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Abstract

This article provides an overview of the biological function of a recently discovered cytokine, 

interleukin-37 (IL-37), formerly referred to as IL-1F7, and its role in chronic inflammation and 

autoimmune disease. Much has been discovered about IL-37 in the last decade, including its 

ability to down-regulate systemic and local inflammation by lowering levels of pro-inflammatory 

molecules. Here, we critically reviewed the published reports. Future research is necessary in 

order to understand the receptor-dependent effects of IL-37, its intracellular and extracellular 

functions in both normal and diseased states, and its potential role as a biomarker and 

pharmacological target in human disease.
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Introduction

There are 11 cytokines in the interleukin 1 (IL-1) family. Seven of these are pro-

inflammatory agonists in the innate immune system produced after stimulation by Toll-like 

receptors (TLR): IL-1α, IL-1β, IL-18, IL-33, IL-36α, IL-36β and IL-36γ [1]. Two are 

naturally occurring receptor antagonists: IL-1Ra and IL-36Ra. No function has yet been 

demonstrated for IL-1F10. With the exception of IL-18 and IL-33, these IL-1 family 

members all map to chromosome 2 [2].

IL-37 is the most recently discovered IL-1 family member. It was previously called IL-1F7 

before Nold and colleagues (2010) renamed it. Synonyms of IL-37 are included in Table 1, 
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along with the original publications in which they were described. IL-37 is located in the 

cytoplasm and nucleus. Smad-3 plays a role in the translocation of IL-37 to the nucleus [2]. 

IL-37 is also secreted. These details will be discussed in the subsequent section of this 

review.

Alternative splicing of the human gene for IL-37 gives rise to five different isoforms: 

IL-37a, IL-37b, IL-37c, IL-37d, and IL-37e. The isoforms IL-37c and IL-37e are not 

predicted to be functional cytokines. These five isoforms are expressed in different areas of 

the body (Table 2). Since IL-37b is most likely to be biologically functional [3], and it 

contains the most complete set of exons, this review will primarily focus on IL-37b.

In the last decade, there have been intense investigations on the anti-inflammatory actions of 

IL-37. IL-37 suppresses pro-inflammatory cytokine production, including IL-1A, IL-6, 

CCL-12, CSF-1, CSF-2, CXCL-13, IL-1β, IL23-A and IL1RA (IL-1 receptor antagonist). 

However, it spares anti-inflammatory cytokines, including IL-10. IL-37 also inhibits 

dendritic cell activation, and plays a role in adaptive immunity [4]. IL-37 binds to IL-18BP, 

and subsequently binds IL-18Rβ, inhibiting the pro-inflammatory activity of IL-18. IL-37 

also binds to the IL-18R α-chain, but with much lower affinity than IL-18.

Although more information about IL-37 is detailed in the following sections, the major role 

of IL-37 is to provide a negative feedback mechanism to suppress excessive inflammation in 

both the innate and adaptive immune system.

Mechanism of action of IL-37

IL-37 Receptors and Interactions

In order to understand the anti-inflammatory role of IL-37, it is critical to discuss IL-1 

family receptors. These receptors have an intracellular TIR domain that begins the pro-

inflammatory signaling cascade in the innate immune system [3]. A signaling ligand-binding 

chain relevant to IL-37 is IL-18Rα. IL-18, an important inducer of interferon-γ (IFN-γ), 

promotes Th1 lymphocytes and natural killer (NK) cell activation by binding to IL-18Rα 

and recruiting an accessory protein, IL-18Rβ [3]. IL-18-binding protein (IL-18BP) prevents 

binding of IL-18 to IL-18Rα and IL-18Rβ.

IL-37 has the ability to non-competitively bind both IL-18BP and IL-18Rα [2], making 

IL-37 an inhibitor of IL-18. This is supported by the fact that IL-37 and IL-18 share critical 

amino acid residues [5]. The affinity of IL-37b (generated in E. coli) for IL-18Rα is 50 

times lower than the affinity of IL-18 for IL-18Rα [6]. The affinity of IL-37b for IL-18BP is 

also very weak, although IL-37b does increase the inhibitory effect of exogenous IL-18BP 

in a limited manner [7]. It is suggested that IL-37 binds IL-18BP, and subsequently binds 

IL-18Rβ, resulting in an inactive complex that prevents an increase in IFN-γ levels. 

However, IL-37 has not been proven to be a receptor antagonist or agonist for IL-18 [6].

IL-18Rα bound to IL-37 may be able to recruit a molecule other than IL-18Rβ (such as 

TIR8/SIGIRR, TIGIRR-1, or TIGIRR-2) in order to deliver an inhibitory signal [3]. For 

instance, IL-37 binds to SIGIRR, an inhibitory IL-1R family member, and to IL-18Rα [8]. 

This was observed in two different cells transfected with IL-37: LPS-stimulated RAW 
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macrophages and IL-1β-treated A549 cells. When SIGIRR was silenced, there was only a 

34% reduction in IL-1β, as opposed to an 83% reduction in IL-37 transfected THP-1 

macrophages with an intact SIGIRR gene (Figure 1).

Production and Processing of IL-37

A variety of normal tissues and diseased tissues express IL-37 with differential expression of 

its five different isoforms (Table 2). IL-37 protein is associated with plasma cells, and it is 

constitutively expressed in the cytoplasm of monocytes and peripheral blood mononuclear 

cells (PBMCs) [3]. Cytoplasmic IL-37 is located near the Golgi apparatus, endoplasmic 

reticulum, and plasma membrane, suggesting that IL-37 could be released by secretory 

vesicles [6].

Transcript stability depends upon expression of an instability element in exon 5 [3]. This 

instability sequence limits the half-life of IL-37 mRNA. Stimulation with lipopolysaccharide 

(LPS) enhances the stability of the IL-37b transcript in monocytes, thereby increasing 

intracellular protein expression during inflammatory conditions [9]. As previously 

mentioned, IL-18 is structurally similar to IL-37. Therefore, it makes sense that IL-18 

stability is also enhanced with LPS stimulation [9].

Protein processing of IL-37b resembles that of other IL-1 family members. The N-terminal 

sequence of exon 1, which is present in all isoforms except IL-37a, contains a pro-domain 

that is cleaved by capsase-1 before maturation [6]. Once IL-37b is in the mature form, it is 

known to translocate to the nucleus upon LPS stimulation [10]. However, this is 

significantly reduced when a capsase-1 inhibitor is present.

Approximately 25% of LPS-induced endogenous IL-37 translocates to the nucleus [9] 

(Figure 2). It functions by reducing the production of pro-inflammatory cytokines induced 

by Toll-like receptor (TLR) agonists, IL-1, and tumor necrosis factor (TNF) [2]. IL-37 is 

released from the cell due to a loss of membrane integrity during cell death. The exact 

function of IL-37 released with cell necrosis remains unknown. Also, we still do not fully 

know whether IL-37 released from viable cells in vivo is the precursor or a mature cytokine 

cleaved by caspase-1. However, we do know now that mature IL-37 translocates into the 

nucleus in caspase-1-dependent manner, suggesting the release of mature form of IL-37 

upon cell necrosis. Thus, IL-37 has both intra- and extra-cellular roles.

Biological Role of IL-37

Whereas IL-37 in PBMCs is up-regulated by TLR agonists such as IL-1β, IL-18, TNF-α, 

IFN-γ, and TGFβ, it is down-regulated by IL-12, IL-32, and GM-CSF plus IL-4 [2]. Because 

GM-CSF plus IL-4 stimulates the differentiation of monocytes to dendritic cells, there is an 

inverse relationship between expression of IL-37 and the activation of dendritic cells [3]. 

Therefore, the anti-inflammatory effects of IL-37 are most evident when dendritic cell 

activity is reduced.

In murine macrophage-like RAW264.7 cells overexpressing IL-37b, decreased levels of 

IL-1α, TNFα, IL-6, GM-CSF, M-CSF, and IL-1Ra, and increased levels of IL-13 were 

observed after inflammatory stimulation [2]. Also, in IL-37 transgenic mice challenged with 
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LPS, there was significant reduction in the plasma level of many pro-inflammatory 

cytokines, including IL-6, IL-1β, IL-17, and IFN-γ with increase in plasma IL-4, IL-10 and 

IL-13 [2]. Based on these findings, it is possible that IL-37 increases Th2 immune deviation 

by increasing IL-4 and IL-13, together with the inhibition of Th1 and Th17 immune 

response. However, since cells other than Th2 lymphocytes could also release IL-4 and 

IL-13, it is critical to examine the effect of IL-37 on IL-5 and determine the direct or indirect 

effect of IL-37 to confirm Th2 immune deviation. Furthermore, IL-37 has the ability to 

decrease IL-1α and IL-6 cytokines as well as IL-18 and IFN-γ that are associated with a Th1 

response, further supporting the regulatory role of IL-37 in controlling the pro-inflammatory 

immune response. In essence, these findings support the role of IL-37 in the immune 

deviation by regulating Th1, Th2 and Th17 cells under in vivo conditions.

The functional role of IL-37 was further studied by neutralizing secreted IL-37 in transfected 

RAW macrophages and in transgenic mice expressing IL-37 [11]. RAW IL-37 cells pre-

incubated with goat anti-human IL-37-IgG were stimulated with LPS. These cells produced 

significantly less IL-6 than mock transfected cells. Because intracellular IL-37 is not 

targeted by anti-IL-37-IgG, it was not neutralized. Next, IL-37 transgenic mice pre-treated 

with the same antibody were challenged with LPS. Whereas anti-IL-37-IgG did not affect 

wild type mice, there was a 2.5-fold increase in serum IL-6 levels in transgenic mice pre-

treated with anti-IL-37-IgG. Therefore, this antibody neutralized secreted IL-37, abrogating 

the anti-inflammatory effect of IL-37 after LPS administration in vivo.

Smad-3, a transcriptional modulator in the transforming growth factor-β (TGF-β) pathway, 

plays an important role in the biological effects of IL-37b by contributing to translocation of 

IL-37b to the nucleus [2]. In RAW264.7 cells and THP-1 overexpressing IL-37b, inhibition 

of Smad-3 (via anti-Smad-3 RNA) resulted in increased production of inflammatory 

cytokines (IL-1α, IL-1β, IL-6, IL-8, and TNFα) compared to cells with normal Smad-3 

levels. These results were confirmed in vivo where IL-37 transgenic mice with inhibited 

Smad-3 had increased levels of pro-inflammatory cytokines after LPS challenge [2]. Thus, 

inhibition of Smad3 abrogates IL-37 function.

Once IL-37b forms a functional complex with Smad-3, gene transcription is affected. 

Transcription of pro-inflammatory cytokines is suppressed via phosphorylation of STAT-1 

to STAT-4, suppression of c-Jun, phosphorylation of p38 MAPK, and phosphorylation of 

GSK-3a/b [12]. By rendering certain aspects of pro-inflammatory signaling cascades 

inactive, IL-37 diminishes our innate immune response upon TLR stimulation (Figure 2).

Genetics of IL-37

Whereas the gene for IL-37 is expressed on chromosome 2 in humans, mice have not been 

found to naturally express a gene corresponding to IL-37 [3]. Thus, transgenic mice 

expressing IL-37 have been compared to wild type mice in numerous studies. IL-37 protects 

transgenic mice from the consequences of LPS-induced shock such as hypothermia, 

metabolic acidosis, dehydration, increased potassium, and liver damage (compared to wild-

type mice) [2]. Furthermore, transgenic IL-37 mice have decreased levels of pro-

inflammatory cytokines, but it is important to note that there are no differences in anti-

inflammatory cytokines (such as I-309, IL-13, and IL-10). IL-37 transgenic mice also have 
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decreased activation of dendritic cells, which have a marked reduction in their expression of 

CD86 and MHC II after LPS challenge [2]. Continued utilization of transgenic IL-37 mice 

will be of use in future studies exploring the role of IL-37 in disease (Figure 3).

Role of IL-37 in inflammatory and autoimmune diseases

General Overview

Increased expression of IL-37 has been found in several chronic inflammatory and 

autoimmune diseases. For instance, unpublished data demonstrates IL-37 up-regulation in 

Mycobacterium avium infections, atherosclerotic plaques, psoriatic plaques, Crohn’s 

disease, and lupus [3] (Figure 4). Furthermore, high levels of IL-37 are found in synovial 

tissue of active rheumatoid arthritis (RA), suggesting a protective effect of IL-37 in RA, a 

joint disease characterized by chronic inflammation [2].

There are higher levels of the IL-37 protein in ductal mammary carcinomas than in 

melanoma, stroma of colon carcinoma, and lung carcinoma [6]. Furthermore, enhanced 

IL-37 staining in plasma cells and lymphoma cells may correlate with immunoglobulin 

production and B cell activation in multiple myeloma, B cell lymphoma, colon carcinoma, 

and inflammatory bowel disease [6]. Role of IL-37 in contact hypersensitivity and other skin 

diseases

By investigating the role of IL-37 in skin contact hypersensitivity, researchers have found 

that IL-37 not only suppresses innate immunity, but also inhibits adaptive immunity [4]. In 

transgenic IL-37 mice, contact hypersensitivity to a hapten antigen is impaired, as 

demonstrated by reduction in ear swelling compared to wild-type. Transgenic mice 

demonstrate reduced LPS induction of CD40, a co-stimulatory molecule for dendritic cells. 

Transgenic mice also have dendritic cells with decreased LPS-induced secretion of IL-1b, 

IL-6 and IL-12, whereas IL-10 secretion is increased. Dendritic cells expressing IL-37 do 

not stimulate naïve T cells as effectively as wild-type counterparts, and they induce more T-

regulatory cells. Contact hypersensitivity is impaired in wild-type mice when sensitized 

dendritic cells are adoptively transferred to wild-type mice. These mice have decreased 

CD8+ T cells and increased T-regulatory cells. Thus, both branches of the immune system 

are affected by IL-37 (Figure 3).

Recently discovered IL-37-related conditions involve the skin. First, the role of IL-37 was 

studied in two models of psoriasis, an immune-mediated skin disease characterized by red, 

scaly patches [13]. When IL-37 was introduced to a human keratinocyte cell line (HaCaT), 

there was marked suppression in the production of pro-inflammatory cytokines such as 

CXCL8, IL-6, and S100A7. There were also potent immunosuppressive effects in keratin 14 

VEGF-A–transgenic mice treated with a plasmid encoding human IL-37. Thus, these 

authors suggest a therapeutic role of IL-37 in psoriasis. Furthermore, IL-37 has been shown 

to function as a novel immunomodulatory therapy for atopic dermatitis [14].

IL-37 in autoimmune diseases: IBD, SLE, and GBS

In order to investigate the role of IL-37 in inflammatory bowel disease (IBD), transgenic 

mice expressing IL-37 were compared to wild type counterparts [15]. Both groups of mice 
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were subjected to dextran sulfate sodium (DSS)-induced colitis. Since IL-37 inhibits innate 

inflammation and immunity, transgenic mice had clinical disease scores that were reduced 

by 50%, and histological indices of colitis that were one-third less than wild type mice. 

Transgenic mice had decreased leukocyte recruitment to the colonic lamina propria and 

decreased release of IL-1β and TNFα. Bone marrow from transgenic mice administered to 

wild type mice conferred protection from colitis. Thus, IL-37 originating from 

hematopoietic cells is sufficient to exert protective anti-inflammatory effects (Figure 4).

The role of IL-37 has been investigated in human IBD, comprised of Crohn’s disease and 

ulcerative colitis [16]. Whereas normal colonic mucosa does not express IL-37, elevated 

IL-37 finds expression in the inflamed mucosa of IBD patients and in human colonic 

epithelial cells. IL-37 was also analyzed in the human colonic epithelial cell line T84 in 

order to explore its molecular mechanisms. IL-37b mRNA and protein expression increased 

in these cells due to TNF-α. This occurred via activation of nuclear factor (NF)-κB and 

activator protein (AP)-1. This regulation of IL-37b expression in intestinal epithelial cells is 

different from the regulation observed in PBMCs. Lastly, these authors showed that IL-37b 

inhibits TNF-α-induced interferon-γ-inducible protein (IP)-10 in colonic subepithelial 

myofibroblasts. Thus, IL-37 is predicted to play an important anti-inflammatory role in IBD 

via negative feedback.

Another recent study looks into the role of IL-37 in patients with systemic lupus 

erythematosus (SLE) and the ability of glucocorticoids to regulate plasma levels of IL-37 

and mRNA expression in PBMCs [17]. These authors conclude that anti-inflammatory 

cytokines like IL-37 are increased in most autoimmune diseases in order to compensate for 

increased pro-inflammatory cytokines. However, the anti-inflammatory cytokines cannot 

always fully compensate.

Similar to autoimmune diseases like IBD and SLE, IL-37 is elevated in Guillain-Barré 

Syndrome (GBS). GBS involves an immune attack against the peripheral nervous system, 

causing ascending paralysis and changes in sensation or pain. GBS patients had significantly 

higher IL-37 concentrations in plasma and cerebrospinal fluid (CSF) than healthy controls 

[18]. Moreover, pro-inflammatory cytokines such as plasma IL-17A, IFN-γ and TNF-α were 

positively correlated with plasma levels of IL-37 in GBS patients. CSF levels of IL-37 and 

IL-17A, and plasma levels of TNF-α were positively correlated with GBS disability scale 

scores. When intravenous immunoglobulin was administered, these particular cytokines 

were reduced.

IL-37 in obesity

The role of IL-37 has also been investigated in morbid obesity, which is associated with 

chronic inflammation [19]. This study compared expression if IL-1 family members before 

and after laparoscopic adjustable gastric banding surgery. Levels of IL-37 mRNA transcripts 

were higher in subcutaneous and visceral fat than in the liver. After surgery, IL-37 

expression in fat increased, whereas liver expression remained stable before and after 

surgery. Thus, the anti-inflammatory state with increased IL-37 favors weight reduction 

after gastric banding surgery, suggesting a rapid anti-inflammatory resolution of metabolic 

syndrome.
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IL-37 in hepatic disorders

Hepatitis has also been shown to improve in mice with transient IL-37 expression [20]. Mice 

were injected with concanavalin A (ConA) so that they would develop severe acute 

hepatitis. Two hours after ConA injection, mice previously injected with human IL-37 

plasmid-DNA (via a hydrodynamic tail vein procedure) had significantly reduced levels of 

IL-1α, IL-6, IL-5, and IL-9. These pro-inflammatory cytokines, but not anti-inflammatory 

IL-10, were also reduced after LPS stimulation in serum from mice transiently expressing 

IL-37. In both cases, the effect was only sustained for 24 hours. This study helps elucidate 

the extracellular role of IL-37 in ConA-induced hepatitis and LPS-induced sepsis.

In a related study, IL-37 was also found to protect against inflammation induced by hepatic 

ischemia/reperfusion in mice [21]. Both hepatocyte injury and neutrophil activation were 

reduced in vivo after IL-37 treatment via decreased levels of hepatic reactive oxygen species 

(ROS), as well as decreased levels of serum TNF-α and macrophage inflammatory protein-2 

(MIP-2). ALT levels were reduced by approximately 34% in mice treated with IL-37, 

indicating decreased liver injury. In vitro, IL-37 reduced production of MIP-2 and KC after 

hepatocytes and Kupffer cells were stimulated with LPS. There was reduced oxidative injury 

via increased expression of Bcl-2 in hepatocytes. This subsequently reduced cell death. 

Therefore, IL-37 may prove to be a therapeutic target for inflammatory liver disease.

IL-37 and hepatitis was further studied by comparing patients with chronic hepatitis B virus 

infection (HBeAg positive), patients with chronic hepatitis C, and healthy controls [22]. 

Although not statistically significant, serum IL-37 was elevated in in chronic HBV patients 

with high virus loads. Treating these patients with Telbivudine for 48 weeks resulted in 

decreased serum levels of IL-37. Serum IL-37 concentrations in hepatitis B and C patients 

with elevated serum ALT or AST were significantly higher than patients with normal levels 

of ALT or AST. Thus, in a chronic inflammatory state like hepatitis, elevated IL-37 finds 

expression.

IL-37 in cardiovascular diseases

Another IL-37 related disease that deserves our attention is atherosclerosis. IL-37 is 

expressed in the foam-like cells of atherosclerotic plaques [3]. Therefore, the involvement of 

IL-37 in Acute Coronary Syndrome (ACS) has been elucidated recently [23]. ACS includes 

unstable angina pectoris and acute myocardial infarction. Compared to patients with stable 

angina pectoris and healthy controls, plasma levels of IL-37, IL-18, and IL-18BP were 

significantly increased in ACS. The levels of IL-37 positively correlated with increased 

IL-18 and CRP levels, which are the biomarkers of inflammation. Therefore, increased 

IL-37 possibly resulted from the excessive inflammatory response in ACS.

A common theme on the role of IL-37 in human disease is that increased levels of IL-37 

serve to buffer the excessive inflammation that occurs in chronic and autoimmune diseases. 

Thus, IL-37 plays an integral role in monitoring and regulating the natural checks-and-

balances inherent to the human immune system.
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Expert commentary and five-year review

Much has been discovered about IL-37 in the last decade. Yet, the exact role and the 

underlying immunomodulatory mechanisms of IL-37 in various inflammatory diseases 

warrant further attention. Additional careful studies are required to establish IL-37 as a 

biomarker or diagnostic tool. Whereas IL-37b is generally focused upon, it would be critical 

to investigate the role of other functional isomers, especially IL-37a and IL-37d. 

Furthermore, the exact role of capsase-1 in producing mature IL-37 is still unknown. 

Similarly, the role of IL-37 as a potential IL-18 antagonist is yet to be confirmed. 

Intracellular and extracellular functions of IL-37 should continue to be differentiated. Since 

most of the current data in in experimental animal models, the next step is to examine the 

effect and the underlying mechanisms in human diseases. Such information would be critical 

in designing pharmacological agents that either enhance or suppress IL-37 activity and could 

help ameliorate chronic inflammatory and autoimmune disorders. Potential use of such 

agents has been shown in atopic dermatitis. However, with the advancement in our 

knowledge on the specific role of IL-37 isoforms, specific therapeutic approaches in other 

conditions could be developed.
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Key Issues/Points

• Interleukin-37 (IL-37) is an anti-inflammatory cytokine that inhibits both innate 

and adaptive immunity by down-regulating pro-inflammatory molecules and 

pathways.

• Alternative splicing of IL-37 gives rise to five different isoforms: a, b, c, d, and 

e.

• IL-37b, the most functional isoform, finds expression in cells throughout the 

body.

• IL-37 is up-regulated as a natural defense mechanism in inflammatory states and 

in various autoimmune diseases.

• IL-37 expression in transgenic mice decreases the severity of inflammatory 

bowel disease, severe acute hepatitis, and hepatic ischemia and reperfusion.

• Increased levels of IL-37 in various cells and tissues of humans have been found 

in several pathological conditions or procedures, including weight reduction 

after gastric banding surgery, rheumatoid arthritis (RA), inflammatory bowel 

disease (IBD), hepatitis B and C, systemic lupus erythematosus (SLE), Guillain-

Barré syndrome (GBS), psoriasis, atherosclerosis, and acute coronary syndrome 

(ACS).

• Future research should focus on the precise mechanism of action of IL-37, as 

well as potential therapeutic roles of IL-37 enhancement or suppression.
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Figure 1. 
Schematic diagram depicting mechanisms of action of IL-37
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Figure 2. 
Translocation of IL-37 to the nucleus in response to stimulation with LPS.
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Figure 3. 
An overview of the role of IL-37 in innate and adaptive immunity.
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Figure 4. 
Increased expression of IL-37 in human diseases and induction of inflammation.
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Table 1

Synonyms of IL-37, listed in the chronological order of published reports.

Name Isoform Receptor References

FIL1ξ IL-37a Unknown [24]

IL-1H4 IL-37b IL-18R [25]

IL-1RP1 IL-37c Unknown [26]

IL-1H IL-1HL and IL-1HLa are IL-37b.
IL-1HS is IL-37c.

IL-18R for IL-37b.
Unknown for IL-37c

[27]

IL-1F7 IL-37b IL-18R [28]
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Table 2

Isoforms of IL-37, their expression and biological role [2].

Isoform Expression Biological Role

IL-37a Brain, lymph nodes, thymus, bone marrow, lung, testis, placenta, uterus, skin, 
colon, NK, monocytes, stimulated B cells, keratinocytes

May be functional

IL-37b Heart, lymph nodes, thymus, bone marrow, lung, testis, placenta, uterus, skin, 
colon, NK, monocytes, stimulated B cells, keratinocytes

Biologically functional isoform with the 
greatest amount of exons.

IL-37c Kidney, lymph nodes, thymus, bone marrow, lung, testis, placenta, uterus, skin, 
colon, NK, monocytes, stimulated B cells, keratinocytes

Non-functional, due to abnormal folding

IL-37d Testis and bone marrow May be functional

IL-37e Testis and bone marrow Non-functional, due to abnormal folding
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