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Abstract 

Interleukin (IL)-12 family member is a heterodimer glycoprotein, composed of two covalently linked 
subunits, α and β chains. The α subunit consists of IL-23p19, IL-27p28, and IL-12p35, and the β subunit 
includes IL-12p40 and Epstein-Barr virus-induced gene (Ebi3). IL-39 is a new heterodimeric IL-12 
family member composed of IL-23p19 and Ebi3 subunits. IL-39 is secreted by lipopolysaccharide-stim-
ulated B cells. Other immune cells, such as dendritic cells and macrophages, express IL-39 mRNA. 
In lupus-like mice, GL7+B cells and CD138+plasma cells are highly activated and widely expressed, 
promoting high expression of IL-39. IL-39 mediates inflammatory responses through binding to a het-
erodimer of IL-23R/gp130 receptor and activation of signal transducer and activator of transcription 
(STAT)1/STAT3 signal molecules. The serum levels of IL-39 were significantly increased in patients with 
acute coronary syndrome compared with patients with normal coronary arteries. This review discusses 
the biological characteristics, receptor, and signal pathway as well as biological activity of IL-39 and 
its potential role in inflammation and other diseases. 
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Introduction
Each interleukin (IL)-12 family member is a heterod-

imer glycoprotein, composed of two covalently linked 
subunits, α and β chains. The α subunit consists of IL-
23p19, IL-27p28, and IL-12p35, and the β subunit includes  
IL-12p40 and Epstein-Barr virus-induced gene (Ebi3). 
This predicts that six possible heterodimeric IL-12 family 
cytokines can be formed. To date, four heterodimeric mol-
ecules, IL-12, IL-23, IL-27, and IL-35 have been reported 
in nature with bioactivity [1-4]. Wang et al. [5, 6] reported 
that IL-23p19 and Ebi3 form a new IL-12 family heterodi-
mer, IL-23p19/Ebi3, termed as IL-39. In addition, Ushach 
et al. [7] indicated that metrnl is a novel cytokine and sug-
gests that it should be renamed as IL-39. Earlier studies re-
vealed metrnl is a protein homologous to the neurotrophic 
factor metrn, also known as meteorin-like (metrnl), come-
tin, and subfatin [8-11]. However, it has no structural and 
functional similarities with the members of IL-12 family. 
In this review, we summarize the research progress on the 
structure, receptor, and signal pathway of IL-39 as well as 
its expression and biological function, to enable a better 
understanding of IL-39, and to develop tools and targeted 
molecules for novel therapeutic strategies in inflammation 
and other diseases. 

Discovery of IL-39 
IL-12 cytokine family members comprise of two 

distinct subunits (subunit a: IL-23p19, IL-27p28, and 
IL-12p35; subunit b: IL-12p40, Ebi3) forming a a/b het-
erodimer. IL-12, IL-23, IL-27, and IL-35 comprise of 
heterodimers p35/p40, p19/p40, p28/Ebi3, and p35/Ebi3, 
respectively [12]. Wang et al. [5, 6] reported that IL-12 
family subunits p19 and Ebi3 form a new complex, named 
IL-39 (p19/Ebi3). Using Western blot, PCR, immune-co-
precipitation, and sandwich ELISA methods, they found 
that p19 and Ebi3 bind to form a complex in different cell 
subsets. They verified that p19 and Ebi3 are co-expressed 
in murine RAW 264.7 macrophage cell line and dendrit-
ic cells (DC) from the bone marrow, and that the natural 
IL-39 (p19/Ebi3) complex is present in the supernatant of 
cultured RAW264.7 macrophage cells. They demonstrat-
ed that lipopolysaccharide (LPS)-activated B cells secrete 
a natural form of IL-39. 

The IL-39 complex is a 54-kDa heterodimer. The two 
subunits, IL-23p19 and Ebi3, are shared with IL-23 and 
IL-27/IL-35, respectively. IL-23p19 is a four-helix bun-
dle and has homology with IL-6 and granulocyte colony 
stimulating factor. Ebi3 was first identified in B lympho-
cytes infected with EB virus. The Ebi3 gene is located in 
human chromosome 17 and encodes a 34-kDa secretory 
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glycoprotein with a signal peptide and 2 fibronectin type 
III domains [13]. The fibronectin type III repeat region is 
approximately 100 amino acid domain that includes bind-
ing sites for DNA, heparin, fibrin, and cell surface proteins 
[14]. Ebi3 has 27% of amino acid sequence homology with 
the IL-12p40 subunit [15, 16]. Like p40, it lacks a mem-
brane-anchoring motif, corresponds to the extracellular 
portion of a type I cytokine receptor, and is associated with 
the p35 subunit of IL-12 to form heterodimeric hematopoi-
etin, Ebi3/p35 [17]. 

Receptor and signaling pathway of IL-39 
The receptors of IL-12 family include five differ-

ent subunits: IL-12 receptor β1 (IL-12Rβ1), IL-12Rβ2,  
IL-23R, IL-27R (WSX-1), and gp130. The IL-12/IL-35/
IL-23/IL-27 receptors are composed of IL-12Rβ1 and  
IL-12Rβ2, IL-12Rβ2 and gp130, IL-12Rβ1 and IL-23R, 
and IL-27R and gp130, respectively [18]. Because the sub-
units of IL-39 share subunits with IL-23, IL-27, and IL-35, 
 it is concluded that the IL-39 receptor is composed of  
IL-23R, IL-27R, and gp130, which are the same as the 
formed homo- or hetero-dimer. Wang et al. [6] detected 
IL-39 receptors by receptor knock-down, Western blot, 
and FACS, and found that B cells expressed the IL-12 fam-
ily receptors IL-23R and gp130, and that the expression of 
IL-23R and gp130 receptors time-dependently increased 
after LPS stimulation. IL-39 promotes the phosphorylation 
of signal transducer and activator of transcription (STAT)1 
and STAT3 rather than other STAT family members such 
as STAT4 and STAT5 in B cells. When IL-23R or gp130 
was knocked down, IL-39 did not induce STAT1 and 
STAT3 phosphorylation (Fig. 1). IL-39 was also suggest-
ed to signal via a heterodimer of IL-23R and gp130 [19]. 
Moreover, Floss et al. [20] recently demonstrated that the 
proposed IL-39 receptor complex is biologically active. 

Secretion and expression of IL-39 
IL-12, IL-23, and IL-27 are mature cytokines of the  

IL-12 family and are secreted by activated antigen present-
ing cells (APC) [2]. IL-35 is a member of the IL-12 family 
and is produced by regulatory T and B cells [21-24]. IL-39 
is a new heterodimeric IL-12 family member composed of 
IL-23p19 and Ebi3 subunits and shares the Ebi3 subunit 
with IL-27 and IL-35. In vitro studies confirmed IL-23p19 
and Ebi3 are secreted by LPS-stimulated B cells and have 
a positive correlation with duration of LPS-stimulation. 
When B-cell activation was inhibited by IFN-γ or Bcl-6 
inhibitors, the IL-39 expression decreased significantly 
[6]. Other immune cells such as DC and macrophages 
express IL-23p19 and Ebi3 mRNA. IL-23p19 and Ebi3 
mRNA expression levels are elevated in the presence of 
IL-4, and LPS inhibits the expression of IL-23p19 and 
Ebi3 mRNA in DC and macrophages. In lupus-like mice, 

GL7+B cells and CD138+plasma cells are highly activated 
and widely expressed, promoting high expression of IL-
39. Moreover, the expression of IL-23p19 and Ebi3 was 
significantly higher than that of IL-27p28, IL-12p35, and  
IL-12p40 in GL7+B cells [6]. Ebi3 is expressed at very 
high level in B lymphocytes infected with EB virus.  
In vivo studies showed that Ebi3 is expressed in lymphoid 
organs, such as tonsils and spleen, and at a remarkably 
high level in in term placenta [15]. Ebi3 plays potential 
roles in the maintenance of pregnancy or the immunotol-
erance of human maternal body toward the fetus [15]. Pre-
vious studies reported the expression of Ebi3 in Hodgkin’s 
lymphoma and adult T-cell lymphoma/leukemia [25, 26]. 

Role of IL-39 in inflammation and other 
disorders

IL-39 includes IL-23p19 and Ebi3 subunits, activates 
STAT1/ STAT3 signal molecules through binding to the 
IL-23R/ gp130 receptor, and mediates inflammatory re-
sponses. Pro-inflammatory cytokines promote the gener-
ation of IL-23p19 in endothelial cells [27]. Intercellular 
IL-23p19 increases the cell surface expression of intercel-
lular adhesion molecule-1 (ICAM-1) and vascular cell ad-
hesion molecule-1 (VCAM-1) on endothelial cells, which 
enhances the attachment of leukocytes and increases their 
transendothelial migration [27]. Furthermore, high levels 
of Ebi3 expression were associated with a poor prognosis 
of lung cancer, and serum levels of Ebi3 in lung cancer 
patients were significantly higher than in healthy volun-
teers [16]. In addition, a reduction of Ebi3 expression by 
siRNA suppressed cancer cell proliferation and the induc-
tion of exogenous Ebi3 expression conferred growth-pro-
moting activity [16]. Ebi3 down-regulated the expression 

Figure 1. IL-39 and signaling pathway. IL-39 is a new-
ly discovered member of the IL-12 family and comprises 
IL-23p19 and Ebi3 subunits. It binds to the IL-23R/gp130 
receptor and promotes the phosphorylation of STAT1 and 
STAT3. 
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of type I or type III collagen in the presence or absence 
of transforming growth factor-β (TGF-β) co-stimulation. 
Kudo et al. [28] found that collagen mRNA stability was 
reduced by Ebi3 via the induction of miR-4500. Ebi3 ex-
pression was decreased in keratinocytes of epidermis and 
regulatory T cells of dermis in systemic sclerosis (SSc) 
skin compared with normal skin, which may induce colla-
gen synthesis in SSc dermal fibroblasts. They also found 
that gp130, the Ebi3 receptor, was expressed in both nor-
mal and SSc fibroblasts. Moreover, they revealed that 
the injection of Ebi3 alone into the skin improved mice 
skin fibrosis. Decreased Ebi3 in SSc skin may contribute 
to an increase in collagen accumulation and skin fibrosis 
[28]. Bacterial infection of peripheral blood leukocytes 
enhanced CsEbi3 (an Ebi3 homologue from tongue sole) 
expression and promoted an extracellular secretion of  
CsEbi3. Purified recombinant CsEbi3 (rCsEbi3) stimulated 
the respiratory burst activity of peripheral blood leukocytes 
and up-regulated the expression of IL-1β, IL-8, Myd88, 
interferon-induced gene 15, CD28, and chemokines [29]. 
These studies indicate that CsEbi3 is involved in the innate 
immune defense of peripheral blood leukocytes against mi-
crobial pathogens [27]. 

Wang et al. [6] found up-regulated proteinuria, en-
larged spleen, and increased spleen weight, when IL-
12p35 and IL-12p40 knocked-down GL7+B cells were in-
jected into lupus-like mice. Although IL-23p19 and Ebi3 
knocked-down GL7+B cells reduced the disease capacity in 
lupus-like mice. Moreover, when anti-mouse IL-39 poly-
clonal antibody was injected into lupus-like mice, reduced 
urinary protein, splenomegaly, abnormal activated B cells 
in spleen, antibody titers, and remission of kidney patho-
logical inflammation were observed. Their study shows 
that IL-39 may play a pro-inflammatory role in lupus-like 
mice [6]. To explore a possible role of IL-39 in lupus-like 
mice, Wang et al. [5] performed experiments in vivo and 
in vitro. They found that IL-39 promoted the differentia-
tion and development of neutrophils; IL-39 knock-down 
and anti-IL-39 antibody reduced the number of neutrophils 
in lupus-like mice; neutrophils in lupus-like mice secreted 
pathogenic cytokine B cell activating factor belonging to 
the TNF family (BAFF); and that IL-39 increased the num-
ber of neutrophils in systemic lupus erythematosus mice 
through a positive feedback loop of IL-39-BAFF [5]. Ram-
nath et al. [30] reported that interferon regulatory factor 6 
(IRF6) regulated a subset of toll-like receptor 3 (TLR3) 
responses in human keratinocytes, including the produc-
tion of a novel IL-12 family heterodimer (p19/Ebi3). They 
proposed that the TLR3-IRF6-p19/Ebi3 axis may regulate 
keratinocyte and immune cell functions in the context of 
cell damage and wound healing in the skin. Luo et al. [31] 
recently found that the serum levels of IL-39 were sig-
nificantly increased in patients with acute coronary syn-
drome compared with patients with normal coronary ar-
teries. Furthermore, IL-39 levels positively correlated with 

N-terminal of the prohormone brain natriuretic peptide, 
high-sensitivity C-reaction protein, and cardiac troponin 
I, and negatively correlated with left ventricular ejection 
fraction in acute coronary syndrome patients, suggests its 
potential role as biomarker for acute myocardial injury. 

Conclusions 
Some studies have reported that IL-39 is a new mem-

ber of the IL-12 family and is composed of IL-23p19 and 
Ebi3 subunits. The combination of IL-23R and gp130 
forms the IL-39 receptor. B cells stimulated by LPS and 
activated GL7+B cells produce IL-39 in lupus-like mice. 
Moreover, IL-39 mediates the inflammatory response 
through activation of STAT1/STAT3 signaling pathway in 
lupus-like mice. At present, a research on IL-39 is still in 
its initial stage, and many issues have not been solved, in-
cluding whether other cells can produce IL-39 in addition 
to activated B cells, a relationship between IL-39 and other 
cytokines, biological effects and mechanisms of IL-39 in 
inflammatory diseases other than systemic lupus erythe-
matosus and acute coronary syndrome. All these matters 
need to be further studied to provide novel treatments for 
various related diseases. 
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