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Interleukin (IL)-18 was originally discovered as a factor that enhanced IFN-y production from anti-CD3-stimulated
Th1 cells, especially in the presence of IL-12. Upon stimulation with Ag plus IL-12, naive T cells develop into IL-18

receptor (IL-18R) expressing Thl cells, which increase IFN-y production in response to IL-18 stimulation.

IFN-y Inflammation

| 1. Introduction

Thl cells produce interferon (IFN)-y upon stimulation with antigen (Ag) plus antigen presenting cells or anti-CD3
antibody in vitro and in vivo. Lipopolysaccharide (LPS)-stimulation of anti-CD3-stimulated Thl cells does not
induce the production of IFN-y in vitro. However, the injection of LPS into Propionibacterium acnes-primed mice
or Bacillus Calmette—Guerin (BCG)-infected mice, but not naive mice, strongly induced IFN-y production in vivo 1
2 Furthermore, to our surprise, the addition of sera derived from P. acnes-primed and LPS-challenged mice
strongly enhanced IFN-y production by anti-CD3-stimulated Th1l cells in vitro, suggesting the presence of IFN-y

inducing factor(s) in the sera.

Because IL-12 is produced by LPS-stimulated macrophages and dendritic cells (DC), IL-12 from LPS-stimulated
macrophages or DC in P. acnes-primed mice were initially thought to induce anti-CD3-stimulated Thl cells to
produce IFN-y in vivo and in vitro. Indeed, the sera contained high levels of IL-12. However, only the addition of
sera from P. acnes-primed and LPS-challenged mice, but not the addition of excess doses of IL-12, enhanced the
production of IFN-y from anti-CD3-stimulated Th1 cells, strongly suggesting the presence of IFN-y inducing factors

in the sera from P. acnes-primed and LPS-challenged mice.

Physicochemical studies and amino acid sequence analysis revealed that IFN-y inducing factor (IGIF) is different
from IL-12. The molecular cloning of IGIF was performed by Okamura in collaboration with Hayashibara
Biochemical Laboratories. Soon after human IGIF was cloned &, we and others found various functions of IGIF,
including the induction of IL-2 production, IL-2 receptor (IL-2R) and Fas ligand (FasL) expression on Th1l cells, and
the activation of natural killer (NK) cells. Based on these pleiotropic functions of IGIF, we named IGIF “IL-18" 2],
Although both IL-12 and IL-18 are major factors in IFN-y production by Thl cells, IL-12 is a differentiation factor
that induces the development of Thl cells—in contrast, IL-18 is a proinflammatory cytokine that facilitates IFN-y
production by Thl cells particularly in conjunction with IL-12. Indeed, IL-12 and IL-18 from LPS-stimulated
macrophages synergistically induced IFN-y production from Thl cells in P. acnes-primed and LPS-challenged

mice.
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Murine and human IL-18 proteins consist of 192 and 193 amino acids, respectively L&l Based on the homology of
its amino acid sequence compared with IL-1[3, IL-18 is classified as a member of the IL-1 cytokine family. Human
IL-18 and IL-1B share only 15% sequence homology although they contain a common (-pleated sheet structure.
Furthermore, similar to IL-1[3, IL-18 is produced as a biologically inactive precursor, pro-1L-18, which lacks a signal
peptide and requires proteolytic processing to become active. The cleavage of pro-IL-18 or pro-IL-13 depends

mainly on the action of the intracellular cysteine protease caspase-1 in the NLRP3 inflammasome 2!,

The IL-18 receptor (IL-18R) consists of the inducible component IL-18Ra (IL-1 receptor-related protein [IL-1Rrp])
and the constitutively expressed component IL-18Rp (IL-1R accessory protein-like [IL-1RAcPL]) [&. Cytoplasmic
domains of IL-18Ra and IL-18R[B contain a common domain termed the Toll-like receptor (TLR)/IL-1R (TIR)
domain, shared by other IL-1R family members and TLRs. Upon stimulation with IL-18, IL-18Ra forms a high-
affinity heterodimeric complex with IL-18R—which mediates intracellular signal transduction. Cytoplasmic TIR
domains of the receptor complex interact with myeloid differentiation primary response 88 (MyD88), a signal
adaptor containing a TIR domain &, via TIR-TIR interactions. Then, MyD88-induced events result in the activation
of nuclear factor (NF)-kB and mitogen-activated protein kinase (MAPK) via association with the signal adaptors IL-
1R-associated kinase (IRAK) 1-4 and tumor necrosis factor (TNF) receptor-activated factor (TRAF) 6, respectively,

which eventually leads to the appropriate gene expressions, such as Ifng, Tnfa, Cd40!, and FasL.

Although IL-18 was originally discovered as a factor that induces IFN-y production from Thl cells, it also acts on
non-polarized T cells, NK cells, NKT cells, B cells, DC and macrophages to produce IFN-y in the presence of I1L-12.
Moreover, IL-18 without IL-12 but with IL-2 induces Th2 cytokine production from CD4* NKT cells, NK cells, and
even established Thl cells. Furthermore, IL-18 with IL-3 induces mast cells and basophils to produce IL-4 and IL-

13. Therefore, IL-18 stimulates both innate immunity and acquired immunity 217,

The source of IL-18 was initially demonstrated to be from Kupffer cells, which constitutively express pro-IL-18. In
addition, LPS binding to TLR4 induces the production of IL-18 via the activation of caspase-1. In contrast, upon
stimulation with LPS, DC or macrophages increase their transcription of pro-IL-18 mRNA and subsequently their
production of pro-IL-18, which is then processed by caspase-1 to be secreted as mature IL-18. In addition to these
IL-18 producing cells, pro-IL-18 is produced by a wide variety of other cells, including keratinocytes, intestinal
epithelial cells, and osteoblasts suggesting it has an important pathophysiological role in health and disease. Like

other cytokines, IL-18 shows its pleiotropic action depending on its cytokine milieu (Figure 1).
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Figure 1. Pleiotropic action of IL-18 depends on its cytokine milieu.

| 2. IL-18 in Disease

2.1. Endotoxin-Induced Systemic and Tissue Diseases

2.1.1. Induction of Endotoxin Shock in P. aches-Primed Mice

Sepsis is still a common, life-threatening disorder, in which endotoxin is a key player. Paradoxically, patients with
high serum levels of endotoxin do not necessarily develop lethal shock, whereas some patients die of septic shock
even when their serum endotoxin levels are low. To understand this paradox, we measured serum IL-6 levels of
patients, because LPS induces IL-6 production in vivo. The simultaneous measurement of serum levels of LPS and
IL-6 indicated that there were at least two groups: the high IL-6 group was endotoxin shock susceptible and the low
IL-6 group was endotoxin shock resistant [&l. These results suggested that limiting factors determine the sensitivity

of patients to endotoxin shock.

Rodents are genetically resistant to LPS. Therefore, naive BALB/c mice are resistant to challenge with high doses
of LPS (100 pg/mouse). However, BALB/c mice primed with heat-killed P. acnes, a Gram-positive skin habituating
bacterium, or BCG, become highly susceptible to the lethal shock-inducing effect of LPS. Furthermore, upon LPS
(1 pg/mouse) challenge, they rapidly produced IL-1, TNF-a and IL-6 and died of endotoxin shock or, if they
survived, they suffered from acute liver injury through apoptosis-mediated hepatocytotoxicity 2. Moreover, P.

acnes-primed mice became highly susceptible to the lethal shock-inducing effects of IL-1 and TNF-a, producing
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high levels of IL-6 and dying after challenge with IL-1 and TNF-a. Therefore, priming with P. acnes or BCG induced
lethal endotoxin shock in mice highly susceptible to LPS by the enhanced production of IL-1, TNF-a, and IL-6.

After publishing these results [, we observed that P. acnes-primed BALB/c nu/nu mice were resistant to LPS-
induced lethal shock, but died of fulminant hepatitis 2. However, nu/nu mice reconstituted with splenic T cells died
of lethal shock before the development of fulminant hepatitis after sequential treatment with P. acnes and LPS 19,
Therefore, P. acnes pretreatment rendered mice highly susceptible to the lethal shock-inducing effect of LPS by the
induction of Thl cells. Indeed, IL-12p40-deficient mice or IFN-y-deficient mice were highly resistant to P. acnes-
primed and LPS-challenged endotoxin shock, revealing the importance of IFN-y as a limiting factor to determine

the sensitivity to LPS shock.
2.1.2. LPS-Induced Liver Injury in P. acnes-Primed Mice

P. acnes-primed and LPS-challenged nu/nu mice eventually died of fulminant hepatitis. However, the administration
of anti-IL-18 Ab prevented LPS-induced liver injury in P. acnes-primed nu/nu mice . We found that IL-18 induced
FasL expression on Thl cells, NK cells and unique liver T cells. Therefore, IL-18 is a key player in LPS-induced
liver injury and induced fulminant hepatitis through Fas-mediated hepatocytotoxicity 2. Indeed, P. acnes-primed IL-
18-deficient mice were resistant to liver injury after LPS challenge. However, the administration of IL-18 induced
liver injury in P. acnes-primed IL-18-deficient mice via the induction of FasL and TNF-a L1, Therefore, we are very

interested in how IL-18 is released after LPS challenge in P. acnes-primed mice &I,

Wild type mice primed with P. acnes developed dense granulomas in the liver, and developed acute liver injury
when subsequently challenged with a sublethal dose of LPS [l These mice had elevated serum IL-18 levels after
LPS challenge. Furthermore, P. acnes-primed IL-18-deficient mice exhibited granulomas in the liver comparable
with P. acnes-primed WT mice, but were resistant to acute hepatitis induced by LPS. In contrast, MyD88-deficient
mice, which lack signaling common to many TLRs as well as IL-18/IL-13 signaling, primed with P. aches had low
hepatic granuloma formation and undetectable levels of IL-18 after LPS challenge 12, although MyD88-deficient
Kupffer cells secreted IL-18 in response to LPS in vitro 1881 Therefore, we examined the contribution of TRIF
for P. acnes-induced hepatic granuloma formation and LPS-induced IL-18 secretion 12, Unlike MyD88-deficient
mice, P. acnes-primed TRIF-deficient mice normally develop hepatic dense granulomas, but do not release IL-18 or
develop liver injury. Therefore, we concluded that P. acnes treatment induced hepatic granuloma formation that
was dependent on MyD88. Subsequent LPS challenge activated caspase-1 via the NLRP3 inflammasome and

induced IL-18 release, which was dependent on TRIF, eventually leading to liver injury 121,

2.2.1L-18 in Allergy

2.2.1. Induction of IgE Production by IL-18

The daily administration of 1L-18, especially with IL-2, markedly increased serum levels of IgE in naive wild type

mice 4. An in vitro study revealed the increased expression of CD40L and production of IL-4 in CD4*NK1.1* T
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cells stimulated with IL-2 and IL-18. These IL-18-stimulated NKT cells induced the development of naive B cells

into 1IgG1 and IgE-producing cells by the simultaneous stimulation of B cells with CD40L and IL-4 [13],
2.2.2. Innate-Type Allergic Inflammation Induced by IL-18

These mice spontaneously produced IL-18 and IgE, and developed atopic dermatitis (AD)-like skin lesions. Stat6-
deficient KCaspl Tg mice did not produce IgE, but still developed similar skin lesions. Therefore, the
overproduction of IL-18 from keratinocytes induces skin lesion even in the absence of IgE €. We described this

inflammation as “innate-type allergic inflammation” (7,

2.2.3. The Induction of IFN-y and IL-13 Producing Super Th1l Cells by IL-2 and IL-18

Th1l cells produce both Thl cytokines (IFN-y) and Th2 cytokines (IL-9 and IL-13) in response to IL-18 plus IL-2.
Furthermore, the intranasal administration of Ag, IL-2 and IL-18 to naive mice bearing resting Thl memory cells
induced the development of airway inflammation and hyperresponsiveness 8. We found that upon challenge with
Ag, IL-2 and IL-18, resting memory Thl cells produced both Thl cytokines (IFN-y) and Th2 cytokines (IL-9 and IL-
13), which induced severe bronchial asthma. The administration of Ag and LPS also induced bronchial asthma by
the induction of endogenous IL-18 from LPS-stimulated bronchial epithelial cells 22, Therefore, Thl cells, after
stimulation with Ag and IL-18, become harmful cells that produce IFN-y and IL-13, which induced difficult to control
bronchial asthma [18l19 We termed pathological Thl cells as “super Th1 cells”, because they induced difficult to
control asthma or AD-like skin lesions. This prominent feature of IL-18 might explain the mechanism for infection-

associated allergic diseases.

2.2.4. Bronchial Asthma Induced by the Intranasal Administration of IL-2 and IL-18

The nasal administration of IL-2 and IL-18 induced airway hyperresponsiveness, pulmonary eosinophilia, and
goblet cell hyperplasia in wild type mice, but not in Rag2-deficient mice 2%, However, the nasal administration of
IL-33 induced similar changes in wild type mice and Rag2-deficient mice (2. Therefore, IL-2 plus IL-18 induced
pulmonary changes in a T cell-dependent manner, while IL-33 treatment induced the same changes in a T cell-

independent and innate cell-dependent manner.

2.3.IL-18 in Kidney Diseases

IL-18 is well documented as being involved in various types of kidney diseases. For example, mice deficient
in /118 or those administered neutralizing anti-IL-18 Ab are resistant to acute kidney disease induced by
ischemia/reperfusion 22 or by cisplatin treatment 23, |L-18 blockade was also shown to protect against chronic
kidney disease in mice induced by unilateral ureteric obstruction 24, Recent excellent review articles have
addressed this issue, in particular, focusing on its role in inflammasomes [221[26]127]28] Here, we describe two topics
of IL-18: its role in human IgA nephropathy and IL-18 as a clinical biomarker of acute kidney injury (AKI) that

influences long-term outcomes of cardiac surgery.

2.3.1. Association between Serum IL-18 Levels and Renal Prognosis in IgA Nephropathy
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IgA nephropathy is a primary mesangial proliferative glomerulonephritis with the prevalent deposition of IgA in
mesangial cells in the glomerulus. IgA nephropathy is regarded as a benign kidney disease. However, recent
clinical studies revealed that IgA nephropathy had an extremely variable clinical course and that it led to end-stage
renal disease with slow progression 2239 |t was reported that serum IL-18 levels were a potent prognostic factor
for IgA nephropathy 1. Notably, serum concentrations of IL-18 in IgA nephropathy patients were significantly
elevated compared with healthy controls 1. Patients sensitive to corticosteroid therapy showed a significant
reduction in serum levels of IL-18 after therapy, while patients resistant to therapy exhibited no reduction.
Moreover, the renal survival of IgA nephropathy patients with higher than median serum IL-18 levels at baseline
was approximately 20% at the end of the follow-up period (four years), and approximately 80% for total IgA
nephropathy patients B, Furthermore, immunohistochemical analyses revealed that the intensity of IL-18 and
NLRP3 proteins in renal biopsy samples from patients with IgA nephropathy correlated with the severity of

proteinuria (22, Therefore, serum IL-18 concentration might be a predictor for renal prognosis in this disease.
2.3.2. Urinary IL-18 as A Biomarker of AKI after Cardiac Surgery

Because murine tubular epithelial cells secrete IL-18 and contain the components required for inflammasome
activation (281331341 yrine IL-18 levels might be elevated after acute tubular injury in human B3E8 Urinary IL-18 is
now recognized as a biomarker for AKI 7. AKI often occurs in adults and children undergoing cardiac surgery and
is a risk factor for morbidity and mortality [B8l29, | evels of serum creatinine, a biomarker for the diagnosis of AKI,
increase late in the course of the disease, delaying timely treatment. Many studies have investigated new AKI
biomarkers and several urinary proteins including IL-18 have been identified as early AKI biomarkers 29, Recently,
urinary biomarkers of AKI, particularly IL-18, were reported to be an additional prognostic factor for long-term
postoperative mortality. Urinary IL-18 levels on post cardiac surgery days 1-3 were well correlated with the mortality
rate at three-year follow-up 2. AKI contributes to multiple organ failures ©243] suggesting that long-term
postoperative mortality might be directly evoked by AKI. However, a recent study revealed that postoperative AKI
might be indicative of cardiac vascular stress, rather than an independent renal pathway for adverse cardiovascular
death [44],

2.4. I1L-18 in Metabolic Disorders

Early clinical studies revealed that IL-18 levels were elevated in the circulation and atherosclerotic plaques of
patients with atherosclerosis (421481 |n a prospective study of 1229 patients with coronary artery disease, at the 4-
year follow-up, serum IL-18 levels were significantly higher in patients with fatal cardiovascular events than in those
who did not die 4. A community-based prospective cohort study showed that plasma IL-18 levels were a predictor
of coronary evens in healthy European men 48, Recently, a meta-analysis of the association of IL-18 with coronary
heart disease identified circulating IL-18 as a possible risk factor of cardiovascular disease 4. These reports
suggest IL-18 is involved in metabolic syndrome. However, during metabolic disorders caused by excess energy,
the NLRP3 inflammasome is likely to be activated by aberrant lipid metabolites and/or high glucose levels, which
subsequently results in the secretion of IL-18 as well as IL-1f3, which can induce inflammatory responses BY. In
contrast, IL-18 has a neutral or beneficial role in triggering obesity-associated metabolic diseases. Therefore, an

increase in circulating IL-18 concentrations might be an indicator of the activation levels of the NLRP3
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inflammasome in the early phase of disease. IL-18, together with IL-12 and/or IL-15, exerts proinflammatory effects
such as the activation of Thl cells and the induction of IFN-y by various immune cells including NK cells. During
the progress of metabolic syndrome, abnormal metabolites, such as oxidized LDL and hyperglycemia activate the
TLR4 and/or TLR2-mediated pathways 152 potentially leading to the production of IL-12 and/or IL-15. Under

these conditions, IL-18 might activate NK cells and/or Th1 cells to produce large amounts of IFN-y and/or TNF-a 1!
[21[14][53][54]

2.5. IL-18 in Cancer

IL-18 activates NK cells to produce IFN-y and enhance cytotoxicity against tumor cells in synergy with IL-12 LI5Sl
B4I55], Because NK cells, and recently identified innate lymphoid cells, are well-established tumor-killing cells 58!,
many researchers have addressed whether IL-18 therapy rescues cancer expansion BZB8IEA Here, we describe
two recent theories on the beneficial roles of IL-18 in protecting against cancer. One is the establishment of cancer
therapy by IL-18-activated human ydT cells. The other topic is the importance of fungi in microbiota for protection

against colitis-associated colorectal cancer by inducing IL-18.

2.5.1. IL-18 Robustly Expands Human yoT Cells

ydT cells have several innate cell-like properties U681, For example, similar to apT cells, ydT cells are activated
upon T cell receptor (TCR) engagement. Whereas the TCR-mediated activation of a3T cells occurs in an MHC-
restricted manner, the TCR engagement of ydT cells is independent of the MHC. To exert their biological function,
naive afT cells require the appropriate differentiation into effector T cells, whereas ydT cells, including NK cells,
can rapidly produce large amounts of cytokines and kill tumor cells. Indeed, y&T cells are well documented to exert
tumoricidal activity 6961621 However, low numbers of y3T ells are present in the peripheral blood of humans.
Therefore, the bottleneck for the development of ydT cell-mediated cancer therapy has been the lack of an
established method suitable for the efficient and safe expansion of y&T cells. Recently, Okamura’s group reported a
protocol to obtain high numbers of y3T cells using IL-18 [E3I64IE3[66] The incubation of human PBMCs including
1%—-2% yoT cells with y&T cell Ag and IL-2 and IL-18, induced the proliferation of ydT cells, but not af3T cells, by
approximately several thousand-fold in a 2-week culture 31641651661 (Figure 6A). They used zoledronate as an
activator of endogenous ydT cell Ag, which induces the accumulation of intermediate isopentenyl pyrophosphate,
an endogenous y3T cell Ag, by blocking farnesyl pyrophosphate synthase in human monocytes (626768l The
depletion of monocytes from PBMCs prevented the expansion of y3T cells 84, Intriguingly, the IL-18-mediated
expansion of human y3T cells requires CD56*CD11c*cells B384 injtially termed NK-like dendritic cells (NKDCs)
(69701 |ndeed, CD56MCD11c* cells in PBMCs co-cultured with monocytes in the presence of IL-12 and IL-18
robustly expanded and differentiated into CD56P"9MCD11c* cells 2. However, how CD5619MCD11c* cells
contribute to the expansion of y&T cells remains unknown. They also demonstrated that combination therapy with
IL-18 and immune-checkpoint therapy with anti-PD-L1 and/or anti-CTLA4 mAb, synergistically prevented the
mortality of mice harboring various tumor cell lines /1. Combination therapy with IL-18 induced the expansion of
precursor mature NK cells (counter cells of human CD56*CD11c* cells) but did not affect regulatory T cells. The in

vivo depletion of precursor mature NK cells or CD8" T cells abrogated these therapeutic effects 1. Therefore, IL-
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18 in combination with immune-checkpoint therapy might be a potential treatment for the early stages of cancer in

humans.

Tumoricidal action '

CARD9
inflammasome

¥

macrophage

Colitis and colitis-associated cancer

Figure 6. IL-18 protection against cancer. (A) Robust proliferation of tumoricidal human ydT cells. IL-18 in
combination with IL-2 activates and induces the proliferation of human CD56*CD11c* precursor NK cells, which in
turn robustly proliferate and activate ydT cells stimulated with y&T cell antigen produced by zoledronate (Zol)-
treated monocytes (Mo). (B) Involvement of CLRs-mediated CARD9 inflammasome activation in the induction of
colon cancer. Fungi in the intestinal microbial flora activate macrophages through C-type lectin receptors (CLRS),
which promote Syk to activate caspase-1 via the CARD9 inflammasome. The resultant IL-18 is required for

protection against colitis and colitis-associated cancer.
2.5.2. Mycobiome-Mediated IL-18 Protects Against Colitis-Associated Colorectal Cancer

A recent report confirmed the anti-cancer effect of IL-18 released from macrophages in response to commensal
fungi on colitis-associated cancer 72, The microbiome contains fungi as well as bacteria and other microorganisms

[73l C-type lectin receptors including Dectin-1, Dectin-2, Dectin-3, and Mincle are expressed on host cells and
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recognize B-glucan and a-mannans expressed by fungi LAIZEIZEI7Z7 ypon ligation with their ligands, C-type lectin
receptors recruit Syk kinase, followed by NF-kB and MAPK signaling by assembling the CARD9/MALT/BCL10
complex 78, Malik et al. reported that the recognition of commensal fungi by C-type lectin receptor induced Syk-
dependent CARD9 inflammasome activation induced the release of mature IL-18 /2 (Figure 6B). Card9~'~ mice
and mice selectively deficient for Syk in myeloid cells were predisposed to azoxymethane (AOM)/DSS-induced
colitis-associated colorectal cancer, concomitant with reduced mature IL-18 in colon explants and an impaired
accumulation of anti-tumorigenic T cells in the colon. Exogenous IL-18 prevented these mutant mice from
colorectal cancer and restored the migration of anti-tumorigenic T cells. Of note, the administration of antifungal
drugs rendered wild type mice highly susceptible to AOM/DSS-induced colitis-associated colorectal cancer, and
supplementation with IL-18 rescued their predisposition to colorectal cancer 2, These observations suggest the
careful per os treatment of IBD patients with antifungal drugs might be of benefit. The depletion of mycobiota by

antifungal drugs might initiate and/or promote colorectal cancer in IBD patients.

| 3. IL-18 as A Therapeutic Target

Because of the strong proinflammatory activity of IL-18, many researchers are investigating IL-18 as a therapeutic
target for the treatment of inflammatory diseases. To neutralize 1L-18, IL-18 BP or anti-IL-18 Ab formulations were
devised and clinical trials have been conducted to verify its safety and efficacy 28, Clinical trials are underway to
investigate the treatment of adult-onset Still's disease and NLRC4-related macrophage activation syndrome
(inflammatory  diseases associated with high plasma IL-18 levels) using IL-18Bp  [81l82][83]
(ClinicalTrials.gov Identifier: NCT 02398435, NCT 03113760).

In addition, the immunostimulatory effects of IL-18 have been investigated for treatments. The first attempts to
administer IL-18 to cancer patients showed that its toxicity was generally mild-to-moderate 4. For optimal cancer
therapy, combination with other therapies is being considered. Anti-CD20 Ab is used to treat CD20 positive B cell
lymphoma. Clinical studies using IL-18 with an anti-CD20 Ab are underway, and it was reported that the effect of
anti-CD20 Ab was enhanced by the administration of 1L-18 [£3],

Although it is still at the stage of animal experiments, a new treatment method using IL-18 for cancer treatment has
been studied. Recently, immune-checkpoint therapy by the neutralization of PD-1 or CTLA4 has dramatically
improved cancer treatment. Combination therapy with IL-18 and an immune-checkpoint inhibitor synergistically
reduced mortality in mice harboring various tumor cell lines. Therefore, IL-18 in combination with immune-
checkpoint therapy might be a potential treatment for the early stages of cancer in humans . Furthermore,
chimeric antigen receptor (CAR) T cells artificially expressing a cancer antigen-specific TCR were effective
treatments for B cell lymphoma and leukemia 887l Studies on the effect on tumors of expressing IL-18 in CAR T
cells in mice, demonstrated that IL-18 enhanced the antitumor effect [B8l83 These new therapy methods are

expected to be applied to humans in the future and to save those suffering from cancer.
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