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Chapter

Glance on the Critical Role of
IL-23 Receptor Gene Variations
in Inflammation-Induced
Carcinogenesis

Mohammed El-Gedamy

Abstract

In this chapter, we will discuss the importance of genetic variations in the IL-23
receptor (IL-23R) gene in driving the process of inflammation-induced carcinogenesis.
By applying bladder cancer (BLC) as a model, we will focus on two contradictory
genetic mutations within the receptor gene. The first one is enhanced by cancer
and induces inflammation-induced carcinogenesis via up-regulating IL-23/IL-17
inflammatory axis. However, the other preventive one deregulates this inflammatory
pathway by distorting the protein nature of the receptor, leading to block its binding
affinity. During the process of carcinogenesis, cancer genetically inclines the balance
towards the protumor, via over-expressing the IL-23R on the surfaces of immune-
bearing cells, particularly tumor-associated monocytes (TAMs) and thus increasing
the levels of pro-angiogenic cytokines IL-23 and IL-17.

Keywords: bladder cancer model, IL-23 receptor, IL-23/IL-17 inflammatory axis,
Tumor-associated monocytes, IL-23R gene variants

1. Introduction

Interleukin-(IL) 23 is a heterodimeric cytokine formed by a distinct p19 subunit
and a shared p40 subunit with IL-12 (Figure 1) [2]. IL-23 engages with the heterodi-
meric IL-23 receptor, which consists of IL-23R chain and IL-12Rp1 chains, so as to
activate intracellular Janus kinases (JAKs), mainly tyrosine kinase-2 (TYK2) and
JAK2, which stimulates signal transducer and activator of transcription (STAT3).
Subsequently, the JAKS-STAT-3 pathway plays a critical role in the upstreaming genes
of a variety of proinflammatory cytokines, such as IL-6 and IL-17 [3].

Antigen-presenting cells (APCs), such as DCs and macrophages, are thought to be
the predominant provider of both IL-23 and IL-12 cytokines [4]. It is now acknowl-
edged that the imbalance between the inflammatory cytokine IL-23 and IL-12 in
tumors can re-shape the development of pro-tumor or anti-tumor immunity. Given
that the role of IL-12 in boosting anti-tumor immunity is well recognized and recently
evaluated [5].
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Figure 1.

Schematic vepresentation of the interleukin (IL)-12 and IL-23 cytokine family and their veceptors structures,
and associated Janus kinases (JAKs) and signal transducers and activators of transcription (STATS) signaling
partners [1].

Concerning common in vitro trials, mice that were deficient for IL-23p19 protein
injected with chemical carcinogen-induced fibrosarcomas, showed a declined rate
and frequency of tumor-growth compared to wild-type (WT) controls [6]. However,
rodents lacking IL-12/23p40 or IFN-y were found to have a significantly higher
chance of developing carcinomas [7-9]. Also, using chemical carcinogen-induced
skin cancer, IL-23-p19-deficient mice revealed significantly decreased numbers of
cutaneous papillomas compared to WT mice, while the opposite was observed in
IL-12p35-deficient mice [10].
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Figure 2.

Ro%e of IL-23/IL-17 inflammatory axis in cancer. IL-23 produced by tumor-associated macrophages via autocrine
and paracrine manners enhances the development of IL-17 producing T-cells called Th-17 cells and that
stimulates the generation of pro-tumorigenic cytokines, such as IL-6, IL-17, VEGF, and TNF-a, thus, contributing
to tumor growth. However, IL-12 produced by anti-tumor macrophages promotes, cytotoxic T-lymphocytes and
natural killers to produce INF-y and theveby killing tumor cells [11].
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In vivo, IL-23 plays a vital role in inducing the effector function and proliferation
of Th-17 cells (Figure 2), which are characterized by the expression of proinflamma-
tory cytokine IL-17, under the influence of the master transcription factor retinoic-
acid receptor-related orphan-receptor-yt (RORyt) [12-16].

Prolonged activation of the IL-23/IL-17 pathway is believed to stimulate the
incidence and tumor growth [17]. This is owing to its ability to facilitate tumor growth
and metastasis by up-regulating the synthesis of pro-angiogenic factors in fibroblasts
and endothelial cells [18, 19].

IL-12, on the other side, mediates the anti-tumor immunity by driving the differ-
entiation of Th-1 cells to cytotoxic T-lymphocytes and producing Interferon-gamma-
(IFNy)-II [5, 20]. In similar manner, IL-12, produced by anti-tumor macrophages,
acts mainly on lymphoid cells such as NKs (Figure 2), to directly augment NKs
proliferation and activate its cytotoxic function against tumor cells via IFN-y secre-
tion [5, 21, 22].

In the tumor micro-environment, it has been shown that IL-23 produced by
tumor-associated monocytes (TAMs) by autocrine and paracrine manners may
lead to the down-regulation of perforin, IL-12, and IFN-y, thereby, suppressing
T-cytotoxic lymphocytes and NKs effector functions and that indirectly results in
enhancing tumor growth and development [6, 23].

2.IL-23 receptor

IL-23 receptor (IL-23R) is a heterodimeric construct formed by IL-23R and
IL-12Rb1 subunits. IL-12Rb1 is also a part of the IL-12 receptor, however, IL-23R is
restricted to the IL-23 receptor complex [24, 25].

IL-23R is mainly expressed on the surfaces of memory T-cells, NKs, macro-
phages, and Dendritic cells (DCs), while its expression is induced on CD4" T-cells
during the differentiation towards the Th-17 cells with cellular responsiveness to
IL-23 [24, 26-28].

In cancer-related inflammation, IL-23/IL-23R interaction is truly required for
Th-17 cell-mediated immune response [29, 30] and represents the potential connec-
tion between the failure of the adaptive immune surveillance and tumor-promoting
pro-inflammatory processes [10].

The intrinsic signaling pathway begins when IL-23 ligates to its receptor and
that induces autophosphorylation and transphosphorylation of receptor-associated
proteins namely Janus kinases (JAK2) and tyrosine kinases (TYK2) which are located
in the intracellular domain of the receptor subunits (Figure 3). These phosphorylated
residues serve as docking sites for the phosphorylation homodimerization of the
signal transducer and activator of transcription (STAT) molecules. To detail, STAT3
is the main player in the IL-23 signaling pathway, while STAT4 is the central player in
the IL-12 pathway [24, 25, 31, 32].

Once activated, the homodimers of STAT3 translocate into the nucleus, wherein
they bind to the DNA in the promoter region of the target gene, such as the IL-17
gene [31, 32].

It has recently been reported that STAT3 has key role in the differentiation of
T-helper-17 [33], however, STATS5 activation hinders T-helper 17-cell development
[34]. For these reasons, the selective activation of certain STAT molecules may be
functionally important in disease susceptibility because of the role that these mol-
ecules have in the regulation of naive CD4" T-cell differentiation [35].
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Figure 3.

IL-23 signaling pathway. Functional interleukin-23 receptor (IL-23R) signaling issued from the interaction of a
heterodimeric cytokine (formed from p4o and p19 subunits) with a heterodimeric receptor (formed from IL-23R
and IL-12RB1 subunits). On engagement of IL-23 with IL-23R, Janus-kinase-2 (JAK2) is activated, resulting in
JAK2 autophosphorylation and tyrosine phosphorylation of the veceptor. Phospho-STAT3 proteins homodimerize
and translocate into the nucleus inducing transcription of anti-apoptotic proteins and cytokines, such as IL-17 and
IL-22 [31, 32].

In cancer-related inflammation, malignant cells trigger systemic and local altera-
tions in the tumor microenvironment, enabling them to evade anti-tumor immune
response, and contribute to niche creation for tumor progression and metastasis. Of
note, the tumor microenvironment is a multicellular system consisted of resident
stromal cells (including endothelial cells, fibroblasts, and mesenchymal cells) and
tumor-associated myeloid-derived cells aggregated into the extracellular matrix,
which closely interact with malignant cells and contribute to tumorigenesis [36].
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The tumor-infiltrating myeloid cell is composed of mast cells, TAMs, DCs,
T-helper-17 (Th-17), neutrophils, natural killers (NKs), and myeloid-derived sup-
pressors cells. These cells (excluding NKs) are driven to the primary tumor location,
to sustain a permanent state of inflammation by producing pro-inflammatory media-
tors, such as reactive nitrogen radicals, tumor necrosis factor-a, chemokine receptor
type-7, vascular endothelial growth factor (VEGF), cyclooxygenase-2 enzyme and
hypoxia-inducible factor-1. These agents are shown to generate DNA damage to the
tissue cells as well as drive neoplastic transformation [37-42].

IL-23, a proinflammatory cytokine, is a member of the family of heterodimeric
cytokines comprising of a unique IL-23p19 subunit covalently bound to a p40 subunit
shared with IL-12 [43-45].

IL-23 is synthesized mainly by macrophages and DCs as well as maintains the
self-promotion of these phagocytes via IL-23 receptor (IL-23R)-mediated autocrine
manner. The core role of IL-23 is to boost the differentiation of naive CD4" T-cells
and hinder T-helper (Th)-1 and Th-2 differentiation for the generation of T-helper-
(Th)-17 cells [10, 46-50]. In an apparent paradox, it has been reported that IL-12
contributes to the anti-tumor immune response by mediating a polarization of the
Th-1-cells to secrete interferon-y and that increases the cytotoxic activity of both NKs
and CD8" T-cells against tumor cells [51, 52].

During carcinogenesis, Th-17 cells, by expressing high amounts of IL-17, are
believed to be responsible for increased the production of VEGF from fibroblast and
endothelial cells that correlated with stimulating vascular endothelial proliferation,
causing the induction of angiogenesis, tumor growth, and metastasis [10, 46, 47, 49].

3.1L-2R gene polymorphisms and cancer

The human IL-23R gene is situated in the short-arm of chromosome-1 [1p31.2 ~32.1]
between 67,260,000-67,580,000 base-pairs and separated by 150 kb from the neighbor-
ing gene, IL12Rb2 [53]. The native form of the human IL-23R gene has 11 exons. The
transcribed mRNA is translated into a protein of 629 amino acids as a constituent part of
the receptor transmembrane proteins [43]. Importantly, data shows that single nucleotide
polymorphisms (SNPs) in the IL-23R gene (Figure 4), especially 1s-6682925, 1s-1884444,
and rs-10889677 have significant impacts on the cancer susceptibility [54].

Based on the NCBI SNP database, it was reported that the rs6682925 T/C variant
is correlated with a higher risk of hepatocellular carcinoma [55], esophageal cancer
[56] and acute myeloid leukemia [57]. It is attributable to the variant located at the
promoter region of IL-23R gene at 907-bp upstream from the transcriptional start
position) was linked to increased reporter gene activity [55].

With respect to the rs-1884444 SNP, several case-control studies have examined the
association between the variant and the risk of multiple cancers, such as hepatocellular
carcinoma [55, 58], esophageal [56, 59, 60], gastric cancer [61] acute myeloid leukemia
[57], colorectal cancer [62], colorectal adenoma [62, 63], colon cancer [63], rectal
cancer [63], lung cancer [64], nasopharyngeal cancer [64], breast cancer [64, 65], and
acute lymphoblastic leukemia [66].

Rs-1884444 “G/T” is a non-synonymous single nucleotide polymorphism (SNP)
positioned at the exon-2 in the coding region of the IL-23R gene, that causes the amino
acid glutamine (Gln) to be replaced by histidine (His) in the signal-peptide at the
extracellular domain of IL-23R, influencing its specificity and affinity to IL-23 [61, 67].
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Figure 4.

Schematic diagram of the IL-23 receptor SNPs in cancer. A total of 6 SNPs were genotyped across a 320 kb region
and were reported to associate with cancer incidence. Positions and gene boundaries were determined by the NCBI
database. Abbreviations; CDS, Coding sequence. SNE, single nucleotide polymorphism.

Previous reports indicated that rs-10889677 “A/C” SNP is correlated with genetic
susceptibility to various tumors, such as gastric cancer [68-70], oral cancer [71],
colorectal cancer [72], hepatocellular carcinoma [73], bladder cancer [74], breast can-
cer [65], ovarian cancer [75], lung and nasopharyngeal cancers [64]. That is because
the rs-10889677 A/C polymorphism resides in the 3'-untranslated region (3'-UTR)
of the IL-23R, results in the substitution of nucleobase adenine (A) by cytosine (C),
which could increase the binding affinity of micro-RNA let-7f and, thus, elevated
the transcription of the IL-23R gene in vitro and in vivo [64]. Eventually, Zhang and
co-workers indicated that higher frequencies of both rs11465817 “A” and rs7517847
“G” alleles were associated with advanced ovarian cancer [75].

4. Impact of IL-23R gene polymorphisms on reshaping tumor
micro-environment

By the ligation with the IL-23 receptor (IL-23R), IL-23 exerts its biological activi-
ties on the surface of target cells [43-45].

Under cancer-causing inflammation, we embarked to discuss in this chapter the
potential relationship between SNPs rs-10889677 “A/C” and rs-1884444 “G/T” in
IL-23R and the susceptibility to and progression of cancer.

When proposed bladder cancer (BLC) as a model, Gedamy et al. [76] found that
the silent variant rs-10889677 “A/C” has been closely correlated with the development
and progression of BLC. This was obvious because people bearing the “C” allele were
more susceptible to develop BLC, compared with individuals carrying “A” allele. In
addition, they showed a notable increase in the expression levels of IL-23R in the sera
of BLC patients as a result of the SNP rs10889677 “A/C” variation.

The possible rationale is that the rs10889677 SNP lies within a predicted binding
site for human mi-let-7f [64, 65]. This micro-RNA would therefore lose its bind-
ing ability to IL-23R mRNA transcripts bearing the rs10889677C allele, resulting in
the up-regulation of IL-23R expression. Amazingly, Gedamy et al. [76] observed a
corresponding uptick in serum levels of IL-23 and IL-17 as a logical consequence,
highlighting the importance of the rs10889677 “A/C” polymorphism in driving the
prolonged activation of IL-23/17 inflammatory axis and thus beefing up the mecha-
nism of inflammation-related carcinogenesis [18, 19, 47, 64, 65].
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In the process of carcinogenesis, functional interactions could probably occur between
infiltrating TAMs and cancer cells, to create a pathway for augmenting IL-23 and IL-17
production, and ultimately leads to tumor progression and metastases [49, 77, 78]. To
generate TAMs during the process of carcinogenesis, IL-23 originated from TAMs requires
to act on them via the IL-23R-mediated autocrine way, by which this mechanism of
stimulation is largely reliant on the amounts of IL-23R on the surfaces of these cells [24,
26, 43,79].

In response to the SNP rs-10889677” variation (enhanced by cancer), up-
regulation of IL-23 receptor on TAMs surfaces and more cellular auto-activation can
be acquired. In this situation, a virtuous loop emerges in which the production of the
pro-tumor cytokine IL-23 is increased [24, 26, 43, 79].

Following that, two functional interactions between TAM-expressed IL-23 and
other receptor-bearing cells are anticipated to occur (Figure 5). First, researchers have
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The schematic diagram depicted the contributor function of IL-23R r510889677”°A/C” in inflammation-induced
Bladder urothelial carcinogenesis. First, rs10889677 variant impairs transcription binding sites of microRNA
(miR-let-7f) to 3’UTR of the IL-23R-gene, leading to the up-regulation of IL-23R expression on the surfaces of
receptor-harboring immune cells including IL-23R-positive NKs, TAMs and CD4" cells. In the case of IL-23R-
positive TAMs, over-expression of IL-23R causes these cells to self-activate (in an autocrine way) and enhance
their production of IL-23. Second, binding to the IL-23R complex is required for IL-23 action. After binding to the
receptor, IL-23 plays two contradictory roles on the IL-23R-harboring cells and such roles will increase gradually
as a result of IL-23R over-expression; A) Promotion vole: IL-23 promotes the differentiation and maturation of
naive CD4+ T-cells for the generation of T-helper 17 cells. The following increase in IL-17 thwarts T-helper (Th)-1
and stimulates VEGF synthesis from vascular-endothelial-cells and thus causes the enhancement of angiogenesis
and metastasis. B) Suppression role: IL-23 consecutively contributes to inherent innate immuno-suppression by
hindering the natural killers (such as CD56+ NK) [76].
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observed that the increased amounts of IL-23 in tumor stroma may contribute to the
dampening of the NK anti-tumor response by down-regulating IL-12 and IFN-y, thereby
letting tumor cells to escape from immune surveillance [6, 80].

Second, IL-23 is involved in the transformation of naive CD4+ into Th-17 cells,
as well as the production of IL-17, a cytokine that mediates promotion of pro-tumor
immune response; a body of evidence implies that IL-17 can directly block Th-1 cell
differentiation, leading to a reduction in T-cell-mediated responses against cancer
cells [81, 82]. In tumor milieu, increased levels of IL-17 also are positively inked to
profuse production of a variety of pro-angiogenic factors from the endothelial cells
and fibroblasts. Such pro-angiogenic factors, including VEGF, Transforming growth
factor beta (TGF-p) and platelet-derived growth factor (PDGF) mediate the neo-
vascularization process requisited by malignant cells for invasion and spread [10, 46,
47, 49, 83, 88].

Briefly, the rs10889677 variant, by up-regulating IL-23 receptors on the surface of
TAMs stimulating overproduction of IL-23, governs an indirect pro-tumor role either
by maintaining the survival and expansion of Th17-cells for augmenting the expres-
sion of IL-17, or suppressing innate (e.g., NKs) and adaptive (e.g., T-helper cells)
immune cells [48, 50]. This gradually leads to a pro-tumorigenic induced environ-
ment more prone to creating malignancy [10, 29, 30].

As the body’s defense against the risk of tumor-associated chronic inflammation,
it is biologically reasonable that genetic and epigenetic variations in IL-23R gene that
result in altered IL-23R expression, structure, and/or function may play a role against
cancer pathogenesis. In support of this perception, two studies observed a close
association of a non-synonymous “G/T” SNP in the IL-23R (GIn3His; rs-1884444)
with a reduced risk of BLC [89] and hepatocellular carcinoma [55, 58].

Evidences suggest that the protective effect of the rs-1884444 G/T variant might
be directly exerted on BLC by dysregulation of the IL-23/IL-17 inflammatory axis,
which is evidenced by as a substantial drop in the levels of IL-23 and IL-17 under
all tested genetic models. This clearly shows that the non-conservative G/T genetic
variation may disrupt the receptor’s ligand-binding ability, hence mitigating the
proinflammatory effects of the IL-23/IL-17 axis and lessening the process of inflam-
mation-related carcinogenesis [90].

Considering to the rs-1884444 SNP, Gedamy et al [89] unveiled the protective
role of “G/T” variant, enhanced by the host’s immune surveillance, against the BLC
risk. Because the “G/T” variation occurs inside the coding region of the IL-23R gene,
potential IL-23 binding sites on the receptor can be altered, causing the receptor
to either fail to bind IL-23 or radically diminish binding, and thereby TAMs will be
restricted from the production of IL-23 [61, 67]. That would explain the underlying
cause for the decline in serum levels of IL-23 and IL-17 accompanied by such non-
conservative polymorphism.

As we outlined in Figure 6, the interaction between the rs-1884444“G/T” variant
and IL-23R is required for exerting a decisive anti-tumor effects on certain cell types
bearing IL-23R on their surface, involving either to enhance adaptive (e.g., T-helper
cells) and innate immune cells (e.g., NK cells) with anti-tumor influences, or alter-
natively impede the activation of suppressive immuno-regulatory cells (e.g., TAM).
Therefore, It is plausible to believe that this variant exerts its protective activity
against cancer risk mainly by disrupting IL-23/IL-23R binding function on the surface

of TAMs, resulting in driving abortive activation of these cells.
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Schematic diagram depicted the protective function of IL-23R rs-1884444 “G/T” variation against bladder
carcinogenesis. (a) In inflammation-related tumorigenesis. Through IL-23R-mediated autocrine manner, an
immune response promotes the expression of proinflammatory mediators involving IL-23 from antigen-presenting-
cells seduced by cancer, such as tumor-associated monocytes (CD14" TAMs) and dendritic cells (CD14+). IL-23
function is mediated by binding to the IL-23R complex. After binding to the receptor, IL-23 plays two opposing
roles (suppression and promotion) on the IL-23R harboring cells; IL-23 promotes the maturation of naive

CD4+ T-cells for the production of Th-17 cells. The subsequent increase in IL-17 levels impairs T-helper (Th)-1
differentiation (cell-mediated immune response) and induces VEGF synthesis from vascular-endothelial-cells,
causing the induction of tumor angiogenesis and metastasis. IL-23 contributes to innate immuno-suppression

by limiting the natural killers (such as CD56+ NK) function. (b) Interplay of rs-1884444 “G/T” variant with
IL-23R-ligand binding affinity. This non-conservative polymorphism in the IL-23R gene causes glutamine (Gln)
to histidine (His) conversion, which modifies the IL-23R-IL-23 binding function on the surface of IL-23R-positive
cells. Anti-tumor influence of the G/T variant is attained by attenuating the TAMs-IL-23/THiz7-IL17 pro-tumor
inflammatory axis and antagonizing the inhibitory role of IL-23 on NKs, thus enhancing the NK anti-tumor
activity against tumor cells. Notably, IL-17 induces the flock of neutrophils to the neoplastic tissue, but its vole in
the process of tumorigenesis is still unclear [89].

The imbalance between the protective mechanism and anti-tumor mechanism
plays a critical role in inclining the inflammatory tumor micro-environment towards
the protumor profile. Eventually, these insights targeting the IL-23R are fostering new
(immune)-therapeutic approaches for cancer treatment.
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