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Cytokine members of the IL-12 family have attracted enormous attention in the last few years, with IL-35 being the one of the

most attractive-suppressive cytokine. IL-35 is an important mediator of regulatory T cell function. Regulatory T cells play key

roles in restoring immune homeostasis after facing challenges such as infection by specific pathogens. Moreover, a crucial

role for regulatory T cell populations has been demonstrated in several physiological processes, including establishment of

fetal–maternal tolerance, maintenance of self-tolerance and prevention of autoimmune diseases. However, a deleterious

involvement of immune regulatory T cells has been documented in specific inhibition of immune responses against tumor

cells, promotion of chronic infections and establishment of chronic inflammatory disorders. In this review, we attempt to shed

light on the concept of immune-homoeostasis on the aforementioned issues, taking IL-35 as the hallmark of regulatory

responses. The dilemma between immune-mediated cancer treatment and inflammation is discussed. Histopathological indica-

tions of chronic vs. acute infections are elaborated. Moreover, the evidence that IL-35 requires additional immune-regulatory

cytokines, such as IL-10 and TGF-b, to induce effective and maximal anti-inflammatory effects suggest that immune-regulation

requires multi-factorial analysis of many immune playmakers rather than a specific immune target.

Introduction
The recent discovered cytokine IL-35, has opened a new win-
dow for investigation in various inflammatory diseases,1–4

chronic infections5–7 and cancers.8–10 Notably, it has been
shown that IL-35 expression by regulatory T (Treg) and B
(Breg) cells represents an important requirement for their
suppressive and immune regulatory activity.11 An imbalance
of immune activity or perturbation of immune homeostasis
underlies many acute infectious diseases,5,7 as well as autoim-
mune12,13 and metabolic disorders.1 Dampened immune
activity increases the chance of cancer emergence8,13–15 and

chronic infections,16 while immune hyperactivity is putatively
accepted as the main cause of pathological evolution of vari-
ous acute infectious diseases,17 allergic responses4,18 and
autoimmune disorders.19

Cancer treatment, through different immunological
approaches, has manifested superior successful outcomes as
compared to traditional chemotherapy modalities.20 The basis
for such treatments relies on the concept that cancer cells are
normally recognized as aberrant aliens by immune system and
boosting immune reactions to cancer cells could translate into
cancer treating responses.21–23 For instance, human immuno-
deficiency virus infected and immunosuppressed patients are at
increased risk for cancer emergence and development.22 More-
over, hepatitis B virus (HBV) and mycobacterium tuberculosis
were found to decrease immune reactions under chronic
conditions.7,16,17

It is believed that the immune system can screen the body
for any abnormal intruders (i.e., pathogens), and can recog-
nize specific antigens expressed by cancer cells, leading to
elimination of these cells at the very beginning.20,22 However,
in rare cases, the cancer cells might escape from the
immune-associated cancer eradication, via adopting multifac-
eted strategies, including activation of negative co-stimulatory
signals, elaboration of immunosuppressive factors and block-
ade of major histocompatibility complex-I antigen
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presentation.20,22 In this phase, there occurred a balance
between cancer cell growth and apoptosis, and the tumor
remains non-invasive. The problem arises when the tumor
cells educate the immune system to produce specific factors
providing a milieu that is more encouraging rather than sup-
pressive to cancer cells. As such, the tumor becomes aggres-
sive and progresses toward malignancy.20,24–26 However,
although cancer immunotherapy has manifested outstanding
results in several cases, there remains a relevant proportion
of patients that are unresponsive to such therapies, strongly
indicating the presence of an immune refractory/tolerogenic
environment, as demonstrated by the presence of specific
immune regulatory players.20,27 Several studies have shown
that both the cellular interaction between immune cells and
tumors as well as the production of selected cytokines can
contribute to such immune-suppressive environ-
ment.1,4,5,9,20,28–31 Among immune regulatory cells, research
on Treg cells, comprising a small proportion of immune cells,
has received enormous attention.11,20 Moreover, several cyto-
kines, such as interleukin (IL)-10, IL-17, IL-23, IL-27 and IL-
35, have been shown to contribute to an immunosuppressive
environment to tumor cells.22

Although the stimulation of immune responses to cancer
cells has been shown promising outcomes, it may be often
associated with severe autoimmune reactions, as tumor cells
still share several antigens with normal cells.21,22 In fact,
although immune-targeting of infected cells may be crucial
for pathogen eradication, it can also lead to acute or chronic
immune pathology due to immune-mediated elimination of
infected cells.17 As a consequence, the issue of immune regu-
lation has drawn attention of many researchers, as it may be
crucial for treating a wide-spectrum of the aforementioned
disorders in addition to various cancers.20,21,23,27,32 Moreover,
the increasing understandings of immune regulatory path-
ways may contribute to the identification of new diagnostic
and prognostic biomarkers in specific diseases, as well as to
the exploitation of novel therapeutic approaches.5,8,22,33,34

Here, we review the findings, where IL-35 has been
inspected, along with other immunological parameters, in the
context of immune responses of various pathological condi-
tions such as, different cancers, inflammatory and allergic
disorders and chronic infections. We also aim to give a per-
spective view of all playmakers in these processes. Overall,
from these studies it appears that some cytokines may be
characterized by both pro- and anti-tumor activity, this sug-
gests that specific environmental conditions may highly influ-
ence their specific functions.

IL-12 Cytokines as Immunological Players
The interleukin 12 (IL-12) family is unique in having only
heterodimeric cytokines, including IL-12, IL-23, IL-27 and
IL-35, characterized by several unique and distinctive features
in immune responses.35,36 These cytokines are characterized
by different combinatorial assembling of a (p40 and Epstein-
Barr virus-induced gene 3 [Ebi 3]) and b (p19, p28 and p35)

chains as follows: IL-12 (p40 and p35), IL-23 (p40 and p19),
IL-27 (Ebi3 and p28) and IL-35 (Ebi3 and p35). IL-35, the
most recently identified member of this family, is a potent
inhibitory cytokine produced by populations of thymus-
derived regulatory T cells.37 In addition to the heterodimeric
(Ebi3/p35) IL-35, homodimeric IL-35 (Ebi3/Ebi3 and p35/
p35) have also been found.35 As the members of IL-12 share
some subunits, their function was shown to overlap to some
extent; however, several opposing roles in immune activity
have also been reported.22,38 Likewise the cytokines, IL-12
receptor family members are dimeric and composed of differ-
ent subunit combinations, including IL-12R-b1, IL-12R-b2,
IL-23R, IL-27R (WSX-1) and gp130 (Fig. 1). Each cytokine
of IL-12 family interacts with its corresponding membrane-
bound hetero- or homodimeric receptors, acting through dif-
ferent sets of downstream signaling proteins (tyrosine kinases
[TYK1, TYK2], c-janus kinases [JNK1, JNK2] and signal
transducer and activator of transcription [STAT1, STAT3,
STAT4]). For instance, IL-12 interacts with IL-12R-b1/IL-
12R-b2 receptor and sends its signal through TYK2/JNK2
and STAT4.11,35

IL-12 immune activities

IL-12 has traditionally been known to activate both innate
and adaptive immune responses against various intracellular
pathogens, including bacteria and viruses. In this regard,
binding of microbial components to toll-like receptors (TLR)
leads to the activation of antigen presenting cells (APC), such
as dendritic cells (DCs) and macrophages, to secrete IL-12.36

IL-12, in turn, elicits interferon-g (IFN-g) production from
natural killer (NK) and T cells.35 The axis of IL-12/IFN-g
promotes activation of both NK and CD81 T-cell-mediated
cytotoxicity and directs na€ıve T cell differentiation into
CD41 T-helper 1 effectors (Th1). In addition to the induc-
tion of immune responses to microbial components, IL-12
plays a major role in the development of anticancer immune
responses.36 Specifically, the induction of IL-12 synthesis, fol-
lowing ligation of CD40 on DCs to CD40L on Th1 cells, pro-
motes the conversion of na€ıve CD81 T cells to cytotoxic T
lymphocytes (CTLs) and their clonal expansion.22 Moreover,
the concomitant production of IFN-g upon IL-12 secretion,
was shown to be associated with the expression of antiangio-
genic IFN-inducible genes, such as IFN-inducible protein 10
(IP-10) and monokine induced by interferon-g (MIG) in
endothelial cells, leading to vascular damage and tumor
growth inhibition.39 Moreover, IL-12 promotes downregula-
tion of vascular endothelial growth factors (VEGF) and
matrix metalloproteinases in tumors leading to reduction of
cancer invasiveness and metastasis.22

IL-27 immune activities

IL-27 was initially thought to be a pro-stimulatory cytokine
by virtue of its capacity to enhance the production of IFN-g
in the presence of low concentrations of IL-12.40 In fact, IL-
27 synergizes with IL-12 to enhance IFN-g production.22
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Moreover, it has been reported that IL-27 promotes tumor
regression by different mechanisms such as, inhibition of
na€ıve T cell differentiation to Treg, induction of antiangio-
genic factors IP-10 and MIG, as well as suppression of
proangiogenic genes. Unlike IL-12-, IL-27-mediated antian-
giogenic functions are independent of IFN-g.22,38

IL-27 is also an inducer of IL-10, which, in combination
with IFN-g, represses Th17 cells and promotes T regulatory 1
(Tr1) cells.41 This effect is facilitated by the IL-27-induction of
the transcription factors Avian musculoaponeurotic fibrosar-
coma (c-Maf) and aryl hydrocarbon receptor (AhR), of the
growth factor IL-21 and of the costimulatory molecule induc-
ible co-stimulatory molecule (ICOS). These molecules act in
synergy to induce Tr1 differentiation.41 IL-27 induces both
IFN-g and IL-10 in developing Tr1 cells, and both IFN-g and
IL-10 are used in the regulation of other effector T cell subsets.
IL-27 secretion from tumor-infiltrating DCs could occur in
response to IFN-g and apoptotic tumor cells in tumor environ-
ment. However, in advanced tumors, macrophages and DCs
express more pro-inflammatory cytokines such as osteopontin
rather than IL-27, shifting the balance toward inflammatory
Th17 differentiation and cancer growth.22

IL-23 immune activities

IL-23, like IL-12, is a pro-inflammatory cytokine that is also
produced by activated dendritic cells and macrophages in
response to microbial pathogens, which is enhanced by inter-
actions between the costimulatory molecule CD40 and its
ligand.42 IL-23 differs from IL-12 in having a key role in
Th17 development by stabilizing IL-17 expression and the
Th17 phenotype.43 Based on such function, IL-23 is critical
for inducing a pathogenic phenotype in Th17 cells in several
model of diseases.43 It has also been reported that IL-23
induces expression of IL-23R, creating a positive feedback
loop that enhances IL-23 expression.42 In intestinal milieu, it
was shown that commensal microbiota induce IL-23 produc-
tion and boost immune responses against pathogens, via
induction of Th17 cells and their production of the signature
cytokines IL-17A, IL-17F.35

IL-23 has been found in tumor microenvironment.44 For
a tumor site that is in close contact with microbes, the pres-
ence of microbial products might serve as an inducer of IL-
23 production. Conversely, in tumor sites with a sterile
inflammatory response, some yet-to be-defined endogenous
TLR agonists or tumor-derived mediators can drive IL-23

Figure 1. IL-12 family members, their cognate receptors and immunomodulatory activities. The members of IL-12 family share subunits, but

exhibits different immunomodulatory effects. IL-12 signals through JAK2/Tyk2/STAT-4 and stimulates Th1 effector T cells differentiation and

functions through the transcription factor T-bet. IL-23 signaling pathway includes STAT3 as well, which results in either Th2 cell polarization

or Th17 differentiation, acting on extracellular parasites and bacteria, respectively. The key transcript factors in these processes are GATA3

and PORgt for the respective Th2 and Th17 cells. IL-27 acts in company with IL-12 to promote Type 1 effector cells. IL-35 consists of hetero-

and homo-dimeric molecules, which act through their corresponding homo- and heterodimeric receptors. The homodimeric IL-35 are able to

block effector T cells differentiation; however, they are unable to induce iTr35 conversion and require IL-10 or TGF-b to induce Treg cells.

However, the heterodimeric IL-35 are fully capable of producing iTr35 or Breg cells, depending on the receptor. Foxp3: forkhead box P3;

iTr35: IL-35-producing Treg cells; JAK: Janus kinase; STAT: signal transducer and activator of transcription. [Color figure can be viewed at

wileyonlinelibrary.com]

Teymouri et al. 3

Int. J. Cancer: 00, 00–00 (2018) VC 2018 UICC

M
in
iR

ev
ie
w

Teymouri et al. 2107

Int. J. Cancer: 143, 2105–2115 (2018) © 2018 UICC



production by tumor-associated macrophages, DCs or other
immune cells. Tumor-derived inflammatory mediators, such
as IL-6, prostaglandin (PG)E2 and heat shock proteins
(HSPs), are actively released into the tumor microenviron-
ment in response to cellular stress or cell death,45,46 and may
prime DCs for IL-23 production. Interestingly, PGE2 has also
been shown to downregulate IL-12 production in LPS stimu-
lated monocytes.47 Therefore, it is likely that IL-23 and IL-6,
together with other inflammatory mediators, produced by
DCs or macrophages may drive the formation of Th17 cells,
instead of an antitumor Th1 response in tumor microenvi-
ronment. Furthermore, tumor growth in mice lacking IL-23
or IL-23R was also decreased compared to the wild type con-
trols.48 These data suggest that IL-23 may inhibit the
immune surveillance activity mediated by cytotoxic T cells,
by potentially preventing their ability to infiltrate into the
tumor. In contrast to the role of endogenous IL-23 in pro-
moting tumorigenesis, there have been some studies sugges-
ting that IL-23 can potentially promote an antitumor effect
when administered as vaccine adjuvant.49

Given the differential effects of IL-12 and IL-23 in antitu-
mor immune responses, it appears that IL-23/IL-12 ratio may
be a superior parameter highlighting potential anti- or pro-
tumor activities.

IL-35 immune activities

More recently, IL-35 has been added to the IL-12 family list
as an additional cytokine with distinct immunomodulatory
properties.22,50 Similar to IL-27, IL-35 is not secreted as a
disulfide-linked heterodimer, as Ebi3 subunit non-covalently
associates with the IL-12p35.51

IL-35 induces IL-10 production, inhibits Th2 polarization
and Th2-associated cytokine secretion including IL-4, IL-5 and
IL-13.11 Furthermore, it inhibits Th17 polarization by reducing
IL-23/IL-27 ratio. The inhibition of Th2 differentiation was
shown to attenuate the manifestation of allergic disorders, such
as bronchial asthma.18,52 The immunosuppressive and anti-
inflammatory properties of IL-35 could be attributed to its
potential for suppressing Th1 and Th17 expansion, T-cell pro-
liferation and effector functions.24 Furthermore, it has been
reported that IL-35 promotes immune tolerance to infections
and cancer cells by contributing to the generation of a potent
regulatory T cell population, therefore named IL-35-secreting
inducible Treg (iTr35).53 A screen of a wide variety of hemato-
poietic and lymphoid cells led to the discovery that while IL-35
inhibits the proliferation of CD191B cells, and induced the
expansion of IL-10-producing CD51CD191B220lo induced
regulatory B cells (i10-Bregs). About 8% of the i10-Bregs
induced by recombinant IL-35 in the mouse spleen also pro-
duced IL-35, and ex vivo stimulation of the i10-Bregs with IL-
35 increased the level of the IL-35-producing B cells (i35-
Bregs), with �18% of these cells co-producing IL-10 and IL-
35.54 However, there are additional evidences showing that IL-
35 can also be produced by CD81 regulatory T cells in pros-
tatic cancer patients and by tolerogenic DCs.11,55 Moreover, in

tumors IL-35 could drive the recruitment of CD11b1Gr11

myeloid-derived suppressor cells, and whereby, promoting
tumor angiogenesis and immune suppression.10,22

IL-35, Regulatory Cells and Other Mediators
Immune-suppressive regulatory mechanisms physiologically
control immune responses to injury or infection restricting
inflammatory-related tissue damages and autoimmune reac-
tions.5,7,56 In particular, regulatory cells are involved in
downregulation of triggered inflammatory responses, includ-
ing those to infections, leading to contraction of the
expanded effector T and B cells after pathogen elimination.5

Exploitation of this system in tumor and pathogen-infected
tissues may result in tumor immune escape20 and chronic
infections,5,7,28 respectively. Notably, soluble and membrane-
tethered immunosuppressive molecules expressed by Treg
have been extensively investigated in various tumors.20,27

Treg cells comprise �5% to 10% of CD41 T cells; how-
ever, their role in regulation of immune outcomes is signifi-
cant.57 Treg cells can be divided into two main subtypes:
naturally occurring, thymic-derived CD41CD251Treg cells
(nTreg) and peripherally antigen-induced CD41CD252 T
cells, which are derived from na€ıve CD41 T cell precursors
after TGF-b or IL-10 stimulation.57 Depending on the stimu-
lus (e.g., TGF-b or IL-10), these peripherally na€ıve T cells
have been shown to be converted to either TGF-b-producing
forkhead box P3 (Foxp3)-expressing (CD41Foxp31) induc-
ible T regulatory (iTreg) or IL10-producing CD41Foxp32

iTr1 cells in vitro, respectively.57 In addition to those, it was
shown that IL-35 induces the generation of iTr35 expressing
IL-35, but not FoxP3, TGF-b or IL-10.56 It has been reported
that tumor environment is rich in immunosuppressive cyto-
kines such as IL-10, TGF-b and IL-35, derived from tumor
cells and tumor-infiltrating immunosuppressive antigen pre-
senting cell types.20 Therefore, besides the recruitment of
nTreg cells through chemokines, the presence of the afore-
mentioned cytokines may drive continued expansion of
nTreg and iTr cells in the tumor microenvironment. The
positive loop between the immunoregulatory cytokines and
Treg cells potentiates infectious tolerance mechanisms and
limits the activities of effector T cells.56

More recently, it has also been proposed that the IL-35
producing Treg cells may induce IL-35 producing Breg, that
reciprocally sustain both CD41 and CD81 T regulatory cell
populations in tumor environment through IL-35 and IL-10
secretion.14,32 In this regard, tumor antigen-specific CD41

CTLA-41 Treg cells require their cognate antigens to become
activated, but they may be able to suppress effector immune
responses in an antigen-nonspecific manner, by a mechanism
involving IL-35 secretion.20 Of note, blockade of CTLA4
could revert this suppressive activity, while neutralization of
TGF-b and IL-10 appeared less effective.20

Increased Treg/T effector ratio of and high levels of the
aforementioned anti-inflammatory cytokines have been iden-
tified in a multitude of cancers, including acute myeloid
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leukemia (AML),13,15,58 melanoma,59 hepatocellular carci-
noma,60,61 renal cell carcinoma,62 breast,14,57 colorectal,32,63

ovarian,64 pancreatic,53 lung9 and thyroid cancers.65 Indeed,
Treg/T effector cells or anti-/pro-inflammatory cytokines
ratios could be adopted as indicators of tumor aggressiveness
and used as prognostic marker of the effectiveness of specific
antitumor therapies.32,33,65 Accordingly, increased Treg den-
sity in tumor has been found to correlate with poor progno-
sis, cancer recurrence and poor survival.60,66–68 Furthermore,
Treg cells have been shown to promote angiogenesis in
tumors and tumor metastasis by suppressing Th1 effector
cells by inducing VEGF production under hypoxia condi-
tions.20 Table 1 enumerates various mechanisms by which
Treg cells could contribute to cancer immune ignorance and
tumor growth. Accordingly, both Treg cell depletion and T
effector cell stimulation have been explored extensively and
manifested anti-tumor promising results. Regarding IL-35,
this cytokine has been monitored together with other regula-
tory cytokines as an indicator of Treg cell activity.2,5,57

IL-35 and Cancer
High expression of IL-35 in tumor tissues and elevated
plasma IL-35 levels indicated poor prognosis in several malig-
nancies, including pancreatic ductal adenocarcinoma,53 colo-
rectal cancer,63 acute myeloid leukemia,15 non-small-cell lung
cancer (NSCLC),9 hepatocellular carcinoma60 and gastric can-
cer.8 The serum level of IL-35 was found to be significantly
correlated with tumor staging (i.e., tumor size, the nearby
lymph node implication and metastasis) in various cancers
including pancreatic ductal adenocarcinoma patients53 breast
cancer14 and NSCLC.66 Increased IL-35 expression in tumor-

adjacent tissues was significantly associated with tumor
metastasis.14 IL-35 was found to suppress the proliferation of
CD41CD252 T effector cells in vitro in a dose-dependent
manner and via activation of STAT1 and STAT3 pathways.63

Moreover, it has been reported that elevated level of IL-35
potentiate Treg cell immunosuppressive activity.15 The serum
IL-35 concentration and IL-35 presence in tumor lysates were
found to positively correlate with disease severity and clinical
stage of tumors in patients with colorectal tumors.69 Surgical
resection of the tumor resulted in the reduction of serum IL-
35, indicating that this cytokine was of tumor origin and
could be regarded as a valuable biomarker for assessing tumor
progression.69,70 Accordingly, IL-35a/Ebi3 subunit was found
to be expressed in Hodgkin lymphoma and AML cells.69

Moreover, high expression of both Ebi3 and IL-35b/p35 subu-
nits was reported in several tumor tissues.24,69 It has also been
suggested that autocrine secretion of IL-35 by tumor cells
could lead to a positive feedback of IL-35 expression, potenti-
ating tumor progression and tumor immune escape.59,71

Accordingly, overcoming immunosuppressive milieu in tumor
with IL-35 persistent expression requires the development of
immunomodulatory strategies able to stimulate the anti-
tumor capacity of specific effector T cells.23,27 Cytokine-
induced killer (CIK) cells consist of a heterogeneous effector
cell population that express both T-cell marker CD3 and NK-
cell marker CD56 and lyse cancer cells.21 These cells, that can
be induced from peripheral blood mononuclear cells (PBMC)
in vitro on exposure to inflammatory cytokines, such as IL-2,
IL-12, IL-15, IFN-g and anti-CD3 monoclonal antibody, were
reported to induce tumor regression in several studies upon
adoptive transfer in vivo.21,23,26,72

Table 1. Various mechanisms through which Treg cells suppress anti-tumor inflammatory responses

Molecules involved Treg cell function

IL-10, TGF-b and IL-35 [43, 78] Suppressing Th1 expansion, cytotoxic activity and cytokine elaboration (INF-g
and TNF-a)

IL-10, TGF-b and IL-35 [11, 43] Polarizing DCs toward tolerogenic DCs

Granzyme B, perforin and galectin-1 [3, 45, 79] Killing of effector T cells and NK cells via cytolysis

Galectin-9/Tim-3 [8, 80] Tim-31 Treg cell assists in the development of a dysfunctional phenotype in
CD81 TIL, incapable of cytotoxic activity, through secretion of IL-10, gran-
zyme B and perforin. Furthermore, galectin-9/Tim-3 ligation upon cancer
cell/CD81 TIL interaction exhausts cytolytic activity of TIL.

IL-2 [4] Starvation of effector T cells by depleting resources of IL-2 and T cell
apoptosis

ATP, CD39 [59] Catalyzing ATP to adenosine through expression of CD39 leading to the sup-
pression of effector responses

CTLA-4, CD80, CD86, IDO [66, 81] Treg cell-DC crosstalk through CTLA-4/CD80 or CD86 ligation upregulates IDO
expression, an enzyme responsible for tryptophan catabolism and develop-
ment of tolerogenic DCs

CCL22, CCl28, CCR4, CCR10 [82, 83] Tumor-derived CCL22 and hypoxia-induced CCL28 drive the recruitment of
Treg cells to tumor through CCR4 and CCR10, respectively

VEGF, MMPs [47] Hypoxia induces Treg cells to produce angiogenic factor of VEGF and MMPs

INF- g and TNF-a By inhibiting Th1 effector cells activity, Treg reduces the angiostatic cytokines
of INF-g and TNF-a and promotes angiogenesis in tumor
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Although a majority of investigations points to IL-35 as a
cytokine promoting tumor growth and metastasis,8,10,15,53,61,71

there is one evidence suggesting IL-35 acting as anti-cancer
cytokine24 and another one suggesting IL-35 as a factor limiting
tumor metastasis.61 Moreover, it was reported that accumula-
tion of CD391Foxp31 Treg cells and enhanced IL-35 in hepa-
tocellular carcinoma (HCC) samples was associated with HCC
aggressiveness and recurrence after resection.60 CD39 is an
extracellular ectonucleoside triphosphate diphosphohydrolase-
1 enzyme that catalyzes the conversion of extracellular ATP to
adenosine, being the latter a suppressor of effector T cell func-
tions.73 In contrast to these findings, in another study, it was
also shown that IL-35 expression was significantly lower in
HCC in advanced stages than in early disease.61 Studies in vitro
have revealed that overexpression of IL-35 in HepG2 hepatic
cell line was associated with several effects such as, reduced
matrix metalloproteinase-2 (MMP2) and MMP9 activities,
restriction of cell migration ability, as well as upregulation of
MCH class I and CD95 death receptor on the cell surface of can-
cer cells.61 These effects may explain the reported anti-
metastatic activity of IL-35 in HCC (Fig. 2). Moreover, the
HepG2 cell line seems to express only the homodimeric gp130/
gp130 receptors for IL-35; the Authors suggest that this differ-
ence in cognate receptor complexes for IL-35 might be responsi-
ble for these differential outcomes.61 Similarly, the IL-35 impact
in cancer becomes controversial when the IL-35 overexpression
was determined to be linked with increased sensitivity of cancer
cells to apoptosis in multiple human cancer cell lines in vitro.24

Specifically, TNF-a and IFN-g stimulation of these cells, trans-
fected with an IL-35 expressing vector, led to increased IL-35
expression, induced cell cycle arrest at G1 phase and mediated
enhanced apoptotic sensitivity, compared to non-transfected
cells. Moreover, the upregulation of the pro-apoptotic Fas

protein and concurrent downregulation of anti-apoptotic pro-
teins, including cyclin D1, survivin and Bcl-2, were observed in
the transfected cells.24 Taken together, even though IL-35 over-
expression instigates immune suppression in tumor milieu, it
may simultaneously orchestrate tumor architecture via control-
ling cancer cell proliferation and inducing a specific chronic
immune response. Therefore, it seems that IL-35 plays an
important role in remodeling of tumor structure, and IL-35
decrease may result in loss of tumor cells organization and
aggressiveness.

However, besides IL-35, there are many other factors
affecting the immune status in tumor immune responses.
Recently, Chen et al.33 reported that from all known IL-12
family’s subunits, both subunits of IL-12 and IL-35 (i.e., Ebi3,
IL-12p35 and IL-12p40) were highly expressed in breast can-
cer (BC) tissues, while systemically, only IL-35 and IL-27 lev-
els were higher than those of healthy controls. In addition, a
positive correlation was reported among the reduction of
tumor suppressor genes (e.g., Ki-67, P53, EGFR), tumor
markers (i.e., cancer antigens: CA125, CA199 and CA 153)
and the IL-35/IL-23 ratio in blood of BC patients.33

Thus, boosting anti-cancer immunity potentially requires
activation or neutralization of several factors20 and those
require further investigation.

Immune-Regulation and the Dilemma of Treatment
of Chronic Infection: The Role of IL-35
The composition of cytokines and other mediators in a path-
ologic tissue defines the pathogen destiny and influences sev-
eral functions in the organism.5,7,17,28 Accumulating data on
different chronic and acute infections substantiate that
immune-suppressive status is predominant in individuals
with persistent chronic infections.5,7,28 Moreover, although

Figure 2. Although IL-35 is the chief anti-inflammatory cytokine that affects IL-10 and TGF-b, the triad of IL-35, IL-10 and TGF-b is required

for the inhibitory effects. IL-35 appears to be primarily effective in suppressing Th1-mediated immunity, but it is also effective in hindering

Th2- and Th17-related immune responses and the elaboration of their cytokines. Inefficiency in hampering any of the depicted major arms

enhances compromised IL-35 overexpression, which is manifested in tumor environment and chronic inflammation relating to pathologic

sites (a). It is presumed that deficiency in IL-10 enhances IL-35 expression, which could not efficiently reduced Th1 responses, while it still

could suppress Th2 cell differentiation and cytokine elaboration in myasthenia gravis (MG) (b). [Color figure can be viewed at wileyonlineli-

brary.com]
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eliciting inflammatory reactions drive the elimination of the
pathogen by phagocytic cells and by activated CD81 CTLs,
chronic inflammatory responses may be associated with host
tissue damage, while chronic infection may be associated
with increased regulatory immune functions.17 Accordingly,
increased levels of regulatory cytokines and Treg cells in
Chronic Hepatitis B (CHB) infection indicate their vital roles
in instigating the immune-compromised chronic status17

(Fig. 2). In this regard, blockade of IL-10, IL-35 and immune
checkpoints, such as CTLA-4, PD-1 and Tim-3 restored the
impaired function of effector T cells, leading to HBV
removal.17 However, it has also been reported that activation
of antiviral immune response was accompanied by serious
liver injuries, due to the cytotoxic function of CD81 CTLs.
Antiviral therapy and the reduced HBV DNA load in
patients significantly reduced the probability of hepatitis B
flare, which was believed to be the primary and underlying
cause of hepatic tissue damage as well.17

In HBV infection, the virus competes with immune sys-
tem antiviral defenses by promoting an immune-suppressive
milieu as a safe niche for stealth HBV propagation.6 In this
regard, the probability of the virus success depends on the
level of HBV DNA load and the host immune responses
against the invaders.6 In fact, in CHB patients a positive cor-
relation was reported among HBV DNA load, the number of
Treg cells and IL-35 expression, while circulating CTLs
exhibited a negative correlation.6,17 Interestingly, the Th1/
Th2 ratio was reversed in CHB patients after antiviral treat-
ment, moreover stimulation of T cytotoxic responses reduced
the HBV DNA load in hepatic tissues.6 In this regard, the
level of regulatory cytokines, especially IL-35, could reflect
the immune status locally and in the circulation. Accordingly,
IL-35 could be utilized as a promising prognostic biomarker
for both the extent of HBV eradication and liver toxicity after
specific therapies.17

Treg and Breg cells can be induced by virus activity dur-
ing infection, which may be responsible for inhibition of
CD41 T cell expansion. Upon paralyzing Treg cells, by spe-
cific antiviral therapies, presumably the brake on the CD41

T cell population is released, resulting in an intensive stimu-
lation of CTLs, which in turn may cause severe off-target
hepatotoxicity and acute symptoms.

The same picture of cytokine profile has been shown in
other chronic inflammatory diseases and parasitic/bacterial
infections, where the inhibitory cytokine, IL-35, increased in
parallel with inflammatory cytokines (such as IFN-g, IL-17,
IL-25), as a feedback loop to control the inflammatory
responses.7,28,74 Notably, it has been reported that p35
knock-out mice were more susceptible to Helicobacter hepati-
cus-induced colitis, Leishmania major infections and autoim-
mune diseases such as collagen-induced arthritis.75 All these
data confirm the significance of IL-35 as a potential Treg
cell-related immune regulatory cytokine, involved in the con-
trol of immune inflammatory response raised by pathogens.

Tuberculous pleural effusion (TPE) is a chronic manifesta-
tion of tuberculosis with 50% probability of becoming an
active form of tuberculosis in untreated patients.7 In contrast
to malignant pleural effusion (MPE), which is a Th2-
dominant disease, lymphocytic effusion and disease manifes-
tations in late-stage TPE, are directed by Th1 cells (Fig. 2).
In addition, IL-12/IFN-g axis and Th1 cells is also known to
be involved in the immunopathology of pulmonary tubercu-
losis and extra-pulmonary tuberculosis, especially in TPE.35

On the contrary, high expression of CD41CD251Foxp3high T
cells and IL-35 were found significantly increased in TPE
compared to MPE samples, potentially contributing to the
suppression of CD41CD252 T cells proliferation.7 Moreover,
the IL-35 level was also found to be significantly higher in
the blood of TPE patients than in MPE, and IL-35 positive
cells were found in pleural tissues of TPE patients. Increased
expression of IL-35 in TPE patients can be involved in main-
taining chronicity, since IL-35 inhibits differentiation of pro-
tective Th1 and Th17 cells.7

In a model of Trypanosoma cruzi infection, Ebi3-deficient
mice were characterized by high mortality and increased par-
asitaemia.28 In this model, neutralization of IL-4 and
arginase-1 activity, associated with Th2 cell function, restored
the protective immune responses. Herein, the IL-35-mediated
suppression of Th2 resulted in hindering parasitic flares and
in maintaining chronicity.28 Accordingly, although immune-
suppression might provide a desirable environment for per-
sistent infection, it also restricts the deleterious impacts of
pathogens.17,28 In this regard, it has been shown that that IL-
35 may be involved in maintaining self-tolerance and
immune privilege in specific sites. Accordingly, IL-35 is nec-
essary for maintaining testicular immune privilege.76 More-
over, IL-35 may also contribute to fetal–maternal tolerance
during pregnancy.29,77

IL-35, an Immune-Regulatory Marker in Pregnancy
IL-35 is one of inhibitory cytokines involved in the establish-
ment of immune tolerance against self-antigens76 and semi-
allogenic antigens during pregnancy.29,77 It was shown that
the distribution patterns of IL-35 in endometrium changes
during pregnancy in mice.29 The number of IL-35-positive
cells was found to be firstly increased at the beginning of ges-
tation, and then decreased in the following days of gestation.
Compared to non-pregnant mice, pregnant mice displayed a
significantly increased expression of Ebi3 in their endome-
trium from the second day of gestation, which reached the
maximum level at fourth day. Similarly, the same significant
correlation was found between IL-35 immunohistochemical
expression, and IL-35 mRNA expression in the endometrium
of the pregnant mice. Following embryo implantation and
formation of trophoblast and decidua layer, the levels of
estrogen and progesterone rapidly increases, which induce
the proliferation of CD41CD251 Treg cells in the endome-
trium.29 The level of immunosuppressive cytokines (IL-10,
IL-35 and TGF-b) and chemokines (CCR4 and CCL22) also
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enhance in pregnancy, which favor further expansion of Treg
cells (Fig 2). In addition, the expression of Indoleamine 2,3
dioxygenase (IDO1), the rate-limiting enzyme in tryptophan
catabolism, was also found on trophoblasts.78 IDO1 is
responsible for the development of tolerogenic DCs upon
their interaction with Treg cells via CTLA4/CD80 or CD86
ligation.79 Moreover, the placental trophoblast, stromal cells,
decidual cells and other cells in the uterus also express IL-
35.80 All these data indicate that Treg cells along with their
related cytokines play pivotal roles in immune-regulation and
development of maternal–fetal immune tolerance.

Given the implication of immune-regulation in the devel-
opment of maternal–fetal tolerance, lack of immune-
regulation is considered as a newly suggested potential etio-
logical cause of recurrent pregnancy losses (RPL).77 Approxi-
mately 50% of RPL incidences are classified as idiopathic.81

Accumulating data on dysregulation of immune tolerance in
conjunction with RPLs might drive the discovering of new
targets to prevent RPL.82,83

It was found that suppressor of cytokine signaling 3
(SOCS3) and IL-35 levels were significantly decreased in RPL
cases compared to those in fertile control.77 SOCS3 negatively
regulates STAT3 activation in response to cytokines. This
indicates that insufficient levels of SOCS3 and IL-35 might
be associated with pregnancy loss due to an increased tro-
phoblast responsiveness to cytokines and potentially appear-
ance of a more inflammatory status. In addition, all Th1-
and Th2-related cytokines were shown to be higher in RPL
cases than in controls. RPL cases displayed significant
increases in Th1/Th2 cytokine ratios, as compared to those
of fertile controls, except for TNF-a/IL-6 ratio. In this regard,
researchers suggest that a Th2-dominant cytokine profile
favors normal pregnancy, while the excess of Th1 cytokines
leads to pregnancy termination.77 Notably, it has been
reported that Treg cells and their cytokines have a more pro-
nounced negative effect on Th1- and Th17-mediated effector
cells than on Th2-related responses.

IL-35 Function in Atheroma Lesion Progression
Insufficient regulatory immunosuppressive response is cited
as the underlying cause of multiple inflammatory and auto-
immune diseases, including multiple sclerosis (MS),19 allergic
rhinitis,4 asthma,84 aplastic anemia,85 experimental autoim-
mune uveitis (EAU)54 and polycystic ovary syndrome.2 Con-
sidering what have been elaborated in this review about IL-
35 implication in immunopathology, IL-35 could be linked to
the suppression of an anti-tumor inflammatory immune
responses,62 the elicitation of chronicity in various infec-
tions6,7 and maintenance of self-antigen immune toler-
ance.54,76, Overall, IL-35 could be regarded as an anti-
inflammatory and immune-suppressive cytokine.11

Atheroma lesions are developed by the accumulation of
lipid particles, lipid peroxides (that are also mediators of
inflammatory responses) and of activated macrophages and T
lymphocytes in the sub-endothelial regions of arterial

vessels.86 The process occurs over long period of time, lead-
ing to plaque formation and stenosis of arterial lumen. This
suggests that plaque formation requires activation of chronic
immune responses (Fig. 2). However, in severe cases, plaque
rupture can result in thrombosis, the severe clinical complica-
tion of atherosclerosis.86

The expression of IL-27a/p28, IL-12a/p35 and especially
Ebi3 was reported to occur in the vascular smooth muscle
cells (SMC) of pathologic lesions, indicating that the pro-
inflammatory IL-27 and anti-inflammatory IL-35 can be
expressed in atherosclerotic plaques.1 Ebi3 is strongly upregu-
lated via TNF-a/NF-kB signaling pathway and IFN-g/IRFs
axes. Reciprocally, IL-27 together with other cytokines, such
as IL-12, promotes increased IFN-g production, leading to T
cell proliferation and Th1 cell differentiation.1 In this regard,
the peroxisome proliferator-activated receptor (PPAR)-g ago-
nist, rosiglitazone, was shown to interfere with these path-
ways, resulting in reduced TNF-a and IFN-g-induced Ebi3
expression.1 However, studies in SMC have shown that p28
and p35promoter analysis revealed the presence of NF-kB
and IRFs binding sites explaining the mechanisms by which
IFN-g and TNF-a could act to increase IL-35 expression.
Rosiglitazone treatment was associated with strongly reduced
vascular inflammation and improved collagen content of vas-
cular lesions, leading to a more stable atheroma.1 Rosiglita-
zone, which prevents the recruitment of the NF-kB subunits
P65/RelA on NF-kB binding regions, appears to suppress IL-
27/IFN-g axes more effectively than IL-35, resulting in a
reduced atheroma inflammation. By targeting IFN-g, rosigli-
tazone seems to reduce the probability of plaque rupture.
Accordingly, it could be hypothesized that IL-35 might
reduce the process of plaque formation by suppressing the
extent of inflammatory features. Moreover, the elevation of
IL-35 in atheroma plaque might assist in structuring plaque
formation and progression, while minimizing the risk of pla-
que rupture.1

IL-35 in Allergic Diseases
Since IL-35 has the capability to suppress both Th17 and
Th2 cells, strongly involved in allergic responses, it is plausi-
ble that IL-35 may limit the occurrence of allergic disor-
ders.4,18,84 Specifically it has been found that IL-35 was able
to inhibit immunoglobulin (Ig)-E production and decrease
IL-4, IL-5 and IL-13 levels in bronchoalveolar lavage fluid
(BALF), in a model of house dust-mite-induced allergy.87

Moreover, IL-35 production by Treg cells has been shown to
suppress Th17-mediated allergic airway hyperresponsiveness
and to reduce IL-17 level.4 Similarly, IL-35 was shown to be
downregulated in the plasma of patients with allergic asthma,
which was accompanied by increased population of T cyto-
toxic Tc2 and Tc17 cells.84 In line with these changes, higher
plasma levels of IL-4 and IL-17 were found in asthmatic
patients as compared to healthy controls. No specific differ-
ence was found in Th1 cell frequency and IFN-g levels in
patients with allergic asthma compared to healthy controls.4
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In studies, in allergic rhinitis, IL-35 was shown to alleviate
allergic symptoms counterbalance elevated IL-4, IL-5 and IL-
13 cytokines, induced by aberrant Th2 cell differentiation.4

Moreover, also in the same setting IL-35 was shown to limit
IL-23 expression and to lower the accumulation of both eosi-
nophils and neutrophils in BALF. In addition, IL-35
enhanced IL-27 production mitigating ovalbumin-induced
airway hyper responsiveness and inflammation.4 Additional
studies also suggested that IL-35 could reduce IL-17 and
TNF-a expression in the nasal mucosa of patients with aller-
gic rhinitis, which is known to be responsible for neutrophils
influx into airway and nasal eosinophilia.88 Finally, IL-35
enhances Treg cell survival and induces IL-10 production,
another cytokine minimizing allergic symptoms.25,52,56

IL-35 Involvement in Self-Tolerance and Prevention
of Autoimmune Diseases
Given the function of IL-35, it must be present in organs to
contribute to natural self-tolerance.54,76 Decline in IL-35 con-
notes autoimmunity as evidenced in several autoimmune
investigations.54 In contrast to allergic disorders related to
Th2 and Tc2 hyperactivity,4,18,52,84 a decrease in Th1/Th2
ratio underlies the manifestations of most autoimmune dis-
eases, where the exaggerated Type 1 and Th17 T cell effector
activity results in host-tissue destruction.54,56,74,85,

IL-35 promote the expansion of Breg cells, which have
been shown to protect from several autoimmune inflamma-
tory diseases such as uveitis (sight-threatening intraocular
inflammatory disease),54 encephalomyelitis85 and multiple
sclerosis.19 In this regard, IL-35 was shown to induce Breg
cells proliferation and potentiate their conversion to Breg
subset that produces IL-35 as well as IL-10.54 Furthermore, a
recombinant IL-35 Ig fusion protein was reported to condi-
tion DCs that were able to suppress autoimmunity in a
model of type 1 diabetes.89 Overall, stimulating Breg cells via
various interventions, such as their exposure to IL-21, IL-15,
granulocyte macrophage colony-stimulating factor (GM-CSF)
and IL-35, could prevent the development of autoimmune
diseases, such as autoimmune uveitis and experimental auto-
immune encephalomyelitis (EAE).54

The pathogenesis of MS was primarily attributed to the
elevated levels of autoreactive antibodies in the cerebrospinal
fluid (CSF) of patients.19 However, the success of B-cell
depleting therapy in limiting new MS relapses was not
accompanied by the reduction of the autoreactive antibodies
in CSF, underscoring the antibody-independent implication
of B cells in MS as well. Besides conversion to antibody-
producing plasma cells, abnormal B cell responses of poten-
tial relevance to MS include exaggerated activation of T cells
and myeloid-cell responses, abnormal secretion of pro-
inflammatory B cell cytokines and insufficient secretion of
Treg and Breg cells cytokines. Herein, it appears that the
anti-inflammatory cytokine triad of IL-10, TGF-b and IL-35
plays pivotal roles in maintaining self-tolerance, where their

abnormal expression could be associated with MS incidences
in individuals.19

It was reported that B10 cell (a subset of Bregs producing
IL-10) frequency is increased in autoimmune diseases includ-
ing MS, while in MS, na€ıve B cells are unable to produce IL-10
through interaction with T cells.19 Increase in B10 frequency in
MS might reflect the desperate attempt of immune-regulatory
system to minimize the induced autoimmune reactions via tak-
ing the surrogate B10 in the memory pool. Moreover, IL-35
induced IL-10 and TGF-b expression might be a potential
therapeutic candidate to hamper MS progression, which awaits
further exploration and elucidation in MS.

In contrast to aforementioned autoimmune diseases linked
with IL-35 low levels,19,54 the IL-35 was reported to be elevated
in myasthenia gravis (MG) as compared to healthy controls.31

This might point out that the effective self-tolerance warrants
the involvement of multiple-suppressive messengers like IL-10
and TGF-b in addition to IL-35, where IL-35 upregulation
cannot restrict autoimmune reactions alone. MG is a long-
term autoimmune disease in which autoreactive anti-
acetylcholine receptor (anti-AChR) immunoglobulin is cited as
the causing factor for the degeneration of motor neuron sig-
nal.90 In a recent study conducted by Uzawa et al.,31 an array
of pro-inflammatory and anti-inflammatory cytokines were
evaluated in MG. It was evident from the data that immune
responses were complex in MG and IL-35 content was just one
parameter of aberrant immunity. Increased proportion of Th1
and Th17 cells worsen MG pathogenesis, whereas increased
proportions of Th2 and Treg cells ameliorate MG develop-
ment.91 The levels of IL-4, IL-10 and IL-22 that promote Th2
polarization and suppress the expression of Th1-related cyto-
kines were found to be decreased in MG.31 Conversely, the
serum levels of IL-1b, eotaxin, MIP-1a, MIP-1b, VEGF,
APRIL (a proliferation-inducing ligand), IL-8, IL-15, IL-17, IL-
19, IL-20, IL-28A and IL-35 were found to be increased in
anti-AChR1 MG patients. The net effects of such alteration in
cytokine profile included the maturation and survival of B cells,
increase in Th1/Th2 ratio and promotion of Th17 cells differ-
entiation. Immunosuppressive therapy caused a significant
decrease in the plasma levels of IL-20, IL-28A and IL-35.
Therefore, in the case of MG, it appears that Th1- and Th17-
mediated inflammation enhance regulatory T cells to produce
enhanced levels of IL-35, that results in decreased Th2 polari-
zation (Fig. 2).

Concluding Remarks
IL-35 is an important cytokine able to regulate immune
responses, counteracting Th1, Th2, Th17 expansion. The fact
that the members of IL-12 family, including IL-35, share sub-
units, while exhibiting diverse opposing functions, suggests
that combinations of specific protein subunits may result in
differential immune functions. Considering the diverse com-
mitments that various na€ıve immune cell populations could
make, the cytokines and chemokines milieu is paramount of
the fate of these cells. From gathering examples in this
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review, it is evident that immune-regulation is vital, to limit
immune-related self-damage. Such strategy may be also
employed by cancer cells for immune cell evasion as well as
in persistent chronic infections. Therefore, strategies aimed at
boosting inflammatory responses can result in tumor regres-
sion and pathogen clearance.

IL-35 is a natural-suppressive cytokine, playing key roles
in self-tolerance as well as in fetal–maternal tolerance, where
its low expression might be an underlying cause for idio-
pathic RPL.

Although insufficient IL-35 concentrations could be
regarded as a contributing factor in several autoimmune

diseases, there are some contradictory findings indicating
upregulation of IL-35 in MG. Therefore, it is unclear and
open to question if IL-35 is effective in immune regulation,
specifically where a deficiency of other suppressive cytokines,
such as IL-10 may occur.

It is interesting noting that large number of both immu-
nostimulatory mediators and immunoregulatory factors exist
suggesting that immune-regulation requires the contribution
of many suppressive cytokines. Therefore, immune-regulation
requires multi-factorial analysis of all these factors. That once
uncovered, it will open a novel insight for treatment of a
large collection of diseases, including various types of tumors.
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