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SHORT COMMUNICATION
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Abstract
Objective The heterodimeric IL-12 family member cytokines including, IL-12, IL-23, IL-27, and IL-35 and have multiple 
roles in regulating innate and adaptive immunity with crucial functions in inflammatory disorders such as psoriasis. Chain 
pairing promiscuity is a feature of the IL-12 family. Recently, based on murine data, a new family member, IL-39, was 
proposed, consisting of IL23p19 (shared with IL-23) and EBI3 (shared with IL-27 and IL-35). IL-39 has subsequently been 
implicated in experimental murine lupus. Given the success of IL-23p19 therapeutic targeting in diseases including psoriasis, 
it is of great interest to confirm the presence of IL-39 in man. Human IL-39 is yet to be either detected or expressed, which 
has halted research in this area.
Methods Using a disulphide-linked human chimera protein composing of IL-23p19 and EBI3 human chains, we stimulated 
human leukocytes, and analysed cytokine secretion and STAT3 phosphorylation.
Results and Conclusion We report that this cytokine shows no activity in human cells. IL-39 chimera protein failed to induce 
either IL-6, IL-8, TNF, or IL-17A from leukocytes or STAT3 phosphorylation and thus, remains a ‘theoretical cytokine’ in 
humans.
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Introduction

Cytokines are usually grouped into families, which are based 
on amino acid homology and structural characteristics. The 
IL-12 family members are unique, in that they form heter-
odimers comprised of α-subunits and β-subunits [1]. IL-12 

was the first member of this family to be discovered, and 
along with other family members, IL-23 and IL-27, they are 
predominantly secreted by activated antigen presenting cells 
[1]. IL-12 has a central role in polarization and promotion of 
type I immune responses which are characterized by prefer-
ential release of interferon gamma [1]. IL-23 induces IL-17 
from a range of conventional and non-conventional lympho-
cytes (the IL-23/IL-17 axis) [2]. While IL-27 shows immune 
activating activity, the overall (albeit context specific) effect 
of IL-27 seems to be regulatory in a range of disease models 
[3]. As recently published [4], the property of IL-27 to act on 
co-inhibitory receptor regulation seems important. The most 
recent ‘fully recognized’ member of the family in humans 
is IL-35. IL-35 is secreted by Tregs and also activated B 
cells, and has immunosuppressive functions [5, 6]. IL-12 
family cytokines have an essential function in a wide range 
of physiologic responses in particular pathogen defense and 
protection of the intestinal mucosa and elicit functions via 
phosphorylation of members of the signal transducer and 
activator of transcription (STAT) family of transcription fac-
tors [1]. As evidenced by the success of IL-12 family-related 
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biologics (ustekinumab, guselkumab, and risankizumab) but 
also by described pathologies for loss of function mutations 
of IL-12 cytokine receptors such as Mendelian susceptibil-
ity to mycobacterial diseases (MSMD) [7], IL-12 family 
cytokines are heavily implicated in pathogen defense but 
also inflammatory disease. IL-23 has been shown to be a 
key orchestrator of the psoriatic disease spectrum and thera-
peutic targeting has proved successful in this disease [2, 8].

Recently, a new IL-12 family member was discovered 
in mice, IL-39. The IL-39 heterodimer consists of IL-
23p19 (shared with IL-23) and EBI3 (shared with IL-27 
and IL-35). Murine IL-39 is secreted by activated B cells, 
and activates neutrophils and was shown to mediate inflam-
mation in lupus like mice [9, 10]. Ustekinumab, originally 
thought to impact on IL-12p40, is now thought to show its 
disease modifying activity by IL-23 (IL-12p40 + IL-23p19) 
inhibition. Recent data from several clinical trials as well 
as real-life clinical observations strongly suggest that IL-
23p19 blockers such as risankizumab and guselkumab are 
superior to ustekinumab in psoriasis [11]. Of course, any 
efficacy difference between IL-12p40 blockers and IL-23p19 
blockers could also be attributed to blocking of the IL-23p19 
chain of IL-39. Thus, confirmation of IL-39 in humans is 
of great interest. Human IL-39 has not yet been detected 
or expressed, meaning that research into the area is slow. A 
recent report studying IL-12 family chain pairings in human 
cells detected all other IL-12 family pairings, but failed to 
detect a EBI3 + IL-23p19 combination, raising doubts over 
the existence of this cytokine in man [12]. We, thus, aimed 
to study the effect of a disulfide-linked IL-39 chimera pro-
tein on human cells.

Methods

Leukocyte stimulation and ELISA

Blood from healthy volunteers was collect in EDTA tubes. 
Red blood cells were lysed with red cell lysis buffer and leu-
kocytes were subsequently plated out at a concentration of 
5 × 105 per well in RPMI 1640 +10% FCS. Cells were stimu-
lated with LPS (50 ng/ml) (Sigma) or IL-39 (10–100 ng/ml) 
(R&D Systems) for 48 h. Secretion of TNF, IL-6, and IL-8 
into the supernatant was tested by ELISA. For IL-17 ELISA 
measurement, as a positive control 5 × 105 cells were stimu-
lated with plate bound anti CD3 (10 µg/ml) and anti-CD28 
(10 µg/ml) (both Thermofisher) for 48 h. All ELISA kits 
were purchased from Thermofisher and carried out accord-
ing to the manufacturer’s instructions. Analysis was per-
formed using GraphPad Prism software (GraphPad Software 
Inc, La Jolla, CA, USA). Error bars represent the standard 
error of the mean (SEM).

Western blot and flow cytometry

Cells were stimulated as before with IL-39 (100 ng/ml) or 
IL-6 (20 ng/ml) (Peprotech). Cells were lysed with CelLytic 
M lysis buffer (Sigma-Aldrich), containing protease inhibi-
tor cocktail (Roche Applied Bioscience, Rotkreuz, Swit-
zerland) and phosphatase inhibitor (Thermofisher). Protein 
concentration was determined by Bradford Assay, and 30 μg 
of total protein was separated on any kDa mini protean gel 
(Bio-Rad). Proteins were blotted onto 0.2 μm PVDF trans-
blot pack (Bio-Rad). Membranes were incubated with either 
mouse anti-human GAPDH (Abcam), STAT3 (Abcam), or 
phospho-STAT3 (Cell Signaling), in 5% BSA overnight at 4 
°C according to the manufacturers’ instructions. Membranes 
were subsequently incubated with secondary antibody, HRP 
conjugated donkey anti-mouse (Santa Cruz) according to 
the manufacturer’s instructions for 1 h at room tempera-
ture. For flow cytometry analysis, cells were stimulated as 
before. Using IntraPrep Permeabilizaton kit (Beckman Coul-
ter) according to the manufacturer’s instructions, cells were 
stained with mouse anti-human phospho-STAT3 or isotype 
control (PE-Cyanine7, eBioscience, both 1:50). Cells were 
analysed using the LSRII (BD Biosciences) and a FlowJo 
software (Tree Star Software, San Carlos, California, USA).

Results

IL‑39 does not induce cytokine secretion 
from human leukocytes

Previous research from a murine model suggests that IL-39 
primarily acts upon neutrophils, so we decided to stimu-
late whole leukocytes (typically 60–70% neutrophils) with 
IL-39 chimera protein (10, 50, and 100 ng/ml) for 48 h. No 
significant induction in IL-6, IL-8, or TNF was achieved in 
comparison to untreated cells. As expected LPS stimulation 
resulted in a statistically significant increase in IL-6, IL-8, 
and TNF. IL-39 was also found to have no additive effect on 
LPS induced cytokine production (Fig. 1a, c and d).

As IL-23 drives IL-17 secretion from T cells, we also 
investigated whether IL-39 may share this ability. Leuko-
cytes stimulated with anti-CD3/C28 secreted IL-17 (mean 
217 pg/ml), but IL-39 had no effect on IL-17, either alone 
or additive (Fig. 1b).

IL‑39 does not induce STAT3 phosphorylation

The previous publications on mouse cells suggest that IL-39 
signals through STAT3 [9, 13]. When human leukocytes 
were stimulated with IL-39, no increase in phospho-STAT3 
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was detected (Fig. 1e, f). As expected, a positive control with 
IL-6 stimulation increased phospho STAT3.

Discussion

IL-39 is cytokine implicated in murine lupus models [9]. 
As IL-39 shares the common p19 chain with IL-23, hypo-
thetically, p19 blockers could be blocking the activity of 
this cytokine in man. Whilst our findings do not disprove 
the existence of IL-39 in humans, they suggest that it should 
remain theoretical for the time being. The case for the exist-
ence of IL-39 in humans based on probability is high. While 
not all human cytokines exist in mouse, all other confirmed 
members of the IL-12 family have, thus, far proved to exist 
in both mice and man; however, data seem stronger for 
murine p40 homodimer, while it is still debated to play a 
meaningful pathophysiological role in humans [3, 14]. In 
our study, an IL-39 chimera protein, consisting of EBI3 and 
IL-23p19 chains linked by a disulphide bond, was unable 

to stimulate human leukocytes. Furthermore, IL-39 also 
showed no signaling potential via STAT3 phosphorylation.

Whilst the chimera nature of the protein may not mirror 
the true structure of the heterodimer, the same protein does 
have reported activity in mouse splenocytes (R&D systems). 
The corresponding receptor complex for IL-39 (IL-23R/
gp130) has also been shown to be active on murine cells 
and results in STAT3 activation; however, this has not been 
confirmed in humans [13]. However, in mice, it has been 
reported that EBI3 shows activity as a monomer to signal 
and stimulate cells, meaning that it is plausible that the EBI3 
subunit of the heterodimer could be solely responsible for 
functional effects seen. It is known, however, in human that 
EBI3 is not secreted as a monomer [15]. A recent report into 
combinatorial potential of IL-12 chain pairs in human cells 
was able to detect all other IL-12 family cytokines (IL-12, 
IL-23, IL-27, and IL-35) but not IL-39, which, along with 
our study, raises questions over the existence of this cytokine 
in man [12]. In conclusion, our study fails to confirm a func-
tional response to IL-39 in man, suggesting that this chain 
pairing may only play a role in murine immune responses.

Fig. 1  IL-39 shows no activity in human leukocytes. Human leuko-
cytes were stimulated with IL-39 and or LPS, and secreted concentra-
tion of TNF, IL-6, and IL-8 was determined by ELISA (a, c and d). 
Leukocytes were stimulated with IL-39, with and without anti-CD3/
CD28, and secreted concentration of IL-17 was determined by ELISA 
(b) (n = 4). Leukocytes were stimulated with IL-39 (100  ng/ml) or 

IL-6 (20  ng/ml) for 15  min and subsequently probed for phospho 
STAT3 or GAPDH using western blot method (e). Cells were stimu-
lated as before, and subsequently intracellularly stained for phospho-
STAT3, and signal measured using flow cytometry (f). a–d Signifi-
cance reported between treatments and unstimulated (unless stated). 
Paired t-test



426 C. Bridgewood et al.

1 3

Acknowledgements This article/paper/report presents independ-
ent research funded/supported by the National Institute for Health 
Research (NIHR) Leeds Biomedical Research Centre (BRC). The 
views expressed are those of the author(s) and not necessarily those of 
the NIHR or the Department of Health and Social Care.

Author contributions CB, RC, AA, MW, AW, and DM conceived the 
study, designed the experiments, analysed and integrated the results, 
and wrote the manuscript.

Compliance with ethical standards 

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

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

 1. Hasegawa H, Mizoguchi I, Chiba Y, Ohashi M, Xu M, Yoshimoto 
T. Expanding diversity in molecular structures and functions of 
the IL-6/IL-12 heterodimeric cytokine family. Front Immunol. 
2016;7:479.

 2. Gaffen SL, Jain R, Garg AV, Cua DJ. The IL-23–IL-17 immune 
axis: from mechanisms to therapeutic testing. Nat Rev Immunol. 
2014;14:585.

 3. Jana M, Dasgupta S, Pal U, Pahan K. IL-12 p40 homodimer, the 
so-called biologically inactive molecule, induces nitric oxide syn-
thase in microglia via IL-12Rβ1. Glia. 2009;57:1553–65.

 4. Chihara N, Madi A, Kondo T, Zhang H, Acharya N, Singer M, 
et al. Induction and transcriptional regulation of the co-inhibitory 
gene module in T cells. Nature. 2018;558:454–9.

 5. Collison LW, Chaturvedi V, Henderson AL, Giacomin PR, Guy C, 
Bankoti J, et al. IL-35-mediated induction of a potent regulatory 
T cell population. Nat Immunol. 2010;11:1093.

 6. Wang R-X, Yu C-R, Dambuza IM, Mahdi RM, Dolinska MB, 
Sergeev YV, et al. Interleukin-35 induces regulatory B cells that 
suppress autoimmune disease. Nat Med. 2014;20:633.

 7. Tabarsi P, Marjani M, Mansouri N, Farnia P, Boisson-Dupuis 
S, Bustamante J, et  al. Lethal tuberculosis in a previously 
healthy adult with IL-12 receptor deficiency. J Clin Immunol. 
2011;31:537–9.

 8. Bridgewood C, Watad A, Cuthbert RJ, McGonagle D. Spondy-
loarthritis: new insights into clinical aspects, translational immu-
nology and therapeutics. Curr Opin Rheumatol. 2018;30:526–32.

 9. Wang X, Wei Y, Xiao H, Liu X, Zhang Y, Han G, et al. A novel 
IL-23p19/Ebi3 (IL-39) cytokine mediates inflammation in lupus-
like mice. Eur J Immunol. 2016;46:1343–50.

 10. Wang X, Liu X, Zhang Y, Wang Z, Zhu G, Han G, et al. Inter-
leukin (IL)-39 [IL-23p19/Epstein–Barr virus-induced 3 (Ebi3)] 
induces differentiation/expansion of neutrophils in lupus-prone 
mice. Clin Exp Immunol. 2016;186:144–56.

 11. Papp KA, Blauvelt A, Bukhalo M, Gooderham M, Krueger JG, 
Lacour J-P, et al. Risankizumab versus ustekinumab for moderate-
to-severe plaque psoriasis. N Engl J Med. 2017;376:1551–60.

 12. Detry S, Składanowska K, Vuylsteke M, Savvides SN, Bloch Y. 
Revisiting the combinatorial potential of cytokine subunits in the 
IL-12 family. Biochem Pharmacol 2019. https ://www.scien cedir 
ect.com/scien ce/artic le/pii/S0006 29521 93011 21.

 13. Floss D, Schönberg M, Franke M, Horstmeier F, Engelowski E, 
Schneider A, et al. IL-6/IL-12 cytokine receptor shuffling of extra-
and intracellular domains reveals canonical STAT activation via 
synthetic IL-35 and IL-39 signaling. Sci Rep. 2017;7:15172.

 14. Ling P, Gately MK, Gubler U, Stern AS, Lin P, Hollfelder K, et al. 
Human IL-12 p40 homodimer binds to the IL-12 receptor but does 
not mediate biologic activity. J Immunol. 1995;154:116–27.

 15. Devergne O, Birkenbach M, Kieff E. Epstein-Barr virus-induced 
gene 3 and the p35 subunit of interleukin 12 form a novel heter-
odimeric hematopoietin. Proc Natl Acad Sci. 1997;94:12041–6.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.sciencedirect.com/science/article/pii/S0006295219301121
https://www.sciencedirect.com/science/article/pii/S0006295219301121

	The IL-23p19EBI3 heterodimeric cytokine termed IL-39 remains a theoretical cytokine in man
	Abstract
	Objective 
	Methods 
	Results and Conclusion 

	Introduction
	Methods
	Leukocyte stimulation and ELISA
	Western blot and flow cytometry

	Results
	IL-39 does not induce cytokine secretion from human leukocytes
	IL-39 does not induce STAT3 phosphorylation

	Discussion
	Acknowledgements 
	References




