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Abstract

Interleukin (IL)-18 is an IL-1 family cytokine expressed by macrophages, dendritic cells, epithelial
cells, and keratinocytes and is implicated in various aspects of both the innate and adaptive
immune systems. IL-18 signals similar to IL-1p intracellularly to activate gene transcription. Since
its discovery, IL-18 has been demonstrated to play a key role in pathogen defense from helminths
and some bacteria. Recently however, evidence has accumulated that I1L-18 expression is increased
in many presentations of allergic disease. A pathologic role for IL-18 includes stimulating mast
cell and basophil degranulation, recruiting granulocytes to sites of inflammation, increasing
cytotoxic activity of natural Killer (NK) and NK-T cells, inducing Immunoglobulin (Ig)E
production and isotype switching, and affecting a broad range of T cells to promote a type Il
helper T cell (Th2) response. Evidence and importance of these effects are presented, including
novel results from our lab implicating IL-18 in the direct expansion of mast cells, basophils, and
other myeloid-lineage cells from bone-marrow precursors. The development of urticaria, asthma,
dermatitis, rhinitis, and eosinophilic disorders all have demonstrated correlations to increased
IL-18 levels either in the tissue or systemically. IL-18 represents a novel site of immune regulation
in not only allergic conditions, but also autoimmune diseases and other instances of aberrant
immune functioning. Diagrammatic summarized abstract for readers convinanceis presented in
figure 1.
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1. Introduction

Interleukin (IL)-18, discovered only 20 years ago, was first known as interferon (IFN)-y
inducing factor due to its ability to induce Type 1 helper T (Th1l) cells to release IFN-y [1].
Since then, this novel cytokine has been found to be expressed by macrophages, dendritic
cells (DCs), epithelial cells, and keratinocytes and to activate a wide variety of lymphoid-
and myeloid-derived cell types [2-4]. Induced IL-18 is now identified in a number of
disorders, like autoimmunity, atopic and allergen-induced allergic responses, and defense
against pathogens, most notably helminths. IL-18 is also known to be an IL-1 family
cytokine implicated in various aspects of the innate and adaptive immune system, with some
analogy to IL-1B. Like IL-1p, IL-18 is produced in an inactive precursor form and requires
processing from IL-1p converting enzyme (ICE), or caspase-1, before activation and
secretion [5]. Caspase-1 is induced by inflammasomes, multimeric complexes in the cytosol
that are in turn activated by mediators such as the nucleotide binding and oligomerization
domain-like receptor (NLR) sensor molecules [6,7]. The inflammasomes generally consist
of a pattern recognition receptor (PRR) and an apoptosis-associated speck-like protein
(ASC) [8]. Characterization of inflammasomes has demonstrated similarities to the
apoptosome and has shown the ability to induce pyroptosis, a novel type of cell death
distinct from apoptosis [9]. Additional pathways mediated by inflammatory cells lead to the
production of active IL-18. Chymase, a secreted enzymatic product of mast cells, can
process pro-1L-18 into an active 1L-18 fragment extracellularly that is unique from
caspase-1-derived IL-18 [10]. Additionally, IL-18 is also reported to be secreted by
epithelial cells /in vitro in response to neutrophil proteinase-3 (PR3) independent of
caspase-1 [11]. Similar to the receptor for IL-1 molecules, the IL-18 receptor is a complex of
a primary IL-18Ra protein that binds IL-18 with low affinity, and an accessory protein
IL-18Rp that imparts high-affinity binding [12,13]. The downstream signaling process is
analogous to IL-1p signaling, including recruitment of myeloid differentiation 88 (MyD88)
and IL-1R-associated kinase (IRAK) and eventual translocation of nuclear factor-kappa B
(NF-xB) [14-16

2. Role of IL-18 in Allergic Disease

An allergic disease is a hypersensitive state mediated by specific immunologic mechanisms.
Classical allergic diseases are mediated by immunoglobulin (Ig)E, although other cell-
mediated processes can occur as well [17]. Although a classic allergic response is mediated
by IgE, a vast array of leukocyte types are involved in both the sensitization and later
response to allergens.

2.11L-18 Stimulates the Differentiation and Activation of Mast Cells and Basophils

The classical definition of allergy describes diseases driven primarily by Immunoglobulin E
(IgE)—dependent mechanisms [18]. Basophils and mast cells, myeloid-derived leukocytes
that contain granules of vasoactive and pro-inflammatory molecules, degranulate in response
to Immunoglobulin E cross-linking with the high affinity IgE receptor (FceRI) and are well-
established as the primary mediators of allergic responses [19,20]. In addition, evidence
shows that basophils and mast cells can be stimulated and degranulate in response to
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different immunoglobulins such as IgG and IgM as well as non-immunoglobulin signals
[21,22]. Basophils and mast cells, while serving similar roles, are different in more than just
primary location (mature basophils in the blood and mature mast cells resident in tissue).
Traditional IgE-mediated anaphylaxis, the most severe presentation of allergy, appears to be
primarily dependent on mast cells, with little contribution from basophils [23]. However,
IgG-mediated anaphylaxis-like reactions appear to be primarily basophil-driven [23,24].
Mast cells and basophils, as the primary effectors of allergic processes, release a wide
variety of vasoactive and inflammatory molecules. Studies support the ability of both mast
cells and basophils to selectively release some of these molecules in a process of
“activation” without full degranulation [25-28]. Histamine and leukotrienes, two main
targets of most commercial anti-allergy treatments, are some of the many molecules released
by both mast cells and basophils. Histamine and leukotrienes have immediate effects like
increasing vascular permeability and bronchoconstriction [29,30] and long-term effects
mediated by regulation of other inflammatory cells, including eosinophil recruitment and
adhesion and Th2 promoting DCs [31,32]. The ability of basophils to independently recruit
eosinophils and neutrophils in chronic allergic inflammation was demonstrated in a mouse
model, and the low abundance (<2%) of basophils in the infiltrates suggested that basophils
initiate rather than effect chronic inflammation [33]. In addition, mast cells have the ability
to secrete serotonin, enzymes like chymase and tryptase, peptides, growth factors, cytokines,
and chemokines, which act as powerful chemoattractants, regulate migration of mast cells,
and activate platelets, among many other effects [34-37]. Important cytokines produced by
both mast cells and basophils include thymic stromal lymphopoetin (TSLP), IL-4, IL-5,
IL-13, IL-25, and granulocyte/macrophage colony stimulating factor (GM-CSF) [38-42].
Additionally, mast cells produce IL-3 and 1L-31 [43,44].

Recent research now supports the direct effects of I1L-18 on mast cells and basophils. Mature
basophils and to a lesser extent mast cells have been shown to express the IL-18Ra chain,
but primary bone marrow cells were previously demonstrated to require incubation in IL-3, a
known differentiation factor for basophils and mast cells, in order to be responsive to 1L-18
[45]. After an incubation period of at minimum a week, differentiated basophils were
demonstrated to secrete the Th2 cytokines IL4 and IL13 in the absence of FceRI stimulation,
and mast cells produced 1L13 as well in response to IL3 or 1L-18 alone. The combination of
IL3 and IL-18 greatly increased the production of Th2 cytokines [45]. Later investigation
showed the IL-18-induced release of cytokines from basophils was MyD88 and p38a.
dependent and that IL-18 increased basophil survival over IL3 alone. The same study
demonstrated expression of IL1p and IL-18 transcripts in mast cells, but only IL1p in
basophils [46].

In addition to stimulating the release of Th2 cytokines, IL-18 induces changes in gene
expression and affects the release of other mediators of allergic symptoms. In mucosal, but
not connective-tissue, mast cells (MMC and CTMC respectively), stimulation by IL-18
greatly increases chemokine expression. The chemokine Ccll was greatly increased by
IL-18 alone, in contrast to the co-requirement of 1L-3 for high levels of I1L-13 release, and
increases were shown in IgE-activated MMCs as well [47]. This chemokine is important for
the recruitment of T cells and DCs in atopy [48]. In contrast, however, cord-derived mast
cells did not increase release of prostaglandin D2 or tryptase in response to treatment with
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IL-18 [49]. Basophils increase IgE- and A23187-induced release of leukotrienes B4 and C4
after culture in IL-3 or 1L-18 (but not IL-4, IL-6, or IL-13) in a dose dependent manner, with
the effects of IL-3 exceeding the effects of I1L-18. These increases were not accompanied by
increases in mMRNA transcripts for leukotriene synthases, however mRNA and protein levels
of 5-lipooxygenase (5-L0), a critical enzyme in leukotriene synthesis, were significantly
increased [50]. Taken together, 1L-18 upregulates machinery for leukotriene synthesis in
basophils transcriptionally and potentially post-transcriptionally, and this most likely
accounts for the increase in leukotriene release.

We recently found an important role for IL-18 in the generation and maturation of mast cells
and basophils from bone marrow progenitors. Bone marrow from Balb/c mice was isolated
and cultured in stem cell factor (SCF) with IL-3, IL-18, or both IL-3 and 1L-18 (all at
20ng/mL concentration). At time points between one and four weeks, cultures were
analyzed by flow cytometry for CD34, FceRI, CD49b, and c-kit. The total FceRI+
population in the isolated bone marrow was less than 1%, of which most cells were c-kit
negative. In all three conditions, basophil lineage (FceRI+c-kit—) and mast cell lineage
(FceRI+c-kit+) cells developed by the end of one week. The fraction of basophils began to
drop after week 2 while the fraction of mast cells continued until the majority of cells were
mast cells by the end of week 4. While containing a much lower percentage of basophils
overall, the proportion of basophils expressing CD49b, a marker of matured basophils, was
highest in the I1L-18 only culture. This is the first study to demonstrate mast cell and
basophil development by IL-18 without added IL-3, and we duplicated these results in
subsequent experiments. In the combined IL-3 and 1L-18 cultures, the fraction of cells that
were CD34+ as well as the fraction of mature basophil and mast cell lineage populations
were higher than the sums of those seen in either just IL-3 or IL-18, suggesting synergistic
effects on generation. In the 1L-18 cultures, the total cell concentration fell steadily after
week 1 until less than 10% of the starting cell concentration was left at week 3, although the
addition of IL-3 from week 3 onward produced slight increases in cell counts. Additionally,
to test the maturity of the generated cells, semi-quantitative PCR was run for mouse mast
cell proteases (MMCP)-1, -4, and -6 using previously described primers [51,52]. mMMCP-1
and -6 are proteases expressed only in mucosal and connective-tissue mast cells,
respectively, and MCP-4 is one of the first chymases to be expressed in mast cells. Mast
cells from IL-3 culture express mMCP-4 but no mMCP-1 or -6, in line with many studies
showing IL-3 generates immature mast cells. In contrast, mast cells from the I1L-18 cultures
expressed detectable levels of all proteases. Our experiments support a hypothesis that 1L-18
is able to induce generation and maturation of both basophils and mast cells, but does not
have the pro-survival effects that IL-3 has. This is supported by the fact that when we
switched the IL-3 or IL-3 and IL-18 cultures to only IL-18 at week 2 the cell counts dropped
by about 50% in the next week and by almost 90% after two weeks.

2.2 Eosinophilia, Neutrophilia, and IL-18

IL-5 is a lineage-specific cytokine that induces rapid proliferation of eosinophils from their
progenitors. A wide variety of cytokines and chemokines induce the recruitment of

eosinophils into the tissue such as eotaxin. Th2 cytokines such as IL-4 and IL-13 as well as
mast cell-derived histamine and prostaglandin Dy promote tissue eosinophilia. Eosinophils
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can activate other granulocytes, participate in humoral immunity and host defenses, act in
antigen presentation, and promote tissue remodeling. Aside from eosinophil disorders, the
role of eosinophils and neutrophils in allergic disease are best described for allergic airway
diseases like asthma. Eosinophil counts correlate to clinical indicators of asthma, and the
release of inflammatory granules of basic proteins, lipid mediators, and various cytokines.
Neutrophils are the first infiltrating cells after airway allergen challenge and are established
as mediators of non-allergic asthma. Nocturnal and fatal asthma have been correlated to
neutrophil counts in the airway, and neutrophils are observed in the sputum and
bronchoalveolar lavage of acute and chronic persistent asthma.

The eosinophil marker eosinophilic cationic protein (ECP) increases in humans parallel to
pollen exposure and the increases are associated with increased IL-18 levels [53]. IL-18
administered during allergic sensitization increased IL-5 levels and produced airway
eosinophilia in response to antigen challenge in mice. However, IL-18 administered only
during challenge in the sensitized mouse did not affect IL-5 levels and decreased
eosinophilia [54]. A possible mechanism for the eosinophilia induced by IL-18 is eotaxin-
dependent, as 1L-18 administration induced peribronchial eosinophilia that was diminished
in eotaxin knock-out mice [55]. In addition to effects on eosinophil recruitment, IL-18 dose-
dependently increases IL-8 expression by eosinophils [56]. Along with promoting
eosinophilia, 1L-18 administration can promote in vivo neutrophil accumulation, and anti-
IL-18 treatment reduces neutrophil accumulation [57,58]. Both studies demonstrated
reduced TNF-a production with neutralizing IL-18. IL-18 also has the capacity to induce
cytokine and chemokine release, upregulate CD11b, and induce granule release from
neutrophils in vitro, and this effect was magnified when the neutrophils had previously been
activated in vivo [57]. While a previous study indicated no effect of IL-18 on neutrophil
survival [57], a later study demonstrated dose-dependent decreases in neutrophil apoptosis
due to IL-18 [59]. Given the very short half-life of neutrophils in vivo, pro-survival effects of
IL-18 have the potential to greatly enhance neutrophil-mediated allergic inflammation. In
the bone marrow cultures described previously, we also ran flow cytometry at week 2 for
Gr-1 and CD11c and found almost 60% of cells grown in IL-18 were Gr-1+, of which about
one-fifth were CD11c+, and 10% were CD11c+GR-1-. In contrast, less than 5% of cells
grown in 1L-3 were either Gr-1 or CD11c positive. The combined I1L-3 plus I1L-18 treatment
had almost no Gr-1+ cells but the same CD11c+Gr-1- population as the IL-18 group. These
preliminary results suggest IL-18 induces the differentiation of granulocytes other than just
basophils and mast cells and deserves further investigation.

2.3 1L-18 and T helper cell activation

The “Th2 hypothesis of allergy” has implicated T helper 2 (Th2) cells in the pathogenesis of
allergic diseases for many years. Th1 cells, which produce IL-2, IL-12, TNF-B, and IFN-vy,
induce phagocytic mechanisms and thus are active in cell-mediated immunity [60,61]. Thl
responses mediate autoimmune disorders in addition to responses driven by Th17 cells, T
helper cells that produce IL-17 [62]. The IL-12 and IFN-y produced by Th1 cells drive
autoimmunity from arthritis and encephalitis to the non-obese diabetic mouse model [63]. In
contrast, Th2 cytokines like IL-4, IL-5, IL-9, IL-10, and I1L-13 mediate both allergen-
induced and atopic allergic responses, and produce a wide range of effects on inflammatory
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cells as is discussed in other sections of this review [60,61]. Th1 and Th2 responses are
traditionally thought of as mutually antagonistic, as it is generally accepted that Th1l and Th2
cells reciprocally regulate the development of the other. Thl-derived IFN-y drives the
further expansion of Th1 cells and suppresses the development of the Th2 lineage, and the
reverse is true for Th-2 derived IL-4 [64]. This has been coined the “Th1/Th2 paradigm” of
both autoimmune and allergic diseases.

IL-18 was first described for its ability to induce a Th1 response, resulting in the production
of IFN-y and subsequently inhibiting a Th2 response [65,66]. It is now appreciated that
IL-18 can have opposing effects on the balance of Th1l and Th2 activation and cytokine
production [67]. Thl cells abundantly express IL-18Ra while there is little expression on
Th2 cells, and IL-18 can also accelerate but not induce differentiation of Th1 cells [68,69].
When administered with 1L-12, IL-18 stimulates Th1 activity and inhibits IgE production in
an IFN-y dependent manner [66]. When administered alone, 1L-18 increases IgE levels
independent of IFN-y [45]. A later study determined this induction by I1L-18 to be
dependent on IL-4, and STAT-6 [70]. IL-18 in combination with IL-2 activates naive T
helper cells to produce large amounts of IL-13, and these cells are able to differentiate into
Th2 cells [70]. IL-18 alone also has the ability to induce Th1 cells to begin producing the
Th2 cytokines IL-3, IL-9, and IL-13 [71], and the authors later coined the term super Thl
cell to describe cells with this Th2 cytokine capability [72]. IL-18 activated these super Thl
cells in passive Thl mice, resulting in allergen-induced asthma mediated in part by IL-13
and IFN-y [71].

2.4 IL-18 activates Cytotoxic, Regulatory, and Natural-Killer T Cells

Cytotoxic (CD8+), regulatory, and natural-killer T cells all play a role in allergic responses.
CD8+ T cells have paradoxical effects, as they have been reported to be the mediators of
palladium and amoxicillin allergies, while also able to non-specifically inhibit allergic
sensitization and promote a Thl response during a Th2 allergic response. In both examples
of drug allergy, CD8+ cells were enriched upon sensitization and were still able to effect an
allergic response after adoptive transfer to naive mice, and CD8+-derived IFN-y was
implicated as a key mediator [73,74]. In the studies demonstrating an inhibition of allergic
sensitization, memory CD8+ cells stimulated DCs to promote Th1 cells, but in this response
the IFN-vy derived from Th1 cells [75,76]. Regulatory T cells attenuate allergic responses in
a broad variety of ways, ranging from suppressing Th2 proliferation, to inhibiting allergy-
specific IgE production by B cells, to directly suppressing mast cell, basophil, and
eosinophil activation [77]. Invariant natural killer T cells (iNKT) amplify eosinophil
recruitment as well as Th2 cytokine and IgE production following allergic challenge [78].
Additionally, mice deficient in NKT cells were unable to produce airway
hyperresponsiveness despite normal Th2 cell function [79].

A study of fatal asthma indicated that both CD8+ T cells and IL-18 were strongly
upregulated in lung samples versus control, and that the CD8+ count greatly exceeded the
CDA4+ counts in the asthma lungs [80]. Other studies have directly examined the effect of
IL-18 on both effector and memory CD8+ cells. IL-18 was shown to greatly enhance
effector CD8+ T cell expansion, contributing to development of graft versus host disease
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[81]. IL-18 was able to stimulate in vivo memory CD8+ T cell proliferation in an IFN-y
dependent manner, which was hypothesized to be IL15-dependent due to a lack of
stimulation in vitro [82]. DC-derived IL-18 also was demonstrated at the DC-T cell interface
in antigen-stimulated memory CD8+ expansion in immunized mice [83]. Similar to the
ability of 1L-18 to have opposing effects on T helper cells, IL-18 is able to stimulate or
retard T regulatory conversion under differing conditions. In the engraftment study on
memory CD8+ mentioned previously, IL-18 decreased Treg cells in peripheral blood and
prevented the suppressive effect of T regulatory cells on GVHD [81]. However, the
bacterium Helicobacter pyloriis known to protect against allergic and autoimmune
disorders, and this effect was shown to be IL-18-dependent via Treg expansion [84]. This is
consistent with the “hygiene hypothesis”, the idea that early exposure to microbes decreases
later aberrant immune responses via Treg induction, possibly through lasting effects on
IL-18 [85]. iNKT cells have the capacity to release Thl and Th2 cytokines. IL-12 is able to
increase IFN-y (Th1) production and IL-7 is able to increase IL-4 production (Th2)
dependent on stimulation of the T cell receptor (TCR) [86,87]. IL-18, in combination with
IL-12, activates NKT cells to release IFN-y independent of TCR stimulation [88]. IL-18
with the NKT ligand a-galactosylceramide increases IL-4 production regardless of 1L-12
administration but did not affect NKT cell proliferation [89]. The data from our group
indicates that direct exposure of IL-18 to invariant NKT (iNKT) cells in vitro releases
eosinophilia-promoting cytokines like IL-4, 1I-5 and IL-13, and promotes eosinophilic
inflammation in tissue [90]. Additionally, we showed that transgenic mice overexpressing
IL-18 are capable of promoting pulmonary and gastrointestinal eosinophilic disorders
presumably via this iINKT activation [91].

2.51L-18 and NK Cells

Natural killer (NK) cells are a diverse repertoire of cytotoxic cells and play crucial roles in
viral defense and control of cancerous cells among other functions [92]. NK cells serve
important regulatory roles as they function both in innate immunity as well as both humoral
and cell-mediated adaptive responses, and important sources of a number of cytokine and
chemokines [93]. While it was known that NK cells function in the development of
eosinophilic airway inflammation [94], the role of NK cells in allergic diseases was not
heavily investigated until very recently. NK cells can be stimulated to produce Thl or Th2
and Th17 cytokines as well as induce isotype switching in B cells [95,96]. It has also been
proposed that the regulatory role of an NK-subset that maintains Th1 responses is impaired
in allergic diseases [97].

When IL-18 was first isolated as IFN-y-inducing factor, it was observed to increase NK cell
activity [98]. It was later observed to upregulate Fas-ligand-mediated cytotoxic activity [99],
and IL-18-deficient mice had a three-fold reduction in killing activity that both further
reduced by IL-12 deficiency and restored via IL-18 administration [100]. IL-18 stimulation
of NK cells results in greatly increased IFN-y and GM-CSF release when combined with
IL-12 or IL-15, and it was shown that IL-12 and IL-15 greatly upregulated IL-18 receptor
expression, suggesting the synergism is in part is due to increased sensitivity to 1L-18 [101].

Cytokine Growth Factor Rev. Author manuscript; available in PMC 2017 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sanders and Mishra Page 8

2.6 IL-18 and IgE

B cells can initiate an allergic response in multiple ways. B cells can act as antigen
presenting cells (APCs) and induce Th2 expansion and this has been implicated in chronic
lung inflammation [102-104]. Most importantly, B cells produce the antibodies necessary
for immunoglobulin-mediated allergic responses. The cytokines IL-4 and IL-13 are the
primary stimulus for class switching to activate IgE-secreting plasma cells [105]. Increased
IgE levels in turn upregulate the expression of FceRI, making mast cells more responsive to
IgE [106]. B cells are also able to differentiate into cytokine producing cells, whereby Th1-
stimulated cells release Thl cytokines and Th2-stimulated cells produce Th2 cytokines
[107]. Multiple studies have demonstrated correlations between serum 1L-18 and IgE levels
[108-110]. In vivo mice studies support this correlation, showing increased serum IgE,
1gG1/2a, and IgM after IL-18 administration [111]. The mature B2 subset marginal-zone B
cell (MZB), innate resident B cells in the spleen [112], expanded in vivo after 1L-18
administration independent of CD4+ T cells, as did regulatory B cells in a CD4+ dependent
manner. In addition, MZB-like cells developed in MZB-deficient cells after IL-18
administration [111]. The same study found accelerated mature B cell development and
greatly increased antibody production from IL-18 in NKT-deficient mice. The combination
of IL-18 and IL-12 induces B cells to produce IFN-y in vitro and in vivo, inhibiting IgE and
IgG1 and enhancing 1gG2a production [113]. This further supports the previously presented
data supporting IL-12 plus IL-18 induces an anti-allergic Th1-type response.

3. IL-18-induced Allergic Diseases

Hypersensitivity allergic reactions are often atopic, or in response to routine allergens and
dependent on IgE sensitization, and a few disease states are classically associated with
atopic allergy: urticaria, asthma, rhinitis, and dermatitis, as well as the life-threatening acute
reaction anaphylaxis. Food and drug hypersensitivities are also common classes of allergy.
[17]

3.1 Urticaria: a Classic Allergic Response

Urticaria, or hives, is a symptom often seen in anaphylaxis and is an example of a classic
response to histamine released by basophils and mast cells [114]. Patients with both acute
urticarial episodes as well as those with chronic spontaneous urticaria, a form of recurrent
hives, have significantly higher serum IL-18 levels than controls [115,116]. Correlations
between IL-18 levels and disease severity in chronic idiopathic urticaria have also been
observed [117].

3.2 Anaphylaxis

Anaphylaxis is a life-threatening allergic reaction mediated by mast cells and basophils.
Many reserve the term to only describe IgE-dependent mechanisms, but other
“anaphylactoid” reactions can be IgG and IgM mediated as well [118]. As presented above,
IL-18 has the ability to increase levels of IgE, 1gG, and IgM, and as such IL-18 could play a
role in these life-threatening reactions. In line with the antiallergenic effect from the
combination of IL-18 and IL-12, co-administration of these cytokines inhibits the IL-4-
induced enhancement of anaphylaxis [119]. There is not substantial evidence covering the
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role of IL-18 in anaphylactic and anaphylactoid reactions. However, 1L-18 polymorphisms
have been associated with latex and penicillin allergies [120,121]. Additionally, activation of
the NLRP3 inflammasome is known to increase IL-18 and IL-1p processing [122], and
functional NLRP3 polymorphisms are linked to food-induced anaphylaxis [123].

3.3 Allergic Rhinitis

Both seasonal allergic rhinitis (SAR) and perennial allergic rhinitis (PAR) are associated
with increased IL-18 levels. Multiple studies have associated different single nucleotide
polymorphisms (SNPs) in the IL-18 promoter with increased sensitization and risk of
allergic rhinitis [124,125], with an additional study showing significantly increased risk in
patients with multiple SNPs [126]. Increases in serum IL-18 and IL-1p followed the time
course of pollen exposure with a delay in SAR patients and remained elevated weeks after
the end of the season. The same study found significantly higher IL-18 in PAR patients
compared to both SAR and controls [53]. This suggests IL-18 in the chronic inflammatory
response compared to the acute phase after exposure to an allergen. In allergic rhinitis
patients, the presence of additional symptoms was associated with higher levels of 1L-18 as
well, with examples of bronchial hyperresponsiveness in SAR and asthma in PAR [127,128].
Elevations of IL-18 levels were observed in lung but not nasal lavage from an animal model
allergic rhinitis, and systemic corticosteroid administration returned IL-18 levels to baseline
[129]. More recently, the NLRP3 inflammasome, a caspase-1 activator, showed increased
expression alongside elevations in IL-18 and IL-1p in a model of allergic rhinitis [130].

3.4 Allergic Dermatitis (Eczema)

3.5 Asthma

The IL-18 promoter polymorphisms 137G/C and 607C/A that decrease I1L-18 transcription
have been linked to a decreased risk of allergic dermatitis in a meta-analysis [131]. 1L-18
was first implicated in allergic dermatitis when transgenic mice for caspase-1 developed
dermatitis with spontaneous apoptosis, and high levels of IL-18 were found in the skin
[132]. A later study demonstrated IL-18 transgenic mice exhibited mastocytosis and
dermatitis with elevations in serum IgE. Interestingly, the same study examined caspase-1
transgenic mice showed that a STAT-6 deficiency inhibited IgE increases but did not prevent
dermatitis, while IL-18 deficient transgenic mice developed neither [133]. Further studies of
an atopic dermatitis model showed severe dermatitis with elevations in serum IL-18 but not
IgE, and IL-18 blockade prevented dermatitis development [134]. IL-3 blockade decreased
the severity of dermatitis developed. Taken together these studies indicate an IgE-
independent, IL-18-mediated allergic mechanism that in part involves IL-18 induced IL-3
release that accelerates mastocytosis. Human studies supported a correlation between IL-18
and disease severity and serum IgE [135].

The 137G allele in the IL-18 gene was identified as a risk factor for atopic asthma [136], and
the previously mentioned Cheng et al meta-analysis found a significantly decreased risk of
allergic asthma in certain polymorphisms [131]. In one study, the combination of IL-18 an
IL-12 decreased airway hyper-responsiveness, airway eosinophilia, and serum IgE [66]. In
contrast, IL-18 administered with antigenic sensitization increases serum IgE, Th2
cytokines, and airway eosinophilia in murine allergic asthma [54]. Interestingly, 1L-18
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administered during antigen challenge inhibited all of these responses. In acute asthma
exacerbations, IL-18 is significantly elevated and inversely correlated to clinical measures,
but without IFN-vy elevation [137]. In cases of fatal asthma, post-mortem biopsies have
shown very high levels of IL-18 and IL-18Ra expression in the epithelium and smooth
muscle, compared to very little in controls [80]. In a study of IL-18 transgenic mice, airway
hyper-responsiveness and infiltration of inflammatory cells was greatly increased over wild-
type mice in induced asthma. This was shown to be in a CD4+ T cell and IL-13 dependent
manner [138].

3.6 Eosinophilic esophagitis, gastroenteritis and colitis

As mentioned previously, IL-18 has been linked to increased ECP levels, increases the
eosinophil-inducing cytokine IL-5, can induce eotaxin-dependent eosinophilia, and increases
IL-8 expression by eosinophils [53-56]. It follows that IL-18 may play a role in eosinophilic
gastrointestinal disorders. Our early results showed increased levels of the 1L-18 receptor
transcript in humans [139]. We have recently demonstrated induction of IL-18 and its
receptor in a mouse model of eosinophilic esophagitis (EoE) [91]. We have also
demonstrated correlations between IL-18 and eosinophilia in human EoE patients in addition
to the previously mentioned results of iINKT cells [90].

4. Conclusion

IL-18 participates in both humoral and cell-mediated immune responses. IL-18 works in
synergy with various other cytokines, and the response induced often depends on the identity
of these cytokines. With IL-12, IL-18 induces a Th1 response, while with IL-2 a Th2
response is initiated. IL-18 is able to recruit granulocytes including mast cells, eosinophils,
and neutrophils into target tissues in order to initiate an inflammatory response. We have
also demonstrated the ability of IL-18 alone to induce mast cells, basophils, and other
granulocytes from bone marrow precursors. IL-18 alone stimulates B cell expansion and
isotype switching, while this is inhibited with added IL-12. 1L-18 induces opposite effects
on T regulatory and cytotoxic T cells depending on the stimulus, being able to exacerbate or
inhibit allergic inflammation. Cytotoxic activity of and cytokine release from NK and NKT
cells is enhanced in the presence of 1L-18. The ability to induce a wide range of leukocytes
allows IL-18 to participate in allergic responses from rhinitis and dermatitis to asthma and
eosinophilic disorders.

All of the physiologic effects of IL-18 on various leukocytes presented give the impression
that 1L-18 is essential to both normal immune functioning and the abnormal functioning
seen in allergic and autoimmune diseases. This is supported by the observations that IL-18 is
protective against tuberculosis and Legionnaire’s disease, that lower baseline IL-18 levels
were associated with more severe episodes of the common cold, and the plethora of evidence
supporting the crucial role of IL-18 in helminth expulsion [140-143]. Even in allergic
disease, IL-18 has differential effects during sensitization and challenge, increasing
inflammation and eosinophilia when administered during sensitization and decreasing
immunoglobulin production and eosinophilia when administered during challenge [54].
Many authors have speculated on the possible therapeutic applications of monoclonal 1L-18
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antibodies or IL-18 binding protein, the endogenous antagonist of IL-18, to treat
autoimmune conditions, boost immune function for chemotherapy, and various others
[144,145]. However, given the many dichotomous effects of I1L-18, the number of
unintended consequences from IL-18 blockade should be studied. Additionally, we provide
prospective summarized pathway involved in 1L-18 associated inflammatory cytokines and
cells that are influenced by the induction of IL-18 in innate and adaptive immunity is
presented in figure 2.
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CTMC connective-tissue mast cell
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GM-CSF  granulocyte/macrophage colony stimulating factor

ICE IL-1p converting enzyme
IFN-y interferon-y
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IL interleukin
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iINKT invariant natural killer T cell

IRAK interleukin-1 receptor-associated kinase
MMC mucosal mast cell

mMCP mouse mast cell protease

MyD88 myeloid differentiation 88
MzZB marginal zone B cell

NF-xB nuclear factor-kappa B
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Highlights
. IL-18 is an IL-1 family cytokine that has recently been demonstrated to
be pro-inflammatory and contribute to the production of allergic
conditions.
. IL-18 induces a Th2-type response by directly stimulating both T and B

lymphocytes as well as by stimulating granulocyte expansion and
recruitment and natural Killer activity.

. IL-18 have been implicated in classic atopic conditions such as
urticarial, dermatitis, rhinitis, and asthma, may play a role in life-
threatening anaphylaxis, and has been demonstrated in eosinophilic
gastrointestinal disorders
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Figure 1. Abstract Summary
Diagrammatic presentation of review summary on IL-18 secretion by the epithelial and

antigen presenting cells and its role in promoting allergic and autoimmune diseases by
activating inflammatory cells.
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Figure 2. Diagrammatic representation of IL-18 involvement in innate and adaptive immunity
Pro-inflammatory pathway of IL-18 in the maturation and activation of T cell subsets are

demonstrated by red arrows and anti-inflammatory pathway by green arrows, and blue
arrows indicates that IL-18 has a role in a number of inflammatory cells activation to
promote autoimmune and allergic diseases. The presented summary indicates that IL-18 is
involved in natural killer T cells activation, induces B cell differentiation, and conversion of
naive T cells to Th2 cells. IL-18 can stimulate the conversion in vitro of Thl cells to “super
Th1 cells” that produce Th2 cytokines that promotes autoimmune and allergic diseases and
in synergy with IL-12 activates T regulatory cell activity and Th1 cytokine to release anti-
inflammatory cytokines.

Cytokine Growth Factor Rev. Author manuscript; available in PMC 2017 December 01.



	Abstract
	1. Introduction
	2. Role of IL-18 in Allergic Disease
	2.1 IL-18 Stimulates the Differentiation and Activation of Mast Cells and Basophils
	2.2 Eosinophilia, Neutrophilia, and IL-18
	2.3 IL-18 and T helper cell activation
	2.4 IL-18 activates Cytotoxic, Regulatory, and Natural-Killer T Cells
	2.5 IL-18 and NK Cells
	2.6 IL-18 and IgE

	3. IL-18-induced Allergic Diseases
	3.1 Urticaria: a Classic Allergic Response
	3.2 Anaphylaxis
	3.3 Allergic Rhinitis
	3.4 Allergic Dermatitis (Eczema)
	3.5 Asthma
	3.6 Eosinophilic esophagitis, gastroenteritis and colitis

	4. Conclusion
	References
	Figure 1
	Figure 2

