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differentiation.

inflammatory process in the airways.

‘Airway inflammation is now recognized to be the
basis for various atopic and related conditions of the
airways including allergic rhinitis, nasal polyposis
and asthma. The cellular and molecular mechanisms
involved in the generation of this inflammatory re-
sponse in the upper and lower airways have been
analyzed in the last few years. Work in our labora-
tory has focused upon the contribution of structural
cells of the airways to the generation and perpetua-
tion of this inflammatory response, which includes
participation of inflammatory effector cells such as
basophils, eosinophils and mast cells. These cells, in
turn, are derived from progenitors which circulate in
increased numbers in the blood of patients with vari-
ous forms of airways inflammation (16, 17); these
progenitors also fluctuate to allergen challenge or
exacerbation of disease and symptoms (9, 10, 16). A
dynamic dialogue exists between the structural cells
of the airways and these progenitors. In the follow-
ing brief presentation, several of these pathways of
communication between structural cells and inflam-
matory cells are delineated with reference to the de-
velopment and maintenance of airway inflammatory
diseases.

Cytokines derived from structural cells
Epithelial cells

The epithelium is not a passive participant in the
development of airways inflammation. A wide vari-
ety of mediators and cytokines can be produced
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Airways inflammation involves accumulation of inflammatory cells such as
eosinophils, basophils and mast cells, which are derived from progenitors
in marrow and blood. The inflamed tissue of the airways, through its
structural (epithelium, stroma) and inflammatory cell components, produces
an array of cytokines which can influence the differentiation of
inflammatory cell progenitors. It is particular mechanism that we have
investigated, showing that molecules such as GM-CSF, G-CSF, IL-6, IL-8
and SCF can be produced by airways epithelial cells and fibroblasts in
quantities sufficient to induce hemopoietic events, either systemically or
locally. Corticosteriods may act therapeutically, at least in part, to block
inflammatory cell differentiation, and thus recruitment, into the allergic
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upon stimulation of the epithelium, either after dam-
age or upon stimulation with various microbial and
other challenges. Among the cytokines that have
been described as products of the epithelium in air-
ways inflammatory diseases are: various hemopoie-
tic growth factors including granulocyte macrophage
colony-stimulating factor (GM-CSF), G-CSF,
M-CSF, stem cell factor (SCF) and several not yet
fully characterized factors (4) (Table 1). In addition,
several pro-inflammatory cytokines such as interleu-
kin 6 (IL-6) and chemokines such as IL-8 are pro-
duced by the inflamed airway epithelium (4, 6). We
have determined that, in chronic airway inflamma-
tion such as nasal polyposis, there is up-regulation
of several of these growth factors and pro-
inflammatory cytokines, with levels of constitutive or
stimulated production of these being much higher
than in allergic rhinitis, which is, in turn, higher than
normal nasal mucosal epithelial cells (4, 6).

Fibroblasts

The stromal contribution to airway inflammation is
principally due to the production of mediators and
various cytokines by the fibroblasts in these tissues.
A very similar profile, although not identical, of cy-
tokine production by fibroblasts in airways inflam-
matory diseases ex vivo and in vivo has been ob-
served (5) (Table 2). Moreover, fibroblasts contribute
an array of pro-inflammatory reactants, including
enzymes such as metalloproteinases, which are in-
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Table 1. Human nasal epithelial cell cytokines

Cytokines Gene expression Production Steroid inhibition
GM-CSF + + +

G-CSF +

M-CSF +

MDF® +

-3 - +°

It-5 -

iL-6 + + +

iL-8 + + +

SCF + +

# Macrophage differentiation factor. ® Cell lysates only.

Table 2. Human nasal fibroblast cytokines

Cytokines Gene expression Production Steroid inhibition

GM-CSF
IL-6
IL-8
SCF
IL-3
L5
BaDF®
MDF® -

+ 4+ + +
U+ + + +
+ +

+

® Basophil differentiation factor. ° Macrophage differentiation factor.

timately involved in the development and mainte-
nance of chronic inflammation at a variety of sites
(1.

Both fibroblasts and epithelial cells respond to
signals such as bacterial lipopolysaccharide and the
cytokines 1L.-1 and tumor necrosis factor o (TNF-
%), with a production of increased amounts of he-
mopoietic and pro-inflammatory cytokines, a cas-
cade presumably leading to chronic inflammation
(4-6, 11). Substantial literature has also developed
on the induction by cytokines from structural celis,
of cell adhesion molecules, which allow for the at-
tachment and migration into tissues of inflammatory
cells, such as basophils and eosinophils (1, 2).

Inflammatory cell-derived cytokines
Basophils and eosinophils

The basophil and eosinophil contribution to airways
inflammation, especially in the late-phase allergic re-
action, involves the ingress and recruitment to the
tissues of cells with a wide variety of potent media-
tors. These cells themselves can, upon activation,
produce a wide variety of cytokines including: 1L-3,
IL-4, IL-5, IL-6, IL-8, GM-CSF, TNF-x and trans-
forming growth factor B (TGF-B) (3). Work from
our laboratory has focused on the model of nasal
polyposis, in which a large number of activated eosi-
nophils is observed to be present, characterized by
a specific form of the eosinophil cationic protein
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reactive with the monoclonal antibody EG2, as
well as the expression and production of TNF-q,
GM-CSF and TGF-B (7, 14, 15). These cytokines
play an important role in the perpetuation of the
inflammatory process, including the development of
tissue fibrosis, which characterizes asthma and nasal
polyposis alike.

Mast cells

Mast cells also abound in airways inflammatory dis-
eases, especially in nasal polyps, allergic rhinitis and
asthma. While the mast cell contribution is thought
to be related to the early phase of the immunoglob-
ulin E (IgE)-mediated response, the cytokines de-
rived from these cells may play a crucial role in the
development of further airways inflammation. These
include: IL-3, IL-4, IL-5, IL-6 and IL-8 as well as
TNF-a (8). As can be inferred, the positive feedback
that could potentially exist in the development of the
inflammatory process involving the ingress and ac-
tivation of inflammatory effector cells and their pro-
duction of cytokines is not to be minimized.

Cytokine effects and interactions
Effects on cell differentiation

One of the most important concepts that has driven
research in our laboratory is that progenitors derived
from the bone marrow and circulating in the blood
can receive differentiative signalling from the in-
flamed tissue itself, leading to recruitment via differ-
entiation and proliferation (9, 10, 16, 17). Although
a precise localization of this differentiation process
has not yet been fully determined, evidence exists to
support the notion that GM-CSF, as well as other
factors such as SCF, may play a crucial role in
stimulating the bone marrow to produce more pro-
genitors for basophils, eosinophils and mast cells;
one cannot exclude the possibility that this process
can also occur at a local tissue level (46, 11). More-
over, activation of the inflammatory cells themselves
at various stages of terminal differentiation could be
stimulated by cytokines produced by structural cells
and, in autocrine fashion (see below), inflammatory
cells themselves. Phenotype control and switching of
eosinophils and mast cells can be influenced by sev-
eral factors derived from tissue structural cells such
as GM-CSF, SCF, TGF-B and other as yet not fully
identified factors (18, 19). The result is a self-sus-
tained inflammatory process that probably, in some
cases, does not require further antigenic stimulation.

Autocrine events

Both eosinophils and mast cells, and to a lesser
extent basophils, upon activation can produce cyto-



kines that directly affect further activation and/or
differentiation of these cells or their progenitors.
These autocrine pathways can be most readily seen
in the eosinophil recruitment and presence in nasal
polyposis: isolated nasal polyp eosinophils produce
GM-CSF, which can prolong the survival and acti-
vate eosinophils (Ramis et al., unpublished data).
This phenomenon probably exists for several struc-
tural cells and inflammatory cells within the context
of chronic inflammation in the airways.

Effects of steroids

Topical corticosteroids are the mainstay of therapy
in nasal polyposis, allergic rhinitis and asthma. Al-
though the mechanisms for the effects of steroids are
complex and beyond the scope of this article, many
of the pathways mentioned above, including the
cytokines expressed and produced by structural cells
or inflammatory cells, can be blocked by corticos-
teroids applied topically to the airway. Effects on
differentiation, activation, phenotype switching as
well as cell migration and adhesion can all be seen
after the application of the corticosteroids (11). Per-
haps this is the reason why prolonged therapy with
corticosteroids can continue to bring benefit and im-
prove the histopathology of airway inflammation
such as asthma (12, 13). Recently, we have demon-
strated that in vivo pretreatment with inhaled bude-
sonide blocks allergen-induced bone marrow pro-
duction of inflammatory cell progenitors (20). This
bone marrow contribution to airway inflammation
may be closely related to events in the tissue mi-
croenvironment.

Conclusion

The process of cell-to-cell signalling involving cyto-
kine networks within inflamed airway tissues are
now becoming unravelled. Much needs to be learned
about pathways of signal transduction and the speci-
ficity of control of the inflammatory process, giving
it its characteristic allergic morphology. Moreover,
whether or not cytokines are differentially activated
in a given context and within a given tissue to pro-
duce a self-limited or a self-sustained inflammation
needs to be further studied.
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