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Abstract

Interleukin (IL)-19, 20 and 24 are the members of IL-10 family. They are also known as IL-20 

receptor (IL-20R) cytokines as they all signal through the IL-20RA/IL-20RB receptor complex; 

IL-20 and IL-24 (but not IL-19) also signal through the IL-20RB/IL22RA1 receptor complex. 

Despite their protein structure homology and shared use of receptor complexes, they display 

distinct biological functions in immune regulation, tissue homeostasis, host defense and 

oncogenesis. IL-20R cytokines can be expressed by both immune cells and epithelial cells, and are 

important for their interaction. In general, these cytokines are considered to be associated with 

pathogenesis of chronic inflammation and autoimmune diseases, including psoriasis, rheumatoid 

arthritis and inflammatory bowel disease. However, a number of studies also highlighted their 

suppressive functions in regulating both innate and adaptive T cell response and other immune 

cells, suggesting that the role of IL-20R cytokines in autoimmunity may be complex. In this 

review, we will discuss the immunobiological functions of IL-20R cytokines and how they are 

involved in regulating autoimmune diseases.

Summary sentence

This review outlines the current view of the biological effects of IL-20 receptor cytokines and the 

roles of these cytokines in autoimmune diseases.
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1. INTRODUCTION

Interleukin (IL)-19, 20, 22, 24 and 26 are members of the interleukin (IL)-20 subfamily, 

which is part of the IL-10 family. They signal through heterodimeric receptors comprising 

various combinations of several shared receptor subunits, namely, IL-20 receptor α-subunit 

(IL-20RA), IL-20 receptor β-subunit (IL-20RB), IL-10 receptor β-subunit (IL-10RB) and 
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IL-20 receptor α1-subunit IL-22RA1 [1]. Of the broader IL-20 subfamily cytokines, IL-19, 

IL-20 and IL-24 are considered to be the ‘IL-20 receptor cytokines’, because they signal 

through the same IL-20RA/IL-20RB receptor complex. IL-20 and IL-24 also bind to 

IL-20RB/IL-22RA1 receptor complex for signal transduction (Fig. 1). IL-22 and IL-26 

signal through the IL-22RA1/IL-10RB, and IL-20RA/IL-10RB receptor complex, 

respectively. These receptors subunits are highly expressed by epithelial cells, indicating the 

critical roles of the IL-20 subfamily cytokines in regulating tissue inflammation, 

regeneration and protection [2]. They have been shown to be associated with both pro- and 

anti-inflammatory responses during autoimmune diseases and chronic inflammation, 

including psoriasis, inflammatory bowel disease (IBD) and rheumatoid arthritis (RA) [1, 3, 

4]. IL-22 can also react with a soluble form of IL-22 inhibitory receptor, known as IL-22-

binding protein (IL-22BP, or IL-22RA2), which shares structural homology with IL-22RA1 

[5–7]. IL-22BP displays a higher affinity towards IL-22 than the IL-22RA/IL-10RB 

transmembrane receptor and sequesters IL-22 resulting in suppression of IL-22 signaling [5–

7].

The broader IL-20 subfamily cytokines are produced mainly by immune cells, including T 

cells, B cells, NK cells, innate lymphoid cells, monocytes, macrophages and dendritic cells 

[1]. IL-20R cytokines, IL-19, IL-20 and IL-24, are expressed by various immune cells, 

particularly Th2 cells (Table 1). In contrast to IL-22 and IL-26, IL-20R cytokines can also be 

expressed by tissue cells, such as keratinocytes [12, 13], airway epithelial cells [14, 15], and 

other endothelial cells [16], suggesting the possible reciprocal interaction between immune 

cells and tissue cells through the production of IL-20R cytokines (Table 2). IL-22 can be co-

expressed with interferon (IFN)-γ in Th1 cells and with IL-17A in Th17 cells [4, 8], 

however more recent studies identified Th22 cells, which only produce IL-22 but not IFN-γ 
or IL-17A [9, 10]. IL-26 is expressed only in humans but not in mice, and its main cellular 

sources include Th1 and Th17 cells, NK cells and alveolar macrophages [1, 11]. The 

biological effects of IL-20 subfamily plays a critical role in host defense, tissue protection 

and regulation of autoimmune response. Among them, IL-22 is the most studied cytokine 

because it acts as the effector cytokine of Th17 and Th22 cells, as well as several lineages of 

innate lymphoid cells [4, 17, 18]. The biological functions and the association in human 

diseases of the broader IL-20 subfamily have been reviewed previously [1, 4, 11, 17, 19]. 

However, most of them only focus on IL-22, while the discussion on the roles of IL-20R 

cytokines in immunoregulation is limited. In this review, we will emphasize the functions of 

the IL-20R cytokines in regulating immune cells and serving as a potential bridge between 

the immune cells and the tissues. Their possible roles in regulating autoimmune diseases 

will also be highlighted.

2. IMMUNOBIOLOGY OF THE IL-20R CYTOKINES

IL-19, IL-20 and IL-24 mediate their functions by binding IL-20RA/IL-20RB or IL-20RB/

IL-22RA1 receptor complex, and induce intracellular signaling through the Janus kinase 

(JAK)-signal transducer and through the activator of transcription (STAT) pathways, 

particularly STAT1[20], STAT3 [21] and STAT5 [22], that are critical for T cell activation. 

Indeed, several studies identified the potential of IL-20R cytokines in regulating both innate 

and adaptive T cell responses. Recent studies also identified the possible roles of IL-20R in 
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regulating the cytokine production of Th1, Th2 and Th17 cells, which will be discussed in 

the later section.

The biological effects of IL-20R cytokines in inhibiting T cells responses have been 

demonstrated by knocking down their common receptor subunit, IL-20RB. IL-20RB 

deficient CD4+ and CD8+ T cells express elevated levels of IL-2 and IFN-γ, accompanied 

by diminished level of IL-10, upon in-vitro stimulation [23]. In line with this, antigen 

specific IFN-γ producing CD4+ and CD8+ T cells are significantly increased in IL-20RB 

deficient mice after immunized with a DNA vaccine for hepatitis S-Antigen or OVA [23]. 

However, it is unclear which IL-20R cytokines, i.e. IL-19, IL-20 and IL-24, is/are 

responsible for these observations.

In addition to regulating adaptive T cells, IL-20R cytokines can also affect the function of 

γδT cells. IL-20RB deficient mice show enhanced protection from Staphylococcus aureus 
infection, as IL-20R cytokines, including IL-19 and IL-20, inhibit the expression of IL-17A 

from γδT cells, reducing the recruitment of neutrophils and dampening the anti-bacterial 

inflammatory response [24]. While IL-24 was not included in this study, it would be 

interesting to investigate whether it can also regulate γδ T cells similarly to IL-19 and IL-20. 

Thus, IL-20R cytokines can contribute to host defense and tissue homeostasis by regulating 

both innate and adaptive lymphoid T cell compartment.

It should be noted that although IL-19, IL-20 and IL-24 share structural homology as well as 

receptors and some of the signaling pathways, they have both common and unique 

biological functions as pertains to immune cells (Table 2). Their distinct associations with 

autoimmune diseases will be discussed ahead.

2.2.1 IL-19

IL-19 regulates functions of different immune cell populations, including T cells and 

myeloid cells. IL-19 is considered to be a Th2 cytokine as it is not only produced by Th2 

cells, but also exerts a positive feedback on Th2 cells for further Th2 cell differentiation and 

cytokine production, including IL-4, IL-5, IL-10 and IL-13 [25]. Reiss-Mandel et al. 
demonstrated that IL-19 suppresses Staphylococcus aureus-induced IL-17A production from 

human peripheral blood mononuclear cells (PBMC) [26]; in line with this finding, Anuradha 

et al. found that blocking IL-19 increases production of IFN-γ and IL-17A by CD4+ and 

CD8+ T cells in whole blood culture from filaria-infected individuals [27]. In contrast, 

Myles et al. reported that Staphylococcus aureus infection in mice induces keratinocytes to 

produce IL-19, which significantly suppresses the production of IL-17A from γδ T cells 

[24]. These reports indicate that IL-19 likely affects the functions of adaptive and innate T 

cell in different manners. A similar dichotomy in response to IL-19 may also occur in non-T 

cells. In monocytes, IL-19 induced human monocytes with M2 phenotype to produce IL-10 

[28], whereas it induced mouse M1 monocytes to express IL-6 and TNF-α [29]. These 

studies suggest that IL-19 (i) plays pleiotropic roles in both pro- and anti-inflammatory 

responses among different types of immune cells; and/or (ii) has distinct effects on different 

populations of human and mouse immune cells. Further investigations will be needed to 

clarify the effects of IL-19 in different species, such as human and mouse, and in different 

types of immune cells.
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Importantly, IL-19 is also involved in interaction between immune cells and the tissue. It 

induces CD8+ T cells to produce keratinocyte growth factor (KGF) for keratinocyte 

activation and as such is associated with psoriasis [30]. Furthermore, Th17 and Th2 

cytokines, including IL-17A, IL-4 and IL-13, induce IL-19 expression in airway epithelial 

cells [15], where it may be involved in asthma and tissue fibrosis as part of a complex 

cellular interactions between Th17 cells, Th2 cells and airway epithelial cells. IL-19 is also 

involved in tissue injury and inflammation, as it induces angiogenesis by promoting 

proangiogenic genes expression in both endothelial cells and macrophages [31, 32].

2.2.2 IL-20

There are very limited reported in describing the role of IL-20 in adaptive T cell responses. 

Similarly to IL-19, IL-20 suppresses the production of IL-17A from γδ T cells [24]. 

However, IL-20 is unique in being able to induce DCs maturation [38]. IL-20 also increases 

the expression of CD86 on human monocyte-derived DCs [38], pointing to a possible role 

during antigen presentation in regulating T cell activation in a indirect manner. Finally, 

IL-20 may affect DCs migration, due to its effects on the shedding of the integrin CD18 

[38], This could potentially influence the ability of DC to migrate to lymphoid organs and 

secondarily affect their effectiveness as antigen presenting cells for elicitation of the adaptive 

immune response. However, more detail in-vivo studies will be required to clarify this 

hypothesis.

IL-20 has been described as a pro-inflammatory cytokine in autoimmune diseases, including 

psoriasis and RA, due to its effects on keratinocytes and synovial fibroblasts [13, 33–35]. 

IL-20 treatment leads to psoriasis-like morphological changes in a human epidermis model, 

which associates with the inhibition of terminal differentiation in keratinocytes [34]. IL-20 

also induces synovial fibroblasts to produce pro-inflammatory molecules, i.e., TNF-α, 

IL-1β, matrix metalloproteinase (MMP)-1, MMP-13 and also monocyte chemoattractant 

protein (MCP)-1. This in turns recruits activated T cells, monocytes, dendritic cells (DC) 

and neutrophils and results in tissue damage [35, 36]. Apart from its association with RA 

through activating synovial fibroblasts, IL-20 is also associated with the pathogenesis of 

nephritis, owing to its capacity to stimulate kidney mesangial cells to express various pro-

inflammatory molecules, such as MCP-1, RANTES, IP-10, and IL-6 [37].

2.2.3 IL-24

IL-24 is an immunoregulatory cytokine that has been associated with various diseases, 

including autoimmunity, infection and cancer. Its role in suppressing tumor development has 

been studied particularly intensively [39]. IL-24 was first identified from human H0–1 

melanoma cell as having an anti-proliferative property [40]. Later studies confirmed that 

overexpression of IL-24, achieved mostly by use of adenoviral vectors, leads to cell growth 

inhibition and apoptosis in a number of tumor lines [39, 41]. Interestingly, IL-24 can induce 

apoptosis in some tumor cell lines through the MAPK pathway, instead of the more often 

seen JAK/STAT pathway. This underscores the complexity of IL-24 signaling in controlling 

oncogenesis [20].Despite encouraging results in cancer therapy, the broader physiological 

functions of IL-24 are largely unknown.
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One of the distinguishing functions of IL-24 is its ability to regulate immune cells. IL-24 is 

mainly produced by activated immune cells, including monocytes, macrophages, NK cells, T 

cells and B cells [45]. Caudell et al. reported that IL-24 is an inflammatory cytokine, which 

stimulates human PBMC to produce higher levels of IL-6, IFN-γ and TNF-α [46]. Further 

studies identified IL-24 as a Th2 cytokine with immunoregulatory properties: IL-24 was 

found to be produced by activated T cells, particularly Th2 cells [47]. It suppresses the 

production of IFN-γ and IL-17A in filarial antigen stimulated-CD4+ and CD8+ T cells from 

individuals with filaria infection [27]. A transcriptome study on T cells in different phases of 

Th17 differentiation had identified the expression of IL-24 in the late-differentiation 

phase[49]. Taken together with its the suppressive effect on CD4+ and CD8+ T cells [27], it 

is conceivable that IL-24 in differentiated Th17 cells could have a role in regulation and/or 

immunocontraction as a means to control the Th17 response, which is involved in the 

pathologies of various autoimmune diseases [49]. IL-24 has also been described in 

regulating B cell response. It is strongly expressed by CD5+ B cells and memory B cells, but 

not in plasma cells [50]. In vitro studies reveal that IL-24 promotes differentiation of 

memory B cells from germinal center B cells, but inhibits the formation of plasma cells as 

well as the expression of IgG [50].

Dysregulation of IL-24 expression is associated with a number of autoimmune diseases, 

including psoriasis, IBD and RA [39] and infections. Similar to IL-20, IL-24 induces the 

production of MCP-1 from keratinocytes and synovial fluid mononuclear cells for cellular 

infiltration and tissue inflammation [42, 43]. Unlike IL-20, IL-24 may suppress mucosal 

inflammation by inducing suppressor of cytokine signaling (SOCS) 3 expression in HT-29 

colonic epithelial cells and membrane-bound mucin (MUC)-1, −3, and −4 in human colonic 

subepithelial myofibroblasts obtained from patients with IBD [44]. IL-24 also exacerbates 

Pseudomonas aeruginosa infection in mouse corneas by promoting SOCS3 expression, 

which leads to the suppression of anti-bacterial molecules expression, including S100A8/A9 

and IL-1β [48].

Of note, the IL-24 gene can be transcribed into different splice variants with distinct 

biological functions. Sahoo et al. reported that a IL-24 splice variant with 29-nucleotides 

deletion in exon 4 can antagonize IL-24 by dimerization [51]. Whitaker et al. identified five 

alternatively spliced variants transcribed from IL-24 gene, which display different capacity 

to induce apoptosis in tumor cells [52].

3. IL-20R CYTOKINES IN AUTOIMMUNE DISEASES

3.1. Psoriasis

Psoriasis is a chronic inflammation in the skin that is characterized by excessive growth and 

abnormal differentiation of keratinocytes. The role of IL-20R cytokines in psoriasis is well 

established. Elevated levels of IL-19, IL-20 and IL-24 are observed in the inflamed psoriatic 

skin and it has been reported that they can trigger pathological changes in keratinocytes [53, 

54]. In addition, genetic overexpression of IL-19, IL-20 or IL-24 leads to the development of 

paresis-like disease in mice [1]. IL-19 induces CD8+ T cells to produce KGF for 

keratinocyte activation [30]. IL-20 has been shown to be critical in the development of 

psoriasis in the human xenograft transplantation model [55]. Briefly, blockade of IL-20 by 
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neutralizing antibody resolves the lesions in animals that have received psoriasis plaque 

transplant. Conversely, continuous injection of recombinant IL-20 induces psoriasis-like 

lesion in the animals transplanted with non-lesional skin [55]. Kumari et al. demonstrated 

that TNF signalling induces the expression of IL-24 in keratinocytes and leads to the 

development of psoriasis-like skin inflammation in mice [56]. These studies confirmed that 

IL-20R cytokines are directly involved in the pathogenesis of psoriasis. Furthermore, their 

promoting effects on angiogenesis, cellular infiltration and tissue remodeling, suggest that 

they may also involve in promoting psoriasis through other mechanisms.

3.2. Rheumatoid arthritis

RA is mediated by an autoinflammatory/autoimmune response that is a cause of 

inflammation and tissue damage in the joints. It is characterized by massive infiltration of 

immune cells and activation of synovial cells. The first evidence of association of IL-20R 

cytokines in RA is that they are all up-regulated in the synovial fluid from patients with RA 

[57]. Later studies confirmed their pathogenic roles in RA by showing that they promote the 

proliferation of synovial cells and induce the expression of pro-inflammatory molecules, 

including IL-6 and MCP1 from these cells [35, 58].

In animal studies, blockade of IL-20R cytokines attenuates autoimmune arthritis. Hsu et al. 
demonstrated that administration of anti-IL-19 neutralizing antibody prevents bone 

destruction in collagen-induced arthritis (CIA) and inhibits production of pro-inflammatory 

cytokines, i.e. TNF-α, IL-1β, IL-6 and RANKL, by synovial cells [59]. Similarly, anti-IL-20 

antibody treatment could resolve CIA in rat and reduced expression of IL-1β, IL-6, RANKL, 

and MMPs in synovial tissue [60]. A phase IIa clinical trial confirmed that anti-IL-20 

antibody treatment is effective in patients with RA [61]. However, there is a concern that 

targeting only one member from IL-20R cytokines might not be sufficient as a therapeutic 

approach, as they have overlapping expression patterns and display redundant biological 

effects. Blocking of the IL-20RB maybe a better approach in treating RA as all three signal 

through the same IL-20RA/IL-20RB and IL-20RB/IL-22RA1 receptor complexes [62].

3.3. Inflammatory bowel disease

IBD is an immune-mediated inflammatory disease affecting the gastrointestinal tract that 

includes Crohn’s disease and ulcerative colitis. Although IL-22 in IBD has been intensively 

studied, the functions of IL-20R cytokines in this disease are not as well characterized. 

Studies in patients revealed that elevated levels of IL-19, IL-20 and IL-24, at the 

transcription as well as the protein levels, are associated with IBD [44, 63, 64]. While this 

might hint at a pathogenic role, despite these associations, IL-19 and IL-24 have been shown 

to play a suppressive role in IBD. In the dextran sulfate sodium (DSS)-induced colitis 

model, IL-19-deficient mice are more prone than wild type mice to develop active colitis 

with increased accumulation of macrophages and production of pro-inflammatory cytokines, 

including IFN-γ, IL-1β, IL-6, IL-12 and TNF-α [65]. IL-24 induces the expression of 

SOCS3 to suppress inflammatory cytokine signaling, and enhances intestinal barrier 

function by enhancing production of membrane-bound mucins from colonic epithelial cells 

and human colonic subepithelial myofibroblasts [44]. These suggest that IL-20R cytokines 

may be harnessed to play protective and suppressive roles in IBD.
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3.4. Inflammatory diseases of the central nervous system (CNS)

Virtually nothing is known about the role of IL-20R cytokines in the context of 

inflammatory diseases of the CNS, uveitis and multiple sclerosis, or their respective animal 

models. Non-infectious uveitis that targets the retina and uvea of the eye is believed to be a 

T cell-mediated autoimmune disease. Li et al reported upregulated IL-19 and IL-20 gene 

expression in PBMC of patients with uveitis [66]. IL-24 was not included in this study, but 

Muls et al. [67] reported that IL-24 (and IL-26) mRNA levels are comparable in relapsing or 

stable MS, and similar to healthy controls. Since autoreactive T cells are believed to 

participate in pathogenesis of both these diseases [68, 69], and in view of the reported ability 

of IL-20R cytokines to regulate T cells responses, further studies exploring the potential 

roles of IL-20R cytokines in CNS diseases would be of interest.

4. CONCLUDING REMARKS

Despite sharing the structural homology and signaling through the same receptors, it is clear 

that IL-19, IL-20 and IL-24 display distinct biological effects on their target cells. One of the 

explanations could be different binding affinities to their shared receptor complexes, which 

could induce distinct cellular signaling and regulation. To date, most of the studies 

highlighted the similar pathological roles of these cytokine in autoimmune diseases, 

underemphasizing their distinct functions, especially towards different immune cells. For 

example, IL-20R cytokines play an important role in the crosstalk between immune cells and 

epithelial cells, to facilitate host defense and tissue homeostasis. Defects in this crosstalk 

increase susceptibility to infection, chronic inflammation and autoimmune diseases. While 

numerous studies have addressed the role of IL-20R cytokines in regulating epithelial cells 

during inflammatory and autoimmune diseases (keratinocytes in psoriasis, synovial cells in 

RA), much less is known about their biological effects on the participating innate and 

adaptive immune cells, including CD4+ and CD8+ T cells. Increased understanding how 

antigen-presenting cells, CD4+ and CD8+ T cells can be regulated by IL-20R cytokines 

could open new avenues for the development of novel therapies for T cell-mediated 

autoimmune diseases.
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Abbreviations:

IL-20RA IL-20 receptor α-subunit

IL-20RB IL-20 receptor β-subunit

IL-10RB IL-10 receptor β-subunit

IL-22RA1 IL-20 receptor α1-subunit

IBD inflammatory bowel disease
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RA rheumatoid arthritis

IL-22BP IL-22-binding protein

ILCs Innate lymphoid cells

JAK Janus kinase

STAT signal transducer and activator of transcription

PBMC peripheral blood mononuclear cell

KGF keratinocyte growth factor

MMP matrix metalloproteinase

MCP monocyte chemoattractant protein

MUC membrane-bound mucin

SOCS suppressor of cytokine signaling

Ig immunoglobulin

CIA collagen-induced arthritis

DSS dextran sulfate sodium
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Figure 1. The IL-20 receptor cytokines and their receptors.
IL-19, IL-20 and IL-24 signal through the heterodimeric receptor, IL-20RA/IL-20RB 

complex. In addition, IL-20 and IL-24 have another heterodimeric receptor, which composed 

of IL-22RA1 and IL-20RB. Both receptors signal through the STAT-JAK signaling pathway.
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Table 1.

The cellular sources of IL-20R cytokines.

IL20-R
members

Cellular Sources

Immune cells Tissue cells

IL-19 •T cells
•B cells
•Monocytes
•Macrophages

•Keratinocytes
•Fibroblasts
•Endothelial cells
•Airway epithelial cells

IL-20 •T cells
•Monocytes
•Granulocytes
•DCs

•Keratinocytes
•Fibroblasts

IL-24 •T cells
•B cells
•NK cells
•Monocytes
•Macrophages

•Endothelial cells
•Melanocytes
•Colonic subepithelial myofibroblasts
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Table 2.

The common and distinct roles of IL-20R cytokines in regulating immune cells.

Common Distinct

IL-19, IL-20 •Inhibit production of IL-17A by γδT cells IL-19 •Promotes Th2 cells
•Promotes M2 monocytes in humans and M1 monocytes in mice

IL-19, IL-24 •Inhibit production of IFN-γ and IL-17A by 
CD4+ and CD8+ T cells

IL-20 •Promotes DC maturation

IL-24 •Promotes production of pro-inflammatory cytokines by PBMC
•Promotes memory B cells but inhibits plasma cells
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