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Interleukin (IL)-35 is raising our 
expectations

ZHAO NING-WEI

ABSTRACT

Purpose: To elucidate and discuss the role of IL-35 in immunity to parasitic and 
bacterial infections as well as in autoimmunity in terms of its anti-inflammatory 
properties, we highlight significant findings on this novel member of the IL-12 fa-
mily. Methods: Studies using genetically deficient mice have greatly enhanced our 
understanding of the biology of IL-35. On the basis of data derived from the analysis 
of these genetically deficient mice published by NIH, we focus on the key features of 
this heterodimeric cytokine, especially its relation to the other IL-12 family members, 
and discuss its potential relevance to the clinical usage. Principal findings: IL-35 is 
required for the CD4+CD25+ Treg cells-mediated immune regulation, the alleviation 
of some inflammatory responses, as well as the expansion of CD4+CD25- Teff cells 
simultaneously. Moreover, administration or augmentation of IL-35 suppresses some 
diseases of autoimmune or allergic origin like collagen-induced arthritis or Helico-
bacter- induced colitis in animal models, demonstrating its potential in therapy of 
diseases mediated by inflammatory cytokines. However, some questions involving 
it are still unclear, including the composition of IL-35 receptor, IL-35-related cell 
signaling pathway, the different expression patterns of IL-35 between human and 
murine T cells, etc. Conclusion: As our understanding of the IL-35 is rapidly growing 
and changing, it will bring us more therapeutic strategies towards some intractable 
immune diseases such as Lupus Erythematosus.

(Rev Med Chile 2010; 138: 758-766).
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Las expectativas futuras de la  
interleukina (IL)-35 

Esta es una revisión acerca del rol de IL-35, un nuevo miembro de la familia 
IL-12, en la respuesta inmunitaria contra infecciones parasitarias y bacterianas 
y de su rol beneficioso en reacciones auto inmunes, debido sus propiedades anti-
inflamatorias. Basándose en estudios de ratones genéticamente deficientes se ha 
determinado que se requiere IL-35 para la acción inmunoreguladora de las células 
T reguladoras CD4+CD25+, para mitigar algunos procesos inflamatorios y para ex-
pandir simultáneamente los clones de células T efectoras CD4+CD25-. Mas aún, la 
administración o estimulación de la acción de IL-35 en modelos animales, suprime 
algunas enfermedades de origen alérgico o autoinmune tales como la colitis colágena 
y la colitis inducida por Helicobacter. Estos experimentos demuestran el potencial 
terapéutico de IL-35 en enfermedades mediadas por citokinas inflamatorias. Sin 
embargo, algunos aspectos de la citokina aún no han sido dilucidados, tales como la 
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Several years ago, interleukin (IL)-12 was 
shown to be required for the differentiation 
of naive CD4+ T cells into Th1 cells with the 

concomitant production of interferon (IFN)-γ1-3. 
The interleukin-12 (IL-12) cytokine family con-
tains IL-12, IL-23, IL-27, and IL-35 today. These 
four members are all heterodimeric cytokines, 
which are composed of one chain (p19, p28, or 
p35) and the other chain (p40 or Epstein-Barr 
virus induced gene 3 (EBI3)), and then signal 
through unique pairings of five receptor chains 
(IL-12Rβ1, IL-12Rβ2, IL-23R, gp130, and WSX-
1) respectively. The latest identified IL-35 consists 
of two subunits: p35 and EBI34.6. It is known that, 
to function correctly, the immune system must 
discriminate between endogenous and exogenous 
substances. When this discrimination fails, the 
immune system will destroy cells and tissues of 
the body, thus resulting in autoimmune diseases7. 
Regulatory T cells (Treg cells) actively suppress ac-
tivation of the immune system and prevent patho-
logical self-destruction, i.e. autoimmune disease. 
The critical role of Treg cells in the immune sys-
tem was documented by the severe autoimmune 
syndrome that resulted from a genetic deficiency 
of Treg cells. In murine Treg cells, the defects in 
either p35 or EBI3 often lead to the loss of host 
immune suppression and bring in subsequent de-
terioration of immune diseases8-10. In this review, 
we emphasize on the significant findings about 
IL-35. These findings have important implications 
for the design of new therapeutic approaches in 
some intractable immune diseases such as Lupus 
Erythematosus and Diabetes Type 1.  

The structure and receptor for IL-35 

At first, the structure of IL-12 family member 
will only concisely be described here (Figure 1)11. 
1) IL-12p70 is one type of heterodimeric cytokine 
consisting of p40 subunit and p35 subunit. While 
p35 subunit is structurally associated with type 
I cytokines, p40 subunit is homologous to the 

a-chain of soluble IL-6 receptor. The IL-12p70 
receptor comprises IL-12Rβ1 chain and IL12-Rβ2 
chain. p40 is also secreted as monomers or homo-
dimers (IL-12p80) which then signals through 
IL-12Rβ1. 2) p19 protein was identified in terms 
of its homology with IL-6 or IL-12p3512 and it was 
shown to interact with IL-12p40 subunit to form 
another type of heterodimeric cytokine known 
as IL-23. The IL-23 receptor consists of IL-12Rβ1 
chain and another subunit termed IL-23R. 3) 
EBI3 has been identified as an IL-12p40 homolo-
gue, which was found to interact non-covalently 
with p28, another IL-12p35 homologue, thereby 
taking the shape of IL-27. The IL-27 receptor 
consists of WSX1 and gp130 (the latter is also a 
subunit of IL-6 receptor complex). 4) Recently, 
EBI3 was reported to interact with IL-12p35 to 
form the novel cytokine, termed IL-35, but the 
receptor for this heterodimeric cytokine remains 
unclear13. In terms of the homology of IL-35 with 
other IL-12 family members, some predictions 
about its receptor structure will be addressed here.  
1) For IL-12, IL-12Rβ2 is expressed on activated 
T cells, whose expression could be stimulated by 
the agonists that promote the development of Th1 
cells, or inhibited by the ones that promote the 
development of Th2 cells. Upon the interaction 
with its ligands, IL-12Rβ2 becomes tyrosine phos-
phorylated and provides binding sites for kinases 
such as Tyk2 and Jak2, which are important in acti-
vating critical transcription factors such as Stat4 in 
T cells or NK cells14. However, IL-12Rβ1 contains 
neither the N-terminal Ig-like activation domain, 
nor the cytoplasmic tyrosine residues required for 
docking and activating Stat415. Thus, IL-12Rβ1 is 
mainly responsible for ligand interaction, not like 
IL-12Rβ2 as a signal transducer. 2) For IL-23, Jak2 
and Stat3 transcription factors physically interact 
with IL-23R in a ligand-dependent manner and 
IL-23R itself could be tyrosine-phosphorylated 
upon the interaction with IL-23. Therefore, like IL-
12Rβ2, IL-23R is mainly responsible for IL-23 sig-
nal transduction16,17. 3) For IL-27, WSX1 directly 
binds to IL-27, but it cannot activate any signaling 
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composición del receptor de  IL-35, la vía de señalización celular asociada a IL-35 y 
los diversos patrones de expresión de la citokina en células humanas y de ratones. En 
la medida que aumente el conocimiento acerca de las acciones de IL-35, nos podrá 
proveer tratamientos para algunas enfermedades auto inmunes actualmente limitadas 
en su tratamiento, como el lupus eritematoso.
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pathways as monomers18. Surprisingly, WSX1 ac-
tually owns one tyrosine-based phosphorylation 
motif in the cytoplasmic domain, and the sequence 
of this domain closely resembles the Stat1 binding 
motif in the cytoplasmic region of IFN-γR, which 
selectively activates tyrosine phosphorylation of 
Stat119. Contrasted with WSX1, gp130 leads to 
the intracellular activation of Src, Jak and Stat 
family members20,21,22. Based on the structural 
and functional similarity between IL-35 and other 
IL-12 family members, it is predicted that IL-35 
receptor probably shares common features with 
the receptors for other IL-12 family members, in 
another word, the IL-35 receptor might consist 
of two subunits as well, one subunit mainly act 
as ligand interactor, and the other one mainly act 
as signal transducer. However, this remains to be 
further verified.

The expression of IL-35

The expression of EBI3 is restricted in peri-
pheral CD4+CD45RBloCD25+ Treg cells versus 
naive CD4+CD45RBhiCD25- Teff cells sorted from 
C57BL/6 mice, or in Foxp3+ Treg cells versus 
Foxp3- Teff cells sorted from GFP-Foxp3 knock-in 
mice13. Lauren W. collision, et al then investigated 
whether IL-12a, p19 or p28 was expressed in pe-
ripheral Treg cells, and then ensured that IL-12a 
was the unique one expressed in Treg cells. Further 
analysis confirmed that Teff cells (CD45RBhi or 
CD45RBlo) expressed little amount of EBI3 or IL-
12a mRNA, thus being distinguished from Foxp3+ 
Treg amongst CD4+ T cells. Immunoblot analysis 
verified that EBI3 was co-immuno-precipitated 
with IL-12α in supernatants from resting Treg cells, 
but neither Teff nor EBI3-/-Treg cells, demonstra-
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Figure 1. il-12 family members and 
their receptors, a: il-12 and its receptor; 
B: il-23 and its receptor; c: il-27 and 
its receptor; d: il-35 and its predicted 
receptor.
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ting the preferential secretion of EBI3-IL-12a 
(IL-35) by T cells. However, additional analysis of 
other haematopoietic populations suggested that 
there was still a significant but low expression of 
EBI3 or IL-12a in ad and CD8+ T cells.

Myeloid differentiation primary-response gene 
88 (MyD88), which is coupled to Toll-like receptor 
4 (TLR4), leads to the activation of nuclear factor-
kB (NF-κB) (Figure 2), so as to induce the expres-
sion of relevant genes that encode interleukin-12 
(IL-12) family members23, 24. Since IL-35 consists 
of p35 and EBI3, the expression of each one will be 
addressed here respectively. The expression of p35 
could be regulated by multiple routes, as follows: 
Firstly, the interaction of MyD88 with IRF1 ex-
pands the expression of p35 gene 25. Secondly, the 
TIR-domain-containing adaptor protein inducing 
IFN-β (TRIF) triggers the nuclear translocation of 
IRF3, which is then recruited to IFN-stimulated 
response element (ISRE) sites in the promoter 
regions of both p35 gene and IFN-β gene26. Next, 
IFN-β binds to the type I IFN receptor (IFNAR) 
and leads to the activation of IRF-7 that induces 
the expression of p35 gene27. Thirdly, upon the 
activation of TRIF-related pathway, IRF1 also en-
hances the expression of p35 gene28,29. Moreover, 

the activation of p35 gene also requires the selec-
tive remodeling of nucleosomes to release it from 
the transcriptional suppression by Nuc2, because 
Nuc2 within the p35 promoter masks crucial 
ISRE–IRF-E and SP1 binding sites, like Nuc1 in the 
p40 promoter masks the transcription initiation 
site and CCAAT/ enhancer binding protein (C/
EBP) binding site30-32. On the other hand, EBI3 
is regulated via MyD88 and NF-kB like p35, and 
the PU1 binding to ETS cis-regulatory element is 
another necessity for activating EBI3 promoter33. 
Moreover, some reports have already documented 
the induction of Foxp3 by stimulating conven-
tional T cells in the presence of TGF-β34-36. Ethan 
M. Shevach, et al discovered that the induction of 
Foxp3 almost completely relied on the TGF-β pre-
sent in the serum, which was markedly inhibited 
by the addition of anti-TGF-β antibodies to the 
cell cultures37. Besides this, as a downstream target 
of Foxp3, the expression of EBI3 was considerably 
increased in Foxp3-transduced Teff cells compared 
with control group, whereas Foxp3 only induced a 
limited expression of p3538. However, microarray 
analysis uncovered that Foxp3 regulated EBI3 
indirectly, because it was not discovered within 
the Foxp3 direct target gene set39.

Figure 2. the expression of il-35.
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The biological functions of IL-35

IL-35 is required for the function of Treg cells
Some earlier reports documented that Treg 

cells exerted the immuno-suppressive function 
through their T-cell antigen receptors (TCR)15, 16. 
Next, researchers assessed how EBI3 and IL-12a 
mRNA levels in activated Treg cells were changed 
in the presence or absence of Teff cells38. Their 
results showed that both EBI3 and IL-12a mRNA 
were reduced significantly after the co-stimulation 
of anti-CD3 and anti-CD28, but were markedly 
upregulated together in Treg cells recovered from 
an in vitro Treg assay, which was coincided with 
the process of active suppression. While the loss 
of negative regulatory EBI3-IL-12a (IL-35) could 
be reversed by the loss of pro-inflammatory cyto-
kines such as IL-27 and IL-12 in either EBI3-/- or 
IL-12a-/- mice respectively, those EBI3-/- mice 
were indeed more susceptible to leishmaniasis18. 
Likewise, those IL-12a-/- mice, differing from IL-
12β-/- mice, were more susceptible to Helicobac-
ter-induced colitis, Leishmania major infection, 
experimental autoimmune encephalomyelitis and 
collagen-induced arthritis17,19-21. Treg cells have 
already been proven to control the homeostatic 
expansion of Teff cells in a lymphopenic, recombi-
nation activating gene 1 (Rag1)-/- environment5,22. 
Moreover, researchers also assessed the ability of 
EBI3-/- or IL-12a-/- Treg cells to suppress the pro-
liferation of wild-type Teff cells in vitro, and found 
that the immuno-suppressive capacity of EBI3-/- 
or IL-12a-/- Treg cells was markedly reduced, 
regardless of the population of Teff cells38. When 
purified wild-type Teff cells, either alone or in the 
presence of wild-type, EBI3-/- or IL-12a-/- Treg 
cells, were adoptively transferred into Rag1-/- mice 
by scientists, which subsequently confirmed that 
the expansion of wild-type Teff cells was hardly 
reduced in the presence of either EBI3-/- or IL-
12a-/- Treg cells compared with that in the pre-
sence of wild-type Teff cells, indicating that EBI3, 
together with p35 as a heterodimeric cytokine of 
IL-35, exerted the immuno-suppression synergis-
tically. However, the latest report demonstrated 
that unlike murine Treg cells, ex vivo human Treg 
cells didn’t express significant EBI3 mRNA, and 
p35 mRNA wasn’t different between ex vivo Treg 
and Teff cells either, in other words, neither EBI3 
nor p35 mRNA was affected by the over-expression 
of Foxp3 in human Treg cells, suggesting that 

IL-35 might not contribute to the suppressive 
mechanism of human Treg cells, contrasted with 
the results in murine counterparts40.

IL-35 is required for the anti-inflammatory 
responses

Due to the clinical importance of Treg in the 
control of rheumatoid arthritis (CIA), Wanda 
Niedbala, et al investigated the effects of IL-35 
in the CIA model of DBA/1 mice41-43. Control 
group treated with PBS undoubtedly developed 
the expected disease progression. In contrast, 
mice treated with IL-35 displayed a significant 
reduction in the incidence and number of ar-
thritic paws. Histological analysis showed that 
mice treated with PBS displayed mononuclear 
and poly-morphonuclear cell infiltration into the 
joint compartment, synovial hyperplasia, adjacent 
cartilage and bone erosion, but which were ob-
viously reversed in the mice treated with IL-35, 
demonstrating that IL-35 potently suppressed 
the development of CIA, and such activity can 
prevent the progression of articular damage as 
well44. Serum of IL-35-treated mice contained 
significantly higher concentrations of IL-10 
compared to the control group, and IL-10 could 
prevent NF-kB from initiating the transcription 
of relative genes that encode pro-inflammatory 
cytokines by inhibiting the activation of IKK 
and NF-kB’s DNA binding capacities45. Howe-
ver, Lauren W et al discovered that Teff-derived 
IL-10 might also contribute to this regulatory 
milieu, because Treg co-cultures with IL-10-/-Teff 
exhibited reduced suppression compared with 
wild type Teff46. On the other hand, severe IBD 
pathology, including loss of goblet cells mucus 
secretion, mucosal hyperplasia, extensive ulcera-
tion or infiltration of CD3+ T cells, remarkable 
transmural lymphohistiocytic inflammation, and 
destruction of the normal physiological functions 
by the inflammatory infiltration, was observed in 
the Treg-deleted recipients, but there was such a 
significant alleviation of the inflammation and 
CD3+ T-cell infiltration, as well as the regeneration 
of goblet cells and mucus secretion in wild-type 
Treg recipients39,47,48. Likewise, among IL-12 fa-
mily members, IL-27 owns the similar immuno-
suppressive function requiring the activation 
of Stat1 and its downstream effector Socs349. 
However, the anti-inflammatory mechanisms of 
IL-35 are still unclear.
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IL-35 is required for the expression of  
CD4+CD25+ Teff cells

Wanda Niedbala, et al purified CD4+CD25- 
and CD4+CD25+ T cells from spleen and lymph 
nodes of BALB/c mice and cultured them upon 
the stimulation with plate-bound anti-CD3 and 
anti-CD28 antibodies, to trigger maximal T cell 
activation. It was demonstrated that IL-35 mar-
kedly expanded the proliferation of CD4+CD25+ 
Treg cells with the elevated synthesis of IL-10, but 
also induced marked proliferation of CD4+CD25- 
Teff cells with the elevated concentration of IFN-γ 
in culture supernatant, which was surprisingly 
paradoxical to the immuno-suppressive functions 
of IL-35 restricted in Treg cells44. Moreover, Lund, 
et al. reported their similar findings that induction 
of the early antiviral immune response at a site of 
infection was actually promoted by Treg cells, in 
which the expansion of both Treg and Teff cells 
were synchronized, even that their ratio remained 
relatively constant50,51. Consequently, researchers 
found that the ablation of Treg cells caused the 
overaccumulation of chemokines (CCL2, CXCL9, 
and CXCL10) released by dendritic cells, natural 
killer cells, and stromal cells in the lymph node, 
which further attracted surrounding dendritic 
cells, natural killer cells, and T cells to the lymph 
node, thus amplifying the immune response there, 
leading to the abrogation of antiviral responses at 
those actual sites of infection, thus providing virus 
with enough time to aggravate the infection52,53. 
In another word, Treg cells can expand and drive 
immune Teff cells out of the lymph node into the 
sites of viral infection, in which EBI3-p35 (IL-35) 
is probably required for the immuno-stimulatory 
activity of Treg cells because EBI3 could induce 
macrophages to synthesize the MIP-1a, which 
further attracted B and T lymphocytes to the sites 
of inflammation54. However, Treg cells and Teff 
cells differ in their T cell antigen receptors, thus 
how Treg cells respond to foreign antigens and 
whether IL-35 is playing an important role here 
require further research55,56. In addition, there is 
one possible explanation that Treg cells could be 
synchronously triggered by IL-2 released from 
Teff cells57.

IL-35 suppressed the differentiation of 
Th17 cells

Recently, it was demonstrated that IL-35 
markedly suppressed the differentiation of Th17 

cells compared to the ones in medium alone44. 
Mangan group and Bettelli group discovered 
that TGF-β could promote pro-inflammatory 
responses through accelerating the differentiation 
of Th17 cells58,59. Some researchers speculated 
that IFN-γ might inhibit the phosphorylation of 
TGF-β receptor’s downstream effector Smad3, so 
as to block the TGF-β-induced differentiation of 
Th17 cells, while IFN-γ could be upregulated by 
IL-3544,60,61. Moreover, Th17 cells are characterized 
by the secretion of IL-17 and IL-22, in which IL-17 
was regarded to be involved in host defense and 
protective immunity62; IL-22 was considered to 
mediate IL-23-induced Th17 cell generation63; 
and RORγt was found to be the key transcrip-
tion factor for the differentiation of Th17 cells64. 
Meanwhile, the deletion of EBI3 could also upre-
gulate the expression of IL-17, IL-22 and RORγt, 
thus confirming the immuno-suppressive effect of 
IL-35 on the differentiation of Th17 cells as well65. 
However, the precise mechanism hidden behind 
this phenomenon requires further verification.

Conclusion and prospect

On the basis of present research, it was de-
monstrated that IL-35, as a novel member of 
interleukins, was required for the immunolo-
gical capacity of Treg cells, and concomitant 
anti-inflammatory responses; it expanded not 
only CD4+CD25+ cells but also CD4+CD25- cells 
declaring its function in early anti-viral immune 
reactions; besides these, it could also abrogate the 
differentiation of Th17 cells like its homologue 
IL-27. However, French scientists published their 
surprising discovery not long ago; they reported 
that although CD3/CD28 stimulation induced 
low levels of EBI3 in various human CD4+ T 
cell subsets, no EBI3 could be detected in CD3/
CD28-stimulated human Treg cells66; furthermore, 
whereas p35 mRNA were detected in both Teff 
and Treg cells, EBI3 mRNA were detected only 
in activated human Teff cells, but not in resting 
or activated human Treg cells, which contrasted 
with their murine counterpart, indicating the 
unknown role of IL-35 in human T cells. Thus, 
the composition of IL-35 receptor, IL-35-related 
cell signaling pathway, the different expression 
patterns of IL-35 between human and murine T 
cells, as well as the molecular mechanisms hidden 
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behind its more biological activities requires to 
be further investigated. As our understanding of 
the IL-35 is rapidly growing and changing, it will 
bring us more therapeutic strategies towards some 
intractable immune diseases such as Diabetes Type 
1 and Lupus Erythematosus.

Acknowledgements:  I thank the colleagues ma-
joring in Biotechnology of KTH for discussions.

Reference

1. Devergne O, Birkenbach M, Kieff E. Epstein-Barr virus-

induced gene 3 and the p35 subunit of interleukin 12 

form a novel heterodimeric hematopoietin. Proc Natl 

Acad Sci USA 1997; 94: 12041-6.

2. Yoon C, Johnston S, Tang J, Stahl M, Tobin J, Somers W. 

Charged residues dominate a unique interlocking to-

pography in the heterodimeric cytokine interleukin-12. 

EMBO J 2000; 19: 3530-41.

3. Zhang S, Wang Q. Factors determining the formation 

and release of bioactive IL-12: regulatory mechanisms 

for IL-12p70 synthesis and inhibition. Biochem Biophys 

Res Commun 2008; 372: 509-12.

4. Stern AS, Podlaski FJ, Hulmes JD, Pan YC, Quinn PM, 

Wolitzky AG, et al. Purifi cation to homogeneity and par- et al. Purifi cation to homogeneity and par-Purification to homogeneity and par-

tial characterization of cytotoxic lymphocyte maturation 

factor from human B-lymphoblastoid cells. Proc Natl 

Acad Sci USA 1990; 87: 6808-12.

5. Wolf SF, Temple PA, Kobayashi M, Young D, Diciq 

M, Lowe L, et al. Cloning of cDNA for natural killer 

cell stimulatory factor, a heterodimeric cytokine with 

multiple biologic effects on T and natural killer cells. J 

Immunol 1991; 146: 3074-81. 

6. Schoenhaut DS, Chua AO, Wolitzky AG, Quinn PM, 

Dwyer CM, McComas W, et al. Cloning and expression 

of murine IL-12. J Immunol 1992; 148: 3433-40. 

7. Oppmann B, Lesley R, Blom B, Timans J, Xu Y, Hunte 

B, et al. Novel p19 protein engages IL-12 p40 to form a 

cytokine, IL-23, with biological activities similar as well 

as distinct fromIL-12. Immunity 2000; 13: 715-25.

8. Pfl anz S, Timans J, Cheung J, Rosales R, Kanzler H, Gil-. Pfl anz S, Timans J, Cheung J, Rosales R, Kanzler H, Gil-Pflanz S, Timans J, Cheung J, Rosales R, Kanzler H, Gil-

bert J, et al. IL-27, a heterodimeric cytokine composed 

of EBI3 and p28 protein, induces proliferation of naive 

CD4+ T cells. Immunity 2002; 16: 779-90.

9. Devergne O, Hummel M, Koeppen H, Le Beau MN, 

Nathanson EC, Kieff E, Birkenbach M. A novel interleu-. A novel interleu-

kin-12 p40-related protein induced by latent Epstein-

Barr virus infection in B lymphocytes. J Virol 1996; 70: 

1143-53.

10. Gehlert T, Devergne O, Niedobitek G. Epstein-Barr virus 

(EBV) infection and expression of the interleukin-12 

family member EBV-induced gene 3 (EBI3) in chronic 

inflammatory bowel disease. J Med Virol 2004; 73: 432-

8.

11. Trinchieri G. Interleukin-12 and the regulation of innate 

resistance and adaptive immunity. Nat Rev Immunol 

2003; 3: 133-46. 

12. Naqai H, Oniki S, Fujiwara S, Xu M, Mizoquchi I, Yoshi-. Naqai H, Oniki S, Fujiwara S, Xu M, Mizoquchi I, Yoshi-Naqai H, Oniki S, Fujiwara S, Xu M, Mizoquchi I, Yoshi-

moto T, Nishigori C. Antitumor Activities of Interleu-Antitumor Activities of Interleu-

kin-27 on Melanoma. Endocr Metab Immune Disord 

Drug Targets Epub ahead. 2009.

13. Goriely S, Goldman M. The Interleukin-12 Family: New 

Players in Transplantation Immunity? Am J Transplant 

2007; 7: 278-84.

14. Wang KS, Frank DA, Ritz J. Interleukin-2 enhances the 

response of natural killer cells to interleukin-12 through 

up-regulation of the interleukin-12 receptor and STAT4. 

Blood 2000; 95: 3183-90.

15. Van De Vosse E, Lichtenauer-Kaligis EGR, Van Dissel 

JT, Ottenhoff THM. Genetic variations in the interleu-Genetic variations in the interleu-

kin-12/interleukin-23 receptor (β1) chain and implica-

tions for IL-12 and IL-23 receptor structure and func-

tion. Immunogenetics 2003; 54: 817-29.

16. van de Vosse E, van Dissel JT, Ottenhoff TH. Genetic 

deficiencies of innate immune signaling in human infec-

tious disease. Lancet Infect Dis 2009; 9: 688-98.

17. Parham C, Chirica M, Timans J, Vaisberg E, Travis 

M, Cheung J, et al. A Receptor for the Heterodimeric 

Cytokine IL-23 Is Composed of IL-12Rα1 and a Novel 

Cytokine Receptor Subunit, IL-23R. J Immunol 2002; 

168: 5699-708.

18. Yang Li juan. The biological functions of Interleukin 27. 

Chin J Cell Mol Immunol 2007; 23: 1094-5.

19. Pflanz S, Hibbert L, Mattson J, Rosales R, Vaisberg E, 

Bazan JF, et al. WSX-1 and Glycoprotein 130 Constitute 

a Signal-Transducing Receptor for IL-27. J Immunol 

2004; 172: 2225-31.

20. Taga T, Kishimoto T. gp130 and the Interleukin Family 

of cytokines. Annu Rev Immunol 1997; 15: 797-819. 

21. Ihle JN, Witthuhn BA, Quelle FW, Yamamoto K, Silven-. Ihle JN, Witthuhn BA, Quelle FW, Yamamoto K, Silven-Ihle JN, Witthuhn BA, Quelle FW, Yamamoto K, Silven-

noinen O. Signaling Through the Hematopoietic Cyto-

kine Receptors. Annu Rev Immunol 1995; 13: 369-98.

22. Heinrich PC, Behrmann I, Muller-Newen G, Schaper F, 

Graeve L. Interleukin-6-type cytokine signaling through 

the gp130/Jak/STAT pathway1. Biochem J 1998; 334: 

297-314.

23. Takaoka A, Yanai H, Kondo, Duncan G, Negishi H, 

Mizutani T, et al. Integral role of IRF-5 in the gene 

induction programme activated by Toll-like receptors. 

Nature 2005; 434: 243-9.

rev Med chile 2010; 138: 758-766

interleukin (il) -35 is raising our expectations - Z. ning-Wei



765

artículo de revisión

24. Ouyang X, Negishia H, Takedaa R, Fujitaa Y, Taniguchia 

T, Honda K. Cooperation between MyD88 and TRIF 

pathways in TLR synergy via IRF5 activation. Biochem 

Biophys Res Commun 2007; 354: 1045-51.

25. Negishi H, Fujita Y, Yanai H, Sakaguchi S, Ouyang X, 

Shinohara M, et al. Evidence for licensing of IFN-γ-

induced IFN regulatory factor 1 transcription factor by 

MyD88 in Toll-like receptor-dependent gene induction 

program. Proc Natl Acad Sci USA 2006; 103: 15136-41.

26. Goriely S, Molle C, Nguyen M, Albarani V, Ouled  

Haddou N, Lin R, et al. Interferon regulatory factor 3 

is involved in Toll-like receptor (TLR) 4- and TLR3-

induced IL-12p35 gene activation. Blood 2006; 107: 

1078-84.

27. Gautier G, Humbert M, Deauvieau F, Scuiller M, Hiscott 

J, Bates EM, et al. A type I interferon autocrine-paracrine 

loop is involved in Toll-like receptor-induced interleu-

kin-12 p70 secretion by dendritic cells. J Exp Med 2005; 

201: 1435-46.

28. Liu J, Cao S, Herman LM, Ma X. Differential regulation 

of interleukin (IL)-12 p35 and p40 gene expression and 

interferon (IFN)-γ-primed IL-12 production by IFN 

regulatory factor 1. J Exp Med 2003; 198: 1265-76.

29. Liu JG, Guan XQ, Tamura T, Ozato K, Ma XJ. Synergistic 

activation of interleukin-12 p35 gene transcription by 

interferon regulatory factor-1 and interferon consen-

sus sequence-binding protein. J Biol Chem 2004; 279: 

55609-17.

30. Weinmann AS, Plevy SE, Smale ST. Rapid and selective 

remodeling of a positioned nucleosome during the in-

duction of IL-12 p40 transcription. Immunity 1999; 11: 

665-75.

31. Goriely S, Demonte D, Nizet S, De Wit D, Willems F, 

Goldman M, Van Lint C. Human IL-12(p35) gene acti-

vation involves selective remodeling of a single nucleo-

some within a region of the promoter containing critical 

Sp1 binding sites. Blood 2003; 101: 4894-902.

32. Goriely S, Neurath MF, Goldman M. How microorga-

nisms tip the balance between interleukin-12 family 

members. Nat Rev Immunol 2008;  8: 81-6.

33. Wirtz S, Becker C, Fantini MC, Nieuwenhuis EE, Tubbe 

I, Galle PR, et al. EBV-induced gene 3 transcription is 

induced by TLR signaling in primary dendritic cells via 

NF-kB activation. J Immunol 2005; 174: 2814-24.

34. Wahl SM. Conversion of Peripheral CD4+CD25- Naïve 

T cells to CD4+CD25+ Regulatory T cells by TGF-β 

Induction Factor Foxp3. J Exp Med 2003; 198: 1875-86.

35. Fantini MC, Becker C, Monteleone G, Pallone F, Galle 

PR, Neurath MF. Cutting Edge: TGF-β induces a Regula-

tory Phenotype in CD4+CD25– T Cells through Foxp3 

Induction and Down-Regulation of Smad7. J Immunol 

2004; 172: 5149-53.

36. Guo Zheng S, Wang J, Koss MN, Quismorio F, Gray 

J, Horwitz DA. CD4+ and CD8+ Regulatory T Cells 

Generated Ex Vivo with IL-2 and TGF- Suppress a 

Stimulatory Graft-versus-Host Disease with a Lupus-

Like Syndrome. J Immunol 2004; 172: 1531-9. 

37. Tran DQ, Ramsey H, Shevach EM. Induction of FOXP3 

expression in naive human CD4+FOXP3-T cells by 

T-cell receptor stimulation is transforming growth 

factor-β- dependent but does not confer a regulatory 

phenotype. Blood 2007; 110: 2983-90.

38. Collison LW, Workman CJ, Kuo TT, Boyd K, Wang Y, 

Vignali KM, et al. The inhibitory cytokine IL-35 con-

tributes to regulatory T-cell function. Nature 2007; 450: 

566-9. 

39. Zheng Y, Josefowicz SZ, Kas A, Chu TT, Gavin MA, 

Rudensky AY. Genome-wide analysis of Foxp3 target 

genes in developing and mature regulatory T cells. Na-

ture 2007; 445: 936-40.

40. Allan SE, Song-Zhao GX, Abraham T, McMurchy AN, 

Levings MK. Inducible reprogramming of human T cells 

into Treg cells by a conditionally active form of FOXP3. 

Eur J Immunol 2008; 38: 3282-9. 

41. Morgan ME, Flierman R, van Duivenvoorde LM, Witte-. Morgan ME, Flierman R, van Duivenvoorde LM, Witte-Morgan ME, Flierman R, van Duivenvoorde LM, Witte-

veen HJ, van Ewijk W, van Laar JM, et al. Effective treat-

ment of collagen-induced arthritis by adoptive transfer 

of CD25+ regulatory T cells. Arthritis Rheum 2005; 52: 

2212–21.

42. Morgan ME, Sutmuller RP, Witteveen HJ, van Duiven-. Morgan ME, Sutmuller RP, Witteveen HJ, van Duiven-Morgan ME, Sutmuller RP, Witteveen HJ, van Duiven-

voorde LM, Zanelli E, Melief CJ, et al. CD25+ depletion 

hastens the onset of severe disease in collagen-induced 

arthritis. Arthritis Rheum 2003; 48: 1452-60.

43. González Rey E, Fernández Martin A, Chorny A, 

Delgado M. Vasoactive intestinal peptide induces 

CD4+CD25+ T regulatory cells with therapeutic effect 

in collagen-induced arthritis. Arthritis Rheum 2006; 54: 

864-76.

44. Niedbala W, Wei X, Cai B, Hueber AJ, Leung BP, McInnes 

IB, Liew FY.  IL-35 is a novel cytokine with therapeutic 

effects against collagen-induced arthritis through the 

expansion of regulatory T cells and suppression of Th17 

cells. Eur J Immunol 2007; 37: 3021-9.

45. Schottelius AJ, Mayo MW, Sartor RB, Baldwin AS Jr. 

Interleukin-10 signaling blocks Inhibitor of B Kinase 

activity and nuclear factor kappaB DNA binding. J Biol 

Chem 1999; 274(45): 31868-74.

46. Collison LW, Pillai MR, Chaturvedi V, Vignali DA. 

Regulatory T Cell Suppression Is Potentiated by Target 

T Cells in a Cell Contact, IL-35- and IL-10-Dependent 

Manner. J Immunol 2009; 182: 6121-8.

47. Izcue A, Coombes J L, Powrie F. Regulatory T cells 

rev Med chile 2010; 138: 758-766

interleukin (il) -35 is raising our expectations - Z. ning-Wei



766

artículo de revisión

suppress systemic and mucosal immune activation to 

control intestinal inflammation. Immunol Rev 2006; 

212: 256-71. 

48. Mottet C, Uhlig HH, Powrie F. Cutting edge: cure of 

colitis by CD4+CD25+ regulatory T cells. J Immunol 

2003; 170: 3939-43.

49. Colgan J, Rothman P. All in the family: IL-27 suppres-. Colgan J, Rothman P. All in the family: IL-27 suppres-Colgan J, Rothman P. All in the family: IL-27 suppres-

sion of TH-17 cells. Nat Immunol 2006; 7: 899-901.

50. Lund JM, Hsing L, Pham TT, Rudensky AY. Coordina-. Lund JM, Hsing L, Pham TT, Rudensky AY. Coordina-Lund JM, Hsing L, Pham TT, Rudensky AY. Coordina-

tion of Early Protective Immunity to Viral Infection by 

Regulatory T Cells. Science 2008; 320: 1220-4.

51. Haribhai D, Lin W, Relland LM, Truong N, Williams 

CB,  Chatila TA. Regulatory T cells dynamically control 

the primary immune response to foreign antigen. J Im-

munol 2007; 178: 2961-72.

52. Kim JM, Rasmussen JP, Rudensky AY. Regulatory T cells 

prevent catastrophic autoimmunity throughout the 

lifespan of mice. Nat Immunol 2007; 8: 191-7.

53. Kassiotis G, O’Garra A. Immunity Benefits from a Little 

Suppression. Science 2008; 320: 1168-69.

54. Kempe S, Heinz P, Kokai E, Devergne O, Marx N, Wirth 

T. Epstein-Barr Virus-Induced Gene-3 Is Expressed in 

Human Atheroma Plaques. Am J Pathol 2009; 175: 440-

7.

55. Hsieh C, Liang Y, Tyznik AJ, Self SG, Liggitt D, Rudensky 

Y. Recognition of the peripheral self by naturally arising 

CD25+ CD4+ T cell receptors. Immunity 2004; 21: 267-

77.

56. Pacholczyk R, Ignatowicz H, Kraj P, Ignatowicz L. Origin 

and T cell receptor diversity of Foxp3+CD4+CD25+ T 

cells. Immunity 2006; 25: 249-59. 

57. Almeida AR, Zaragoza B, Freitas AA. Indexation as a 

novel mechanism of lymphocyte homeostasis: the num-

ber of CD4+CD25+ regulatory T cells is indexed to the 

number of IL-2-producing cells.  J Immunol 2006; 177: 

192-200.

58. Bettelli E, Carrier Y, Gao W, Korn T, Strom TB, Oukka 

M, et al. Reciprocal developmental pathways for the 

generation of pathogenic effector TH17 and regulatory 

T cells. Nature 2006; 441: 235-8.

59. Harrington LE, Hatton RD, Mangan PR, Turner H,  

Murphy TL, Murphy KM, Weaver CT. Interleukin 

17-producing CD4+ effector T cells develop via a lineage 

distinct from the T helper type 1 and 2 lineages. Nat Im-

munol 2005; 6: 1123-32. 

60. Park H, Li Z, Yang XO, Chang SH, Nurieva R, Wang Y-H, 

et al. A distinct lineage of CD4 T cells regulates tissue in-

flammation by producing interleukin 17. Nat Immunol 

2005; 6: 1133-41.

61. Wahl SM, Wen J, Moutsopoulos N. TGF-beta: a mobile 

purveyor of immune privilege. Immunol Rev 2006; 213: 

213-27.

62. Kolls JK, Linden A. Interleukin-17 family members and 

inflammation. Immunity 2004; 21: 467-76.

63. Langrish CL, Chen Y, Blumenschein WM, Mattson J, 

Basham B, Sedgwick JD, et al. IL-23 drives a pathogenic 

T cell population that induces autoimmune inflamma-

tion. J Exp Med 2005; 201: 233-40.

64. Ivanov I, McKenzie B, Zhou L, Tadokoro C, Lepelley A, 

Lafaille J, et al. The orphan nuclear receptor RORgam-. The orphan nuclear receptor RORgam- The orphan nuclear receptor RORgam-

mat directs the differentiation program of proinflamma-

tory IL-17+ T helper cells. Cell 2006; 126: 1121-33.

65. Yang J, Yang M, Min Htut T, Ouyang X, Adedayo H, Li 

X, et al. Epstein-Barr virus-induced gene 3 negatively 

regulates IL-17, IL-22 and ROR t. Eur J Immunol 2008; 

38: 1204-14.

66. Bardel E, Larousserie F, Charlot-Rabiega P, Coulomb-

L’Herminé A, Devergne O. Human CD4+ CD25+ 

Foxp3+ regulatory T cells do not constitutively express 

IL-35. J Immunol 2008; 181: 6898-905.

rev Med chile 2010; 138: 758-766

interleukin (il) -35 is raising our expectations - Z. ning-Wei


