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Rheumatoid arthritis (RA) is a chronic, autoimmune inflammatory disorder that primarily affects the joints, and in severe cases, can damage other major organs, particularly in susceptible individuals. Management of RA primarily relies on disease-modifying anti-rheumatic drugs (DMARDs) often used in conjunction with low-dose steroids; however, outcomes are frequently suboptimal, resulting in significant physical and psychological impact. Biological agents have shown promise for non-responsive RA patients. Nevertheless, the precise underlying mechanism of RA remains unclear. Systemic and local levels of IL-37 and IL-38, anti-inflammatory cytokines, are elevated in RA patients. Intriguingly, these levels decrease in individuals experiencing remission, correlating with the Disease Activity Score (DAS28) and histopathological findings. In animal models, exogenous IL-37 and IL-38 demonstrate protective effects against RA development, while depletion of either cytokine exacerbates the disease in vivo. These findings suggest that the elevated IL-37 and IL-38 represent a compensatory response to the substantial inflammation in affected joints, attempting to mitigate dysregulated host immunity, albeit unsuccessfully. These data offer potential insights for developing novel, more effective RA therapies through precision medicine approaches.
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Rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic inflammatory disorder caused by autoimmune dysfunction and primarily affects the joints (1). Although the exact aetiology remains unclear, RA is believed to result from immune dysregulation triggered by environmental factors in genetically predisposed individuals. Certain alleles—such as HLA-DRB1, DRB1, DRB1, and DRB1—have been associated with increased susceptibility to RA (2). While RA predominantly targets joint cartilage (3), it can also involve extra-articular organs, including the skin, eyes, lungs, heart, and blood vessels (4). Early diagnosis is crucial for halting or delaying disease progression through timely intervention aimed at achieving remission (5).

Treatment strategies for RA aim to induce remission or reduce disease activity. Disease-modifying anti-rheumatic drugs (DMARDs), such as methotrexate, are commonly prescribed in combination with short-term, low-dose glucocorticoids to broadly suppress immune responses mediated by T cells, B cells, and monocytes/macrophages (1, 6). While many patients respond well to initial treatment, a subset fails to achieve remission and requires second-line therapies, such as biological agents targeting TNF, IL-6 receptors, and CD80 (7). However, long-term use of monoclonal antibodies is associated with undesirable adverse effects, including allergic reactions and increased malignancy risk (8). In this context, Traditional Chinese Medicine (TCM), particularly in China, has shown potential in reducing side effects and enhancing therapeutic outcomes (9). Despite advances in treatment, severe RA can still lead to physical disability and remains a significant clinical challenge (6).

Clinically, RA often presents with tender, swollen joints—particularly in the fingers—as well as fatigue, fever, and loss of appetite (10) likely reflecting systemic immune dysregulation (11). Disease activity is commonly assessed using the Disease Activity Score 28 (DAS28), which evaluates 28 joints based on swelling, tenderness, patient global assessment, and erythrocyte sedimentation rate (ESR) (12).

The pathogenesis of RA involves synovial fibroblast hyperplasia and infiltration of the synovial membrane by T and B lymphocytes and macrophages, leading to cartilage destruction and bone erosion (6, 13). These immune cells secrete pro-inflammatory cytokines—such as IL-6, IL-1β, and TNF—that sustain a chronic inflammatory environment (11).

Understanding the immunological mechanisms underlying RA is crucial for developing more effective therapies. This mini-review focuses on the roles of IL-37 and IL-38 in RA pathogenesis, particularly in relation to macrophage polarisation, and explores their potential as therapeutic targets in precision medicine. While IL-36, IL-37, and IL-38 have been broadly investigated in both osteoarthritis (OA) and RA (14), this review examines IL-37 and IL-38 in RA more specifically, highlighting their emerging roles and therapeutic promise (Figure 1).





IL-37 and IL-38

IL-37 and IL-38, members of the IL-1 superfamily (15), are key regulators of immune homeostasis. Although structurally related to pro-inflammatory IL-1 family cytokines, both IL-37 and IL-38 exhibit predominantly anti-inflammatory properties and are expressed across a broad range of organs and tissues. This widespread expression underscores their potential for systemic influence on immune regulation.

Notably, IL-37 and IL-38 are expressed in immune cells such as natural killer (NK) cells, B lymphocytes, and monocytes, suggesting direct roles in modulating immune cell function (16). Their presence in barrier tissues—including keratinocytes and epithelial cells—also indicates a role in maintaining local immune balance at sites of pathogen entry or environmental exposure (17). In addition, these cytokines are found in parenchymal organs such as the heart, lungs, intestines, urogenital system, and skin (18), as well as in secondary lymphoid tissues like the spleen and tonsils (19), highlighting their broad involvement in tissue homeostasis and inflammatory regulation across diverse physiological settings.

IL-37 attenuates inflammation by suppressing both innate and adaptive immune responses (20), including antigen-specific responses of the adaptive immune system (21). This dual suppression leads to an overall dampening of host immune reactivity (20), which can be protective against excessive inflammation (22) but must be tightly regulated to avoid compromising pathogen defence. The immunoregulatory effects of IL-37 have been implicated in a range of chronic inflammatory and immune-mediated diseases. In cancer, IL-37 may influence the tumour microenvironment and has been reported to suppress tumour growth under certain conditions (23). In inflammatory bowel diseases, such as Crohn’s disease, IL-37 helps modulate excessive immune responses contributing to intestinal inflammation (23). Pre-clinical studies in IL-37 transgenic animals and human data further support its athero-protective roles, including reduced development of atherosclerotic lesions and decreased atheroma formation (24), often accompanied by increased production of other anti-inflammatory mediators that facilitate vascular inflammation resolution.

IL-38 also plays a critical role in immune regulation by helping to balance pro- and anti-inflammatory responses (25). A unique aspect of IL-38 biology is its release from apoptotic cells, suggesting a role in dampening inflammation during tissue remodelling or cellular turnover (26). Once released, IL-38 acts directly on inflammatory macrophages—central players in innate immune activation—by suppressing their pro-inflammatory functions (26). Loss or dysfunction of IL-38 can disrupt this regulatory balance, contributing to a pro-inflammatory microenvironment and promoting disease development and progression (25), e.g. in viral infection (27) or psoriasis (28).

Mechanistically, IL-38 downregulates the production of key pro-inflammatory cytokines, including IL-6, TNF, CCL5, and CXCL10 (29). These effects are mediated through modulation of intracellular signalling pathways such as STAT1, STAT3, p38 MAPK, ERK1/2, and NF-κB (29), offering molecular insight into its anti-inflammatory action. Such regulatory effects have been demonstrated in vivo, including in the NOD/SCID murine model of allergic asthma (29).




IL-37 in RA

Circulating IL-37 is significantly upregulated in patients with RA compared to healthy controls (30, 31), with levels correlating positively with disease severity and decreasing in patients in remission (30, 31). With an area under the curve (AUC) of 0.7789, IL-37 also shows promise as a diagnostic biomarker for RA, further supporting its involvement in disease development (30, 31). These findings implicate IL-37 in RA pathogenesis, although the precise mechanisms driving its upregulation remain unclear. As an anti-inflammatory cytokine, elevated IL-37 levels may reflect a compensatory response to heightened systemic inflammation—mirrored by increased CCP, ESR, and IL-17 levels (32). However, in genetically or environmentally predisposed individuals, this response may be inadequate (33), particularly when persistent inflammatory triggers such as tobacco use sustain synovial inflammation and joint damage (33).

To further validate IL-37 expression, mRNA levels have been measured in synovial cells and peripheral blood mononuclear cells (PBMCs) from RA patients. Synovial cell mRNA is considered a more accurate marker of local immune activity than circulating cytokine levels. IL-37 mRNA is significantly upregulated in both synovial cells and PBMCs and correlates with high DAS28 scores (5–9) (30, 31). Immunohistochemical analysis further confirms increased IL-37 expression in RA synovial tissue relative to healthy controls (34). These findings are supported by other studies reporting elevated IL-37 mRNA and protein levels in PBMCs of patients with active RA, while no significant differences are observed in those in remission (35). This likely reflects successful inflammatory control. Notably, circulating IL-37 decreases following glucocorticoid treatment and correlates with reductions in CRP, ESR, and disease activity (35).

Given the central role of Th17 cells and IL-17 in RA pathogenesis (36), the relationship between IL-37 and IL-17 has also been examined. IL-37 inhibits IL-17 expression in CD4+ T cells from RA patients and reduces Th17 polarisation in vitro following LPS and PMA stimulation, suggesting that IL-37 may regulate aberrant immunity via Th17 cell-driven IL-17 production (35). Additionally, plasma IL-37 levels positively correlate with IL-17A, TNF, and DAS28 scores, and are modulated in response to DMARD therapy (37). These associations merit further validation in vivo and in human samples, particularly through joint biopsies and PBMC analysis in patients receiving DMARDs and/or biological therapies (1).

Despite its anti-inflammatory properties, the elevation of IL-37 in RA presents a paradox. IL-37 is produced mainly by CD3+ and CD4+ T cells and functions both intra- and extra-cellularly (38). One proposed mechanism involves inhibition of the TNF-mediated NF-κB/Gasdermin D (GSDMD) signalling pathway, thereby reducing pyroptosis in fibroblast-like synoviocytes (39), although the requirement for NF-κB activation in GSDMD-mediated pyroptosis remains uncertain.

Supporting its anti-inflammatory function, recombinant human IL-37 (rhIL-37) suppresses IL-17, IL-1β, and IL-6 production in PBMCs from healthy individuals following inflammatory stimulation (35). In vivo, intra-articular administration of rhIL-37 in collagen-induced arthritis (CIA) mice reduces disease severity and local cytokine expression. Similarly, rhIL-37 downregulates pro-inflammatory cytokines in murine macrophage cell lines, and IL-37 transgenic mice show reduced LPS-induced inflammation via SMAD signalling (34). Altogether, while IL-37 elevation in RA may represent an endogenous attempt to counteract inflammation, this response may be insufficient in susceptible individuals. Nonetheless, its downregulation following effective therapy supports a role in disease modulation and progression, highlighting IL-37 as a potential therapeutic target in RA.

Taken together, current evidence suggests that IL-37 expression in both the systemic circulation and joint tissue reflects a host attempt to suppress chronic inflammation. In individuals with high inflammatory burden or reduced regulatory capacity, this response may be overwhelmed. Nevertheless, the continued expression of IL-37—and of IL-38, discussed below—suggests an ongoing immunological effort to contain disease activity.

From an immunological perspective, IL-37 may also influence RA pathogenesis by modulating macrophage polarisation, specifically the balance between pro-inflammatory (M1) and anti-inflammatory (M2) subsets (22, 40). Although direct evidence in RA is limited, recombinant IL-37 reduces pro-inflammatory cytokine production in macrophages (41). In calcified heart valves, IL-37 expression correlates positively with the presence of M2 and negatively with M1 macrophages, suggesting it may suppress M1 polarisation via the Notch1 pathway (42). Further studies are needed to clarify IL-37’s role in macrophage regulation during RA, which are discussed in the final section.





IL-38 in RA

Studies have shown significantly elevated circulating IL-38 levels in patients with RA compared to healthy controls, with higher levels correlating with increased disease activity, as measured by DAS28 scores and objectively, using ultrasonography, further supporting these clinical associations (43). This clinical presentation is accompanied by a marked upregulation of circulating IL-38, along with elevated levels of pro-inflammatory cytokines such as IL-1β, IL-17, IL-6, and TNF. Moreover, analyses of plasma IL-38 protein and PBMC mRNA levels have revealed a significant correlation between IL-38 mRNA and protein expression, confirming the consistency of its upregulation in active RA (43, 44). This pattern likely reflects the host’s attempt to counteract persistent local and systemic inflammation in patients with active disease. Notably, elevated IL-38 levels, together with those of pro-inflammatory mediators, show strong correlations with DAS28 scores, swollen joint count, and tender joint count (43, 44). These observations suggest that increased IL-38 expression may represent a compensatory—though ultimately insufficient—response to ongoing inflammation, particularly in genetically or environmentally predisposed individuals.

Beyond these clinical associations, IL-38 also shows promise as a diagnostic marker. An AUC value of 0.84 supports its potential utility not only in reflecting disease activity and therapeutic response but also as a possible therapeutic target (43, 44). The elevated IL-38 levels observed in RA patients—paralleling the compensatory IL-37 response discussed earlier—may indicate an endogenous anti-inflammatory mechanism that becomes inadequate in severe or treatment-resistant cases.

Supporting this hypothesis, IL-38 levels are significantly higher in RA patients who test positive for anti-cyclic citrullinated peptide (anti-CCP) antibodies compared to seronegative individuals, aligning with the established diagnostic and prognostic value of anti-CCP (43, 44). Moreover, IL-38 levels decline following six months of treatment with DMARDs, reinforcing its association with disease activity and treatment response (43, 44). Its differential expression between RA and OA further underscores its specific involvement in immune-mediated joint pathology (14).

While these findings are based on systemic measurements—likely reflecting IL-38 production by M2 macrophages (22) - direct evidence from the site of inflammation remains scarce. Synovial biopsies from RA patients would provide more specific insight, particularly if collected longitudinally before and after treatment. However, such sampling is often limited by ethical and practical constraints. An alternative strategy involves analysing joint tissues from RA cohorts using post-mortem human samples obtained from morgue collections, as previously described in studies of heart tissue (45, 46). This approach may provide more objective and temporally informative data, particularly in relation to therapeutic interventions and their correlation with disease history. This approach could be enhanced by advanced histopathological and multiplex immunohistochemical techniques (47), providing valuable mechanistic insight into the pathogenesis of RA.

Together, these data support the concept that RA progression involves a complex interplay between pro- and anti-inflammatory responses. IL-38 upregulation likely reflects an intrinsic effort to counterbalance inflammation. However, in individuals with persistent or treatment-refractory disease, this compensatory mechanism may fail to control disease progression. It remains unclear whether IL-38 exerts its effects in an autocrine or paracrine manner within inflamed joint tissues (48). Addressing this question will require spatial immunophenotyping, such as multiplex immunostaining (47), to localise M1 and M2 macrophages and other immune cell populations in the synovium under various disease states to further investigate the underlying immunological mechanism.

Further supporting IL-38’s local role, studies have shown that IL-38 is significantly upregulated in the synovial tissue of RA patients, as demonstrated by immunohistochemistry and ELISA (49). While Liang et al. (43), reported elevated circulating IL-38 levels in RA, Takenaka et al. found no significant differences among RA, OA, and healthy controls in the circulation. These discrepancies may be due to differences in methodology, sample size, or patient demographics. Nonetheless, synovial IL-38 appears to better reflect local disease activity, especially during active flares, and its expression diminishes during remission (43), reinforcing its putative anti-inflammatory role.

The protective function of IL-38 has also been demonstrated in animal models. In experimental arthritis, IL-38 expression increases in the arthritic joints of wild-type (WT) mice, consistent with findings in human RA (43, 44, 49). In contrast, IL-38 knockout (KO) mice exhibit more severe disease, with higher clinical scores, greater histopathological damage, and increased levels of IL-6 and IL-1β in joint tissues (49). These findings confirm a protective role for IL-38, particularly in the early stages of arthritis in the animal model. Furthermore, administration of rIL-38 in these models alleviates disease severity (48), characterised by reduced M1 macrophage infiltration and decreased production of Th17-associated cytokines—highlighting its regulatory effect through differential macrophage polarisation and subsequent cytokine production. Although the precise role of IL-38 in macrophage polarisation within RA remains to be fully clarified, emerging evidence suggests that IL-38 promotes the transition from M1 to M2 macrophages (22) by inhibiting NLRP3 inflammasome activation and promoting anti-inflammatory cytokine release (50).

Further investigations using both animal models and human tissues are needed to better elucidate the immunomodulatory functions of IL-38 and its potential as a therapeutic target in RA. Despite the IL-38 KO animal RA model having shown its anti-inflammatory benefits, caution is warranted when translating findings from murine models to human RA. Additionally, differences in body size, disease chronicity, and treatment protocols limit the direct applicability of animal data to the human condition. Moreover, IL-38 overexpression in mice does not significantly prevent cartilage or bone destruction, likely due to the shorter disease duration in animal models compared to the chronic progression of human RA (43, 44). Nevertheless, in vitro studies provide additional mechanistic insights: IL-38 overexpression reduces IL-6, TNF, and IL-23 production in THP-1 monocytic cells. Similar anti-inflammatory effects have been observed in primary macrophages and synovial fibroblasts derived from RA patients (43, 44). These findings are consistent with earlier reports that IL-38 suppresses Candida albicans-induced IL-17 production in PBMCs (51).

At the signalling level, IL-38 exerts its effects via the IL-36 receptor (IL-36R), where it inhibits recruitment of the IL-1 receptor accessory protein (IL-1RAcP), potentially favouring the binding of inhibitory receptor complexes instead (43, 44), This disruption blocks MyD88 activation, thereby attenuating downstream NF-κB and MAPK signalling pathways and suppressing inflammatory cytokine production (52).






Future developmental strategies in IL-37 and/or IL-38 application in RA

To investigate the therapeutic potential, safety, and translational feasibility of recombinant human IL-37 and IL-38 (rhIL-37/38) in RA, we propose a comprehensive two-stage experimental framework integrating in vitro, in vivo, and ex vivo approaches.




Stage one: in vitro functional characterisation

The efficacy and cytotoxicity of rhIL-37 and/or rhIL-38 in vitro will be evaluated using human primary monocytes isolated from peripheral blood mononuclear cells (PBMCs) or fibroblasts, with source protocols based on established methods (53). A key objective is to assess the capacity of these cytokines to modulate macrophage polarisation—promoting anti-inflammatory M2 differentiation while inhibiting pro-inflammatory M1 polarisation—under inflammatory conditions such as lipopolysaccharide stimulation.

Functional readouts will include proliferation (Ki67 expression), apoptosis (via flow cytometry using markers such as Annexin V or PI), and cytokine profiling of the supernatants using ELISA to quantify both pro- and anti-inflammatory mediators. Cytotoxicity will be systematically assessed through titration-based assays including Hoechst 33342 and propidium iodide staining (54). These studies will be conducted in parallel on PBMCs from both RA patients and healthy controls to identify optimal inhibitory concentrations with minimal off-target effects.





Stage two: in vivo and ex vivo validation

Following optimisation of dosage and exposure time in vitro, in vivo studies will assess the pharmacokinetics, therapeutic efficacy, and systemic safety of exogenously administered IL-37 and IL-38 in RA animal models (43, 44). Methodology will involve the use of multiplex immunohistochemistry (47) to quantify and localise M1 and M2 macrophages in RA tissue (22), assess their interaction with other immune subsets, and evaluate changes under various conditions. Such experiments should be extended to human RA samples for translational relevance. This may yield valuable insights into the development of safer and more effective biologics for RA treatment. These experiments will aim to define the minimal effective dose and treatment window for maximal suppression of disease progression. Safety profiling will involve histopathological examination of major organs and imaging-based evaluation of therapeutic outcomes (55).

Ex vivo validation will subsequently be performed using human biopsy or resected joint tissue samples to confirm cytokine bioactivity in a more clinically relevant environment (56). All studies involving human-derived samples will be conducted under approved ethical guidelines.





Translational considerations: delivery and clinical applicability

Although IL-37 has shown protective roles in RA, its pharmacokinetics in vivo remain poorly characterised, and it is unclear whether endogenous IL-37 or IL-38 can be sufficiently upregulated in response to immunogenic triggers. Therefore, effective delivery strategies are critical. These may include gene gun-mediated expression (57), recombinant protein administration (58), or viral vector-based systems (59). Each method will be comparatively assessed for safety, bioactivity, and tissue penetration, beginning with in vitro testing, followed by in vivo validation in animal models (60), and ex vivo studies in human tissues (61). Emerging localised delivery platforms such as hydrogels also show promise for enhancing IL-38 bioavailability in arthritic joints and warrant further exploration (62). These investigations will inform the selection of the most appropriate delivery platform for therapeutic application.





Biomarker potential and clinical translation

Initial evidence suggests that IL-37 and IL-38 levels in PBMC —both in serum and circulating leukocytes—correlate with disease severity in RA (30, 31, 43, 44). Notably, IL-38 expression in synovial tissue exhibits even stronger associations with disease activity (43, 44). These findings provide a foundation for the development of multiplexed biomarker platforms to monitor disease progression and treatment response. Such biomarkers could greatly enhance our mechanistic understanding of RA and guide personalised therapeutic strategies.

Together, this multi-tiered approach will not only establish the therapeutic viability and safety of rhIL-37/38 but also clarify optimal delivery methods, identify predictive biomarkers, and support their translational potential in the management of RA. Pre-clinical validation of these cytokines is a critical step towards future clinical trials and eventual clinical application in refractory RA.






Conclusion

IL-37 and IL-38 contribute to immune regulation in RA, primarily by suppressing proinflammatory pathways and modulating macrophage polarisation. IL-37 acts early by inhibiting NF-κB and MAPK signalling, while IL-38 limits Th17 responses and promotes regulatory T-cell function. However, their protective effects may be insufficient in chronic or severe RA. Both cytokines represent promising therapeutic targets due to their roles in shifting macrophages from a pro- to anti-inflammatory state. Future strategies could include cytokine-based therapies, local delivery systems, or bioactive compounds from traditional Chinese medicine. To facilitate readers’ understanding, a schematic figure (Figure 1) has been added to illustrate the interaction of IL-37 and IL-38 with host immunity in RA patients.

[image: Diagram illustrating the effects of IL-37 (Panel A) and IL-38 (Panel B) on joint inflammation. IL-37 increases macrophage M2 presence and decreases M1 and inflammatory mediators in joint inflammation. IL-38 promotes Treg and NK cell activity, increases M2, suppresses M1, and reduces inflammatory mediators like IL-1 beta, IL-6, TNF, and IL-17, ultimately lowering inflammation markers DAS28, pyroptosis, and anti-CCP. DMARDs influence leukocytes via NF-kB, STAT1, and STAT3 pathways.]
Figure 1 | (A) The protective role of IL-37 in RA: Increased proinflammatory mediators in the joints of RA patients stimulate IL-37 secretion from leucocytes via the NF-κB pathway. IL-37 subsequently promotes the polarisation of M2 macrophages while inhibiting M1 macrophages. This anti-inflammatory response reduces proinflammatory cytokine levels and pyroptosis in joint cells, ultimately leading to a decreased DAS28 score. This effect can be further enhanced by the addition of disease-modifying antirheumatic drugs. (B) The protective role of IL-38 in RA. Increased proinflammatory mediators in the joints of RA patients stimulate IL-38 secretion from leucocytes via STAT1, STAT3, p38 MAPK, ERK1/2, and NF-κB. IL-38 subsequently promotes the proliferation of Treg and NK cells, followed by the polarisation of M2 macrophages and inhibition of M1 macrophages. Consequently, anti-inflammatory response reduces proinflammatory cytokine levels in joint tissues, ultimately leading to a decreased DAS28 score. The effect can be further enhanced by the addition of disease-modifying antirheumatic drugs. These clinical manifestations could also be improved with exogenous IL-37 or IL-38 in vivo, suggesting their potential as promising therapeutic targets.





Author contributions

HZ: Writing – original draft. YY: Writing – original draft. XL: Writing – review & editing. BH: Writing – review & editing. SB: Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. Gansu Provincial Science and Technology Program Sponsorship (24RCKD001), China, The deep integration of medical and health care advances clinical rehabilitation and fosters the high-quality development of health services.





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.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

	 Konzett V, Aletaha D. Management strategies in rheumatoid arthritis. Nat Rev Rheumatol. (2024) 20:760–9. doi: 10.1038/s41584-024-01169-7, PMID: 39448800


	 Padyukov L. Genetics of rheumatoid arthritis. Semin Immunopathol. (2022) 44:47–62. doi: 10.1007/s00281-022-00912-0, PMID: 35088123


	 Smolen JS, Aletaha D, McInnes IB. Rheumatoid arthritis. Lancet. (2016) 388:2023–38. doi: 10.1016/S0140-6736(16)30173-8, PMID: 27156434


	 Jang S, Kwon EJ, Lee JJ. Rheumatoid arthritis: pathogenic roles of diverse immune cells. Int J Mol Sci. (2022) 23:1–15. doi: 10.3390/ijms23020905, PMID: 35055087


	 Strand V, Msihid J, Sloane J, Nivens MC, Chao J, Giannelou A, et al. Sarilumab in relapsing polymyalgia rheumatica: patient-reported outcomes from a phase 3, double-blind, randomised controlled trial. Lancet Rheumatol. (2025). doi: 10.1016/S2665-9913(25)00041-4, PMID: 40544861


	 Di Matteo A, Bathon JM, Emery P. Rheumatoid arthritis. Lancet. (2023) 402:2019–33. doi: 10.1016/S0140-6736(23)01525-8, PMID: 38240831


	 Bonek K, Roszkowski L, Massalska M, Maslinski W, Ciechomska M. Biologic drugs for rheumatoid arthritis in the context of biosimilars, genetics, epigenetics and COVID-19 treatment. Cells. (2021) 10:1–25. doi: 10.3390/cells10020323, PMID: 33557301


	 Beydon M, Pinto S, De Rycke Y, Fautrel B, Mariette X, Seror R, et al. Risk of cancer for patients with rheumatoid arthritis versus general population: a national claims database cohort study. Lancet Reg Health Eur. (2023) 35:100768. doi: 10.1016/j.lanepe.2023.100768, PMID: 37954220


	 Xia X, May BH, Zhang AL, Guo X, Lu C, Xue CC, et al. Chinese herbal medicines for rheumatoid arthritis: Text-mining the classical literature for potentially effective natural products. Evid Based Complement Alternat Med. (2020) 2020:7531967. doi: 10.1155/2020/7531967, PMID: 32419824


	 Broderick L, Hoffman HM. IL-1 and autoinflammatory disease: biology, pathogenesis and therapeutic targeting. Nat Rev Rheumatol. (2022) 18:448–63. doi: 10.1038/s41584-022-00797-1, PMID: 35729334


	 James EA, Holers VM, Iyer R, Prideaux EB, Rao NL, Rims C, et al. Multifaceted immune dysregulation characterizes individuals at-risk for rheumatoid arthritis. Nat Commun. (2023) 14:7637. doi: 10.1038/s41467-023-43091-8, PMID: 37993439


	 Pisaniello HL, Whittle SL, Lester S, Menz F, Metcalf R, McWilliams L, et al. Using the derived 28-joint disease activity score patient-reported components (DAS28-P) index as a discriminatory measure of response to disease-modifying anti-rheumatic drug therapy in early rheumatoid arthritis. BMC Rheumatol. (2022) 6:67. doi: 10.1186/s41927-022-00299-3, PMID: 36376988


	 Edilova MI, Akram A, Abdul-Sater AA. Innate immunity drives pathogenesis of rheumatoid arthritis. BioMed J. (2021) 44:172–82. doi: 10.1016/j.bj.2020.06.010, PMID: 32798211


	 Luo H, Zheng Q, Zhou Y, Lai W, Zhang N, Chen P. Deciphering the regulatory programs of RNA binding proteins in rheumatoid arthritis through single-cell transcriptome analysis. Acta Materia Med. (2025) 4:137–56. doi: 10.15212/AMM-2024-0034


	 Gonzalez L, Rivera K, Andia ME, Martinez Rodriguez G. The IL-1 family and its role in atherosclerosis. Int J Mol Sci. (2022) 24:1–26. doi: 10.3390/ijms24010017, PMID: 36613465


	 Zhang J, Wise SG, Zuo S, Bao S, Zhang X. The distinct roles of IL-37 and IL-38 in non-small cell lung carcinoma and their clinical implications. Front Immunol. (2025) 16:1564357. doi: 10.3389/fimmu.2025.1564357, PMID: 40191189


	 Piipponen M, Li D, Landen NX. The immune functions of keratinocytes in skin wound healing. Int J Mol Sci. (2020) 21:1–26. doi: 10.3390/ijms21228790, PMID: 33233704


	 Debets R, Timans JC, Homey B, Zurawski S, Sana TR, Lo S, et al. Two novel IL-1 family members, IL-1 delta and IL-1 epsilon, function as an antagonist and agonist of NF-kappa B activation through the orphan IL-1 receptor-related protein 2. J Immunol. (2001) 167:1440–6. doi: 10.4049/jimmunol.167.3.1440, PMID: 11466363


	 Lin H, Ho AS, Haley-Vicente D, Zhang J, Bernal-Fussell J, Pace AM, et al. Cloning and characterization of IL-1HY2, a novel interleukin-1 family member. J Biol Chem. (2001) 276:20597–602. doi: 10.1074/jbc.M010095200, PMID: 11278614


	 Cavalli G, Tengesdal IW, Gresnigt M, Nemkov T, Arts RJW, Dominguez-Andres J, et al. The anti-inflammatory cytokine interleukin-37 is an inhibitor of trained immunity. Cell Rep. (2021) 35:108955. doi: 10.1016/j.celrep.2021.108955, PMID: 33826894


	 Luo Y, Cai X, Liu S, Wang S, Nold-Petry CA, Nold MF, et al. Suppression of antigen-specific adaptive immunity by IL-37 via induction of tolerogenic dendritic cells. Proc Natl Acad Sci U.S.A. (2014) 111:15178–83. doi: 10.1073/pnas.1416714111, PMID: 25294929


	 Cutolo M, Campitiello R, Gotelli E, Soldano S. The Role of M1/M2 macrophage polarization in rheumatoid arthritis synovitis. Front Immunol. (2022) 13:867260. doi: 10.3389/fimmu.2022.867260, PMID: 35663975


	 Wang Q, Zhang G, An C, Hambly BD, Bao S. The role of IL-37 in gastrointestinal diseases. Front Immunol. (2024) 15:1431495. doi: 10.3389/fimmu.2024.1431495, PMID: 39206201


	 Law CC, Puranik R, Fan J, Fei J, Hambly BD, Bao S. Clinical implications of IL-32, IL-34 and IL-37 in atherosclerosis: speculative role in cardiovascular Mmanifestations of COVID-19. Front Cardiovasc Med. (2021) 8:630767. doi: 10.3389/fcvm.2021.630767, PMID: 34422917


	 Wang Q, Ma L, An C, Wise SG, Bao S. The role of IL-38 in intestinal diseases - its potential as a therapeutic target. Front Immunol. (2022) 13:1051787. doi: 10.3389/fimmu.2022.1051787, PMID: 36405715


	 Mora J, Schlemmer A, Wittig I, Richter F, Putyrski M, Frank AC, et al. Interleukin-38 is released from apoptotic cells to limit inflammatory macrophage responses. J Mol Cell Biol. (2016) 8:426–38. doi: 10.1093/jmcb/mjw006, PMID: 26892022


	 Gao X, Chan PKS, Lui GCY, Hui DSC, Chu IM, Sun X, et al. Interleukin-38 ameliorates poly(I:C) induced lung inflammation: therapeutic implications in respiratory viral infections. Cell Death Dis. (2021) 12:53. doi: 10.1038/s41419-020-03283-2, PMID: 33414457


	 Mercurio L, Morelli M, Scarponi C, Eisenmesser EZ, Doti N, Pagnanelli G, et al. IL-38 has an anti-inflammatory action in psoriasis and its expression correlates with disease severity and therapeutic response to anti-IL-17A treatment. Cell Death Dis. (2018) 9:1104. doi: 10.1038/s41419-018-1143-3, PMID: 30377293


	 Sun X, Hou T, Cheung E, Iu TN, Tam VW, Chu IM, et al. Anti-inflammatory mechanisms of the novel cytokine interleukin-38 in allergic asthma. Cell Mol Immunol. (2020) 17:631–46. doi: 10.1038/s41423-019-0300-7, PMID: 31645649


	 Zhu J, Xie C, Qiu H, Shi L. Correlation between level of Interleukin-37 and rheumatoid athritis progression. Int J Gen Med. (2021) 14:1905–10. doi: 10.2147/IJGM.S309436, PMID: 34045887


	 Cao S, Shi H, Sun G, Chen Y, Hou G, Wang D, et al. Serum IL-37 level is associated with rheumatoid arthritis and disease activity: A meta-analysis. BioMed Res Int. (2021) 2021:6653439. doi: 10.1155/2021/6653439, PMID: 33628802


	 Ye X, Ren D, Chen Q, Shen J, Wang B, Wu S, et al. Resolution of inflammation during rheumatoid arthritis. Front Cell Dev Biol. (2025) 13:1556359. doi: 10.3389/fcell.2025.1556359, PMID: 40206402


	 Sharma SD, Leung SH, Viatte S. Genetics of rheumatoid arthritis. Best Pract Res Clin Rheumatol. (2024) 38:101968. doi: 10.1016/j.berh.2024.101968, PMID: 38955657


	 Nold MF, Nold-Petry CA, Zepp JA, Palmer BE, Bufler P, Dinarello CA. IL-37 is a fundamental inhibitor of innate immunity. Nat Immunol. (2010) 11:1014–22. doi: 10.1038/ni.1944, PMID: 20935647


	 Ye L, Jiang B, Deng J, Du J, Xiong W, Guan Y, et al. IL-37 alleviates rheumatoid arthritis by suppressing IL-17 and IL-17-triggering cytokine production and limiting Th17 Cell proliferation. J Immunol. (2015) 194:5110–9. doi: 10.4049/jimmunol.1401810, PMID: 25917106


	 Robert M, Miossec P. IL-17 in rheumatoid arthritis and precision medicine: From synovitis expression to circulating bioactive levels. Front Med (Lausanne). (2018) 5:364. doi: 10.3389/fmed.2018.00364, PMID: 30693283


	 Zhao PW, Jiang WG, Wang L, Jiang ZY, Shan YX, Jiang YF. Plasma levels of IL-37 and correlation with TNF-alpha, IL-17A, and disease activity during DMARD treatment of rheumatoid arthritis. PLoS One. (2014) 9:e95346. doi: 10.1371/journal.pone.0095346, PMID: 24788826


	 Bulau AM, Nold MF, Li S, Nold-Petry CA, Fink M, Mansell A, et al. Role of caspase-1 in nuclear translocation of IL-37, release of the cytokine, and IL-37 inhibition of innate immune responses. Proc Natl Acad Sci U.S.A. (2014) 111:2650–5. doi: 10.1073/pnas.1324140111, PMID: 24481253


	 Ren C, Chen J, Che Q, Jia Q, Lu H, Qi X, et al. IL-37 alleviates TNF-alpha-induced pyroptosis of rheumatoid arthritis fibroblast-like synoviocytes by inhibiting the NF-kappaB/GSDMD signaling pathway. Immunobiology. (2023) 228:152382. doi: 10.1016/j.imbio.2023.152382, PMID: 37075579


	 Zhang Z, Zhang J, He P, Han J, Sun C. Interleukin-37 suppresses hepatocellular carcinoma growth through inhibiting M2 polarization of tumor-associated macrophages. Mol Immunol. (2020) 122:13–20. doi: 10.1016/j.molimm.2020.03.012, PMID: 32278133


	 Su Z, Tao X. Current understanding of IL-37 in human health and disease. Front Immunol. (2021) 12:696605. doi: 10.3389/fimmu.2021.696605, PMID: 34248996


	 Zhou P, Li Q, Su S, Dong W, Zong S, Ma Q, et al. Interleukin 37 Suppresses M1 macrophage polarization through inhibition of the Notch1 and nuclear factor kappa B pathways. Front Cell Dev Biol. (2020) 8:56. doi: 10.3389/fcell.2020.00056, PMID: 32117982


	 Liang S, Chen L, Liang R, Ling J, Hou M, Gao S, et al. Emerging role of Interleukin-38 (IL-38) in the development of rheumatoid arthritis. Rheumatol Ther. (2024) 11:349–62. doi: 10.1007/s40744-024-00640-x, PMID: 38315401


	 Xu WD, Su LC, He CS, Huang AF. Plasma interleukin-38 in patients with rheumatoid arthritis. Int Immunopharmacol. (2018) 65:1–7. doi: 10.1016/j.intimp.2018.09.028, PMID: 30268016


	 Najib E, Puranik R, Duflou J, Xia Q, Bao S. Age related inflammatory characteristics of coronary artery disease. Int J Cardiol. (2012) 154:65–70. doi: 10.1016/j.ijcard.2010.09.013, PMID: 20888054


	 Fang BA, Dai A, Duflou J, Zhang X, Puranik R, Bao S. Age-related inflammatory mediators in coronary artery disease (II). Int J Cardiol. (2013) 168:4839–41. doi: 10.1016/j.ijcard.2013.07.157, PMID: 23958418


	 Chen Y, Jia K, Sun Y, Zhang C, Li Y, Zhang L, et al. Predicting response to immunotherapy in gastric cancer via multi-dimensional analyses of the tumour immune microenvironment. Nat Commun. (2022) 13:4851. doi: 10.1038/s41467-022-32570-z, PMID: 35982052


	 Boutet M-A, Najm A, Bart G, Brion R, Touchais S, Trichet V, et al. IL-38 overexpression induces anti-inflammatory effects in mice arthritis models and in human macrophages. vitro. Ann Rheum Dis. (2017) 76:1304. doi: 10.1136/annrheumdis-2016-210630, PMID: 28288964


	 Takenaka S-I, Kaieda S, Kawayama T, Matsuoka M, Kaku Y, Kinoshita T, et al. IL-38: A new factor in rheumatoid arthritis. Biochem Biophys Rep. (2015) 4:386–91. doi: 10.1016/j.bbrep.2015.10.015, PMID: 29124228


	 Swanson KV, Deng M, Ting JP. The NLRP3 inflammasome: molecular activation and regulation to therapeutics. Nat Rev Immunol. (2019) 19:477–89. doi: 10.1038/s41577-019-0165-0, PMID: 31036962


	 Han Y, Mora J, Huard A, da Silva P, Wiechmann S, Putyrski M, et al. IL-38 ameliorates skin inflammation and limits IL-17 production from gammadelta T Cells. Cell Rep. (2019) 27:835–46.e5. doi: 10.1016/j.celrep.2019.03.082, PMID: 30995480


	 Gao Y, Cai L, Wu Y, Jiang M, Zhang Y, Ren W, et al. Emerging functions and therapeutic targets of IL-38 in central nervous system diseases. CNS Neurosci Ther. (2024) 30:e14550. doi: 10.1111/cns.14550, PMID: 38334236


	 Buechler MB, Fu W, Turley SJ. Fibroblast-macrophage reciprocal interactions in health, fibrosis, and cancer. Immunity. (2021) 54:903–15. doi: 10.1016/j.immuni.2021.04.021, PMID: 33979587


	 Wu B, Li S, Sheng L, Zhu J, Gu L, Shen H, et al. Metformin inhibits the development and metastasis of ovarian cancer. Oncol Rep. (2012) 28:903–8. doi: 10.3892/or.2012.1890, PMID: 22752027


	 Jiang Y, Alam JJ, Gomperts SN, Maruff P, Lemstra AW, Germann UA, et al. Preclinical and randomized clinical evaluation of the p38alpha kinase inhibitor neflamapimod for basal forebrain cholinergic degeneration. Nat Commun. (2022) 13:5308. doi: 10.1038/s41467-022-32944-3, PMID: 36130946


	 Tominaga A, Ikari K, Yano K, Tanaka E, Inoue E, Harigai M, et al. Surgical intervention for patients with rheumatoid arthritis is declining except for foot and ankle surgery: A single-centre, 20-year observational cohort study. Mod Rheumatol. (2023) 33:509–16. doi: 10.1093/mr/roac042, PMID: 35536604


	 Koch L. Maverick - top gun of horizontal gene transfer. Nat Rev Genet. (2023) 24:586. doi: 10.1038/s41576-023-00635-4, PMID: 37452100


	 Fabilane CS, Stephenson AC, Leonard EK, VanDyke D, Spangler JB. Cytokine/Antibody fusion protein design and evaluation. Curr Protoc. (2024) 4:e1061. doi: 10.1002/cpz1.1061, PMID: 38775006


	 Wang JH, Gessler DJ, Zhan W, Gallagher TL, Gao G. Adeno-associated virus as a delivery vector for gene therapy of human diseases. Signal Transduct Target Ther. (2024) 9:78. doi: 10.1038/s41392-024-01780-w, PMID: 38565561


	 Schuh BM, Macakova K, Fejes A, Gross T, Belvoncikova P, Janko J, et al. Sex differences in long-term effects of collagen-induced arthritis in middle-aged mice. Front Physiol. (2023) 14:1195604. doi: 10.3389/fphys.2023.1195604, PMID: 37449011


	 Kjelgaard-Petersen CF, Platt A, Braddock M, Jenkins MA, Musa K, Graham E, et al. Translational biomarkers and ex vivo models of joint tissues as a tool for drug development in rheumatoid arthritis. Arthritis Rheumatol. (2018) 70:1419–28. doi: 10.1002/art.40527, PMID: 29669391


	 Gutierrez AM, Frazar EM MV, Paul P, Hilt JZ. Hydrogels and hydrogel nanocomposites: enhancing healthcare through human and environmental treatment. Adv Healthc Mater. (2022) 11:e2101820. doi: 10.1002/adhm.202101820, PMID: 34811960







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 © 2025 Zhang, Ye, Ling, Hambly and Bao. 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/cover.jpg
& frontiers | Frontiers in Immunology

The role of IL-37 and IL-38 in rheumatoid
arthritis, the potential clinical applications in
precision medicine





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-16-1629759-g001.jpg
M1
i0F \
M2 Ll l
s
Inflam media’éors NN
e.g. IL-6, TNF, IL-17

M2 LIy MIDIQ LY

-
Inflam mediators 4 ¢ ¢
e.g. IL-1 [ ], IL-6, TNF, IL-17





