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Background

The comorbidity rate of inflammatory bowel disease (IBD) and rheumatoid arthritis (RA) is high; nevertheless, the reasons behind this high rate remain unclear. Their similar genetic makeup probably contributes to this comorbidity.





Methods

Based on data obtained from the genome-wide association study of IBD and RA, we first assessed an overall genetic association by performing the linkage disequilibrium score regression (LDSC) analysis. Further, a local correlation analysis was performed by estimating the heritability in summary statistics. Next, the causality between the two diseases was analyzed by two-sample Mendelian randomization (MR). A genetic overlap was analyzed by the conditional/conjoint false discovery rate (cond/conjFDR) method.LDSC with specific expression of gene analysis was performed to identify related tissues between the two diseases. Finally, GWAS multi-trait analysis (MTAG) was also carried out.





Results

IBD and RA are correlated at the genomic level, both overall and locally. The MR results suggested that IBD induced RA. We identified 20 shared loci between IBD and RA on the basis of a conjFDR of <0.01. Additionally, we identified two tissues, namely spleen and small intestine terminal ileum, which were commonly associated with both IBD and RA.





Conclusion

Herein, we proved the presence of a polygenic overlap between the genetic makeup of IBD and RA and provided new insights into the genetic architecture and mechanisms underlying the high comorbidity between these two diseases.
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1 Introduction

Inflammatory bowel disease (IBD) is a common, chronic, nonspecific, immunologic clinical disease of the gastrointestinal tract (1). Clinically, the condition is generally categorized as either Crohn’s disease (CD) or ulcerative colitis (UC). There are distinct differences between UC and CD. UC typically presents with continuous mucosal inflammatory lesions extending from the rectum to the proximal colon, whereas CD can affect any segment of the gastrointestinal tract and is characterized by transmural inflammation and cobblestone-like changes (2). Patients with IBD commonly experience abdominal pain, increased stool frequency, weight loss, and multiple extra-intestinal symptoms (3, 4). Over the last few decades, the number of people suffering from the disease has increased significantly in Western countries (5). Almost 60,000 cases of IBD were reported worldwide in 2017 (6). Clinically, IBD is associated with several immune-mediated diseases including rheumatoid arthritis (RA) (7). RA is the most common chronic autoimmune disease of the synovial joints (8) and is characterized by intra-articular manifestations, such as the swelling of and deformity in the joints, and extra-articular manifestations, including rheumatoid nodules, vasculitis, pleural effusions, and accelerated atherosclerosis (9). Both IBD and RA are multifactorial diseases influenced by environmental factors. Risk factors for RA include exposure to tobacco smoke, occupational dust, high sodium diet, and excessive red meat consumption (10). Microorganisms such as mycoplasma, Epstein-Barr virus (EBV), porphyromonas, Proteus mirabilis, and Mycobacterium avium paratuberculosis (MAP) have been implicated in the pathogenesis of RA (11, 12). Similarly, IBD is affected by smoking, psychological stressors,pollutants in the air and water,dietary habits,and bacterial and viral infections (13–15).

IBD and RA analysis at the genetic level may reveal potential associations between them. TNF-like ligand 1A(TL1A), a common genetic risk locus between IBD and RA, competitively binds to death receptor 3(DR3) or decoy receptor 3(DcR3), stimulates downstream signaling pathways, and affects the regulation of effector cell proliferation, activation, and apoptosis and the production of cytokines and chemokines, which eventually affect IBD and RA progression (16, 17). Additionally, polymorphisms in the interferon regulatory factor 5(IRF5) and TNF receptor superfamily member 14(TNFRSF14) motifs can predispose the susceptibility of IBD and RA (18–21). Presently, detailed studies on mining shared genetic risk loci between IBD and RA are lacking; therefore, herein, we focused on identifying risk loci for these comorbidities.

Existing genome-wide association studies (GWAS) are developing rapidly over time, and GWAS on IBD and RA can help elucidate the underlying genetic mechanisms. While conducting common genetic structure analysis of complex diseases, it is not advisable to simply take the GWAS sites shared by two diseases. The reason is their genetic risk architecture is generally dependent on common genetic variants having small effect sizes, which can easily lead to false-negative results (22). Nevertheless, this error can be avoided by employing some novel genetic statistics methods and the genetic architecture of both diseases can be effectively studied (23–25). To better understand the common genetic structure between IBD and RA, we employed such methods.

In the present study, we first analyzed overall and local genetic correlations; a linkage disequilibrium score regression (LDSC) analysis was performed for the former (26), whereas estimated heritability in summary statistics (HESS) was performed for the latter (27). Subsequently, Mendelian randomization (MR) was used for analyzing causal correlations (28). Additionally, we investigated the potential genetic correlation between IBD and RA regarding a multigene overlap by following the conditional/conjoint false discovery rate (cond/conjFDR) method, which helped identify concordant genetic risk variant loci (29). The LDSC with specific expression of gene (LDSC–SEG) approach was used to identify tissues related to the two diseases (30). Finally, GWAS multitrait analysis (MTAG) was performed for the two diseases (31). We hope that the present study will help better understand shared genetic structures and molecular mechanisms between IBD and RA.




2 Methods and materials



2.1 GWAS data

Data on IBD was collected from the IEU GWAS database (https://gwas.mrcieu.ac.uk/), and GWAS summary statistics for IBD (ID: ebi-a-GCST004131), CD (ID: ebi-a-GCST004132) and UC (ID: ebi-a-GCST004133) were obtained from the European Bioinformatics Institute (EBI) database (32). Among them, IBD data includes a total of 59957 samples, including 25042 patients and 34915 healthy controls; The data of CD includes a total of 40266 samples, including 12194 patients and 28072 healthy controls; UC’s data includes a total of 45975 samples, including 12366 patients and 33609 healthy controls. The latest summary-level statistics for RA were obtained from the FinnGen GWAS results (https://r10.finngen.fi/) (33), which comprised a total of 12,555 patients with RA and 240,862 controls. All the participants were of European ancestry. We also selected the RA data (ID: ukb-b-9125) from the IEU database for validation.The flow chart of the present study is presented in Figure 1.




Figure 1 | Flowchart of the study. IBD, inflammatory bowel disease; RA, Rheumatoid arthritis.






2.2 Genetic correlation analysis

LDSC (version 1.0.1) calculates the genetic correlation between two shapes to show the average degree of the sharing of genetic effects between the pairs of traits (30). Genetic correlation (rg), the most important objective of the present study, ranges from −1 to 1, with the “−” sign denoting a negative correlation and the “+” sign denoting a positive correlation. Per the LDSC manual, the first step is to convert all GWAS summary statistics into the LDSC format with the help of the default parameters of munge_sumstats.py provided in the package. The second step is to calculate genetic correlations using the -rg, -ref-ld-chr, and -w-ld-chr parameters in ldsc.py. The precalculated LD scores passed to the -ref-ld-chr and -w-ld-chr parameters can be downloaded from https://alkesgroup.broadinstitute.org/LDSCORE/. Moreover, information on European pedigrees from the 1000 Genomes Project (34), which was consistent with the European pedigrees of the GWAS samples, was used as a reference panel for chain imbalance.




2.3 Local genetic correlation analysis

In the local genetic correlation analysis, we investigated 1703 gene segments that were delineated and that should be independent of prespecified LDs. HESS, a novel computational tool, calculates local SNP heritability and measures the degree of similarity between the pairs of traits driven by genetic variation (27). However, the HESS results should be corrected using the Bonferroni method, for which a correlation was considered statistically significant at P < 0.05/1703 = 2.94E-05.




2.4 MR analysis

The specific procedure followed for the MR analysis is presented in Figure 2. First, according to the correlation assumption of MR, we set the P-value to be less than 5 × 10−8 to obtain single nucleotide polymorphisms (SNPs) that are closely related to exposure. Second, LD was excluded by setting the r2 value to 0. 001 and kilobase pairs (kb) to 10 000 (35). Additionally, we manually input all exposure-related SNPs into Phenoscanner (http://www.phenoscanner.medschl.cam.ac.uk/) to check for any confounding variables related to outcomes. If confounding variables were present, the corresponding SNPs were deleted to satisfy the assumption that IVs is independent of confounding factors and outcomes.




Figure 2 | MR Analysis process and acquisition of valid instrumental variables (IV) steps. IBD, inflammatory bowel disease; RA, Rheumatoid arthritis.



Pleiotropy, heterogeneity, and sensitivity are important tools for the quality control of the MR analysis results. Based on the results of two polyvalence assessments, MR-Egger regression (36) and MR-PRESSO test (37), we identified abnormal SNPs, which were rejected. The results of inverse variance weighted (IVW) and MR Egger methods, including Cochran’s Q statistic and the corresponding P-value, where the P-value is the weighing of the presence and absence of heterogeneity (P < 0.05 denoting no heterogeneity), showed heterogeneity. The leave-one-out method eliminates each SNP in turn to calculate the combined effect of the remaining SNPs in order to determine whether the SNP exerts an unfavorable main effect on the overall causal relationship (38). Additionally, we analyzed the eligibility of the included SNPs by calculating the F-value (F = β2/SE2), where β is the effect value of the allele, and SE is the standard error (39). An F-value greater than 10 suggested the eligibility and absence of weak instrumental variables and vice versa (40).

TwosampleMR was used for the MR analysis, and IVW was selected as the stochastic model; this is the most critical method for evaluating analysis results. IVW evaluates the average causal effect between two traits, and the evaluation includes calculating the Wald ratio estimates for each SNP (41). The entire MR analysis is bidirectional.




2.5 Identifying shared genomic loci between IBD and RA

The empirical Bayesian statistical framework of condFDR and conjFDR analyses was used to identify shared genetic risk loci for IBD and RA (42). First, conditional quantile–quantile (Q–Q) plots were generated, which showed overlapping SNP associations among different traits. The conditional Q–Q plot analysis sets SNPs against secondary traits as a reference and evaluates all SNPs against the primary traits. Second, condFDR was used as a reference to reorder the test statistics of the primary trait (e.g., IBD) on the basis of the strength of the association with the secondary trait (e.g., RA) to enhance the feasibility of SNP identification (29). Next, the primary and secondary traits were inverted to perform a reverse condFDR analysis. The loci of the primary and secondary traits were considered significant at condFDR ≤ 0.01. Finally, the maximum value of condFDR was set as the value of conjFDR to ensure that the FDR associated with the two traits was more accurate. The entire analysis was performed by directly eliminating SNPs around the major histocompatibility complex expansion region, which improved the accuracy of the FDR estimates (43). The detailed procedure for the conjFDR analysis is available at https://github.com/precimed/pleiofdr.




2.6 Functional annotation

FUMA (44), an online analysis website (available at https://fuma.ctglab.nl/), allows for the positional mapping and functional annotation of new, shared, and specific locus. We considered candidate SNPs with conjFDR < 0.05 and LD r2 < 0.6 with each other as independent significant SNPs. Among them, those SNPs with LD r2 < 0.1 were designated as lead SNPs. All the candidate SNPs in LD r2 ≥ 0.6 with a lead SNP demarcated the boundaries of a genomic locus. We merged loci separated by less than 250 kb. Therefore, any candidate SNP located within the boundaries of a genomic locus was defined to belong to a single independent genomic locus. We also employed the Combined Annotation Dependent Depletion (CADD), a framework that objectively integrates diverse annotations into a unified quantitative score, which is pivotal in evaluating functional, deleterious, and pathogenic genetic variations. A CADD score exceeding 12.37 signifies harmfulness (45).

We investigated pathway enrichment for the mapped genes. Gene ontology (GO) annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were performed to identify common trends related to the function of differentially expressed genes (46), which was achieved by performing GO annotations of genes from the R package org.Hs.eg.db (version 3.1.0). The genes were mapped to the background set, and the enrichment analysis was performed using the R package clusterProfiler (version 3.14.3). The minimum gene set included 5 entities and the maximum gene set included 5000 entities, and the P-value and FDR value were set to less than 0.05 and less than 0.1, respectively. For this, the enrichment analysis tool of the Sangerbox platform (http://vip.sangerbox.com/) was used (47).




2.7 Tissue enrichment analysis

The LDSC–SEG analysis was performed by considering the tissue gene expression data as a reference and combining the GWAS data of both IBD and RA to identify tissues associated with IBD and RA (30). In this analysis, the t-statistic of each gene expressed in different tissues was calculated, the t-statistic scores of all genes were ranked in ascending order, and the top 10% of the genes were considered as the gene set corresponding to the lesion tissue. Further, the gene sets were divided into strong and weak specific expression gene sets per their intensity. In each gene set, a 100-kb window was set between the front and back of the transcribed region of each gene in order to establish the annotation information of the tissue genome. Finally, GWAS summary statistics were performed to assess the role of focused genome annotation in trait heritability. GTEx (v8) offers insights into 53 distinct tissue types, encompassing data on SNP mutations linked to quantitative traits of gene expression across various tissues (48). S-LDSC provides preprocessed reference comparison panels for 53 tissues of the GTEx project in this version, which allows researchers to more conveniently evaluate the correlation between tissues and traits. We downloaded and used pre-calculated GTEx project gene expression data as genomic annotations for each tissue to reveal the potential tissue origins of the comorbidity inheritance between IBD and RA. The detailed procedure of the LDSC–SEG analysis is available at https://github.com/bulik/ldsc/wiki/Cell-type-specific-analyse.




2.8 Cross-trait meta-analysis

Utilizing Python 3.11.5, we conducted a GWAS multi-trait analysis (MTAG) between IBD and RA to ascertain the risk SNPs significantly associated with both traits (31). MTAG facilitates the joint analysis of GWAS statistical summaries for different traits without potential sample overlap between studies. It is predicated on the establishment of a variance-covariance matrix with shared effect sizes across traits (31). The GWAS derived from MTAG analysis between the two traits was submitted to the FUMA (44) online analysis platform for identification of the associated genetic risk loci.





3 Results



3.1 Genetic correlation

The LDSC analysis results showed 2380 SNPs that were significantly correlated to IBD and 773 SNPs that were significantly correlated to RA.2076 and 1042 on the CD and UC side, respectively. Excluding the intercept, the probability of inheritance for IBD was 31.3%, whereas that for RA was 2.73%, and a positive correlation was observed between the two (rg = 0.1279, P = 0.0191).The correlation of RA with CD (rg = 0.1242, P= 0.0347) was also positive, but there was no significant association in terms of UC (rg = 0.1006, P= 0.0756). The results of the validation were consistent with the above performance (Table 1).


Table 1 | Genetic correlation of RA and IBD(including CD and UC).



The local genetic correlation mapping analysis indicated a local genetic overlap between IBD and RA, and the specific site was on two chromosomes, 6 and 12. CD aspects are expressed on chromosomes 1 and 12 and UC on chromosome 6 (Figures 3A-C). Localized correlations in ukb-b-9125 are enriched on chromosomes 1 and 6 (Supplementary Figures 1A-C).




Figure 3 | HESS analysis of RA and IBD, CD and UC. The top and middle sections of each subgraph represent local genetic correlations and covariances, respectively, and the colored bars represent loci with significant local genetic correlations and covariances. The bottom portion represents the local snp heritability of an individual trait, and the colored bars represent loci with significant local snp heritability. (A) Local genetic correlation between IBD and RA. (B) Local genetic correlation between CD and RA. (C) Local genetic correlation between UC and RA. RA, Rheumatoid arthritis; IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis.






3.2 MR

In the MR analysis of IBD on RA orientation, 81 SNPs were studied. The IVW results showed a positive causal effect of IBD on RA risk (P = 0.0039). The leave-one-out analyses showed no potentially affecting SNP-driven causal associations, indicating the reliability of the present results (Figure 4). Additionally, MR-PRESSO showed no horizontal multidirectionality (P = 0.3873). The reverse MR analysis showed no significant causal effect of RA on IBD.There was no causal relationship between IBD subtypes and RA (Supplementary Table 1). There were too few reverse dependent instrumental variables, and only positive MR was performed for IBD and ukb-b-9125, with results suggesting no causality.(Supplementary Table 1). The F-values for all instrumental variables were greater than 10, which suggested the absence of a bias in the weak instrumental variables (Supplementary Table 1).




Figure 4 | Forest plot for the leave-one-out analysis. IBD, inflammatory bowel disease; RA, Rheumatoid arthritis.






3.3 conjFDR analysis to identify shared genomic loci between IBD and RA

The conditional Q–Q plots for IBD and RA showed that when the association significance of one disease increased, the other disease significantly shifted to the left from the expected zero line, which suggested the presence of genetic enrichment and a shared genetic background between IBD (including CD and UC) and RA (Figures 5A-F). The same conclusion was reached with respect to ukb-b-9125 (Supplementary Figures 2A-F). The ConjFDR analysis showed that all genes between the two traits overlapped in a way that the overlapping improved the qualitative confidence and guaranteed that the identified loci belonged to both diseases. At conjFDR < 0.01, there were 20 genetic risk loci shared by IBD GWAS and RA GWAS (Figure 6A; Supplementary Table 2), of which 17 showed the same direction of effect (Supplementary Table 2). For CD and UC, the genetic risk loci were 21 and 13, respectively, of which 16 and 13 showed the same direction of effect (Figures 6B, C; Supplementary Tables 3, 4). Ukb-b-9125 had fewer genetically risk loci between ukb-b-9125 and IBD, CD, and UC, corresponding to 1, 3, and 0, respectively (Supplementary Figures 3A-C).




Figure 5 | Conditional quantile-quantile plot. The dashed line indicates the expected line under the null hypothesis, and the deflection to the left indicates the degree of pleiotropic enrichment. (A) IBD-RA. (B) RA-IBD. (C) CD-RA. (D) RA-CD. (E) UC-RA. (F) RA-UC. RA, Rheumatoid arthritis; IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis.






Figure 6 | (A) ConjFDR Manhattan plot of IBD and RA. (B) ConjFDR Manhattan plot of CD and RA. (C) ConjFDR Manhattan plot of UC and RA. The shared risk loci between RA and IBD, CD and UC were marked. The statistically significant causality is defined to be conjFDR <0.01. RA, Rheumatoid arthritis; IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis.






3.4 Functional annotations

At concFDR < 0.01, a total of 92 mapping genes (Supplementary Table 5) and 1575 candidate SNPs were obtained for IBD and RA, which mainly corresponded to ncRNA_intronic (n = 544, 34.8%), intronic (n = 530, 34.0%), and intergenic (n = 327. 20.9%) functions (Supplementary Table 6). Among the 20 genetic risk loci, the functional attributes intronic、intergenic、ncRNA_intronic、downstream, and ncRNA_exoni corresponded to 9, 5, 3, 2, and 1 SNPs, respectively (Supplementary Table 2). Among these 20 enetic risk loci, the combined annotation-dependent depletion value of the SNP rs353341 exceeded the threshold of 12.37, which indicated that it was deleterious (45). There are 2061 and 1311 candidate SNPs for CD and UC, respectively (Supplementary Tables 7, 8). For mapping genes, there are 103 for CD and 67 for UC (Supplementary Tables 9, 10).

The GO annotation and KEGG pathway enrichment analyses were performed on the 92 mapped genes in IBD, and the results showed that in terms of biological processes, the top three aspects of gene enrichment were signaling regulation, protein metabolism regulation, and cellular response to cytokine stimulus (Figure 7A). In terms of cellular components, the cytosol, membrane raft, and membrane microdomain were the main directions of gene enrichment (Figure 7B). In terms of molecular functions, genes were mainly enriched for protein kinase binding and kinase binding (Figure 7C). Conversely, the notable pathways analyzed by KEGG were Epstein–Barr virus (EBV) infection, Janus kinase signal transducer and activator of transcription (JAK–STAT) signaling pathway, and Th1 and Th2 cell differentiation (Figure 7D). The results of the enrichment analysis for CD and UC can be seen in Supplementary Figures 4, 5.




Figure 7 | The Results of Enrichment analysis. (A) GO enrichment analysis at biological process. (B) GO enrichment analysis at molecular function. (C) GO enrichment analysis at cell composition. (D) KEGG analysis.






3.5 Trait-related tissue

Based on the tissue expression data from GTEx, we performed additional LDSC–SEG analyses to identify disease-associated tissues. At P < 0.05, IBD was associated with the whole blood, lung, spleen, small intestine terminal ileum, EBV-transformed lymphocytes, adipose visceral (omentum), nerve tibial, transverse colon, sun-exposed skin (lower leg), and uterus (Figure 8A; Supplementary Table 11). Tissues that showed a significant correlation with RA were the spleen, whole blood, EBV-transformed lymphocytes, and small intestine terminal ileum (Figure 8B; Supplementary Table 12). Crohn’s disease is closely associated with whole blood, spleen, lungs, terminal ileum of the small intestine, EBV-transforming lymphocytes, fatty viscera (omentum), fallopian tubes, and uterus (Figures 8C; Supplementary Table 13). Tissues significantly associated with UC include the lung, terminal ileum of the small intestine, whole blood, spleen, transverse colon, tibial nerve and bladder (Figures 8D; Supplementary Table 14). LDSC-SEG results for ukb-b-9125 indicated significant associations with spleen tissue as well as the terminal ileum of the small intestine; also showing significant association with bladder and mammary gland tissue (Figures 8E; Supplementary Table 15). The spleen and small intestine terminal ileum were common to both diseases, which suggested that IBD and RA might have a common tissue origin. The relevant specific analyses and their results are presented in Supplementary Tables 11-15.




Figure 8 | Tissues enrichment results of IBD (A), AS (B), CD (C), UC (D), and ukb-b-9125 (E) using gene expression data of 53 tissues from GTEx. RA, Rheumatoid arthritis; IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis.






3.6 MTAG

After performing MTAG analysis and Fuma annotation for both IBD and RA, a total of 94 genetic risk loci were identified (Supplementary Table 16). The conjfdr and MTAG analysis revealed the intersection of five genes (FOXP1, RP11–95M15.1, RP11–89M16.1, PTPN2, and UBE2L3) (Supplementary Figure 6A). For CD, we found 80 genetic risk loci (Supplementary Table 17), with the corresponding intersection genes being AC020743.4, RP11–89M16.1, PTPN2, and UBE2L3 (Supplementary Figure 6B). Upon analyzing UC, only 49 genetic risk loci were identified (Supplementary Table 18), with the intersection genes being RP11–95M15.1 and IRF5 from the two analyses (Supplementary Figure 6C).





4 Discussion

In the present study, the results of LDSC and HESS suggested a genetic correlation between IBD and RA, at both the overall and local levels. Subsequently, we performed a conjFDR analysis at the SNP level to mine novel genetic variants associated with the two shapes of IBD and RA. Finally, considering tissue genetic data as a reference, we performed an LDSC–SEG analysis to obtain two common tissue sources, namely the spleen and small intestine terminal ileum and provided favorable histologic evidence. The present results showed the genetic association between IBD and RA and provided insights into the possible regulatory functions of the shared genetic factors. Nevertheless, the functions need further investigation.

Several existing cross-sectional observational studies have suggested an association between IBD and RA (49–51). Other prospective studies have reported that IBD can increase the risk of RA (52, 53). A meta-analysis of the association between IBD and RA showed that IBD increased RA prevalence (54). These previous results are in line with the present MR results. Additionally, the potential genetic overlap between IBD and RA provided some genetic evidence to support these results. A US retrospective study found that CD patients were more likely to develop RA than UC (55). The findings of a meta-analysis on the risk of rheumatoid arthritis in inflammatory bowel disease have confirmed this (54). The CD and UC are commonly characterized as Th1-dominant and Th2-dominant, respectively (56, 57), while RA is often classified as a Th1-driven disease (58). Therefore, there is a closer relationship between CD and RA.In the overall genetic correlation analysis, we observed that RA was significant with CD and not with UC.A study published by Afroz et al. mentions that the expression of HLA-DOB is significantly upregulated in vivo in RA patients (59). The human leukocyte antigen HLA-DOB plays an important role in viral infections by influencing multiple alleles involved in antigen presentation (60, 61). In addition, a previous analysis of the colonic transcriptome found that HLA-DOB was significantly upregulated in patients with CD, but not in patients with UC (62). From the above, it is clear that HLA-DOB expression and the virus-induced autoimmunity it generates might be the mechanism for the pathogenesis of RA combined with CD. This also provides an explanation for the discordant genetic effects of RA on CD and UC observed in our study.

The gut–joint axis is emerging as a new research hotspot in the biomedical field; however, the action mechanism of the gut–joint axis is poorly understood. A recent study published in Nature Communications has reported that patients with newly-onset RA show increased serum connexin levels and decreased intestinal tight junction protein levels. In a mouse model for arthritis, the gut produced inflammatory lesions that developed earlier than did arthritis, and targeting intestinal mucosal proteins alleviated arthritis symptoms (63). The gut–joint axis is associated with the activation of the innate immune system of the host, in which gut microbe-related factors, including short-chain fatty acids, bile acids, and tryptophan and its metabolites, and intestinal flora play a crucial role (64). IBD and RA are immune-mediated diseases, and they interact with each other to form the gut–joint axis, and the overlapping genetic structure may be the potential basis for their action mechanisms.

The results of KEGG-enriched pathways is very interesting. EBV infection disrupts cellular immunity, and its presence increases IBD and RA incidences (65, 66). JAK–STAT signaling is an essential pathway in immunology, which is generally activated, phosphorylated, and dimerized by the phosphorylation of intracellular JAK, which further activates STAT. Then, the proteins migrate to the nucleus as homo/heterodimers to bind to specific DNA-binding sites and eventually participate in the immunological processes of IBD and RA (67–69). The first-generation JAK inhibitor, tofacitinib, is being considered for IBD and RA treatment (70).

Based on conjfdr and MTAG analysis, the genes that warrant attention are ubiquitin-conjugating enzyme E2 L3 (UBE2L3) and interferon regulatory factor 5 (IRF5). The former is a significant gene associated with both IBD and CD, while the latter is a significant gene unique to UC. Conjfdr suggests that they demonstrate a positive association (Z > 0) between the two diseases and serve as their susceptibility genes. UBE2L3 encodes a ubiquitin-conjugating enzyme, which regulates interferon and TLR7/9 signaling pathways (71). According to two GWAS studies, UBE4L3 was a possible new risk gene for IBD as it played an important role in intestinal pathogenesis (72, 73). Variation in the UBE2L3 region is a critical locus for altered immune mechanisms in RA (74, 75). Studies have reported a correlation between IRF5 and UC. In a clinical trial investigating thalidomide’s efficacy in treating UC, it was found that thalidomide effectively modulated M1 macrophage polarization by targeting IRF5, ultimately leading to an amelioration of inflammation (76). Yang et al. conducted immunohistochemistry, western blotting, and quantitative real-time polymerase chain reaction analyses on peripheral blood and mucosal samples from IBD patients, revealing elevated levels of IRF5 expression significantly correlated with disease activity. This suggests that IRF5 could serve as a potential therapeutic target for UC (18). Furthermore, research indicates that the association between IRF5 and UC extends beyond the European population to include the Han population (77).

The LDSC–SEG analysis indicated that the spleen was associated with both diseases. As the largest secondary lymphoid organ in the body, the spleen exhibits diverse immune functions and plays a role in hematopoiesis and erythrocyte clearance (78). A study has shown the use of spleen-targeted H2S donor-loaded liposomes for effective immunotherapy against IBD (79). Additionally, splenic sympathetic overactivity drives inflammation and disease progression in immune disorders, such as IBD and RA, via the G-coupled protein receptor kinase pathway (80).

In the present study, we used powerful statistical inference methods, such as conjFDR, to examine the directional association of all overlapping genetic variants; this examination was independent of genetic correlation and improved qualitative confidence. Nevertheless, the study has some limitations. First, our study was conducted on the European population; thus, the present conclusions might not apply to other populations. Second, the identified lead SNPs may be associated with other disease-causing SNPs, and some genetic and environmental risk factors, such as rare variants and infections, may confound the present results. Finally, the validation of an independent cohort was not performed because the present study was based on the methodological aspects of computer simulation with publicly available GWAS data.




5 Conclusion

In conclusion, we obtained evidence for a shared genetic architecture between IBD and RA by targeting large-scale GWAS pooled data and using diverse genomic approaches. Furthermore, we found local and overall genetic correlations and causal associations between IBD and RA by mining genetic risk loci and tissues that were common to both. The present findings provide valuable insights into the shared genetic architecture between IBD and RA, providing necessary information for devising treatment strategies for IBD and RA.





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.





Author contributions

QL: Writing – original draft, Visualization. GCa: Writing – original draft, Methodology, Formal analysis, Data curation, Conceptualization. YW: Writing – original draft, Visualization. GCh: Writing – review & editing, Supervision.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.




Acknowledgments

The authors thank Bullet Edits Limited for the linguistic editing and proofreading of the manuscript.





Conflict of interest

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





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.1359857/full#supplementary-material




References

1. Ashton, JJ, and Beattie, RM. Personalised therapy for inflammatory bowel disease. Lancet. (2019) 393:1672–4. doi: 10.1016/S0140–6736(18)33125–8

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

3. He, R, Zhao, S, Cui, M, Chen, Y, Ma, J, Li, J, et al. Cutaneous manifestations of inflammatory bowel disease: basic characteristics, therapy, and potential pathophysiological associations. Front Immunol. (2023) 14:1234535. doi: 10.3389/fimmu.2023.1234535

4. Romano, L, Pellegrino, R, Arcaniolo, D, Gravina, AG, Miranda, A, Priadko, K, et al. Lower urinary tract symptoms in patients with inflammatory bowel diseases: A cross-sectional observational study. Dig Liver Dis. (2023) 56:628–34. doi: 10.1016/j.dld.2023.10.010. S1590–8658(23)00998–2.

5. Kaplan, GG. The global burden of IBD: from 2015 to 2025. Nat Rev Gastroenterol Hepatol. (2015) 12:720–7. doi: 10.1038/nrgastro.2015.150

6. GBD 2017 Inflammatory Bowel Disease Collaborators. The global, regional, and national burden of inflammatory bowel disease in 195 countries and territories, 1990–2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet Gastroenterol Hepatol. (2020) 5:17–30. doi: 10.1016/S2468–1253(19)30333–4

7. Colìa, R, Corrado, A, and Cantatore, FP. Rheumatologic and extraintestinal manifestations of inflammatory bowel diseases. Ann Med. (2016) 48:577–85. doi: 10.1080/07853890.2016.1195011

8. Gibofsky, A. Epidemiology, pathophysiology, and diagnosis of rheumatoid arthritis: A Synopsis. Am J Manag Care. (2014) 20:S128–135.

9. Smolen, JS, Aletaha, D, and McInnes, IB. Rheumatoid arthritis. Lancet. (2016) 388:2023–38. doi: 10.1016/S0140–6736(16)30173–8

10. Deane, KD, Demoruelle, MK, Kelmenson, LB, Kuhn, KA, Norris, JM, and Holers, VM. Genetic and environmental risk factors for rheumatoid arthritis. Best Pract Res Clin Rheumatol. (2017) 31:3–18. doi: 10.1016/j.berh.2017.08.003

11. Sharp, RC, Beg, SA, and Naser, SA. Polymorphisms in protein tyrosine phosphatase non-receptor type 2 and 22 (PTPN2/22) are linked to hyper-proliferative T-cells and susceptibility to mycobacteria in rheumatoid arthritis. Front Cell Infect Microbiol. (2018) 8:11. doi: 10.3389/fcimb.2018.00011

12. Li, S, Yu, Y, Yue, Y, Zhang, Z, and Su, K. Microbial infection and rheumatoid arthritis. J Clin Cell Immunol. (2013) 4:174. doi: 10.4172/2155–9899.1000174

13. Sharp, RC, Beg, SA, and Naser, SA. Role of PTPN2/22 polymorphisms in pathophysiology of Crohn’s disease. World J Gastroenterol. (2018) 24:657–70. doi: 10.3748/wjg.v24.i6.657

14. Abegunde, AT, Muhammad, BH, Bhatti, O, and Ali, T. Environmental risk factors for inflammatory bowel diseases: Evidence based literature review. World J Gastroenterol. (2016) 22:6296–317. doi: 10.3748/wjg.v22.i27.6296

15. Zhang, L, Liu, F, Xue, J, Lee, SA, Liu, L, and Riordan, SM. Bacterial species associated with human inflammatory bowel disease and their pathogenic mechanisms. Front Microbiol. (2022) 13:801892. doi: 10.3389/fmicb.2022.801892

16. Xu, W-D, Li, R, and Huang, A-F. Role of TL1A in inflammatory autoimmune diseases: A comprehensive review. Front Immunol. (2022) 13:891328. doi: 10.3389/fimmu.2022.891328

17. Aiba, Y, and Nakamura, M. The role of TL1A and DR3 in autoimmune and inflammatory diseases. Mediators Inflammation. (2013) 2013:258164. doi: 10.1155/2013/258164

18. Yang, Y, Zhang, C, Jing, D, He, H, Li, X, Wang, Y, et al. IRF5 acts as a potential therapeutic marker in inflammatory bowel diseases. Inflammation Bowel Dis. (2021) 27:407–17. doi: 10.1093/ibd/izaa200

19. Said, NM, Ezzeldin, N, Said, D, Ebaid, AM, Atef, DM, and Atef, RM. HLA-DRB1, IRF5, and CD28 gene polymorphisms in Egyptian patients with rheumatoid arthritis: susceptibility and disease activity. Genes Immun. (2021) 22:93–100. doi: 10.1038/s41435–021-00134–8

20. Shui, J-W, and Kronenberg, M. HVEM is a TNF receptor with multiple regulatory roles in the mucosal immune system. Immune Netw. (2014) 14:67–72. doi: 10.4110/in.2014.14.2.67

21. Huang, H, Huang, S-C, Hua, D-J, Sun, Q-Q, Cen, H, and Xin, X-F. Interaction analysis between BLK rs13277113 polymorphism and BANK1 rs3733197 polymorphism, MMEL1/TNFRSF14 rs3890745 polymorphism in determining susceptibility to rheumatoid arthritis. Autoimmunity. (2017) 50:403–8. doi: 10.1080/08916934.2017.1377191

22. Boyle, EA, Li, YI, and Pritchard, JK. An expanded view of complex traits: from polygenic to omnigenic. Cell. (2017) 169:1177–86. doi: 10.1016/j.cell.2017.05.038

23. Fominykh, V, Shadrin, AA, Jaholkowski, PP, Bahrami, S, Athanasiu, L, Wightman, DP, et al. Shared genetic loci between Alzheimer’s disease and multiple sclerosis: Crossroads between neurodegeneration and immune system. Neurobiol Dis. (2023) 183:106174. doi: 10.1016/j.nbd.2023.106174

24. Hope, S, Shadrin, AA, Lin, A, Bahrami, S, Rødevand, L, Frei, O, et al. Bidirectional genetic overlap between autism spectrum disorder and cognitive traits. Transl Psychiatry. (2023) 13:295. doi: 10.1038/s41398–023-02563–7

25. Shang, M-Y, Wu, Y, Zhang, C-Y, Qi, H-X, Zhang, Q, Huo, J-H, et al. Bidirectional genetic overlap between bipolar disorder and intelligence. BMC Med. (2022) 20:464. doi: 10.1186/s12916–022-02668–8

26. Bulik-Sullivan, B, Finucane, HK, Anttila, V, Gusev, A, Day, FR, Loh, P-R, et al. Psychiatric Genomics Consortium, Genetic Consortium for Anorexia Nervosa of the Wellcome Trust Case Control Consortium 3, Duncan L, et al. An atlas of genetic correlations across human diseases and traits. Nat Genet. (2015) 47:1236–41. doi: 10.1038/ng.3406

27. Shi, H, Mancuso, N, Spendlove, S, and Pasaniuc, B. Local genetic correlation gives insights into the shared genetic architecture of complex traits. Am J Hum Genet. (2017) 101:737–51. doi: 10.1016/j.ajhg.2017.09.022

28. Didelez, V, and Sheehan, N. Mendelian randomization as an instrumental variable approach to causal inference. Stat Methods Med Res. (2007) 16:309–30. doi: 10.1177/0962280206077743

29. Smeland, OB, Frei, O, Shadrin, A, O’Connell, K, Fan, C-C, Bahrami, S, et al. Discovery of shared genomic loci using the conditional false discovery rate approach. Hum Genet. (2020) 139:85–94. doi: 10.1007/s00439–019-02060–2

30. Bulik-Sullivan, BK, Loh, P-R, Finucane, HK, Ripke, S, and Yang, J. Schizophrenia Working Group of the Psychiatric Genomics Consortium, Patterson N, Daly MJ, Price AL, Neale BM. LD Score regression distinguishes confounding from polygenicity in genome-wide association studies. Nat Genet. (2015) 47:291–5. doi: 10.1038/ng.3211

31. Turley, P, Walters, RK, Maghzian, O, Okbay, A, Lee, JJ, Fontana, MA, et al. Multi-trait analysis of genome-wide association summary statistics using MTAG. Nat Genet. (2018) 50:229–37. doi: 10.1038/s41588–017-0009–4

32. de Lange, KM, Moutsianas, L, Lee, JC, Lamb, CA, Luo, Y, Kennedy, NA, et al. Genome-wide association study implicates immune activation of multiple integrin genes in inflammatory bowel disease. Nat Genet. (2017) 49:256–61. doi: 10.1038/ng.3760

33. Kurki, MI, Karjalainen, J, Palta, P, Sipilä, TP, Kristiansson, K, Donner, KM, et al. FinnGen provides genetic insights from a well-phenotyped isolated population. Nature. (2023) 613:508–18. doi: 10.1038/s41586–022-05473–8

34. 1000 Genomes Project Consortium, Auton, A, Brooks, LD, Durbin, RM, Garrison, EP, Kang, HM, et al. A global reference for human genetic variation. Nature. (2015) 526:68–74. doi: 10.1038/nature15393

35. Hemani, G, Zheng, J, Elsworth, B, Wade, KH, Haberland, V, Baird, D, et al. The MR-Base platform supports systematic causal inference across the human phenome. Elife. (2018) 7:e34408. doi: 10.7554/eLife.34408

36. Burgess, S, and Thompson, SG. Interpreting findings from Mendelian randomization using the MR-Egger method. Eur J Epidemiol. (2017) 32:377–89. doi: 10.1007/s10654-017-0255-x

37. Verbanck, M, Chen, C-Y, Neale, B, and Do, R. Detection of widespread horizontal pleiotropy in causal relationships inferred from Mendelian randomization between complex traits and diseases. Nat Genet. (2018) 50:693–8. doi: 10.1038/s41588–018-0099–7

38. Gronau, QF, and Wagenmakers, E-J. Limitations of Bayesian leave-one-out cross-validation for model selection. Comput Brain Behav. (2019) 2:1–11. doi: 10.1007/s42113–018-0011–7

39. Bowden, J, Del Greco, MF, Minelli, C, Davey Smith, G, Sheehan, NA, and Thompson, JR. Assessing the suitability of summary data for two-sample Mendelian randomization analyses using MR-Egger regression: the role of the I2 statistic. Int J Epidemiol. (2016) 45:1961–74. doi: 10.1093/ije/dyw220

40. Burgess, S, Thompson SG, CRP, and CHD Genetics Collaboration. Avoiding bias from weak instruments in Mendelian randomization studies. Int J Epidemiol. (2011) 40:755–64. doi: 10.1093/ije/dyr036

41. Burgess, S, Butterworth, A, and Thompson, SG. Mendelian randomization analysis with multiple genetic variants using summarized data. Genet Epidemiol. (2013) 37:658–65. doi: 10.1002/gepi.21758

42. Solovieff, N, Cotsapas, C, Lee, PH, Purcell, SM, and Smoller, JW. Pleiotropy in complex traits: challenges and strategies. Nat Rev Genet. (2013) 14:483–95. doi: 10.1038/nrg3461

43. Schwartzman, A, and Lin, X. The effect of correlation in false discovery rate estimation. Biometrika. (2011) 98:199–214. doi: 10.1093/biomet/asq075

44. Watanabe, K, Taskesen, E, van Bochoven, A, and Posthuma, D. Functional mapping and annotation of genetic associations with FUMA. Nat Commun. (2017) 8:1826. doi: 10.1038/s41467–017-01261–5

45. Kircher, M, Witten, DM, Jain, P, O’Roak, BJ, Cooper, GM, and Shendure, J. A general framework for estimating the relative pathogenicity of human genetic variants. Nat Genet. (2014) 46:310–5. doi: 10.1038/ng.2892

46. Dennis, G, 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

47. Shen, W, Song, Z, Zhong, X, Huang, M, Shen, D, Gao, P, et al. Sangerbox: A comprehensive, interaction-friendly clinical bioinformatics analysis platform. iMeta. (2022) 1:e36. doi: 10.1002/imt2.36

48. Finucane, HK, Reshef, YA, Anttila, V, Slowikowski, K, Gusev, A, Byrnes, A, et al. Heritability enrichment of specifically expressed genes identifies disease-relevant tissues and cell types. Nat Genet. (2018) 50:621–9. doi: 10.1038/s41588–018-0081–4

49. Cohen, R, Robinson, D, Paramore, C, Fraeman, K, Renahan, K, and Bala, M. Autoimmune disease concomitance among inflammatory bowel disease patients in the United States, 2001–2002. Inflammation Bowel Dis. (2008) 14:738–43. doi: 10.1002/ibd.20406

50. Halling, ML, Kjeldsen, J, Knudsen, T, Nielsen, J, and Hansen, LK. Patients with inflammatory bowel disease have increased risk of autoimmune and inflammatory diseases. World J Gastroenterol. (2017) 23:6137–46. doi: 10.3748/wjg.v23.i33.6137

51. Yang, BR, Choi, N-K, Kim, M-S, Chun, J, Joo, SH, Kim, H, et al. Prevalence of extraintestinal manifestations in Korean inflammatory bowel disease patients. PloS One. (2018) 13:e0200363. doi: 10.1371/journal.pone.0200363

52. Park, S-W, Kim, TJ, Lee, JY, Kim, ER, Hong, SN, Chang, DK, et al. Comorbid immune-mediated diseases in inflammatory bowel disease: a nation-wide population-based study. Aliment Pharmacol Ther. (2019) 49:165–72. doi: 10.1111/apt.15076

53. Burisch, J, Jess, T, and Egeberg, A. Incidence of immune-mediated inflammatory diseases among patients with inflammatory bowel diseases in Denmark. Clin Gastroenterol Hepatol. (2019) 17:2704–12.e3. doi: 10.1016/j.cgh.2019.03.040

54. Chen, Y, Chen, L, Xing, C, Deng, G, Zeng, F, Xie, T, et al. The risk of rheumatoid arthritis among patients with inflammatory bowel disease: a systematic review and meta-analysis. BMC Gastroenterol. (2020) 20:192. doi: 10.1186/s12876–020-01339–3

55. Martinez, EC, Vilchez, E, Ng, WL, Gautam, SS, Gavilanes, D, Joseph, M, et al. INFLAMMATORY BOWEL DISEASE AND RHEUMATOID ARTHRITIS. Gastroenterology. (2024) 166:S37–8. doi: 10.1053/j.gastro.2023.11.110

56. Parronchi, P, Romagnani, P, Annunziato, F, Sampognaro, S, Becchio, A, Giannarini, L, et al. Type 1 T-helper cell predominance and interleukin-12 expression in the gut of patients with Crohn’s disease. Am J Pathol. (1997) 150:823–32.

57. Heller, F, Florian, P, Bojarski, C, Richter, J, Christ, M, Hillenbrand, B, et al. Interleukin-13 is the key effector Th2 cytokine in ulcerative colitis that affects epithelial tight junctions, apoptosis, and cell restitution. Gastroenterology. (2005) 129:550–64. doi: 10.1016/j.gastro.2005.05.002

58. Firestein, GS. Evolving concepts of rheumatoid arthritis. Nature. (2003) 423:356–61. doi: 10.1038/nature01661

59. Afroz, S, Giddaluru, J, Vishwakarma, S, Naz, S, Khan, AA, and Khan, N. A comprehensive gene expression meta-analysis identifies novel immune signatures in rheumatoid arthritis patients. Front Immunol. (2017) 8:74. doi: 10.3389/fimmu.2017.00074

60. Denzin, LK, Khan, AA, Virdis, F, Wilks, J, Kane, M, Beilinson, HA, et al. Neutralizing antibody responses to viral infections are linked to the non-classical MHC class II gene H2-Ob. Immunity. (2017) 47:310–22.e7. doi: 10.1016/j.immuni.2017.07.013

61. Han, J, Chen, C, Wang, C, Qin, N, Huang, M, Ma, Z, et al. Transcriptome-wide association study for persistent hepatitis B virus infection and related hepatocellular carcinoma. Liver Int. (2020) 40:2117–27. doi: 10.1111/liv.14577

62. Yang, L, Tang, S, Baker, SS, Arijs, I, Liu, W, Alkhouri, R, et al. Difference in pathomechanism between Crohn’s disease and ulcerative colitis revealed by colon transcriptome. Inflammation Bowel Dis. (2019) 25:722–31. doi: 10.1093/ibd/izy359

63. Tajik, N, Frech, M, Schulz, O, Schälter, F, Lucas, S, Azizov, V, et al. Targeting zonulin and intestinal epithelial barrier function to prevent onset of arthritis. Nat Commun. (2020) 11:1995. doi: 10.1038/s41467–020-15831–7

64. Xu, X, Wang, M, Wang, Z, Chen, Q, Chen, X, Xu, Y, et al. The bridge of the gut–joint axis: Gut microbial metabolites in rheumatoid arthritis. Front Immunol. (2022) 13:1007610. doi: 10.3389/fimmu.2022.1007610

65. Wei, H-T, Xue, X-W, Ling, Q, Wang, P-Y, and Zhou, W-X. Positive correlation between latent Epstein-Barr virus infection and severity of illness in inflammatory bowel disease patients. World J Gastrointest Surg. (2023) 15:420–9. doi: 10.4240/wjgs.v15.i3.420

66. Miljanovic, D, Cirkovic, A, Jermic, I, Basaric, M, Lazarevic, I, Grk, M, et al. Markers of Epstein-Barr virus infection in association with the onset and poor control of rheumatoid arthritis: A prospective cohort study. Microorganisms. (2023) 11:1958. doi: 10.3390/microorganisms11081958

67. Hu, X, Li, J, Fu, M, Zhao, X, and Wang, W. The JAK/STAT signaling pathway: from bench to clinic. Signal Transduct Target Ther. (2021) 6:402. doi: 10.1038/s41392–021-00791–1

68. Salas, A, Hernandez-Rocha, C, Duijvestein, M, Faubion, W, McGovern, D, Vermeire, S, et al. JAK-STAT pathway targeting for the treatment of inflammatory bowel disease. Nat Rev Gastroenterol Hepatol. (2020) 17:323–37. doi: 10.1038/s41575–020-0273–0

69. Hu, L, Liu, R, and Zhang, L. Advance in bone destruction participated by JAK/STAT in rheumatoid arthritis and therapeutic effect of JAK/STAT inhibitors. Int Immunopharmacol. (2022) 111:109095. doi: 10.1016/j.intimp.2022.109095

70. Shah, RJ, Banerjee, S, Raychaudhuri, S, and Raychaudhuri, SP. JAK-STAT inhibitors in Immune mediated diseases: An Overview. IJDVL. (2023) 89:691–9. doi: 10.25259/IJDVL_1152_2022

71. Mauro, D, Manou-Stathopoulou, S, Rivellese, F, Sciacca, E, Goldmann, K, Tsang, V, et al. UBE2L3 regulates TLR7-induced B cell autoreactivity in Systemic Lupus Erythematosus. J Autoimmun. (2023) 136:103023. doi: 10.1016/j.jaut.2023.103023

72. Fransen, K, Visschedijk, MC, van Sommeren, S, Fu, JY, Franke, L, Festen, EAM, et al. Analysis of SNPs with an effect on gene expression identifies UBE2L3 and BCL3 as potential new risk genes for Crohn’s disease. Hum Mol Genet. (2010) 19:3482–8. doi: 10.1093/hmg/ddq264

73. Kabakchiev, B, and Silverberg, MS. Expression quantitative trait loci analysis identifies associations between genotype and gene expression in human intestine. Gastroenterology. (2013) 144:1488–1496, 1496.e1–3. doi: 10.1053/j.gastro.2013.03.001

74. Zhernakova, A, Stahl, EA, Trynka, G, Raychaudhuri, S, Festen, EA, Franke, L, et al. Meta-analysis of genome-wide association studies in celiac disease and rheumatoid arthritis identifies fourteen non-HLA shared loci. PloS Genet. (2011) 7:e1002004. doi: 10.1371/journal.pgen.1002004

75. Orozco, G, Eyre, S, Hinks, A, Bowes, J, Morgan, AW, Wilson, AG, et al. Study of the common genetic background for rheumatoid arthritis and systemic lupus erythematosus. Ann Rheum Dis. (2011) 70:463–8. doi: 10.1136/ard.2010.137174

76. Lu, J, Liu, D, Tan, Y, Li, R, Wang, X, and Deng, F. Thalidomide attenuates colitis and is associated with the suppression of M1 macrophage polarization by targeting the transcription factor IRF5. Dig Dis Sci. (2021) 66:3803–12. doi: 10.1007/s10620–021-07067–2

77. Li, P, Lv, H, Yang, H, and Qian, J-M. IRF5, but not TLR4, DEFB1, or VDR, is associated with the risk of ulcerative colitis in a Han Chinese population. Scand J Gastroenterol. (2013) 48:1145–51. doi: 10.3109/00365521.2013.828775

78. Lewis, SM, Williams, A, and Eisenbarth, SC. Structure-function of the immune system in the spleen. Sci Immunol. (2019) 4:eaau6085. doi: 10.1126/sciimmunol.aau6085

79. Oh, C, Lee, W, Park, J, Choi, J, Lee, S, Li, S, et al. Development of spleen targeting H2S donor loaded liposome for the effective systemic immunomodulation and treatment of inflammatory bowel disease. ACS Nano. (2023) 17:4327–45. doi: 10.1021/acsnano.2c08898

80. Bellinger, DL, and Lorton, D. Sympathetic nerve hyperactivity in the spleen: causal for nonpathogenic-driven chronic immune-mediated inflammatory diseases (IMIDs)? Int J Mol Sci. (2018) 19:1188. doi: 10.3390/ijms19041188




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 © 2024 Cao, Luo, Wu and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-15-1359857-g003.jpg
IBD & RA

10

0.0

10

&RA

S 00004
0.0000
-0.0004
-0.0007
00011

Cl

0002
S 0001
0000

0.002

10
00
g w0
B o012
1 3
3 o.0000
-0.0012
00025

-0.0037
-0.0049

0002
S oom
0.000

£ v
0

local genetic correlation

@z

N " > LR PR S LS T )

local SNP-heritability *

adunke bk i ool Lt v capad edlaldecl i cial il il

1 > : 0 g G g 3 g “a i 5 I T R )
N E— B i :
i £ B 3 g B g g i 3 [ R R R R
local genetic correlation
' 2 f s (s g w " 2 oA s v s ow o oaw
local genetic covariance
0 B 3 B T 7 3 ERL B i W I T S C - B I I
local SNP-heritability
WMMMMMMMMM““MLMMM‘ g g 7 g g ¥ a g 3 i i [ B T A L
i el i A e 2
G W Ti i is i§
local genetic correlation
T 5 T T g T @ = T g [ R R R
local genetic covariance
1 2 H ' . o " 2 Woow oo o w9 oWz

local 'SNP-heribtahiH(y :

LLJ.;.‘muh..m‘Ln;u.L..l ...i.-‘.lr.m.._d.lh..n.ﬂ ;L_.._mh‘?‘.wlLALTm.luhu ll:.llu.uum:n. il hl‘s.“'l- M?JLM’I:LLI:L-!‘;M..AIL#AMAL;‘LMNmL ul.\m.J.J sl

LR T T R
J.. . s J. pik . PRI "

0 5 B T g T 5 " g W i 5 R

R R R





OEBPS/Images/fimmu-15-1359857-g008.jpg
IBD(Tissue enrichment score)(P < 0.05) RA(Tissue enrichment score)(P < 0.05) CD(Tissue enrichment score)(P <0.05)
=
. ;
¥ s
b 3
: :
§

s & & S & & § & $ & &
S LSS &L & & S LS s &
& F &S & & & & o K
AV R g o« P A

& 4 . éf & & & 9
Ny k4 & oF R
ST & K v 8 :

5 & &

UC(Tissue enrichment score)(P <0.05) 'UKB-b-9125(Tissue enrichment score)(P < 0.05)

5 e

2 o
2 i
i i
I - I
o L
2 o






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Inflammatory bowel disease and rheumatoid arthritis share a common genetic structure

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods and materials

        

          		

            2.1 GWAS data

          



          		

            2.2 Genetic correlation analysis

          



          		

            2.3 Local genetic correlation analysis

          



          		

            2.4 MR analysis

          



          		

            2.5 Identifying shared genomic loci between IBD and RA

          



          		

            2.6 Functional annotation

          



          		

            2.7 Tissue enrichment analysis

          



          		

            2.8 Cross-trait meta-analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Genetic correlation

          



          		

            3.2 MR

          



          		

            3.3 conjFDR analysis to identify shared genomic loci between IBD and RA

          



          		

            3.4 Functional annotations

          



          		

            3.5 Trait-related tissue

          



          		

            3.6 MTAG

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-15-1359857-g005.jpg
IBD | RA
7- T I‘ { -~ 7/ y 7
| i b
. . &
S o 2
as 4 a's 1
= 2
: g i g 1
- T
—AlISNPs - Tg 3 All SNPs ch 3 All SNPs
— P <107 £ 5 ! Piap <107 E 5 Pra <107
/7 5 / ;
P <102 2 / X 2 Y 4 P <107
—ppa <107 1 Piap < 1073~ 1 Prs < 1073
----Expected / Expected Expected
0 a
0 1 2 3 4 5 6 7 a 1 2 3 4 5 [ 0 1 2 3 4 5 & 7
Empirical -log ,(q,55) Empirical -log |, (g} Empirical -log ,,(q )
E F
UC | RA RA|UC
T 7 . ] C 7 | Bk

o

g ]
s
. = B
A y
2
All SNPs E ——All SNPs —All SNPs
Pep <107 £ oy <107 —pye <107
P <107 z Py <107 —Pye <1072
P <107+ P < 107 i
Expected Expected Expected
2 3 4 5 6 7 2 3 4 5 6 7 2 3 4 5 6 7
Empirical -log 10(ga) Empirical -log 10y Empirical -log ;4 (c,)





OEBPS/Images/fimmu.2024.1359857_cover.jpg
& frontiers | Frontiers in Immunology

Inflammatory bowel disease and rheumatoid
arthritis share a common genetic structure





OEBPS/Images/fimmu-15-1359857-g001.jpg
Assessment of overall
relevance

Genetic correlation analysis

Local genetic correlation

analysis Assessment of local relevance

Mendelian-randomization Assessment of causal
analysis relevance

Identifying genomic loci associated

ith Toth IBD and RA Analysis of genetic overlap

Functional annotation

Tissue enrichment analysis Tissue Correlation Analysis

Cross trait meta-analysis






OEBPS/Images/fimmu-15-1359857-g004.jpg
rs143210366
rs6584282
rs2384352
rs7608697
rs1131095
rs12136659
rs11236797
rs9934775
rs2836881
rs62408218
rs10953551
rs117981694
rs7918084
rs3792111
rs145568234
rs11677002
rs1297264
rs6063502
rs749910
rs3829110
rs755374
rs76286777
rs1250573
rs341295
rs11221335
rs6740847
rs10826797
rs55946629
rs3897234
rs10114470
rsB8674040
rs4072601
rs16940202
rs6579807
rs1336900
rs7532133
rs7543630
rs4380956
rs112936798
rs744166
rs4676408
rs13422838
rs11152949
rs11209013
rs503734
rs111456533
rs62183956
rs7190426
rs78771661
rs72852162
rs 149169037
rs3820330
rs11768365
rs243505
rs11548656
rs4256018
rs2413583
rs62482552
rs11734570
rs1558619
rs6017342
rs6873866
rs2301127
rsd 507569
rs62324212
rs4276914
rs154873
rs10041497
rs1268339
rs12825700
rs11581607
rs2593855
rs1456596
rs56116661
rs11669299
rs28374519
rs6062496
rs56062135
rs10800309
rs1445004
rs3024493

All

0.000

0.025

0.050
MR leave—-one—out sensitivity analysis for

IBD" on 'RA’

D.D75





OEBPS/Images/fimmu-15-1359857-g007.jpg
regulation of signaling

regulation of protein metabolic
process

cellular response to cytokine |
stimulus

regulation of transferase activity -|

lymphocyte activation involved in
immune response

ethanol catabolic process -

primary alcohol catabolic process |

stress granule assembly

ethanol metabolic process -

regulation of type | interferon-mediated
signaling pathway |

protein kinase binding -

kinase binding -

‘SH3/SH2 adaptor activity

signaling adaptor activity -

protein binding, bridging -

molecular adaptor activity -

protein tyrosine kinase binding -

flavonol 3-sulfotransferase activity

aryl sulfotransferase activity -

non-membrane spanning protein |
tyrosine phosphatase activity

Ir
002

01

004

e © o o

006

02

GeneRatio

008

U
03

T
010

GeneRatio

04

T
012

-log10(pvalue)
[ 38
40
42
44
6

a8

-log10(pvalue)
20

25
3o
3s
40

cytosol -

membrane raft -

membrane microdomain -

cytoplasmic ribonucleoprotein granule -

ribonucleoprotein granule

cytoplasmic stress granule

eukaryotic 438 preinitiation complex |

eukaryotic 488 preinitiation complex -

transation preinitiation complex -

immunological synapse -

Epstein-Barr virus infection

Jak-STAT signaling pathway -

Th1 and Th2 cell differentiation -

NF-kappa B signaling pathway -

Neurotrophin signaling pathway

Natural killer cell mediated
cytotoxicity

Primary immunodeficiency -

Malaria -{

Viral myocarditis -

Glycerolipid metabolism -

° Count
or
[s
. oy
[ J8H
. 20
25
° 30
° -log10(pvalue)
. 22
24
.
26
L 28
.
T T T T
00 o1 02 03 04
GeneRatio
-log10(pvalue)
16
L 18
20
b 22
24
4 26
.
006 008 010 o012 014
GeneRatio





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





OEBPS/Images/fimmu-15-1359857-g006.jpg
-log, ,(conjFDR)

-log, ,(conjFDR)

—Iogw(conjFDR)

=)

e |BD & RA
= L ] [ ]
. [ ]

. {
5

' L
4 o l
3 4

D T T T T T T T T T T T T T T T LB
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 1920202
Chromosome
12 4
? o CD&RA
10 1
8.
. ' [ ]
6
] * o .
.8
2
0 ‘ -
1 2 3 4 5 6 g 8 9 10 11 12 13 14 15 16 17 18 19202%2
Chromosome
6
s UC&RA
B  §
.
2 ]
L ]
3' e ° ° !
2
1
0

T T T
12 13 14 15 16 17 18 19202862

Chromosome





OEBPS/Images/fimmu-15-1359857-g002.jpg
[vs associated with
exposure factor

Data harmonization

Inverse variance
weighted

Causal correlation
assessment






OEBPS/Images/table1.jpg
Traitl Trait2 H2(trait H2(trait Rg S P

IBD RA 0.3130 0.0273 0.1279 0.0546 0.0191
CD RA 0.4457 0.0273 0.1242 0.0588 0.0347
uc RA 02387 0.0273 0.1006 0.0566 00756
IBD ukb-b-9125 0.3130 0.0045 0.2468 0.0921 0.0074
cD ukb-b-9125 0.4457 0.0045 0.2450 0.0865 0.0046
uc ukb-b-9125 02387 0.0045 0.1707 0.1092 0.1181

H2: Represents the observed genetic contribution, the larger the better. Rg: Correlation between two traits, rg ranges from -1 to 1, and the closer the value is to 1 or -1, the stronger the correlation
is (plus or minus represents positive and negative correlation). Se: standard error of genetic correlation. P: the statistically significant association is defined to be p.





