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Abstract

Human interleukins (ILs) are a collection of different biological molecules
belonging to the group of cytokines, associated with various immune and non-
immune systems and different signaling pathways. ILs contribute to the function
of different tissues, organs and systems in the human body. They are involved in
homeostasis, infectious diseases, autoimmune diseases, cancers and even therapeu-
tics. Due to this knowledge, this chapter aims to summarize the importance of the
IL-1 and IL-2 superfamilies.
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1. Introduction

Human cytokines are consisted of a wide range of proteins (and/or glyco-
proteins) known as immune molecules with different properties that affect both
immune and non-immune cells. Based on different characteristics, cytokines are
classified into several groups including interleukins (ILs), interferons (IFNs),
chemokines and lymphokines [1-4].

In 1979 at the cytokinologists’ meeting of “the Second International
Lymphokine Workshop” in Switzerland, the term of Interleukin was officially
proposed for the first time. The proposed term of “Interleukin” was published in a
letter to the editor by the Journal of Immunology [2, 5-71].

However, this term is not entirely correct, because the ILs are not only limited to
leukocytes but they also involve other cells other than leukocytes [4]. The majority
of IL glycoproteins are produced by endothelial cells, monocytes, macrophages
(M®s) and T helper (CD4+) lymphocytes [3].

There are several nomenclature systems, which may be applied for the catego-
rization of ILs. However, interleukins are recognized through the capital letters
IL followed immediately by a dash and a number e.g. IL-17 [3, 5, 8]. One of these
nomenclature systems was approved by the subcommittee of the nomenclature
committee of the International Union of Immunological Societies (IUIS) and the
World Health Organization (WHO). Functional characteristics, structural proper-
ties, amino acid sequences and related homology, types of receptors (among other
things) may be recognized as important criteria for ILs’ classification [2, 9].
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The authors try to discuss general characteristics, structures, classifications, and
genomic maps of ILs throughout this chapter.

2. General characteristics and structure of interleukins

ILs as a group of cytokines, which are involved in immune and non-immune cell
activation, cell adhesion, cell differentiation, cell maturation and cell migration;
in other words, these proteins act like signaling molecules that induce different
pathways in the human body. Although ILs encompass a wide range of functions
and structures, they participate in immunomodulatory activities and also contrib-
ute to pro-inflammatory and anti-inflammatory responses. These processes initiate
through the attachment of the IL biomolecules to their specific receptors onto the
cells, which may lead to induction of immune responses. However, the efficacy and
specificity of these responses is associated with the related receptors, ligands and
signaling pathways [2, 3, 10, 11].

In addition, IL proteins have pivotal role in cancers. Indeed, these biomolecules
are produced and secreted by tumor- and immune cells within the tumors. Due to
these facts, ILs affect the processes of angiogenesis, invasion, growth and immune
responses related to tumors. Because of the presence of ILs in different cells, tissues
and organs, they have recognized as invaluable biomarkers in diagnostics and thera-
peutic planning [11, 12].

Up to date, more than 40 ILs have been identified with a wide range of subtypes.
The structural characteristics of cytokines, including IL proteins, are effective
criteria for their categorization. In this regard, some IL glycoproteins are divided
into two groups: type I (class I) and type II (class II) cytokines. Type I cytokines
bear a general structure comprising four compact a-helices within tensed pack-
ages. The arrangement of the related a-helices involves a four-helix bundle with an
antiparallel (up-up-down-down) configuration. Type II cytokines obey the same
structure as described for type I cytokines. However, type II cytokines bear the
compact packages of six to seven-helix bundles with the configuration of antiparal-
lel arrangement [2, 3, 11, 13-15].

Furthermore, in accordance with the length of bundles made of a-helices, type
I cytokines are classified into short- and long-chains subclasses. The members of
long-chain subclass pertaining to type I cytokines encompass bundle peptides with
more than 165 amino acids, while the members of short-chain subclass belonging
to type I cytokines possess bundle peptides with less than 165 amino acids [3, 16].
Interleukins are classified into the families of IL-1 family, IL-2 family, IL-6 fam-
ily (including ILs 6, 11, 31, cardiotrophin-like cytokine (CLC), cardiotrophin-1
(CT-1), ciliary neurotrophic factor (CTNF), leukemia inhibitory factor (LIF), and
oncostatin M (OSM)) [17]; IL-10 family (composed of ILs 10,19, 20, 22, 24, 26)
[18]; IL-12 superfamily (comprising ILs 12, 23, 27, 35) [19]; and IL-17 family (con-
taining ILs 17 A-D and IL-25 (IL-17E)) [20]. IL-8 belongs to the CXC-chemokines
and is classified along with them [21].

3. The IL-1 superfamily and the related members

IL-1 superfamily members (IL1-like cytokines) involve functionally quite
distinct molecules composed of IL-37, as the single member anti-inflammatory
cytokine, IL-1Ra, IL-36Ra and IL-38 as three well-known receptor block-
ers or antagonists, and IL-1a, IL-1f, IL-18, IL-33, IL-36a, IL-36f, IL-36y as
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seven ligands with agonistic functions [2, 3, 22, 23]. The IL-1 is known as the
pioneer member of the IL-1 superfamily and its receptor was recognized as
IL-1R. Interestingly, the IL-1R encompasses a molecule of Toll-IL-1 receptor
(TIR) domain in its structure. The TIR domain — which is identified in both
structures of IL-1R and toll-like receptor (TLR) glycoproteins — has pivotal roles
in transduction of internal signals by different stimulators e.g. recognition of
pathogen/microbe-associated molecular patterns (PAMPs/MAMPs) and danger/
damage-associated molecular patterns (DAMPs) by ectodomain structures of
TLRs to strengthen the immune responses and inflammation [22, 24-27]. The
gene clusters of IL-1 superfamily members, excluding ILs 18 and — 33, map within
chromosome 2 in humans (Table 1) [2, 3, 22].

IL was identified for the first time in 1979. IL-1a and IL-1p proteins (Figure 1)
have the same biological characteristics but the lowest homology in their sequences.
Moreover, the nature of IL-1a subunit makes it active with effective biological func-
tions, while the IL-1p is produced as a pro-subunit which the enzyme of caspase-1
should be activated [3, 12, 22, 29, 34].

The IL-1 superfamily members are produced by different of immune and non-
immune cells such as chondrocytes, dendritic cells (DCs), epithelial- and endothe-
lial cells, keratinocytes, lymphocytes, fibroblasts, M®s, monocytes, neutrophils
and smooth muscle cells [2, 35-37].

As presented on Figures 1 and 2 each subunit whether IL-1a or IL-1f, encom-
passes 11 loops and 12 B-strands which appear as a typical configuration of f-trefoil.
The two ILs 1a and 1f have no specific binding to the IL-1 receptor type I and II,
respectively; they both can bind both types, but, in case of type I receptor (CD
121a), with stimulatory action and pathway signaling, and, in case of the type II
receptor, (decoy receptor that lacks the TIR domain) with inhibitory effect simi-
lar to the IL1Ra binding. The connections between the ligands and receptors are
supported by the presence of IL-1R accessory co-receptor proteins (IL-1RAcP) to
prepare proper conformational changes [3, 22].

IL-1 superfamily Gene Activeform  Molecular Chromosome References
member weight
(active
structure)
IL-1a/IL-1F1 IL-10/IL1F1 Heterodimer; 17 kDa 2q14 [2,22,28,29]
IL-1p/IL-1F2 IL-1p/IL-1F2 ptigfoil folg 17kDa 2q14 [2, 22,28, 29]
IL-1Ra/IL-1F3 IL-1Ra/IL-1F3 22 kDa 2q14.2 [2,22,28,29]
IL-18/IL-1F4 IL-18/IL-1F4 Homodimer; 18 kDa 11q22.2-11q22.3 [2,22,28,29]
B-trefoil fold

IL-33/IL-1F11 IL-33/IL-1F11 B-trefoil fold 18 kDa 9p24.1 [2,22,28,29]
IL-36/ al6 IL-36/ A/6 pB-trefoil fold 35kDa 2q12-2q14.1 [2,22,23,28]
HL-IF p/8 ILAE g 2q14

v/9 G/9 2q12-2q21

Ra/5 Ra/5 17 kDa 2q14 [2,22,28,30]
IL-37/IL-1F7 IL-37/IL-1F7 B-trefoil fold 17-24 kDa 2q12-2q14.1 [2,22,28,31]
IL-38/IL-1F10 IL-38/IL-1F10 pB-trefoil fold 17 kDa 2q14 [2,22,28,32]

Table 1.
IL-1 superfamily members, velated genes, molecular weight and loci.
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Figure 1.
The IL-1a structuve including an o-helix, B-sheets and loops (shown in green color) (PDB ID 5UC6) [33].

Figure 2.
The IL-1 structure including an a-helix, B-sheets and loops (shown in violet color) (PDB ID 7CHZ) [38].

The heterodimers of IL-1a and IL-1f activate the inflammatory pathway via
the employment of MyD88, which may lead to expression of the nuclear factor
kB (NF-kB) and consequently, to expression of inflammatory products. Thus, the
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IL-1 is known as endogenous pyrogen. The IL-1 functional properties are
modulated by IL-1Ra. However, the IL-1RAcP binding domain is absent in IL-1Ra.
Thus, the IL-1 signaling pathway cannot be induced via the IL-1Ra molecule

[3, 22, 29, 39].

IL-1 is also involved in tumor biology through the processes of angiogenesis, inva-
sion and proliferation. The expression of IL-1 proteins increase within a wide range of
cancers e.g., melanoma, lung, breast, neck, colon, head among others [11, 40].

IL-18 is another member of IL-1 superfamily, which was identified in 1989 and
introduced as the triggering factor of interferon-y (IFN-y). IL-18, resembling IL-1f
is produced as an inactive protein and should be activated by the cleavage done via
caspase-1. IL-18 is the ligand of the double stranded and heterodimeric receptor of
IL-18R complex. The combined complex of IL-12 and IL-18 may lead to significant
expression of IFN-y. The expression of IFN-y resulted from IL-18 and IL-12
combination has anti-tumoral effects. The expression of IL-18 increases in
breast-, hepatocellular-, lung-, esophageal-, ovarian- and renal carcinomas [2, 11,
22,29, 34, 41-43]. The immune and non-immune cells (e.g. astrocytes, DCs, kera-
tinocytes, Kupffer-cells, M®s and osteoblasts) are important resources for IL-18
expression and secretion [29, 44].

IL-33 as another IL-1 superfamily member contributes to type 2 immunity and
inflammation. Indeed, the IL-33/ST2 pathway has pivotal roles in activation of type
2 immunity through triggering of those T helper 2 (Th2) cells which produce sup-
pression of tumorigenicity 2 (ST2) molecules [3, 45-47]. The main resource cells that
produce IL-33 include keratinocytes, mucosal tissues, fibroblasts, endothelial- and
epithelial cells [3, 22, 45, 48]. IL-33 binds to the related receptor of IL-1RL1 (or ST2).
Furthermore, the related co-receptor is IL-1RAcP [45]. The precursor of the alarmin
cytokine IL-33 is inactivated by caspase-1, while the enzymes of neutrophil elastase
and serine proteases cathepsin G cleave the IL-33 precursor into active mature
structures. However, the 30 kDa precursor of IL-33 is functional upon necrotic cell
death and cell damage [3, 22, 34, 45, 49]. The IL-33 receptor, ST2 mediates activation
of the MyD88-dependent signaling pathway. The ST2 molecules are produced by
different innate and adaptive immune cells. The ST2 molecule participates in type
2 cytokines expressions which are involved in inflammatory and allergic responses
[3, 22, 29]. IL-33 supports the homeostasis of intestinal microbiota through the
induction of Immunoglobulin A (IgA) in adaptive immune B cells. In addition, the
IL-33 receptor of ST2 is capable to inhibit the colorectal cancer via reduction of
regulatory T cells (T,g) infiltration and enhancement of CD8+ T cells [12, 45, 50].

IL-36 cytokines belong to the subfamily members of IL-1 superfamily. The sub-
family of IL-36 is comprised of three IL-36 receptor (IL-36R) agonists of IL-36aq,
IL-36p, and IL-36y and an IL-36R antagonist of IL-36Ra. The IL-36a, IL-36f, and
IL-36y have 24%, 27% and 20% similar homology with IL-1Ra, respectively and
30%, 31% and 31% similarity with IL-1p, respectively [23, 51, 52]. The IL-36q,
IL-36p, and IL-36y bind to IL-36R through the co-receptor IL-1RAcP. The IL-36a,
IL-36p, and IL-36y are expressed as biologically inactive precursors which should be
activated by proteases of elastase/Cat G, Cat G, proteinase3/elastase/CatG, respec-
tively [23]. The IL-36a, IL-36p, and IL-36y are recognized as inflammatory cyto-
kines which activate the related signaling pathway via activation of NF-«B, while
the antagonist of IL-36Ra as the anti-inflammatory cytokine inhibits the inflamma-
tory signaling pathway through inactivation of L-36R [23, 53]. The expression of
IL-36y cytokine is observed in cancers of colorectal, esophageal, melanoma, lung
and neck and squamous cell carcinoma [11, 54].

IL-37, which is the anti-inflammatory member of the IL-1 superfamily was
identified in 2000. IL-37 cytokines consist of five isoforms including IL-37a (iso-
form 5), IL-37b (isoform 1), IL-37c (isoform 4), IL-37d (isoform 2) (expressed only
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in the testes and the bone marrow) and IL-37e (isoform 3) (expressed only in the
testes and the bone marrow). The isoform of IL-37a is the only that is expressed in
the brain (along with the heart and kidney, like the IL-37b and IL-37c, —and also
in lymph nodes, bone marrow, placenta, lung-; IL-37a is brain-specific between the
three), IL-37b is kidney-specific between the three, and, finally, IL-37c is heart-
specific (the only of them expressed in the heart). Moreover, the IL-37b or isoform
11is the largest member of the IL-37 isoforms with a length of 218 amino acids. The
IL-37 isoforms are produced as precursors which should be biologically activated
by protease enzymes e.g. caspase-1 [55, 56]. The IL-37b has considerable sequence
similarity with IL-18 and therefore the isoform 2 of IL-37 is capable to bind to the
a-chain of IL-18 receptor (IL-18Ra) [29, 55]. The IL-37 prevents the progression of
colon cancer through inhibition of p-catenin [12].

IL-38 is known as bioinformatic cytokine, because it was detected by iz silico
studies. This cytokine was discovered in 2001, and has 41% sequence similarity with
IL-1Ra, 43% with IL-36Ra and 29% with IL-1f. Interestingly similar to IL-36Ra,
the IL-38 behaves as an antagonist and binds to IL-36R [3, 22, 57]. The IL-38 gene
maps to chromosome 2, situated within a gene cluster containing IL-Ia-IL-1B-IL-
37-IL-36y-IL-360-1L-36B-IL-36Ra-IL-38-IL-1Ra that spans from the centromere to
the telomere [57]. In accordance with previous studies, IL-38 enhances the pro-
inflammatory immune responses against LPS and inhibits the expression of IL-17
triggered by Candida albicans and IL-22 [11, 22, 57-59].

4. The IL-2 superfamily and related members

The IL-2 superfamily is known as the y. family of cytokines [2, 3, 29, 60]. The IL-2
superfamily or y. family of cytokines comprise six members including IL-2, IL-4,
IL-7, IL-9, IL-15 and IL-21 (Table 2); the members of this superfamily are classified as
type I cytokines bearing four a-helical bundle. y. (CD132) is the pivotal protein por-
tion of IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21 receptors. The first recognized member
of this family, IL-2 was identified in 1976 as a T-cell growth factor [3, 60-62]. The
IL-2 superfamily members contribute to a wide range of immune cells’ activities such
as regulation of B cell development, innate lymphoid cells, natural killer (NK) and T
cells, differentiation, proliferation and survival of immune cells [60].

The IL-2 cytokine is expressed by a wide range of innate and adaptive immune
cells, including DCs, NK cells, NK T (NKT) cells, active CD4" and CD8" T cells.
Interestingly, the IL-2 cytokine targets the B immune cells, NK and CD4" and
CD8* T. IL-2Ra (known as T, antigen or CD25), IL-2Rp (known as CD122) and
IL-2Ry (known as CD132 or y.) together form a three-segmented receptor for IL-2

IL-2 superfamily Gene Active Molecular weight Chromosome References
member form (active structure)

IL-2 IL-2 monomer 15.5kDa 4q26-4q27 [2,29]
IL-4 IL-4 monomer 15kDa 5q23-5¢31 [2,29]
IL-7 IL-7 monomer 25kDa 8q12-8q13 [2,29]
IL-9 IL-9 monomer 14 kDa 5q31-5935 [2,29]
IL-15 IL-15 monomer 14-15 kDa 431 [2,29]
IL-21 IL-21 monomer 15kDa 4q26-4q27 [2,29]

Table 2.

IL-2 superfamily members, related genes, molecular weight and loci.



A World of Wonders: Interleukin-1 (IL-1) and IL-2 Families
DOI: http://dx.doi.org/10.5772/intechopen.98664

[3, 29, 60, 61]. The IL-2 cytokine has therapeutic application for some cancers,
e.g., melanoma and renal carcinoma. IL-2 alone or together with related vaccines
and/or cytokines can be considered as therapeutic options [11, 63].

IL-4, another member of the IL-2 superfamily, is secreted by activated baso-
phils, eosinophils, mast cells, NKT cells, T helper 2 (Ty,) cellsand y5 T cells [29,
64]. It participates in the differentiation of T}, and Ty, mediates allergic conditions,
triggers expression of IgE in B cells, and protects the human body from infectious
diseases caused by extracellular parasites and helminths. However, it was shown
that rather than IL-4, the ILs of 1, 2, 25, and 33 enhance the process of Ty, differ-
entiation [60, 65]. IL-4 and IL-13 — with 25% sequence similarity — cooperate with
each other in some functional activities [3, 29, 60, 64].

IL-4 has 2 groups of receptors: type I (composed of IL-4Ra or CD124 and the v,
or CD132) and type II (involves IL-4Ra and IL-13Ra1). The type I IL-4R is able to
bind only to IL-4 while the type II IL-4R is capable to bind to the both of IL-4 and
IL-13 [29, 66]. High levels of IL-4Rs are detected in tumors. The IL-4 participates
in tumorigenesis through prevention of T}, activation and activation of Ty,. The
expression of IL-4 increases in different types of cancers including urinary bladder,
breast, colon, lung ovary, pancreas and the prostate [11, 67].

IL-7 is a critical cytokine in B- and T-lymphocyte development and maturation.
The main expression resources of IL-7 are immune and non-immune cells, such as B
cells, DCs, epithelial cells, keratinocytes, M®s and monocytes. IL-7 is the ligand of
the complex structured IL-7R which is composed of IL-7Ra or CD127 and the y. or
CD132 [29, 66]. IL-7 is significantly involved in homeostatic regulation of the both
groups of immature and mature T cell types [2, 60]. In addition, IL-7 triggers the
anti-tumoral immune responses and prevents the growth of tumors [11].

IL-9 is expressed by the immune cells of eosinophils, mast cells and T cells of Ty,
and Tho. IL-9 triggers the expression of IgE by the adaptive B immune cells and the
secretion of mucosal production and chemokines in the bronchi. IL-9 is involved in
helminth infectious diseases, allergies and asthma. The IL-9R is composed of two
subunits of IL-9Ra and the y. or CD132 [3, 29]. Moreover, the IL-9 acts as a double-
edged sword. In melanoma, IL-9 acts as tumor inhibitor while in acute leukemia, it
acts as a tumorigenetic cytokine [11].

IL-15 is expressed by a wide range of immune and non-immune cells consist-
ing CD4+ T cells (functional), monocytes, keratinocytes and skeletal muscle
cells. IL-15 and IL-2 have significant similarities in their structures. The IL-15R
involves three subunits of IL-15Ra, IL-2Rp and the y, or CD132. IL-15 participates
in proliferation of NK cells and the homeostasis of memory CD8" T cells [3, 29,

60]. Additionally, IL-15 has anti-tumoral effects [11]. IL-15, unlike IL-2, does not
stimulate LT,,, that can be useful in cancer therapy. Treg stimulation is one of the
negative sides of IL-2 that IL-15 does not share [68-70].

IL-21 is expressed by immune cells such as NKT, T and mainly by Ty;; and T
follicular helper (Tg,) [29, 60]. Similarly to IL-4, IL-21 enhances the expression of
IgG1; on the other hand, conversely from IL-4, IL-21 prevents the expression of IgE
[60, 71]. The IL-21 receptor is composed of two subunits of IL-21R and the y. or
CD132. IL-21 has anti-tumoral effects on some groups of cancers which may lead
to recuperate melanoma and renal carcinoma; while the IL-21 is tumorigenic in
colorectal cancer [3, 11].

5. Conclusion

Cytokines involve a wide range of molecules with different structural character-
istics, functional properties and biological activities. Identification and recognition
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of these characteristics help us to understand their classification and categorization.
Each group of these biomolecules has its massive importance and huge applica-

tion prospects. Indeed, ILs have pivotal roles in different parts of the human body,
particularly associated with the innate and adaptive immune system. A complete
understanding of ILs characteristics and properties will improve the successful
outcomes against infectious and autoimmune diseases, as well as cancers.

Acknowledgements

The authors have special thanks to Sara Debeuc the author service manager,
Lucija Tomicic-Dromgool and Martina Usljebrka Kauric the Commissioning Editors
of InTechOpen Company for giving us this opportunity to prepare this chapter.

Funding

M.G. was supported by the Janos Bolyai Research Scholarship (BO/00144/20/5)
of the Hungarian Academy of Sciences. M.S. and D.S. salaries were supported
by Italian Ministry of Health (Progetto SG-2018-12365432) and the Dani Di Gio
Foundation-Onlus, Rome, Italy, respectively. The research was supported by the
UNKP-20-5-SZTE-330 New National Excellence Program of the Ministry for
Innovation and Technology from the source of the National Research, Development
and Innovation Fund. Support from the Ministry of Human Capacities, Hungary,
grant 20391-3/2018/FEKUSTRAT is acknowledged. M.G. would also like to
acknowledge the support of ESCMID’s “30 under 30” Award. The funders did not
play a role in drafting and writing this manuscript.

Conflict of interest

The authors declare no conflicts of interest.



A World of Wonders: Interleukin-1 (IL-1) and IL-2 Families
DOI: http://dx.doi.org/10.5772/intechopen.98664

Author details

Mairié Gajdécsl’z, Herney Andrés Garcia-Perdomo’, Meysam Sarshar®,
Daniela Scribano™®, Cecilia Ambrosi’ and Payam Behzadi®*

1 Faculty of Medicine, Institute of Medical Microbiology, Semmelweis University,
Budapest, Hungary

2 Department of Pharmacodynamics and Biopharmacy, Faculty of Pharmacy,
University of Szeged, Hungary

3 Division of Urology, Department of Surgery, School of Medicine, UROGIV
Research Group, Universidad del Valle, Cali, Colombia

4 Research Laboratories, Bambino Gesu Children’s Hospital, IRCCS, Rome, Italy

5 Department of Public Health and Infectious Diseases, Sapienza University of
Rome, Rome, Italy

6 Dani Di Gio Foundation-Onlus, Rome, Italy

7 Department of Human Sciences and Promotion of the Quality of Life, San
Raffaele Open University, IRCCS, Rome, Italy

8 Department of Microbiology, College of Basic Sciences, Shahr-e-Qods Branch,
Islamic Azad University, Tehran, Iran

*Address all correspondence to: behzadipayam@yahoo.com

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.



Interleukins - The Immune and Non-Immune Systems’ Related Cytokines

References

[1] Gajdacs M, Behzadi P. Introductory
Chapter: Cytokines-The Diamonds and
Pearls of Biological Systems. In:
Behzadi P, editor. Cytokines. Croatia:
IntechOpen; 2020. p. 1-7.

[2] Brocker C, Thompson D,
Matsumoto A, Nebert DW, Vasiliou V.
Evolutionary divergence and functions
of the human interleukin (IL) gene
family. Human genomics.
2010;5(1):1-26.

[3] Ferreira VL, Borba HH, Bonetti AdF,
Leonart LP, Pontarolo R. Cytokines and
interferons: types and functions.

Autoantibodies and cytokines:
IntechOpen; 2018.

[4] O'Shea J], Gadina M, Siegel RM.
Cytokines and cytokine receptors.
Clinical immunology: Elsevier; 2019.
p. 127-55. el.

[5] Mizel SB, Farrar JJ. Revised
nomenclature for antigen-nonspecific
T-cell proliferation and helper factors.
Cellular Immunology.

1979;48(2):433-436.

[6] Oppenheim J]. Cytokines, their
receptors and signals. The autoimmune
diseases: Elsevier; 2020. p. 275-289.

[7] Cameron M], Kelvin DJ. Cytokines,
chemokines and their receptors.
Madame Curie Bioscience Database
[Internet]: Landes Bioscience; 2013.

[8] di Giovine FS, Duff GW. Interleukin
1: the first interleukin. Immunology
today. 1990;11:13-20.

[9] Paul W, Kishimoto T, Melchers F,
Metcalf D, Mosmann T, Oppenheim J, et
al. Nomenclature for secreted regulatory
proteins of the immune system
(interleukins). WHO-IUIS
Nomenclature Subcommittee on
Interleukin Designation. Clinical and
experimental immunology.

1992;88(2):367.

10

[10] Commins SP, Borish L, Steinke JW.
Immunologic messenger molecules:
cytokines, interferons, and chemokines.
Journal of Allergy and Clinical
immunology. 2010;125(2):S53-S72.

[11] Farc O, Cristea V. PRO-AND
ANTITUMOR ROLE OF THE
INTERLEUKINS 1 TO 41. Romanian
Archives of Microbiology and
Immunology. 2019;78(3):149-162.

[12] Li], Huang L, Zhao H, Yan Y, Lu]J.
The Role of Interleukins in Colorectal
Cancer. International Journal of

Biological Sciences. 2020;16(13):2323.

[13] Ealick SE, Cook W], Vijay-Kumar S,
Carson M, Nagabhushan TL, Trotta PP,
et al. Three-dimensional structure of
recombinant human interferon-gamma.

Science. 1991;252(5006):698-702.

[14] Zdanov A, Schalk-Hihi C,
Gustchina A, Tsang M, Weatherbee J,
Wlodawer A. Crystal structure of
interleukin-10 reveals the functional
dimer with an unexpected topological
similarity to interferon y. Structure.

1995;3(6):591-601.

[15] Kotenko SV. The family of IL-10-
related cytokines and their receptors:
related, but to what extent? Cytokine &

growth factor reviews.
2002;13(3):223-240.

[16] Boulay J-L, O'Shea JJ, Paul WE.
Molecular phylogeny within type I
cytokines and their cognate receptors.
Immunity. 2003;19(2):159-163.

[17] Rose-John S. Interleukin-6 family
cytokines. Cold Spring Harbor
perspectives in biology.
2018;10(2):a028415.

[18] Wei H, Li B, Sun A, Guo F.
Interleukin-10 family cytokines
immunobiology and structure.
Structural Immunology. 2019:79-96.



A World of Wonders: Interleukin-1 (IL-1) and IL-2 Families

DOI: http://dx.doi.org/10.5772/intechopen.98664

[19] Behzadi P, Behzadi E, Ranjbar R.
IL-12 family cytokines: general
characteristics, pathogenic
microorganisms, receptors, and
signalling pathways. Acta
microbiologica et immunologica
Hungarica. 2016;63(1):1-25.

[20] Zhang X, Angkasekwinai P,

Dong C, Tang H. Structure and function
of interleukin-17 family cytokines.
Protein & cell. 2011;2(1):26-40.

[21] Baggiolini M, Dewald B, Moser B.
Interleukin-8 and related chemotactic
cytokines—CXC and CC chemokines.
Advances in immunology.
1993;55:97-179.

[22] Garlanda C, Dinarello CA,
Mantovani A. The interleukin-1 family:

back to the future. Immunity.
2013;39(6):1003-1018.

[23] Queen D, Ediriweera C, Liu L.
Function and regulation of IL-36
signaling in inflammatory diseases and
cancer development. Frontiers in cell
and developmental biology. 2019;7:317.

[24] Dinarello CA. Immunological and
inflammatory functions of the
interleukin-1 family. Annual review of
immunology. 2009;27:519-550.

[25] Behzadi E, Behzadi P. The role of
toll-like receptors (TLRs) in urinary
tract infections (UTIs). Central

European journal of urology.
2016;69(4):404.

[26] Behzadi P. The Role of Toll-Like
Receptor (TLR) Polymorphisms in
Urinary Bladder Cancer In: Sameer AS,
Banday, Mujeeb Zafar, Nissar, Saniya,
editor. Genetic Polymorphism and
cancer susceptibility. I. Singapore:
Springer; 2021. p. 279-315.

[27] KARAKU FN. CHAPTER SEVEN
GLYCOLIPIDS AND IMMUNITY
FATMA NUR KARAKUSs. Studies in
Glycolipids. 2021:93.

11

[28] IB M. Cytokines. In: Firestein GS
BR, Gabriel SE, McInnes IB, O'Dell JR,
editor. Kelley and Firestein's Textbook of
Rheumatology. 10th ed: Elsevier; 2017.
p. 396-407.

[29] Akdis M, Burgler S, Crameri R,
Eiwegger T, Fujita H, GomezE, et al.
Interleukins, from 1 to 37, and
interferon-y: receptors, functions, and
roles in diseases. Journal of allergy and

clinical immunology.
2011;127(3):701-21. €70.

[30] Zhou L, Todorovic V, Kakavas S,
Sielaff B, Medina L, Wang L, et al.
Quantitative ligand and receptor
binding studies reveal the mechanism of
interleukin-36 (IL-36) pathway
activation. Journal of Biological
Chemistry. 2018;293(2):403-411.

[31] Khosh E, Bahmaie N, Elahi R,
Esmaeilzadeh A. Clinical Applications
of Interleukin-37: A Key Player in the
Immunopathogenesis of Immune
Disorders. Iranian journal of allergy,

asthma, and immunology.
2020;19(3):209-228.

[32] Xie L, Huang Z, Li H, Liu X, Guo

Zheng S, Su W. IL-38: A new player in
inflammatory autoimmune disorders.
Biomolecules. 2019;9(8):345.

[33] Ren X, Gelinas AD, von Carlowitz I,
Janjic N, Pyle AM. Structural basis for
IL-1a recognition by a modified DNA
aptamer that specifically inhibits IL-1a
signaling. Nature communications.
2017;8(1):1-13.

[34] Behzadi P, Ranjbar R. Caspases and
Apoptosis. Molecular Enzymology and
Drug Targets. 2015;1(2):1-4.

[35] Barksby H, Lea S, Preshaw P,

Taylor J. The expanding family of
interleukin-1 cytokines and their role in
destructive inflammatory disorders.

Clinical & Experimental Immunology.
2007;149(2):217-225.



Interleukins - The Immune and Non-Immune Systems’ Related Cytokines

[36] Gabay C, Lamacchia C, Palmer G.
IL-1 pathways in inflammation and
human diseases. Nature Reviews
Rheumatology. 2010;6(4):232.

[37] Weber A, Wasiliew P, Kracht M.
Interleukin-1 (IL-1) pathway. Science
signaling. 2010;3(105):cm1-cm.

[38] Kuo W-C, Lee C-C, Chang Y-W,
Pang W, Chen H-S, Hou S-C, et al.
Structure-based Development of Human
Interleukin-1p-Specific Antibody That
Simultaneously Inhibits Binding to Both
IL-1RI and IL-1RACP. Journal of
Molecular Biology. 2021;433(4):166766.

[39] Dinarello CA. Interleukin-1 in the
pathogenesis and treatment of
inflammatory diseases. Blood, The

Journal of the American Society of
Hematology. 2011;117(14):3720-3732.

[40] Elaraj DM, Weinreich DM,
Varghese S, Puhlmann M, Hewitt SM,
Carroll NM, et al. The role of interleukin
1in growth and metastasis of human

cancer xenografts. Clinical Cancer
Research. 2006;12(4):1088-1096.

[41] Arend WP, Palmer G, Gabay C. IL-1,
IL-18, and IL-33 families of cytokines.
Immunological reviews.
2008;223(1):20-38.

[42] Dinarello C, Novick D, Kim S,
Kaplanski G. Interleukin-18 and IL-18
binding protein. Frontiers in
immunology. 2013;4:289.

[43] Fabbi M, Carbotti G, Ferrini S.
Context-dependent role of IL-18 in
cancer biology and counter-regulation
by IL-18BP. Journal of leukocyte biology.
2015;97(4):665-675.

[44] OKAMURAH TH, KOMATSU T.
Cloning of a new cytokine that induces
interferon-y. Nature. 1995;378:88-91.

[45] Pastille E, Wasmer M-H,
Adamczyk A, Vu VP, Mager LF,
Phuong NNT, et al. The IL-33/ST2
pathway shapes the regulatory T cell

12

phenotype to promote intestinal cancer.
Mucosal immunology.
2019;12(4):990-1003.

[46] Coyle AJ, Lloyd C, Tian ], Nguyen T,
Erikkson C, Wang L, et al. Crucial role
of the interleukin 1 receptor family
member T1/ST2 in T helper cell type
2-mediated lung mucosal immune

responses. The Journal of experimental
medicine. 1999;190(7):895-902.

[47] Villacorta H, Maisel AS. Soluble ST2
testing: a promising biomarker in the
management of heart failure. Arquivos

brasileiros de cardiologia.
2016;106(2):145-152.

[48] Moussion C, Ortega N, Girard J-P.
The IL-1-like cytokine IL-33 is
constitutively expressed in the nucleus
of endothelial cells and epithelial cells in
vivo: a novel ‘alarmin’? PloS one.

2008;3(10):e3331.

[49] Lefrancais E, Roga S, GautierV,
Gonzalez-de-Peredo A, Monsarrat B,
Girard J-P, et al. IL-33 is processed into
mature bioactive forms by neutrophil
elastase and cathepsin G. Proceedings of
the National Academy of Sciences.
2012;109(5):1673-1678.

[50] Malik A, Sharma D, Zhu Q,
Karki R, Guy CS, Vogel P, et al. IL-33
regulates the IgA-microbiota axis to
restrain IL-la—dependent colitis and

tumorigenesis. The Journal of clinical
investigation. 2016;126(12):4469-4481.

[51] Dinarello C, Arend W, Sims J,
Smith D, Blumberg H, O'Neill L, et al.
IL-1 family nomenclature. Nature
immunology. 2010;11(11):973-.

[52] Gresnigt MS, van de Veerdonk FL,
editors. Biology of IL-36 cytokines and
their role in disease. Seminars in
immunology; 2013: Elsevier.

[53] Towne JE, Renshaw BR,
Douangpanya J, Lipsky BP, Shen M,
Gabel CA, et al. Interleukin-36 (IL-36)



A World of Wonders: Interleukin-1 (IL-1) and IL-2 Families

DOI: http://dx.doi.org/10.5772/intechopen.98664

ligands require processing for full
agonist (IL-36a, IL-36f, and IL-36y) or
antagonist (IL-36Ra) activity. Journal of
Biological Chemistry.
2011;286(49):42594-42602.

[54] Wang X, Zhao X, Feng C,
Weinstein A, Xia R, Wen W, et al.
IL-36y transforms the tumor
microenvironment and promotes type 1
lymphocyte-mediated antitumor

immune responses. Cancer cell.
2015;28(3):296-306.

[55] Boraschi D, Lucchesi D, Hainzl S,
Leitner M, Maier E, Mangelberger D, et
al. IL-37: a new anti-inflammatory
cytokine of the IL-1 family. European
cytokine network. 2011;22(3):127-147.

[56] Taylor SL, Renshaw BR, Garka KE,
Smith DE, Sims JE. Genomic

organization of the interleukin-1 locus.
Genomics. 2002;79(5):726-733.

[57] van de Veerdonk FL, de Graaf DM,
Joosten LA, Dinarello CA. Biology of
IL-38 and its role in disease.

Immunological reviews.
2018;281(1):191-196.

[58] van de Veerdonk FL, Stoeckman AK,
Wu G, Boeckermann AN, Azam T,
Netea MG, et al. IL-38 binds to the IL-36
receptor and has biological effects on
immune cells similar to IL-36 receptor
antagonist. Proceedings of the National
Academy of Sciences.

2012;109(8):3001-3005.

[59] Gajddcs M, Ddczi I, Abrék M,
Lazar A, Burian K. Epidemiology of
candiduria and Candida urinary tract
infections in inpatients and outpatients:
Results from a 10-year retrospective

survey. Central European journal of
urology. 2019;72(2):209.

[60] Leonard WJ, Lin J-X, O'Shea]]. The
yc family of cytokines: basic biology to

therapeutic ramifications. Immunity.
2019;50(4):832-850.

13

[61] Liao W, Lin J-X, Leonard WJ. IL-2
family cytokines: new insights into the
complex roles of IL-2 as a broad
regulator of T helper cell differentiation.

Current opinion in immunology.
2011;23(5):598-604.

[62] Leonard W]J. Cytokines and
immunodeficiency diseases. Nature

Reviews Immunology.
2001;1(3):200-208.

[63] Razavi GSE, Allen T. Emerging role
of interleukins in cancer treatment.
Immunome Research. 2015;11(S2):1.

[64] Van Dyken SJ, Locksley RM.
Interleukin-4-and interleukin-13-
mediated alternatively activated
macrophages: roles in homeostasis and
disease. Annual review of immunology.

2013;31:317-343.

[65] Kaplan MH, Hufford MM,

Olson MR. The development and in vivo
function of T helper 9 cells. Nature
Reviews Immunology.

2015;15(5):295-307.

[66] Wang X, Lupardus P, LaPorte SL,
Garcia KC. Structural biology of shared
cytokine receptors. Annual review of
immunology. 2009;27:29-60.

[67] Hallett MA, Venmar KT,

Fingleton B. Cytokine stimulation of
epithelial cancer cells: the similar and
divergent functions of IL-4 and IL-13.
Cancer research. 2012;72(24):6338-6343.

[68] Akdis M, Aab A, Altunbulakli C,
Azkur K, Costa RA, CrameriR, etal.
Interleukins (from IL-1 to IL-38),
interferons, transforming growth factor
B, and TNF-a: Receptors, functions, and
roles in diseases. Journal of Allergy and

Clinical Immunology.
2016;138(4):984-1010.

[69] Yuzhalin A, Kutikhin A.
Interleukins in cancer biology: their
heterogeneous role: Academic
Press; 2014.



Interleukins - The Immune and Non-Immune Systems’ Related Cytokines

[70] Zarogoulidis P, Lampaki S,

Yarmus L, Kioumis I, Pitsiou G,
Katsikogiannis N, et al. Interleukin-7
and interleukin-15 for cancer. Journal of
Cancer. 2014;5(9):765.

[71] Ozaki K, Spolski R, Feng CG, Qi
C-F, ChengJ, Sher A, et al. A critical
role for IL-21 in regulating
immunoglobulin production. Science.

2002;298(5598):1630-1634.

14



