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ABSTRACT
Interleukin-23 (IL-23) is a regulator of cellular immune responses involved in controlling infection
and autoimmune diseases. Strong evidence has shown that IL-23 plays a role in the maintenance of
immune responses by influencing the proliferation and survival of IL-17-producing T-helper (TH)-17
cells. The critical role of the IL-23/TH17 axis in immune-mediated diseases has emerged from
different studies. It has also been seen that polymorphisms in the IL-23 receptor (IL-23R) gene
might influence IL-23 responses. Interestingly, a functional single nucleotide polymorphism (SNP)
in the IL-23 receptor gene (IL-23R; rs11209026, 1142 G wild-type A reduced function, Arg381Gln,
R381Q) seems to confer a measure of protection against development of inflammatory bowel
disease (IBD; Crohn’s disease, ulcerative colitis), ankylosing spondylitis, rheumatoid arthritis,
psoriasis, thyroiditis, recurrent spontaneous abortion and asthma, suggesting that a perturbation in
the IL-23 signaling pathway is likely to be relevant to the pathophysiology of these diseases. The
aim of this review was to provide an evaluation of what is currently known about the protective
role of R381Q variant in IL-23R gene in immune-based diseases.
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IL-23 (Interleukin IL-23)

Interleukin (IL)-23 is a novel cytokine formed via the
binding of a shared IL-12p40 subunit to a p19 protein.
IL-12p40 is mainly produced by activated myeloid cells
as well as epithelial and endothelial cells (Parham et al.
2002). The p19 subunit was initially discovered while
looking for sequences related to the IL-6 family of
cytokines (by searching sequence databases with struc-
ture-based alignment tools). This subunit has a four-
helix bundle structure, is closely related to the IL-12 p35
subunit and is expressed predominately by activated
dendritic cells and phagocytic cells. Following exposure
to pathogen-derived molecules that bind toll-like recep-
tors, IL-23 is secreted primarily by activated dendritic
cells, monocytes and macrophages (Oppmann et al.
2000). IL-23 plays a role in the maintenance of immune
responses by controlling T-cell memory function and
by influencing the proliferation and survival of IL-
17- producing T-helper (TH)-17 cells (Frucht 2002;
Bettelli et al. 2007). Furthermore, IL-23 can shape

TH1-immunity via CD3+CD56+ T-cells, through the
production of interferon (IFN)-� early in the immune
response (van de Vosse et al. 2004). The most likely
interpretation of the accumulating set of data is that
IL-23 plays a more important role than IL-12 in chronic
inflammation. Some research has shown that IL-23 can
induce increases in IL-6 production and that this may
account for the tissue injury characteristic of inflamma-
tory bowel disease (IBD) (Fuss et al. 2006).

Crohn’s disease (CD) and ulcerative colitis (UC) are
two related, relapsing and chronic inflammatory dis-
orders of the gastrointestinal tract, commonly denoted as
IBD. Although the precise etiology of IBD remains
unknown, both animal models and human studies have
pointed out a substantial genetic contribution to disease
susceptibility. Several chromosomal regions have been in
linkage with IBD susceptibility in genome-wide scan
analysis and subsequent association studies further
identified specific genetic variants associated with
IBD (Oliver et al. 2007). In 2001 the CARD15
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(caspase-activating recruitment domain-15)/NOD2
(nucleotide-binding oligomerization domain 2 encoding
cytosolic proteins that enable recognition of peptidogly-
cans) gene on chromosome 16 was identified as the first
susceptible gene for IBD, specifically in CD. A meta-
analysis of 37 studies of NOD2/CARD15 variants
estimated that homozygous carriage of NOD2 mutant
alleles conferred a 17.1-fold increased risk of developing
CD, whereas heterozygous carriage increased the CD risk
CD 2.4-fold. Although several studies have confirmed
this link, NOD2/CARD15 accounts for520% of all CD
cases (Venegas et al. 2008). Genetic analyses have linked
IBD to specific genetic variants, the IBD5 haplotype
(spanning the organic cation transporters SLC22A4 and
SLC22A5 and other genes) on chromosome 5q31. The
identification that the gene CARD15 or NOD2 is
important in the pathogenesis of CD has re-focused
attention on the role of the innate immune system in
IBD. IL-12 and IL-23 are critical immunoregulatory
cytokines that bridge innate and adaptive immunity,
playing an important role in intestinal inflammatory
pathologies (Venegas et al. 2008).

IL-23 is known to be a regulator of cellular immune
responses involved autoimmune diseases such as IBD
(McGovern & Powrie, 2007), psoriasis (Torti & Feldman,
2007) and rheumatoid arthritis (RA; Kim et al. 2007). In
humans, IL-23 is over-expressed in clinical samples of
psoriasis (Lee et al. 2004), CD (Schmidt et al. 2005) and
ankylosing spondylitis (Wang et al. 2009). Becker et al.
(2006) showed that blocking the p40 subunit of either IL-
12 or IL-23, but not blocking the p19 unit (Ferguson
et al. 2010), was effective in reducing disease symptoms
in chemically-induced colitis models. They suggested
that there is a pre-disposition to IL-23-induced chronic
inflammation in the terminal ileum. It has also been
shown that IL-23, and not IL-12, was an important
promoter of chronic joint inflammation (Murphy et al.
2003).

IL-23 receptor (IL-23R)

The IL-23 receptor (IL-23R) gene is located on chromo-
some 1 (1p31). The effects of IL-23 on T-cells are
mediated via a receptor complex consisting of an
IL-12R�1 and a specific IL-23R chain. The latter protein
is comprised of an extracellular domain, a single trans-
membrane domain and a 252 amino acid cytoplasmic
domain. IL-23 and IL-12 signal through a common
IL-12R�1 chain complemented by the IL-23R and the
IL-12R�2 (Oppmann et al. 2000; Trinchieri et al. 2003).
IL23R is most highly expressed on activated T-cells –
particularly of the TH17 subtype and on natural killer
(NK) cells and at lower levels on monocytes,

macrophages and dendritic cells (Parham et al. 2002).
IL23R is a key player in the proliferation and survival of
TH17 cells, which are critical for host defense against
bacterial, fungal and viral infections at mucosal surfaces,
whereas membrane expression patterns of the IL-23R
chain are still undefined. IL-23R transcripts are, how-
ever, found in bone marrow and in various T-cell subsets
(Parham et al. 2002). Factors increasing IL23R mRNA
expression include IL-23 itself, IL-6, IL-21, transforming
growth factor (TGF)-� and TH17 cell activation. Among
the determinants that decrease transcriptional activity of
IL23R is the TH1-type cytokine IFN� that simultan-
eously increases IL12R�2 mRNA expression (Lacher
et al. 2010).

IL-23/IL-17 axis: Role of TH17 cells

The expression of IL-17 characterizes a subset of CD4+

helper T-cells, i.e. TH17 cells. In healthy individuals,
&1% of CD4+ T-cells in the peripheral blood are TH17
cells. In mice, many cytokines are required and act in a
co-ordinated way to induce TH17 differentiation. TH17
cells express the master transcription factor RORC
(RAR-related orphan receptor C) encoded by ROR�t
(RAR-related orphan receptor-� transcription factor)
gene and surface markers CCR6, IL-23R, CD161; they
differentiate in the presence of TGF�1 and at least one
pro-inflammatory cytokine such as IL-1�, -6, -21 or -23
(Bettelli et al. 2008; Korn et al. 2009). In addition to IL-
17A, IL-17F and IL-26, TH17 cells produce cytokines
shared with other TH cell subsets, such as IL-22 and
IFN� (Volpe et al. 2008; Boniface et al. 2010). TH17 cells
are critical for host defense against bacterial, fungal and
viral infections at mucosal surfaces. TH17 cells also play a
pathogenic role in autoimmune diseases. Only marginal
increases in the number of these cells are detected in
peripheral blood of patients with autoimmune diseases.
However, together with IL-17+CD8+ (TC17) cells, TH17
cell numbers can dramatically increase in a pathologic
microenvironment, where TH17 and TC17 cells can
secrete high amounts of IL-17 (Annunziato et al. 2007;
Cosmi et al. 2008; Kleinschek et al. 2009; Kryczek et al.
2009). Thus, TH17 cells might be actively recruited to/
expanded in the site of pathologic damage and their
localization could be important for TH17 cell-associated
pathology.

The TH17 pathway has been linked to the pathogen-
esis of several autoimmune diseases, including psoriasis,
experimental allergic encephalomyelitis, psoriasis, mul-
tiple sclerosis, rheumatoid arthritis and IBD. The
proportion of TH17 cells in the peripheral blood and
decidua was significantly higher in unexplained RSA
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(recurrent spontaneous abortion) patients compared to
in normal pregnant women (Wilke et al. 2011).

IL-23R signaling pathway in TH17 cells

Binding of IL-23 to IL-23R complex leads to IL-23-
dependent gene expression. On activation by IL-23,
IL23R signals through a JAK/STAT pathway. IL23R
associates constitutively with JAK2 (Pidasheva et al.
2011). JAK proteins generally associate through their 4.1,
ezrin, radixin, moesin (FERM) domains with membrane
proximal regions of cytokine receptors. In a ligand-
dependent manner, STAT3 (mainly), STAT1, STAT4
and STAT5 can be activated by IL-23 (Parham et al.
2002). On ligand binding, JAK2 phosphorylates IL23R at
Tyr705, recruiting STAT3 to the receptor complex,
where it is further phosphorylated by JAK2 (Schindler &
Plumlee 2008). Phosphorylated STAT3 homodimerizes
and translocates to the nucleus where it triggers down-
stream expression of cytokines, including IL-17A,
IL-17F, IL-22 and IL-21 in TH17 cells (reviewed in
Altshuler et al. (2008) and Ouyang et al. (2008)). Thus,
IL-23 plays a critical role in TH17 responses and
production of the lineage defining the cytokine IL-17A
(Acosta-Rodriguez et al. 2007; Wilson et al. 2007; Manel
et al. 2008).

As well as functioning as a mediator of cytokine
production in TH17 pathway cells, several studies also
suggested that IL23R is a key player in the proliferation
and survival of TH17 cells (Oppmann et al. 2000;
Harrington et al. 2005). Studies in intestinal tissue have
shown that IL-17F and IL-22 mRNA expression (induced
via IL-23 signaling) are significantly increased in
inflamed colonic lesions in CD compared to in healthy
subjects with no inflamed biopsies and that IL-22 is
associated with a higher expression of inflammatory
mediators (Brand et al. 2006; Seiderer et al. 2008).

Role of IL-23/IL-17 in pathogenesis of
autoimmune diseases

Initial studies suggested that IL-23 is involved in the
generation of the described TH17 cells. However, other
studies have shown that IL-23 alone does not influence
the de novo differentiation of naive T-cells into TH17
cells in vitro and it is only efficient in inducing the
proliferation of committed IL-17 producing effector and
memory T-cells (Hue et al. 2006; Tonel et al. 2010).
Strong evidence for the importance of the IL-23/IL-17
axis in immune-mediated diseases has emerged from
genetics studies. The role of IL-23/IL-17 axis in the
development of inflammatory diseases has been fully
elucidated (Hue et al. 2006; Ahern et al. 2010). IL-23 and
TH17 cytokines act co-ordinately to influence the balance

between tolerance and immunity in the intestine (Capon
et al. 2007) (Figure 1).

One of the most robust genetic findings is the
association of a variant in the IL23R gene with CD and
UC, psoriasis (Capon et al. 2007; Cargill et al. 2007) and
ankylosing spondylitis (Rueda et al. 2008). Some studies
have shown that selectively targeting IL-23 prevents
autoimmune models of multiple sclerosis (Chen et al.
2006) and in a clinically-relevant model of psoriasis
(Tonel et al. 2010). In mice, lack of IL-23 makes them
resistant to experimental models of arthritis and multiple
sclerosis (Cua et al. 2003; Murphy et al. 2003). Two
monoclonal antibodies neutralizing the p40 chain (i.e.
ustekinumab and briakinumab) – and, hence, blocking
both IL-12 and IL-23 activity – have been developed and
demonstrated to have a clinical benefit in early phase
trials, as well as toward efficacy in a sub-population of
patients with CD (Mannon et al. 2004; Leonardi et al.
2008).

Recent studies also reveal that the IL-23/IL-17 path-
way is involved in the pathogenesis of asthma, especially
in severe asthma and steroid-resistant asthma, which
may feature neutrophil-dominant inflammation.
Blocking IL23/IL-17 pathways using monoclonal

Figure 1. IL-17+ cells and IBD. (a) High amounts of inflammatory
cytokines are found in the IBD environment. These cytokines are
produced by a variety of cells including myeloid APC, stromal
cells, epithelial cells and neutrophils. (b) Myeloid APC along with
IL-1, IL-6 and IL-23 lead to TH17 cell expansion. (c) TH17 cells
further induce epithelial and stromal cells to express more pro-
inflammatory cytokines, promote neutrophil recruitment and
accelerate local inflammation. (d) Treg/TH17 (IL-17+Foxp3+) cells
are also found in IBD environments. Treg/TH17 cells suppress
adaptive T-cell immunity, but also secrete inflammatory cyto-
kines. Thus, these cells are termed as inflammatory Treg cells.

288 E. ABDOLLAHI ET AL.



antibodies has been reported to be successful in the
reduction in skin and airway inflammation in animal
models (Guan et al. 2012).

R381Q polymorphisms in the IL-23R gene

Polymorphisms in the IL-23R chain may influence IL-23
responses. The frequency of a functional single nucleo-
tide polymorphism (SNP) in the IL-23 receptor gene
(IL-23R; rs11209026, 1142 G wild-type A reduced
function, Arg381Gln, R381Q) is significantly higher
among healthy controls than in patients, suggesting a
protective effect of the rare allele from immune-mediated
chronic inflammation. The SNP rs11209026 encodes an
amino acid change (Arg381Gln) in the protein product
and has functional consequences; thus, R381Q is a causal
variant (Ferguson et al. 2010). This variant is a non-
coding variant together with other genetic markers
located in the IL23R gene (in exon 9 and coding for
IL23R intra-cytoplasmic tail) and in its downstream
intergenic region was identified as exerting a potent
protective effect against IBD susceptibility. Therefore, a
change in the highly-conserved Arg381 for Gln381 might
have functional consequences in the IL-23R transducing
pathway, modifying interactions between IL-23R and its
associated JAK2 kinase. This might lead to a reduction in
the cellular response to IL-23 and could explain the
protective effect of this infrequent allele in IBD patho-
genesis (Oliver et al. 2007).

The R381Q variant is an uncommon non-R381Q
polymorphism which occurs at a frequency of 0–17%,
depending on the population. The associated SNP,
consisting in a guanine (G) to adenine (A) substitution
at DNA level, results in an arginine (R) to glutamine (Q)
substitution in position 381 (R381Q) within the cyto-
plasmic domain of the IL-23R. By virtue of its location,

this polymorphism could potentially interfere with either
surface localization of the IL23R or signal transduction;
it is unlikely to interfere with ligand binding (Chaligné
et al. 2008; Lerch-Bader et al. 2008).

The R381Q polymorphism is located between the
trans-membrane domain and putative JAK2 binding site
in the cytoplasmic portion of IL-23R protein and is
absolutely conserved across different species (Figure 2).
Recent studies have shown that untransformed poly-
clonal IL-23 RQ381+ T-cell lines had a decreased
number of IL-23R+ cells and, thus, reduced responsive-
ness to IL-23 as compared to IL-23R R381 T-cell lines
(Pidasheva et al. 2011). A allele of the IL-23R R381Q
gene variant suggested that its protective effect against
autoimmune disease was driven by an impairment of
TH17 cell effector functions, i.e. IL-17A produc-
tion, rather than of TH17 cell differentiation
(Mosayebian et al. 2015). The R381Q allele conferred
protection against IBD (including CD and UC) (Duerr
et al. 2006), psoriasis (Capon et al. 2007), ankylosing
spondylitis (Rueda et al. 2008), Graft-vs-Host (GVH)
disease after marrow transplantation (Elmaagacli et al.
2008), rheumatoid arthritis, recurrent spontaneous abor-
tion (RSA) or asthma (Abdollahi et al. 2015; Mosayebian
et al. 2015).

Other studies indicated the decreased STAT3
activation in primary CD8+ T-cells from R381Q
IL23R carriers and cells transfected with R381Q IL23R
(Figure 2). The decreased IL-17 production in TH17
CD4+ and CD8+ T-cells from individuals carrying the
disease-protective R381Q IL23R variant relative to WT
IL23R carriers is consistent with the general contribution
of IL-17 to inflammation (Abraham & Cho 2009). The
IL-23R Linkage disequilibrium (LD) plot is shown in
Figure 3.

Figure 2. The arginine at position 381 of the IL23R is absolutely conserved across different species. (a) Map of IL23R gene.
(b) Sequence alignment of IL23R protein sequences from different species (adapted from Pidasheva et al. 2011).
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Genetic variability in the IL23R gene

Variants in IL-23R gene can associate with some
diseases. Duerr et al. (2006) reported on an association
between Crohn’s Disease (CD, a chronic inflammatory
disease of gastrointestinal tract) and variants in the
IL-23R gene (Duerr et al. 2006; Lakatos et al. 2008). A
study by Yu et al. (2012) showed that the IL-23R
rs7530511 and rs11805303 variants were associated with
UC susceptibility in a Chinese Han population. The
IL-23R rs7530511 variant allele was a protective factor
for UC, while rs11805303 was significantly associated
with an increased risk for UC development. The Yu et al.
study demonstrated that patients with the IL-23R
haplotypes who also carry the IL-17A risk haplotypes
had a higher susceptibility to UC. This indicated that
gene–gene interactions between IL23R and IL17A might
occur. A study from Magyari et al. (2008) reported that
the IL-23R gene variants rs10889677 C/A and rs2201841
T/C appeared to increase susceptibility to CD. However,
the rs10889677 and rs2201841 in that study had no
significant relationship with UC susceptibility. Ferguson
et al. (2010) detected five common SNP in the IL-23R

gene (e.g. rs11805303, rs7517847, rs1343151,
rs11209026, rs10889677) in CD patients from a New
Zealand population and found that rs1343151 and/or
rs7517847 variants strongly reduced the risk of develop-
ing CD at both the allelic and genotype level.
Nevertheless, Yu et al. (2012) did not find an apparent
association between these SNP in IL-23R and UC
susceptibility, but the rs11805303 and rs7517847 could
form three haplotypes with TT (with two thymine bases)
to increase UC susceptibility.

Glas et al. (2007) analyzed 10 IL-23R SNP (including
nine SNP in our studies) in a large German IBD cohort.
Those authors found the rs1004819 was the major
IL-23R variant associated with CD in that cohort, while
the rs11209026 IL23R variant was a protective marker
for CD and UC. Another study examined associations
between the IL23R gene and IBD susceptibility. The
authors analyzed eight genetic variants spanning the
IL23R gene and its downstream intergenic region that
were significantly associated with IBD in a North
American population. Interestingly, several IL23R gen-
etic variants were found to exert an independent and
strong protective effect against IBD susceptibility in a
Spanish population, confirming a contribution of the
IL23R gene to IBD (Oliver et al. 2007). The different
associations of the IL23R intergenic region polymerph-
isms in different populations might account for the
genetic heterogeneity in LD patterns and ancestral
haplotype backgrounds between different populations.

Interestingly, a protective IL23R haplotype (AAAC)
including the Gln381 allele together with three alleles of
IL23R variants (e.g., rs100489629, rs11209026,
rs10889677) flanking exon 10 were observed.
Therefore, it might be hypothesized this protective
haplotype could affect IL23R splicing, leading to a
higher expression of soluble isoforms, inhibiting IL-23
pro-inflammatory activities, thereby exerting a protective
effect in IBD (Oliver et al. 2007).

Over the years, it became clear that different variants
of the IL-23R also played roles in a number of
autoimmune diseases like rheumatoid arthritis (Hamdy
et al. 2015), psoriasis, ankylosing spondylitis, multiple
sclerosis, psoriatic arthritis, psoriasis vulgaris, auto-
immune thyroid disease, and Graves’ ophthalmopathy.
This suggested to some that perturbations in the IL-23
signaling pathway were likely relevant to the patho-
physiology of these inflammation-based diseases
(Safrany & Melegh 2009). Interestingly, in other
pathologies, such as systemic sclerosis, systemic lupus
erythematosus, Sjogren’s syndrome or myocardial
infarct, the same effect was not seen. It needs to be
noted that those results were very controversial, both in

Figure 3. IL-23R Linkage disequilibrium (LD) plot. Two haplo-
type blocks were constructed for the IL23R (adapted from
Ferguson et al. 2010).
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terms of the various polymorphisms and also in
population specificity.

Gene–gene interactions among the IL23/IL17
genes

In one survey, the linkage disequilibrium (LD) patterns
of the SNP were used to identify three LD blocks from
the SNP of IL-23R and one LD block in the SNP of IL-
17A (Figure 4). To determine whether any specific
haplotype would confer a higher risk or protection for
UC, specific and global-haplotype tests of association
were done. The most common haplotype (i.e. TT) of
IL-23R, formed with rs11805303 and rs7517847, was
observed to be a risk haplotype, with a frequency of 60%
in UC patients and 50% in controls. The rare haplotype
(GGTT) of IL-17A, formed with four SNP (e.g.
rs2275913, rs8193037, rs8193038, rs3804513), was also
a risk haplotype, with a frequency of 3.3% in UC patients
and 0.7% in controls. Another two haplotypes of IL-23R
were both protective factors; one was tagged by the
rs10489629-A and rs2201841-T alleles and the frequency
of this haplotype was 0.7% in UC patients and 3.7% in
controls. Another rare haplotype was formed with three
wild-type alleles (GTG) of rs11209032, rs6677188 and
rs1495965, the frequency of which was 1.1% in UC
patients and 4.1% in controls.

In the analysis of gene–gene interactions of the IL23/
IL17 genes, the two risk haplotypes of IL-23R and
IL-17A together were combined; the analyses found a
significant increase in UC risk in IL-23R block1
Haplotyp3, when the risk haplotype of IL-17A,
Haplotyp4, was also present (p¼ 0.004). The interaction
between these two risk haplotypes was statistically
significant (p¼ 0.014). Further, the risk haplotypes of
IL-23R and IL-17A synergistically increased the UC risk
(Figure 5), suggesting there was a gene–gene interaction
between IL-23R and IL-17A haplotypes in the IL-23/
IL-17 pathway that affected the pathogenesis of UC (Yu
et al. 2012). The statistical interaction for CD-associated
variants in NOD2 with IL-12B and IL-23R was also
investigated. The three NOD2 SNPs (rs2066844,
rs2066845 and rs2066847) were classified as homozygous
wild-type (d/d), heterozygous carrier (d/D) or homozy-
gous mutant carrier, including compound heterozygotes
(D/D), as previously identified in Ferguson et al. (2010).

Gene–gene interactions among the IL23 and
NOD2/CARD15 genes

In a German study, beside R381Q, the intronic IL23R
variant rs1004819 showed the strongest association
(without any epistatic interaction) with either the
NOD2/CARD15 or the SLC22A4/A5 genes. This variant

Figure 4. Linkage disequilibrium (LD) patterns of region around IL23R and IL17A genes in a Chinese Han population. (a) IL23R.
(b) IL17A. Numbers indicate extent of D’ between two SNP and in the dark area which have no digital respective D’¼ 1. Dark color
indicates strong connection. Three linkage disequilibrium blocks were found in IL-23R and one in IL-17A (adapted from Yu et al. 2012).
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was also associated with ileal involvement. The associ-
ation between autophagy 16-like 1 (ATG16L1) rs2241880
on 2q37 and CD was identified through a genome-wide
association study of 19 779 non-synonymous SNPs.
ATG16L1 encodes a small coiled-coil protein which
interacts with ATG5 and ATG12 to form a 350 kDa
multimeric complex that plays a crucial role in the bulk
degradation or autophagy of cytoplasmic proteins and
organelles. ATG16L1 is expressed in the colon, small
bowel, intestinal epithelial cells, leukocytes and spleen.
Multiple splice variants have been reported; however, no
significant difference in expression was observed in CD
vs control tissues. Expression of ATG16L1 was inde-
pendent of the rs2241880 genotype (Lakatos et al. 2008).

IL23R and ATG16L1 susceptibility variants and
IBD (CD and UC)

One study showed an ATG16L1 variant (rs2241880) was
associated with a 38% increase in risk for Crohn’s disease
for high mutational load, whereas IL-23R variant R381Q
decreased the risk by 54% for high mutational load
(Grigoras et al. 2015).

A recent meta-analysis of three CD GWA (3230
patients and 4829 controls) and replication studies (3664
independent patients) confirmed the associations
between IL23R and ATG16L1 and CD, in addition to
identifying a number of other susceptibility genes
(Barrett et al. 2008). Importantly, their study analyzed
different intronic variants of IL23R, rs11465804,
ATG16L1 and rs3828309, compared with our analysis
of coding variants. The interpretation of their replication
of IL23R in the context of a previous study was also

complicated by the fact that they considered the risk
associated with the major allele. However, their reported
combined OR of 1.28 in case-control and 1.3 in family
based replication between ATG16L1 rs3828309 and CD
is very similar to the combined OR of 1.33 generated in
Cotterill et al.’s (2010) study. This was not surprising
considering the strong linkage disequilibrium across
ATG16L1 and reflected a tight homogeneity across
studies investigating ATG16L1 and CD. The Barrett
et al. (2008) analysis also incorporated studies of non-
European ancestry to broadly establish the relevance of
these variants. That study showed that IL23R and
ATG16L1 altered susceptibility to CD and the effects
were consistent across all populations of European
ancestry; however, only ATG16L1 was relevant to IBD
in the Asian population. IL23R and ATG16L1 suscepti-
bility variants were also genotyped.

Cotterill et al. (2010) performed replication and meta-
analyses; the meta-analysis for IL23R (p.R381Q,
rs11209026) derived data from 26 studies including a
total of 12 991 patients and 14 598 controls and
confirmed the protective effect of the minor allele
(n¼ 26, OR¼ 0.41; 95% CI¼ 0.37–0.46). Data from 25
studies were included in the ATG16L1 meta-analysis,
which had combined totals of 11 909 patients and 15 798
controls. The ATG16L1 variant (p.T300A, rs2241880)
increased the risk of CD (n¼ 25, OR¼ 1.33; 95%
CI¼ 1.28–1.39). Consistent with a majority of other
studies, those authors did not find an association
between ATG16L1 variants and UC. However, the lack
of replication of an association between IL23R with UC
in this study probably reflects a lack of statistical power
to detect this more modest effect. A comprehensive
meta-analysis of CARD15 variants has established a
robust association with an increased risk of CD. In the
meta-analysis presented here for IL23R, with data from
nearly 13 000 patients and 14 500 controls, the combined
OR of 0.41 supports a significant protective effect of the
c.1142GA minor allele for CD. The majority of studies
were consistent with respect to overall risk, except for
one of a Jewish CD population that found no association
(but had a small sample size and wide CIs); therefore,
appropriately, in both analytical models, this study had a
small study weight. Data from & 12 000 patients and
&16 000 controls were included in the ATG16L1 meta-
analysis confirming that the ATG16L1 c.1338AG minor
allele is a susceptibility factor for CD (OR¼ 1.34). The
ATG16L1 variant was not associated with CD in studies
of Italian, Brazilian and Jewish-Canadian CD popula-
tions, but these had overlapping risk estimates and small
sample sizes and each lacked adequate power to
definitively detect a positive association.

Figure 5. Increase of ulcerative colitis risk with the haplotypes
of IL23R and IL-17A. Relative risk haplotypes were plotted and
demonstrate association between IL-23R block1 haplotype3 and
IL-17A haplotype4 (p¼ 0.014 for interaction) (adapted from Yu
et al. 2012).
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In a study in a Greek population, the polymorphisms
R702W, G908R and 3020insC in the: CARD15 gene;
NOD2 gene; ATG16L1 (autophagy-related 16-like 1)
gene; and R381Q in the IL23R gene were assessed in 110
childhood-onset CD, 364 adult-onset CD and 539
healthy individuals. The rare Q allele R381Q poly-
morphism was under-represented in both pediatric and
adult CD cases; no differences were observed between
the childhood and adult cohorts (Gazouli et al. 2010).

The CTLA4 gene may also be considered a plausible
candidate for a genetic association with IBD. Its product,
the cytotoxic T-lymphocyte-associated protein 4
(CTLA4), is a T-cell suppressor that plays an essential
role in the function of the CD25+CD4+ regulatory cells
that control the process of intestinal inflammation.
Three CTLA4 variants (e.g. CT60, JO31 and JO27-1)
clearly, albeit moderately, were found to be associated
with a decreased risk for CD in subjects carrying minor
alleles of R381Q within the IL23R gene (G/A and A/A),
while no effect was observed in the IL-23R wild type
homozygotes (Hradsky et al. 2010).

R381Q polymorphism: Mechanisms of action

Recent studies have shown that a functional single-
nucleotide polymorphism (SNP) (Arg381Gln; R381Q;
rs11209026; 1142 G wild-type A reduced function) in the
IL-23R gene (in exon 9) led to decreased IL-23-
dependent IL-17 production (Guan et al. 2012). The
disease-protective R381Q IL-23R may result in a loss of
function, in primary human CD4+ and CD8+ T-cells,
leading to decreases in IL-23/TH17 pathway cytokine
production (Figure 6) or a gain of function, which would
lead to enhanced microbial clearance.

Indeed, a survey by Di Meglio and colleagues (Di
Meglio et al. 2011). suggested that IL-23R RQ381 exerted
its protective effects by attenuation of IL-23-induced
TH17 functions (IL-17A production) without interfering
with TH17 differentiation (Pidasheva et al. 2011).
Further, Sarin et al. (2011) showed that
CD4+CD45RO+ and CD8+ T-cells from healthy R381Q
IL-23R carriers had decreased IL-23-dependent IL-17
and IL-22 production relative to WT (wild-type; G allele)
cells. Several mechanisms might contribute to these
observations, including a reduced capacity of IL-
23RQ381 to activate STAT proteins due to an impaired
association of JAK2 proteins with the cytoplasmic tail of
the receptor. As a result, R381Q CD8+ and TH17 CD4+

T-cells displayed decreased IL-23- and STAT3-depend-
ent expansion, STAT3 phosphorylation and STAT3
activation compared with WT cells (Sarin et al. 2011)
(Figure 6).

This SNP was also associated with a lower percentage
of circulating TH17 and TC17 cells. Abdollahi et al.
(2015) reported that the number and activity of both
circulating TH17 cells and in vitro (ex vivo)-differentiated
TH17 cells did not differ between G and A allele carriers.
This finding supported the belief for a major role for IL-
23 in generation of TH17 cell effector responses during
tissue inflammation (rather than in systemic inflamma-
tion) and demonstrated the importance of IL-23 in
mediating TH17 effector responses in humans. Those
results also provided support for a critical role for the
IL-23/IL- 23R signaling in generating pathogenic TH17
responses. Further, those studies provided an explan-
ation for the protective role of R381Q in autoimmune
disorders and further supported the hypothesis that
blocking the IL-23 pathway could lead to improvements
in hosts with autoimmune disorders like CD or psoriasis
(Sandborn et al. 2008) (Figure 7).

Raymond et al. (2015) investigated another mechan-
ism of function for this SNP. Results of that study
showed the R381Q variant promoted expression of a
soluble IL-23R-encoding mRNA species. In fact, the
R381Q polymorphism altered the IL-23R �-chain
mRNA splicing and favored exon 9 skipping by reducing
the binding of the splicing enhancer SF2. This enhanced
expression of the D9 mRNA consequently diminished
IL-23 signaling. Multiple splice forms of the human
IL23R transcript exist and one, D9, encodes a soluble
form of the receptor. Thus, a presence of an R381Q
variant increases the expression of the soluble form of
IL23R mRNA (which, in turn, then functions as a decoy
receptor) and lowers the ability of a host to develop a
TH17 phenotype upon IL-23 stimulation (Raymond et al.
2015).

Role for R381Q variants in IBD (CD and UC)

Some studies have analyzed the frequency of R381Q in
inflammatory diseases wherein TH17 cells have an
important role in the adverse inflammation; the
majority of such studies done were related to the
effect of R381Q in IBD (particularly CD) (Figure 6).
One study reported frequencies of 6% and 25% for
R381Q in, respectively, CD patients and control
subjects, illustrating that its presence appeared to
confer some degree of protection (Venegas et al. 2008).
Those investigators also studied the frequency of IL-
23R R381Q gene variant in patients with CD in a
non-Jewish European population. The results showed
the frequency of CD patients having the A allele was
1.9%, while it was 7% for controls. Another study of
CD in an Ashkenazi Jewish (AJ) population indicated
a rare IL-23R R381Q variant was more frequent
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among AJ controls than among AJ CD patients (7% vs
2%, respectively), indicating a significant reduction in
CD risk for carriers (Venegas et al. 2008; Yu et al.
2012). The association of this particular variant SNP
with a decreased risk of CD has also been confirmed
in pediatric populations (Dubinsky et al. 2007) and in
a large UK database studied by the Wellcome Trust
(see Burton et al. 2007). There are different frequencies
of R381Q variants in populations of patients with
various immune-mediated diseases and, thus, in con-
trol groups in different studies. For example, in the
above-noted CD study, the difference (6% vs 25%)
seemed to suggest a closer link or relevance.

Research on pediatric IBD (CD and UC) patients
revealed an association between the presence of an
R381Q variant and IL-23R transcriptional activity in
colonic tissues (Lacher et al. 2010). The prevalence of
this SNP was lower in CD patients, but not in UC
patients, when compared with control subjects. Lakatos

et al. (2008) showed that the frequency of the A allele in
UC patients was 2.7%, while in controls it was 4.7%.
Although allele frequency in patients was lower than in
controls in their study, the difference was not statistically
significant.

A study based in New Zealand associated IL-23R
Arg381Gln with CD and possibly also UC (Roberts et al.
2007). However, the authors reported no significant
association between IL-23R genotype and IBD pheno-
types and also that the association was only seen in
subjects who did not carry variant alleles in NOD2
(nucleotide binding oligomerization domain). The
authors did not consider other SNP or potential
interactions. Positive results of varying quality and
significance have also been reported from other popu-
lations, including subjects from Scotland, Continental
Europe, North America, Brazil and Israel (Büning et al.
2003; Libioulle et al. 2007; Roberts et al. 2007; Baldassano
et al. 2007; Baptista et al. 2008; Weersma et al. 2008). No

Figure 6. Summary of results obtained in study using genotype-selectable normal donors is depicted. IL23RQ381 donors had a
significant decrease in IL23R+ T-cells, leading to decreased IL-23-induced STAT3 phosphorylation. A decrease in STAT3 signaling in
T-cells like TH17 could then modulate the extent/duration of the response in the host, leading to decreased secretion of pro-
inflammatory cytokines like IL-17 and IL-22 in the gut. This could help explain the protective effect of R381Q variant in CD and other
autoimmune disorders (adapted from Pidasheva et al. 2011).
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associations were seen in a Japanese study (Yamazaki
et al. 2007); those authors did not find any positive
association between IL23R gene polymorphisms and CD
in Japanese populations. It is likely that these disparate
findings could be attributed to distinct ethnic differences
of genetic backgrounds of CD that have been reported
previously between Japanese and other populations for
other genes. It should be noted that the different results
in allele frequencies between the studies might also be
explained by large regional and ethnic differences in
genotypes, by the broad spectrum of clinical phenotypes
of patients with CD and by the relatively small numbers
of cases included in most studies.

Role for R381Q variant in non-gastrointestinal
autoimmune diseases

Some research has been performed to investigate the
potential role for R381Q variants in non-gastrointestinal
autoimmune diseases. A study to assess variants in the
IL23R and STAT3 genes in Croatian populations
revealed no association with Hashimoto’s thyroiditis

(Stevic et al. 2014). That suggested to the authors that IL-
23R/STAT3 polymorphisms affecting TH17 signaling
efficiency were not major determinants for risk of
Hashimoto’s thyroiditis, at least in Croatians. Previous
studies examining ankylosing spondylitis also indicated
that the A allele frequency of R381Q was lower in
spondylitis patients than in healthy controls (Rahman
et al. 2008; Duan et al. 2012).

Rheumatoid arthritis (RA) is a chronic progressive
systemic inflammatory autoimmune disease of the joints
that can lead to long-term joint damage and disability. A
major aim of the research by Hamdy et al. (2015) was to
investigate the association between three SNP in the
IL23R gene (rs11209026, rs2201841, rs10889677) and
RA in Egyptian patients. The results showed the AA
genotype of the rs11209026 (Arg381Gln) SNP was
significantly associated with an increased susceptibility
to RA (p¼ 0.001). However, there were no differences
with regard to genotypes and of rs7517847 and
rs17375018 between patients with RA and normal
controls. Those results suggest that IL-23 receptor AA
genotype variant of rs11209026 would contribute to RA

Figure 7. Importance of IL-23 and IL23R R381Q gene variant in TH17 cell function. The IL-23/IL-23R axis plays a pivotal role in both
TH17 differentiation in the lymph nodes and TH17 cell effector functions in peripheral tissues, with the latter becoming increasingly
relevant, especially in the context of IL-23-induced pathologies, like psoriasis and Crohn’s disease. This protective effect against
autoimmune disease is driven through impairment of TH17 cell effector functions, i.e. IL-17A production, rather than TH17
differentiation (adapted from Di Meglio et al. 2011).
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etiology; consequently, it might be a genetic marker for
RA. Another study reported that a R381Q polymorph-
ism modulated IL-17A expression in patients with RA
(Hazlett et al. 2012). Those authors suggested that, in
patients with the 381Gln allele, higher IL-23 concentra-
tions might have been needed to produce IL-17A
concentrations similar to those in patients with a
381Arg allele.

Recurrent spontaneous abortion (RSA) is defined as
the occurrence of three or more sequential spontaneous
abortions before the 20th week of gestation (Arjmand &
Samadi 2016). Human TH17 cells producing IL-17 may
play a major role in rejecting conceptus antigens and,
therefore, may be harmful to the maintenance of
pregnancy. The proportions of TH17 (CD4+IL-17A+)
cells in the peripheral blood and decidua were found to
be significantly higher in unexplained RSA subjects than
in normal pregnant women (Tavasolian et al. 2014). The
pro-inflammatory features of IL-23 have been linked
with TH17 cell responses through the expansion and
maintenance of TH17 cells (Abdollahi et al. 2015). In that
study, the association between R381Q variant and
recurrent spontaneous abortion was investigated and a
significant difference was found between the case and
control group subjects with regard to a presence of the
R381Q variant. Specifically, 2% of RSA patients had the
R381Q variant, while the control value was 7.5%. That
was the first report on an association between poly-
morphisms in the IL-23R gene (i.e. as related to the
R381Q variant specifically) and RSA.

A separate study was done to determine the presence
and prevalence of IL-23R gene mutations in asthma, a
chronic inflammatory disease of the airways. Previous
studies have shown that the populations of TH17 cells
were more frequent in the circulation of asthmatic
patients than in normal controls (Hellings et al. 2003;
Oda et al. 2005). This suggested that IL-17A and IL-17F
(cytokines secreted by TH17 cells) recruited neutrophils
into the airways and bronchi of animal models of
asthma. IL-17, secreted by the TH17 cells, has a major
role in stimulating bronchial fibroblasts, epithelial cells
and smooth muscle cells and inducing the expression of
a variety of cytokines and chemokines that are important
for granulopoiesis and neutrophil recruitment (Hellings
et al. 2003; Oda et al. 2005). This led to the hypothesis
that R381Q polymorphisms in the IL-23 receptor might
be a pre-disposing genotype for asthma. Table 1 presents
a compilation of association studies related to R381Q
polymorphisms.

A decrease in IL-23R-expressing TH17 and TC17
subsets in R381Q healthy carriers reflects the cumulative
effects of altered IL-23 function. Thus far, there have
been no reports that R381Q carriers are at increased risk

for infectious complications. It remains possible that,
under certain conditions (e.g. high levels of TH17-
differentiating cytokines or specific microbial infections),
R381Q IL-23R carriers may be able to mount normal
TH17 responses. The present findings of decreased
IL-23R function associated with the R381Q IL-23R
protective allele highlight a potentially desirable selective
functional alteration that balances adequate defense with
protection against excessive inflammation.

Conclusions

Probable protective effects of R381Q polymorphism
against inflammatory-based diseases may lead us
towards developing potential therapeutic approaches
that interfere with IL-23R functions in patients with
immune disorders. Insights gleaned from such ‘‘gene-to-
function’’ studies could be translated into designing
more efficient/cost-effective clinical trials for immune-
targeted drug therapy in immune mediated diseases.
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