic targets for the development of new drugs and possible diagnostic biomarkers for the clinical identification of DKD complicated with IBD.

According to the KEGG terms, the risk genes for DKD complicated with IBD were mainly associated with the PI3K-Akt signaling pathway, AGE-RAGE signaling pathway in diabetic complications, and HIF-1 signaling pathway. Many studies have shown that stimulation of angiogenesis is an active participant in the establishment and maintenance of tissue inflammation in IBD (47, 48). The study by Zhou et al. found that the PI3K-Akt signaling pathway plays a crucial role in the angiogenesis of IBD, which could be activated by placental growth factor and induce the angiogenic effects in IBD (49). In addition, pro−inflammatory cytokines, such as tumor necrosis factor (TNF), are pivotal for the development of IBD (50). The activation of TNF receptor could stimulate the production of reactive oxygen species, which mediates the cell fate regarding senescence and apoptosis through the PI3K/AKT pathway (51). Decreased phosphorylation of PI3K-Akt could give rise to podocytes apoptosis, and many drugs have been reported to exert anti-apoptosis and renal protection effects in DKD through activating PI3K-Akt signaling pathway (52, 53). Therefore, it is reasonable that the dysregulation of the PI3K/AKT pathway is implicated in the induction and progression of DKD complicated with IBD. Hypoxia-induced activation of the HIF signaling pathway is a common feature of inflammatory diseases, including IBD (54). Hypoxia-inducible factor 1-alpha (HIF-1α) acts as a transcription factor that regulates cellular adaptation to low oxygen levels and supports the development and function of the gut barrier, thereby conferring protection against IBD (55), while constitutive activation of HIF-2α leads to the development or exacerbation of IBD in colitis models (56). In DKD, tubular HIF activity is inhibited, and HIF activation protects mitochondrial function and prevents diabetes-induced tissue hypoxia, tubulointerstitial fibrosis, and proteinuria (57). These studies on the signaling pathway for DKD with IBD also validate our findings to some extent.

Our study found that DKD and IBD share many common related genes and pathogenic mechanisms, oxidative stress, chronic inflammatory response, and immune dysfunction were possible mechanisms, and further research on these common targets for DKD complicated with IBD, especially the core targets, is important for the development of new effective drugs and the early diagnosis. Our study is based on the data mining and bioinformatics approach and has limitations due to the lack of experimental validation, mainly in the failure to validate the expression of the identified key risk genes in the blood of the patients with DKD combined with IBD and the changes in potential signaling pathways. Therefore, experiments on the key targets and related pathways of DKD combined with IBD are also needed to be conducted in the future.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary Material.



Author contributions

XZ performed the research, conducted the bioinformatics analysis, and wrote the first draft of the manuscript. HX, SF, and JY participated in data collection and analysis. YC and YJ participated in the project design and manuscript draft preparation and revision. All the authors have approved the final version of the manuscript.



Funding

This work was supported in part by grants from the National Natural Science Foundation of China (81700635 to YC), China Postdoctoral Science Foundation (2022M711298 to YC), the Natural Science Foundation of Jilin Province (20200201430JC to YJ), the Jilin Province Development and Reform Commission Project (2021C043-9 to YJ), “PRO•Run” Fund of the Nephrology Group of CEBM(KYJ202206-0003-7 to YC), and Crosswise Tasks (2020YX073 to YC).



Acknowledgments

The authors thank the contributors to the OMIM (Online Mendelian Inheritance in Man, https://omim.org/), GeneCards (https://www.genecards.org/), PharmGkb (Pharmacogenomics Knowledge Base, https://www.pharmgkb.org/), TTD (Therapeutic Target Database, http://db.idrblab.net/ttd/), and DrugBank (https://www.drugbank.ca/) database for sharing data.



Conflict of interest

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



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2022.1081747/full#supplementary-material



References

1. Bonner, R, Albajrami, O, Hudspeth, J, and Upadhyay, A. Diabetic kidney disease. Prim Care (2020) 47(4):645–59. doi: 10.1016/j.pop.2020.08.004

2. Harjutsalo, V, and Groop, PH. Epidemiology and risk factors for diabetic kidney disease. Adv Chronic Kidney Dis (2014) 21(3):260–6. doi: 10.1053/j.ackd.2014.03.009

3. Thomas, B. The global burden of diabetic kidney disease: Time trends and gender gaps. Curr Diabetes Rep (2019) 19(4):18. doi: 10.1007/s11892-019-1133-6

4. Mak, WY, Zhao, M, Ng, SC, and Burisch, J. The epidemiology of inflammatory bowel disease: East meets west. J Gastroenterol Hepatol (2020) 35(3):380–9. doi: 10.1111/jgh.14872

5. Windsor, JW, and Kaplan, GG. Evolving epidemiology of IBD. Curr Gastroenterol Rep (2019) 21(8):40. doi: 10.1007/s11894-019-0705-6

6. Burisch, J, Jess, T, Martinato, M, and Lakatos, PL. The burden of inflammatory bowel disease in Europe. J Crohns Colitis (2013) 7(4):322–37. doi: 10.1016/j.crohns.2013.01.010

7. Leffler, DA, Green, PH, and Fasano, A. Extraintestinal manifestations of coeliac disease. Nat Rev Gastroenterol Hepatol (2015) 12(10):561–71. doi: 10.1038/nrgastro.2015.131

8. Cerutti, F, Bruno, G, Chiarelli, F, Lorini, R, Meschi, F, and Sacchetti, C. Younger age at onset and sex predict celiac disease in children and adolescents with type 1 diabetes: an Italian multicenter study. Diabetes Care (2004) 27(6):1294–8. doi: 10.2337/diacare.27.6.1294

9. Leeds, JS, Hopper, AD, Hadjivassiliou, M, Tesfaye, S, and Sanders, DS. High prevalence of microvascular complications in adults with type 1 diabetes and newly diagnosed celiac disease. Diabetes Care (2011) 34(10):2158–63. doi: 10.2337/dc11-0149

10. Collin, P, Syrjänen, J, Partanen, J, Pasternack, A, Kaukinen, K, and Mustonen, J. Celiac disease and HLA DQ in patients with IgA nephropathy. Am J Gastroenterol (2002) 97(10):2572–6. doi: 10.1111/j.1572-0241.2002.06025.x

11. Orlov, YL, Anashkina, AA, Klimontov, VV, and Baranova, AV. Medical genetics, genomics and bioinformatics aid in understanding molecular mechanisms of human diseases. Int J Mol Sci (2021) 22(18):9962. doi: 10.3390/ijms22189962

12. Amberger, JS, Bocchini, CA, Schiettecatte, F, Scott, AF, and Hamosh, A. OMIM.org: Online mendelian inheritance in man (OMIM®), an online catalog of human genes and genetic disorders. Nucleic Acids Res (2015) 43(Database issue):D789–98. doi: 10.1093/nar/gku1205

13. Stelzer, G, Rosen, N, Plaschkes, I, Zimmerman, S, Twik, M, Fishilevich, S, et al. The GeneCards suite: From gene data mining to disease genome sequence analyses. Curr Protoc Bioinf (2016) 54:1.30.1–1.3. doi: 10.1002/cpbi.5

14. Gong, L, Whirl-Carrillo, M, and Klein, TE. PharmGKB, an integrated resource of pharmacogenomic knowledge. Curr Protoc (2021) 1(8):e226. doi: 10.1002/cpz1.226

15. Wang, Y, Zhang, S, Li, F, Zhou, Y, Zhang, Y, Wang, Z, et al. Therapeutic target database 2020: enriched resource for facilitating research and early development of targeted therapeutics. Nucleic Acids Res (2020) 48(D1):D1031–d41. doi: 10.1093/nar/gkz981

16. Wishart, DS, Knox, C, Guo, AC, Shrivastava, S, Hassanali, M, Stothard, P, et al. DrugBank: a comprehensive resource for in silico drug discovery and exploration. Nucleic Acids Res (2006) 34(Database issue):D668–72. doi: 10.1093/nar/gkj067

17. 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(D1):D605–d12. doi: 10.1093/nar/gkaa1074

18. Doncheva, NT, Morris, JH, Gorodkin, J, and Jensen, LJ. Cytoscape StringApp: Network analysis and visualization of proteomics data. J Proteome Res (2019) 18(2):623–32. doi: 10.1021/acs.jproteome.8b00702

19. Wu, T, Hu, E, Xu, S, Chen, M, Guo, P, Dai, Z, et al. clusterProfiler 4.0: A universal enrichment tool for interpreting omics data. Innovation (Camb) (2021) 2(3):100141. doi: 10.1016/j.xinn.2021.100141

20. Greuter, T, and Vavricka, SR. Extraintestinal manifestations in inflammatory bowel disease - epidemiology, genetics, and pathogenesis. Expert Rev Gastroenterol Hepatol (2019) 13(4):307–17. doi: 10.1080/17474124.2019.1574569

21. Seyedian, SS, Nokhostin, F, and Malamir, MD. A review of the diagnosis, prevention, and treatment methods of inflammatory bowel disease. J Med Life (2019) 12(2):113–22. doi: 10.25122/jml-2018-0075

22. Flynn, S, and Eisenstein, S. Inflammatory bowel disease presentation and diagnosis. Surg Clin North Am (2019) 99(6):1051–62. doi: 10.1016/j.suc.2019.08.001

23. Mahadevan, U, and Silverberg, MS. Inflammatory bowel disease-gastroenterology diamond jubilee review. Gastroenterology (2018) 154(6):1555–8. doi: 10.1053/j.gastro.2017.12.025

24. Cheng, Z, Limbu, MH, Wang, Z, Liu, J, Liu, L, Zhang, X, et al. MMP-2 and 9 in chronic kidney disease. Int J Mol Sci (2017) 18(4):776. doi: 10.3390/ijms18040776

25. Gao, Q, Meijer, MJ, Kubben, FJ, Sier, CF, Kruidenier, L, van Duijn, W, et al. Expression of matrix metalloproteinases-2 and -9 in intestinal tissue of patients with inflammatory bowel diseases. Dig Liver Dis (2005) 37(8):584–92. doi: 10.1016/j.dld.2005.02.011

26. Matsuno, K, Adachi, Y, Yamamoto, H, Goto, A, Arimura, Y, Endo, T, et al. The expression of matrix metalloproteinase matrilysin indicates the degree of inflammation in ulcerative colitis. J Gastroenterol (2003) 38(4):348–54. doi: 10.1007/s005350300062

27. McKaig, BC, McWilliams, D, Watson, SA, and Mahida, YR. Expression and regulation of tissue inhibitor of metalloproteinase-1 and matrix metalloproteinases by intestinal myofibroblasts in inflammatory bowel disease. Am J Pathol (2003) 162(4):1355–60. doi: 10.1016/s0002-9440(10)63931-4

28. Rubin, JS, Osada, H, Finch, PW, Taylor, WG, Rudikoff, S, and Aaronson, SA. Purification and characterization of a newly identified growth factor specific for epithelial cells. Proc Natl Acad Sci U S A (1989) 86(3):802–6. doi: 10.1073/pnas.86.3.802

29. Molnarfi, N, Benkhoucha, M, Funakoshi, H, Nakamura, T, and Lalive, PH. Hepatocyte growth factor: A regulator of inflammation and autoimmunity. Autoimmun Rev (2015) 14(4):293–303. doi: 10.1016/j.autrev.2014.11.013

30. Tsukagawa, E, Adachi, H, Hirai, Y, Enomoto, M, Fukami, A, Ogata, K, et al. Independent association of elevated serum hepatocyte growth factor levels with development of insulin resistance in a 10-year prospective study. Clin Endocrinol (Oxf) (2013) 79(1):43–8. doi: 10.1111/j.1365-2265.2012.04496.x

31. Oliveira, AG, Araújo, TG, Carvalho, BM, Rocha, GZ, Santos, A, and Saad, MJA. The role of hepatocyte growth factor (HGF) in insulin resistance and diabetes. Front Endocrinol (Lausanne) (2018) 9:503. doi: 10.3389/fendo.2018.00503

32. Naguib, R, and El-Shikh, WM. Clinical significance of hepatocyte growth factor and transforming growth factor-Beta-1 levels in assessing disease activity in inflammatory bowel disease. Can J Gastroenterol Hepatol (2020) 2020:2104314. doi: 10.1155/2020/2104314

33. Sturm, A, Schulte, C, Schatton, R, Becker, A, Cario, E, Goebell, H, et al. Transforming growth factor-beta and hepatocyte growth factor plasma levels in patients with inflammatory bowel disease. Eur J Gastroenterol Hepatol (2000) 12(4):445–50. doi: 10.1097/00042737-200012040-00013

34. Thatch, KA, Mendelson, KG, Haber, MM, and Schwartz, MZ. Growth factor manipulation of intestinal angiogenesis: a possible new paradigm in the management of inflammatory bowel disease. J Surg Res (2009) 156(2):245–9. doi: 10.1016/j.jss.2009.01.036

35. Ido, A, Numata, M, Kodama, M, and Tsubouchi, H. Mucosal repair and growth factors: recombinant human hepatocyte growth factor as an innovative therapy for inflammatory bowel disease. J Gastroenterol (2005) 40(10):925–31. doi: 10.1007/s00535-005-1705-x

36. Donate-Correa, J, Ferri, CM, Sánchez-Quintana, F, Pérez-Castro, A, González-Luis, A, Martín-Núñez, E, et al. Inflammatory cytokines in diabetic kidney disease: Pathophysiologic and therapeutic implications. Front Med (Lausanne) (2020) 7:628289. doi: 10.3389/fmed.2020.628289

37. Navarro-González, JF, and Mora-Fernández, C. The role of inflammatory cytokines in diabetic nephropathy. J Am Soc Nephrol (2008) 19(3):433–42. doi: 10.1681/asn.2007091048

38. Sueud, T, Hadi, NR, Abdulameer, R, Jamil, DA, and Al-Aubaidy, HA. Assessing urinary levels of IL-18, NGAL and albumin creatinine ratio in patients with diabetic nephropathy. Diabetes Metab Syndr (2019) 13(1):564–8. doi: 10.1016/j.dsx.2018.11.022

39. Navarro-González, JF, Mora-Fernández, C, Muros de Fuentes, M, and García-Pérez, J. Inflammatory molecules and pathways in the pathogenesis of diabetic nephropathy. Nat Rev Nephrol (2011) 7(6):327–40. doi: 10.1038/nrneph.2011.51

40. Fujita, T, Ogihara, N, Kamura, Y, Satomura, A, Fuke, Y, Shimizu, C, et al. Interleukin-18 contributes more closely to the progression of diabetic nephropathy than other diabetic complications. Acta Diabetol (2012) 49(2):111–7. doi: 10.1007/s00592-010-0178-4

41. Mezzano, S, Aros, C, Droguett, A, Burgos, ME, Ardiles, L, Flores, C, et al. NF-kappaB activation and overexpression of regulated genes in human diabetic nephropathy. Nephrol Dial Transpl (2004) 19(10):2505–12. doi: 10.1093/ndt/gfh207

42. Loher, F, Bauer, C, Landauer, N, Schmall, K, Siegmund, B, Lehr, HA, et al. The interleukin-1 beta-converting enzyme inhibitor pralnacasan reduces dextran sulfate sodium-induced murine colitis and T helper 1 T-cell activation. J Pharmacol Exp Ther (2004) 308(2):583–90. doi: 10.1124/jpet.103.057059

43. Williams, MA, O'Callaghan, A, and Corr, SC. IL-33 and IL-18 in inflammatory bowel disease etiology and microbial interactions. Front Immunol (2019) 10:1091. doi: 10.3389/fimmu.2019.01091

44. Wang, Q, Zhang, T, Chang, X, Lim, DY, Wang, K, Bai, R, et al. ARC is a critical protector against inflammatory bowel disease (IBD) and IBD-associated colorectal tumorigenesis. Cancer Res (2020) 80(19):4158–71. doi: 10.1158/0008-5472.Can-20-0469

45. Trivedi, PJ, and Adams, DH. Chemokines and chemokine receptors as therapeutic targets in inflammatory bowel disease; pitfalls and promise. J Crohns Colitis (2018) 12(suppl_2):S641–s52. doi: 10.1093/ecco-jcc/jjx145

46. Masunaga, Y, Noto, T, Suzuki, K, Takahashi, K, Shimizu, Y, and Morokata, T. Expression profiles of cytokines and chemokines in murine MDR1a-/- colitis. Inflammation Res (2007) 56(11):439–46. doi: 10.1007/s00011-007-6078-6

47. Gardlik, R, Bartonova, A, and Celec, P. Therapeutic DNA vaccination and RNA interference in inflammatory bowel disease. Int J Mol Med (2013) 32(2):492–6. doi: 10.3892/ijmm.2013.1388

48. Tolstanova, G, Khomenko, T, Deng, X, Chen, L, Tarnawski, A, Ahluwalia, A, et al. Neutralizing anti-vascular endothelial growth factor (VEGF) antibody reduces severity of experimental ulcerative colitis in rats: direct evidence for the pathogenic role of VEGF. J Pharmacol Exp Ther (2009) 328(3):749–57. doi: 10.1124/jpet.108.145128

49. Zhou, Y, Tu, C, Zhao, Y, Liu, H, and Zhang, S. Placental growth factor enhances angiogenesis in human intestinal microvascular endothelial cells via PI3K/Akt pathway: Potential implications of inflammation bowel disease. Biochem Biophys Res Commun (2016) 470(4):967–74. doi: 10.1016/j.bbrc.2016.01.073

50. Tokuhira, N, Kitagishi, Y, Suzuki, M, Minami, A, Nakanishi, A, Ono, Y, et al. PI3K/AKT/PTEN pathway as a target for crohn's disease therapy (Review). Int J Mol Med (2015) 35(1):10–6. doi: 10.3892/ijmm.2014.1981

51. Nakanishi, A, Wada, Y, Kitagishi, Y, and Matsuda, S. Link between PI3K/AKT/PTEN pathway and NOX proteinin diseases. Aging Dis (2014) 5(3):203–11. doi: 10.14336/ad.2014.0500203

52. Takano, Y, Yamauchi, K, Hayakawa, K, Hiramatsu, N, Kasai, A, Okamura, M, et al. Transcriptional suppression of nephrin in podocytes by macrophages: roles of inflammatory cytokines and involvement of the PI3K/Akt pathway. FEBS Lett (2007) 581(3):421–6. doi: 10.1016/j.febslet.2006.12.051

53. Cheng, Y, Zhang, J, Guo, W, Li, F, Sun, W, Chen, J, et al. Up-regulation of Nrf2 is involved in FGF21-mediated fenofibrate protection against type 1 diabetic nephropathy. Free Radic Biol Med (2016) 93:94–109. doi: 10.1016/j.freeradbiomed.2016.02.002

54. Kerber, EL, Padberg, C, Koll, N, Schuetzhold, V, Fandrey, J, and Winning, S. The importance of hypoxia-inducible factors (HIF-1 and HIF-2) for the pathophysiology of inflammatory bowel disease. Int J Mol Sci (2020) 21(22):8551. doi: 10.3390/ijms21228551

55. Yin, J, Ren, Y, Yang, K, Wang, W, Wang, T, Xiao, W, et al. The role of hypoxia-inducible factor 1-alpha in inflammatory bowel disease. Cell Biol Int (2022) 46(1):46–51. doi: 10.1002/cbin.11712

56. Knyazev, E, Maltseva, D, Raygorodskaya, M, and Shkurnikov, M. HIF-dependent NFATC1 activation upregulates ITGA5 and PLAUR in intestinal epithelium in inflammatory bowel disease. Front Genet (2021) 12:791640. doi: 10.3389/fgene.2021.791640

57. Persson, P, and Palm, F. Hypoxia-inducible factor activation in diabetic kidney disease. Curr Opin Nephrol Hypertens (2017) 26(5):345–50. doi: 10.1097/mnh.0000000000000341


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


OEBPS/Images/fendo-13-1081747-g001.jpg
Step 1. Data Searching

GeneCards

Step 2. Data Analysis

Diabetic Kidney Disease  Inflammatory Bowel Disease

" PharmGkb

Diabetic Kidney Disease
Related genes of

Diabetic Kidney Disease

GeneCards

Identification of the risk genes

PPI of the risk genes

PharmGkb

Related genes of

Inflammatory Bowel Disease .
Inflammatory Bowel Disease

Step 3. Data Validation

Gene-Concept Network(Biological Process)

o GRSt PI3K-Akt signaling pathway
ok HIF-1 signaling pathway

3 TNF signaling pathway Environmental Information Processing

Cytokine-cytokine receptor interaction
JAK-STAT signaling pathway
FoxO signaling pathway
Toll-like receptor signaling pathway

Prolactin signaling pathway Organismal Systems
Th17 cell differentiation
Lipid and atherosclerosis
AGE-RAGE signaling pathway in diabetic complications
Pathways in cancer
(Chagas disease
Fluid shear stress and atherosclerosis
Kaposi sarcoma-associated herpesvirus infection
Rheumatoid arthritis
Inflammatory bowel disease
oon \ Z - N Hepatitis B

s poguaton ot ntammitas \ J Influenza A

-log10(P)

Proteoglycans in cancer Human Diseases
Tuberculosis
Toxoplasmosis
Human cytomegalovirus infection
Malaria
Non-alcoholic fatty liver disease
Type I diabetes mellitus
Leishmaniasis
Allograft rejection
EGFR tyrosine kinase inhibitor resistance
Type I diabetes mellitus

o2 45 60
Molculas foction Gene Count

GO Enrichment Analysis KEEG Enrichment Analysis






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Investigate the genetic mechanisms of diabetic kidney disease complicated with inflammatory bowel disease through data mining and bioinformatic analysis

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        

          		

            Collection of gene targets in DKD and IBD

          



          		

            Identification of the risk genes for DKD with IBD

          



          		

            Protein–protein interaction network

          



          		

            Network construction

          



          		

            GO and KEGG pathway enrichment analysis

          



        



        



        		

          Results

        

          		

            Collection of gene targets in DKD and IBD

          



          		

            Identification of the risk genes for DKD with IBD

          



          		

            Risk genes for DKD with IBD’ PPI network

          



          		

            GO and KEGG pathway enrichment

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-13-1081747-g006.jpg
PI3K-Akt signaling pathway
HIF-1 signaling pathway

TNF signaling pathway

Cytokine-cytokine receptor interaction
JAK-STAT signaling pathway

FoxO signaling pathway

Toll-like receptor signaling pathway

Prolactin signaling pathway

Th17 cell differentiation

Lipid and atherosclerosis

AGE-RAGE signaling pathway in diabetic complications
Pathways in cancer

Chagas disease

Fluid shear stress and atherosclerosis

Kaposi sarcoma-associated herpesvirus infection
Rheumatoid arthritis

Inflammatory bowel discase

Hepatitis B

Influenza A

Proteoglycans in cancer

Tuberculosis

Toxoplasmosis

Human cytomegalovirus infection

Malaria

Non-alcoholic fatty liver disease

Type I diabetes mellitus

Leishmaniasis

Allograft rejection

EGER tyrosine kinase inhibitor resistance

Type I diabetes mellitus

Cytokine-cytokine receptor interaction
Viral protein interaction with cytokine and cytokine receptor
Rap! signaling pathway

Ras signaling pathway

Calcium signaling pathway

MAPK signaling pathway

PI3K-AKt signaling pathway
Cytosolic DNA-sensing pathway
NOD-like receptor signaling pathway
Proteoglycans in cancer

Malaria

Inflammatory bowel discase
Melanoma

EGFR tyrosine kinase inhibitor resistance
Rheumatoid arthritis

Gastric cancer

Influenza A

Lipid and atherosclerosis

Shigellosis

Asthma

Aftican trypanosomiasis

Bladder cancer

15

Environmental Information Processing

Organismal Systems

Human Diseases

30

45

60
Gene Count

75

105

Environmental Information Processing

Organismal Systems

Human Diseases

Gene Count

3





OEBPS/Images/fendo.2022.1081747_cover.jpg
’ frontiers | Frontiers in Endocrinology

Investigate the genetic
mechanisms of diabetic kidney
disease complicated with
inflammatory bowel disease
through data mining and
bioinformatic analysis





OEBPS/Images/fendo-13-1081747-g002.jpg
GeneCards

PharmGkb

GeneCards

PharmGkb

Diabetic Kidney Disease  Inflammatory Bowel Disease

_—

1601






OEBPS/Images/fendo-13-1081747-g004.jpg
-loglo(Pvalue)

oglo(Pvalue)

“loglo(Pvalue)

e ittt . ————
st e g e i ———

et —
ey s —
o —

s et o s —————
et s e et ————

ks mentons E—

et gt —

PP U —

St et s o E—————

Pt ton et e i ——————

s e st el et ——————

et o et ————————

MF

BP

o o

<
(o130l

‘Molecular function

Cellular component

Biological process:





OEBPS/Images/fendo-13-1081747-g007.jpg
PI3K-AKT SIGNALING PATHWAY

Toll-like receptor
signaling pathway

B cell receptor
signaling pathway

. JAKISTAT
signaling pathway

Focal adhesion

Cheraokine
ignaling pathway

Cheraokines,
Honr::gms,s —»{ grer [ Gpy |

Newrotransmitters

PI{4, 52 - PI(3,4,5)P3

Jmr— [
| ;
Prote:
+p w| eIF4B | l*’sy’ﬂm‘g'éis
Y

_p Glucose uptake

Vesicle transport
—m Actin reorganization

Suwvival s
e i fration

Cell proliferation
Angiogenesis
DNA re pair

—————————— # DMetabolisra

— — ——m Netabolism Glyrolysis/
Glucone ogene:

Do ] ————> it
progréssion

— — ——p Cellcyele

o [cenpi] w Cllegk,
Celleyele Cellcyele
- progxe%csion
FoxOlshigmling
pathvay

»O m » Cellcyele

oie Fogrsein

[BelxL |
= (o) —»-Cell survival
. )
Casyd ®Cell smvival
B
[cree}———»0—» -——FCeusumval
DNA&

+p [RXRe |
{ [NUR?? | (Baz2 | - Cell swvival






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





OEBPS/Images/fendo-13-1081747-g003.jpg
HGF

IL13

MMP2

N
L
[©)
58

IL18

CCL5





OEBPS/Images/table1.jpg
Uniprot Betweenness Closeness Clustering

Protein names ID centrality centrality Degree coefficient

Matrix metalloproteinase

MMP2 2 P08253 0.006506 0.366096 24 0.391304

HGF Hepatocyte growth factor P14210 0.004258 0.374885 24 0.40942
Fibroblast growth factor |

FGF2 2 P09038 0.01366 0.360248 26 0.375385

IL18 Interleukin-18 Ql4116 0.004962 | 0.35961 21 0.42381

IL13 Interleukin-13 P35225 0.002312 0.338616 16 0.425

CCL5 C-C motif chemokine 5 P13501 0.001432 0.346712 15 0.657143





OEBPS/Images/fendo-13-1081747-g005.jpg
CLU
STAT3 ARE

HLA‘DPB1
ORI

LEP \ cpaolG
(] cD40
HMOX‘\ IFIH1

DRD2 SIRT

PG

. /gL AT

F
o F3 KBK| MET
TLR5 “sTAT1 THBS1
HIF1A IL17, ’ | HSP90AAT
L § A pdors
GAPDH. i\ TLR8 °
IL18R1 /
wa\/eD28
N/
e

7 positivesregulation of\cytoking pﬁn})duct'ion
RISG 'Y é2

BP

MIR145 size
@ >
@ -

o

category

GATA3 >‘ CCR? swl//[ﬂlll ’
L . PRG\\ Mhdi 1/ l’ \

prgitive regulation of respose to/external stimutie

IsL1
PPARA
HLA-DRB1

%1 regulation-of.inflammatory res
APOA1 =

—— positive regulation of cytokine production

—— positive regulation of response to external stimulus

— regulation of inflammatory response

—— response to lipopolysaccharide

MIR199A1

GGT R SE G
SERPINFT % .
PRKCD./ * / TS —
142 e UGT1AT
ADORA1 FNFR S| = ——-
\ ipopolysaccharide gy

—— response to molecule of bacterial origin

P19AT \ "™
\ MPO
TREX1 / \ MIR342
ATM \
iy A\ CYP27B1
ESR1 \
ACE2 ‘ \ \
‘4‘“5 oM APOB
IGF1
APOE ‘PTPNZ Do SELP
socs3 \ BCA1
PPARG gJB 562
CASP3 ccL2
N MIR140
BDKRB/ 3 ®
AKT ® i e
NOS3
SLPI fasle TH
MEN1
o P 0
) MAPK3 o
PTGS SERPINC1 %HE IGFBP1
.ILS LIPC
C4,
O
BN1
®

CC

———

N

Fo
SHH\P COL4A2
SPP1O)
EDN1 size

@ »

. 40
CD4 . 50

category
—— cytoplasmic vesicle lumen
—— endoplasmic reticulum lumen

—— external side of plasma membrane

cenz —— secretory granule lumen
TIMP3 Bile
ITGAM ABCA1 —— vesicle lumen
TPRC
4 ' ILZRINSR
€D80 /
ICAM1 e )
==F3
FAS

IL1R1

FGF8

MF

\ F2

SPP1
\. APP
BMP6

FGF10

e — ) size
n VILY:
= v CRH ‘ 20
r-activity 40
7 4
A ®-
\ EGF
PIK3R1 \ \\\\ M\g,;.p4 . 80
! \\\\ category
AN AP \ SHH
«/‘1“‘}-{{/ o S —— cytokine activity
CASP8 V7 l'\",';.'\ NAMPT: p—
,,/Il 4\’, /‘ —— cytokine receptor binding
7 I
’/ "/ —— hormone activity
STAT1 /'I IMP1
/‘ ‘/’ 4\ / PDGFB —— receptor ligand activity
k' } t _,.1,/,_4_,. BMP4 —— signaling receptor activator activity
Cyt@ Ine _receptor<pin "lg\GFBQ \ APOA1

IL6R

GATA3

CR2





