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Cytokines are usually extracellular signalling
proteins, usually less than 80 kD in size, and
many are glycosylated. They are produced by
many different cell types that are involved in
cell-to-cell interactions acting through specific
receptors on the surface of target cells.
Cytokines usually have an effect on closely
adjacent cells and therefore function in a
predominantly paracrine fashion, although
they may also act at a distance (endocrine) and
may have effects on the cell of origin
(autocrine). Cytokines may be regarded as a
mechanism for cell-cell communication, and
within this group may be included growth fac-
tors and cytokines with primarily chemo-
attractant properties (chemokines). They act
on target cells to cause a wide array of cellular
functions including activation, proliferation,
chemotaxis, immunomodulation, release of
other cytokines or mediators, growth and cell
differentiation, and apoptosis. Cytokines were
originally characterised (and named) accord-
ing to some aspect of their functional activity
that was initially discovered, but the cloning of
the genes for these cytokines has now provided
a better insight into their classification and
grouping. It is apparent that there is a wide
pleiotropy and element of redundancy in the
cytokine family in that each cytokine has many
overlapping functions, with each function
potentially mediated by more than one cyto-
kine.

The effect of an individual cytokine in the
context of disease may not be easy to predict
because it may be influenced by other cyto-
kines released simultaneously from the same
cell or from target cells following activation by
the cytokine. The effects of cytokines are
mediated by binding to cell surface high affin-
ity receptors usually present in low numbers.
The number of these receptors can be upregu-
lated with cell activation, and there the effect of
a cytokine may depend on the modulation of its
receptors. Cytokines themselves may induce
the expression of receptors which may change
the responsiveness of both source and target
cells. Two examples are the actions of inter-
feron y (IFN-y) in decreasing the effect of
tumour necrosis factor a (TNF-a) receptors on
macrophages' and that of interleukin 1
(IL-1B) in increasing the expression of the
same receptors.” Some cytokines may stimulate
their own production in an autocrine manner,
whereas others stimulate the synthesis of
different cytokines that have a feedback stimu-

latory effect on the first cytokine resulting in an
increase in its effects.

Inflammation in asthma

Cytokines play an integral role in the coordina-
tion and persistence of the inflammatory proc-
ess in the chronic inflammation of the airways
in asthma since they are capable of inducing
many of the pro-inflammatory effects charac-
teristic of this disease (table 1). Many cytokines
are expressed and their function in this process
can be surmised from a knowledge of their
properties or from information obtained from
animal studies. The chronic airway inflamma-
tion of asthma is unique in that the airway wall
is infiltrated by T lymphocytes, eosinophils,
macrophages/monocytes and mast cells, and
sometimes by neutrophils t0o.>* In addition, an
acute-on-chronic inflammation may be ob-
served with acute exacerbations, with an
increase in eosinophils and neutrophils in the
airway submucosa and release of mediators
such as histamine and cysteinyl leukotrienes
(cys-LTs) from eosinophils and mast cells to
induce bronchoconstriction, airway oedema,
and mucus secretion. Changes in the resident
cells are also observed in the asthmatic
airway—for example, an increase in the thick-
ness of the airway smooth muscle with
hypertrophy and hyperplasia,” more myofi-
broblasts with an increase in collagen deposi-
tion in the lamina reticularis,® more vessels’
and an increase in the goblet cell numbers in
the airway epithelium.' Clearly, these chronic
and acute inflammatory changes observed in
the asthmatic airway could result from exces-
sive release of many types of cytokines which
has been observed in experimental induction of
asthma by allergen exposure and virus infec-
tions, or during symptomatic asthma."'™ Not
only are cytokines involved in maintaining the
chronic inflammatory process, they are also
responsible for the initiation or the early stages
of this process.

It is not simple to classify the numerous
cytokines that are potentially involved in
asthma because of their pleiotropic nature and
overlapping properties. However, with regard
to the specific abnormalities of asthma and to
our current understanding of the pathogenesis
of asthma, they may be grouped as follows:

(1) Lymphokines: IL-2, IL-3, IL-4, IL-5,
1L-13,1L-15,IL.-16, IL-17.

(2) Pro-inflammatory cytokines: IL-1, TNF,
1L-6, IL-11, GM-CSF, SCF.
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Table 1 Summary of effects of cytokines

Important cellular and mediator effects

Lymphokines
1L-2 .
IL-3 .
1L-4 .
1L-5 .
1L-13 .
1L-15 .
1L-16 .
1L-17 .

Eosinophilia in vivo

Growth and differentiation of T cells
Eosinophilia in vivo

Pluripotential haematopoietic factor
Eosinophil growth 1

Th2 cells 15 Thl cells |

IgE 1

Eosinophil maturation

Apoptosis |

Th2 cells 1

BHR

Activates eosinophils

Apoptosis |

IgE 1

As for IL-2

Growth and differentiation of T cells
Eosinophil migration

Growth factor and chemotaxis of T cells (CD4+)
T cell proliferation

Activates epithelia, endothelial cells, fibroblasts

Pro-inflammatory

IL-1 .

TNF-a .

Adhesion to vascular endothelium 1 ; eosinophil accumulation in vivo

Growth factor for Th2 cells

B cell growth factor; neutrophil chemoattractant; T cell and epithelial activation
BHR

Activates epithelium, endothelium, antigen presenting cells, monocytes/

macrophages

IL-6

IL-11

GM-CSF

SCF .

BHR

T cell growth factor

B cell growth factor

IgE 1

B cell growth factor

Activates fibroblast

BHR

Eosinophil apoptosis and activation; induces release of leukotrienes
Proliferation and maturation of haematopoietic cells; endothelial cell migration
BHR

VCAM-1 on eosinophils 1

Growth factor for mast cells

Inhibitory cytokines

IL-10 .

IL-1ra .

IFN-y

IL-18
Growth factors
PDGF .

TGF-B -+

Eosinophil survival |

Thl and Th2 cells |

Monocyte/macrophage activation | ; B cells 1; mast cell growth 1
BHR |

Th2 proliferation |

BHR |

Eosinophil influx after allergen |

Th2 cells |

Activates endothelial cells, epithelial cells, alveolar macrophages/monocytes
IgE |

BHR |

via IFN-y release |

Releases IFN-y from Thl cells

Activates NK cells, monocytes

IgE |

Fibroblast and airway smooth muscle proliferation
Release of collagen

T cell proliferation |

Blocks IL-2 effects

Fibroblast proliferation

Chemoattractant for monocytes, fibroblasts, mast cells
ASM proliferation |

IL = interleukin; TNF = tumour necrosis factor; GM-CSF = granulocyte-macrophage colony
stimulating factor; SCF = stem cell factor; IFN = interferon; PDGF = platelet derived growth
factor; NK = natural killer; Th cells = T helper cells; BHR = bronchial hyperresponsiveness;
VCAM = vascular adhesion molecule; ASM = airway smooth muscle.

(3) Anti-inflammatory cytokines: IL.-10, IL-
1ra, IFN-vy, IL-12, IT-18.

(4) Chemotactic cytokines (chemokines):
RANTES, MCP-1, MCP-2, MCP-3,
MCP-4, MCP-5, MIP-1aq, eotaxin, IL-8.

(5) Growth factors: PDGF, TGF-B, FGF,
EGF, IGF.

Role and source of cytokines in asthma

The CD4+ T lymphocytes of the asthmatic
airways express a panel of cytokines including
IL-3, IL-4, IL-5, IL-10, IL-13 and
granulocyte-macrophage colony stimulating
factor (GM-CSF), indicating that these T lym-
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Figure 1  Scheme of cytokines involved in antigen
presentation, activation of T helper progenitor (Thp) cells
preferentially into Th2 rather than Thl cells, and the effects
of these cytokines. For abbreviations, see text.

phocytes are of the T helper type 2 (Th2)."”""
The primary signals that activate Th2 cells are
unknown but may be related to the presenta-
tion of a restricted panel of antigen in the pres-
ence of appropriate cytokines. Dendritic cells
are ideally suited to being the primary contact
between the immune system and external
allergens. Co-stimulatory molecules on the
surface of antigen presenting cells, in particular
B7.2/CD28 interaction, may lead to prolifera-
tion of Th2 cells (fig 1)."® With the expression
of IL-4, synthesis of IgE by B lymphocytes on
immunoglobulin isotype switching occurs."
Other cytokines, including TNF-o and IL-6
may also be important. The IgE produced in
asthmatic airways binds to FceRI receptors
(“high affinity” IgE receptors) on mast cells,
priming them for activation by antigen. The
development of mast cells from bone marrow
cells represents a process of maturation and
expansion involving growth factors and cyto-
kines such as stem cell factor (SCF) and IL-3
derived from structural cells. Mast cells recov-
ered by bronchoalveolar lavage from asthmatic
subjects show an enhanced release of media-
tors such as histamine.” Mast cells also elabo-
rate IL-4 and IL-5.”

IL-4 also increases the expression of an
inducible form of the low affinity receptor for
IgE (FceRII or CD23) on B lymphocytes and
macrophages.” This may also account for the
increased expression of CD23 on alveolar
macrophages from asthmatic patients,” which
in turn could account for the increased release
of cytokines from these macrophages.”** In
addition, IL-4 is very important in driving the
differentiation of CD4+ Th precursors into
Th2-like cells.

The differentiation, migration and pathobio-
logical effects of eosinophils may occur
through the effects of GM-CSF, IL-3, IL-5 and
certain chemokines such as eotaxin.**”' IL-5
and eotaxin also induce the mobilisation of
eosinophils and eosinophil precursors into the
circulation.” ** Once recruited from the circu-
lation, mature eosinophils in the presence of
these cytokines change phenotype into hypo-
dense eosinophils which show increased sur-
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Figure 2 Cytokines released from airway epithelial cells following various stimuli and
other cytokines released from other cells such as macrophages. Cytokines from airway
epithelial cells have effects on other cell types such as eosinophils, lymphocytes, airway
smooth muscle cells, and fibroblasts. For abbreviations, see text.

vival in bronchial tissue.’* > These eosinophils
are primed for ligand mediated generation of
increased amounts of cys-LT's and for cytotox-
icity to other cells such as the airway
epithelium.”*” Eosinophils themselves may
also generate other cytokines such as IL-3,
IL-5, and GM-CSE.* ¥

Cytokines may also play an important role in
antigen presentation (fig 1) and may enhance
or suppress the ability of macrophages to act as
antigen presenting cells. Normally, airway
macrophages are poor at antigen presentation
and suppress T cell proliferative responses
(possibly via release of cytokines such as IL-1
receptor antagonist), but in asthma there is
evidence for reduced suppression after expo-
sure to allergen.” ** Both GM-CSF and IFN-y
increase the ability of macrophages to present
allergen and express HLA-DR.” IL-1 is
important in activating T lymphocytes and is
an important co-stimulator of the expansion of
Th2 cells after antigen presentation.** Airway
macrophages may be an important source of
“first wave” cytokines such as IL-1, TNF-a and
IL-6, which may be released on exposure to
inhaled allergens via FceRII receptors. These
cytokines may then act on epithelial cells to
release a second wave of cytokines, including

Table 2 Chemoartractant effects of cyrokines
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GM-CSF, IL-8, and RANTES, which then
amplify the inflammatory response and lead to
influx of secondary cells such as eosinophils,
which themselves may release multiple cyto-
kines (fig 2).

Cytokines may also exert an important regu-
latory effect on the expression of adhesion
molecules, both on endothelial cells of the
bronchial circulation and on airway epithelial
cells. Thus, IL.-4 increases the expression of the
adhesion molecule, VCAM-1, on endothelial
and airway epithelial cells and this may be
important in eosinophil and lymphocyte
trafficking.” IL-1 and TNF-o increase the
expression of ICAM-1 in both vascular en-
dothelium and airway epithelium.* Cytokines
also play an important role in recruiting
inflammatory cells to the airways (table 2).

Proliferation of myofibroblasts and the hyper-
plasia of airway smooth muscle may occur
through the action of several growth factors
such as platelet-derived growth factor (PDGF)
and transforming growth factor f (TGF-p).
They may be released from inflammatory cells
in the airways such as macrophages and
eosinophils, but also by structural cells such as
airway epithelium, endothelial cells, and fibro-
blasts. These growth factors may stimulate
fibrogenesis by recruiting and activating fibro-
blasts or transforming myofibroblasts. Epithe-
lial cells may release growth factors since colla-
gen deposition occurs underneath the
basement membrane of the airway epithelium.*
Growth factors may also stimulate the prolifera-
tion and growth of airway smooth muscle cells.
PDGF and epidermal growth factor (EGF) are
potent stimulants of human airway smooth
muscle proliferation* * and these effects are
mediated via activation of tyrosine kinase and
protein kinase C. Growth factors may also be
important in the proliferation of mucosal blood
vessels and in the goblet cell hyperplasia that are
characteristic of the chronically inflamed asth-
matic airway. Cytokines such as TNF-o and
fibroblast growth factors (FGF) may also play
an important role in angiogenesis which is
reported in chronic asthma.

Cytokine receptors
The receptors for many cytokines have now
been cloned and, based on common homology

Cytokine Eosinophil T cell Monocyte Neutrophil Others

IL-8 + +++ “Primed” eosinophils
RANTES ++ Memory T cells + NK cells

MCP-1 + + ++ Basophils

MCP-3 + + + Dendritic cells
MCP-4 ++ + +

MIP-1a CD8+ cells ++ Dendritic cells, NK cells
Eotaxin +++ Basophils

STCP-1 Th2 cells -

IL-2 ++

1L-4 Fibroblasts

IL-5 +

IL-15 +

IL-16 CD4+ T cells

IL-1B +) ++

TNF-a ++

SCF Mast cells

IL = interleukin; MCP = monocyte chemoattractant protein; MIP = macrophage inflammatory protein; STCP = stimulated T cell
chemoattractant protein; TNF = tumour necrosis; SCF = stem cell factor; NK = natural killer.
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Figure 3 Interactions berween resident and inflammatory cells and cyrokines in the
airways. For abbreviations, see text.

regions, these have been grouped into
superfamilies.”

CYTOKINE RECEPTOR SUPERFAMILY

This large receptor superfamily includes IL-2R
B and vy chains, IL-4R, IL-3R a and B chains,
IL-5 a and P chains, IL-6R, gp130, IL-12R and
GM-CSFR. The extracellular regions of the
cytokine receptor family contain combinations
of cytokine receptor domains, fibronectin type
III domains and usually C2 immunoglobulin
constant region-like domains. Some members
are comprised of a single polypeptide chain
which binds its ligand with high affinity. For
other receptors there may be more than one
binding affinity for the ligand, typically high
and low binding affinity sites. Additional sub-
units have been identified which are required
for high affinity receptor expression. Some of
these subunits are shared by more than one
cytokine receptor, giving rise to heterodimeric
structures, such as receptors sharing the
GM-CSF receptor B-chain (IL-3, IL-5 and
GM-CSF), receptors sharing the IL-6 receptor
B-chain, gpl130 (IL-6, leukaemia inhibitory
factor, oncostatin M), and receptors sharing
the IL-2 receptor y-chain (IL-2, IL-4, IL-7 and
1L-15).

Cytokine receptors may be secreted as sol-
uble forms produced by alternative splicing of
their mRNA transcripts to produce proteins
lacking the transmembrane region and the
cytoplasmic proximal charged residues which
anchor the protein into the membrane. They
may act as agonists Or antagonists or as
transport proteins to carry cytokines to other
sites.

IMMUNOGLOBULIN SUPERFAMILY
Cytokine receptors with immunoglobulin
superfamily domains in their extracellular
sequences include IL-1R, IL.-6R, PDGFR, and
M-CSFR. The immunoglobulin domains are
characterised by a structural unit of about 100
amino acids, with a distinct folding pattern
known as the immunoglobulin fold.

Chung, Barnes

PROTEIN KINASE RECEPTOR SUPERFAMILY
These receptors have glycosylated extracellular
ligand binding domains, a single trans-
membrane domain, and an intracellular tyro-
sine kinase catalytic domain. The superfamily
includes receptors for growth factors such as
PDGF, EGF, and FGF.

INTERFERON RECEPTOR SUPERFAMILY

This group includes IFN-a/f receptor, IFN-y
receptor, and IL.-10 receptor. They are single
spanning transmembrane glycoproteins, char-
acterised by either one (IFN-y and IL-10
receptors) or two (IFN-a/f receptors) homolo-
gous extracellular regions. Signal transduction
involves phosphorylation and activation of JAK
and TYK?2 protein tyrosine kinases.

NERVE GROWTH FACTOR SUPERFAMILY
This includes cytokine receptors for NGFR,
TNFR-I (p55), and TNFR-II (p75). These are
characterised by three or four cysteine-rich
repeats of about 40 amino acids in the
extracellular part of the molecule. The mode of
signal transduction has not been elucidated.

SEVEN TRANSMEMBRANE G PROTEIN COUPLED
RECEPTOR SUPERFAMILY

These receptors include the chemokine recep-
tors which have a characteristic structure of
relatively short acidic extracellular N terminal
sequence followed by seven transmembrane
spanning domains with three extracellular and
three intracellular loops. The receptors are
coupled to heterotrimeric GTP binding pro-
teins which induce phosphatidylinositol phos-
phate hydrolysis and activate kinases, phos-
phatases, and ion channels.

Cytokines in this review

Many cytokines are involved in the develop-
ment of the atopic state and of the chronic
inflammatory processes of asthma (fig 3), ulti-
mately contributing to the release of mediators
such as histamine and cys-LT's, airway remod-
elling, bronchoconstriction, and bronchial
hyperresponsiveness. The potential role of each
cytokine in these processes can be evaluated by
studying their properties, their presence and
localisation in the airway wall and airway
secretions of patients with asthma, and the
effect of specific inhibitors such as receptor
antagonists or specific antibodies. Anti-
inflammatory drugs for asthma may be devel-
oped by targeting inhibition of cytokine
production and effects (such as cytokine
antibodies, cytokine receptor antagonists, or
blockers of specific signal transduction effects)
or by using or modifying anti-inflammatory
cytokines. We will consider each individual
putative cytokine involved in asthma with
regard to their synthesis and release, receptors,
effects, and individual role in asthma and use
the grouping proposed above. This is clearly
necessary in order to appreciate the potential
contribution of each cytokine and in view of
the multiple functions that each cytokine has
and that make one cytokine different from
another. The potential role of each cytokine
can be judged from its expression in asthmatic
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airways, from studies in transgenic or knock-
out mice, or from studies involving the use of
inhibitors of synthesis or antibodies or blockers
at the receptor level. This approach we have
taken does not underestimate the fact that
cytokines work as a network.

T cell derived cytokines (lymphokines)
INTERLEUKIN 2

Synthesis and release

Activated T cells, particularly ThO and Thl T
cells, are a major source of IL-2,”" while B lym-
phocytes can be induced under certain condi-
tions to secrete IL-2 in vitro. IL-2 is secreted by
antigen activated T cells following activation,
accompanied later by an upregulation of high
affinity IL-2 receptors on the same cells. Bind-
ing of IL-2 to IL-2R induces proliferation of T
cells, secretion of cytokines, and enhanced
expression of receptors for other growth factors
such as insulin. The IL-2 receptor complex is
then removed from the T cell surface by inter-
nalisation. IL.-2 can also be produced by
eosinophils™ and by airway epithelial cells.”

Receptors

The IL-2 receptor complex is composed of
three chains—a, 3, and y—and belongs to the
family of haematopoietic cytokine
receptors.”  The o and B chains bind to IL-2
with low affinity while the y chain does not
bind IL-2 alone. The high affinity complex is a
heterotrimer of «/f/y, while o/y and P/y
heterodimers have an intermediate affinity.
The B chain, which is expressed constitutively
in T lymphocytes, is essential for signal
transduction and the intracellular domain has
critical sequences necessary for growth pro-
moting signals.”® The y chain also appears to be
important for signal transduction®” while the o
chain alone is unable to transduce any signal.

Effects

IL-2 stimulates the growth and differentiation
of T cells, B cells, natural killer (NK) cells,
lymphokine activated cells, and monocytes/
macrophages. IL-2 functions as an autocrine
growth factor for T cells and also exerts
paracrine effects on other T cells.”® IL-2 is also
involved in TcR stimulated T cell apoptosis.”
It promotes the differentiation and immu-
noglobulin secretion of B cells. IL-2 acts on
monocytes to increase IL-1 secretion, cytotox-
icity, and phagocytosis.”® Experiments with
IL-2 gene knock out mice show that these ani-
mals develop a normal thymus and normal T
cell subpopulations in peripheral tissues, indi-
cating that IL-2 activity is redundant and not
confined to IL-2 alone.” Together with IL-4,
IL-2 can reduce glucocorticoid receptor bind-
ing affinity of blood mononuclear cells.”* IL-2
stimulates NK cells to secrete IFN-y, to prolif-
erate and to increase cytolysis. IL.-2 enhances
the production of granulocyte-macrophage
colony stimulating factor (GM-CSF) in pe-
ripheral blood mononuclear cells from asth-
matics and IL-5 production from T cells from
patients with the hypereosinophilic
syndrome.” ® IL-2 is a potent chemoattractant
for eosinophils in vitro.**

829

Infusion of IL-2 as part of chemotherapy
treatment results in eosinophilia with an
associated increase in eosinophil colony stimu-
lating activity.” °® This activity was abolished
by neutralising antibody to IL-3, IL-5 or
GM-CSF, indicating that IL-2 is acting indi-
rectly by promoting the synthesis of these
cytokines. Repeated administration of IL.-2
induces bronchial hyperresponsiveness in
Lewis rats.” In ovalbumin sensitised Brown-
Norway rats IL-2 caused a threefold increase in
the late phase response compared with the
response in rats receiving only saline prior to
allergen exposure.” IL-2 caused an inflamma-
tory response around the airways with a signifi-
cant increase in eosinophils, lymphocytes, and
mast cells.

Role in asthma
Levels of IL-2 are increased in bronchoalveolar
lavage fluid of patients with symptomatic
asthma.” ® Increased BAL cells expressing
IL-2 mRNA are also present,’' and a non-
significant increase in IL.-2 mRNA positive
cells was observed in asthmatics following
allergen challenge.” Particularly high levels of
IL-2 and IL.-4 mRNA positive bronchoalveolar
lavage cells are observed in steroid resistant
asthmatics compared with steroid sensitive
asthmatics™'; this increase is not abolished by
pretreatment with oral prednisolone in the
steroid resistant patients and there were no dif-
ferences in the expression of II.-5 and IFN-y
mRNA between the two groups. IL-2R bearing
T lymphocytes are increased in the circulating
blood of patients with acute severe asthma and
in bronchoalveolar lavage cells recovered from
asthmatics after allergen exposure.” ™
Cyclosporin A, which inhibits IL-2 gene
transcription in activated T lymphocytes
through interference with the transcription
factors AP-1 and NF-AT, inhibits allergic
airway eosinophilia but not bronchial hyperre-
sponsiveness in animal models.” However, in
severe asthmatics cyclosporin A causes a
reduction in the amount of oral steroid therapy
needed to control asthmatic symptoms,” al-
though not confirmed in another study.” These
effects of cyclosporin A may derive from an
inhibition of IL-2 expression as well as an inhi-
bition of other cytokines such as GM-CSF and
1L-5.

INTERLEUKIN 3

Synthesis and release

Activated helper T cells are the predominant
sources of IL-3, together with mast cells.”® ™

Receptors

The IL-3 receptor is formed by the association
of a low affinity IL-3 binding o subunit
(IL-3Ra) with a second B subunit which is
common to the IL-5 and GM-CSF receptors
but does not itself bind to these cytokines.™
IL-3 binding to its receptor results in rapid
tyrosine and serine/threonine phosphorylation
of a number of cellular proteins including the
IL-3Rp subunit itself.” * A monoclonal anti-
body to the IL-3Ra chain abolishes its
function. Human IL-3R is expressed on
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myeloid, lymphoid, and vascular endothelial
cells. It is selectively induced in human
endothelial cells by TNF-o and potentiates
IL-8 secretion and neutrophil transmigration.*

Effects

IL-3 is a pluripotential haematopoietic growth
factor that, together with other cytokines such as
GM-CSF, stimulates the formation of erythroid,
megakaryocyte, neutrophil, eosinophil, ba-
sophil, mast cell, and monocytic lineages.”
GM-CSF also increases the responsiveness of
neutrophils to IL-3.** Mice that overexpress
IL.-3 only show modest eosinophilia but die early
due to massive tissue infiltration and destruction
by muyeloid cells such as neutrophils and
macrophages.”

Role in asthma

An increase in the number of cells expressing
IL-3 mRNA has been reported in mucosal
biopsy specimens and in bronchoalveolar
lavage cells of patients with asthma." ** How-
ever, after allergen challenge the numbers of
IL-3 mRNA positive lymphocytes are not
increased, in contrast to those expressing
IL-5.7

INTERLEUKIN 4

Synthesis and release

IL-4 is derived from Th2 derived T lym-
phocytes and certain populations of thymo-
cytes as well as eosinophils and cells of the
basophil and mast cell lineage. Crosslinking of
the CD40 ligand on human CD4+ T cells from
normal non-allergic subjects generates a co-
stimulatory signal that increases IL-4
synthesis.*” Synthesis can also be induced by
stimulation of the antigen receptor on T
lymphocytes and by IgE Fc receptor crosslink-
ing in mast cells and basophils. Interestingly,
corticosteroids enhance the capacity to induce
IL-4 synthesis from CD4+ T cells.* High
affinity I1.-4 receptors are abundant in acti-
vated B and T cells and are also present on
haematopoietic progenitor cells, mast cells,
macrophages, endothelial cells, epithelial cells,
fibroblasts, and muscle cells.**!

Receprors

The IL-4 receptor is a complex consisting of
two chains, a high affinity IL-4 binding chain
(p140, o chain) which binds IL.-4 and trans-
duces its growth promoting and transcription
activating functions” ”* and the IL-2R vy chain
(the common v chain, yc) which amplifies sig-
nalling of the IL-4R.°* * The o chain belongs to
the cytokine receptor superfamily. A recom-
binant extracellular domain of the human
IL-4R is a potent IL-4 antagonist.” The IL-2R
v chain augments IL-4 binding affinity.” *> A
low affinity I1.-4 receptor has also been
identified.” High affinity IL-4 receptors are
abundant in activated B and T cells. They are
also present on haematopoietic progenitor
cells, mast cells, macrophages, endothelial
cells, epithelial cells, fibroblasts, and muscle
cells.*" Expression of the o subunit of the
IL-4R has been localised to the airway epithe-
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lium, T cells, and mast cells in the airway
mucosa, with greater expression in bronchial
biopsy specimens from asthmatic subjects.”

IL-4 induces phosphorylation of the IL-4
induced phosphotyrosine substrate, which is
associated with the p85 subunit of
phosphatidylinositol-3 kinase and with Stat-6
and Janus protein kinase (JAK) after cytokine
stimulation.” " The transcription factor
Stat-6 is essential for mediating the effects of
1L-4."” '** IL-4 also stimulates phosphoinositol
phosphate-2 hydrolysis, yielding IP, and subse-
quent calcium flux followed by increased intra-
cellular cAMP.'” Interestingly, an association
with atopy has been found with a R567 allele of
the IL-4R ¢ subunit'” which enhances signal-
ling and decreases the binding of the phospho-
tyrosine phosphatase SHP-1 implicated in ter-
mination of signalling by means of cytokine
receptors.'” 7

Effects

IL-4 plays an important role in B lymphocyte
activation by increasing expression of class II
MHC molecules as well as enhancing expres-
sion of CD23, the low affinity (FceRII) recep-
tor, CD40 and the a chain of the IL-2 receptor.
It promotes immunoglobulin synthesis by B
lymphocytes and plays a central role in immu-
noglobulin class switching of activated B
lymphocytes to the synthesis of IgG4 and IgE.
This switching is accompanied by germline &
chain synthesis. IL.-4 promotes the develop-
ment of Th2-like CD4 T cells and inhibits the
development of Thl-like T cells."” ' It also
enhances the cytolytic activity of CD8 cyto-
toxic T cells. Virus-specific CD8+ T cells can
be induced by IL-4 to produce IL-5."°

IL-4 also exerts effects on monocytes and
macrophages. It enhances the surface expres-
sion of MHC class II molecules and the
antigen presenting capacity of macrophages,
but inhibits the macrophage colony formation
and cytokine release of TNF, IL-1, IL-12,
IFN-y, IL-8, and macrophage inflammatory
protein la (MIP-1a). Together with other
cytokines such as G-CSF and IL-6, II.-4 can
promote the growth of mast cell and myeloid
and erythroid progenitors. IL-4 also upregu-
lates endothelial VCAM-1 expression on the
endothelium. Interaction of VCAM-1 with the
very late activation antigen 4 (VLA-4) pro-
motes eosinophil recruitment.” IL-4 also
induces fibroblast chemotaxis and
activation'"" ' and, in concert with IL-3, IL-4
promotes the growth of human basophils and
eosinophils.'"’

IL-4 has inhibitory effects such as suppres-
sion of metalloproteinase biosynthesis in
human alveolar macrophages,'"* inhibition of
the expression of inducible nitric oxide syn-
thase in human epithelial cells,'” and reduction
of RANTES and IL-8 expression in human
airway smooth muscle cells.''* """

Role in asthma

11.-4 is expressed by CD4+ and CD8+ T cells,
eosinophils, and mast cells in both atopic and
non-atopic asthma.'® '’ Increased numbers of
lymphocytes expressing I1.-4 mRNA together
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with IL-5 mRNA in bronchoalveolar lavage
cells are observed following allergen
challenge.® The potential importance of IL-4
in inducing allergic airway inflammation has
been addressed in IL-4 knock out mice. Sensi-
tisation and exposure to ovalbumin did not
induce lung eosinophilia as it did in the wild
type litter mates.'” No ovalbumin specific IgE
was observed on active sensitisation and
repeated exposures to ovalbumin did not
induce bronchial hyperresponsiveness.”' 1L-4
appears crucial to Th2 cell development. In
IL-4 knock out mice T cells recovered from the
airways do not synthesise a Th2 cytokine
pattern, correlating with the absence of inflam-
matory airway changes.'” When wild type mice
are treated with an anti-IL-4 antibody during
the exposure to aerosolised ovalbumin but not
during the sensitisation process, the influx of
eosinophils to the airways is not inhibited.'* **
IL-4 receptor blockade prevented the develop-
ment of antigen induced airway hyperrespon-
siveness, goblet cell metaplasia, and pulmonary
eosinophilia in a mouse model.”** Inhalation of
IL-4 by asthmatics causes an increase in
eosinophil numbers in induced sputum, to-
gether with a transient increase in bronchial
responsiveness.'” IL-4 overexpression in
mouse airways induces mucin MUC5AC gene
expression and mucin hypersecretion, indicat-
ing a potential role for IL-4 in mucus
hypersecretion.'*

INTERLEUKIN 5

Synthesis and release

IL-5 was first isolated from supernatants of
activated murine spleen cells which were
shown to induce eosinophil colony formation.
The isolated soluble activity was shown to
stimulate eosinophil production from murine
bone marrow selectively and was termed
eosinophil differentiation factor. IL-5 was
isolated from this soluble activity."” It is
produced by T lymphocytes and an increased
expression of II.-5 mRNA has been demon-
strated in CD4+ T cells in asthmatic airways
using in situ hybridisation.'”® Bronchoalveolar
lavage CD4+ and CD8+ T cells can also
secrete IL-5."” Human eosinophils can express
IL-5 mRNA and release IL-5 protein in vitro'*
and endobronchial challenge results in IL-5
mRNA expression in eosinophils in BAL
fluid"™' with an increase in IL-5 concentrations
of up to 300-fold."”* '** Raised IL-5 concentra-
tions have been reported in BAL fluid from
symptomatic but not asymptomatic asthmatic
subjects.” Increased circulating levels of im-
munoreactive IL-5 have been measured in the
serum of patients with exacerbations of asthma
and these levels fall with corticosteroid
treatment.”” IL-5 levels are raised in induced
sputum following allergen challenge of asth-
matic patients.”® IL-5 protein has also been
localised by immunochemistry in mast cells in
bronchial biopsy specimens of patients with
asthma together with IL-4, IL-6, and TNF-0.*
The transcriptional control of the human IL-5
gene involves several transcription factors
including NF-AT."’
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Receprors

The human IL-5R has been identified in vitro
on eosinophils but not on neutrophils or
monocytes."”® It consists of a heterodimer with
two polypeptide chains, a low affinity binding o
chain and a non-binding B chain shared with
the IL-3R and GM-CSFR.” Both chains
belong to the cytokine receptor superfamily.'*’
The o subunit alone is sufficient for ligand
binding and is specific for IL.-5, but association
with the § chain leads to a 2—3-fold increase in
binding affinity and allows signalling to occur.
Some IL-5R mutants have antagonistic effects
and may act as receptor antagonists.'*' Tran-
scriptional regulation of the specific chain
yields either membrane bound or soluble forms
of the receptor (IL-5Rm and IL-5Rs)."** The
membranous form interacts with the § subunit,
leading to a substantial increase in affinity for
1L-5." The soluble form is secreted in body
fluids and interacts with IL.-5 and antagonises
the action of IL-5 on target cells.'*”'** The
expression of IL-5R is restricted to eosinophils
and their immediate precursors. The number
of cells in bronchial biopsy specimens from
asthmatic subjects expressing both forms of the
receptor is increased, with the expression of
IL-5R mRNA being predominantly in
eosinophils.'”” An increase in membrane bound
IL-5R mRNA on bone marrow progenitor cells
(CD34+) occurs following allergen challenge
of atopic asthmatic subjects.'*’

There are two major signalling pathways of
IL-5 in eosinophils. IL-5 activates the tyrosine
kinases Lyn, Syk and JAK2 and propagates sig-
nals through the Ras-MAPK and JAK-STAT
pathways. For eosinophil survival Lyn, Syk and
JAK?2 tyrosine kinases and SHP-2 tyrosine
phosphatase are important, while for eosino-
phil degranulation and adhesion molecule
expression Raf-1 kinase is critical.’”

Effects

IL-5 can influence the production, maturation,
and activation of eosinophils. It acts predomi-
nantly at the later stages of eosinophil matura-
tion and activation'*® ' and can also prolong
the survival of eosinophils.”® IL-5 appears to
be the main cytokine involved in the develop-
ment of eosinophilia in vivo. Administration of
exogenous IL-5 causes eosinophilia in many in
vivo models.”" IL-5 transgenic mice in which
transcription of IL-5 is coupled to the domi-
nant control region of the gene encoding for
the constitutive marker CD2 show lifelong
eosinophilia in organs with predicted T cell
expression such as bone marrow, spleen and
peritoneum, with fewer cells in the airway
mucosa.” IL-5 transgenic mice behave nor-
mally, indicating that eosinophils need other
factors for degranulation and subsequent tissue
damage. Thus, intratracheal administration of
another eosinophil chemotactic agent, eotaxin,
leads to further eosinophil accumulation in the
lungs with bronchial hyperresponsiveness, an
effect not observed in wild type mice."” IL-5
may cause eosinophils to be released from the
bone marrow while local release of another
chemoattractant may be necessary to cause tis-
sue localisation of eosinophils.”” On the other
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hand, IL-5 instilled into the airways of patients
with asthma induce significant airway
eosinophilia”® and inhaled IL-5 caused eosi-
nophilia in induced sputum and bronchial
hyperresponsiveness but had no effect on
airway calibre'. The eosinophilotactic re-
sponses of BAL fluid of asthmatics during the
pollen season is accounted for by IL-5 and
RANTES."”

Role in asthma

IL-5 may play an important part in eosinophil
maturation, chemoattraction, and activation in
asthma, and may underlie bronchial hyperre-
sponsiveness. It may also interact with other
eosinophil chemoattractants and activators
such as chemokines to activate and induce
chemoattraction of eosinophils.”” ** The ex-
pression of IL-5 in tissues and cells from
patients with asthma is discussed above. Stud-
ies with IL-5 monoclonal antibodies clearly
support a role for IL-5 in asthma. Pretreatment
with anti-IL-5 monoclonal antibodies can sup-
press allergen induced airway
eosinophilia.”'® There is some debate about
whether the IL-5 induced eosinophilia is the
direct cause of bronchial hyperresponsiveness
induced by allergen exposure. In some studies
there is an effect of anti-IL.-5 antibodies on
bronchial hyperresponsiveness,"” '* while such
an effect is not reported in another study
despite inhibition of eosinophilia.'” In IL-5
knock out mice both allergen induced eosino-
philia and airway hyperresponsiveness are
abolished.'®' The site of IL-5 expression may be
critical to eosinophil recruitment and the
development of airway hyperresponsiveness.
Transgenic mice overexpressing IL-5 in lung
epithelial cells showed raised levels of IL-5 in
BAL fluid and serum, lung histopathological
changes reminiscent of asthma, and display
baseline airway hyperresponsiveness.'®> On the
other hand, studies in mice indicate that circu-
lating but not local lung IL-5 is required for the
development of antigen induced airways
eosinophilia.'” Indeed, sensitisation and aller-
gen challenge of mice leads to an increase in
IL-5 producing T cells in the bone marrow.'**
In addition to its effect in mobilising eosino-
phils from the bone marrow, there is evidence
for its effect as a regulator of eosinophil homing
and migration into tissues in response to local
chemokine release.'”

Studies of anti-IL-5 antibodies in human
asthma are currently under way. In patients
with worsening asthma, systemic cortico-
steroids reduces the expression of IL.-5 mRNA
in the airways mucosa associated with an
improvement in asthma.'® Cyclosporin A and
tacrolimus (FK506), immunosuppressant
agents sometimes used in the treatment of
severe asthma, inhibit the expression of IL-5
mRNA in activated human T lymphocytes in
response to phytohaemagglutinin or phorbol
esters.'”’

INTERLEUKIN 9

Synthesis and release

IL-9, originally identified as a T cell growth
factor,'” is a T cell derived cytokine with pleio-
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tropic effects on many cell types.'” It is

produced in vitro and in vivo by CD4+ T cells,
preferentially by the Th2 subset.'”'"

Effects

IL-9 can stimulate the proliferation of activated
T cells,’ "' enhance the production of
immunoglobulins including IgE in B cells,'™
and promote the proliferation and differentia-
tion of mast cells'” '® and of haematopoietic
progenitors.'” ¥ It strongly synergises with
stem cell factor for the growth and differentia-
tion of mast cells.'” IL.-9 may upregulate the
expression of mast cell proteases including the
monocyte chemoattractant proteins mMCP-1,
mMCP-2, mMCP-4""® and granzyme B.'® It
may be involved in lymphomagenesis.'”

Role in asthma
Transgenic mice created by expression of IL-9
regulated by a rat Clara cell 10 protein
promoter showed lung selective expression of
11.-9 with massive infiltration with eosinophils
and lymphocytes, and increased numbers of
mast cells within the airway epithelium.'® Epi-
thelial cell hypertrophy associated with accu-
mulation of mucus-like material within non-
ciliated cells and increased subepithelial
deposition of collagen was also observed. The
mice also demonstrated marked bronchial
hyperresponsiveness with normal baseline air-
way calibre.” In another IL-9 transgenic
mouse, eosinophilic airway inflammation, in-
creased serum IgE levels, and bronchial hyper-
responsiveness were observed.'®

IL-9 has been suggested as a candidate gene
predisposing to asthma on the basis of linkage
disequilibrium between serum total IgE levels
and a marker within the IL-9 gene which is
situated on the 5q31-q33 chromosome." In
inbred strains of mice, I1.-9 has been identified
as a factor regulating bronchial hyper-
responsiveness.'” The human IL-9 receptor
has been proposed as another potential asthma
gene candidate'® and there are non-functional
transcripts of IL-9 receptors.'*

INTERLEUKIN 13

Synthesis and release

IL-13 is synthesised by activated CD4+ and
CD8+ T cells and is a product of Thl-, Th2-,
and ThO-like CD4 T cell clones.'”* Both CD4+
and CD8+ T cell clones synthesise IL.-13 in
response to antigen specific or polyclonal
stimuli.'”!

Receptors

There is a close similarity between ILL.-4 and
IL-13 receptors. An IL-4 receptor antagonist
derived from a mutant protein'®> is a potent
receptor antagonist of the biological activity of
II.-4 and also of IL-13. It particularly inhibits
the effect of IL-13 in inducing IgE synthesis in
peripheral blood mononuclear cells. There is
evidence from cDNA cloning of the IL-13
receptor to suggest that the IL-4R o chain is a
component of IL-13R."” However, despite
this, these receptors appear to be distinct."”
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Effects

IL-13 is a potent modulator of human
monocyte and B cell function.'® It has
profound effects on human monocyte mor-
phology, surface antigen expression, antibody
dependent cellular toxicity, and cytokine
synthesis.'”’ '** IL-13, like IL-4, upregulates the
expression of f,-integrin and VCAM-1 and the
production of IL-6 and MCP-1 from human
lung fibroblasts.'”” On the other hand, in
human monocytes stimulated by lipopolysac-
charide, the production of proinflammatory
cytokines, chemokines and colony-stimulating
factors (IL-1B, IL-6, IL-8, IL.-10, IL-12,
IFN-y, and GM-CSF) is inhibited by IL.-13,
while IL-1ra secretion is increased.””*"® MIP-
la, IL-1 and TNF-a release is inhibited from
human alveolar macrophages.'”® '** IL-13 in-
hibits the release of RANTES and IL-8 from
airway smooth muscle cells in vitro.""* """ These
actions of IL-13 are similar to those of IL-4
and IL-10. The suppressive effects of IL.-13
and of IL.-4 are not related to endogenous
production of IL.-10. Similar to IL-4, IL-13
decreases the transcription of IFN-y and of
IL-12. It is possible that IL.-13 acts like I1.-4
and suppresses the development of Thl cells
by downregulating IL-12 production by
monocytes, thereby favouring the develop-
ment of Th2 cells.'” ' ** I1.-13, unlike IL-4,
fails to activate human T cells which appears
to be due to a lack of IL.-13 receptors on these
cells. IL-13 diminishes monocyte glucocorti-
coid receptor binding affinity.®" It activates
eosinophils by inducing the expression of
CD69 cell surface protein and prolonging
eosinophil survival.*”

IL-13 induces the expression of CD23 on
purified human B cells and acts as a switch fac-
tor directing IgE synthesis, similar to I1.-4.>* ***
A potent receptor antagonist of the biological
activity of IL.-4, a mutant protein of IL-4,
antagonises I1.-13 actions such as blocking the
proliferation of B cells and IgE synthesis.””
This mutant protein of IL.-4 may therefore have
therapeutic potential for the treatment of aller-
gies.

Role in asthma

An increased expression of I1.-13 mRNA has
been reported in the airway mucosa of patients
with atopic and non-atopic asthma.”®*” In
addition, levels of IL.-13 together with IL-4
increased following segmental allergen chal-
lenge of patients with asthma.””® There is a sig-
nificant correlation between the eosinophil
counts and the levels of IL-13. A cloned piece
of soluble IL-13a2-IgGfc fusion protein that
specifically binds to and neutralises IL-13
without affecting IL-4 suppresses the increase
in mucus secretion, eosinophilia and bronchial
hyperresponsiveness following allergen expo-
sure in sensitised mice.”” *° IL-13 adminis-
tered to mice increases airway eosinophilia and
bronchial hyperresponsiveness. I1.-13 is there-
fore independently involved in the mouse sen-
sitised model.
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INTERLEUKIN 15

Synthesis and release

IL-15 is produced by both CD4+ and CD8+ T
cells after activation.””' IL-15 mRNA is ex-
pressed in lung fibroblasts and epithelial cell
lines as well as monocytes and human
blood-derived dendritic cells.”*

Effects

IL-15 shares some of the properties of I1L.-2,
such as the stimulation of proliferation of T
cells and lymphokine activated natural Kkiller
cells. However, there are many other distinct
effects of IL.-15. IL-15 can induce IL-8 and
MCP-1 production in human monocytes.”” It
also induces the release of soluble IL.-2Ro from
human blood mononuclear cells.”"* It promotes
angiogenesis in vivo*’ and can also activate
neutrophils and delay their apoptosis.*'® IL-15
promotes the synthesis of IL-5 from house dust
mite specific human T cell clones,”” an effect
inhibited by the tyrosine kinase inhibitor,
herbimycin A. This indicates that IL-15
produced at the site of allergic inflammation
may play a part in recruitment and activation of
eosinophils by inducing II.-5 production from
T cells. IL-15 is also a chemoattractant for
human blood T lymphocytes, an effect inhib-
ited by an anti-IL-2R B chain antibody.’"®

Role in asthma
There are no data specific to asthma.

INTERLEUKIN 16

Synthesis and release

IL-16, previously known as lymphocyte chemo-
attractant factor, was first identified as a prod-
uct of peripheral blood mononuclear cells
following mitogen and histamine stimulation in
vitro.””” *° Subsequently, it was shown to be
produced by CD8+ T cells following stimula-
tion with histamine and serotonin in vitro.”*' >
IL-16 can also be produced by epithelial
cells,”” eosinophils,”** and mast cells.””

Effects

1L-16 has specific activities on CD4+ T cells.**
It selectively induces migration of CD4+
including CD4+ T cells and CD4-bearing
eosinophils.””” IL-16 acts as a growth factor for
CD4+ T cells and induces IL-2R and MHC
class II molecules on these cells.”

Role in asthma

Increased concentrations of IL-16 have been
found in BAL fluid obtained from asthmatic
subjects following allergen and histamine
challenge.”* In stable atopic asthmatic
subjects there is predominant expression of
IL-16 mRNA and immunoreactivity in airway
epithelium.” In the ovalbumin sensitised and
exposed mouse model IL-16 immunoreactivity
was detected in the airway epithelium and an
anti-IL-16 antibody prevented OVA specific
IgE responses, bronchial hyperresponsiveness,
but not airway eosinophilia.**

INTERLEUKIN 17
IL-17 is a CD4+ T cell derived cytokine which
stimulates NF-kB and IL-6 production in
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fibroblasts and  co-stimulates T  cell
proliferation.”” It stimulates epithelial, endo-
thelial, and fibroblastic cells to secrete cy-
tokines such as IL-6, IL-8 and GM-CSF, and
PGE,.” * In the presence of IL-17, fibroblasts
can sustain the proliferation of CD34+ hae-
matopoietic progenitors and their preferential
maturation into neutrophils. IL.-17 increases
the release of NO in cartilage from patients
with osteoarthritis via NF-xB activation.”*

INTERLEUKIN 18
IL-18 or IFN-y-inducing factor (IGIF) is a
cytokine which is a potent inducer of IFN-y
production and plays an important part in Thl
responses.””” Human IL-18 has been cloned
from normal human liver cDNA libraries using
murine IL-18 cDNA clones. IL-18 is synthe-
sised as a precursor molecule without a signal
peptide, but requires the IL-1-converting
enzyme (ICE, caspase-1) for cleavage into a
mature peptide. The human II.-18 receptor has
been recently purified and characterised.
Human IL-1 receptor protein is a functional
IL-18 receptor component.”® IL-18 receptors
are expressed selectively on murine Thl cells
but not on Th2 cells.”’

Recombinant human IL-18 induces IFN-y
production by mitogen stimulated peripheral
blood mononuclear cells and enhances natural
killer (NK) cell cytotoxicity, increases GM-
CSF production, and decreases IL-10 produc-
tion. IL-18 induces IL.-8, MIP-10, and MCP-1
in human peripheral blood mononuclear cells
in the absence of any co-stimuli. It directly
stimulates gene expression and synthesis of
TNF-0 from CD3+/CD4+ T cells and NK
cells, with the subsequent production of IL-1f
and IL-8 from CD14+ monocytes.”’ IL-18
induces phosphorylation of p56 (1ck) and
mitogen activated protein kinase, and these
may be involved in TCR/CD3 mediated
responses.””’ IL-18 also activates NF-xB in
murine Thl cells for enhancement of IL-2
gene expression by Th1 cells.*”” IL-18, together
with IL-12, induces anti-CD40 activated B
cells to produce IFN-y, which inhibits IL.-4
dependent IgE production.’” IL-18 and IL-12
have synergistic effects on Thl development
which may be due to reciprocal upregulation of
their receptors.””

Pro-inflammatory cytokines
INTERLEUKIN 1
Synthesis and release
There are two forms of IL-1 (o and ) derived
from two different genes. Although the amino
acid sequence homology between human
IL-1a and IL-1f is only 20%, the molecules
bind to the same receptor and have nearly
identical properties. IL-1f (17.5 kDa) is syn-
thesised as a larger precursor molecule with a
molecular weight of 31 kDa and is released into
the extracellular space and the circulation. The
most active form of IL-1f is its cleaved mature
form resulting from the action of a specific
cysteine protease, IL-1 converting
enzyme.z‘“ 245

IL-1 is produced by a variety of cells includ-
ing monocytes/macrophages, fibroblasts, B
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cells, both Thl and Th2-like T cell lines, NK
cells, neutrophils, endothelial cells, epithelial
cells, airway smooth muscle cells, and vascular
smooth muscle cells. The major source of IL-1
in most tissues is the stimulated monocyte/
macrophage. Monocytes produce 10 times as
much IL-1f as IL-10,>* ** and IL-10 is mainly
cell associated while IL-1f is mostly released.
Eosinophils can produce IL-1¢*** while human
epithelial cells can augment IL-1f expression
when exposed to the air pollutant nitrogen
dioxide.”” A wide variety of stimuli including
IL-1 itself,” TNF-a,”' GM-CSF,”” endo-
toxin, and phagocytosis can increase the
expression of IL-1 in monocytes/macrophages.
IL-1 production by endothelial and vascular
smooth muscle cells can be induced also by
IL-1, TNF, or endotoxin. On the other hand,
PGE, and corticosteroids can attenuate the
capacity of endotoxin and other stimuli to
release IL-1 through an inhibition of transcrip-
tion and through a decrease in IL-1 mRNA
stability.”®>*” An inhibitor of the IL-1 convert-
ing enzyme inhibits inflammatory responses to
IL-1B.”°

Receptors

Two IL-1 receptors have been described. The
type I receptor (CDw121a) and type II recep-
tor (CDw121b) are transmembrane glycopro-
teins that bind IL-la, IL-1B, and IL-Ira.
IL-1R1 is expressed on many cells including T
cells, B cells, monocytes, NK cells, basophils,
neutrophils, eosinophils, dendritic cells, fibro-
blasts, endothelial cells, and vascular endothe-
lial cells while IL-R2 is also expressed on T
cells, B cells and monocytes. An IL-1R
accessory protein (IL-1R-AcP) has been
described®’ which, when associated with IL-
1R1, increases its affinity for IL-1B. Only
IL-1R1 transduces a signal in response to
1L-1,”* while IL-1R2 on binding to IL-1 does
not. Thus, IL-1R2 may act as a decoy receptor,
preventing IL-1 from binding to IL-1R1.*
IL-1 signal transduction pathways are associ-
ated with TNF receptor associated (TRAF)
adaptor proteins, particularly TRAF-6.
TRAF-6 associates with IL-1 receptor associ-
ated kinase (IRAK) which is recruited to and
activated by the IL-1 receptor complex.””

A soluble receptor found in normal human
serum and secreted by the human B cell line
RAJI which binds preferentially to IL-1 has
been described.”” IL-1 downregulates the
numbers of IL-1 receptors®”*** while PGE,
increases the expression of IL-1 receptors.*” **
PDGTF can increase IL-1 receptor expression
and IL-1 receptor mRNA in fibroblasts,” **
while IL-4 increases receptor expression on T
cells.”” TGF-B may decrease the expression of
IL-1 receptors,” and may also uncouple the
response of the cells to IL-1 without affecting
IL-1 receptor expression or binding of IL-1.°"

Some of the effects of IL-1 can be mimicked
by agents that increase cAMP and activate
protein kinase A,”?*” while others can be
mimicked by agents that activate protein kinase
C (PKC).”™?® Many cells produce cAMP in
response to IL-1. Activation of protein kinase A
by an IL-1 induced increase in cAMP may lead
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to increased transcription of a certain number
of cellular genes. These may activate activating
transcription factors (ATF) that bind to a
cis-acting cAMP responsive element’” and
NF-kB through the phosphorylation of an
inhibitor protein, IxB. AP-1 activity may also
be induced by IL-1*"* through activation of
PKC. Phosphorylation of several cellular pro-
teins through the action of PKC independent
serine/threonine kinase may also occur on acti-
vation of IL-1 receptor.””

Effects
IL-1 induces fever similar to other endogenous
pyrogens such as TNF and IL-6. It partly
causes leucocytosis by release of neutrophils
from the bone marrow and induces the
production of other cytokines including IL-6.
IL-1 is a growth factor for mature and
immature thymocytes and a co-factor in the
induction of proliferation and IL-2 secretion by
peripheral blood CD4 and CD8 T cells follow-
ing engagement of their antigen receptors.
IL-1B is an important growth factor for Th2
cells in response to antigen primed antigen
presenting cells but not for Th1 cells.*® Syner-
gistic effects between IL-1 and IL-6 have been
reported for the activation of T cells.”®* It
also functions as a growth factor for B
cells.”®*?* IL-1 induces the induction of many
other cytokines such as IL-1, IL-2, IL-3, IL-4,
IL-5, IL-6, IL-8, RANTES, GM-CSF, IFN-y,
PDGF, and TNF from a variety of cells. It
induces fibroblasts to proliferate,”” an effect
that may be due to release of PDGFE,**
increases prostaglandin synthesis and colla-
genase secretion,”” ** and increases the synthe-
sis of fibronectin and types I, III, and IV
collagen.”® Together with TNF-a and IFN-y,
IL-1PB can induce or upregulate the expression
of ICAM-1 and VCAM-1 on endothelial cells
and also on respiratory epithelial cells which
may lead to increased adhesion of eosinophils
to the vascular endothelium and respiratory
epithelium.”' ** IL-1 induced adhesion of
eosinophils to endothelial cell monolayers is
inhibited by anti-ICAM and anti-VCAM
antibodies.*”

Role in asthma
Levels of IL-1B in BAL fluid of patients with
asthma were found to be increased compared
with those of non-asthmatic volunteers, to-
gether with an increase in IL-1B specific
mRNA transcripts in BAL fluid
macrophages.” In addition, patients with
symptomatic asthma show increased levels of
IL-1B in BAL fluid compared with patients
with asymptomatic asthma."’ Increased expres-
sion of IL-1f in asthmatic airway epithelium
has been reported, together with an increased
number of macrophages expressing IL-1B.”
Selective inhibition of IL-1p expression in the
epithelium of the airway wall, without a reduc-
tion in IL-1ra expression after corticosteroid
therapy, has been described in patients with
asthma.”

IL-1B induces airway neutrophilia and in-
creases airways responsiveness selectively to
bradykinin in the rat.””” IL-1B can induce
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eosinophil accumulation in rat skin, an effect
blocked by an anti-IL-8 antibody.”® Of inter-
est, IL-1p has profound effects on the coupling
of the P, adrenergic receptor to adenylyl
cyclase, an effect mediated through the upregu-
lation of inhibitory G proteins®® and the
induction of cyclo-oxygenase 2 enzyme.*”

TUMOUR NECROSIS FACTOR o (TNF-0)

Synthesis and release

Two major forms of TNF exist—TNF-o and
TNF-f—which have only 35% amino acid
homology but bind to similar receptors. TNF-q
(previously known as cachectin) is expressed as
a type Il membrane protein attached by a signal
anchor transmembrane domain in the
propeptide.”” TNF-a is released from cells by
proteolytic cleavage of the membrane bound
form by a metalloproteinase, TNF-a convert-
ing enzyme (TACE). Inactivation of the TACE
gene compromises the ability of cells to
produce soluble TNF-a. TNF-a is produced
by many cells including macrophages, T
lymphocytes, mast cells, and epithelial cells,
but the principal source is the macrophage.
The secretion of TNF-ao by monocytes/
macrophages is greatly enhanced by other
cytokines such as IL.-1, GM-CSF and IFN-y.
Human eosinophils are also capable of releas-
ing TNF-a,>” together with airway epithelial
cells.”” TNF-B is mainly produced by activated
lymphocytes.

Receprors

TNF-0 interacts with two cell surface recep-
tors, TNF-R55 and TNF-R75. Both receptors
are members of the nerve growth factor recep-
tor superfamily. Soluble p55 and p75 receptors
have been described and are derived from the
extracellular domain of each receptor. They
may act as inhibitors of the effects of TNF.”*
TNEF receptors are distributed on nearly all cell
types except red blood cells and resting T lym-
phocytes. The p75 receptor is more restricted
to haematopoietic cells. TNF-R75 is the
principal receptor released by human alveolar
macrophages and monocytes in the presence of
IFN-y.””

Several signalling pathways leading to activa-
tion of different transcription factors such as
NF-kB and AP-1 have been identified. The
TNF receptor associated factor (TRAF) family
of adaptor proteins, particularly TRAF-2, are
involved in signalling from the TNF
receptors.”® TRAF-2 may also have a role in
the signal transduction pathway from the TNF
receptor to the activation of mitogen activated
protein (MAP) kinase cascades with subse-
quent activation of NF-kB and AP-1. TNF
activates a sphingomyelinase resulting in the
release of ceramide from sphingomyelin which
in turn activates a Mg"™ dependent protein
kinase.>”

Effects

Many of the actions of TNF-a occur in combi-
nation with other cytokines as part of the cyto-
kine network and the effects of TNF-a are very
similar to those of IL-1p as there is close inter-
action in the signal transduction pathway of
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these two cytokines.”” TNF-a potently stimu-
lates airway epithelial cells to produce cyto-
kines including RANTES, IL-8 and
GM-CSF,;>””"" and also increases the expres-
sion of the adhesion molecule ICAM-1.*
TNF-a also has a synergistic effect with 1L-4
and IFN-y to increase VCAM-1 expression on
endothelial cells.’”” This would have the effect
of increasing the adhesion of inflammatory
leucocytes such as neutrophils and eosinophils
at the airway surface. TNF-a enhances the
expression of class I MHC molecules on anti-
gen presenting cells. In addition, it enhances
the release of IL-1 by these cells. It also acts as
co-stimulatory factor for activated T lym-
phocytes, enhancing proliferation and expres-
sion of IL-2 receptors. TNF-a inhibits bone
resorption and synthesis and induces prolifera-
tion of fibroblasts.’” It also stimulates bron-
chial epithelial cells to produce tenascin, an
extracellular matrix glycoprotein.’**

Role in asthma
TNF-0 may have an important amplifying
effect on asthmatic inflammation.’” *'° There is
evidence of increased expression in asthmatic
airways®'” and IgE triggering in sensitised lungs
leads to increased expression in epithelial cells
in both rat and human lung.’*®*° Increased
TNF-0 mRNA expression in bronchial biopsy
specimens of asthmatic patients has been
reported.” TNF-a is also present in the BAL
fluid of asthmatic patients" and TNF-a release
from bronchoalveolar leucocytes of asthmatic
patients is increased.” TNF-q is also released
from alveolar macrophages of asthmatic pa-
tients after allergen challenge.’” Furthermore,
both blood monocytes and alveolar macro-
phages show increased gene expression of
TNF-o after IgE triggering in vitro and this
effect is enhanced by IFN-y.”” Alveolar
macrophages of asthmatic patients undergoing
late phase responses after allergen challenge
release more TNF-o and IL-6 ex vivo than
those from patients with only an early
response.’” There are polymorphisms in the
promoter of the TNF gene which may be more
frequently associated with asthma.?* **
TNF-0 increases airway responsiveness in
Brown-Norway rats®® and in humans in
association with an increase in sputum
neutrophils.””” It may be an important mediator
in initiating chronic inflammation by activating
the secretion of cytokines from a variety of cells
in the airways. Several approaches to inhibition
of TNF-a synthesis of effects are now under
investigation in asthma, including monoclonal
antibodies to TNF and soluble TNF receptors.

INTERLEUKIN 6
Synthesis and release

IL-6 was originally described for its antiviral
activity, its effects on hepatocytes, and its
growth promoting effects on B lymphocytes
and plasmacytomas. It is secreted by
monocytes/macrophages, T cells, B cells, and
other cells including fibroblasts, bone marrow
stromal cells, keratinocytes, and endothelial
cells. Epithelial cells also appear to produce
IL-6.*® Human airway smooth muscle cells

Chung, Barnes

under activation with IL-13 or TGF-B can
release IL-6." Major basic protein secreted
from eosinophils can interact with IL-1 or
TGF to increase IL-6 release from
fibroblasts.” IL-6 has also been localised to
eosinophil granules.”

Effects
IL-6 is a pleiotropic cytokine whose role in
asthma remains unclear. It has growth regula-
tory effects on many cells and is involved in T
cell activation, growth, and differentiation. It is
a terminal differential factor for B cells and
induces immunoglobulin (IgG, IgA and IgM)
secretion.” IL-6 is an important co-factor in
IL-4 dependent IgE synthesis.””’ It upregulates
the production of, and its response to, IL-2.
IL-6 may also have anti-inflammatory ef-
fects. It inhibits the expression and release of
IL-1 and TNF from macrophages in vitro and
endotoxin induced TNF production and neu-
trophil influx in the airways in vivo.”**”* In
IL-6 transgenic mice there is a lymphocytic
infiltration around airways associated with
reduced airways responsiveness.>”’

Role in asthma

There is increased release of IL-6 from alveolar
macrophages from asthmatic patients after
allergen challenge® and increased basal release
compared with non-asthmatic subjects.” IgE
dependent triggering stimulates the secretion
of IL-6 in both blood monocytes and alveolar
macrophages in vitro.”” Increased levels of
IL-6 can be measured in nasal washings of
children following a rhinovirus infection."* In
addition, IL-6 mRNA expression with in-
creased NFkB-DNA binding activity can be
induced by rhinovirus infection of cells in
vitro."*

INTERLEUKIN 11
Synthesis and release

IL-11, which is distantly related to IL-6, is
produced by fibroblasts, epithelial cells and
human airway smooth muscle cells when
stimulated by IL-1 and TGF-f,.** ** A single
class of specific receptor has been described on
mouse cells.”

Receptors

The receptor has not yet been cloned. Like
IL-6, IL-11 uses the IL-6 signal transducer
gp130. On ligand binding, phosphorylation of
tyrosine residues in a number of proteins

occurs.’ **!

Effects

Although IT.-11 cDNA was cloned on the basis
of IL-6-like bioactivity, IL-11 has distinct bio-
logical features from IL-6. IL-11 promotes
multiple stages of human megakaryocytopoei-
sis and thrombopoeisis. In combination with
stem cell factor or IL-4, IL.-11 supports the
generation of B cells, similar to IL-6.>* IL.-11
induces the production of acute phase
reactants’” and induces the synthesis of tissue
inhibitor of metalloproteinase 1. It inhibits
IL-12 and TNF-a production from
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monocytes/macrophages,’** effects mediated at
the transcriptional level by inhibition of
NF-«B.

Role in asthma

IL-11 can be detected in BAL fluid during
upper respiratory viral infections in humans
and induces non-specific bronchial hyperre-
sponsiveness in mice.’” Targeted expression of
IL-11 in mouse airways leads to a T cell
inflammatory response with airway remodel-
ling, local accumulation of myofibroblasts, and
airways obstruction.**

GRANULOCYTE-MACROPHAGE COLONY
STIMULATING FACTOR (GM-CSF)

Synthesis and release

GM-CSF is one of the colony stimulating fac-
tors that act to regulate growth, differentiation,
and activation of haematopoietic cells of multi-
ple lineages. GM-CSF is produced by several
airway cells including macrophages, eosi-
nophils, T lymphocytes, fibroblasts, endothe-
lial cells, airway smooth muscle cells, and
epithelial cells.

Receptors

The GM-CSF receptor consists of a low affin-
ity a chain with a second affinity converting 3
chain which is also shared by IL-3 and IL-5
receptors.” > These receptors are usually dis-
tributed on granulocytes and monocytes,
endothelial cells, and fibroblasts. Upregulation
of the expression of o chain of GM-CSFR
mRNA in macrophages in airway biopsy speci-
mens of non-atopic asthma but not of atopic
asthma has been reported.’* Certain analogues
of GM-CSF bind to the a chain of the receptor
but not to the 3 chain complex without agonist
effect, indicating that these mutants could act
as antagonists of GM-CSFE.>*

Effects

GM-CSF is a pleiotropic cytokine that can
stimulate the proliferation, maturation, and
function of haematopoietic cells. It may be
involved in priming inflammatory cells such as
neutrophils and eosinophils and can prolong
the survival of eosinophils in culture.” *°
GM-CSF can enhance the release of superox-
ide anions and cys-LT's from eosinophils®' and
can also induce the synthesis and release of a
number of cytokines including IL-1 and
TNF-0 from monocytes. GM-CSF induces
non-haematopoietic cells such as endothelial
cells to migrate and proliferate.””

Role in asthma

There is increased expression of GM-CSF in
the epithelium of bronchial biopsy specimens
from asthmatic patients’ and in T lym-
phocytes and eosinophils after endobronchial
challenge with allergen."” > Increased circulat-
ing concentrations have been detected in
patients with acute severe asthma,”” and
peripheral blood monocytes from asthmatic
patients secrete increased amounts.” GM-
CSF accounts for the increased eosinophil sur-
vival activity of BAL fluid.” It is the major
LTC4 enhancing activity for eosinophils in the
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supernatant of cultured asthmatic alveolar
macrophages.”” Media obtained from cultured
bronchial epithelial cells of asthmatic subjects
increases the viability, superoxide production,
and LTC4 production by eosinophils in
vitro,”® an effect abolished by a neutralising
antibody to GM-CSF. Transient expression of
the GM-CSF gene to the epithelium of rats
using an adenoviral vector led to an accumula-
tion of eosinophils and macrophages associated
with irreversible fibrosis.”” This indicates that
GM-CSF may be involved in the chronic eosi-
nophilia and airways remodelling of asthma.

STEM CELL FACTOR (SCF)

Synthesis and release

SCF (c-kit ligand) is produced by bone marrow
stromal cells, fibroblasts (including bronchial
subepithelial myofibroblasts and nasal polyp
fibroblasts), and epithelial cells such as nasal
polyp epithelial cells.>*>*

Receprors

The receptor for SCF is c-kiz, a receptor
protein kinase, and is expressed on early
haematopoietic progenitors and allows a syner-
gistic response to SCF and lineage committing
growth factors such as GM-CSF for myelo-
cytes. c-kir expression decreases with cell
maturation and is absent on mature cells
released from bone marrow. However, c-kit
expression increases on mast cells as they
mature and are abundantly expressed on the
surface of mast cells. ¢c-kiz is also expressed on
human eosinophils.**

Effects

SCF acts as a survival factor for the early hae-
matopoietic progenitor cells and synergises
with other growth factors to regulate the prolif-
eration and differentiation of cells. It is a major
growth factor for human mast cells.’** ** Two
alternative spliced variants account for the dif-
ferent forms of SCF: a primarily membrane
bound and the other primarily soluble after
being released from the cell surface by
proteolysis.”*® CD34+ bone marrow cells cul-
tured in vitro with rh-SCF and IL-3 induces
the development of mast cells and other
haematopoietic lineages.>”’

Membrane bound SCF may influence mast
cell adhesion™® and soluble SCF is chemotactic
for mast cells.”” Removal of mast cells from
either soluble or membrane bound SCF causes
mast cells to undergo apoptosis.’” *"* SCF has
modest direct activating capacity on the mast
cell but is usually more active in priming mast
cell responses to other stimuli such as IgE
stimulated mediator release.”””" It causes the
release of small amounts of IL.-4 and TNF-a
from human lung mast cells.”” SCF stimulates
VLA-4 mediated cell adhesion to fibronectin
and VCAM-1 adhesion molecules on human
eosinophils.’”

Role in asthma

There is little information on the expression of
SCF in asthmatic airways. It is expressed in the
epithelium of nasal polyps from patients with
allergic rhinitis.
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Inhibitory cytokines

INTERLEUKIN 10

Synthesis and release

IL-10, previously known as cytokine synthesis
inhibitor factor (CSIF), was originally identi-
fied as a product of murine T helper (Th2)
clones that suppressed the production of
cytokines by Thl clones responding to stimu-
lation of antigen.””® In humans ThO, Thl, and
Th2-like CD4+ T cell clones, cytotoxic T cells,
activated monocytes and peripheral blood T
cells including CD4+ and CD8+ T cells have
the capacity to produce IL-10.*" *"® Mast cells
also have the capacity to produce IL-10. Con-
stitutive I1.-10 secretion occurs in the healthy
lung with the major source being the alveolar
macrophage; however, the circulating mono-
cyte elaborates more IL-10 than the alveolar
macrophage.’

Receprors

IL-10R is a member of the class II subgroup of
cytokine receptors, the IFN-receptor family.
IL-10R has been characterised and cloned
from a human lymphoma cell line’® and is
expressed in several lymphoid and myeloid
cells®® and also on NK cells.*® IL-10R is highly
effective in recruiting the signalling pathways of
IL-6 type cytokine receptors including STAT1
and STAT3.* The inhibitory effect of IL-10
on monocytes appears to be dependent on
NF-«kB.” The specific signalling pathway of
IL-10R has not yet been definitely character-
ised.

Effects

IL-10 is a pleiotropic cytokine that can exert
either immunosuppressive or immunostimula-
tory effects on a variety of cell types. It is a
potent inhibitor of monocyte/macrophage
function, suppressing the production of a
number of pro-inflammatory cytokines includ-
ing TNF-o, IL-1p, IL-6, MIP-la, and
IL-8*7% although the release of MCP-1 is
increased.” IL-10 inhibits monocyte MHC
class II, B7.1/B7.2 and CD23 expression and
accessory cell function. Accessory signals
mediated by B7 molecules through CD28 on
the surface of T cells are essential for T cell
activation. Expression of IL-10 by antigen pre-
senting cells may be an established pathway for
the induction of antigen specific tolerance such
as that to allergens.”® By contrast, IL-10
upregulates the monocyte expression of IL-1ra,
another anti-inflammatory cytokine.” IL-10
suppresses the synthesis of superoxide anions
and NO by activated mono-
cytes/macrophages.”® An IL-10 antibody en-
hances the release of cytokines from activated
monocytes, suggesting that this cytokine may
play an inhibitory role when the cell is
stimulated.”® IL-10 inhibits the stimulated
release of RANTES and IL-8 from human air-
way smooth muscle cells in culture.'’* """ It
inhibits the production of IFN-y and IL-2 by
Th1 lymphocytes® and IL-4 and IL-5 produc-
tion by Th2 cells by interfering with B7-CD28
dependent signals.” *** IL-10 also inhibits
eosinophil survival and II.-4 induced IgE
synthesis. On the other hand, IL-10 acts on B
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cells to enhance their viability, cell prolifera-
tion, immunoglobulin secretion with the iso-
type switch and class II MHC expression. It
decreases IL-4 induced IgE switch in periph-
eral blood mononuclear cells but potentiates
IgE production in B cells that are already
switched to produce IgE.”” IL-10 is also a
growth co-stimulator for thymocytes and mast
cells,” as well as an enhancer of cytotoxic T
cell development.”” It also activates the tran-
scription of genes for mast cell derived
proteases and enhances the production of the
tissue inhibitor of metalloproteinases of mono-
cytes and tissue macrophages while decreasing
metalloproteinase biosynthesis.’*

Role in asthma

There is significantly less IL.-10 mRNA and
protein expressed in alveolar macrophages of
asthmatic subjects than in those from non-
asthmatic individuals.” >’ Triggering of CD23
molecule by anti-CD23 monoclonal antibodies
induces IL-10 production by human
monocytes.”® An IL-10 polymorphism on the
transcription initiation site could be responsi-
ble for reduced IL-10 release.”” Another poly-
morphism upstream from this site was associ-
ated with increased total serum IgE.>” Inhaled
corticosteroid treatment restores the reduced
II.-10 release from macrophages of asthmatic
subjects” and theophylline increases IL-10
secretion.”” On the other hand, other studies
indicate that there are increased numbers of
macrophages and T cells expressing IL-10
mRNA in the BAL fluid of patients with
asthma.*"

IL-10 inhibits the late response and the
influx of eosinophils and lymphocytes after
allergen challenge in the Brown-Norway rat.*”
Co-instillation of IL-10 by the intranasal route
significantly inhibits the peritoneal and lung
eosinophilia induced by ovalbumin in immu-
nised mice.*” ** Given its anti-inflammatory
properties and these effects in animal models of
allergic inflammation, IL-10 may have benefi-
cial effects in asthma.'” However, no such
studies have been performed yet. Administra-
tion of IL-10 to normal volunteers induced a
fall in circulating CD2, CD3, CD4, and CD8
lymphocytes with suppression of mitogen
induced T cell proliferation and reduction of
TNF-o and IL-18 production from whole
blood stimulated with endotoxin ex vivo.*”

INTERLEUKIN 1 RECEPTOR ANTAGONIST (IL-1ra)

IL-1ra has been isolated from supernatants of
monocytes cultured on aggregated immuno-
globulin or with immune complexes,*” **
alveolar macrophages,'” and urine of patients
with fever or myelomonocytic leukaemia.*'**'*
II-1ra shares 26% and 19% amino acid
homology with IL-1a and IL-1f, respectively.
It binds to the IL-1 receptor with a similar
affinity to IL-1a or IL-1B*” and inhibits most
effects of IL-1 on cells, such as thymocyte pro-
liferation, IL-2 synthesis by T cells, and PGE,
and collagenase production by fibroblasts.*"**'
IL.1-ra is preferentially produced by alveolar
macrophages compared with monocytes,*’
which may underlie the diminished IL-1
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