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Abstract
Although all structural studies on cytokine-cytokine receptor interactions are based on a
crystallized cytokine binding to its specific receptor, there is no dearth of evidence that membrane-
embedded cytokines are biologically active by virtue of cell-cell contact. Clearly the orientation of
the membrane cytokine is such that it allows binding to the receptor, as takes place with the
soluble form of the cytokine. In this issue, Bellora et al. report that interleukin-18 (IL-18) exists as
an integral membrane protein on M-CSF-differentiated human macrophages and that upon LPS
stimulation, IL-18 induces IFN-γ from NK cells in a caspase-1-dependent fashion. The
immunological and inflammatory implications for this finding are considerable because of the role
of IL-18 as the primary IFN-γ inducing cytokine in promoting Th1 responses.

Interleukin-18 (IL-18), a member of the IL-1 family, was first characterized as an inducer of
interferon-γ (IFN-γ) and initially thought to be IL-12. Only after the cloning of the cDNA
coding for this IFN-γ-inducing factor [1] did it become clear that the factor belonged to the
IL-1 family, and in particular, was closely related to IL-1β. Like IL-1β, IL-18 is first
synthesized as an inactive precursor without a signal peptide, and requires cleavage by
caspase-1 for processing and release of the active cytokine. But upon further investigation,
the similarity to IL-1β became less apparent. First, unlike IL-1β, the IL-18 precursor is
found constitutively present in mesenchymal cells and blood monocytes in healthy humans
and mice [2]. For example, the IL-18 precursor is present in keratinocytes of the skin and in
the epithelial cells of the entire gastrointestinal tract [3]. The IL-1α precursor is also
constitutively present in mesenchymal cells in healthy humans and mice and also in the
epithelial cells of the entire gastrointestinal tract. Since the IL-1α precursor is present in the
same cells as IL-18, IL-18 is similar to IL-1α in this regard. However, the IL-1α precursor
is active and therefore in a dying hypoxic cell, such as a keratinocyte [4], the IL-1α
precursor is released and induces a proinflammatory response such as chemokine production
and neutrophil infiltration [5]. Since the recombinant form of the IL-18 precursor is inactive,
IL-18 released from a dying cell would not contribute to inflammation or act as an inducer
of IFN-γ unless processed by a protease. Proteinase-3 (PR3) is such a protease that cleaves
the IL-18 precursor and coverts the cytokine to an active molecule [6]. But, is it necessary to
have cell death and the release of intracellular contents to see a role for IL-18?

In freshly obtained human blood monocytes, LPS stimulation does not result in a significant
secretion of IL-1α [7]. In the same blood monocytes, the secretion of IL-18 following LPS
stimulation is consistently low and, compared with IL-1β, negligible. By comparison, IL-1β
is readily released following LPS stimulation in the absence of added ATP because
caspase-1 is already active in fresh monocytes [8]. In contrast, macrophages require
activation of caspase-1 with substantial concentrations of ATP [8]. Thus, the robust release
of processed IL-1β compared with the weak release of processed IL-18 reveals that the
mechanism of release from the post-caspase-1 cleavage step is not the same for these two
cytokines. Indeed, a lingering question is why this difference exists. One possible
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explanation is that the constitutive presence of the IL-18 precursor in monocytes remains in
the cytoplasm whereas the newly synthesized IL-1β precursor enters the secretory lysosome
where it is processed by caspase-1 and exported [9, 10].

With the report by Bellora et al. in this issue of the European Journal of Immunology [11],
the similarity of IL-18 to IL-1α now becomes closer with the observation that a membrane
form of IL-18 is found on a subset of monocyte-derived macrophages following exposure to
macrophage colony stimulating factor (M-CSF). Similar to IL-1α, membrane IL-18 is an
active cytokine only upon stimulation with TLR ligands such as LPS [12, 13]. This is an
important similarity for IL-1α and IL-18 in that LPS stimulation triggers a step resulting in
an active cytokine. Membrane cytokines are not new to cytokine biology. TNF-α can exist
in a membrane form, and requires a protease for release. However, the first report of a
functional membrane cytokine was that of IL-1α in 1985 [12]. This milestone was at first
appreciated for its relevance to the biology of the IL-1 family, then questioned and finally
resolved. The insertion of IL-1α into the membrane is possible because of myristoylation of
the IL-1α precursor at lysines 82 and 83, a step that facilitates the insertion into the
membrane [14]. There is a potential myristoylation site in the IL-18 precursor but it remains
unclear if this site accounts for insertion into the membrane.

There are unique findings in the study by Bellora et al. [11]. First, the appearance of
membrane IL-18 is slow given the fact that the monocyte already contains the precursor.
Second, its appearance is linked to the differentiation into an M2 type macrophage by
exposure to M-CSF whereas differentiation into an M1 type macrophage by exposure to
GM-CSF does not result in membrane IL-18. Third, although its presence on the membrane
of the differentiated M2 macrophage is caspase-1 dependent, the cytokine is inactive.
Activation requires LPS. In this regard, membrane IL-18 and membrane IL-1α are similar
because they are both active. In the case of membrane IL-1α, the proof that the cytokine was
truly acting as an integral membrane protein and not “leaking” out of the cell was a
contentious issue. It was resolved by prolonged fixation of the cell demonstrating the
absence of any IL-1α “leaking” into the supernatant [13]. In fact, the concept that cell-cell
contact was a fundamental mechanism for inflammation as well as a specific immune
response is derived from the studies initiated by Emil Unanue in 1985 [12]. In the case of
active membrane IL-18, LPS is necessary for release of the active cytokine from its
membrane residence and not for gene expression. Although the cleavage of the IL-1α
precursor by the membrane cysteine protease calpain is known, a specific inhibitor of
calpain did not prevent the release of active IL-18 from the cell. Therefore, the steps in the
release of active IL-18 from M2 macrophages require caspase-1 plus an unknown protease
induced by LPS. This protease is likely PR3, as published in studies such as [6], and because
macrophages contain inactive (latent) PR3 in the membrane that requires an activation step.

In the article by Bellora et al. [11], the biological read-out for active IL-18 was not only
IFN-γ induction from NK cells but also the expression of CCR7. Using a neutralizing anti-
IL-18 antibody, these two effects established that IL-18 needed for the responses. It would
be interesting to know what would have taken place if the IL-1 receptor antagonist were
added to the NK-cell experiment in order to ascertain a role for IL-1α in IFN-γ production
from NK cells. Furthermore, is the effect of mixing two cell populations and measuring an
effect due to a single cytokine, or to a synergy of two or more cytokines? It is not
uncommon in cytokine biology to have synergy such that the neutralization of one cytokine
dismantles the synergy and there is no longer a biological effect.

Regardless of these currently unanswered questions, the study by Bellora et al. [11]
contributes greatly to understanding the role of IL-18 in inflammation and immune
responses; however, the role of IL-18 in either response is far more complicated than that of
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IL-1α and IL-1β. IL-18 can be proinflammatory in some models and anti-inflammatory in
others. IL-18 likely contributes to macrophage activation syndrome because of its capacity
to induce IFN-γ [15]. In a dreaded disease called age-related macular degeneration, in
which sight is lost, a requirement for caspase-1 was shown in a mouse model for this disease
[16]. However, unexpectedly, the activation of caspase-1 provided a protective role for the
disease and it was IL-18, not IL-1β, that was protective. IL-18 is protective in models of
colitis but in the same models it can also be inflammatory [17]. Blocking IL-18 protects in
several models of inflammation, as reviewed in [18], but mice deficient in IL-18 or deficient
in IL-18Rα develop a severe form of metabolic syndrome [19]. Knowing that macrophages
express a membrane form of IL-18 extends beyond NK-cell biology and into a broad
spectrum of how we view and interpret IL-18.
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