
Published by Baishideng Publishing Group Inc

World Journal of 
Immunology
World J Immunol  2017 July 27; 7(2): 11-31

ISSN 2219-2824 (online)



 

Contents Four-monthly  Volume 7  Number 2  July 27, 2017

IWJI|www.wjgnet.com July 27, 2017|Volume 7|Issue 2|

World Journal of 
ImmunologyW J I

           REVIEW
11	 Holistic	paradigm	in	carcinogenesis:	Genetics,	epigenetics,	immunity,	inflammation	and	oral	infections

	 Janket SJ, Qureshi M, Bascones-Martinez A, González-Febles J, Meurman JH

           MINIREVIEWS
24	 Role	of	interleukin-1-family	cytokines	on	effector	CD4	T	cell	differentiation

	 Rivera Vargas T, Martin F, Apetoh L

  



 
Contents

World Journal of Immunology
Volume 7  Number 2  July 27, 2017

IIWJI|www.wjgnet.com

ABOUT COVER

AIM AND SCOPE

Editorial	Board	Member	of	World	Journal	of	Immunology,	Sok-Ja	Janket,	DMD,	
MPH, Department of Periodontology, Boston University H. M. Goldman School of 
Dental Medicine, Boston, MA 02118, United States.

World Journal of  Immunology (World J Immunol, WJI, online ISSN 2219-2824, DOI: 10.5411) 
is a peer-reviewed open access academic journal that aims to guide clinical practice and im-
prove diagnostic and therapeutic skills of  clinicians.

WJI covers a wide range of  subjects including: (1) autoimmune diseases such as type 1 
diabetes, multiple sclerosis, rheumatoid arthritis, systemic lupus erythematosus, thyroiditis, 
myasthenia gravis, in both humans and animal models of  disease, with an interest on as-
pects including the etiology, pathogenesis, mechanisms of  disease induction, maintenance 
and progression; (2) tumor immunology including immunosurveillance, immunoediting 
and immunotherapies in animal models and in humans; (3) clinical immunology in humans 
and animal models including mechanisms of  disease, regulation and therapy and immu-
nodeficiencies; (4) innate immunity including cell subsets, receptors and soluble media-
tors, complement and inflammation; (5) adaptive immune mechanisms and cells including 
soluble mediators and antibodies; (6) immune cell development, differentiation, matura-
tion; (7) control mechanisms for immune cells including immune tolerance and apoptosis; 
(8) immune cell interactions and immune cell receptors; (9) immunological methods and 
techniques; (10) immune cell activation including cell signaling pathways, biochemical and 
pharmacologic modulation studies; (11) infection; (12) different modalities of  vaccination 
including gene therapy; (13) hypersensitivity and allergy; (14) transplantation.

We encourage authors to submit their manuscripts to WJI. We will give priority to 
manuscripts that are supported by major national and international foundations and those 
that are of  great basic and clinical significance.

World Journal of  Immunology is now indexed in China National Knowledge Infrastructure
(CNKI).

I-III	 Editorial	Board

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li                     Responsible Science Editor: Fang-Fang Ji
Responsible Electronic Editor: Dan Li      Proofing Editorial Office Director: Yuan Qi
Proofing Editor-in-Chief: Lian-Sheng Ma

EDITORIAL	OFFICE
Fang-Fang Ji, Director
World Journal of  Immunology
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLICATION	DATE
July 27, 2017

COPYRIGHT
© 2017 Baishideng Publishing Group Inc. Articles pub-
lished by this Open-Access journal are distributed under 
the terms of  the Creative Commons Attribution Non-
commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non commercial and is 
otherwise in compliance with the license.

SPECIAL	STATEMENT	
All articles published in journals owned by the 
Baishideng Publishing Group (BPG) represent the 
views and opinions of  their authors, and not the views, 
opinions or policies of  the BPG, except where other-
wise explicitly indicated.

INSTRUCTIONS	TO	AUTHORS
http://www.wjgnet.com/bpg/gerinfo/204

ONLINE	SUBMISSION	
http://www.f6publishing.com

FLYLEAF

NAME	OF	JOURNAL	
World Journal of  Immunology

ISSN
ISSN 2219-2824 (online)

LAUNCH	DATE
December 27, 2011

FREQUENCY
Four-monthly

EDITORS-IN-CHIEF
Antonio La Cava, MD, PhD, Professor, Depart-
ment of  Medicine, University of  California Los An-
geles, Los Angeles, CA 90095-1670, United States

Seung-Yong Seong, MD, PhD, Professor, De-
partment of  Microbiology and Immunology, 103 
Daehag-no, Jongno-gu, Seoul 110-799, South Korea

EDITORIAL	BOARD	MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/2219-2824/editorialboard.htm

INDEXING/ABSTRACTING 

July 27, 2017|Volume 7|Issue 2|



Thaiz Rivera Vargas, François Martin, Lionel Apetoh

MINIREVIEWS

24 July 27, 2017|Volume 7|Issue 2|WJI|www.wjgnet.com

Role of interleukin-1-family cytokines on effector CD4 T cell 
differentiation

Thaiz Rivera Vargas, François Martin, Lionel Apetoh, 
INSERM, U1231, 21000 Dijon, France

Thaiz Rivera Vargas, François Martin, Lionel Apetoh, Faculté 
de Médecine, Université de Bourgogne, 21000 Dijon, France

Lionel Apetoh, Centre Georges François Leclerc, 21000 Dijon, 
France

Author contributions: All the authors contributed to this paper.

Supported by Fondation de France (to Apetoh L and Rivera 
Vargas T); the Association pour la recherche sur le cancer (to 
Apetoh L); the Institut Mérieux (to Apetoh L); the Conseil 
Régional de Bourgogne (to Apetoh L); the FEDER, the Agence 
Nationale de la Recherche, No. ANR-13-JSV3-0001 (to Apetoh 
L) and No. ANR-11-LABX-0021; the ARSEP (to Apetoh L); the 
Ligue Régionale contre le cancer Comité Grand-Est (to Apetoh 
L); and the European Commission (Marie Curie Fellowship 
PCIG10-GA-2011-303719); Apetoh L has received funding 
from the European Research Council (ERC) under the European 
Union’s Horizon 2020 research and innovation programme (grant 
agreement No. 677251). 

Conflict-of-interest statement: The authors declare that no 
conflict of interest exists.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Dr. Lionel Apetoh, INSERM, U1231, 7 
Bd Jeanne d’Arc, 21000 Dijon, France. lionel.apetoh@inserm.fr
Telephone: +33-3-80393371
Fax: +33-3-80393434

Received: December 29, 2016 

Peer-review started: December 31, 2016 
First decision: February 16, 2017
Revised: March 30, 2017 
Accepted: April 16, 2017
Article in press: April 17, 2017
Published online: July 27, 2017

Abstract
The ability of CD4 T cells to differentiate into various 
effector or regulatory T cell subsets explains the 
successful adaptation of immune responses to different 
types of infectious pathogens. Immune responses in 
the context of cancer are also shaped by CD4 T cells, 
which can directly affect cancer prognosis in patients. 
While the proinflammatory mediator interleukin (IL)-
1β was initially shown to enhance Th2 cell responses, 
recent findings support a predominant role of two 
other members of the IL-1 family, IL-18 and IL-33, 
on the production of Th1 and Th2-derived cytokines. 
In addition, IL-1β was found to profoundly affect the 
biology of two recently identified CD4 T cell subsets, 
Th17 and Th9 cells. IL-1β is critical for Th17 cell differen-
tiation and it enhances the production of IL-9 and IL-21 
by Th9 cells, thus increasing their anticancer properties. 
We will here review the mechanisms accounting for the 
ability of IL-1 cytokines to affect the differentiation of 
CD4 effector T cells with a focus on Th17 and Th9 cells. 
The physiopathological relevance of IL-1-driven effects 
on CD4 T cells will also be discussed.

Key words: Inflammation; Innate immunity; Adaptive 
immunity; CD4; Th17; Th9; Interleukin-1; Inflammatory 
diseases; Cancer
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Core tip: While the proinflammatory activities of 
interleukin (IL)-1 have been studied since the late 1970s, 
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the ability of IL-1 family members to affect CD4 T cell 
differentiation, one key process in shaping adaptive 
immune responses, has only been characterized 
recently. Specifically, IL-1 family members can endow 
CD4 T cells with proinflammatory abilities. In this mini-
review, the physiopathological relevance of CD4 T cell-
driven activation in the presence of IL-1 family members 
will be discussed. 

Rivera Vargas T, Martin F, Apetoh L. Role of interleukin-1-
family cytokines on effector CD4 T cell differentiation. World J 
Immunol 2017; 7(2): 24-31  Available from: URL: http://www.
wjgnet.com/2219-2824/full/v7/i2/24.htm  DOI: http://dx.doi.
org/10.5411/wji.v7.i2.24

INTRODUCTION
Naïve CD4 T cells can differentiate into effector or 
regulatory subsets, which will shape the quality and 
magnitude of adaptive immune responses[1]. Each 
CD4 T cell subset exhibits specialized functions in vivo 
that are determined by the transcription factors they 
express and the cytokines they secrete. The induction 
of the distinctive patterns of gene expression in CD4 
T cell subsets is dictated by their interaction with the 
antigen-presenting cells (APC) and also the cytokines 
present in their environment during T cell activation. 
The variety of effector responses elicited by CD4 T cell 
subsets, endows the host with abilities to respond to 
different types of pathogens. 

The ability of naïve CD4 T cells to differentiate into 
specialized variants was initially reported 30 years 
ago by Mossmann and Coffman who demonstrated 
the existence of two types of murine T helper clones, 
designed as Th1 and Th2, differing in their profiles 
of lymphokine activities[2]. Th1 cells secrete IFNγ and 
IL-2, and are responsible for cell-mediated immunity, 
including delayed-type hypersensitivity, which relies 
on macrophage activation. They are also responsible 
for both phagocyte activation and the production of 
opsonizing and complement-fixing antibodies by B 
lymphocytes. Th1 cells therefore critically contribute 
to defense against intracellular pathogens[3]. Th2 cells 
secrete interleukin (IL)-4, IL-5 and IL-13 cytokines and 
skew the immune response toward humoral immunity. 
They induce IgE class switching by B lymphocytes and 
favor the activity of eosinophils. They are effective in the 
protection against helminthes[4]. The differentiation of 
CD4+ T cells into Th1 or Th2 subsets can be replicated 
in vitro by adding IL-12 or IL-4, respectively, to cultures 
of naive T lymphocytes activated by their specific clono
genic antigen presented by APC like dendritic cells[5]. 
Interestingly, IFNγ produced by Th1 cells inhibits Th2 
differentiation while IL-4 produced by Th2 cells inhibits 
Th1 differentiation[5]. Under physiological conditions, 
differentiated Th1 or Th2 cells can be regarded as stable 
cells[1].

Since the initial description of the Th1/Th2 dicho-
tomy other subsets of CD4 T cells that suppress 
immune responses have been characterized including 
Foxp3 regulatory T cells (Tregs), which express the 
Foxp3 transcription factor, and IL-10-secreting Tr1 cells 
that rely on the transcription factors c-Maf and AhR 
for their development[6,7]. These two T cell subsets are 
essential to prevent excessive autoimmune responses 
and maintain host homeostasis. 

In 2005 a new subset of CD4 helper T cells chara-
cterized by an abundant production of the IL-17A (also 
called IL17) cytokine was identified and named Th17 
cells[8]. Differentiation of Th17 cells from cultures of 
naïve mouse T cells was initially shown to be driven 
by the combination of the cytokines transforming 
growth factor (TGF)-β and IL-6[9]. It was subsequently 
shown that these cells, which rely on the transcription 
factor RORγt for their development[10], contribute to 
host defense against fungi. However, due to their 
secretion, besides IL-17A, of other proinflammatory 
mediators, including IL-17F, TNFα, GM-CSF and IL-22, 
dysregulated Th17 cell responses can also promote 
tissue inflammation in vivo[11]. 

Another subset of T helper CD4 T cells, Th9 cells, 
which can be differentiated from naive CD4 T cells in 
the presence of TGFβ and IL-4, was characterized in 
2008 by the groups of Kuchroo and Stockinger as CD4 
T cells lacking Foxp3 but secreting high levels of the 
cytokine IL-9[12,13]. Th9 cells can be induced in vitro 
from naïve T cells in the presence of TGFβ and IL-4 
or derived from Th2 cells “reprogrammed” into Th9 
cells by TGFβ[13]. Subsequent studies identified in 2010 
PU.1 as the transcription factor responsible for Th9 cell 
development[14]. A characteristic of the Th9 phenotype 
is its plasticity, as illustrated by their ability to convert 
to IFNγ-secreting cells in the context of autoimmune 
diseases and asthma (reviewed in[15]). Nevertheless, 
Th9 cells feature a stable phenotype in cancer (reviewed 
in[16]). Another characteristic is the skin-tropism of Th9 
cells that can contribute to their scarcity in the gut or 
circulation of healthy subjects[17]. The in vivo functions 
of Th9 cells are still being deciphered but it is clear 
that these cells promote inflammation in the context 
of colitis, asthma and experimental autoimmune 
encephalomyelitis (EAE), the mouse model for human 
multiple sclerosis[15]. Furthermore, both mouse and 
human studies indicate that Th9 cells also contribute 
to host defense against parasites, possibly due to their 
IL-9 secretion[15]. Recently, Th9 cells were also shown 
to exhibit potent anticancer properties upon adoptive 
transfer in vivo[16,18-20]. 

The differentiation of T cells into polarized subsets 
not only depends on the engagement of TCR signaling 
and the costimulatory signals but also on the presence 
of cytokines in the environment of differentiating T cells 
as discussed above. While polarized CD4 T cell subsets 
are now routinely obtained in vitro from naïve T cells 
in the presence of a relevant cytokine combinations 
such as TGFβ associated with IL-6 or IL-4 for mouse 
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Th17 and Th9 cells, respectively, as discussed 
above, these cocktails should not be considered as 
representative conditions of natural Th17 or Th9 cell 
differentiation in vivo; nor as excluding the role of 
other cytokines in CD4 T cell differentiation. In this 
regard, many proinflammatory cytokines present in 
vivo in inflammatory or cancer settings will affect T cell 
development and shape T cell functions. In the present 
review, we will summarize information on the effect of 
cytokines belonging to the IL-1 family on CD4 T helper 
cell differentiation with a focus on the contribution 
of these cytokines to the differentiation of recently 
discovered Th17 and Th9 subsets. The physiological 
and clinical consequences of IL-1-driven alteration of 
CD4 T cell biology will also be discussed. 

INTERLEUKIN-1 CYTOKINE FAMILY
IL-1β is, with IL-1α the original member of the IL-1 
family that currently comprises 11 members including 
IL-18 and IL-33[21-23]. IL-1α and IL-1β act on a same 
receptor; the IL-1 type 1 receptor (IL-1RI). Another 
member of the IL-1 family, IL-1 receptor antagonist 
(IL-1Ra), competitively binds to IL-1RI but without 
activating it and consequently is a natural inhibitor of 
IL-1α and IL-β. IL-1β is primarily secreted by activated 
macrophages and dendritic cells but is also released 
by B cells and NK cells upon stimulation. IL-1β is 
synthesized by these cells as an inactive precursor 
that has to be cleaved to an active mature cytokine 
by caspase-1 contained in multimeric complexes, the 
inflammasomes, activated during processes such as 
infections, autoimmunity or tumors[24]. Released IL-1β 
constitutes a soluble circulating cytokine that signals 
through the TIR domain of its receptor, IL-1RI, leading 
to the recruitment of the adaptor protein myeloid 
differentiation protein 88 (MyD88), the activation 
of NF-κB signaling and the induction of several pro-
inflammatory genes. In contrast to IL1β, IL-1α is not 
secreted but remains attached to the membrane of the 
producing cells that include not only myeloid cells but 
also epithelial and endothelial cells[23]. Consequently 
its effect is localized, contrasting with the diffuse, 
hormone-like effect of IL-1β. Like IL-1β, two other 
components of the IL-1 family, IL-18 and IL-33 were 
reported to act directly on T lymphocyte differentiation. 
IL-18 and IL-33 are widely expressed among epithelial 
cells constituting barriers in the gut, the lung and the 
skin. IL-18 is also expressed in myeloid cells, notably 
in antigen presenting cells such as dendritic cells 
and macrophages, whereas IL-33 is expressed in 
endothelial cells. Like IL-1β, IL-18 requires proteolysis 
by caspase-1 to be activated and released from an 
inactive precursor, while IL-33 does not requires this 
proteolytic step as its proform is fully active, and is 
preferentially released from damaged necrotic or dead 
cells as a danger signal[25]. Activated IL-18 acts through 
its specific receptor, IL18R, while IL33 acts through its 
specific receptor ST2 (known also as IL33R or T1ST2), 

both IL-18R and ST2 belonging to the IL-1RI receptor 
family. While the involvement of IL-1 in inducing 
inflammation has been documented for more than 
30 years, the effects of IL-1 family cytokines on the 
differentiation of CD4 T cell subsets are still being the 
subject of intense investigation, as discussed below. 

EFFECT OF IL-1 CYTOKINES ON NAÏVE 
AND ON TH1 AND TH2 EFFECTOR T 
LYMPHOCYTES
IL-1β induces proliferation and maturation of thy-
mocytes and naïve T lymphocytes with the help of 
thymic accessory cells or their product, IL-7[26,27]. IL-
1β acts as an adjuvant, enhancing antigen-driven 
expansion and differentiation of naïve and memory 
CD4 T cells[28]. An effect of IL-1β on mature Th1 and 
Th2 cells was the subject of controversy. It was initially 
established that Th2 cell lines expressed the IL-1RI 
receptor that is required for a direct effect of IL-1β on 
these cells, whereas this receptor was not detectable 
on Th1 cell lines, that restricted the IL-1β target to 
Th2 lymphocytes[29,30]. While an effect of IL-1 on T 
cells was initially investigated by determining its effect 
on the proliferation of mouse Th1 or Th2 clones, the 
quantification of signal cytokines was more recently 
preferred for determining the influence of IL-1 family 
cytokines on T cells. Using this criterion, it was found 
that the chief activators of signal cytokine production 
by Th1 or Th2 lymphocytes were not IL-1β but rather 
two other members of IL-1 family, IL-18 and IL-33[31-33]. 
The IL-18 receptor IL-18R was not detectable on 
naïve T cells, but was progressively expressed on 
differentiating Th1 cells, allowing IL-18 to promote 
cell proliferation and survival, and production of IFNγ 
(Figure 1A). The IL-33 receptor, ST2, is selectively 
expressed on Th2 cells. If Th2 cell lines are known 
to express IL-1RI, they express also predominantly 
ST2[31]. ST2 is not expressed on naïve, regulatory 
and Th1 lymphocytes[34]. ST2 allows IL-33 to enhance 
production of type-2 cytokines, in particular IL-5 
and IL-13 by Th2 cells where it plays a major role in 
determining the Th2 phenotype compared with the IL-
1RI receptor expressed on the same cells (Figure 1B). 
Consequently, IL-18 and IL-33 appeared as cytokines 
strictly specialized for Th1 and Th2 differentiation, 
respectively[33]. Further analyses showed however 
that IL-18 not only activates Th1 cells for producing 
IFNγ, but also Th2 cells through their ST2 receptor 
for releasing type-2 cytokines notably IL-5 and IL-13. 
Similarly, IL-33 can activate its ST2 receptor, but 
also the IL-18 receptor IL-18R for enhancing IFNγ 
release[33]. The common response to IL-18 and IL-33 
was unexpected since IL-18R and ST2 receptors are 
respectively restricted to Th1 and Th2 cell lines. An 
explanation for this crossed reactivity could be the 
structural similarity between IL-18 and IL-33 that could 
permit a binding of each cytokine to both receptors. 

Rivera Vargas T et al . Role of IL-1-family cytokines
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Consequently, IL-18 and IL-33 should be considered 
as Th1- and Th2-oriented, rather than Th1- and Th2-
specific cytokines, respectively[33] (Figures 1A and B).

In spite of the predominance of IL-18 and IL-33 
receptors, IL-1RI receptor is important for the induc-
tion of Th2 cell immunopathology. In experimental 
asthma induced in the mouse, airway hypersensibility 
responses to inhalation of ovalbumin were decreased 
in IL-1α- and IL-1β-deficient mice, while they were 
exacerbated in mice deficient in IL-1Ra[35,36]. The Th2 
cell response mediated resistance to a gastrointestinal 
nematode was also dependent on the presence of IL-
1α- and IL-1β lymphocytes, demonstrating the role of 
IL-1 in parasite elimination, an important function of 
Th2 cells[37].

EFFECT OF IL-1β CYTOKINE ON TH17 
LYMPHOCYTES
While mouse Th17 cell differentiation was initially 
believed to solely rely on TGFβ and IL-6, it was clearly 
demonstrated that proinflammatory cytokines like IL
1β and TNFα could shape Th17 cell differentiation as 
well[38]. IL-1β was subsequently identified as a major 
actor in the physiology of Th17 cells, as illustrated 
for instance by its requirement for the development 
of Th17 cell-sustained autoimmunity like in EAE[39,40] 
(Figure 1C). IL-1 regulates the expression of IRF4 
and RORγt, two transcription factors required for Th17 
differentiation[40] (Figure 1C). Compared with Th1 and 
Th2 cells, mouse Th17 lymphocytes strongly express 

IL-1RI, the mandatory receptor for IL-1α and IL-
1β[40]. This high expression of IL-1RI on murine Th17 
cells is similar to the heightened expressions of IL-
18R on Th1 cells and the heightened expression of 
ST2 on Th2 cells. Neither IL-18 nor IL-33 alone or in 
combination with STAT3 activators had any effect on 
IL-17 production[31]. 

IL-1RI is expressed on approximately 20% of 
CD4+ T cells in healthy human peripheral blood. The 
frequency of IL-1RI+ cells was higher (26%) in the 
memory CD4+ T-cell subset but IL-1RI+ cells were 
also present (15%) in the naive subset even though 
they were absent from human umbilical cord blood. 
This suggests that IL-1RI expression in naïve CD4+ 
T cells is induced at the periphery, likely through 
exposure to cytokines such as IL-7 or IL-15 and to TCR 
triggering[41]. Compared with IL-1RI-negative memory 
CD4+ T cells, IL-1RI+ memory CD4+ T cells produced 
higher levels of IL-17 in response to TCR triggering and 
this response was further increased in the presence of 
IL-1β. TCR activation and cytokines such as IL-7, IL-15 
and TGFβ induced IL-1RI expression, allowing IL-1β to 
promote IL-17 production from initially IL-1RI-negative 
CD4+ T cells[41]. It is also noteworthy that human 
Th17 cells were proposed to originate from regulatory 
T cells (Tregs) differentiated in the presence of IL-2 
and IL-1β[42]. In line with this, IL-1R1 expression on 
human CD4+ T cells represents an intermediate in the 
differentiation of Th17 from Tregs[43].

IL-23 is a critical cytokine in determining Th17 cell 
functions, as illustrated by early reports suggesting 
the lack of pathogenicity of TGFβ and IL-6- derived 
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Figure 1  Effect of interleukin-1 family members on effector CD4 T cell differentiation. A: Interleukin (IL)-18 promotes Th1 cell proliferation and survival, and 
production of IFNγ; B: IL-33 enhances Th2 cell differentiation and function, notably because of IL-33 driven increase of Th2-derived cytokines IL-5 and IL-13; C: IL-1β 
critically supports Th17 cell differentiation by maintaining the expression of IRF4 and RORγt, two key transcription factors necessary for Th17 cell development and 
functions; D: IL-1β enhances the expression of IRF1 in differentiating Th9 cells, leading to enhanced differentiation and effector functions of Th9 cells.
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Th17 cells in the context of EAE[44]. Importantly, it 
was reported that mouse Th17 cell differentiation can 
proceed in the absence of TGFβ but in the presence 
of IL-6, IL-23 and IL-1β[45]. These cells were found 
to coexpress RORγt and T-bet, secrete IL-17 and 
IFNγ and are pathogenic in vivo in contrast to Th17 
cells differentiated with TGFβ. In line with this, we 
noted that TGFβ and IL-6 favor the expression of two 
ectonucleotidases, CD39 and CD73 through down-
regulation of the transcriptional repressor Gfi-1. The 
conjugated effect of these two nucleotidases is the 
production of immunosuppressive adenosine from 
ATP degradation. Differentiation of Th17 cells in the 
absence of TGFβ results in their lack of expression 
of ectonucleotidases. Accordingly, substitution of IL-
1β to TGFβ for IL-17 cell generation leads to T cells 
with maintained anti-tumor cytolytic activity and 
higher capacity to delay tumor growth upon adoptive 
transfer[46,47].

EFFECT OF IL-1 CYTOKINES ON TH9 
LYMPHOCYTES
Relatively to Th1, Th2 and even Th17 CD4 T cells, 
the Th9 subset was only recently characterized, 
first in mouse in 2008 then in humans in 2010. Its 
scarcity in healthy conditions explains the difficulty 
for collecting large number of Th9 cells, except 
through culture experiments in the presence of IL-4 
and TGFβ for inducing Th9 polarisation of human or 
mouse naive CD4+ T cells. A study of the effects of 
IL-1 family cytokines on IL-9 expression by mouse 
CD4 T lymphocytes demonstrated that IL-1β, but also 
IL-1β, IL18 and possibly IL-33, could enhance IL-9 
expression, even in the absence of IL-4, but only in the 
presence of TGFβ[48]. Stimulation of CD4 T cells by IL-
1β and TGFβ induced a larger IL-9 expression than did 
the mixture of IL-4 and TGFβ conventionally used for 
inducing Th9 polarisation, and this response persisted 
even when induced by T cells from IL-4 KO mice[48]. 
Using human CD4 T cells, Wong et al[49] also reported 
that IL-1β enhances Th9 cell differentiation performed 
in vitro from naïve CD4 T cells polarized in the presence 
of TGFβ and IL-4. In our laboratory we have further 
explored the direct effects of IL-1 family cytokines on 
IL-9 expression from differentiating mouse Th9 cells 
derived from naïve CD4 T cells[18]. While we found no 
significant effect of IL-1α, IL-18 or IL-33 addition on 
IL-9 secretion from CD4 T cells derived under Th9-
skewing conditions, IL-1β not only increased IL-9 
expression but also drove the secretion of another 
cytokine, IL-21 from Th9 cells[18]. We found that IL-
1β engaged the IL-1R1 receptor on differentiating Th9 
cells, leading to the activation of MyD88-dependent 
intracellular signalling that induced the activation 
of the tyrosine kinase Fyn. This series of events led 
within 15 min after the beginning of the differentiation 
to the phosphorylation of the transcription factor 

STAT1, which ultimately bound to the IRF1 promoter 
and favoured IRF1 expression[18]. Subsequently, IRF1 
bound to the promoters of the Il9 and Il21 genes and 
enhanced secretion of the corresponding cytokines by 
Th9 cells[18]. 

IL-21 is a pleiotropic cytokine produced primarily 
by natural killer T cells, T follicular helper cells and 
Th17 cells[50]. An IL-9-dependent antitumor effect 
of conventionally differentiated Th9 cells adoptively 
transferred was previously observed in mouse bearing 
B16-F10 melanoma or Lewis lung carcinoma[19,20]. The 
antitumor activity of Th9 lymphocytes was inhibited 
by a neutralizing anti-IL-9 antibody. The cellular 
mechanisms of this antitumor effect remained elusive 
as the role of mast cells and CD8 cytotoxic T cells was 
disputed[19,20] (and reviewed in[16]). We observed that 
Th9 cell antitumor activity was considerably increased 
when the adoptively transferred Th9 cells had been 
differentiated in the presence of IL-1β (Figure 1D). 
In contrast to conventionally differentiated Th9 cells, 
the antitumor activity of adoptively transferred Th9 
cells differentiated in the presence of IL-1β was not 
dependent on IL-9 but was abrogated by a neutralizing 
anti-IL-21 antibody[18]. IL-21 acted by enhancing the 
activity of tumorinfiltrating and tumorassociated NK 
and CD8 cytolytic cells. Importantly, in this context of 
tumor, Th9 cells differentiated in the presence of IL-1β 
were stable, maintaining for several days expression of 
IL-9 and IL-21 in tumor tissues without acquiring the 
markers of transdifferentiation into Th1, Th2, Th17 or 
Treg markers[18]. Consequently, and also through their 
tropism to tumor tissues, Th9 cells differentiated in 
the presence of IL-1β could presumably constitute an 
interesting tool for cancer immunotherapy[16,18]. 

CONCLUSION
Since the discovery of the lack of IL-1RI on mouse Th1 
cells, many studies focused on in vivo animal models 
of Th2 related diseases. Different models of mice 
either deficient for IL1α/IL-1β or for their receptor IL-
1RI were analyzed to determine the effects IL-1 family 
members on the Th2 response; and most, but not all, 
of these studies agree with the idea that both IL-1α 
and IL-1β promote proliferation and differentiation of 
Th2 cells in vitro and in vivo. Surprisingly few studies 
have investigated the effects of IL-1 on human Th2 
cells, and the findings do not enlighten if human Th1 
or Th2 cells express a functional IL-1RI and therefore 
can be modulated by IL-1α or IL-1β cytokines. Further-
more, recent studies demonstrated that the major IL-1 
family cytokines directly acting on Th1 and Th2 cells 
are IL-18 and IL-33 rather than the classical IL-1α and 
IL-1β. 

In contrast to the discrepant results obtained with 
Th1 and Th2 cells, animal models and human studies 
all agree with the concept that IL-1β has a funda-
mental role in Th17 modulation. The in vitro assays 
clearly demonstrate that IL-1β is able to induce the 
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transcription factors necessary for Th17 development, 
as soon as its own receptor IL-1RI is upregulated in 
naïve T cells upon TCR triggering in the presence of 
γ-chain cytokines. IL-1RI expression is maintained 
on effector Th17 cells and this signaling is probably 
responsible for the prolonged survival of these cells 
during inflammation. This IL1driven enhanced Th17 
cell activity has in vivo relevance. Nakae et al[51] have 
shown in a mouse model of arthritis that IL-1 drives 
the secretion of IL-17 from CD4 T cells, resulting in 
enhanced arthritis development[51]. These findings 
have possible clinical relevance given the ability of IL-1 
neutralization using Anakinra, a recombinant version 
of IL-1Ra, to alleviate the symptoms of rheumatoid 
arthritis[52]. However, whether the beneficial effect of 
IL1Ra administration in inflammatory diseases results 
from the inhibition of Th17 responses remains elusive. 
In a cancer setting, we have shown that the treatment 
of tumor-bearing mice with the chemotherapeutic 
agent 5fluorouracil leads to the in vivo release of IL-
1β, the release of IL-17 from CD4 T cells and tumor 
progression[53]. Importantly, neutralization of IL-1β with 
IL-1Ra in vivo led to synergistic anticancer effects upon 
combination with 5-FU in mouse models. A clinical 
trial evaluating the possible benefit of IL1Ra addition 
to 5-FU treatment in metastatic cancer patients is 
ongoing (NCT02090101). Thus, IL-1Ra-driven down-
modulation of Th17 cell responses may be clinically 
relevant for the treatment of cancer and inflammatory 
diseases.

Finally, we found that IL-1β was able to enhance 
the differentiation of mouse naive CD4+ T cells into Th9 
cells by considerably enhancing expression of IL-9 and 
IL21 cytokines and efficiency of antitumor activity in 
several models of mouse tumors through CD8+ and NK 
cells. While we found in a mouse model of melanoma 
that the systemic administration of IL-1β enhanced 
the anticancer efficacy of adoptively transferred Th9 
cells[18], these findings may be difficult to translate in 
the clinic because of the high toxicity profile of IL-1 
administration in humans. We believe instead that our 
findings may be relevant in the context of adoptive T 
cell therapy with Th9 cells treated with IL-1β in vitro 
and given in combination with chemotherapy and/
or immunomodulators. Thus, it will be important to 
determine if comparable IL-1βmodified Th9 cells can 
be obtained from human T lymphocytes, and if their 
antitumor activity could be even more increased by 
association with immune checkpoint inhibitors like 
PD-1, and whether appearance of autoimmune side 
effects could be a limitation for their use in cancer 
therapy.
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