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ABSTRACT: Chronic obstructive pulmonary disease (COPD) is characterized by
chronic obstruction of expiratory flow affecting peripheral airways, associated with
chronic bronchitis (mucus hypersecretion with goblet cell and submucosal gland
hyperplasia) and emphysema (destruction of airway parenchyma), together with fibrosis
and tissue damage, and inflammation of the small airways. Cytokines are extracellular
signalling proteins. Increased levels of interleukin (IL)-6, IL-1b, tumour necrosis factor-a
(TNF-a) and IL-8 have been measured in sputum, with further increases during
exacerbations, and the bronchiolar epithelium over-expresses monocyte chemotactic
protein (MCP)-1 and IL-8. IL-8 can account for some chemotactic activity of sputum,
and sputum IL-8 levels correlate with airway bacterial load and blood myeloperoxidase
levels. The expression of chemokines such as regulated on activation, normal T-cell
expressed and secreted (RANTES) may underlie the airway eosinophilia observed in
some COPD patients. Cytokines may be involved in tissue remodelling. TNF-a and
IL-1b stimulate macrophages to produced matrix metalloproteinase-9 (MMP-9), and
bronchial epithelial cells to produce extracellular matrix glycoproteins such as tenascin.
Increased expression of transforming growth factor-b (TGFb) and of epidermal growth
factor (EGF) occurs in the epithelium and submucosal cells of patients with chronic
bronchitis. TGFb and EGF activate proliferation of fibroblasts, while activation of the
EGF receptor leads to mucin gene expression.
The cytokine profile seen in chronic obstructive pulmonary disease is different from

that observed in asthma. The role of these cytokines needs to be defined and there is a
potential for anticytokine therapy in chronic obstructive pulmonary disease.
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Cytokines are extracellular signalling proteins,
usually ofv80 kDa in mass and produced by different
cell types involved in cell-to-cell interactions. They
affect closely adjacent cells, and therefore func-
tion in a predominantly paracrine fashion. They
may also act at a distance (endocrine) and have
effects on the cell of origin (autocrine). Cytokines
are rarely produced individually; rather, they are
produced along with other cytokines in patterns
characteristic of particular diseases. There is wide
pleiotropy and an element of redundancy in the
cytokine family in that each cytokine has many
overlapping functions, with each function poten-
tially mediated by more than one cytokine. However,
the effects of an individual cytokine may be influ-
enced by other cytokines released simultaneously
from the same cell or from target cells following
activation by the cytokine, inducing either syn-
ergistic or antagonistic effects. The effects of cytokines
are mediated by their binding to high-affinity cell
surface receptors, usually present in low numbers and
which can be upregulated on cell activation. The
receptors for many cytokines have been grouped into
superfamilies based on the presence of homologous
regions. Cytokines themselves may induce the
expression of receptors that may in turn change the
responsiveness of both source and target cell. Some

cytokines may stimulate their own production in an
autocrine manner, whereas others stimulate the
synthesis of different cytokines that have a feedback
stimulatory effect on the first cytokine resulting in an
increase in its effects. The potential contributions of
cytokines to disease have been explored in studies
using cytokines as agonists, by blocking the effects
of specific cytokines, via the overexpression and
deletion of cytokines in transgenic mice, and in
genetic studies.

Since the pathology of chronic obstructive pulmo-
nary disease (COPD) is that of a chronic inflamma-
tory process with tissue damage and repair processes,
it is not surprising that many cytokines play a role
in this condition. This review highlights apparently
important cytokines, and their effects. One of the
main focuses of research on cytokines is the determi-
nation of ways in which the effects of these cytokines
or their production may be inhibited, but this is not
reviewed here.

Classification of cytokines

Classification of cytokines with respect to airways
disease is best considered functionally, with categories
such as proinflammatory cytokines, T-cell-derived
cytokines, chemoattractant cytokines (chemokines)
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for eosinophils, neutrophils, monocytes/macrophages
and T-cells, anti-inflammatory cytokines, and growth
factors (table 1).

Lymphokines

Originally, lymphokines, which are soluble factors,
generated by activated lymphocytes, particularly
CD4z T-cells, in response to specific or polyclonal
antigens were described, and formed the most imp-
ortant class of cytokines involved in immunological
mechanisms. Particular subsets of CD4z T-cells
may be induced preferentially, secreting defined pat-
terns of cytokines, resulting in the initiation and pro-
pagation of distinct immune effector mechanisms.
Studies in mouse CD4z T-cell clones, and later in
human CD4z T-cells, have revealed two polarized
basic functional subsets termed T-helper (Th) type 1
and Th2. Th1 are characterized by predominant
secretion of interleukin (IL)-2, interferon (IFN) and
tumour necrosis factor (TNF), triggering both cell-
mediated immunity and production of opsonizing
antibodies, whereas Th2 secrete predominantly
IL-4, -5, -10 and -13, responsible for immunoglobulin
(Ig) E and IgG4 production, and activation of mast
cells and eosinophils [1]. A third Th subset, Th0,
shows a composite profile, producing both Th1 and
Th2-associated cytokines. In asthma, there is a pre-
dominance of expression of Th2-derived cytokines such
as IL-4, -5 and -13 [2, 3], leading to the hypothesis
that asthma may result from an imbalance of Th2-
derived cytokines.

Like CD4zT-cells, CD8zT-cells show dichotomy
of expression of lymphokines. Most CD8z T-cells
were thought to exhibit a Th1-cytokine profile alone
and to rarely produce IL-4. However, under certain
conditions, CD8z T-cells can produce IL-4 [4, 5].
CD8z T-cells can differentiate into cells that make
IFN-c but not IL-4 (cytotoxic T-cell (TC) type 1), and
cells that make IL-4 but not IFN-c (Tc2) [6, 7]. CD8z
T-cell biology is of particular interest in COPD since
increased expression of CD8z T-cells occurs in the
airways of patients with COPD [8]. CD8zT-cells have
cytotoxic properties, and can mediate inflammatory
changes [9]. Overall, Tc2 CD8z T-cells may contrib-
ute to airway inflammation in models of allergic
inflammation. For example, in mice exhibiting a
strong Th2 response, a CD8z T-cell response to
viral infections led to an increase in virus-specific
CD8z T-cells that make IL-5, which caused lung
eosinophilia [10]. These lymphokines can also be
expressed by cells other than T-cells, such as macro-
phages, epithelial cells and mast cells, and may take
part in more general inflammatory processes.

Chemokines

Other classes of cytokine include chemokines, which
have important chemoattractant properties, and
growth factors, which mediate the proliferation,
differentiation and survival of cells. Chemokines are
chemotactic cytokines of 8–10 kDa involved in
attracting leukocytes into tissues. Since the first
chemokine, IL-8, was described in 1987 [11, 12],w50
other chemokines have been recognized, encompass-
ing four different structural families and interacting
with $17 different receptors [13]. The chemokine
families, named according to the structure of con-
served cysteine-containing motifs, are defined by the
presence of C, CC, CXC or C9C motif at the amino
terminus of the protein. The major families are CC
chemokines (b-chemokines), in which two cysteine (C)
residues are adjacent to each other, and CXC
chemokines (a-chemokines), in which these residues
are separated by a nonconserved amino acid (X). The
CC chemokines are involved in chemoattraction of
eosinophils, monocytes and T-lymphocytes and there-
fore of greatest relevance to asthma. The discovery of
lymphotactin [14], a chemoattractant for lymphocytes,
led to the description of another family, C chemo-
kines. Lymphotactin lacks the first and third cysteines
in the four-cysteine motif, but shares much similarity
in amino acid sequence with the CC family of
chemokines. Since the inflammatory pathology of
asthma involves neutrophils, macrophages, T-cells
and occasionally eosinophils, chemokines that are
involved in the chemoattraction of these cells are of
interest. Of the CXC chemokines, IL-8, growth-
related oncogene-a (GRO-a) and epithelial-derived
neutrophil activator (ENA-78) are of particular
interest with their chemoattractant and activating
effects on neutrophils; these chemokines mediate their
effects through a transmembrane domain-containing
seven G-protein-coupled receptor, type 2 CXC recep-
tor (CXCR) 2, whereas IL-8 activates CXCR1. Of
the larger family of CC chemokines, regulated on

Table 1. –Cytokines in chronic obstructive pulmonary
disease

Category Cytokines

Lymphokines IL-4, IL-5, IL-6, IL-10, IL-13
Chemotactic factors for
Neutrophils CXC chemokines (IL-8,

GRO-a, ENA-78), IL-1,
TNF, IL-17

Eosinophils CC chemokines (eotaxin,
RANTES, MCP-4),
GM-CSF

Monocytes/
macrophages

MCP-1, MIP-1a, RANTES

T-cells IL-16 (CD4z), MIP-1a (CD8z),
STCP-1 (Th2), RANTES
(memory), MCP-1

Proinflammatory IL-1b, TNF-a, IL-6
Anti-inflammatory IL-10, IL-1RA, IFN-c
Growth factors TGF-b, PDGF, EGF, IGF

IL: interleukin; GRO-a: growth-related oncogene-a; ENA-78:
epithelial-derived neutrophil activator 78; TNF: tumour necro-
sis factor; RANTES: regulated on activation, normal T-cell
expressed and secreted; MCP: monocyte chemotactic protein;
GM-CSF: granulocyte-macrophage colony-stimulating factor;
MIP-1a: macrophage inflammatory protein 1a; STCP-1:
stimulated T-cell chemoattractant protein-1; Th2: type 2 T-
helper cell; IL-1RA: IL-1 receptor antagonist; IFN-c: interferon
gamma; TGF-b: transforming growth factor-b; PDGF: plate-
let-derived growth factor; EGF: epidermal growth factor; IGF:
insulin-like growth factor.
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activation, normal T-cell expressed and secreted
(RANTES), macrophage inflammatory protein 1a,
monocyte chemotactic protein (MCP) 1, -3 and -4,
and eotaxin may also be involved. Eotaxin acting
through the type 3 CC receptor (CCR) 3 is a selective
chemoattractant for eosinophils, whereas RANTES
exhibits a range of effects on memory T cell-,
basophils and eosinophils, acting through CCR1, 3
and 5. MCP-3 and -4 may recruit eosinophils and
mononuclear cells, whereas MCP-1 can recruit mono-
cytes, lymphocytes and basophils, and can activate
mast cells and basophils.

Proinflammatory cytokines

In this group, the cytokines IL-1, tumour necrosis
factor (TNF), IL-6, granulocyte-macrophage colony-
stimulating factor (GM-CSF) and granulocyte
colony-stimulating factor (G-CSF) may be included.
IL-1 can be produced by a variety of cells, including
monocytes/macrophages, fibroblasts, T-cells, neutro-
phils and airway epithelial cells, although the major
source is the monocyte/macrophage. IL-1, like TNF
and IL-6, is an endogenous pyrogen. It contributes to
leukocytosis by release of neutrophils from bone
marrow and induces the production of other cyto-
kines, including IL-6, IL-8, RANTES, GM-CSF and
TNF, from a variety of cells. It induces expression
of the adhesion molecules, intercellular adhesion
molecule-1 (ICAM-1) and vascular cell adhesion
molecule-1, on endothelial cells, which may lead to
increased adhesion of neutrophils and eosinophils to
the vascular endothelium and respiratory epithelium.
Many of the effects of IL-1b are similar to those of
TNF-a, which can stimulate airway epithelial cells to
produce cytokines, including RANTES, IL-8 and
GM-CSF. Both TNF-a and IL-1b induces fibroblasts
to proliferate, and IL-1b increased synthesis of
fibronectin and collagen.

G-CSF is involved in the maintenance of normal
circulating granulocyte counts and of the neutrophilic
response during infections. Together with IL-8, G-CSF
increases the circulating neutrophil counts by accel-
erating proliferation of neutrophil maturation and
release of mature cells into the circulation [15]. G-CSF
also modulates neutrophil function, for example by
increasing chemotactic mobility and CD11b/CD18
expression, enhancing cell adhesion to the endo-
thelium, and increasing phagocytosis and inducing
respiratory burst, together with neutrophil elastase
[16, 17]. A functional G-CSF receptor is required for
normal chemoattractant-induced neutrophil activa-
tion [18]. GM-CSF is involved in priming inflamma-
tory cells such as neutrophils and eosinophils, and can
prolong the survival of eosinophils in culture [19].
GM-CSF induces the synthesis and release of a
number of cytokines such as IL-1 and TNF-a from
monocytes.

Growth factors

Growth factors such as platelet-derived growth factor
(PDGF), transforming growth factor-b (TGF-b), and

epidermal growth factor (EGF) influence the pro-
liferation of many structural cells, such as fibroblasts
and airway smooth muscle cells, and the turnover of
matrix proteins. They may be involved in airway
repair and remodelling processes.

Inflammation and cytokines in chronic obstructive
pulmonary disease

Inflammation in chronic obstructive pulmonary disease

COPD is characterized by chronic obstruction of
expiratory flow affecting peripheral airways, often
associated with chronic bronchitis (mucus hyper-
secretion with goblet cell and submucosal gland
hyperplasia) and emphysema (destruction of airway
parenchyma). Tissue damage with airway wall remo-
delling and thickening, inflammation and fibrosis of
the small airways appear to play an important role in
patients with COPD. The accompanying emphysema
leads to loss of lung elastic recoil, contributing to
decreased expiratory flow. Increased numbers of
neutrophils and macrophages are usually recovered
in bronchoalveolar lavage fluid and induced sputum
from such patients, and in the small airways, there is a
mucosal increase in the numbers of inflammatory
cells, including of subepithelial CD68zmacrophages
and CD8z T-cells, but without prominence of
neutrophils [20]. Some patients with COPD have a
preponderance of eosinophils in their sputum, which
may indicate significant improvement in forced
expiratory volume in one second (FEV1) with
corticosteroid therapy [21].

Neutrophils are more prominent in COPD than in
asthma. Neutrophils have been implicated in causing
tissue damage in COPD through the release of a
number of mediators, including proteases such as
neutrophil elastases and matrix metalloproteinases
(MMPs), oxidants and toxic peptides such as defen-
sins. A primary role for macrophages is also proposed
because of their capacity to produce several metallo-
proteinases, including MMPs such as MMP-1, -9 and
-12 [22]. Expression and production of MMP-1 and
MMP-9 messenger ribonucleic acid (mRNA) is
enhanced in macrophages from patients with COPD
[23]. Inhaled cigarette smoke may induce alveolar
macrophages to produce macrophage metalloelastase
(MMP-12), which, in turn, induces chemotactic
fragments that attract blood monocytes to the lung
parenchyma. The role of the CD8z T-cell remains
unclear, but they produce granzymes and perforin,
which can contribute to cell damage. One possibility is
that these cells may be induced by certain virus
infections, and virus-specific CD8z T-cells may
produce IL-5 [10].

Cytokine profile in chronic obstructive pulmonary
disease

Increased levels of IL-6, IL-1b, TNF-a and IL-8
have been observed in induced sputum from patients
with stable COPD (fig. 1) [24]. Increased release of the
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proinflammatory cytokines, IL-8, IL-1 and TNF-a,
and of the anti-inflammatory cytokine, IL-10, from
the alveolar macrophages of cigarette smokers and
COPD patients has been observed [25]. Levels of
TNF-a, IL-1b, IL-6, IL-8 and MCP-1 were increased
in bronchoalveolar lavage fluid from chronic smokers
compared to nonsmokers [26]. The release of other
CXC chemokines, such as GRO-a and ENA-78, in
addition to IL-8, from the alveolar macrophages of
smokers is also enhanced [27]. Acute exposure to
cigarette smoke also leads to release of these CXC
chemokines. Thus, the initiation of cytokine release in
COPD is likely to be due to the direct effect of
cigarette smoking, although, in general, the release
of cytokines in COPD patients is higher than that
in asymptomatic smokers. Cigarette smoke increases
IL-8 gene expression and release by bronchial
epithelial cells, and TNF-a and IL-6 by alveolar
macrophages [28, 29], and oxidants that are present in
cigarette smoke cause the release of proinflammatory
cytokines such as IL-1 and IL-8 from macrophages
and epithelial cells. Exposure of lung epithelial cells to
smoke extract causes the release of neutrophilic and
monocytic chemotactic activities, with IL-8 and
G-CSF accounting for the neutrophilic activity and
MCP-1 for the monocytic activity [30]. Acute
exposure to cigarette smoke initiates a superoxide-
dependent mechanisms through expression of the
transcription factor, nuclear factor-kB, which results
in infiltration of neutrophils into the airways [31].

Elevated expression of MCP-1, TGF-b1 and IL-8
and their mRNA has been observed in bronchiolar
epithelium, and of CCR2 in macrophages from

smokers with COPD compared with those without
COPD [32]. Since MCP-1 binds to CCR2 and MCP-1
can induce T-cell and monocytic migration, this
chemokine of the CXC class [33], may contribute to
the recruitment of these cells in COPD. It is not
known which cytokines are involved in the recruit-
ment of CD8z T-cells to the airways of COPD
patients. In the absence of IL-5 expression in COPD
airways with eosinophilia, other eosinophil chem-
oattractants such as eotaxin or RANTES may be
implicated. Alternatively, IL-5 may be produced by
CD8z T-cells, particularly the Tc2 subset, which are
present in abundance in tissues of COPD.

Overexpression of the Th2-derived cytokine, IL-13,
in lungs of adult mice induces emphysema, mucus
goblet cell hyperplasia and airway inflammation with
macrophages, lymphocytes and eosinophils, and
increased MMP levels which are many of the features
associated with COPD [34]. IL-13 is also over-
expressed in an allergen-exposed sensitized mouse
model, contributing to the eosinophilia, mucus hyper-
secretion and bronchial hyperresponsiveness in this
asthma model [35]. However, it is not known whether
this Th2-derived cytokine is overexpressed in COPD.

Exacerbations of chronic obstructive pulmonary
disease

In acute exacerbations of COPD, eosinophils are
prominent among the cells recovered from sputum or
bronchial biopsy samples, but there is no increased
expression of IL-5 in tissues [36]. Higher levels of IL-6
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Fig. 1. – Interaction of cells and cytokines in the airway inflammation of chronic obstructive pulmonary disease.
The initiating factors include cigarette smoke interacting with macrophages and airway epithelium, inducing the release of chemotactic
factors for neutrophils, which in turn are important effector cells for inflammation and tissue damage and repair. TNF-a: tumour necrosis
factor-a; IL: interleukin; GRO-a: growth-related oncogene-a; TGF-b; EGF: epidermal growth factor; RANTES: regulated on activation,
normal T-cell expressed and secreted; MCP-1: monocyte chemotactic protein-1; LTB4: leukotriene B4; MMP: matrix metalloproteinase;
TIMP: tissue inhibitor of matrix metalloproteinase.
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and IL-8 in induced sputum from patients with
increased number of exacerbations of COPD (w3
exacerbations?yr-1), compared to those with v2
exacerbations?yr-1, have been reported [37]. In a
small group of patients with stable COPD (FEV1 of
76% of the predicted value), the number of lympho-
mononuclear cells expressing eotaxin mRNA was
increased compared to healthy nonsmokers. In
patients with an exacerbation of chronic bronchitis
(FEV1 62% pred), RANTES mRNA expression was
upregulated and strong expression occurred in the
surface epithelium and subepithelial lymphomono-
nuclear cells; EG2z esinophils were also increased
[38]. The increased expression of CC chemokines,
eotaxin and RANTES, may underlie the eosinophilia
sometimes observed during exacerbations of COPD.

Specific cytokines (tumour necrosis factor-a,
interleukin-1b and interleukin-8) in chronic

obstructive pulmonary disease

A summary profile of the cytokines potentially
involved in COPD is shown in table 2, with further
details of TNF-a, IL-1b and IL-8 provided below in
this section.

Tumour necrosis factor-a

TNF-a is produced by many cells including macro-
phages, T-cells, mast cells and epithelial cells, but
the principal source is the macrophage. The secre-
tion of TNF-a by monocytes/macrophages is greatly
enhanced by other cytokines such as IL-1, GM-CSF
and IFN-c. A polymorphism in the promoter region
of the TNF-a gene (position-308; TNF2 variant)
leading to increased TNF-a production has been
linked to COPD in a Taiwanese population [39], but
this association has not been confirmed in other
studies [40].

TNF-a activates the transcription factor, nuclear
factor-kB (NF-kB), that switches on transcription of
the IL-8 gene and increases IL-8 release from the
airway epithelium and neutrophils. Bacteria and
bacterial products such as lipopolysaccharide can
induce IL-8 expression, probably as a result of initial
TNF-a production [41, 42]. TNF-a increases expres-
sion of the adhesion molecule, ICAM-1, levels of
which are increased in the serum of COPD patients
[43]. TNF-a may activate macrophages to produce
MMPs. This effect is inhibited by IL-10, which also
enhances the release of tissue inhibitor of metallopro-
teinases (TIMP) in macrophages from normal volun-
teers, whereas IL-10 increases TIMP-1 release without
modifying MMP-9 release in alveolar macrophages
from smokers [25]. TNF-a also stimulates bronchial
epithelial cells to produce tenascin, an extracellular
matrix glycoprotein. Increased serum concentrations
of TNF-a have been measured in patients with COPD
with weight loss [44, 45], and this may be related to the
effects of TNF-a on body mass and energy balance
homeostasis, and in mediating acute phase responses.

Interleukin-1b

IL-1b induces leukocytosis by the release of
neutrophils from bone marrow, and also induces the
release of many other cytokines such as IL-1, -2, -3, -4,
-5, -6 and -8, RANTES, GM-CSF, IFN-c, TNF and
PDGF from a variety of cells. It induces fibroblasts to
proliferate, increases prostaglandin and collagenase
secretion, and increases synthesis of fibronectin and
collagen. Together with TNF-a, IL-1b induces
ICAM-1 expression on endothelial cells.

Interleukin-8

IL-8, a CXC chemokine, is a neutrophil chemoat-
tractant and activator, which induces a transient
shape change, a rise in intracellular calcium concen-
tration, exocytosis with release of enzymes and
proteins from intracellular storage organelles, and a
respiratory burst. It also upregulates the expression
of two integrins (CD11b/CD18 and CD11c/CD18)
during the exocytosis of specific granules. IL-8
activates neutrophil 5-lipoxygenase with the forma-
tion of leukotriene B4 and 5-hydroxy-eicosanotetrae-
noic acid; leukotriene B4 may contribute to the
chemotactic activity of sputum from COPD patients.
IL-8 also has chemoattractant properties for T-cells.
Bacteria can induce IL-8 expression in epithelial cells,
and the increased levels of IL-8 found in sputum
samples from COPD patients correlate with the
airway bacterial load and myeloperoxidase released
from activated neutrophils. Up to 43% of the
chemotactic activity of sputum can be attributed to
IL-8 [46]. Elastase released from neutrophils may also
stimulate epithelial cells to produce more IL-8 [47] and
leukotriene B4 [48].

Airway wall remodelling cytokines

Experimental approaches made possible by the
availability of genetically modified mice have high-
lighted the potential role of various T-cell-derived
cytokines in aspects of airway wall remodelling.
Overexpression of these cytokines in airway epithe-
lium causes various features of airway wall remodel-
ling. A CC10-driven overexpression of IL-13 in lungs
caused eosinophilic and mononuclear inflammation
with goblet cell hyperplasia, subepithelial fibrosis,
airway obstruction and airway hyperresponsive-
ness [49], which is more reminiscent of asthmatic
inflammation. IL-4, -5 and -9 overexpression led to
substantial mucus metaplasia, whereas IL-5 and -9
overexpression also caused subepithelial fibrosis and
airways hyperresponsiveness [50–52] . Airway smooth
muscle hyperplasia occurs following IL-11 overexpres-
sion [53]. Proliferation of myofibroblasts and hyper-
plasia of airway smooth muscle may also occur
through the action of several growth factors such as
PDGF and TGF-b. These may be released from
inflammatory cells in the airways, such as macro-
phages and eosinophils, but also by structural cells
such as airway epithelium, endothelial cells and
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Table 2. –Sources and effects of cytokines

Cytokine Sources Important cellular and mediator effects

Th2/Tc2 cytokines
IL-4 Th2 Increased eosinophil growth

Mast cells Increased Th-2; decreased Th-1
Basophils Increased IgE
Eosinophils Increased mucin expression and goblet cells

Increased VCAM-1 expression on endothelial cells
IL-5 Th2 Eosinophil maturation

Mast cells Decreased apoptosis
Eosinophils Increased Th2

BHR
IL-9 Th2 Increased activated T-cells and IgE from B-cells

Eosinophils Increased mast cell growth and differentiation
Increased mucin expression and goblet cells
Causes eosinophilic inflammation and BHR

IL-13 Th2 Activates eosinophils
Basophils Decreased apoptosis
Eosinophils Increased IgE
Natural killer cells Increased mucin expression and goblet cells

Induces emphysema and matrix metalloproteinases
Th1/Tc1 cytokines
IFN-c Th1 Decreased eosinophil influx after allergen

Natural killer cells Decreased Th2
Activates endothelial cells, epithelial cells,
alveolar macrophages/monocytes

Decreased IgE
Decreased BHR

IL-2 Th0 and Th1 Eosinophilia in vivo
Eosinophils Growth and differentiation of T-cells
Airway epithelial cells

IL-12 B-cells Regulates Th1 differentiation
Monocytes/macrophages Decreased expansion of Th2
Dendritic cells Decreased IL-4-induced IgE synthesis
Eosinophils Stimulates natural killer cells and T-cells to produce IFN-c

IL-18 Th1 cells Induces IFN-c release from mitogen-stimulated
blood mononuclear cellsAirway epithelium

Induces Th1 development together with IL-12
Causes release of IL-8, MIP1-1a and
MCP-1 from mononuclear cells

Proinflammatory
IL-1 Monocytes/macrophages Increased adhesion to vascular endothelium;

eosinophil accumulation in vivoFibroblasts
Growth factor for Th2B-cells
B-cell growth factor; neutrophil chemoattractant;
T-cell and epithelial activation

Th1 and Th2

BHR
Neutrophils
Endothelial cells
Airway epithelial cells
Airway SMCs

TNF-a Macrophages Activates epithelium, endothelium,
antigen-presenting-cells, monocyt
monocytes/macrophages

T-cells

BHR
Mast cells

Increased IL-8 from epithelial cells
Airway epithelial cells

Increased matrix metalloproteinases from macrophages
IL-6 Monocytes/macrophages T-cell growth factor

T-cells B-cell growth factor
B-cells Increased IgE
Fibroblasts
Airway epithelial cells

IL-8 Monocytes/macrophages Neutrophil chemoattractant and activator
Airway epithelial cells Chemotactic for CD8zT-cells
Airway SMCs Activates 5-lipoxygenase in neutrophils
Eosinophils Induces release of histamine and cys-being

leukotrienes from basophils

Cont.
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fibroblasts. These growth factors may stimulate
fibrogenesis by recruiting and activating fibroblasts
or by transforming myofibroblasts. TGF-b is capable
of inducing the production of TIMPs [54]. Epithelial
cells may release growth factors since collagen deposi-
tion occurs underneath the basement membrane of the
airway epithelium [55]. In addition, increased release
of TGF-b and fibronectin from alveolar macrophages
from patients with chronic bronchitis has been
observed [56]. Growth factors may also stimulate the
proliferation and growth of airway smooth muscle
cells. PDGF and EGF are potent stimulants of human
airway smooth muscle proliferation [57], and these
effects are mediated via activation of tyrosine kinase
and protein kinase C. Airway smooth muscle cells
have the capacity to elaborate a range of cytokines
including IL-4, IL-5, GM-CSF, IL-8, eotaxin and

MCP-1, and therefore may play a role in the induction
of local inflammatory responses [58]. Cytokines, such
as TNF-a and fibroblast growth factors, may also
play an important role in angiogenesis.

An increase in the expression of TGF-b and also
of EGF in the epithelium and submucosal cells of
patients with chronic bronchitis has been reported
[59]. Expression of TGF-b1 and its mRNA in
ithe bronchiolar and alveolar epithelium of COPD
patients is increased and correlates with the num-
ber of intraepithelial macrophages [60]. Tobacco
smoke directly activates transcription of the mucin
MUC5AC through an EGF receptor kinase-
dependent pathway. EGF is of interest since EGF
receptor activation by TNF-a leads to the expression
of mucin genes, in particular MUC5A [61]. These
growth factors may be implicated in repair responses

Table 2. –Cont.

Cytokine Sources Important cellular and mediator effects

IL-11 Airway epithelial cells B-cell growth factor
Airway SMCs Activates fibroblasts
Fibroblasts BHR
Eosinophils

IL-16 CD8zT-cells Eosinophil migration
Epithelial cells Growth factor and chemotaxis of CD4zT-cells
Eosinophils
Mast cells

IL-17 CD4zT-cells T-cell proliferation
Activates epithelia, endothelial cells, fibroblasts
Induces release of IL-6, IL-8 and GM-CSF
Neutrophil chemoattractant and activator

GM-CSF T-cells Eosinophil apoptosis and activation;
induces release of leukotrienesMacrophages

Proliferation and maturation of haematopoietic cellsEosinophils
Endothelial cell migrationFibroblasts
BHREndothelial cells

Airway SMCs
Airway epithelial cells

Inhibitory cytokines
IL-10 Th2 Decreased eosinophil survival

CD8zT-cells Decreased Th1 and Th2
Monocytes/macrophages Decreased monocyte/macrophage activation;

q B-cell; q mast cell growth
Decreased BHR

IL-1RA Monocytes/macrophages Decreased Th2 proliferation
Decreased BHR

IL-18 Dendritic cells Enhances Th1 via IFN-c release
Monocytes Releases IFN-c from Th1
Natural killer cells Activates natural killer cells, monocytes

Decreased IgE
Growth factors
PDGF Macrophages Fibroblast and airway smooth muscle proliferation

Airway epithelium Release of collagen
Fibroblasts

TGF-b Macrophages Decreased T-cell proliferation
Eosinophils Blocks IL-2 effects
Airway epithelium Fibroblast proliferation

Chemoattractant for monocytes, fibroblasts, mast cells
Decreased airway smooth muscle proliferation

Th: T-helper cell; Tc: cytotoxic T-cell; IL: interleukin; IgE: immunoglobulin E; BHR: bronchial hyperresponsiveness; IFN-c:
interferon gamma; MIP-1a: macrophage inflammatory factor 1a; MCP-1: monocyte chemotactic protein-1; SMC: smooth
muscle cell; TNF-a: tumour necrosis factor-a; GM-CSF: granulocyte-macrophage colony-stimulating factor; IL-1RA: IL-1
receptor antagonist; PDGF: platelet-derived growth factor; TGF-b: transforming growth factor-b; VCAM: vascular adhesion
molecule.
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following injury, particularly to the epithelium.
Growth factors such as TGF-b and EGF may be
involved in fibroblast activation and proliferation
leading to peribronchiolar fibrosis.

Differences between chronic obstructive pulmonary
disease and asthma

Although the complex role of cytokines has not
been fully dissected, it appears that the profile of
cytokine expression in COPD is different from that in
asthma (table 3). This may be expected, to a large
extent, from the different pathologies observed in the
two diseases, particularly at the level of the cellular
infiltrate. Thus, in asthma, an infiltration of eosino-
phils and CD4z T-cells, rather than of neutrophils
and CD8zT-cells is usually found. In support of this,
the cytokine expression important to asthma is Th2-
derived, involving cytokines such as IL-4, -5 and -13
[62, 63], whereas in COPD, the neutrophil chemokine
IL-8 and proinflammatory cytokines IL-1 and TNF-a
play a more prominent role. However, there are
overlaps between the two disease processes, such as
the eosinophilic inflammation that occurs in some
COPD patients [21] and the increased neutrophilic
expression occurring in some patients with more
severe asthma [64, 65]. In this regard, no increase in
IL-5 expression in COPD has been detected in the
bronchial mucosa. However, a recent biopsy study
of patients with stable chronic bronchitis found
increased numbers of mononuclear cells staining for
eotaxin mRNA, whereas, in patients with exacerba-
tions, an increase in RANTES mRNA expression was
found in the epithelium and in mononuclear cells [38].
This may indicate that eotaxin and RANTES

contribute to the eosinophilic and lymphocytic
inflammation in asthma.

The mechanism by which cytokines may be induced
is of interest. The role of transcription factors has
been studied to a limited extent. There has been
interest in the transcription factor NF-kB, which may
be important for the generation of IL-8 on exposure
to cigarette smoke. Oxidative stress may also lead to
the activation of NF-kB [66]. In asthma, there is
increased expression of many proteins, such as
RANTES and inducible nitric oxide synthase, in the
airway epithelium [67, 68]. In addition, expression of
NF-kB is increased in the airway epithelium and
alveolar macrophages of subjects with asthma [69],
which may underlie this increase in expression of
RANTES and inducible nitric oxide synthase. How-
ever, in COPD, NF-kB expression or deoxyribo-
nucleic acid-binding activity is unexpectedly not
increased [69], indicating that NF-kB may not be
required for the transcription of cytokines such as
IL-8 in COPD. There may be important differences
between asthma and COPD at the level of transcrip-
tional control of inflammatory cytokines. The differ-
ence in expression of NF-kB between asthma and
COPD is unclear.

More studies are needed for the direct comparison
of asthma and chronic obstructive pulmonary disease,
and also to focus on patients who manifest clinical
features of both chronic obstructive pulmonary
disease and asthma. Further analysis of cytokine
expression in asthma and chronic obstructive pulmo-
nary disease may help determine whether these
conditions have common mechanisms or similar
predisposing factors. In addition, it may reveal some
common pathways in the two conditions.
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