Effects of the Interleukin-1 Cytokine
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1 Introduction

Cytokines are major regulators of bone homeostasis and influence the function of
both osteoblasts and osteoclasts. For instance, receptor activator of NF-kB ligand
(RANKL) is a member of the tumor necrosis factor (TNF) family and an essential
mediator of osteoclastogenesis. Apart from RANKL, proinflammatory cytokines
modulate osteoclast differentiation, amongst them TNF-a. is a potent stimulator of
osteoclastogenesis. Other proinflammatory cytokines like IL-17 and IL-11 are also
stimulators of bone resorption by inducing osteoclast differentiation, whereas oth-
ers such as interferon-(IFN)-y and IL-12 suppress osteoclastogenesis and balance
enhanced bone resorption. In this chapter, we focus on the IL-1 of cytokine family
and summarize their role on bone homeostasis. Members of the IL-1 cytokine fam-
ily are involved in multiple cellular functions including the innate and adaptive
immune system. They are key mediators of inflammation and govern the complex
processes of cell trafficking, cytokine and matrix enzyme release, fever responses,
and metabolic changes during inflammatory disease.

2 Interleukin-1

The pro-inflammatory cytokine IL-1 is induced by TNF-o and was first described as
factor acting on T and B cells driving immune responses [1]. Since then, it became
evident that IL-1 is one of the key players during acute inflammation and produced by
multiple cell lineages including macrophages, lymphocytes as well as mesenchymal cells.
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There are two polypeptides, IL-1a and IL-1f3. Both polypeptides bind to the same cell
surface receptors and exert similar biological functions. IL-1a is predominantly
expressed in the cytoplasm and already active as a pro-form (pro-IL-1at), whereas
IL-1p is functionally inactive as a pro-form and only exerts its action after cleavage by
the interkeukin-1 converting enzyme. IL-1 has multiple biological functions: it con-
tributes the activation of several leukocyte lineages, endothelial cells, and synovial
fibroblasts. In addition, IL-1 is a highly potent inducer of matrix enzyme production
by chondrocytes. In addition, IL-1 is essentially involved in the fever response and
also plays an important role in glucose metabolism by promoting the death of beta
cells in the pancreas and impairing glucose tolerance and promoting diabetes.

IL-1 was shown to exert potent effects on bone tissue by enhancing bone resorp-
tion activity in vitro and in vivo [2]. IL-1 has been shown to prolong the lifespan of
osteoclasts [3] and thereby contributing to osteoclast survival and formation. Together
with TNF-a, IL-1 appears to play a crucial role in recruiting osteoclasts together with
inflammatory cells to inflammation sites and thereby induces local activation of joint
destruction. Elegant studies by Wei et al. have shown that TNF induces expression of
IL-1 and IL-1R in mesenchymal cells, which both support their osteoclastogenic
effects on mononuclear cells [4]. Thus, IL-1 induces RANKL expression in mesen-
chymal cells and additionally acts directly on osteoclasts by enhancing expression of
RANK [4-6] (Fig. 1). Blockade of IL-1 by its soluble receptor antagonist (IL-1ra) or
by using mice deficient for the type I IL-1R receptor strongly reduced the potential
of TNF to induce osteoclast formation, suggesting that IL-1 represents a major link
between TNF and osteoclast formation in vitro and in vivo.

The central role of IL-1 in inflammatory osteoclastogenesis is also supported
by the destructive nature of arthritis models, which depend on IL-1, such as colla-
gen-induced arthritis or serum transfer-induced arthritis [7]. Thus, for instance,
deficiency of the type I IL-1R does not only achieve excellent protection from
inflammatory signs of arthritis in the serum transfer model but also protection
from local bone destruction. Even in arthritis, where inflammatory signs of dis-
ease are fully TNF-dependent (TNFtg mice) and which do not require IL-1, this
cytokine is pivotal for local bone erosion and systemic bone loss [5, 6]. These
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Fig. 2 Interleukin-18 blocks osteoclastogenesis. OB osteoblast, OCP osteoclast precursor, PTH
parathyroid hormone, OPG osteoprotegerin, GMCSF granulocyte/macrophage colony stimulating
factor

previous data as well as the observation that over-expression of IL-1 causes
osteopenia [8] suggested that IL-1 plays a central role in TNF-mediated systemic
inflammatory bone loss as well.

3 Interleukin-18

IL-18 has been described as IFNg inducing factor in the mid-1990s [9]. IL-18
thereby acts in synergy with II-12 to stimulate the release of IL-18 from TH1
cells. Moreover, IL-18 is involved in the regulation of energy intake and insulin
sensitivity. IL-18, like IL-1 is widely expressed in the hematopoietic lineage and
also found in mesenchymal cells. It is secreted from the cells and acts in an auto-
crine and paracrine fashion by engaging its receptor, which shares structural
homologies to the IL-1 receptor. The b-subunit thereby forms high affinity com-
plexes with IL-18/IL-18R alpha chain dimmers. IL-18 is expressed in mesenchy-
mal cells such as osteoblasts and its expression is induced by parathyroid hormone
[10] (Fig. 2). In fact, the anabolic effect of parathyroid hormone is at least in part
mediated by the induction of IL-18 in the osteoblast lineage. Furthermore, bind-
ing of IL-18 to osteoblasts stimulates the expression of osteoprotegerin [11]. It is
known as a potent suppressor of osteoclastogenesis [12]. Anti-osteoclastogenic
activity of IL-18 is particularly strong during the early phase of the differentia-
tion process. The fact that IL-18 induces several potent cytokine inhibitors of
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osteoclastogenesis such as IFNg and GM-CSF in T cells and explains its strong
anti-osteoclastogenic activity, which is reflected by impaired bone resorption
when IL-18 is administered. Thereby the induction of GMCSF appears to be
essential in mediating the effects of IL-18 on the osteoclast and T cells have been
identified as the primary source of GMCSF production elicited by IL-18 [13].
Thus IL-18 exerts profoundly different effects to the skeleton as compared to
IL-1 by fostering osteoblast-mediated bone formation and inhibiting osteoclast-
mediated bone erosion.

4 Interleukin-33

Interleukin (IL)-33 is a recently described member of the IL-1 family [14, 15],
constitutively expressed in various tissues, particularly in endothelial cells and
epithelial cells exposed to the environment, such as skin, gastrointestinal tract,
and the lungs. Similar to IL-1, IL-33 may act as both a cytokine and a nuclear
factor. As a cytokine, IL-33 signals through its interaction with a heterodimeric
receptor consisting of membrane-bound ST2L (member of the IL-1 receptor family)
and IL-1R accessory protein (IL-1RAcP), leading to NF-kB and M APkinase acti-
vation. ST2L is expressed on monocytes, macrophages, neutrophils, T cells,
particularly TH2 (but not THI1 cells), and mast cells. IL-33 is involved in the
polarization of IL-5-producing T cells, migration of TH2 cells, activation of baso-
phils, mast cells, eosinophils, and alternatively activated macrophages, contributing
to allergic response and asthma. IL-33 also promotes chemo-attraction of neutro-
phils to inflammatory sites and attenuates poly-microbial sepsis and mediates
mast cell-dependent arthritis.

IL-33 is expressed in the bone tissue and acts as a bone protective cytokine by
effectively blocking osteoclastogenesis and local bone erosions [16]. Exogenously
administered IL-33 also blocks TNF-a-mediated local and systemic bone loss
in vivo. Conversely, deletion of the IL-33 receptor ST2 in bone marrow cells
enhances bone loss [17]. The mechanism by which IL-33 exerts its inhibitory effect
on osteoclast differentiation is not likely by the regulation of OPG or RANKL
synthesis. Instead IL-33 directly acts on human and mouse bone marrow CD11b*
cells by inhibiting their development toward mature osteoclasts. IL-33 appears to
shift the osteoclast precursor differentiation towards alternatively activated mac-
rophages. IL-33-activated alternatively activated macrophages produce elevated
levels of IL-4 and GM-CSF, which are known inhibitors of osteoclast differentia-
tion [17] (Fig. 3). Interestingly, IL-33 is not able to affect osteoclast development
when added to committed immature osteoclasts, suggesting that IL-33 acts on the
very early step of cell commitment. This phenomenon may also explain the lack of
an inhibitory effect of IL-33 on osteoclast development from human peripheral
blood CD14* cells [18, 19].
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Fig. 3 Interleukin-33 blocks osteoclastogenesis. OCP osteoclast precursor, RANKL receptor acti-
vator of nuclear factor kappa B ligand, MC mast cell, DC dendritic cell, GMCSF granulocyte/
macrophage colony stimulating factor, /L-4 interleukin-4

5 Summary

IL-1 family members constitute a group of cytokines at the interphase between
inflammation and the skeletal system. All three IL-1 family members have potent
effects on bone and are particularly involved in the regulation of bone resorption by
modulating osteoclast differentiation. Whereas IL-1 is a potent inducer of osteoclas-
togenesis and bone loss, IL-18 and IL-33 are strongly inhibitors of bone resorption.
The pattern of IL-1 family member expression within inflammatory tissue is there-
fore of key importance for bone damage elicited by inflammation. Clinical relevance
of this concept is strongly supported by the bone phenotype of gout, which is a
highly IL-1-driven inflammatory process based on uric acid crystal deposition and
inflammasome activation, which is accompanied by vast bone resorption induced
by IL-1-driven osteoclastogenesis.
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