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TL1A, also called TNFSF15, is a member of tumor necrosis factor family. It is expressed in different immune cell, such as monocyte, macrophage, dendritic cell, T cell and non-immune cell, for example, synovial fibroblast, endothelial cell. TL1A competitively binds to death receptor 3 or decoy receptor 3, providing stimulatory signal for downstream signaling pathways, and then regulates proliferation, activation, apoptosis of and cytokine, chemokine production in effector cells. Recent findings showed that TL1A was abnormally expressed in autoimmune diseases, including rheumatoid arthritis, inflammatory bowel disease, psoriasis, primary biliary cirrhosis, systemic lupus erythematosus and ankylosing spondylitis. In vivo and in vitro studies further demonstrated that TL1A was involved in development and pathogenesis of these diseases. In this study, we comprehensively discussed the complex immunological function of TL1A and focused on recent findings of the pleiotropic activity conducted by TL1A in inflammatory autoimmune disease. Finish of the study will provide new ideas for developing therapeutic strategies for these diseases by targeting TL1A.
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Introduction

Tumor necrosis factor (TNF)-like cytokine 1A (TL1A), a member of the TNF superfamily, was first identified in 2002 (1). The tnfsf15 gene encoding TL1A is located at chromosome 9q32 in human and chromosome 4 in mouse. TL1A is a type 2 transmembrane protein that self-assembles into stable trimers by interacting with TNF homology domain (THD). It is mainly expressed as the membrane-bound form, and it forms stable trimers. The soluble TL1A (sTL1A) was produced by alternative splicing or TNF-α-converting enzyme (TACE) cleavage (1, 2). TL1A is constitutively expressed in endothelial cell, and it is up-regulated in response to tumor necrosis factor-α (TNF-α) stimulation. Expression of TL1A in dendritic cell (DC) and macrophage is increased when the cells were triggered by toll-like receptors 4 (TLR4), TLR11 or Fc region of IgG (FcγR) (3–5). Mitogen-activated protein kinases (MAPKs), nuclear factor kappa-light-chainenhancer of activated B cells (NF-κB), caspase-8 signaling pathways regulate immune response, ranging from apoptosis to autoimmunity (6, 7). TL1A binds to its receptor death receptor 3 (DR3), activates downstream signalings, and then participates in innate and adaptive immune homeostasis. It has been shown that sTL1A can be detected in serum and body fluids of patients with T cell-mediated inflammatory autoimmune diseases, such as rheumatoid arthritis (RA), psoriatic arthritis (PsA), and ankylosing spondylitis (AS). TL1A also plays important roles in the pathogenesis of these diseases (8). In recent years, TL1A, as an important mediator of inflammation, has attracted much attention because anti-TL1A antibody treatment may be a promising therapeutic approach in inflammatory disorders (9). Here, this study summarized information about the molecular mechanism of TL1A and discussed role of TL1A in immune cells, especially focused on association between TL1A and inflammatory autoimmune diseases.



Receptors and Signaling Pathways of TL1A

DR3 is a type 1 membrane protein and contains four cysteine residues, two potential N-linked glycosylation sites, a transmembrane domain and a cytoplasmic domain with a death domain (DD). Osteoblasts are capable of producing transmembrane and soluble forms of DR3. In resting T cells, DR3 is expressed in a soluble form that protects the cells from apoptosis. Activated T cells express transmembrane DR3. It activates receptors, leading to apoptosis or activation of transcription factors such as NF-κB (10–12). sTL1A is sufficient to bind DR3 (membrane-bound form) to activate downstream signaling cascades, and therefore modulates immune response and inflammation (1, 13). Two different signaling pathways could be triggered by sTL1A/DR3 interaction, causing inflammation and apoptosis, respectively (10). First, death domain of DR3 combined with adapter protein TNFR-associated death domain protein (TRADD) in the cytoplasm, and then recruited TNFR-associated factor 2 (TRAF2) and receptor-interacting protein 1 (RIP1) (8, 14). These complexes activated MAPKs (ERK, p38, and JNK), NF-κB, and the effector kinases PI3K signaling (3). Finally, the activated signalings regulated expression of pro-inflammatory genes and participated in occurrence of immune related diseases. TRADD binds to Fas-associated death domain (FADD) and RIP3, and then activates cysteinyl aspartate specific proteinase-8 (caspase-8) to form complexes, which further activate downstream caspase pathways (for example, caspase-3 and -7) and induce apoptotic cell death. Combination of FADD, RIP3, RIP1 and the downstream effector molecule mixed lineage kinase domain-like protein (MLKL) forms a cytosolic “necrosome” complex after phosphorylation when caspase-8 activity is blocked. Then, MLKL oligomerizes to the cell membrane, and causes necroptotic cell death, a form of cell death with intense inflammation (15, 16). In this process, NF-κB is proved to induce activation of cellular inhibitor of apoptosis proteins (c-IAP), which mediates negative feedback regulation and inhibition of cell apoptosis (15). In fact, more evidence has shown that connection of sTL1A to DR3 preferentially induces pro-inflammatory pathways rather than apoptosis in lymphocytes (Figure 1) (17).




Figure 1 | Signal transduction initiated by TL1A/DR3. TL1A binds to the receptor DR3 and activates the TRADD pathway. The complex exerts pro-inflammatory effects by regulating downstream pathways, such as TRAF2, RIP1, PI3K, MAPKs, NF-κB, and then regulates cytokine, chemokine secretion. TL1A/DR3 is involved in promoting apoptosis and necroptotic cell death through FADD, RIP3, Caspase-8/-3/-7 pathways. NF-κB can activate c-IAP protein, which can negatively regulate apoptosis. TRADD, TNFR-associated death domain protein; TRAF2, TNFR-associated factor 2; RIP1, receptor-interacting protein 1; PI3K, phosphatidylinositol 3-kinase; MAPKs, mitogen-activated protein kinases; NF-κB, nuclear factor kappa B; FADD, fas-associated death domain; RIP3, receptor-interacting protein 3; c-IAP, cellular inhibitor of apoptosis proteins.



Interestingly, soluble decoy receptor 3 (DcR3), is another receptor for TL1A, which lacks a cytoplasmic domain to regulate cell function by ‘decoy’ and ‘non-decoy’ action (18). When DcR3 competitively binds to sTL1A, combination of sTL1A and DR3 may be destroyed, and the complex results in less lymphocyte activation and pro-inflammatory cytokine production and prevents apoptosis (19). Thus, if targeting DcR3 is applied to clinic usage, inhibiting expression of DcR3 may inhibit tumor growth and promote tumor apoptosis, whereas increasing expression of DcR3 is expected to become a promising therapeutic method in autoimmune diseases (18). Interestingly, DcR3 is able to bind other ligands, such as FasL and LIGHT. FasL is a pro-inflammatory and pro-apoptotic cytokine and LIGHT is involved in apoptosis and inflammation. DcR3 acts as an immunomodulator to inhibit apoptosis, reduce inflammation and prevent tissue damage by neutralizing LIGHT and FasL (20). Therefore, sTL1A/DR3 binding may promote cytokine secretion, lymphocyte proliferation and cell apoptosis, whereas DcR3 may abolish effects of sTL1A/DR3.

TL1A also binds to TNFR2 to produce pro-inflammatory components, such as IL-6, reactive oxygen species (ROS), and then impairs mitochondrial membrane of fibroblast-like synoviocytes (FLSs), leading to mitochondrial dysfunction of FLSs (21). Moreover, TL1A/TNFR2 axis increased migration and attachment of RA-FLSs to cartilage and bone via Indian Hedgehog signaling pathway, resulting in inflammatory response in arthritis (22).



Biologic Functions of TL1A

TL1A can be generated by umbilical vein endothelial cells (HUVEC), monocyte, macrophage, dendritic cell (DC), T cell, chondrocyte, and synovial fibroblast, which are sources of both soluble and membrane-bound forms of TL1A (23–25). TL1A participates in intrinsic immunity by affecting mononuclear phagocytes, DCs, natural killer cells (NK cells), and innate lymphoid cells (ILCs) to regulate the immune environment. sTL1A exerts multifarious effects on adaptive immune cells by binding DR3, which affects activation, proliferation, differentiation of different immune cells, such as helper T cell, regulatory T cells, B cells and production of cytokines.


Effect of TL1A on Innate Immunity

Mononuclear phagocytes in the lamina propria of mouse and human intestine are capable to express TL1A. Macrophages overexpressing TL1A promoted secretion of TNF-α and IL-1β (26). Monocytes secreted TL1A in response to stimulation by immune complexes, leading to enhanced T cell responses (5, 27). In inflammatory bowel disease, TL1A is produced in the intestinal lamina propria of macrophages in patients with Crohn’s disease (23).

TL1A activated DCs and promoted migration of DCs, thereby exacerbating development of inflammatory diseases (28). The receptor for TL1A, DcR3, is able to directly regulate DCs differentiation and maturation, and then modulates T cells differentiation and function (29). TL1A binding to DR3 synergies with IL-12 and IL-18 to increase interferon-γ (IFN-γ) production in natural killer cells (NK cells) (30). TL1A enhances NK cells infiltration and anti-tumor response as well as NK cells cytotoxicity to target cells (31, 32). In the antigen-induced arthritis (AIA) mice model, DR3 treatment increased neutrophils proliferation, and released much neutrophil chemokine (C-X-C motif) Ligand 1 Protein (CXCL1), gelatinase matrix metalloproteinase 9 (MMP-9), driving early cartilage destruction (33).

As regulators of innate immunity, innate lymphoid cells (ILCs) have been shown to play a key role in mucosal homeostasis and inflammatory diseases. High DR3 expression was found in both human and mice ILCs, which increases cytokine production such as IL-25, IL-33 in response to TL1A stimulation (34, 35). Role of type 2 cells (ILC2) is dependent on the TL1A/DR3 axis, which promotes expansion, survival and function of ILC2 (34). TL1A and DR3 co-stimulates IL-5 and IL-13 production by ILC2, driving allergic pathology and participating in development of allergic lung inflammation (36). ILC3 regulates intestinal immunity, while activation of DR3 signaling pathway leads to ILC3 loss and promotes intestinal inflammation (37). TL1A can synergy with IL-23 and IL-1β to increase ILC3 proliferation and produce cytokines such as IL-22 and granulocyte macrophage colony stimulating factor (GM-CSF), suggesting a central role for TL1A in promoting the ILC3 immune barrier (38, 39). Collectively, TL1A binds to receptors and then regulates innate immune response (Figure 2).




Figure 2 | Role of TL1A in immune cells. Monocyte (Mo) and macrophage, endothelial cells, dendritic cell, chondrocyte, and synovial fibroblast produce TL1A, which regulates production of inflammatory cytokines and chemokines in different immune cells, including ILC, T cells and NK cells. ILC, innate lymphoid cells; NK cell, natural killer cell; Th, helper T cell; IL-1β, interleukin-1β; TNF-α, tumor necrosis factor-α; TGF-β, transforming growth factor-β; GM-CSF, granulocyte­macrophage colony stimulating factor; IFN-γ, interferon−γ.





Significant Role of TL1A in Adaptive Immunity

TL1A synergies with IL-12 and IL-18 to induce secretion of IFN-γ and TNF-α, thereby boosting helper T cell 1 (Th1) immune response (30, 40). However, function of TL1A in the adaptive immune system is not limited to Th1 immune response. TL1A activated T cells, promoting IL-5 and IL-13 production in the intestinal mucosa, which are characteristic cytokines produced by helper T cell 2 (Th2) cells (30, 41). Blocking TL1A disrupted IL-13 secretion, suggesting that TL1A is critical in Th2 immune response (19). Interestingly, role of TL1A in helper T cell 17 (Th17) response appears dichotomous. TL1A has been reported to inhibit generation and polarization of Th17 cells in mice and human CD4+ T cells by binding to DR3 (42). By contrast, some studies showed that TL1A could augment Th17 differentiation through up-regulation of (retinoic acid-related orphan nuclear receptor C (RORc) expression (a Th17 lineage-specific transcription factor) and induce the proliferation of Th17 cells upon DR3 activation (8, 42, 43). The evidence indicated that TL1A aggravates inflammatory reactions through regulating Th17 pathway. It is known that TL1A also regulates generation of Th9 cells that are involved in the pathogenesis of IBD and allergic lung inflammatory disease (44, 45). TL1A up-regulated transforming growth factor-β (TGF-β) and IL-4 expression to stimulate Th9 differentiation and IL-9 secretion (44, 46). TL1A mediates Th9 differentiation through an IL-2 and STAT5-dependent mechanism (Figure 2) (45).

Compared to wild-type (WT) mice, a population of CD4+ T cells expressing IFN-γ was significantly decreased in TL1A gene deficient mice, while activation of the TL1A/DR3 pathway resulted in higher levels of Th1 cytokine production in SAMP1/YitFc (SAMP) mice and mitigated anti-inflammatory process during Chronic Ileitis (35, 42). Transgenic mice that were constitutively expressed TL1A in T cells or DCs, significantly developed IL-13-dependent inflammatory intestinal pathology, suggesting that TL1A is involved in the Th2 immune regulation (47). In transgenic mice with overexpression of TL1A, as well as in UC patients, there was enhanced Th9 cell differentiation, IL-9, TGF-β, and IL-4 expression (38). Similarly, in allergic lung disease mice model, binding of TL1A to DR3 could enhance differentiation and pathogenicity of Th9 cells. Exogenous TL1A suppresses the differentiation of naïve CD4+ T cells into Th17 cells, which is independent of STAT1 signaling and IL-2 signaling (48). TL1A, alone or in combination with IL-23, stimulated peripheral blood mononuclear cells (PBMCs) to produce IL-17 in autoimmune diseases, such as psoriasis vulgaris (PV) (49, 50), systemic sclerosis (SSc) (51), IBD (52). TL1A induced high levels of IL-22 in memory CD4+ T cells and committed Th17 cells through secretion of IL-9 (53). Moreover, DCs lacking TL1A had a reduced ability to induce Th17 differentiation and proliferation in experimental autoimmune encephalomyelitis (EAE) (26), and anti-TNF-α treatment inhibited effects of TL1A-mediated Th17 differentiation in RA (43).

Regulatory T cells (Treg) are a subset of CD4+ T cells, and maintain effector cells activation and proliferation. Activation of the TL1A/DR3 axis leads to Treg cells expansion and activation, and controls exuberant immune activation (Figure 2) (47, 54, 55). However, some studies showed that triggering DR3 in conventional effector CD4+ T cells and Treg cells enables TL1A to directly or indirectly attenuate the suppressive function of Treg cells (56). These inconsistent findings may suggest that the effect of TL1A on Treg cells might be highly dependent on the immune response environment regulated in vivo or in vitro (13, 57). However, more studies are needed to better clarify exact role of TL1A/DR3 in Treg cells.

Compared with T cells, there is limited evidence discussed effects of TL1A on B cells. A study revealed that plasma cells are the direct targets of TL1A, and TL1A promotes plasma cells survival and different antibodies production, which in turn enhance pathogenic antibodies production in CIA (collagen induced arthritis) mice (58). TL1A inhibits B cell proliferation and helps effector B cells to maintain immune homeostasis (59).

Therefore, TL1A is a pivotal mediator in adaptive immunity, including T and B cells.




Association Between TL1A and Inflammatory Autoimmune Diseases


Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease characterized by erosive arthritis. The main pathological features of RA are joint synovial hyperplasia, formation of pannus, bone destruction, and joint dysfunction (60). FLSs are major component of hyperplastic synovial tissue and involve in the inflammatory process and pathogenesis of RA (61). TL1A enhanced differentiation of Th17 cells induced by IL-6 and TGF-β stimulation through activation of RORc. The cytokine IL-17 produced by Th17 can prolong the survival of RA-FLSs and germinal center immune cells. FLSs then trigger cartilage degradation by producing inflammatory factors and matrix degradation molecules, damaging the joint and ultimately leading to RA (43, 60).

CIA is a model of human RA with similar histopathological and clinical features (62). After treatment with anti-TL1A antibody, total joint score was decreased and clinical inflammation of CIA mice was effectively alleviated, which was mediated by blocking the TL1A/DR3 signaling pathways (63). Similarly, compared to WT mice, TL1A gene knockout mice had improved clinical profiles for CIA (improved synovial hyperplasia and cartilage erosion) through reduction of inflammatory cells infiltration and reduced production of pathogenic antigens (58). In vitro experiments showed that in the presence of Receptor Activator of Nuclear Factor-κ B Ligand (RANK-L) and macrophage colony-stimulating factor (M-CSF), DR3-dependent TL1A promoted osteoclast formation in RA patients and mice model, suggesting that TL1A drives the bone pathology of RA (64).

TL1A levels in serum and synovial fluid were higher in RA patients when compared to that in healthy controls and correlated with expression of rheumatoid factor (RF), anti-cyclic citrullinated peptide (anti-CCP), as well as disease activity (Table 1) (63, 68, 69). RF and anti-CCP antibodies are promising disease markers for early diagnosis and prognosis of RA (63). Regarding genomics for TL1A gene, association of TL1A gene single-nucleotide polymorphism (SNP) (rs3810936 and rs7848647) with susceptibility to RA was discussed in Chinese population. TC, TT+TC genotypes of rs3810936, rs7848647 were negatively correlated with RA risk (Table 2). The CC genotype of TL1A rs7848647 polymorphism contributes to elevated TL1A levels and is associated with antibody production (RF expression) (65). Expression of genes related to proliferation of RA-FLSs, including spectrin repeat-containing nuclear envelope 1 (SYNE1), Fc receptor-like 2 (FCRL2), PYD (pyrin domain)-containing 1 (PYDC1), cell division cycle 45 homolog (CDC45), signal transducer and activator of transcription 5B (STAT5B), and interferon regulatory factor 4 (IRF4), was increased after TL1A stimulation (70). The progressive course of RA implicates several systems damage, especially the cardiovascular system. Atherosclerosis is the most common complication in RA patients (71). A study found that elevated serum levels of TL1A in RA patients were significantly associated with progression of atherosclerotic plaque height, which may increase the risk of atherosclerosis in RA patients (75).


Table 1 | Expression of TL1A in inflammatory autoimmune diseases.




Table 2 | Relationship between tnfsf15 gene polymorphism and susceptibility to inflammatory autoimmune diseases.





Inflammatory Bowel Disease

Inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn’s disease (CD), is a group of chronic inflammatory intestinal diseases, and the pathogenesis was associated with susceptible genes, dysregulated immune system, and environmental factors (76).

TL1A affects epithelial to mesenchymal transition (EMT) in IBD patients via the TGF-β/Smad3 pathway, causing colonic fibrosis and inflammatory responses (77). TL1A is capable of increasing the barrier permeability of TNF-α-induced Caco-2 cell and reducing function of tight junction protein (TJ) through myosin light chain kinase/p-myosin II regulatory light chain (MLCK/p-MLC) pathway and LPS-mediated myeloid differentiation factor 88/TNF receptor-associated factor-6 (MyD88/TRAF6) pathway, which further damage the intestinal mucosal barrier (78, 79). TL1A induces expression of pro-inflammatory cytokines such as TNF-α to regulate intestinal microenvironment and aggravates intestinal inflammation (40). For instance, dextran sodium sulfate (DSS)-induced colitis mice with TL1A overexpression had more severe intestinal inflammation and bacterial translocation, suggesting that TL1A promotes intestinal mucosal barrier disruption (80).

TL1A expression was elevated in colonic tissues of IBD patients compared to healthy controls and correlated with severity of inflammation, especially in CD patients (Table 1) (23, 77). The IBD protective allele A (rs6478109) was associated with increased tnfsf15 gene expression, indicating that IBD genetic susceptibility may relate to changes in TL1A expression (81). Rs10114470 polymorphism is considered to be a loci for IBD susceptibility in Chinese Han population (Table 2) (80). Furthermore, TL1A gene rs6478109 polymorphism is an independent factor of surgery, which affects the long-term efficacy of anti-TNF antibody therapy (72). Interestingly, anti-TL1A drug (PF-06480605) improved tissue inflammation and inhibited expression of fibrotic pathways, and reduced intestinal pathogens in UC patients (82). To date, this drug underwent preclinical safety and tolerability testing and is expected to be used as a clinical trial drug for treatment of IBD-related diseases. However, further studies with PF-06480605 in patients with other inflammatory diseases are needed to confirm the effects and to clarify the mechanism in inhibiting the diseases (9, 66).



Psoriasis

Psoriasis is a common inflammatory skin disease characterized by thickened, scaly, red skin patches (73). TL1A is predominantly expressed in psoriatic lesions, particularly in infiltrating inflammatory cells, keratinocytes and vascular cells (27, 74). TL1A promotes production of IL-17, which induces granulocyte colony-stimulating factor (G-CSF) and chemokine ligand 20 (CCL20) and recruits large number of neutrophils to damaged joints, leading to early inflammation. IL-17 also promotes osteoclast formation, causing local bone damage that may contribute to development of psoriatic arthritis (83). Imiquimod (IMQ)-induced elevated TL1A expression at lesions in psoriasis-like mice, and elevated TL1A exacerbated the psoriasis phenotype through increasing the number of T cells, neutrophils, and DCs, and upregulating inflammatory cytokines IL-17 and IFN-γ. After treatment with anti-TL1A antibody, the lesions were effectively alleviated and histopathological changes were significantly reduced, suggesting that TL1A is involved in the pathogenesis of psoriasis (49). TL1A can synergy with IL-23 to stimulate IL-17 secretion in PBMCs from psoriasis vulgaris patients, thereby aggravating the disease (50).

TL1A and DR3 protein levels, as well as mRNA expression, were much higher in patients with psoriasis than in healthy controls, and both of them were decreased after treatment (Table 1) (50, 67). A study found that in Hungarians, TL1A gene rs6478109 polymorphism was associated with susceptibility to psoriasis. The haplotype AGTAA (rs3810936 (A)+rs6478108 (G)+rs6478109 (T)+rs7848647 (A)+rs7869487 (A) may have a protective effect in disease pathogenesis (Table 2) (84). Collectively, TL1A may play a role in development of psoriasis.



Primary Biliary Cirrhosis

Primary biliary cirrhosis (PBC) is an autoimmune liver disease caused by biliary tract obstruction and cholestasis. TL1A is mainly expressed in biliary epithelial cells, vascular cells and infiltrating mononuclear cells of PBC liver (85). In mice model, TL1A may exacerbate liver fibrosis by recruiting macrophages and promoting secretion of pro-inflammatory cytokines (26). Compared with healthy controls, serum levels of TL1A were significantly elevated in PBC patients and decreased after ursodeoxycholic acid (UDCA) treatment (Table 1). TL1A gene rs4979462 polymorphism was a PBC susceptible polymorphism in Japanese and Chinese Han population (Table 2) (86, 87). The above results suggest that TL1A is associated with disease progression and may be involved in the pathogenesis of PBC.



Other Systemic Inflammatory Diseases

TL1A has emerged as a key inflammatory mediator in different inflammatory autoimmune diseases, such as systemic lupus erythematosus (SLE) and ankylosing spondylitis (AS). Studies indicated that expression of plasma TL1A was elevated in SLE patients and was positively correlated with disease activity score (Table 1) (51). In a meta-analysis, the authors found that TL1A gene polymorphisms (rs3810936, rs7848647) may associate with SLE susceptibility (Table 2) (88). There are few studies about TL1A and SLE, and more evidence is needed to elucidate the role of TL1A in SLE pathogenesis. In addition, TL1A expression was upregulated in AS patients (Table 1) and TL1A gene rs3810936 TT genotype was associated with risk of AS in Chinese Han population (Table 2) (89, 90).




Conclusion

Twenty years after discovery of TL1A, limited evidence has known about the role of TL1A. Based on available evidence, TL1A regulates homeostasis and inflammation in vivo through the TL1A/DR3/DcR3 pathway. For immune cells, TL1A promotes the proliferation and differentiation of various helper T cells and regulates the function of regulatory T cells. In inflammatory autoimmune diseases, TL1A expression was abnormal and correlated with disease activity, suggesting that TL1A is involved in the pathogenesis of the diseases. Genome-wide association studies (GWAS) showed that TL1A is associated with susceptibility to multiple inflammatory diseases, which may be an ideal therapeutic target. Nevertheless, what is the clear mechanism TL1A involved in the diseases? Whether targeting TL1A/DR3/DcR3 pathway is effective in inhibiting the diseases? There are some issues of concern yet. First, relationship between TL1A and B cells is rarely discussed, and it is still worth discussing whether TL1A can participate in the diseases development by regulating B cell function. Why? B cells are important adaptive immune cells that are able to produce various antibodies, especially autoantibodies in inflammatory autoimmune diseases. A second question is the potential of TL1A as a disease biomarker. In fact, more rigorous designs are needed to test the hypothesis, for example, a specific cohort of patients with preclinical, early and long-term diseases is recruited, in which expression of TL1A in the diseases patients has been proved to have diagnostic or predictive utility. Third, available studies showed that anti-TL1A antibody significantly improved the symptoms of IBD as discussed above, however, is it feasible to be used in other ethnic populations and to treat other inflammatory autoimmune diseases? Although much remains to be explored regarding the role of TL1A in the pathogenesis of autoimmune diseases, there is undeniable growing evidence supporting the significance of TL1A in autoimmune inflammatory diseases now. TNF-α and IL-6 were first discussed in large samples of different autoimmune diseases to evaluate the potential of them as disease markers. Then, functional studies regarding TNF-α and IL-6 were conducted to develop novel, small molecule targeted drugs for clinical treatment. Similarly, it is reported that anti-TL1A targeting IBD drugs have been used in phase III clinical trials. In our opinion, more multi-center, large population-based epidemiological studies in the future are still needed to explore the potential of TL1A as a disease marker for autoimmune diseases, especially in SLE. Furthermore, in-depth functional studies are urgent to develop TL1A small-molecule targeted drugs, providing evidence for the future clinical treatment of autoimmune diseases such as RA and SLE.



Author Contributions

Study conception and design: W-DX, RL, A-FH. Acquisition of data: W-DX, RL, A-FH. Drafting the article or revising it: W-DX, RL, A-FH. Final approval of the version of the article to be published: all authors. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by grants from the National Natural Science Foundation of China (81701606) and Sichuan Provincial Natural Science Foundation (2022NSFSC0697, 2022NSFSC0694).



References

1. Migone, TS, Zhang, J, Luo, X, Zhuang, L, Chen, C, Hu, B, et al. TL1A is a TNF-Like Ligand for DR3 and TR6/DcR3 and Functions as a T Cell Costimulator. Immunity (2002) 16(3):479–92. doi: 10.1016/s1074-7613(02)00283-2

2. Zhan, C, Yan, Q, Patskovsky, Y, Li, Z, Toro, R, Meyer, A, et al. Biochemical and Structural Characterization of the Human TL1A Ectodomain. Biochemistry (2009) 48(32):7636–45. doi: 10.1021/bi900031w

3. Schreiber, TH, and Podack, ER. Immunobiology of TNFSF15 and TNFRSF25. Immunol Res (2013) 57(1-3):3–11. doi: 10.1007/s12026-013-8465-0

4. Fang, L, Adkins, B, Deyev, V, and Podack, ER. Essential Role of TNF Receptor Superfamily 25 (TNFRSF25) in the Development of Allergic Lung Inflammation. J Exp Med (2008) 205(5):1037–48. doi: 10.1084/jem.20072528

5. Prehn, JL, Thomas, LS, Landers, CJ, Yu, QT, Michelsen, KS, and Targan, SR. The T Cell Costimulator TL1A is Induced by FcgammaR Signaling in Human Monocytes and Dendritic Cells. J Immunol (2007) 178(7):4033–8. doi: 10.4049/jimmunol.178.7.4033

6. Wen, L, Zhuang, L, Luo, X, and Wei, P. TL1A-Induced NF-kappaB Activation and C-IAP2 Production Prevent DR3-Mediated Apoptosis in TF-1 Cells. J Biol Chem (2003) 278(40):39251–8. doi: 10.1074/jbc.M305833200

7. Micheau, O, and Tschopp, J. Induction of TNF Receptor I-Mediated Apoptosis via Two Sequential Signaling Complexes. Cell (2003) 114(2):181–90. doi: 10.1016/s0092-8674(03)00521-x

8. Aiba, Y, and Nakamura, M. The Role of TL1A and DR3 in Autoimmune and Inflammatory Diseases. Mediators Inflamm (2013) 2013:258164. doi: 10.1155/2013/258164

9. Danese, S, Klopocka, M, Scherl, EJ, Romatowski, J, Allegretti, JR, Peeva, E, et al. Anti-TL1A Antibody PF-06480605 Safety and Efficacy for Ulcerative Colitis: A Phase 2a Single-Arm Study. Clin Gastroenterol Hepatol (2021) 19(11):2324–2332.e6. doi: 10.1016/j.cgh.2021.06.011

10. Tougaard, P, Zervides, KA, Skov, S, Hansen, AK, and Pedersen, AE. Biologics Beyond TNF-α Inhibitors and the Effect of Targeting the Homologues TL1A-DR3 Pathway in Chronic Inflammatory Disorders. Immunopharmacol Immunotoxicol (2016) 38(1):29–38. doi: 10.3109/08923973.2015.1130721

11. Robinson, LJ, Borysenko, CW, and Blair, HC. Tumor Necrosis Factor Family Receptors Regulating Bone Turnover: New Observations in Osteoblastic and Osteoclastic Cell Lines. Ann N Y Acad Sci (2007) 1116:432–43. doi: 10.1196/annals.1402.025

12. Borysenko, CW, García-Palacios, V, Griswold, RD, Li, Y, Iyer, AK, Yaroslavskiy, BB, et al. Death Receptor-3 Mediates Apoptosis in Human Osteoblasts Under Narrowly Regulated Conditions. J Cell Physiol (2006) 209(3):1021–8. doi: 10.1002/jcp.20812

13. Bittner, S, Knoll, G, Füllsack, S, Kurz, M, Wajant, H, and Ehrenschwender, M. Soluble TL1A is Sufficient for Activation of Death Receptor 3. FEBS J (2016) 283(2):323–36. doi: 10.1111/febs.13576

14. Siakavellas, SI, Sfikakis, PP, and Bamias, G. The TL1A/DR3/DcR3 Pathway in Autoimmune Rheumatic Diseases. Semin Arthritis Rheum (2015) 45(1):1–8. doi: 10.1016/j.semarthrit.2015.02.007

15. Bittner, S, and Ehrenschwender, M. Multifaceted Death Receptor 3 Signaling-Promoting Survival and Triggering Death. FEBS Lett (2017) 591(17):2543–55. doi: 10.1002/1873-3468.12747

16. Bittner, S, Knoll, G, and Ehrenschwender, M. Death Receptor 3 Mediates Necroptotic Cell Death. Cell Mol Life Sci (2017) 74(3):543–54. doi: 10.1007/s00018-016-2355-2

17. Safaya, S, Alfarhan, M, Sulaiman, A, Alsulaiman, A, and Al-Ali, A. TNFSF/TNFRSF Cytokine Gene Expression in Sickle Cell Anemia: Up-Regulated TNF-Like Cytokine 1A (TL1A) and its Decoy Receptor (DcR3) in Peripheral Blood Mononuclear Cells and Plasma. Cytokine (2019) 123:154744. doi: 10.1016/j.cyto.2019.154744

18. Hsieh, SL, and Lin, WW. Decoy Receptor 3: An Endogenous Immunomodulator in Cancer Growth and Inflammatory Reactions. J BioMed Sci (2017) 24(1):39. doi: 10.1186/s12929-017-0347-7

19. Siakavellas, SI, and Bamias, G. Tumor Necrosis Factor-Like Cytokine TL1A and Its Receptors DR3 and DcR3: Important New Factors in Mucosal Homeostasis and Inflammation. Inflamm Bowel Dis (2015) 21(10):2441–52. doi: 10.1097/MIB.0000000000000492

20. Lin, WW, and Hsieh, SL. Decoy Receptor 3: A Pleiotropic Immunomodulator and Biomarker for Inflammatory Diseases, Autoimmune Diseases and Cancer. Biochem Pharmacol (2011) 81(7):838–47. doi: 10.1016/j.bcp.2011.01.011

21. Al-Azab, M, Qaed, E, Ouyang, X, Elkhider, A, Walana, W, Li, H, et al. TL1A/TNFR2-Mediated Mitochondrial Dysfunction of Fibroblast-Like Synoviocytes Increases Inflammatory Response in Patients With Rheumatoid Arthritis via Reactive Oxygen Species Generation. FEBS J (2020) 287(14):3088–104. doi: 10.1111/febs.15181

22. Al-Azab, M, Wei, J, Ouyang, X, Elkhider, A, Walana, W, Sun, X, et al. TL1A Mediates Fibroblast-Like Synoviocytes Migration and Indian Hedgehog Signaling Pathway via TNFR2 in Patients With Rheumatoid Arthritis. Eur Cytokine Netw (2018) 29(1):27–35. doi: 10.1684/ecn.2018.0405

23. Bamias, G, Martin, C 3rd, Marini, M, Hoang, S, Mishina, M, et al. Expression, Localization, and Functional Activity of TL1A, a Novel Th1-Polarizing Cytokine in Inflammatory Bowel Disease. J Immunol (2003) 171(9):4868–74. doi: 10.4049/jimmunol.171.9.4868

24. Bayry, J. Immunology: TL1A in the Inflammatory Network in Autoimmune Diseases. Nat Rev Rheumatol (2010) 6(2):67–8. doi: 10.1038/nrrheum.2009.263

25. Xu, LX, Grimaldo, S, Qi, JW, Yang, GL, Qin, TT, Xiao, HY, et al. Death Receptor 3 Mediates TNFSF15- and Tnfα-Induced Endothelial Cell Apoptosis. Int J Biochem Cell Biol (2014) 55:109–18. doi: 10.1016/j.biocel.2014.08.015

26. Guo, J, Luo, Y, Yin, F, Huo, X, Niu, G, Song, M, et al. Overexpression of Tumor Necrosis Factor-Like Ligand 1 A in Myeloid Cells Aggravates Liver Fibrosis in Mice. J Immunol Res (2019) 2019:7657294. doi: 10.1155/2019/7657294

27. Pedersen, AE, Schmidt, EG, Sørensen, JF, Faber, C, Nielsen, BS, Holmstrøm, K, et al. Secretion, Blood Levels and Cutaneous Expression of TL1A in Psoriasis Patients. APMIS (2015) 123(7):547–55. doi: 10.1111/apm.12385

28. Han, F, Song, J, Jia, W, Yang, M, Wang, D, Zhang, H, et al. TL1A Primed Dendritic Cells Activation Exacerbated Chronic Murine Colitis. Life Sci (2020) 262:118220. doi: 10.1016/j.lfs.2020.118220

29. Wang, YL, Chou, FC, Sung, HH, Fan, PL, Hsueh, CW, Lin, WC, et al. Decoy Receptor 3 Protects non-Obese Diabetic Mice From Autoimmune Diabetes by Regulating Dendritic Cell Maturation and Function. Mol Immunol (2010) 47(16):2552–62. doi: 10.1016/j.molimm.2010.07.001

30. Papadakis, KA, Prehn, JL, Landers, C, Han, Q, Luo, X, Cha, SC, et al. TL1A Synergizes With IL-12 and IL-18 to Enhance IFN-Gamma Production in Human T Cells and NK Cells. J Immunol (2004) 172(11):7002–7. doi: 10.4049/jimmunol.172.11.7002

31. Heidemann, SC, Chavez, V, Landers, CJ, Kucharzik, T, Prehn, JL, and Targan, SR. TL1A Selectively Enhances IL-12/IL-18-Induced NK Cell Cytotoxicity Against NK-Resistant Tumor Targets. J Clin Immunol (2010) 30(4):531–8. doi: 10.1007/s10875-010-9382-9

32. Tougaard, P, Martinsen, LO, Zachariassen, LF, Krych, L, Nielsen, DS, Buus, TB, et al. TL1A Aggravates Cytokine-Induced Acute Gut Inflammation and Potentiates Infiltration of Intraepithelial Natural Killer Cells in Mice. Inflamm Bowel Dis (2019) 25(3):510–23. doi: 10.1093/ibd/izy351

33. Wang, EC, Newton, Z, Hayward, OA, Clark, SR, Collins, F, Perks, WV, et al. Regulation of Early Cartilage Destruction in Inflammatory Arthritis by Death Receptor 3. Arthritis Rheumatol (2014) 66(10):2762–72. doi: 10.1002/art.38770

34. Yu, X, Pappu, R, Ramirez-Carrozzi, V, Ota, N, Caplazi, P, Zhang, J, et al. TNF Superfamily Member TL1A Elicits Type 2 Innate Lymphoid Cells at Mucosal Barriers. Mucosal Immunol (2014) 7(3):730–40. doi: 10.1038/mi.2013.92

35. Li, Z, Buttó, LF, Buela, KA, Jia, LG, Lam, M, Ward, JD, et al. Death Receptor 3 Signaling Controls the Balance Between Regulatory and Effector Lymphocytes in SAMP1/YitFc Mice With Crohn's Disease-Like Ileitis. Front Immunol (2018) 9:362. doi: 10.3389/fimmu.2018.00362

36. Meylan, F, Hawley, ET, Barron, L, Barlow, JL, Penumetcha, P, Pelletier, M, et al. The TNF-Family Cytokine TL1A Promotes Allergic Immunopathology Through Group 2 Innate Lymphoid Cells. Mucosal Immunol (2014) 7(4):958–68. doi: 10.1038/mi.2013.114

37. Li, J, Shi, W, Sun, H, Ji, Y, Chen, Y, Guo, X, et al. Activation of DR3 Signaling Causes Loss of ILC3s and Exacerbates Intestinal Inflammation. Nat Commun (2019) 10(1):3371. doi: 10.1038/s41467-019-11304-8

38. Ahn, YO, Weeres, MA, Neulen, ML, Choi, J, Kang, SH, Heo, DS, et al. Human Group3 Innate Lymphoid Cells Express DR3 and Respond to TL1A With Enhanced IL-22 Production and IL-2-Dependent Proliferation. Eur J Immunol (2015) 45(8):2335–42. doi: 10.1002/eji.201445213

39. Castellanos, JG, Woo, V, Viladomiu, M, Putzel, G, Lima, S, Diehl, GE, et al. Microbiota-Induced TNF-Like Ligand 1a Drives Group 3 Innate Lymphoid Cell-Mediated Barrier Protection and Intestinal T Cell Activation During Colitis. Immunity (2018) 49(6):1077–1089.e5. doi: 10.1016/j.immuni.2018.10.014

40. Jin, S, Chin, J, Seeber, S, Niewoehner, J, Weiser, B, Beaucamp, N, et al. TL1A/TNFSF15 Directly Induces Proinflammatory Cytokines, Including Tnfα, From CD3+CD161+ T Cells to Exacerbate Gut Inflammation. Mucosal Immunol (2013) 6(5):886–99. doi: 10.1038/mi.2012.124

41. Yu, Y, Jiang, P, Sun, P, Su, N, and Lin, F. Analysis of Therapeutic Potential of Preclinical Models Based on DR3/TL1A Pathway Modulation (Review). Exp Ther Med (2021) 22(1):693. doi: 10.3892/etm.2021.10125

42. Pappu, BP, Borodovsky, A, Zheng, TS, Yang, X, Wu, P, Dong, X, et al. TL1A-DR3 Interaction Regulates Th17 Cell Function and Th17-Mediated Autoimmune Disease. J Exp Med (2008) 205(5):1049–62. doi: 10.1084/jem.20071364

43. Zhou, M, Liu, R, Su, D, Feng, X, and Li, X. TL1A Increased the Differentiation of Peripheral Th17 in Rheumatoid Arthritis. Cytokine (2014) 69(1):125–30. doi: 10.1016/j.cyto.2014.04.007

44. Wang, D, Li, H, Duan, YY, Han, F, Luo, YX, Wu, MY, et al. TL1A Modulates the Severity of Colitis by Promoting Th9 Differentiation and IL-9 Secretion. Life Sci (2019) 231:116536. doi: 10.1016/j.lfs.2019.06.011

45. Richard, AC, Tan, C, Hawley, ET, Gomez-Rodriguez, J, Goswami, R, Yang, XP, et al. The TNF-Family Ligand TL1A and its Receptor DR3 Promote T Cell-Mediated Allergic Immunopathology by Enhancing Differentiation and Pathogenicity of IL-9-Producing T Cells. J Immunol (2015) 194(8):3567–82. doi: 10.4049/jimmunol.1401220

46. Meylan, F, and Gomez-Rodriguez, J. T Cell Receptor and Co-Stimulatory Signals for Th9 Generation. Methods Mol Biol (2017) 1585:59–71. doi: 10.1007/978-1-4939-6877-0_5

47. Meylan, F, Song, YJ, Fuss, I, Villarreal, S, Kahle, E, Malm, IJ, et al. The TNF-Family Cytokine TL1A Drives IL-13-Dependent Small Intestinal Inflammation. Mucosal Immunol (2011) 4(2):172–85. doi: 10.1038/mi.2010.67

48. Jones, GW, Stumhofer, JS, Foster, T, Twohig, JP, Hertzog, P, Topley, N, et al. Naive and Activated T Cells Display Differential Responsiveness to TL1A That Affects Th17 Generation, Maintenance, and Proliferation. FASEB J (2011) 25(1):409–19. doi: 10.1096/fj.10-166843

49. Li, L, Fu, L, Zhou, P, Lu, Y, Zhang, L, Wang, W, et al. Effects of Tumor Necrosis Factor-Like Ligand 1A (TL1A) on Imiquimod-Induced Psoriasiform Skin Inflammation in Mice. Arch Dermatol Res (2020) 312(7):481–90. doi: 10.1007/s00403-019-02030-8

50. Li, L, Fu, L, Lu, Y, Wang, W, Liu, H, Li, F, et al. TNF-Like Ligand 1A is Associated With the Pathogenesis of Psoriasis Vulgaris and Contributes to IL-17 Production in PBMCs. Arch Dermatol Res (2014) 306(10):927–32. doi: 10.1007/s00403-014-1497-z

51. Xu, WD, Chen, DJ, Li, R, Ren, CX, and Ye, DQ. Elevated Plasma Levels of TL1A in Newly Diagnosed Systemic Lupus Erythematosus Patients. Rheumatol Int (2015) 35(8):1435–7. doi: 10.1007/s00296-015-3277-2

52. Song, L, Zhou, R, Huang, S, Zhou, F, Xu, S, Wang, W, et al. High Intestinal and Systemic Levels of Interleukin-23/T-Helper 17 Pathway in Chinese Patients With Inflammatory Bowel Disease. Mediators Inflamm (2013) 2013:425915. doi: 10.1155/2013/425915

53. Thomas, LS, Targan, SR, Tsuda, M, Yu, QT, Salumbides, BC, Haritunians, T, et al. The TNF Family Member TL1A Induces IL-22 Secretion in Committed Human Th17 Cells via IL-9 Induction. J Leukoc Biol (2017) 101(3):727–37. doi: 10.1189/jlb.3A0316-129R

54. Mavers, M, Simonetta, F, Nishikii, H, Ribado, JV, Maas-Bauer, K, Alvarez, M, et al. Activation of the DR3-TL1A Axis in Donor Mice Leads to Regulatory T Cell Expansion and Activation With Reduction in Graft-Versus-Host Disease. Front Immunol (2019) 10:1624. doi: 10.3389/fimmu.2019.01624

55. Bittner, S, Knoll, G, and Ehrenschwender, M. Death Receptor 3 Signaling Enhances Proliferation of Human Regulatory T Cells. FEBS Lett (2017) 591(8):1187–95. doi: 10.1002/1873-3468.12632

56. Taraban, VY, Slebioda, TJ, Willoughby, JE, Buchan, SL, James, S, Sheth, B, et al. Sustained TL1A Expression Modulates Effector and Regulatory T-Cell Responses and Drives Intestinal Goblet Cell Hyperplasia. Mucosal Immunol (2011) 4(2):186–96. doi: 10.1038/mi.2010.70

57. Meylan, F, Richard, AC, and Siegel, RM. TL1A and DR3, a TNF Family Ligand-Receptor Pair That Promotes Lymphocyte Costimulation, Mucosal Hyperplasia, and Autoimmune Inflammation. Immunol Rev (2011) 244(1):188–96. doi: 10.1111/j.1600-065X.2011.01068.x

58. Wang, X, Hu, Y, Charpentier, T, Lamarre, A, Qi, S, Wu, J, et al. TNF-Like Ligand 1A (TL1A) Gene Knockout Leads to Ameliorated Collagen-Induced Arthritis in Mice: Implication of TL1A in Humoral Immune Responses. J Immunol (2013) 191(11):5420–9. doi: 10.4049/jimmunol.1301475

59. Cavallini, C, Lovato, O, Bertolaso, A, Pacelli, L, Zoratti, E, Zanolin, E, et al. The TNF-Family Cytokine TL1A Inhibits Proliferation of Human Activated B Cells. PloS One (2013) 8(4):e60136. doi: 10.1371/journal.pone.0060136

60. Müller-Ladner, U, Ospelt, C, Gay, S, Distler, O, and Pap, T. Cells of the Synovium in Rheumatoid Arthritis. Synovial Fibroblasts Arthritis Res Ther (2007) 9(6):223. doi: 10.1186/ar2337

61. Bustamante, MF, Garcia-Carbonell, R, Whisenant, KD, and Guma, M. Fibroblast-Like Synoviocyte Metabolism in the Pathogenesis of Rheumatoid Arthritis. Arthritis Res Ther (2017) 19(1):110. doi: 10.1186/s13075-017-1303-3

62. Svetlicky, N, Kivity, S, Odeh, Q, Shovman, O, Gertel, S, Amital, H, et al. Anti-Citrullinated-Protein-Antibody-Specific Intravenous Immunoglobulin Attenuates Collagen-Induced Arthritis in Mice. Clin Exp Immunol (2015) 182(3):241–50. doi: 10.1111/cei.12673

63. Song, YJ, Choi, IA, Meylan, F, Demoruelle, MK, Farley, T, Richard, AC, et al. Circulating TNF-Like Protein 1A (TL1A) is Elevated Early in Rheumatoid Arthritis and Depends on TNF. Arthritis Res Ther (2020) 22(1):106. doi: 10.1186/s13075-020-02198-9

64. Bull, MJ, Williams, AS, Mecklenburgh, Z, Calder, CJ, Twohig, JP, Elford, C, et al. The Death Receptor 3-TNF-Like Protein 1A Pathway Drives Adverse Bone Pathology in Inflammatory Arthritis. J Exp Med (2008) 205(11):2457–64. doi: 10.1084/jem.20072378

65. Li, L, Lu, Y, Fu, L, Zhou, P, Zhang, L, Wang, W, et al. Expression of Death Receptor 3 (DR3) on Peripheral Blood Mononuclear Cells of Patients With Psoriasis Vulgaris. Postgrad Med J (2018) 94(1116):551–5. doi: 10.1136/postgradmedj-2018-136040

66. He, F, Peng, J, Deng, XL, Yang, LF, Camara, AD, Omran, A, et al. Mechanisms of Tumor Necrosis Factor-Alpha-Induced Leaks in Intestine Epithelial Barrier. Cytokine (2012) 59(2):264–72. doi: 10.1016/j.cyto.2012.04.008

67. Cua, DJ, and Tato, CM. Innate IL-17-Producing Cells: The Sentinels of the Immune System. Nat Rev Immunol (2010) 10(7):479–89. doi: 10.1038/nri2800

68. Yuan, ZC, Wang, JM, Su, LC, Xu, WD, and Huang, AF. Gene Polymorphisms and Serum Levels of TL1A in Patients With Rheumatoid Arthritis. J Cell Physiol (2019) 234(7):11760–7. doi: 10.1002/jcp.27834

69. Banfield, C, Rudin, D, Bhattacharya, I, Goteti, K, Li, G, Hassan-Zahraee, M, et al. First-In-Human, Randomized Dose-Escalation Study of the Safety, Tolerability, Pharmacokinetics, Pharmacodynamics and Immunogenicity of PF-06480605 in Healthy Subjects. Br J Clin Pharmacol (2020) 86(4):812–24. doi: 10.1111/bcp.14187

70. Xiu, Z, Shen, H, Tian, Y, Xia, L, and Lu, J. Serum and Synovial Fluid Levels of Tumor Necrosis Factor-Like Ligand 1A and Decoy Receptor 3 in Rheumatoid Arthritis. Cytokine (2015) 72(2):185–9. doi: 10.1016/j.cyto.2014.12.026

71. Sun, X, Zhao, J, Liu, R, Jia, R, Sun, L, Li, X, et al. Elevated Serum and Synovial Fluid TNF-Like Ligand 1A (TL1A) is Associated With Autoantibody Production in Patients With Rheumatoid Arthritis. Scand J Rheumatol (2013) 42(2):97–101. doi: 10.3109/03009742.2012.727026

72. Wenxiu, J, Mingyue, Y, Fei, H, Yuxin, L, Mengyao, W, Chenyang, L, et al. Effect and Mechanism of TL1A Expression on Epithelial-Mesenchymal Transition During Chronic Colitis-Related Intestinal Fibrosis. Mediators Inflamm (2021) 2021:5927064. doi: 10.1155/2021/5927064

73. Zhao, C, Wang, D, Wu, M, Luo, Y, Yang, M, Guo, J, et al. Tumor Necrosis Factor Ligand-Related Molecule 1A Affects the Intestinal Mucosal Barrier Function by Promoting Th9/interleukin-9 Expression. J Int Med Res (2020) 48(6):300060520926011. doi: 10.1177/030006052092601

74. Richard, AC, Peters, JE, Savinykh, N, Lee, JC, Hawley, ET, Meylan, F, et al. Reduced Monocyte and Macrophage TNFSF15/TL1A Expression is Associated With Susceptibility to Inflammatory Bowel Disease. PloS Genet (2018) 14(9):e1007458. doi: 10.1371/journal.pgen.1007458

75. Fukuda, K, Miura, Y, Maeda, T, Hayashi, S, and Kuroda, R. Expression Profiling of Genes in Rheumatoid Fibroblast-Like Synoviocytes Regulated by Tumor Necrosis Factor-Like Ligand 1A Using cDNA Microarray Analysis. BioMed Rep (2019) 1(1):1–5. doi: 10.3892/br.2019.1216

76. England, BR, Thiele, GM, Anderson, DR, and Mikuls, TR. Increased Cardiovascular Risk in Rheumatoid Arthritis: Mechanisms and Implications. BMJ (2018) 361:k1036. doi: 10.1136/bmj.k1036

77. Endo, K, Kakuta, Y, Moroi, R, Yamamoto, K, Shiga, H, Kuroha, M, et al. TL1A (TNFSF15) Genotype Affects the Long-Term Therapeutic Outcomes of Anti-Tnfα Antibodies for Crohn's Disease Patients. JGH Open (2020) 4(6):1108–13. doi: 10.1002/jgh3.12398

78. Griffiths, CE, and Barker, JN. Pathogenesis and Clinical Features of Psoriasis. Lancet (2007) 370(9583):263–71. doi: 10.1016/S0140-6736(07)61128-3

79. Bamias, G, Evangelou, K, Vergou, T, Tsimaratou, K, Kaltsa, G, Antoniou, C, et al. Upregulation and Nuclear Localization of TNF-Like Cytokine 1A (TL1A) and its Receptors DR3 and DcR3 in Psoriatic Skin Lesions. Exp Dermatol (2011) 20(9):725–31. doi: 10.1111/j.1600-0625.2011.01304.x

80. Bamias, G, Stamatelopoulos, K, Zampeli, E, Protogerou, A, Sigala, F, Papamichael, C, et al. Circulating Levels of TNF-Like Cytokine 1A Correlate With the Progression of Atheromatous Lesions in Patients With Rheumatoid Arthritis. Clin Immunol (2013) 147(2):144–50. doi: 10.1016/j.clim.2013.03.002

81. Wallace, KL, Zheng, LB, Kanazawa, Y, and Shih, DQ. Immunopathology of Inflammatory Bowel Disease. World J Gastroenterol (2014) 20(1):6–21. doi: 10.3748/wjg.v20.i1.6

82. Yang, M, Jia, W, Wang, D, Han, F, Niu, W, Zhang, H, et al. Effects and Mechanism of Constitutive TL1A Expression on Intestinal Mucosal Barrier in DSS-Induced Colitis. Dig Dis Sci (2019) 64(7):1844–56. doi: 10.1007/s10620-019-05580-z

83. Hassan-Zahraee, M, Ye, Z, Xi, L, Baniecki, ML, Li, X, Hyde, CL, et al. Antitumor Necrosis Factor-Like Ligand 1a Therapy Targets Tissue Inflammation and Fibrosis Pathways and Reduces Gut Pathobionts in Ulcerative Colitis. Inflamm Bowel Dis (2022) 28(3):434–46. doi: 10.1093/ibd/izab193

84. Képíró, L, Széll, M, Kovács, L, Keszthelyi, P, Kemény, L, and Gyulai, R. Genetic Risk and Protective Factors of TNFSF15 Gene Variants Detected Using Single Nucleotide Polymorphisms in Hungarians With Psoriasis and Psoriatic Arthritis. Hum Immunol (2014) 75(2):159–62. doi: 10.1016/j.humimm.2013.11.006

85. Aiba, Y, Harada, K, Komori, A, Ito, M, Shimoda, S, Nakamura, H, et al. Systemic and Local Expression Levels of TNF-Like Ligand 1A and its Decoy Receptor 3 are Increased in Primary Biliary Cirrhosis. Liver Int (2014) 34(5):679–88. doi: 10.1111/liv.12296

86. Dong, M, Li, J, Tang, R, Zhu, P, Qiu, F, Wang, C, et al. Multiple Genetic Variants Associated With Primary Biliary Cirrhosis in a Han Chinese Population. Clin Rev Allergy Immunol (2015) 48(2-3):316–21. doi: 10.1007/s12016-015-8472-0

87. Nakamura, M, Nishida, N, Kawashima, M, Aiba, Y, Tanaka, A, Yasunami, M, et al. Genome-Wide Association Study Identifies TNFSF15 and POU2AF1 as Susceptibility Loci for Primary Biliary Cirrhosis in the Japanese Population. Am J Hum Genet (2012) 91(4):721–8. doi: 10.1016/j.ajhg.2012.08.010

88. Xu, WD, Fu, L, Liu, XY, Wang, JM, Yuan, ZC, Su, LC, et al. Association Between TL1A Gene Polymorphisms and Systemic Lupus Erythematosus in a Chinese Han Population. J Cell Physiol (2019) 234(12):22543–53. doi: 10.1002/jcp.28818

89. Konsta, M, Bamias, G, Tektonidou, MG, Christopoulos, P, Iliopoulos, A, and Sfikakis, PP. Increased Levels of Soluble TNF-Like Cytokine 1A in Ankylosing Spondylitis. Rheumatol (Oxf) (2013) 52(3):448–51. doi: 10.1093/rheumatology/kes316

90. Wang, NG, Wang, F, Tan, BY, Han, SJ, Dong, J, Yuan, ZN, et al. Genetic Analysis of TNFST15 Variants in Ankylosing Spondylitis. Int J Clin Exp Pathol (2015) 8(11):15210–5




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


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

Copyright © 2022 Xu, Li and Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Role of TL1A in Inflammatory Autoimmune Diseases: A Comprehensive Review

      

        		

          Introduction

        



        		

          Receptors and Signaling Pathways of TL1A

        



        		

          Biologic Functions of TL1A

        

          		

            Effect of TL1A on Innate Immunity

          



          		

            Significant Role of TL1A in Adaptive Immunity

          



        



        



        		

          Association Between TL1A and Inflammatory Autoimmune Diseases

        

          		

            Rheumatoid Arthritis

          



          		

            Inflammatory Bowel Disease

          



          		

            Psoriasis

          



          		

            Primary Biliary Cirrhosis

          



          		

            Other Systemic Inflammatory Diseases

          



        



        



        		

          Conclusion

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-13-891328-g002.jpg
]
IL-1B,IL-23 o,
)
Mo/macrophage
IL-12,/L-18 o,
Dendrmc ceII
' - . ‘ TGF-ﬁ'IL-4 ...
Chondroblast
Naive T cell
=™
Endothelial cell
I
Endothelial cell
]
IL-12)IL-18 © o

NK cell

000000

IL5
ILC2 —» 113

IL22
ILC3 GM-CSF

IFN-y
TNF-a

IL-5
T2 > IL-13
{7 — IL-9

W7 —> IL-17

promoting

Treg — > |suppressive

activity






OEBPS/Images/table2.jpg
Disease susceptibility Ethnicity Polymorphism References

RA Chinese Han population rs3810936, rs7848647 59)

IBD British rs6478109 (70)
Chinese Han population rs10114470 (71)

PsA Hungarians rs6478109 (72)

PBC Chinese Han populations, Japanese rs4979462 (66, 73)

SLE Chinese Han population rs3810936, rs7848647 (74)

AS Chinese Han population rs3810936 (75)

RA, rheumatoid arthrit

. IBD, inflammatory bowel disease; PSA, psoriasis arthritis; PBC, Primary biliary cirrhosis; SLE, systemic lupus erythematosus; AS, ankylosing sponaylitis.





OEBPS/Images/fimmu.2022.891328_cover.jpg
’ frontiers l Frontiers in Immunology

Role of TL1A in Inflammatory
Autoimmune Diseases: A
Comprehensive Review





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





OEBPS/Images/fimmu-13-891328-g001.jpg
Complex Necrosome

Caspase-3/7 MLKL [ MLKL
DI
- .
JNK P38

cell apoptosis Necroptosis

Targets involved in

NRNORVNRNONONOR —  activation,prolieration and

proinflammatory genes differentiation of immune cells





OEBPS/Images/table1.jpg
Disorder

Rheumatoid arthritis
Inflammatory bowel disease
Psoriasis

Primary biliary cirrhosis
Systemic lupus erythematosus
Ankylosing spondylitis

Expression of TL1A

Serum,synovial fluid
Colonic tissues
Serum

Serum

Serum

Serum

References

(656-58)1

@, 65)1

(20, 40)1
66)1
@nr
671

1, increase.





