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Summary

Interleukin-35 (IL-35) is a recently identified heterodimeric cytokine in the

IL-12 family. It consists of an IL-12 subunit a chain (P35) and IL-27 sub-

unit Epstein–Barr virus-induced gene 3 (EBI3) b chain. Unlike the other

IL-12 family members, it signals through four unconventional receptors:

IL-12Rb2–IL-27Ra, IL-12Rb2–IL-12Rb2, IL-12Rb2–GP130, and GP130–
GP130. Interleukin-35 signaling is mainly carried out through the signal

transducer and activator of transcription family of proteins. It is secreted

not only by regulatory T (Treg) cells, but also by CD8+ Treg cells, acti-

vated dendritic cells and regulatory B cells. It exhibits immunosuppressive

functions distinct from those of other members of the IL-12 family; these

are mediated primarily by the inhibition of T helper type 17 cell differenti-

ation and promotion of Treg cell proliferation. Interleukin-35 plays a criti-

cal role in several immune-associated diseases, such as autoimmune

diseases and viral and bacterial infections, as well as in tumors. In this

review, we summarize the structure and function of IL-35, describe its role

in immune-related disorders, and discuss the mechanisms by which it reg-

ulates the development and progression of diseases, including inflamma-

tory bowel disease, collagen-induced arthritis, allergic airway disease,

hepatitis, and tumors. The recent research on IL-35, combined with

improved techniques of studying receptors and signal transduction path-

ways, allows for consideration of IL-35 as a novel immunotherapy target.

Keywords: immune-related diseases; immunosuppression; interleukin-35;

regulatory T cells.

Introduction

Cytokines are a group of small proteins synthesized and

secreted by a broad range of cells including immune cells

such as monocytes, macrophages, T cells and B cells and

certain non-immune cells such as endothelial cells, epi-

dermal cells and fibroblasts.1 Recent studies have uncov-

ered a wealth of information on the role of cytokines in

the regulation of immunomodulatory processes.2,3

Endogenous and exogenous cytokines play a variety of

roles in maintaining the delicate balance of the immune

system, and disruption of this equilibrium may lead to

debilitating immune-related diseases.4 In 2007, Collison

et al.5 identified interleukin-35 (IL-35) as a novel inhibi-

tory cytokine, consisting of Epstein–Barr virus-induced

gene 3 (EBI3) and IL-12 subunit a chain (P35) subunits

and belonging to the IL-12 cytokine family. Unlike other

IL-12 family members, which are known to be primarily

secreted by activated antigen-presenting cells,6,7 IL-35 is

primarily expressed in unstimulated regulatory T (Treg)

Abbreviations: AHR, airway hyperresponsiveness; CD, cluster of differentiation; CFA/I, colonization factor of enterotoxigenic
Escherichia coli; CIA, collagen-induced arthritis; DC, dendritic cell; EBI3, Epstein–Barr virus-induced gene 3; FOXP3, forkhead
box 3; GP130, glycoprotein 130; IBD, inflammatory bowel disease; IL-12Rb1, interleukin 12 receptor, b1 subunit; IL-12Rb2,
interleukin 12 receptor, b2 subunit; IL-27Ra, interleukin 27 receptor, a (also known as WSX-1); IL, interleukin; JAK2, Janus-
related kinase 2; STAT, signal transducer and activator of transcription; Teff, effector T; Th, T helper; Treg, regulatory T; TYK2,
tyrosine kinase 2
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cells in mice, but is not detected in the unstimulated

human Treg cells.5,8,9 Recently, it was shown to be

secreted in a wide range of tissues and by different cell

types, including regulatory B cells,10,11 dendritic cells

(DCs),12 endothelial cells, smooth muscle cells, and

monocytes.13 Interleukin-35 has also been reported to

play an important regulatory role in several autoimmune

diseases, inflammatory diseases, bacterial and viral infec-

tious diseases, and tumors.

Discovery and composition of IL-35

In 1997, Devergne et al. first reported that specific co-

immune precipitates of P35 and EBI3 constitute a large

portion of the nourishing component extract of the nor-

mal human full-term placenta, indicating that the two

components heterodimerize in vivo.14 In 2007, the hetero-

dimer was formally named IL-35 at the 13th Immunology

Conference. The same year, researchers demonstrated that

the immunosuppressive cytokine IL-35 is a member of

the IL-12 family of cytokines and that it regulates the

function of Treg cells and inhibits the proliferation of

CD4+ CD25� effector T (Teff) cells.5,15

There are four members of the IL-12 family, namely, IL-

12, IL-23, IL-27 and IL-35. All four are heterodimers: P35

and P40 subunits heterodimerize to form IL-12, P40 and

P19 form IL-23, EBI3 and P28 form IL-27, and EBI3 and

P35 form IL-35 (Fig. 1).5,16–19 EBI3 is widely expressed in

B lymphocytes and tissues, including the spleen and tonsils

transformed by the Epstein–Barr virus.14 EBI3 plays a criti-

cal role in the immune response by down-regulating the

expression of transcription factor RORct in T helper type

17 (Th17) cells and inhibiting inflammatory response.20

On the other hand, P35 can regulate inflammation, but has

also been shown to lead to herpes simplex keratitis in

mice.21 Either subunit of IL-35 can independently regulate

the immune response, and these functions are augmented

in the IL-35 heterodimeric form.22

Studies suggest that except for IL-35, the other mem-

bers of the IL-12 family are primarily secreted by antigen-

presenting cells, including DCs, macrophages, and mono-

cytes.23,24 Initial studies reported that only FOXP3+ Treg

cells, but not Teff cells, can secrete active IL-35.5,25 More-

over, Treg cells participate in a variety of inhibitory

mechanisms. Wei et al.26 reported that IL-35-producing

Treg cells were distinct from the IL-10-producing subset.

Furthermore, Seyerl et al. observed that human rhi-

novirus can activate DCs, and the activated DCs can

secrete and release IL-35 into human peripheral blood.27

In 2014, Shen et al.10 further revealed that B cells can also

secrete IL-35 and have an immunosuppressive function in

autoimmune diseases and bacterial infectious diseases

(Fig. 1). These results suggest that IL-35 production may

be affected by multiple stimulants and immune microen-

vironments.

IL-35 receptors and signaling pathways

The receptors of IL-12 family cytokines are dimers that

signal through the Janus kinase–signal transducer and

activator of transcription (JAK–STAT) pathway.11,28–31

The IL-12 receptor is composed of IL-12Rb1 and IL-

12Rb2, both of which are members of the GP130 cyto-

kine receptor family. Interaction between IL-12 and its

receptor causes the mutual phosphorylation of Janus-

related kinase 2 (JAK2) and tyrosine kinase 2 (TYK2),

which further induces tyrosine phosphorylation of the

receptors, and recruits STAT1, STAT3, STAT4, and

STAT5.32,33 Together, IL-23R and IL-12Rb1 comprise the

IL-23 receptor complex on IL-23-responsive cells.29 After

binding to the receptor, IL-23 too induces the phosphory-

lation of JAK2 and TYK2, which, in turn, phosphorylate

STAT1, STAT3, STAT4, and STAT5.29,34 The IL-27 recep-

tor is a heterodimer formed by IL-27Ra and GP130.35

After binding to the receptor, STAT1, STAT3, STAT4,

and STAT5 are activated through phosphorylation by

JAK1 and JAK2.36,37 Unlike other IL-12 family members,

the receptors of IL-35 are: GP130–GP130, IL-12Rb2–IL-
12Rb2, IL-12Rb2–GP130, and IL-12Rb2–IL-27Ra (Fig. 1).31

Following the binding of IL-35 to its receptors, its down-

stream signal transduction occurs through a unique het-

erodimer formed by STAT1 and STAT4, leading to the

expression of target genes, including EBI3 and P35. These

target genes lead to a feedback loop promoting the expres-

sion of IL-35.31 The IL-35 signaling pathway consists of

STAT1, STAT3, STAT4, JAK1, and JAK2 molecules

(Fig. 1).38,39 However, the binding of IL-35 to different

receptor subunits depends on the cell-type. In T cells, IL-

35 signaling uses three receptor subunits, namely, GP130–
GP130, IL-12Rb2–IL-12Rb2, and IL-12Rb2–GP130, which
activate STAT1 and STAT4.40,41 Regulatory B cells have

four receptor subunits: GP130, IL-27Ra, IL-12Rb1, and

IL-12Rb2. Interestingly, a study employing small interfer-

ing RNA to silence each subunit individually showed that

IL-35 signaling in B cells occurs through IL-27Ra and IL-

12Rb2, which activate STAT1 and STAT3, rather than

through GP130 and IL-12Rb1.11,42

IL-35 and immune-related diseases

The last decade has seen remarkable progress in IL-35

research. Studies have shown that it has two major bio-

logical effects in a variety of disease models: inhibition of

T-cell proliferation43,44 and inhibition of the development

and differentiation of Th17 cells.45,46 It has been shown

to play an important role in the development and pro-

gression of inflammatory and autoimmune diseases.

Recent results suggest that the plasma concentration of

IL-35 is lower in psoriasis patients than in healthy indi-

viduals.47 Furthermore, it was found that IL-35 could

alleviate the pathological characteristics of severe psoriatic

ª 2019 John Wiley & Sons Ltd, Immunology, 157, 13–2014

J. Zhang et al.



lesions in K14-VEGF-A transgenic mice by reducing the

ratio of the total number of macrophages to M1/M2

macrophages.48,49

IL-35 and inflammatory bowel disease

Currently, the pathogenesis of inflammatory bowel dis-

ease (IBD) is not clear. It is widely believed that intestinal

flora and environmental factors play an important role in

the etiology of IBD.50 In 2007, Collison et al. first

demonstrated in an IBD model that the inhibitory effect

of Treg cells on Teff cells, and thereby the therapeutic

effect on the IBD model, is greatly reduced by the dele-

tion of the two subunits EBI3 and P35. The researchers

also observed that CD4+ CD25� iTR35 cells stimulated

by exogenous IL-35 could have an immunosuppressive

effect in IBD model mice.51,52 Wirtz et al. reported that

enteritis symptoms in the IBD mouse model were signifi-

cantly alleviated by vector-mediated IL-35 overexpression.

At the same time, the authors showed that, after the

establishment of the IBD model in EBI3�/� and P28�/�

mice, the EBI3�/� animals suffered more severe inflam-

mation, indicating that IL-35, rather than IL-27 regulates

IBD inflammation.43 Wang et al. demonstrated that IL-35
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Figure 1. Four members of the interleukin-12 (IL-12) cytokine family and their downstream signaling pathways: IL-12 (p35/p40) signals through

IL-12Rb1 and IL-12Rb2, IL-23 (p19/p40) signals through IL-23R and IL-12Rb1, IL-27 (p28/Ebi3) signals through gp130 and WSX-1, while IL-35

(p35/Ebi3) uses IL-12Rb2 and WSX-1 heterodimers, IL-12Rb2 and IL-12Rb2 homodimers, IL-12Rb2 and gp130 heterodimers, and gp130 and

gp130 homodimers.
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recombinant protein could regulate IBD inflammation by

promoting the secretion of IL-10 and inhibiting the

expression of pro-inflammatory cytokines such as IL-6,

tumor necrosis factor-a, and IL-17 in an acute model of

colitis.49 When IL-35 was integrated into mesenchymal

stem cells, the cells could ameliorate ulcerative colitis by

down-regulating the expression of pro-inflammatory

cytokines.53 The above studies suggest that IL-35 plays a

significant biological role in inhibiting IBD.

IL-35 and collagen-induced arthritis

The collagen-induced arthritis (CIA) mouse model of

rheumatoid arthritis is induced by type II collagen immu-

nization.54 IL-35 was first reported to have a therapeutic

effect on the collagen-induced arthritis model in 2007.

This study showed that IL-35 could promote the prolifer-

ation of CD4+ CD25� and CD4+ CD25+ T cells in vitro

and increase the secretion of interferon-c. Simultaneously,

IL-35 inhibited the aggravation of the CIA model by

inhibiting the differentiation of CD4+ T cells into Th17

cells.15 In previous studies, the colonization factor of

enterotoxigenic Escherichia coli (CFA/I) could improve

the CIA model by inducing the proliferation of IL-10-

secreting CD4+ CD39+ Foxp3+ T cells.55,56 Kochetkova

et al. reported that, in the CIA model, CD4+ CD39+ Fox-

p3+ T cells could secrete IL-35 after CFA/I treatment. The

therapeutic effect of CFA/I on the model was greatly

reduced and IL-35 was blocked in vivo.57 Other studies

have shown that exogenous IL-35 could inhibit the prolif-

eration of Th1 and Th17 cells and promote CD4+ T cells

to express CD39 in the CIA model. Meanwhile, the

authors have also shown that CD4+ CD39+ CD25� T

cells isolated from mice in the IL-35-treated group could

express IL-10 strongly, but not induce CD4+ CD39+ T

cells when IL-35 was used to treat Il10�/� mice.44 The

study reveals that when IL-35 treatment is applied in the

CIA model, it can induce the production of IL-10 in

CD4+ CD39+ Treg cells.

IL-35 and allergic airway disease

Clinically defined allergic asthma is characterized by

reversible airway obstruction and airway hyper-respon-

siveness. The main feature of allergic airway disease is

that the hyperproliferative Th2 cells promote the secre-

tion of IL-4, IL-5, and IL-13, which increases IgE levels in

the respiratory tract, leading to increased numbers of

eosinophils and the secretion of mucus into the air-

way.58,59 In recent years, studies have shown that IL-17

produced by macrophages or Th17 cells plays an impor-

tant role in allergic airway disease.60,61 Whitehead et al.

observed that the allergen-induced allergic airway disease

is more severe when EBI3 or P35 are absent in CD278+

Treg cells. However, in IL-10- or transforming growth

factor-b-deficient mice, the disease model did not show

any sign of exacerbation. The p28 subunit was expressed

at relatively low levels in CD278+ Treg cells; however,

EBI3 can pair with p28 as well to form IL-27. Thus IL-

35, but not IL-27, is selectively expressed by murine

CD278+ Treg cells. This study also showed that endoge-

nous IL-35 expressed by CD278+ Treg cells had a protec-

tive effect in the allergic airway disease model.62 In

ovalbumin-sensitized allergic airway disease mouse mod-

els, IL-35 alleviated the symptoms of the disease by

inhibiting the recruitment of inflammatory DCs at the

inflammatory sites and draining lymph nodes.63 Inter-

leukin-35 vectors can effectively treat allergic airway

inflammation induced by memory/effector Th2 cells reac-

tive to allergen mites. Furthermore, this therapeutic effect

is mainly achieved by regulating the inflammatory factors

IL-4, IL-5, and IL-13 and the chemokines CCL2, CXCL1,

and CXCL5.64

Increased eosinophils could be pathogenic in various

diseases, such as eosinophilic pneumonias, allergic

asthma, and eosinophil-associated gastrointestinal disor-

ders.65,66 Recent findings suggest that IL-35 decreases air-

way eosinophilia by reducing the production of the

eosinophil-attracting chemokines CCL11 and CCL24,

which demonstrates that IL-35 may provide a new thera-

peutic strategy to reduce tissue recruitment of eosinophils

in such diseases.67 In addition, studies have shown that

the expression of IL-35 is down-regulated in chronic

obstructive pulmonary disease, a chronic bronchitis and

emphysema characterized by airflow obstruction.68 More-

over, decreased IL-35 levels were negatively correlated

with the smoking status, indicating that IL-35 can serve

as a biomarker to estimate progression of chronic

obstructive pulmonary disease.69 The above results sug-

gest that IL-35 may be a good indicator of allergic

inflammation and can be used as a biomarker.

IL-35 and type I diabetes

Type I diabetes is a chronic autoimmune disease, which

is primarily caused by the destruction of the b-cells that

secrete insulin, resulting in significantly elevated blood

glucose levels.25,70 Currently, intramuscular injection of

insulin is the primary treatment for type I diabetes, which

only temporarily relieves the symptoms and does not cure

the disease; cell therapy involving islet or insulin-secreting

cell transplantation presents a more effective strategy.71 In

recent years, researchers have established IL-35 transgenic

mice, in which IL-35 is only expressed on islet b-cells,
and found that IL-35 can inhibit the occurrence of pri-

mary and secondary type I diabetes. The inhibitory effect

of IL-35 occurs primarily through inhibition of the prolif-

eration and infiltration of CD4+ and CD8+ T cells.72 Sim-

ilarly, transgenic IL-35 expression selectively targeted

against b-cells in NOD mice can reduce the number of
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islet-resident conventional CD4+ and CD8+ T cells, DCs,

and islet Foxp3+ Treg cells.73 Although IL-35 administra-

tion did not increase the number of Treg cells, it

decreased the number of Th1 and Th17 cells, as well as

interferon-c- or IL-17A-expressing CD8+ T cells, and

reduced the infiltration of mononuclear cells in the

islets.74 At the same time, clinical research studies showed

that the expression of IL-35 in serum was markedly lower

in C-peptide-negative patients, and this was associated

with a simultaneous decrease in the proportion of IL-35+

Treg cells, IL-35+ regulatory B cells, and IL-35-producing

CD8+ FOXP3+ cells.45 These results indicate that high

expression of IL-35 can affect autoimmune diabetes.

Moreover, the expression of IL-35 in local islet b-cells
can control the immune response of CD4+ and CD8+ T

cells, which suggests that IL-35 plays an important role in

the regulation of the immune response in type I diabetes.

IL-35 and hepatitis

Hepatitis virus causes destruction of liver parenchymal

cells, leading to severe liver disorders, such as cirrhosis

and hepatocellular carcinoma.75 Hepatitis is a common

and frequently occurring disease in the clinic, its inci-

dence being highest in Asia.76 The T-cell-mediated

immune response plays an important role in the patho-

genesis of the disease.77 Studies suggest that unstimulated

human Treg cells do not express IL-35;8 however, sub-

stantial up-regulation of EBI3 and P35, not IL-10 and

transforming growth factor-b, was observed in activated

human Treg cells compared with conventional T cells.9

On the other hand, IL-35 expression has been detected in

peripheral blood CD4+ T lymphocytic cells of chronic

hepatitis B patients.78 However, whether IL-35 is involved

in the development of hepatitis has not yet been con-

firmed. Researchers have found that IL-35 is highly

expressed in the peripheral blood of patients with hepati-

tis B, and the immunomodulatory function of Teff cells

activated by hepatitis virus antigens is significantly inhib-

ited after IL-35 treatment, with a concomitant decrease in

the ability to secrete interferon-c.79 Conversely, a study

showed that the level of IL-35 was significantly decreased

in patients with chronic HBV compared with healthy

control individuals.80 These studies further suggest that

IL-35 plays an important immunomodulatory role in the

occurrence and development of hepatitis.

IL-35 and tumors

Inflammation is a well-established factor in the regulation

of cancer progression, and recent studies have suggested

that IL-35 might influence tumor-related inflammation.81

In advanced gastric cancer, the frequency of IL-35-produ-

cing B cells is significantly increased, suggesting that these

cells may participate in the progression of the disease.82

Elevated expression of IL-35 can be detected in the

peripheral blood of adult patients with acute myeloid leu-

kemia, and the expression levels depend on the severity of

the disease. In leukemia patients, IL-35 can aggravate the

disease condition by promoting the proliferation of Treg

cells and by inhibiting CD4+ CD25� Teff cells.83 On the

other hand, IL-35 was not detected in the peripheral blood

of patients with non-small cell lung cancer, but its expres-

sion was significantly increased at the tumor site.84 Simi-

larly, high expression of IL-35 can be detected in tumor

tissues of human nasopharyngeal carcinoma, melanoma,

and malignant B-cell lymphoma. The IL-35 produced by

these tumors can activate CD11b+ GR1+ bone-marrow-

derived immunosuppressive cells in the tumor microenvi-

ronment to help the immune escape of tumor cells.85

Turnis et al. suggested that the presence of IL-35 in the

tumor microenvironment leads to reduced lymphocytic

infiltration, decreases effector cell proliferation, increases

tumor burden, and decreases survival of the immunocom-

petent host. Furthermore, Treg-derived IL-35 promotes

the expression of multiple inhibitory receptors (PD1,

TIM3, and LAG3), thereby facilitating intratumoral T-cell

exhaustion.86 Another study showed that IL-35 promoted

the growth of pancreatic cancer cells in vitro by inhibiting

their apoptosis through increasing the expression of

CDK2, CDK4, cyclin B, and cyclin D.87 Overexpression of

IL-35 in hepatoma cells (HepG2) enhanced apoptotic sen-

sitivity and induced cell cycle arrest of hepatocellular car-

cinoma through the regulation of genes related to the cell

cycle and apoptosis, including an increase in FAS expres-

sion and down-regulation of the expression of cyclin D1,

survivin, and Bcl-2.88 Similar clinical test results indicate

that the mean serum concentrations of IL-35 were signifi-

cantly higher in patients with prostate cancer than in the

healthy control group. These findings indicate that IL-35

is possibly involved in tumor progression.89 Recent results

suggest that IL-35 can promote tumor progression by

functioning as an upstream cytokine to promote cancer-

associated inflammation and control neutrophil polariza-

tion.90 Research results suggest that IL-35 can promote

tumor progression by functioning as an upstream cytokine

for promoting cancer-associated inflammation and con-

trolling neutrophil polarization.90 Studies also demon-

strated that IL-35 expression was elevated in both serum

and tumors in patients with colorectal cancer. These ele-

vated IL-35 can suppress T-cell proliferation and may par-

ticipate in tumor immunotolerance.91 However, Zhang

et al. demonstrated that IL-35 levels are decreased in

human colon cancer and that IL-35 is capable of exerting

anti-tumor activity by suppressing b-catenin expression.

Interleukin-35 inhibits cell migration, invasion, prolifera-

tion, and colony formation when it is highly expressed in

colon cancer cells.92 A study has found that IL-35 could

inhibit angiogenesis and inflammation in rheumatoid

arthritis by down-regulating the expression of vascular
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endothelial growth factor-induced ANG2 and disturbing

ANG2/TIE2 signaling.93 Conversely, IL-35 produced by

tumor cells can promote tumor growth by promoting the

recruitment of CD11b+ GR1+ myeloid-derived suppressor

cells and increase angiogenesis in the tumor microenvi-

ronment.85 In conclusion, IL-35 has significant

immunomodulatory effects in the process of tumor for-

mation and development, and the molecular mechanism

of IL-35-mediated immune regulation varies based on

tumor type. It has been confirmed that IL-35 can not only

promote tumor proliferation and progression by a variety

of mechanisms such as angiogenesis promotion, but also

inhibit tumor cell apoptosis by regulating apoptosis genes

(Fig. 2). Furthermore, IL-35 can also promote tumor

growth through a variety of mechanisms, such as by

inhibiting Teff cells and promoting the proliferation of

Treg cells and the accumulation of bone-marrow-derived

immunosuppressive CD11b+ GR1+ cells (Fig. 2).

Immunoregulation by IL-35 is also achieved by collecting

and modulating the secretion of multiple immune-related

inflammatory factors (Fig. 2).

Concluding remarks

In summary, IL-35 shares numerous similarities in

structure and composition with other members of the

IL-12 cytokine family. However, it differs considerably

in function, to the extent of having effects opposite to

those of the other members. In this review, we have

discussed data that suggest that targeting IL-35-produ-

cing Treg cells has significant therapeutic potential. Fur-

thermore, IL-35 plays an important role in the immune

system as an inhibitory cytokine and can modulate dys-

functional T cells in immune dysfunctions, activate

bone-marrow-derived immunosuppressive cells, and reg-

ulate multiple immune-related inflammatory factors.

Therefore, the regulation of IL-35 is of great signifi-

cance in immune disorders. Advances in research on

IL-35, combined with improved techniques of studying

receptors and signal-transduction pathways, allow for

consideration of IL-35 as a novel therapeutic target for

immune regulation. The possibility of incorporating IL-

35 in novel therapeutic strategies to treat deadly

immune diseases promise a greater clinical significance

of IL-35 in the near future. According to the different

immunomodulatory effects of IL-35 in different dis-

eases, IL-35 can be considered as a treatment strategy

for immune-related diseases. For example, if the expres-

sion of IL-35 is reduced in a certain disease, then treat

with IL-35 recombinant protein. If the expression of

IL-35 is significantly elevated in a certain disease, then

IL-35 can be blocked.

Induces
proliferation by
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expression of cycle
genes

Collects and
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immune-related
inflammatory

factors

Inhibits
apoptosis by

regulating
apoptosis genes

The main roles of IL-35 in cancer
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Figure 2. The main roles of interleukin-35 (IL-35) in tumors are shown.
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