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AbstrAct

Introduct ion:  Interleukin 35 (IL-35) has recently been characterized as a cy-
tokine connected with the IL-12 group. The secretion of IL-35 was described 
in forkhead box protein 3 (Foxp3) + regulatory T cells (Tregs), peripheral γδ T 
cells, CD8+ T cells, placental trophoblasts, antigen-presenting cells (APCs) and 
regulatory B cells (Breg).

Aim:  The aim of this paper is to systematize current knowledge about IL-35 
production and discuss its impact on the pathophysiology and outcome of vari-
ous diseases.

Mater ia l  and  methods :  Literature review was conducted.

Resu l t s  and  d i scuss ion:  IL-35 plays a pivotal role in the immune dysregu-
lation in the pathogenesis of cardiovascular diseases including atherosclerosis, 
psychiatric and neurologic disorders, cancer, allergic and autoimmune diseases 
and psoriasis, inducing the expression of Treg-related cytokines and inhibiting the 
expression of Th1- and Th17-related cytokines.

Conc lus ions :  Due to the numerous signaling pathways of IL-35, it may be 
described as an innovative biomarker in the prognosis and treatment of various 
diseases.
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1. INTRODUCTION

Interleukin (IL)-35 has recently been characterized as a cy-
tokine connected with the group of IL-12, which consists of 
the IL-27β chain Epstein-Barr virus-induced gene 3 (Ebi3) 
and the IL-12α chain p35 connected by a disulfide bond. 
Ebi3 resembles IL-12 p40, whose expression may be in-
duced, while IL-12 p35 expression is pervasive.1

IL-35 secretion had formerly been characterized in regu-
latory T (Treg) cells, forkhead box protein 3 (Foxp3)+, which 
was subsequently verified by confirming the co-expression of 
p35 and Ebi3 in peripheral γδ T cells, CD8+ T cells, and pla-
cental trophoblasts. Other cells that might also produce IL-
35 are antigen-presenting cells and regulatory B (Breg) cells.2,3

IL-35 has four groups of receptors with IL-12Rβ2/gp130, 
gp130/gp130, IL12Rβ2/IL27Rα, and IL-12β2/IL12Rβ2 sub-
units, which finally trigger signal transducer and activator 
of transcription (STAT) – STAT1 and STAT4 – signaling 
pathways.1,4

STAT1 mediates the IL-12Rβ2/IL-27Rα receptor that is 
expressed on Breg cells, and STAT1/STAT4 mediate IL-35 

production by relating to their proper regions on Ebi3 and 
IL-12A gene promoters. STAT4 mediates the IL-12Rβ2/
IL-12Rβ2 and gp130/gp130 receptors. STAT1/STAT3 ob-
tain the expression of IL-10 and IL-35 by penetrating the 
nucleus. Moreover, the STAT3 pathway may facilitate Breg 
lymphocytes to increase the production of IL-10.4 

IL-12p35 may induce the expression of itself, Ebi3 and 
IL-10, while IL-35 may inhibit the proliferation of proin-
flammatory Th17 lymphocytes by IL-10 development (pro-
moted by Breg cells) [5].

Li et al. suggested that IL-35 should be described as a 
responsive cytokine that stops inflammation development 
in contrast to transforming growth factor beta (TGF-β), the 
house-keeping cytokine, that inhibits the start of the in-
flammatory process.6 

IL-35 dominantly suppresses Th1 and Th17 lympho-
cytes (effector CD4+ T cells) as a consequence of Treg popula-
tion and inhibitory activity increase. Furthermore, it stimu-
lates the expression of interferon α, β, and λ1.7,8

IL-35 signaling pathways and functions are shown in 
Figure 1.1,3,8

Figure 1. Signaling pathways and functions of IL-35. Abbreviations: IL-35 – interleukin 35; IFN – interferon; M1 – M1 
macrophage; M2 – M2 macrophage; B cell – B lymphocyte; T cell – T lymphocyte; STAT1,3,4 – signal transducer 
and activator of transcription 1,3,4; JAK1 – Janus kinase 1; JAK2 – Janus kinase 2; gp130 – glycoprotein 130; IL-27R 
– interleukin 27 receptor; IL-2Rβ2 – interleukin 2 receptor, beta 2 subunit; IL-12Rβ2 – interleukin 12 receptor, beta 2 
subunit; Th1 – T helper cell 1; Th17 – T helper cell 17; Treg – regulatory T cell; Breg – regulatory B cell; Foxp3 – fork-
head box protein 3; IL-10 – interleukin 10; TGFb – transforming growth factor beta. Figure made using BioRender 
(http://biorender.com).
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2. AIM

The aim of this paper was to systematize the current knowledge 
of IL-35, with special regard to the possible clinical significance.

3. MATERIAL AND METHODS

A review of the literature was conducted using the PubMed 
database.

4. RESULTS AND DISCUSSION

4.1.  IL-35 in cardiovascular diseases and ath-
erosclerosis
It is known that the development of cardiovascular diseases, 
and the progress of atherosclerosis, may be consequences of 
an inflammatory process. Immunosuppression as a part of 
the action of Treg and Breg lymphocytes seems to present pro-
tective properties.9

IL-12A and Ebi3 were described in atherosclerotic aor-
tic lesions, and their polymorphisms correlated with altered 
ischemic heart disease risk. In patients with coronary artery 
disease, B lymphocytes demonstrated the reduced produc-
tion of IL-35, and IL-10 and T lymphocytes showed the re-
duced expression of interferon γ (IFNγ) and tumor necrosis 
factor α (TNFα).9

4.2.  IL-35 and cancer,  al lergic and autoimmune 
diseases other than psoriasis
IL-35 plays a key role in the immune system and in the 
pathogenesis of related diseases such as autoimmune diseases, 
allergies or cancers, mainly through its immunomodulating 
and immunosuppressive properties. Therefore, its expression 
and serum concentration may be different in various diseases 
and at different stages of the same disease. Recent reports 
supported it as a new target of immunotherapy, when it may 
be blocked in case of the overexpression, and also as a recom-
binant protein (in diseases with the decreased expression).10

The serum levels and expression of IL-35 in cancer, al-
lergic and autoimmune diseases other than psoriasis are 
listed in Table 1.

The elevated expression and high serum concentration 
of IL-35 are associated with the unfavorable prognosis in 
pancreatic ductal adenocarcinoma, acute myeloid leukemia 
and non-small-cell lung cancer.4 IL-35 plasma levels were 
negatively correlated with the severity of systemic lupus 
erythematosus14 and rheumatoid arthritis.15 The treatment 
of mice with allergic rhinitis with the intranasal application 
of IL-35 resulted in the inhibition of allergic response by 
the reduction in IgE, eosinophils, IL-4 and IL-5, and the 
upregulation of Treg lymphocytes and IL-10.9,27

Despite numerous studies conducted on the role of IL-
35 in the pathogenesis of psoriasis, it still remains unclear. 
Therefore, it was decided to systematize the reports on the 
relationship between IL-35 and psoriasis in a separate section 
below. The role of IL-35 in Behcet disease is described in the 
section concerning neurological and psychiatric conditions.

4.3.  IL-35 in psoriasis
As regards the pathogenesis of psoriasis, IL-35 contributes 
to the imbalance of the immune system. It is probably due 
to inducing the expression of TGF-β and IL-10 (Treg-relat-
ed cytokines) and suppressing the expression of Th1- and 
Th17-related cytokines.28

Beside antigen presentation and antibody secretion, B 
lymphocytes may influence immune regulation as Breg cells, 
in which immunosuppressive function is mainly related to 
IL-10 secretion under the stimulation of CD40L, which is 
a toll-like receptor agonist. Moreover, Breg lymphocytes are 
also capable of producing IL-35 and rIL-35 may induce Breg 
to secrete IL-10 and IL-35.8

Breg might also act as inflammation regulators in psoria-
sis. According to a study of Mavropoulos et al., Breg gener-
ating IL-10 were decreased in patients with psoriasis and 
psoriatic arthritis and demonstrated a negative correlation 
with T lymphocytes producing IL-17A and IFNγ.29

Aberrancy in Treg cells was associated with inflammation in 
the course of psoriasis. By producing IL-10, they may decrease 
inflammation by downregulating the expression of proinflam-
matory cytokines, chemokines, and adhesion molecules. 

Foxp3 positive Treg cells have a possible role in the patho-
genesis of psoriasis. High levels of those lymphocytes in pe-
ripheral blood and skin lesions positively correlated with 
disease severity in a study of Georgescu et al.30

Table 1. The serum levels and expression of IL-35 in cancer, allergic and autoimmune diseases other than psoriasis.

Plasma concentration/expression of IL-35 decreased Plasma concentration/expression of IL-35 increased

Immuno-related hemocytopenia11 Dermatomyositis/polymyositis18

Primary Sjogren syndrome12 Pancreatic ductal adenocarcinoma19

Diabetes mellitus type 113 Hepatocellular carcinoma20

Systemic lupus erythematosus14 Non-small-cell lung cancer21

Inflammatory bowel disease7 Breast cancer22

Rheumatoid arthritis15 Gastric cancer23

Asthma16 Acute myeloid leukemia24

Chronic obstructive pulmonary disease16 Multiple sclerosis25

Colorectal cancer17 Systemic sclerosis26
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IL-35 plasma level was lower in patients with  psoria-
sis than in the control group according to the results by Li 
et al. it was negatively correlated with disease severity (pso-
riasis area and severity index – PASI score), IFNγ, TNFα, 
IL-17 and positively correlated with the serum concentra-
tions of IL-10 and TGFβ.28

IL-35 may be an additional therapeutic strategy for pso-
riasis. Zhang et al. demonstrated that IL-35 reduced the 
quantity of macrophages and revealed a prolonged period of 
therapeutic efficacy.31

4.4.  IL-35 in psychiatric and neurological  con-
ditions
Rose et al. demonstrated significantly decreased plasma IL-
35 levels in children with autism spectrum disorders com-
pared to typically developing children. It was also associated 
with worse behaviors (similarly to the decreased levels of 
TGFß and IL-10).32

The pathogenesis of relapsing-remitting multiple sclero-
sis may be associated with IL-35. Badihan et al. showed the 
decreased serum concentration of  IL-35  in those patients 
compared to healthy controls.33

Prior to the treatment the plasma levels of IL-35 in pa-
tients with multiple sclerosis had been higher. Subsequent-
ly, they significantly decreased after treatment.34

In patients suffering from acute motor axonal neuropa-
thy, serum IL-35 concentration was decreased and negative-
ly correlated with the outcomes, which may be related to the 
anti-inflammatory role of IL-35 in those patients.35

Decreased serum levels of IL-35 in patients with the ac-
tive stage of Behcet disease compared to inactive Behcet pa-
tients and healthy controls might be a sign of the flexibility 
of Treg lymphocytes depending on the stage of the disease.36

4.5.  IL-35 and infections
IL-35 suppresses the differentiation of Th1 and Th17 lym-
phocytes and may be related to the chronicity of tuberculo-
sis. IL-35 positive cells were identified in the pleural tissue 
of those patients. Furthermore, IL-35 level was higher in 
tuberculous pleural effusion.37

Shen et al. demonstrated an improved resistance to in-
fection with Salmonella enterica  serovar Typhimurium in 
mice in which no expression of IL-35 was observed in B 
cells compared to control mice.38

Chronic hepatitis B virus infection was associated with 
the suppression of virus replication which activated a re-
duction in the responsiveness of Treg secreting IL-17 under 
IL-35 stimulation. It may constitute the evidence of the im-
munosuppressive activity of IL-35 in this disease.39

5. CONCLUSIONS

IL-35 is an important cytokine in the inflammatory process, 
especially linked to the regulation of immune responses, 
neutralizing Th1, Th2, and Th17 expansion.8,38 

The pathogenesis of autoimmune diseases, including 
psoriasis, is complex, and further research should illustrate 

its immunosuppressive properties and therapeutic advan-
tages, especially in humans.1

The clarification of doubts concerning the receptors and 
signaling pathways of IL-35 will allow the use of IL-35 as 
an innovative biomarker in the prognosis and treatment of 
various diseases.4

Conflict of interest
None declared.

Funding
None declared.

References
1 Su LC, Liu XY, Huang AF, Xu WD. Emerging role of 

IL-35 in inflammatory autoimmune diseases.  Autoimmun 
Rev. 2018;17(7):665–673. https://doi.org/10.1016/j.aut-
rev.2018.01.017.

2 Collison LW, Vignali DA. Interleukin-35: odd one out or 
part of the family?. Immunol Rev. 2008;226:248–262. https://
doi.org/10.1111/j.1600-065x.2008.00704.x.

3 Huang A, Cheng L, He M, Nie J, Wang J, Jiang K. Inter-
leukin-35 on B cell and T cell induction and regulation. J 
Inflamm (Lond). 2017;14:16. https://dx.doi.org/10.1186%2
Fs12950-017-0164-5.

4 Yazdani Z, Rafiei A, Golpour M, Zafari P, Moonesi M, Ghaf-
fari S. IL-35, a double-edged sword in cancer. J Cell Biochem. 
2020;121(3):2064–2076. https://doi.org/10.1002/jcb.29441.

5 Dambuza IM, He C, Choi JK, et al. IL-12p35 induces 
expansion of IL-10 and IL-35-expressing regulatory B 
cells and ameliorates autoimmune disease.  Nat Commun. 
2017;8(1):719. https://doi.org/10.1038/s41467-017-00838-4.

6 Li X, Mai J, Virtue A, et al. IL-35 is a novel responsive 
anti-inflammatory cytokine – a new system of categorizing 
anti-inflammatory cytokines. PLoS One. 2012;7(3):e33628. 
https://dx.doi.org/10.1371%2Fjournal.pone.0033628.

7 Wang Y, Mao Y, Zhang J, et al. IL-35 recombinant pro-
tein reverses inflammatory bowel disease and psoriasis 
through regulation of inflammatory cytokines and immune 
cells. J Cell Mol Med. 2018;22(2):1014–1025. https://dx.doi.
org/10.1111%2Fjcmm.13428.

8 Fogel O, Rivière E, Seror R, et al. Role of the IL-12/IL-35 
balance in patients with Sjögren syndrome.  J Allergy Clin 
Immunol. 2018;142(1):258–268.e5. https://doi.org/10.1016/j.
jaci.2017.07.041.

9 Zhu Z, Zhang Y, Ye J, et al. IL-35 promoted STAT3 phos-
phorylation and IL-10 production in B cells, but its pro-
duction was reduced in patients with coronary artery dis-
eases.  Hum Immunol. 2018;79(12):869–875. https://doi.
org/10.1016/j.humimm.2018.10.009.

10 Zhang J, Zhang Y, Wang Q, et al. Interleukin-35 in immune-
related diseases: protection or destruction.  Immunology. 
2019;157(1):13–20. https://doi.org/10.1111/imm.13044.

11 Li Y, Wang Y, Liu H, et al. Lower level of IL35 and its re-
duced inhibition in Th17 cells in patients with bone mar-
row mononuclear cells Coombs testpositive hemocytope-
nia.  Mol Med Rep. 2018;17(2):2973–2981. https://dx.doi.
org/10.3892%2Fmmr.2017.8252.



229 Pol Ann Med. 2020;27(2):225–229

12 Guo J, Gu M, Zhang W, Liu Y, Qian C, Deng A. Aber-
rant IL-35 levels in patients with primary Sjogren’s syn-
drome.  Scand J Immunol. 2018;88(5):e12718. https://doi.
org/10.1111/sji.12718.

13 Espes D, Singh K, Sandler S, Carlsson PO. Increased in-
terleukin-35 levels in patients with type 1 diabetes with 
remaining C-peptide. Diabetes Care. 2017;40(8):1090–1095. 
https://doi.org/10.2337/dc16-2121.

14 Ye Z, Jiang Y, Sun D, Zhong W, Zhao L, Jiang Z. The plas-
ma interleukin (IL)-35 level and frequency of circulating IL-
35+ regulatory B cells are decreased in a cohort of Chinese pa-
tients with new-onset Systemic Lupus erythematosus. Sci Rep. 
2019;9(1):13210. https://doi.org/10.1038/s41598-019-49748-z

15 Li Y, Yao L, Liu S, et al. Elevated serum IL-35 levels in 
rheumatoid arthritis are associated with disease activity. J 
Investig Med. 2019;67(3):707–710. https://doi.org/10.1136/
jim-2018-000814.

16 Chen C, Deng Y, Chen H, et al. Decreased concentration of 
IL-35 in plasma of patients with asthma and COPD. Asian 
Pac J Allergy Immunol. 2014;32(3):211–217. https://doi.
org/10.12932/ap0403.32.3.2014.

17 Zeng JC, Zhang Z, Li TY, et al. Assessing the role of IL-
35 in colorectal cancer progression and prognosis. Int J Clin 
Exp Pathol. 2013;6(9):1806–1816. 

18 Jiang Q, Li Y, Xia L, Shen H, Lu J. Interleukin-35: A se-
rological biomarker for patients with polymyositis/derma-
tomyositis.  J Interferon Cytokine Res. 2019;39(11):720–725. 
https://doi.org/10.1089/jir.2019.0063.

19 Huang C, Li N, Li Z, et al. Tumour-derived Interleu-
kin 35 promotes pancreatic ductal adenocarcinoma cell 
extravasation and metastasis by inducing ICAM1 ex-
pression.  Nat Commun. 2017;8:14035. https://dx.doi.
org/10.1038%2Fncomms14035.

20 Yang L, Shao X, Jia S, Zhang Q, Jin Z. Interleukin-35 
dampens CD8+ T cells activity in patients with non-viral 
hepatitis-related hepatocellular carcinoma.  Front Immunol. 
2019;10:1032. https://doi.org/10.3389/fimmu.2019.01032.

21 Heim L, Kachler K, Siegmund R, et al. Increased expres-
sion of the immunosuppressive interleukin-35 in patients 
with non-small cell lung cancer. Br J Cancer. 2019;120(9): 
903–912. https://doi.org/10.1038/s41416-019-0444-3.

22 El-Gendy SG, El-Sabaa EM, El-Feky MA, Ahmed SH, Eid 
SS. Plasma levels of interleukin-35 and its association with 
clinical features of breast cancer patients at Assiut Univer-
sity Hospitals. Egypt J Immunol. 2019;26(1):121–128.

23 Fan YG, Zhai JM, Wang W, et al. IL-35 over-expression is 
associated with genesis of gastric cancer. Asian Pac J Can-
cer Prev. 2015;16(7):2845–2849. https://doi.org/10.7314/
apjcp.2015.16.7.2845.

24 Wang J, Tao Q, Wang H, et al. Elevated IL-35 in bone mar-
row of the patients with acute myeloid leukemia. Hum Im-
munol. 2015;76(9):681–686. https://doi.org/10.1016/j.hu-
mimm.2015.09.020.

25 Akcali A, Zengin F, Aksoy SN, Zengin O. Fatigue in multi-
ple sclerosis: Is it related to cytokines and hypothalamic-pi-
tuitary-adrenal axis?. Mult Scler Relat Disord. 2017;15:37–41. 
https://doi.org/10.1016/j.msard.2017.03.004.

26 Dantas AT, Gonçalves SM, Pereira MC, et al. Increased IL-35 
serum levels in systemic sclerosis and association with pul-
monary interstitial involvement.  Clin Rheumatol. 2015;34(9): 
1621–1625. https://doi.org/10.1007/s10067-015-3006-y.

27 Suzuki M, Yokota M, Nakamura Y, Ozaki S, Murakami S. 
Intranasal administration of IL-35 inhibits allergic respons-
es and symptoms in mice with allergic rhinitis.  Allergol Int. 
2017;66(2):351–356. https://doi.org/10.1016/j.alit.2016.08.014.

28 Li T, Gu M, Liu P, et al. Clinical significance of decreased in-
terleukin-35 expression in patients with psoriasis. Microbiol 
Immunol. 2018. https://doi.org/10.1111/1348-0421.12605.

29 Mavropoulos A, Varna A, Zafiriou E, et al. IL-10 produc-
ing Bregs are impaired in psoriatic arthritis and psoriasis 
and inversely correlate with IL-17- and IFNγ-producing 
T cells.  Clin Immunol. 2017;184:33–41. https://doi.
org/10.1016/j.clim.2017.04.010.

30 Georgescu SR, Tampa M, Caruntu C, et al. Advances in 
understanding the immunological pathways in psoria-
sis.  Int J Mol Sci. 2019;20(3):739. https://doi.org/10.3390/
ijms20030739.

31 Zhang J, Lin Y, Li C, et al. Correction: IL-35 decelerates the 
inflammatory process by regulating inflammatory cytokine 
secretion and M1/M2 macrophage ratio in psoriasis. J Im-
munol. 2020;204(11):3056–3057. https://doi.org/10.4049/jim-
munol.2000346.

32 Rose D, Ashwood P. Rapid communication: Plasma inter-
leukin-35 in children with autism. Brain Sci. 2019;9(7):152. 
https://dx.doi.org/10.3390%2Fbrainsci9070152.

33 Badihian S, Shaygannejad V, Soleimani P, et al. Decreased 
serum levels of interleukin-35 among multiple sclerosis pa-
tients may be related to disease progression. J Biol Regul Ho-
meost Agents. 2018;32(5):1249–1253.

34 Uzawa A, Kanai T, Kawaguchi N, Oda F, Himuro K, Ku-
wabara S. Changes in inflammatory cytokine networks in 
myasthenia gravis.  Sci Rep. 2016;6:25886. https://dx.doi.
org/10.1038%2Fsrep25886.

35 Zhang LJ, Guo HY, Zhang DQ, et al. Analysis of serum in-
terleukin-27 and interleukin-35 concentrations in patients 
with Guillain-Barré syndrome.  Clin Chim Acta. 2017;468: 
5–9. https://doi.org/10.1016/j.cca.2017.02.003.

36 Sonmez C, Yucel AA, Yesil TH, et al. Correlation between 
IL-17A/F, IL-23, IL-35 and IL-12/-23 (p40) levels in pe-
ripheral blood lymphocyte cultures and disease activity in 
Behcet’s patients.  Clin Rheumatol. 2018;37(10):2797–2804. 
https://doi.org/10.1007/s10067-018-4049-7.

37 Teymouri M, Pirro M, Fallarino F, Gargaro M, Sahebkar A. 
IL-35, a hallmark of immune-regulation in cancer progres-
sion, chronic infections and inflammatory diseases. Int J Can-
cer. 2018;143(9):2105–2115. https://doi.org/10.1002/ijc.31382.

38 Shen P, Roch T, Lampropoulou V, et al. IL-35-producing B 
cells are critical regulators of immunity during autoimmune 
and infectious diseases.  Nature. 2014;507(7492):366–370. 
https://doi.org/10.1038/nature12979.

39 Yang L, Jia S, Shao X, et al. Interleukin-35 modulates the 
balance between viral specific CD4+CD25+CD127dim/- regu-
latory T cells and T helper 17 cells in chronic hepatitis B vi-
rus infection. Virol J. 2019;16(1):48. https://doi.org/10.1186/
s12985-019-1158-0.


