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IL-18: AT,;-inducing, proinflammatory
cytokine and new member of the IL-1

family

Charles A. Dinarello, MD Denver, Colo

Formerly called IFN-y—inducing factor, IL-18 is the new
name of a novel cytokine that plays an important role in the
T,1 response, primarily by its ability to induce IFN-y produc-
tion in T cells and natural killer cells. Mice deficient in IL-18
have suppressed IFNy production despite the presence of IL-
12. IL-18 is related to the IL-1 family in terms of both struc-
ture and function. In terms of structure, IL-18 and IL-13
share significant primary amino acid sequences and are simi-
larly folded as all-3 pleated sheet molecules. Also similar to
IL-1 3, IL-18 is synthesized as a biologically inactive precur-
sor molecule lacking a signal peptide. Studies have shown
that similar to the IL-1 8 precursor, the IL-18 precursor
requires cleavage into an active, mature molecule by the
intracellular cysteine protease called IL-B—converting
enzyme (ICE), which is also known as caspase-1. Therefore
inhibitors of ICE activity may limit the biologic activity of
IL-18 and may be useful as J; immunosuppressive agents.
The activity of mature IL-18 is closely related to that of IL-1.
IL-18 induces gene expression and synthesis of TNF, IL-1,
Fas ligand, and several chemokines. The activity of IL-18 is
by means of a signaling chain of a putative IL-18 receptor
(IL-18R) complex. This IL-18R complex is made up of a
binding chain termed IL-18Ra, a member of the IL-IR fami-
ly previously identified as the IL-1R—related protein (IL-
1Rrp), and a signaling chain, the IL-18R, also a member of
the IL-1R family. The IL-18R complex recruits IL-1R-acti-
vating kinase and TNF receptor—associated factor-6, which
phosphorylates nuclear factorkB (NFkB)—inducing kinase
with subsequent activation of N&B. Thus on the basis of pri-
mary structure, 3-dimensional structure, receptor family, sig-
nal transduction pathways, and biologic effects of IL-18
appear to place this cytokine in the IL-1 family. Similar to
IL-1, IL-18 participates in both innate and acquired immuni-
ty. (J Allergy Clin Immunol 1999;103:11-24.)
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Abbreviations used
AP-1: Activating protein-1
AcPL: Accessory protein-like
ICAM-1: Intercellular adhesion molecule-1
ICE: IL-1B—converting enzyme
IDDM: Insulin-dependent diabetes mellitus
IKK: Inhibitory kB kinase
IL-1Ra: IL-1 receptor antagonist
IL-1R-AcP: IL-1 receptor accessory protein
IL-1Rrp: IL-1R-related protein
IL-18BP: IL-18 binding protein
IRAK: IL-1 receptor—activating kinase
MAPK: Mitogen-activated protein kinase
NFkB: Nuclear factokB
NIK: NFkB-inducing kinase
NK cell: Natural killer cell
NOD: Nonobese diabetic
prolL-18: Precursor form of IL-18
STAT: Signal transducer and activator of transcriptipn
TRAF-6: TNF receptor—associated factor-6

IL-18 was first described as an IFNinducing fac-
tor, which circulated during endotoxemia in mice pre-
conditioned with a prior infection d¢fropionibacterium
acnes Because of its property to induce IFNL-18 is
by default a member of the,fFinducing family of
cytokines (IFNy, IL-2, IL-12, and IL-15). However,
because antibodies to IL-18 also reduced the hepatotox-
icity of endotoxemia, IL-18 was considered to possess
other biologic properties beyond that of inducing EN-
In this review the biologic activities of IL-18 are exam-
ined and discussed. The first conclusion that can be
made is that IL-18 is related to Il3dnore than to any
other cytokine. The similarities between IB-and IL-
18 exist at several levels. First, the IL-18 precursor form
(prolL-18), like prolL-13, does not contain a signal pep-
tide, and prolL-18 requires cleavage to an active
cytokine by the IL-B—converting enzyme (ICE), which
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turally related because both cytokines are primarily all-
B pleated sheet—folded molecules. This structural rela-
tionship is of significant importance because there are
very few allf3 sheet molecules among the different

cytokines.
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At the receptor level, the activity of IL-18 takes place obtained murine splenocytésin these splenocytes
through a signaling chain of a putative IL-18 receptorthere was no constitutive expression of the f_gkne
(IL-18R) complex. In this review the IL-18R binding or protein. The promoter regions for I3Jand IL-18
chain is termed IL-18R IL-18Ra is a member of the gene expression have been studied and may provide
IL-1 receptor family, previously identified as the IL-1R— insight into these observations. The promoter for IL-18
related protein (IL-1Rrp) A nonbinding signaling chain is TATA-less, and IL-18 promoter activity upstream of
(IL-18Rp), also termed accessory protein-like (AcPL), is exon 2 acts constitutiveRTherefore it is not unexpect-
related to the IL-1R accessory protein. Following bind- ed that IL-18 mMRNA is constitutively expressed, even in
ing of IL-18 to the IL18R, the AcPL then binds to form whole blood freshly obtained from healthy donors in
a high-affinity heterodimeric complex with the ligand. whom no procedural artifact is introduced. The addi-
The high-affinity IL-18R complex recruits the IL-18R- tional finding that the 3" untranslated region of human
activating kinase (IRAK), resulting in nuclear factdy IL-18 lacks the AUUUA destabilization sequefds
(NFkB)—inducing kinase (NIK) with subsequent translo- also consistent with these observations. This would
cation of NKB to the nucleus. Initially identified as part allow for more sustained levels of the polyadenylated
of the IL-1R signaling event, IRAK is recruited to the IL- species and translation into protein. Other than to dis-
1R complex after exposure to IL-1 (Table I). In cells pos-tinguish differences between [3land IL-18 in the
sessing IL-18B, nuclear translocation of NB is same cells, the clinical significance of constitutive gene
observed after incubation with IL-18, and this property and protein expression for IL-18 in mononuclear cells
helps explain the pleotropic nature of IL-18. In IL- remains unclear, but it certainly would focus on regula-
18-deficient mice, production of IFNand cytotoxic T  tion at the level of processing the precursor and secre-
cells are markedly diminished despite ample amounts otion of the mature form or forms (Table Il). Osteoclasts
IL-12. A similar finding exists in mice deficient in ICE. also produce IL-18,and regulation of bone density
The role of IL-12 in IFNy production therefore seems to may be a property of IL-18 as it is for 131
require 1L-18. . .

Production from keratinocytes
PRODUCTION OF IL-18 In addition to monocytes/macrophages, the epidermal
Production from monocytes/macrophages cells from mouse skin produce IL-18 COﬂStitUtiV—éWhe
keratinocyte is the major source of IL-18. Moreover, use of

Most of the information on the production of IL-18 is contact sensitizers increased IL-18 synthesis, whereas skin
derived from mice preconditioned [Rropionibacterium irritants did not. A murine keratinocyte cell line (PAM
acnesand then challenged 4 to 6 days later with LPS. In212) also produced IL-18 constitutivelCultured ker-
preconditioned mice LPS induces a more rapid and highatinocytes from the sensitized skin released IL-18 into the
er level of IFNy compared with that of nonprecondi- supernatant as measured by a specific murine ELISA for
tioned mice. When preconditioned mice are passivelylL-18, but in addition, the IL-18 in the supernatants was
immunized with a neutralizing antibody to IL-18, biologically active because it stimulated Ififroduction
markedly reduced circulating levels of IRN-are  from T cells.
observed. The preconditioning results in a dramatic .
increase in the nEmber and act%/ity of liver Kupffer cells Production of IL-18 from the adrenal cortex
and splenic macrophages. Therefore the role of IL-18 irand pituitary gland
LPS-induced IFNy production is likely exaggerated. Similar to IL-1, IL-18 is found in the rat adrenal cortex
Similar to other activators of the reticuloendothelial sys-and pituitary glan&.The adrenal IL-18 was increased by
tem, preconditioning in this model does not provide infor- cold stress, whereas the pituitary IL-18 was not. Two tran-
mation on the role of IL-18 under “normal” conditions. In scripts of adrenal IL-18 were sequenced: an abundant form
terms of the role of IL-18 in human disease, the producwas clearly the rat homologue of mouse IL-18 and shared
tion of IL-18 in freshly obtained human PBMCs and in 91% amino acid homology. The other transcript was less
splenic macrophages from nonpreconditioned mice haviabundant. It had a 59 bp deletion and the corresponding 19
been studied.By using reverse-transcribed PCR and amino acids at the 3" end of the moleduleis possible
Western blot analysis, the production of IL-18 was com-that this truncated rat IL-18 molecule may act as a recep-
pared with that of IL-f8 in the same preparations. tor antagonist. However, unlike the IL-1 receptor antago-

Previous studies demonstrated that there is no constnist (IL-1Ra), this putative IL-18Ra results from an entire
tutive gene expression for ILBlin freshly obtained exon deletion and not from a new gene product.
human PBMCs from healthy donors in over 40 cycles_ . .
of PCR3:4 Although this observation was confirmed, it Stimulators of 1L-18 production
was surprising that the same PBMCs expressed const In general, macrophage stimulators, such as LPS, exo-
tutive mRNA for IL-18. This was also observed with toxins from gram-positive bacteria, and a variety of
Western blot analysis for prolL-18 in lysates from the microbial products, induce each of the macrophage
same PBMCs. Yet there was no prolR-ih the same cytokines. These include IL-1, TNF, IL-6, IL-10, and
cells. Constitutive IL-18 gene expression and the presseveral others. Thus it is not surprising that these same
ence of prolL-18 protein were also observed in freshlyactivators also stimulate IL-18 production. GM-CSF was
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used to induce human blood monocytes into macromoter at an activating protein (AP)-1 site, whereas IL-12
phages that were then infected with the influenza A virusresulted in binding to a STAT4 site; the combination of
The resulting supernatant induced T cells to releasey]FN-a costimulant and IL-12 resulted in activation of both
which was prevented by using a neutralizing antibody tcsites. By supershift, IL-18 activated the binding of c-jun
IFN-a/B.2 IFN-a and IL-18 acted synergistically to to the AP-1 sitd2 The conclusions made from these
increase IFNy production, yet there was a demonstrablestudies resolve basic issues regarding the relative roles

role for IL-12 in these cultures. of IL-18 and IL-12 in the production of IFMin CD4*
primary human T cells. IFN-promoter activation can

IL-18 AND IFN-y PRODUCTION take place by binding of c-jun to the AP-1 site, whereas

IFN-y-inducing factors in the same cells STAT4 binding takes place by IL-12.

The activation of AP-1 in the IFNpromoter is suffi-

Until the discovery of IL-18, the dominant IFN- cient for IFNy gene expression and synthesis, but
y—inducing factor from the macrophage was the hetIL-12 activation of STAT4 does not trigger the IFN-
erodimeric cytokine IL-129In some studies IL-1 can also promoter unless another signal is provided, such as
be shown to augment IFNproductiont! but compared anti-CD3/anti-CD28.
with IL-12 and IL-18, this is not a dominant biologic prop- .
erty of IL-1. Once IL-12 binds to its cell surface receptor, SYnergism between IL-18 and IL-12 for IFN-y
nuclear translocation of signal transducer and activator cProduction
transcription (STAT) 3 and STAT4 take place, triggering Although T cells are the major source of IFNL-18
promoter regions of the IFNlgene. Mice deficient in the and IL-12 act synergistically to increase I§Nyoduc-
p40 chain of IL-12 manifest decreased INroduction.  tion from murine bone marrow—derived macrophdges.
However, on closer examination, the induction of iFb}¢  Similar to several studies in T cells, the combination of
IL-12 was, in fact, a coinduction. IL-12 itself induced only IL-18 plus IL-12 was far more effective in inducing IFN-
a small increase in IFMproduction from primary human vy from these macrophagic cells than either cytokine
CD4+ T cellsl?, however, in the presence of costimulants,alone. In fact, the most consistent conclusion that can be
such as anti-CD3/CD28, mitogens, or specific antigensmade about IFN+production is that IL-12 is needed for
large amounts of IFN-are produced. The role of these IL-18—induced IFNy production and that IL-18 induces
costimulants in IL-12—augmented IRNsroduction now  IFN-y only when its receptor is unregulated by IL-12.
appears to be related to activation pathways for the prcTherefore synergism with these two IFNinducing fac-
duction of IL-18. Until the generation of IL-18—deficient tors is reported in each study to date. There are some
mice3 the precise role of IL-18 in endotoxin-induced exceptions; KG-1 cell§ and U1l macrophagic cels
IFN-y production by IL-12 was uncertain becauserespond to IL-18 without a need for IL-12, but it is like-
macrophage (or other cell) production of IL-18 could notly that in these cell lines, IL-18Ris already expressed.
be ruled out. As discussed below, little or no NF¥-pro-  However, in primary cells both cytokines are required for
duced from mice or cells deficient in IL-B8r ICE14-16  |FN-y production.
Importantly, the lack of IFNfproduction in these experi- .. .. .
ments takes place in the presence of ample 161, IFN-y production in IL-18-deficient mice
should be noted here that mitogens, such as concanava Mice with a null mutation for IL-18 were precondi-
A and PHA, induce IFN¢production in ICE-deficient tioned withP acnesand, after 4 days, injected with LPS.
micel® and also under conditions of near-total neutraliza-Circulating levels of IL-18 were not detectable compared
tion of IL-18 activityl? with the wild-type controls, which were similarly pre-
conditioned and injected. In another experiment, mice
were preconditioned witl? acnesfor 7 days and then

In general, IL-18 induction of IFN-is similar to that  injected with LPS; circulating IFN-levels in IL-
of IL-12 in that as a sole cytokine, IL-18 induces low 18—deficient mice were one fifth of those in wild-type
levels of IFNy, but in the presence of costimulants, controls13 The levels of IL-12 in the IL-18-deficient
IFN-y production is greatly enhanced. When LPS is usemice were nearly the same as in wild-type controls.
as a costimulant, macrophages present in the culturTherefore IL-18 deficiency is associated with a near, but
produce IL-18, and it is likely that it is the endogenousnot absolute, absence of IRNproduction. These find-
IL-18 that acts as the cofactor. In the absence of a ccings are similar to those reported for mice injected with
stimulant, primary human CD4T cells produce a small neutralizing antibodies to IL-28 and in mice deficient
amount of IFNy (4-fold increase over background in ICE1516.22
level), but in the same cultures IL-12 has no efféct. .. .. .
These findings were confirmed by using a human yFN- IFN-y production in ICE-deficient mice
promoter linked to a luciferase reporter transiently Mice preconditioned withP acnesand then injected
transfected into human CBZ cells. IL-18 alone stim- with LPS have markedly elevated circulating levels of
ulated strong promoter activity, whereas IL-12 did solFN-y compared with nonconditioned mice. However, in
only when added with the costimulants anti-CD3 andpreconditioned mice deficient in ICE, circulating IRN-
anti-CD2812 |L-18 appeared to activate the IFNoro-  levels were markedly reducééi1SIn vitro, production of

IL-18 as an IFN-y-inducing factor
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TABLE I. A comparison of postreceptor properties of IL- TABLE Il. A comparison of biologic properties of IL-18
18 and IL-1B and IL-18
Property IL-18 IL-1B Property IL-18 IL-1B
Binding to IL-1Rrp + - Precursor requires ICE cleavage + +
Binding to IL-1R-AcP - + Induction of IFNy + +
Recruitment of IRAK + + Synergy with IL-12 for IFNy + +
Recruitment of MyD88 + + Increased expression in NOD mice + +
Phosphorylation of TRAF-6 + + Induction of IL-8/IL-13/TNF-a + +
Activation of NIK + + Increased HIV-1 production + +
Translocation of NkB + + Activation of T,; responses + +
Target for AP-1 promoter + + B-cell activation + +
Activation of p38 MAPK + + Activation of T, responses +
Adjuvant for tumor immunity + +
Increased protection in infection + +
Elevated levels in leukemias + +
Increased expression in adhesion molecules + +

IFN-y with nonendotoxin stimulants, such as zymosan or
Staphylococcus epidermidis spleen cells from ICE-
deficient mice, were also significantly decreased
(>75%)16 In the latter case IL-12 levels were elevated,
demonstrating the requirement for IL-18 in LPS-induced exogenous IL-18 to these IL-18-deficient mice not only
IFN-y production even in the presence of high levels ofrestored NK function but actually enhanced the lytic
IL-12. In contrast to microbial stimulants, mitogen-stim- activity over that of the wild-type controls. The combi-
ulated IFNy production was unaffected in spleen cell nation of IL-18 plus IL-12 increased NK activity in both
cultures from ICE-deficient mic¥.In addition to a defi-  knockout and wild-type controls. The enhancement of
ciency in ICE, specific inhibitors of ICE added to spleen NK activity by exogenous IL-18 in the IL-18R—deficient
cell cultures from wild-type mice also produce less IFN- mice was due to an increase in gene expression of IL-
y. Also, antibodies to murine IL-18 suppress LPS- 18RB, which was particularly elevated in mice precondi-
induced IFNy in vitro.16 tioned withP acnes'3IL-12 was also administered to IL-
18-deficient mice in an attempt to restore NK activity. At
Other effects of IL-18 onT cells 5 and 10 ng per mouse, no increase in NK activity was
IL-18 activates T cells to synthesize IL-2, GM-CSF, observed in the IL-18—deficient mice, but after 2 days of
and TNFa. There are also reports that IL-18 suppresses<100 ng of IL-12 per mouse (8000 ng/kg), spleen cell NK
the production of IL-10 and does not induce the produc-activity was equal to that of the wild-type mice. These
tion of IL-1Ra. In general, the ability of IL-18 to induce latter results suggest that at high doses of exogenous IL-
different cytokines depends on the cellular targets.12, NK activity can be restored in IL-18-deficient mice.
Mouse spleen cells and human PBMCs are mixed popuThese results are somewhat difficult to reconcile with the
lations of T cells and monocytic cells. Frequently used,finding that NK activity in IL-18—deficient mice is only
freshly obtained human PBMCs are mostly (70% toone third that of the wild-type, despite the same level of
80%) T cells. Of these, approximately 50% are €D4 IL-12 production in both mouse strains.
cells. The percentage of monocytes in PBMC popula-
tions variespfrom 1030 to 30%. In )élddition, there ffl)relonat-TH1 responses and IL-18
ural killer (NK) cells and some basophils, but in general, The role of IL-18 in the |J; response has been studied
PBMCs are predominantly T cells. Therefore the primarily in T cells from the BALB/C mouse strain. Sub-
response of PBMCs to IL-18 should be made by usingsets of T cells exhibit a differential responsiveness to
cultures of selected cells. Each cell type is separated blIFN-y production by IL-12. This seems to be due to a re-
using magnetic beads coated with specific antibodies. Irciprocal regulation of the IL-12 recep{2-chain, in that
PBMCs stimulated with IL-18 for 24 hours, the produc- IL-4 suppresses the expression of this receptor, whereas
tion of cytokines IL-B, TNF-a, and IL-8 is observed, IFN-y increases its expression and counteracts the
but in fact, the cells that respond to the IL-18 are the restinhibitory effect of I1L-426 Because the BALB/C mouse
ing T cells and NK cell33 strain is a high producer of IL-4, gresponse to vari-
. .. ous antigens tends to develop in these mice. In BALB/C
Role of IL-18 in NK cell activity mice, IL-18 is clearly a cofactor with IL-12 for the devel-
IFN-yis the dominant cytokine activating NK cells for opment of the [J; response. This is likely because of the
killing various tumor cells, and therefore, not surprising- IFN-y—inducing nature of IL-18. In contrast, C57BL6
ly, stimulation of NK cells with exogenous IL-18 mice do not exhibit a requirement for IL-18 for the devel-
enhances NK cell activitt-24.25Endogenous NK cell opment of the [J; response. Any role of IL-18 in the,T
activity, however, is reduced but not absent in IL- response appears to be a result of the production of,|IFN-
18—deficient micé3 Intraperitoneal administration of which counters the suppressive effect of IL-4 on the
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FIG 1. Pathways of IL-18 in the T,; response.

expression of the IL-12R2-chain. The addition of anti- coproduced, IL-12—driven development of naive T cells
IL-4 antibodies reduces the effect of IL-18 presumablyinto T,,; cells was observed in mice deficient in IL1£8.
because the requirement for IfNs reduced.’ ]

Using ovalbumin-sensitized T-cell receptor—overex-IL-18 does not activate T, T cells
pressing CD4 cells, Robinson et/atlemonstrated that IL-18 does not stimulate [} cells27.29 This was
IL-18 potentiated the IL-12—-induced development of theshown by using gel-shift assays in which IL-18 induced
T,1 response by measuring increased production ofyiFN-translocation of NkB in T,; clones but not J, cells.
after 48 hours? This observation of IL-12 synergy with T, ,-committed clones are generated by using ovalbumin-
IL-18 is consistent with the observations of others whcsensitized splenic T cells after incubation in IL-4 and
claimed that IL-18 alone was able to drive thg T anti-mouse IL-127 In these T, clones nuclear translo-
response independently of IL-2228 but it is unlikely  cation of NikB was not observed after incubation with
that the effect of IL-18 in those studies was truly free ofIL-18, whereas in the same cells Ib-Induced NKkB
IL-12 because the presence of small numbers oactivation and cellular proliferatiofl. In another study
macrophages could have contributed IL-12 in the cultureT,,, clones did not express mRNA for IL-18RC which
However, in a macrophage-free culture in which endogemay be the best explanation for the lack of NrNFo-
nous IL-12 production was excluded, a marked synerduction by T, cytokines.
gism was observed with IL-12 and IL-18 in both . ]

BALB/C and C57BL6 mic&’ The addition of IL-18 in IL-12 increases the responsiveness to IL-18
the secondary stimulation of T cells revealed that fhe T through an increase in IL-18R expression
response can take place in the absence of B-12. The hallmark of IL-18 induction of IFN-is the near-

It seems consistent with the current studies to concludabsolute requirement for a second signal provided by LPS
that there is an absolute requirement for IL-12 in theand other stimuli but particularly by IL-12. Because these
development of the jf response. It is well established other stimuli are themselves inducers of IL-12, it is likely
that IL-12 induces the development of naive €Bdlls  that IFNy production is the result of an IL-18/IL-12
into T,; cells by their ability to secrete IFN-On the  effect. In general, in mouse and human cells IL-12 itself,
other hand, IL-18 itself does not shift naive T cells intoeven at nanomolar concentrations, does not induceylFN-
the T,; phenotype. Although one can propose that in botftHowever, in the presence of low picomolar concentrations
in vivo and in vitro settings small amounts of IL-18 areof IL-12, IL-18 becomes essential for the production of
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IFN-y. This has been shown by using LPS induction offied splenic B cells to become IF-secreting cells
IFN-yin ICE-deficient mic&s and in mice deficientin IL-  without engaging their respective antigen recepidrs.
1813 In both models IL-12 is present in normal to even Similar to T cells, the role of IL-12 on B cells appears to
high levels. However, in IL-12—deficient mice, IRNpro- be an upregulation of IL-18580 the signaling receptor
duction is also absent. The explanation for these observichain for IL-18 activity.
tions is that IL-12 is needed to upregulate the receptor fo
IL-18. Initial studies indicated trrl)at%here was incht)eased""‘I8R COMPLEX .
responsiveness to IL-18 after exposure of T cells to IL-17Current understanding of the IL-18R complex
in T,;;-committed clone&? Data clearly demonstrate that ~ Torigoe et &6 described the purification and charac-
IL-12 increases gene expression and surface expression terization of a human IL-18 receptor by using an anti-
IL-18Ra.30As discussed below, IL-12 appears to increasebody directed against a cell surface protein of the human
the responsiveness of cells to IL-18, suggesting that IL-1:Hodgkin’s cell line L428. The purified protein had a mo-
may affect the surface expression of IL-88By using a  lecular weight between 60 and 100 kd, and its amino acid
specific antibody, one can assume that the increased binsequence revealed 100% identity to a previously known
ing of IL-18 in IL-12—stimulated cells is indeed due to an member of the IL-1 receptor family, which had been
increase in the receptor number. This would explain thetermed the IL-1Rrg.IL-1Rrp had remained an orphan
synergy often observed between IL-12 and IL-18 in {FN- receptor until recently. When IL-1Rrp was first reported,
production from T cells. Fig 1 shows some of the cellularit was clear that it was indeed a member of the IL-1
pathways of IL-18. receptor family, although it did not bind ILa1IL-1(3, or
IL-1Ral This was an unexpected finding because IL-
" 1Rrp was isolated from a library by using degenerate
ways in T, cells oligonucleotides from conserved amino acids in the
IL-12 binding to its specific receptors triggers a cascadeextracellular domains of the IL-1R type I.

of phosphorylations during which nuclear translocation of ~ Until the studies by Torigoe, the ligand for IL-1Rrp
2 transcription factors, STAT3 and STAT4, takes pRice. was unknown, but it was likely that the ligand was struc-
IL-12—deficient and STAT4-deficient mice have an turally related to members of the IL-1 family. However,
impaired T,; responsé233 Unlike IL-12, IL-18 does not  despite its relatedness, neither It-fhor IL-13 bind to
activate STAT47 In fact, by using a supershift assay, IL-18 IL-1Rrp.1 When the extracellular domain of IL-1Rrp was
on T, clones does not appear to activate any of the STAlexpressed as a fusion protein linked to the Fc domain of
transcription factors associated with @levelopment’ By IgG, IL-1Rrp did not bind IL-1 on a Biacore chipdow-
using transfection with the IFMpromoter linked to a  ever, a chimeric molecule was constructed that was com-
luciferase reporter, IL-18 directly induced IFNsromoter  prised of the extracellular domains of the IL-1 type |
activity, 12 whereas for IL-12 activation of this promoter, receptor linked to the transmembrane and cytosolic
costimulation with anti-CD3 was required. Either IL-12 or domain of IL-1Rrp. When transfected into COS cells,
IL-18 plus anti-CD3 activated AP-1. Mutation of the AP-1 this chimeric receptor did exhibit IL-1 functional activi-
site reduced both IL-12— and IL-18—mediated promoterty on binding of IL-1. Therefore although IL-1Rrp is a
activity. However, mutation of the STAT4 site only affect- member of the IL-1R family, and its extracellular
ed IL-12 activity?2 The conclusions of these studies sug- domains do not bind IL-1 itself, IL-1Rrp transmits a sig-
gest that both AP-1 and STAT4 sites are required for IL-nal similar to that of the IL-1R.
12—dependent IFNpromoter activity, but IL-18 induces a
direct activation pathway through the AP-1 site.

complex

Effect of IL-18 on B cells Torigoe et & reported that IL-1Rrp is the functional

IL-18, together with IL-12, inhibits the production of component of IL-18R primarily on the basis of the obser-
IgE by activated B celld? By using anti-CD40/IL-4—acti-  vation that antibodies to IL-1Rrp prevent IL-18 activity.
vated murine B cells, IL-18 and IL-12 produce IFN- Yetin terms of other cytokine receptors, IL-18 binding to
which in turn suppresses IgE synthesis. This inhibition isthe L428 cell line used in the purification process was
not unexpected because suppression of Ig synthesis islow (dissociation constant [Kd] of 18.5 nmol/L).
well-established property of IFM- Splenocytes from Boraschi et & reported a Kd of 25 nmol/L for IL-18.
mice with chronic graft-versus-host disease produke Ig The Kd for IL-18 binding to IL-1Rrp expressed tran-
IgM, and IgG1 in vitro, and the addition of IL-12 marked- siently on COS cells was 45 nmoR€ These are unusu-
ly suppressed this production, an effect mediated byylFN- ally low affinities for a cytokine with a biologic activity
production35 However, by using purified B cells from the in the picomolar range. Nevertheless, IL-1Rrp is unques-
splenic population, IL-12 had only marginal suppressingtionably essential for IL-18 activity and an integral part
effects, and IL-18 had no effect. The addition of IL-18 of the IL-18 signaling complex. Therefore the term IL-
plus IL-12, however, resulted in striking inhibition of Ig 18Ra replaces the term IL-1Rrp. However, a second
synthesis in these culturés. binding chain in a putative IL-18R complex likely exists

The combination of IL-12 plus IL-18 acts synergisti- in order to form a high-affinity complex that character-
cally to induce a phenotypic change in T cells and puri-izes all cytokine receptor signaling.

IL-12 and IL-18 have different signaling path-

IL-1Rrp is the binding component of the IL-18R
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IL-18

IRAK

MyD88 -

“
IKK-1

IKK-2

( TRAF-6 ) l

NIK \ / NFxB

FIG 2. Model for IL-18 signal transduction. IL-18 binds to the IL-18Ra chain (not identified to date) and recruits
the IL-18RB chain36 (also known as IL-1Rrp?). This heterodimeric complex recruits MyD88 and IRAK. Phos-
phorylated IRAK activates TRAF-6, and in turn NIK is phosphorylated. This results in activation of IKK and then
phosphorylation of IkB. Phosphorylated IkB degrades and releases the p50 and p65 components of NFkB.
Free NFkB migrates through nuclear pores and translocates to nuclear DNA for gene transcription. Adapted
from J Leukoc Biol 1998;63:650-7.

Yoshimoto et &°have reported that there are both high- Similar to many cytokine receptors, it is a heterocomplex
affinity (0.4 nmol/L) and low-affinity (40 nmol/L) binding of a ligand-binding chain (often termed thechain of
sites for IL-18 in murine primary T cells. Clearly IL-18R  the receptor) plus an accessory chain (often termegt the
could account for the low-affinity IL-18 binding sites. chain) which transmits the signal. The importance of the
Thus a second chain resulting in a greater affinity woulclL-1R-AcP for IL-1 activity was shown by using anti-
explain the higher affinity. This “other” receptor chain hasbodies to IL-1R-AcP, which is an essential part of the
been identified as the AcPL recepfoand is related to heterodimeric IL-1R complex.
the IL-1 accessory protein identified by Greenfeder. Therefore the IL-18R is unlikely the sole component
Similar to the IL-1 accessory protein, the IL-18 AcPL of the IL-18R-signaling apparatus and is certainly not
does not bind to its ligand but rather binds to the complethe high-affinity ligand-binding receptor chain. It is like-
formed by IL-18 with the IL-18R chain38 This het- ly that the IL-18R complex is comprised of a ligand-
erodimeric is likely the high-affinity complex. binding chain of IL-1Rrp (IL-18R), with the second

There is a comparable finding in the identification of chain being the non-IL-18-binding AcPL (IL-18&[R38
the IL-1R complex. For nearly 9 years, IL-1 activity was As described below! an IL-18 binding protein (IL-
thought to be caused by a single-chain receptor, the 80 k18BP) has been purified from human urine and would
IL-1R type 140 The second chain was discovered inlikely be the soluble (extracellular) form of the IL-18R
1995; it was termed the IL-1R accessory protein (IL-1R-chain. But a transmembrane form of the IL-18BP has not
AcP) 39 This latter receptor is essential to IL-1 signaling, been isolated to date despite murine cDNA cloning and
although IL-1R-AcP does not bind to any IL-1 ligand. human genomic analys&s41.42Thus the IL-18BP is a
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third gene product and appears to be the “decoy” recepanti-IRAK.57 Furthermore, IL-18—triggered cells also

tor of IL-18, similar to the IL-1R type II, which is the
decoy receptor for IL-1.

Isolation and purification of an IL-18BP from
human urine

recruited TRAF-&7 Like IL-1 signaling, MyD88 has a
role in IL-18 signaling. MyD88-deficient mice do not
produce acute-phase proteins and have diminished
cytokine responses. Recently,;ideveloping cells from
MyD88-deficient mice were unresponsive to IL-

By using methods established for the purification and18—induced activation of NéB and c-Jun N-terminal
characterization of ligand-binding cytokine receptors in kinase®8 Thus MyD88 is an essential component in the

human urine!3-46 a 38-kd IL-18BP was purified to

homogeneity from urine by using ligand-affinity chro-

signaling cascade that follows IL-1R, as well as IL-18R
binding. It appears that the cascade of sequential recruit-

matography, and the N-terminal amino acids were determent of MyD88, IRAK, and TRAF-6 followed by the
mined’ The amino acid sequence of the IL-18BP is not activation of NIK, degradation okBK, and release of
that of a known cytokine receptor presently listed in theNFkB are nearly identical for IL-1, as well as for IL-18.
data banks. Although this binding protein likely repre- Indeed, in cells transfected with IL-18RIL-1Rrp) and
sents the extracellular domain of the ligand-binding then stimulated with IL-18, translocation of KB is
receptor chain, to date a transmembrane and cytosoliobserved with the electromobility shift as$ayn U1l

component to the IL-18BP has not been found.
Similar to neutralizing antibodies to IL-18,the IL-
18BP prevents LPS-induced IRNproductionl? Also

similar to anti-IL-18 antibodies, the IL-18BP does not

macrophages, which already express the gene for IL-
1Rrp, there is translocation of NB and stimulation of
HIV-1 production20

Fig 2 is a working model of the proposed IL-18 signal-

affect IFNy production after stimulation with mitogens ing process, which results in translocation okBFo the
such as concanavalin A. However, unlike antibodies tonucleus. However, not shown is the evidence that IL-18
IL-18, the IL-18BP does not exhibit species specificity, signaling activates p38 mitogen-activated protein kinase
and therefore human IL-18BP neutralizes both human(MAPK). In U1 cells stimulated with IL-18, IL-8 synthe-

and murine IL-18.7

IL-18 signal transduction is similar to that
of IL-1

sis is reduced by nearly 90% in the presence of a specific
p38 MAPK inhibitor20 In murine T cells, IL-18 stimulat-
ed the phosphorylation of p42 MAPK and p56iek.

It is clear that IL-1 and IL-18 do share signaling path- IL-18 AS A PROINFLAMMATORY CYTOKINE
ways, particularly in activating the processes by which|L-18 induces chemokines in monocytes and

NFkB translocates to the nucleus. In terms of KFpro-
duction, IL-1a, IL-1(3, and IL-18 each induce IFMin the
presence of IL-2 or IL-121.47|L-18 is 5 to 10 times more

NK cells

There is no dearth of evidence for the role of

potent that either form of IL-47 which suggests, as expect- chemokines in promoting inflammation. For example, the
ed, that signal transduction of IL-1 and IL-18 cannot be neutrophil-activating chemokine IL-8 is a primary agonist
identical (Table I). However, the recruitment of IRAK to in several pathologic processes of the lung. It is presently
the IL-18R complex places IL-18 signaling high in the sig- unclear whether IL-18 has a role in the eosinophilic infil-
naling cascade that it shares with IL-1. For IL-1 signaling, tration of asthma, but the global stimulation of both CXC
one of the earliest events is the formation of the heteroand CC chemokines by IL-38warrants consideration of
complex of the ligand IL-1 with the type | IL-1R and the the hypothesis that eosinophilic chemokines are induced

IL-1R-AcP3° This complex then recruits IRAR The
topic of IL-1 signal transduction related to AB-activation
has been reviewed in detéil59The IL-1R-AcP is essen-
tial for the recruitment and activation of IRA&52In fact,

from cells expressing receptors for IL-18. In this regard,
the macrophage cell line U1, which is derived from the
histiocytic lymphoma cell U937, releases IL-8 when stim-
ulated by IL-180 In addition, the myelomonocytic

deletion of specific amino acids in the IL-1R-AcP cyto- leukemia cell line KG-1 also releases IL-8 when stimulat-

plasmic domain results in loss of IRAK associafiband
these same amino acids are present in IL-1Rrp (ILa)l8R

ed with 1L-1819
This topic has recently been review®ds there a

In addition, an intracellular adapter molecule termedbroader role for IL-18? Does the cytokine possess other
MyD88 appears to dock to the complex, allowing IRAK to biologic activities not only as a costimulant fof; T

become phosphorylatéds3 IRAK then dissociates from

cytokines but also as a direct acting proinflammatory

the IL-1R complex and associates with TNF receptor-assocytokine? The ability of IL-18 to induce CC and CXC

ciated factor-6 (TRAF-63* TRAF-6 then phosphorylates
NIK,55 and NIK phosphorylates the inhibitok® kinases
(IKK-1 and IKK-2)56 Once phosphorylateckB is rapid-
ly degraded by a ubiquitin pathway liberating K5
which translocates to the nucleus for gene transcription.
IRAK also associates with the IL-18R comphh&?

chemokines places IL-18 in a strategic role in inflamma-
tion. By using freshly obtained human PBMCs, mature
recombinant IL-18 induced IL-8 gene expression and
synthesig3 By using IL-1Ra to block IL-1 activity in
these cells, IL-18—induced IL-8 production was reduced
by 40%. When TNF activity was inhibited by soluble

This was demonstrated by using IL-12—stimulated T cellsreceptors for TNF, IL-18—induced IL-8 production was

followed by immunoprecipitation with anti-IL-18R or

reduced by 80%, suggesting that the primary action of
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IL-18 was through a TNF-dependent pathway. AlthoughHowever, failure to detect TNF in cell culture supernatants
IL-8 in PBMC cultures was derived from the CDItll is not an argument that any cellular change is TNF inde-
population (and not the CDells), the source of TNF pendent because membrane forms of TNF are biological-
was the CD3and NK cells. Therefore the inflammatory ly active but often hardly measurable in supernatant. In
cytokine cascade initiated by IL-18 in the mixed PBMC fact, the ability of IL-18 to induce HIV-1 in U1 celfsand
population starts with triggering of constitutive 1L-18 IL-8 in PBMCg3 is TNF dependent. In both studies the
receptors on lymphocytes and NK cells, leading to TNFdependence on TNF was demonstrated by reducing the IL-
production; in turn, TNF stimulates IL-1 and IL-8 from 18 effect with soluble TNF p55 receptor. Therefore it is
the CD14 cells. The induction of TNF can be observed likely that IL-18—induced killing by liver NK cells can still
at the level of gene expression within 2 hours after expobe caused by induction of membrane TNF.
sure to IL-18. IL-18 also stimulates the synthesis of ] ..
macrophage chemoattractant protein-1 in these culll18 stimulates HIV-1 expression in a
tures23 These results are consistent with the ability of IL- Macrophage cell line
18 to activate the translocation of k& in peripheral T The U1 promonocytic cell line is derived from the
cells and fibroblasta?:36.61 U937 human histiocytic lymphoma cell line. This cell
Consistent with the induction of TNF in these modelscontains two copies of HIV-1 in its genome. After stimu-
is the observation that IL-18 induces HIV-1 expressionlation with cytokines, such as TNF or IL-1, U1 cells pro-
At concentrations as low as 100 pmol/L, mature IL-18duce large amounts of live, infectious HIV-1 virus. In
induces p24 synthesis in the chronically infectedthese cells IL-18 increased HIV-1 production as mea-
macrophage cell line UZ. The increase in p24 is an sured by synthesis of p24 HIV-1 antigdilhis increase
indication of production of competent virus by thesein HIV-1 production was markedly reduced by inhibition
cells. Similar to the observation in PBMCs, HIV-1 p24 of nitric oxide synthas& By gel-shift analysis, activa-
production by IL-18 is inhibited by blocking the activi- tion of the NKB transcription factor was seen after a 1-
ty of endogenously produced TREFurthermore, the hour exposure of cells to IL-18. IL-18 induced a 30-fold
induction of p24 by IL-18 is reduced by inhibition of increase in p24 over unstimulated Ul cells. However,
endogenous nitric oxide synthe8#¥Again, these obser- neutralization of endogenous TNF activity reduced IL-
vations are consistent with the ability of IL-18 to acti- 18—induced HIV-1 production by 55%. In the same cul-
vate NKB translocation. As discussed below, one chaintures IL-18—induced synthesis of the chemokine IL-8
of the IL-18 receptor complex is the IL-1Rrp, which, on was reduced by 96%. In addition, neutralization of
transient transfection into COS-1 cells, results ikBF endogenous IL-6 activity also reduced IL-18-induced
translocatior?8 In murine-cloned T cells IL-18 stimula- HIV-1 production (by 63%) but did not affect IL-8 pro-
tion results in a macromolecular complex precipitatedduction. Specific inhibition of the p38 MAPK reduced
by an antibody to IRAK; however, in these same cellslL-18—stimulated p24 production by 73% and IL-8 by
IL-18 does not activate STAT4, which characteristically 87%. One can conclude from these studies that the stim-
occurs after IL-12 treatmefRt.Because IRAK activates ulation of HIV-1 and IL-8 production in these cells by
a kinase cascade leading to degradatiomBfdnd acti-  1L-18 takes place by means of a cascade involving direct
vation of NKB, these findings are consistent with IL-18 NFkB activation because both HIV-1 and IL-8 have
induction of TNF from T cells and IL-8 from NFkB-binding consensus nucleotides in their respective

macrophage33 promoters. In addition, indirect activation of HIV-1
IL-18 I . f Fas li d expression likely occurs by means of the induction of
-18 upregulates expression of Fas ligan TNF and IL-6, which themselves stimulate HIV-1

IL-18 enhances Fas ligand expression and induceexpression. The role for activation of p38 MAPK in this
apoptosis in Fas-expressing human myelomonocytic KGprocess is consistent with the known role for this kinase
1 cells1® KG-1 cells are monocyte-like and also producein the synthesis of cytokin€and HIV-1568
the intercellular adhesion molecule-1 (ICAM-1). IL-18  Using acutely infected T-lymphoblastic Hut78 cells
increases ICAM-1 expression in these macrophagiand U937 macrophagic cells, IL-18 was added to the cul-
cells®3 These cells also express constitutively Fas antigetures for 5 weeks, and the amount of infectious virus was
(CD95), and after exposure to IL-18, KG-1 cells becameassessed. In the T cells the presence of IL-18 increased
apoptotic. Fas ligand is upregulated in T cells and NK cellHIV-1 production 3- to 4-fold, whereas no effect was
after incubation with IL-184 In the liver cytotoxic T cells  observed in the U937 cef8The amount of IL-18 added
are thought to contribute to the destruction of hepatic cellsto the cultures of acutely infected cells was 100 ng/mL,
particularly when infected by viruses. Cytotoxic T cells which is 10-fold greater than that used to stimulate HIV-
and NK cells isolated from the liver and then stimulatedl production in U1 cells that are latently infec#éd.
with IL-18 exhibit enhanced killing of Jurkat T ceffsThe ] ] ] ]
IL-18-induced enhanced killing by liver-derived cytotoxic IL-18 and insulin-dependent diabetes mellitus
T lymphocytes was through the perforin-dependent path“DDM)
way and not CD95? Liver-derived NK cells also exhibit- In islet cultures IL-1, TNF, and/or IFMinduce nitric
ed enhanced killing of Jurkat cells after exposure to IL-18oxide, which mediates selectiecell death’0.71Expres-
but the mechanism was thought to be independent of TNIsion of IL-13 in cells infiltrating the islets in the
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nonobese diabetic (NOD) mouse and the BioBreeder raence of osteoclast-generating agents. With mice deficient
add further to the concept that II[3-plays a role in these in GM-CSF, a similar role for IL-18 was report&tand
spontaneous models of diabetes. Recently, a role for ILthus this is a non-IFN-effect of IL-18.
18 has been postulated in the development of autoim
mune diabetes in the mou%&The rationale of these HOST DEFENSE Fl:’NCT!ONS OF IL-18
studies was based on the well-established observatioll-18 in models of infection
that IFNy contributes td3-cell death. In addition, IL-18 In BALB/C mice, which are highly susceptible to
increases Fas ligand expressif and NKB activa- infection with Mycobacteria, there is low expression of
tion.36,61 Expression of IL-18 transcripts occurred with IL-18 and IFNy compared with the resistant strain
the onset of insulitis in the NOD mou&&eThe location  DBA/2, in which high levels of IFNt and IL-18 are
of the IL-18 gene within the Idd2 interval on chromo- observed®s Administration of IL-12 reduces bacterial
some 9 implicates IL-18 as one of the NOD susceptibili-counts, and therefore it has been proposed that the com-
ty genes’4 The human IL-18 gene maps to 11g22.2- bination of IL-18 and IL-12 affords protection in these
g22.3, which is closely linked to the DRD2 gene locus models. For nearly all cytokines, including the proin-
and distinct from mapped IDDM loé?. flammatory cytokines, there are well-established animal
There seems to be a clear association with the developmodels in which cytokine treatment affords protection
ment of the T; response in the NOD mouse and local IL- from infection, increased host defense, or reduced dis-
18 expressior® It was also reported that the,;Tfesponse  ease severity. The mechanisms are multiple, and in the
in the NOD mouse leading to the destruction of the islet iscase of IL-12/IL-18, it is likely that IFN+production
preceded by expression of IL-18 in the spléegells accounts for this protection, although no differences
expressing IL-4 were evenly distributed around the infil- were detected in the IFiproduction from resistant or
trate, whereas IFN-expressing cells were restricted to the susceptible mouse straiffs.
area around th@ cells76 Therefore the precise role for IL- In models of protection against bacterial infection,
18 in the pathogenesis of IDDM is presently unclear. Thepretreatment or early treatment, rather than postinfection
well-established ability of IL-18 to induce Fas ligdhéf73  treatment, is the hallmark. By using a model of live
would provide provisional evidence for a role of this Cryptococcal infection, pretreatment and early treatment
cytokine in IDDM in addition to its J; cytokine profile. with 1L-18 reduced infection severity and briefly pro-
longed life but did not increase survival at 3 to 6 weeks.

Is there a role for IL-18 in autoimmune The amount of IL-18 administered to these mice was

demyelinating disease? 100-fold higher than the amount of II3-heeded to pro-
Fas-mediated T-cell death worsens autoimmune distect mice against Candida lethafify.
eases in some modéelsFor example, neutralizing anti- In a model ofYersinia enterocoliticanfection, mice

bodies to IFNy worsen autoimmune experimental aller- resistant to this infection (C57BL6) expressed 4-fold
gic encephalomyeliti® On the other hand, transgenic more IL-18 mRNA compared with mice sensitive
mice overexpressing central nervous system YFN- (BALB/C) to Yersinia8% Anti-IL-18 antibodies resulted
under the control of an oligodendrocyte-specific pro-in a 100- to 1000-fold increase in bacterial counts in the
moter exhibited several of the characteristic lesionsspleen but without a significant change in IFfroduc-
seen in models of autoimmune demyelinati®n. tion. This is an unusual finding because the anti-IL-18
Because the prominent biologic property of IL-18 is antibody reduces IFN+in an LPS modei! By usingSal-
IFN-y, as well as Fas-ligand, expression, it is possiblemonella typhimuriumin mice, anti-IL-18 antibodies
that IL-18 plays an agonist role in autoimmune induce an exacerbation of the infection, with reduced
demyelinating disease. Blocking I3 Wwith IL-1Ra or IFN-y production at the protein and mRNA levéfs.
soluble IL-1RI also reduces autoimmune allergic Administration of exogenous IL-18 protects mice in this
encephalomyeliti§9.81 model, but in IFNy receptor—deficient mice no protec-
. o tion is afforded. These data suggest that the protective
Other proinflammatory activities of 1L-18 effect of IL-18 is mediated by IFN- Similar findings
IL-18 stimulates ICAM-1 expression on monocytic have been observed with anti-IL-12 antibodies.
cell lines83 Anti-IFN-y did not reduce the effect of IL-18 ] ] ]
in inducing ICAM-1 expression on monocytes, and IL-18 increases innate defense against
therefore this was a direct effect of IL-18 and not onetumors
mediated by IFN¢ In murine peritoneal macrophages  IL-18 administered into mice as an adjuvant for
murine IL-18 stimulated production of IL-6 and I3l  increased tumor immunogenicity provided enhanced NK
there was no stimulation of TNF or Ilalin the same  cell activation and production of IL-2, as well as sequen-
cultures82 By using macrophages from mice deficient in tially decreased IL-188 Osaki et &2 have also reported
both TNFa and lymphotoxina, IL-18 stimulated IL-6  increased tumor immunogenicity by pretreating with IL-
production. IL-18 inhibits osteoclast-like multinucleated 18 in a melanoma model. However, the ability of IL-18
cells by induction of GM-CSF and not through induction to afford protection was unexpectedly observed in ¥FN-
of IFN-y.83In a mixture of osteoblasts and hematopoiet- receptor—deficient mice. Because the protection afforded
ic cells, IL-18 inhibited osteoclast formation in the pres- by IL-12 in this model is dependent on IFNeceptor
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expression, it appears that IL-18 may possess hosthe low T,; state but rather that theIcytokine response
defense functions independent of IiN- (IFN-y and IL-18 production), which determines the out-
Mouse mammary carcinoma cells expressing IL-12 oicome of the immunologic response to allergens, is low in
IL-18 are less tumorogenic and formed tumors morethe asthmatic subjects. It may be possible to incorporate
slowly compared with cells not expressing these cytoL-18 as an adjuvant in a vaccine trial for treating asth-
kines?3 Moreover, injecting both cytokine-expressing matic subjects, assuring a;Tresponse.
tumor cells together with a nontransfected tumor result . . e
ed in a 70% reduction in tumor growth. The antitumorstrategles for reducing IL-18 in disease
effect was likely caused by IFiproduction. Moreover, Because IL-18 is a promoter of;immune responses,
tumor cells expressing either of these cytokines induceas well as a direct proinflammatory cytokine, reducing
a greater systemic inhibition of angiogenesis. In humarlL-18 activity in some diseases is a sensible strategy. For
pancreatic carcinoma cells transfected with IL-12 or IL-example, suppression of an activg fesponse in acute
18, IL-12 induced an antitumor effect in nude nfitbut  or chronic transplant rejection is presently accomplished
IL-18 did not. Because the study was carried out in nudby using antibodies to activated T cells, corticosteroids,
mice, one can conclude that the effect of IL-12 is noicyclosporine, and other immunosuppressive agents.

caused by IFN¢production. There are also ongoing clinical trials with IL-10 and
rapamycin. However, although highly effective, each of

IL-18 IN CLINICAL MEDICINE these is nonspecific and global in that they suppress the

Levels of IL-18 in human disease synthesis of several lymphocyte growth factors and

To date, there is a single study measuring circulatingprocesses of macrophage and lymphocyte activation. In
IL-18 in patients with various leukemi@®By using a  addition, some are clearly toxic and particularly nephro-
specific ELISA for human mature IL-18, healthy sub- toxic. In the case of renal transplants the nephrotoxicity
jects exhibited levels of plasma IL-18 between 50 ancof cyclosporine can obscure rejection. Moreover, the
150 pg/mL. In contrast, patients with acute lymphoblas-global immunosuppression may prevent the development
tic leukemia, chronic lymphocytic leukemia, acute of graft tolerance, a desirable event in allograft trans-
myelogenous leukemia, and chronic myelogenousplantation. On the other hand, reducing the activity of IL-
leukemia had elevated levels (200 to 1200 pg/mL).18 offers a specific suppression of thg flesponse. How
Patients with acute lymphoblastic leukemia and chronids this accomplished? Neutralizing antibodies to I1L-18
myelogenous leukemia had the highest levels, althougare an obvious approach. Rabbit anti-mouse IL-18 will
patients with acute myelogenous leukemia had theaeduce the circulating levels of IFjNafter LPS and pro-
greatest number of samples above the level measured tect against hepatocellular damage induced by 24PS.
healthy subjects (>150 pg/mL). It should be noted thaThe IL-18BP described above specifically blocks IL-18
these are the same leukemias in which a pathogenic roactivity in vitro and in vivol” The IL-18BP has a high
for IL-1B has been demonstrat&. affinity for the ligand and is an ideal candidate for spe-
. cific reduction of I1L-18 activity in the J; response.
Whether to give IL-18 or suppress IL-18 Of the several disease processesa;ln which a blocking

The immunologic basis for increase in asthma cases ilL-18 activity may be considered a therapeutic strategy,
the United States, Japan, and Europe has been thoroucthose associated with gqTresponse gain support from
ly discussed in many publications. Although there are sevpreclinical studies. As discussed above, these include
eral hypotheses, most consider the importance of the T autoimmune demyelinating diseases, rheumatoid arthri-
versus T, balance (or imbalance depending on one’stis, Crohn’s disease, lupus nephritis, and psoriasis.
viewpoint) as a contributing fact®f.The delayed hyper- Patients with rheumatoid arthritis have been successful-
sensitivity to tuberculin test to determine the presence cly treated with either IL-1R&%antibodies to TNF,101
a “T,, state” in patients has been used by Japanese inveor soluble TNFe receptor p75 Fc fusion prote#f?
tigators98 In their hypothesis a decline in tuberculosis in However, although highly effective in reducing inflam-
Japan has resulted in a loss of the dominance of the Tmation, inflammation returns once the anticytokine ther-
response, allowing, s responses to dominate during anti- apy is stopped. Therefore a more fundamental reduction
gen (allergen) exposure. In that case one should examiiin the T,; response may offer these patients a greater
inducible IFNy production in a large population of asth- reduction in their disease activity. Rheumatoid arthritis
matic subjects to determine whether any correlationdis associated with increased expression of Class Il mol-
exist. In fact, a simple whole blood test has been designeecules and large numbers of CDHcells. Various ther-
for this purpose, which can be applied to several hundreapeutic strategies have targeted a reduction in T cells in
patients in the fiel@® However, because IFMis depen-  patients with rheumatoid arthritis with improvement in
dent on the synthesis and processing of IL-18, levels ctheir disease activity. Therefore a specific blockade of
IL-18 activity in asthmatic patients also should be deterthe T,; response in rheumatoid arthritis may be a sensi-
mined. A clinically relevant finding would be that a cor- ble therapeutic approach. A similar approach can be
relation between low IFN-and IL-18 production exists in made for multiple sclerosis. However, a therapeutic
asthmatic, compared with nonasthmatic, subjects. It maimprovement from reducing a,fresponse in this dis-
not be that the absence of infection per se is the reason fease is far less certaifs
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The addition of IL-18 during the secondary stimula- 7.
tion of T cells reveals that the,;Tresponse can take place
in the absence of IL-127 Furthermore, the increased
binding of IL-18 in IL-12—stimulated cells is likely
caused by an increase in the receptor number for IL-18 o
Therefore one would expect a reducegglfésponse sole-
ly by blocking IL-18 activity. By the same reasoning, a

reduced T; response would also be apparent by block- 10.

ing IL-12. Similar to the case of blocking either IL-1 or

TNF in patients with rheumatoid arthriti89.101 the 11.

marked synergy between IL-12 and IL-18 during the T

response suggests that blocking either of these cytokine 1

would shorten the J response.
The extracellular domain of human IL-1Rrp is also a
potential agent for specific reduction in IL-18 activity.

This extracellular domain has been expressed as an F13-

fusion protein (also called soluble IL-1RrpFc) for

enhanced half-life activity in the circulation. However, 14

when incubated with IL-18 at molar ratios of 1:2 or
greater, the soluble IL-1RrpFc actually enhances the bio
logic activity of IL-18 rather than reduces its activity in
vitro.104 On the other hand, the presence of IL-18BP

results in near-complete reduction in IL-18 activity at 1.

molar excesses of 2 or greatér.
Is blocking IL-18 safe?

- L . . .17
This important question is asked in any trial during

which a naturally occurring cytokine, such as IL-1 or

TNF, is blocked. Other agents, such as cyclosporine o 18.

corticosteroids, nonspecifically reduce cytokine produc-
tion and yet are widely accepted for use in patients

Although host defense functions are suppressed b'ig.

agents such as cyclosporine or corticosteroids, the use
IL-1Ra or neutralizing agents for TNdhas raised con-
cern about their safety. At present, it appears that block 2
ing either IL-1 or TNFa is associated with less evidence
for altered host defense function compared with that
observed by using cyclosporine or corticosteroids. The
production of IFNy will certainly be suppressed in
patients receiving any agent targeted to reduce IL-1¢

activity. Therefore infections with Mycobacte¥?a or 2.

intracellular organisms, such as Salmonella, may be
increased.

23.
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