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Inflammatory cell microlocalisation and

airway dysfunction: cause and effect?
S. Siddiqui, F. Hollins, S. Saha and C.E. Brightling

ABSTRACT: Airway inflammation is a critical feature of the airway diseases asthma and chronic

obstructive pulmonary disease (COPD). There is emerging evidence that structural cells play a

key role in the development and perpetuation of the inflammatory response and are pivotal in the

development of the changes in the airway structures that lead to airway remodelling.

To date, little attention has been given to the localisation of inflammatory cells to airway

structures or the potential interactions between these intimately located cells. However, it is likely

that interactions between inflammatory and structural cells in the airway contribute enormously to

the pathophysiology of asthma and COPD.

Indeed, recent evidence suggests that mast cells localised to the airway smooth muscle bundle

may be important in the development of airway hyperresponsiveness in asthma.

In the present article, the authors aim to summarise: 1) the current understanding of which

inflammatory cells locate to airway structures; 2) the proposed mechanisms that may be involved

in mediating this microlocalisation; 3) the possible consequences of interactions between

inflammatory and structural cells; and 4) the pressing need to investigate whether modulating

these interactions is beneficial in asthma and chronic obstructive pulmonary disease.

KEYWORDS: Asthma remodelling, cellular interactions, chronic obstructive pulmonary disease

remodelling

T
he prevalence of obstructive airway dis-
eases, namely asthma and chronic obstruc-
tive pulmonary disease (COPD), are

increasing. Asthma affects 10% of children and
5% of adults [1, 2], and by 2020 it is predicted that
COPD will be the third leading cause of mortality
worldwide [3]. Both conditions are defined in
terms of typical symptoms and abnormal airway
physiology, but it is also well recognised that
airway inflammation and airway remodelling are
key components of both diseases [4, 5].

Asthma is characterised by airway hyperrespon-
siveness (AHR) and variable airflow obstruction.
The airway inflammation in asthma is typically
eosinophilic with increased expression of T-
helper cell (Th) type 2 cytokines [6]. Airway
remodelling in asthma encompasses several
structural changes in the airway wall, including
reticular lamina and basement membrane thick-
ening, an increased number of subepithelial
myofibroblasts and increased airway smooth
muscle (ASM) mass [7, 8].

The hallmark of COPD is irreversible airflow
obstruction. Pathologically, COPD consists of a

combination of emphysema and obliteration of
the small airways. These two pathologies are
distinct, in that emphysema can occur without
narrowing of the small airways and vice versa,
although the conditions usually coexist [9]. Small
airway narrowing results as a consequence of
mucus hypersecretion, inflammation and remo-
delling due to fibrosis, and increased ASM mass
[4]. The inflammatory infiltration in the airway in
COPD comprises of T-cells with a relative
preponderance of CD8+ cells, macrophages and
neutrophils [4, 10].

Although the features of the disordered airway
physiology, inflammatory profile and structural
changes in the airway in asthma and COPD are
well described, the interactions between these
components of airway disease are poorly under-
stood. To date, little attention has been paid to the
localisation of inflammatory cells within struc-
tural compartments of the airway wall. Recently,
enthusiasm for the view that microlocalisation is
important in obstructive airway diseases has
been fuelled by studies showing inflammatory
cells within the ASM in asthma [11–18] and
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COPD [19], but not in normal controls. Most notably, in asthma
the ASM is infiltrated by mast cells and the number of mast
cells within the ASM bundle was associated with the degree of
AHR [11].

Communication between cells within the airway predomi-
nately occurs across distances of only a few microns, as many
inflammatory mediators are rapidly inactivated once they
leave the cell. Thus, direct cell–cell interactions are likely to be
critical in modulating cellular function. It is therefore likely
that microlocalisation between inflammatory and structural
cells is a fundamental organising principle of airway inflam-
mation and repair.

The present study will: review the evidence that inflammatory
cells localise to structural cells focused particularly on mast cell
localisation to the ASM bundle; review the functional
consequences of interactions between these cells; review the
mechanisms driving this co-location; consider how these
interactions may be further studied; and speculate on the
therapeutic potential of modifying these interactions.

INFLAMMATORY CELL MICROLOCALISATION TO
STRUCTURAL COMPONENTS WITHIN THE AIRWAY
Most immunopathological descriptions of asthma and COPD
have focused on the number of inflammatory cells that
infiltrate the airway submucosa. Often, structural components
of the airway are excluded. There is an increasing recognition
that inflammatory cells selectively localise to different airway
structures in disease (as summarised in table 1) and it is
biologically plausible that this microlocalisation has important
functional consequences. For example, bronchoconstriction is a
consequence of ASM contraction. Therefore, the localisation of
inflammatory cells within the ASM bundle is likely to
modulate AHR and variable airflow obstruction.

The recognition of the importance of microlocalisation is not
confined to inflammatory cells and ASM cells but is equally
critical in interactions with other structural cells, such as the
epithelium, fibroblasts, mucosal glands and nerve cells.

Inflammatory cell localisation to ASM bundle
In asthma and, according to some reports, in nonasthmatic
subjects, the ASM bundle is infiltrated by mast cells,
predominately of the chymase-positive phenotype [11–18].
Mast cell–ASM interactions in asthma are summarised in
figure 1. Mast cells adhere avidly to ASM, in part via a tumour
suppressor in lung cancer-1 heterophilic adhesion molecule
and in part via an unidentified Ca2+ independent pathway [47].
Mast cell number correlated positively with the degree of AHR
[11] and with the bronchoconstrictor response to a deep
inspiration [44], suggesting that mast cell–ASM cell interac-
tions are likely to be central in the development of the
disordered physiology in asthma. The strength of this assertion
was underpinned by the paucity of mast cells within the ASM
bundle in eosinophilic bronchitis, a condition that presents
with chronic cough and shares many of the immunopatholgi-
cal features of asthma but is not associated with airflow
obstruction or AHR [11, 25, 48–50]. Although most studies
have reported an increase in the number of mast cells in the
ASM bundle in asthma, some have not been able to confirm
this observation [42]. However, although BALZAR et al. [51] did

not report a significant increase in the number of mast cells in
the ASM bundle in asthma, the numbers were double that
observed in normal controls and this almost reached statistical
significance (p50.06). Importantly, there is evidence that mast
cells infiltrating the ASM bundle are activated with increased
expression of Th2 cytokines interleukin (IL)-4 and IL-13 [43]. A
post mortem study of fatal and nonfatal asthma has shown that
there was a marked increase in mast cell degranulation in the
ASM bundle in both the large and small airways [12]. Another
study demonstrated that increased numbers of mast cells
(degranulated and intact) are associated with increased ASM
shortening in fatal asthma [37]. Interestingly, there was a
paucity of other inflammatory cells, with only one study
reporting the presence of T-cells in the ASM bundle [18],
suggesting that it is predominantly mast cells that are
selectively recruited to the ASM bundle.

Inflammatory cell localisation to the ASM bundle is also a
phenomenon of COPD. BARALDO et al. [19] found increased
numbers of neutrophils and CD8+ cells, but not mast cells, in
the small airways of smokers with COPD, and noted that the
neutrophil number was inversely related to lung function. This
is consistent with an earlier study showing that the number of
neutrophils in the ASM bundle in small airways in smokers is
related to air trapping determined by computed tomography
scanning [45]. In the latter report, there was also a relationship
between air trapping, reflecting peripheral obstruction and
infiltration of ASM by chymase-positive mast cells. This result
indicates that mast cells may also play a role in COPD, at least
at the peripheral level. This picture is not replicated in the large
airway in COPD as, although T-cells, macrophages and mast
cells were present in the ASM bundle, the number of
inflammatory cells in the ASM bundle was not different
between subjects with COPD (Global Initiative for Obstructive
Lung Disease (GOLD) I-II) and non-COPD smoking and
nonsmoking controls [39, 42, 46]. However, in contrast to
studies in asthma, macrophages, neutrophils and T-cells were
observed in the ASM bundle in low numbers in resection
specimens from subjects with and without COPD. Most of the
subjects in these studies were older and had undergone lung
resection for cancer; thus, although the airways studied were
considered to be from unaffected areas, there remains the
possibility of the underlying lung cancer contributing to the
inflammatory changes described. Nevertheless, the body of
evidence strongly suggests that microlocalisation of inflam-
matory cells within the ASM bundle is an important feature in
the small airway in COPD and in both the large and small
airway in asthma.

Activation of the inflammatory cells within the ASM bundle
would be predicted to have important consequences on ASM
function. Following mast cell degranulation, the mediators
histamine, prostaglandin (PG)D2 and leukotriene (LT)C4 are
released, which are all potent agonists for ASM contraction
[52]. Mast cell cytokines may further contribute to AHR. The
mast cells in the ASM bundles in asthma, but not in COPD,
express IL-13 [53]. IL-13 has been shown to attenuate relaxation
to b-agonists and augment contractility to acetylcholine [54,
55]. Similarly, the mast cell protease may be important in
modulating ASM contractility and AHR [56]. The effect of
neutrophil-derived mediators on ASM function is less clear,
with conflicting reports from animal studies showing that
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elastase can increase and diminish smooth muscle responsive-
ness [57, 58].

The interactions between inflammatory cells and ASM cells
may have more long-term consequences. Mast cells co-
cultured with ASM promote ASM differentiation with
increased a-smooth muscle actin expression [59]. Similarly,
mast cell differentiation towards the chymase-positive pheno-
type observed within the ASM bundle may be mediated by
mast cell–ASM interactions. Increased ASM mass is a well-
established feature of both asthma [60] and COPD [10]. A
number of mast cell mediators, including histamine [61],
tryptase [62] and LTD4 [63], as well as the neutrophil product

elastase [64], promote ASM proliferation. Alternatively,
increased ASM mass may be a consequence of recruitment of
ASM progenitors. This view is supported by the increased
number of fibrocytes that migrate into the airway following
allergen challenge [65]. Recent evidence suggests that ASM
migration towards the ASM bundle is mediated by activation
of CC chemokine receptor (CCR)7, ASM- and mast cell-derived
CC chemokine ligand (CCL)19 [26]. In asthma, increased ASM
mass occurs predominantly in the large airway and in COPD
in the small airways. Small ASM mass is inversely associated
with post-bronchodilator forced expiratory volume in one
second in COPD [10]. Using a computational model, increased
muscle mass has been shown to be probably the most

TABLE 1 Inflammatory cell localisation to airway structures

Mast cells T-cells Neutrophils Eosinophils Macrophages

Epithelium

Asthma Present in moderate

numbers:

+ [13, 20–24];

-[25–27, 28#, 29]

Present in high

numbers:

+ [20];

- [21, 25, 27, 28#]

Present in low numbers:

- [27]

Present in moderate

numbers:

+ [20, 22, 25, 28", 29, 30"];

- [27, 31]

Present rarely:

+ [20];

- [27]

COPD Present in low numbers:

+ [32, 33"];

- [31, 34]

Present in high

numbers:

+ [351];

- [31, 33#]

Present in high numbers:

+ [31, 351];

- [33#, 34]

Present rarely:

+ [351];

- [33#, 34]

Present in moderate

numbers:

+ [351, 36];

- [33#]

Glands

Asthma Present in moderate

numbers:

+ [37, 38]

Not studied Present in low numbers:

+ [38]

Not studied Not reported as present

COPD Present in low numbers:

+ [32];

- [31, 39]

Present in low

numbers:

- [31]

Present in low numbers:

+ [40]

Present rarely:

- [31]

Present in low numbers:

+ [31]

Nerves

Asthma Not studied Not studied Not studied Present in low numbers:

+ [41]

Not studied

COPD Not studied Not studied Not studied Not studied Not studied

Smooth muscle

Proximal airways

Asthma Present in moderate

numbers:

+ [11–13, 16–18, 37];

- [42, 43]

Rarely observed:

+ [18];

- [11, 25]

Reported as not present Very rarely observed Reported as not present

COPD Present in moderate

numbers:

- [44–46]

Present in low

numbers:

- [46]

Present in low numbers:

- [46]

Reported as not present:

- [46]

Present in moderate

numbers:

- [46]

Small airways

Asthma Present in high numbers:

+ [12]

Not studied Not studied Not studied Not studied

COPD Present in high numbers:

+ [45e];

- [19]

Present in low

numbers:

+ [19##];

- [19##]

Present in high numbers:

+ [19]

Reported as not present Present in moderate

numbers:

- [19]

COPD: chronic obstructive pulmonary disease. +: present and increased compared with control; -: present but not increased compared with control. #: inhaled

corticosteroids did not significantly reduce intra-epithelial cell numbers compared with placebo; ": inhaled/oral corticosteroids reduced intra-epithelial cell count

compared with placebo; 1: epithelium and submucosa used as denominator for cell counts; e: smokers with and without spirometric evidence of COPD; ##: increased

CD8+ cells, CD4+ cells not increased.
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important abnormality responsible for the increased airflow
resistance observed in response to bronchoconstricting stimuli
in both asthma and COPD [66]. Consistent with this view, in a
cross-sectional study of the immunopathology of asthma
across severity using a multiple regression model, increased
ASM mass and ASM hypertrophy were the features of
remodelling that were associated most strongly with impair-
ment in lung function [7]. The relative contribution of ASM
mass to overall airway wall thickness in the small airways is
much greater than that in the large airways. Thus, increased
ASM mass in the small airways is likely to make a significant
contribution to the development of fixed airflow obstruction
characteristic of COPD and sometimes seen in persistent
chronic severe asthma.

Therefore, mast cell interactions with ASM in asthma are likely
to be important in the development of AHR and may play a
critical role in the development of increased ASM mass and the
development of fixed airflow obstruction seen in severe
disease. The role of inflammatory cell–ASM interactions in
COPD in the small airway may be related to gas trapping, but
in the large airway the role of ASM–inflammatory cell
interactions is uncertain and needs to be further explored.

Inflammatory cell localisation to (myo)fibroblasts
In asthma, interactions between the airway epithelium and
mesenchymal cells, known as the epithelial-mesenchymal
trophic unit, are well described [67, 68]. There are increased

numbers of subepithelial myofibroblasts in asthma, which are
correlated with the degree of reticular basement membrane
thickening [69]. This layer of mesenchymal cells is in close
proximity to the epithelium and the activation of the airway
epithelium, secondary to epithelial damage, is likely to be
critical in regulating the activation of the airway mesenchyme.
Whether inflammatory cells are co-localised to subepithelial
mesenchymal cells is unclear. However, there is evidence that
implicates mast cells, eosinophils and T-cells in playing a key
role in perpetuating interactions between epithelial and
mesenchymal cells. For example, in co-culture with mast cells,
primary bronchial fibroblasts from asthmatics increase their
expression of pro-collagen 1 expression mediated by mast cell-
derived IL-4 [70]. Cytokines IL-4 and IL-13 activate epithelial
cells in vitro to produce transforming growth factor (TGF)-b2,
as well as having a direct effect upon myofibroblasts
promoting CCL11 release and eosinophil recruitment to the
subepithelium [71]. Submucosal mast cells, eosinophils [43, 72]
and T-cells [73] are important sources of these cytokines.

In COPD, subepithelial fibrosis is an important component of
small airway obliteration. However, the importance of inflam-
matory cells localised and interacting with mesenchymal cells
in this disease is unclear.

Inflammatory cell localisation to mucus glands
Mucus production is a cardinal feature of asthma and COPD
and mucus gland hyperplasia is a feature of both conditions
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FIGURE 1. Mast cells are recruited to the airway smooth muscle (ASM) under the influence of ASM-derived chemoattractants and avidly adhere to ASM. In the ASM

bundle there is an appropriate milieu to support mast cell survival and the cells interact resulting in cellular differentiation, ASM hyperplasia, recruitment of ASM progenitors

and ASM contraction either directly or indirectly. CCL: CC chemokine ligand; CXCL: CXC chemokine ligand; LT: leukotriene; IL: interleukin.
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[39, 74–76]. Patients with asthma across the spectrum of
severity, including fatal asthma, demonstrate increased num-
bers of degranulated mast cells [12, 37] and neutrophils [38]
within submucosal glands compared with controls. However,
the degree of mucus-related obstruction expressed as the
percentage of the airway lumen occupied by mucus only
correlated with mast cell numbers and not with neutrophil
numbers [38]. In COPD, the submucosal glands are infiltrated
by neutrophils and macrophages [31]. Whether mast cells
infiltrate the mucus glands in COPD is controversial, with two
reports supporting [32, 39] and another refuting [31] the
location of mast cells in glands. Eosinophils and T-cells were
not increased in number in submucosal glands in asthma or
COPD. A recent report has demonstrated that plasma cells are
increased in the submucosal glands in patients with COPD and
chronic bronchitis without airflow limitation, compared with
smoking controls [39]. Furthermore, there was a close correla-
tion between the number of plasma cells in glands and the
number of IL-4 mRNA cells and protein expressing cells within
the glands, and an increase in mucus in the glandular
epithelium compared with smoking controls. Mast cells were
present but not increased in glands and the ASM in COPD,
chronic bronchitis and smoking controls in the study [39].

Mast cell proteases, tryptase and chymase are potent stimuli
for mucus secretion and other mast cell mediators, PGD2 and
LTC4 [40], together with mast cell-derived cytokines, IL-6, IL-
13 [77] and IL-4 [78], have also been implicated in glandular
hyperplasia and mucus production. More recently, mast cell
expression of amphiregullin, a member of the epidermal
growth factor family, was increased in asthma and this
upregulates mucin gene expression by epithelial cells, impli-
cating amphiregullin in goblet cell metaplasia and mucus
hypersecretion [79, 80]. Similarly, neutrophils may promote
mucus hypersecretion by upregulation of MUC5AC by
neutrophil elastase [81, 82].

Inflammatory cell localisation to airway epithelium
A variety of inflammatory cells infiltrate the airway epithe-
lium. This is likely to be important, as it places these cells at the
mucosal interface with pathogenic and allergic stimuli pro-
moting an effector role for inflammatory cells in the ongoing
immune response and facilitating cellular interactions. In
asthma and healthy subjects, T-cells are the most abundant
inflammatory cell in the epithelium [20, 25, 27, 28] but
increased numbers of T-cells in the epithelium in disease is
rarely reported [20], and most studies do not support the view
that T-cells are selectively recruited to the epithelium [21, 27].
Similarly, in COPD, both granulocytes and T-cell numbers
have been shown to be increased in the epithelium in some
studies [31, 35] but not in all [31, 33, 34]. In contrast,
eosinophils and dendritic cells are consistently reported to be
increased in the epithelium in asthma [20, 22, 25, 29, 30]. In
most reports [13, 20–24, 32, 33], but not all [25, 27–29, 31, 37],
mast cell numbers are increased in the airway epithelium in
asthma and COPD. In addition, neutrophil infiltration into the
airway epithelium is a feature of COPD [27].

Mast cells adhere avidly to airway epithelium via a
carbohydrate-dependent mechanism [83] and mast cell survi-
val is promoted by epithelial cell-derived stem cell factor [84].
Mast cells activate epithelial cells through release of IL-4, IL-13

and tryptase [43, 85], but in contrast epithelial cells attenuate
both constitutive and immunoglobulin (Ig)E-dependent hista-
mine release from human lung mast cells [86].

Eosinophils adhere to epithelial cells via a CD18-dependent
mechanism closely regulated by the local cytokine milieu [87,
88], and survival is maintained, in part, by release of nerve
growth factor and brain-derived growth factor. Adhesion leads
to eosinophil activation, release of eosinophil cationic protein
[89] and promotes epithelial apoptosis [90]. T-cells also
promote epithelial apoptosis [90], activation via release of
cytokines and, reciprocally, epithelial cells augment T-cell
proliferation and activation [91]. The increase in epithelial
apoptosis may contribute to the increased epithelial fragility
and shedding often described in asthma [8], although whether
this is a real feature of asthma or a biopsy artefact remains
unclear [92, 93].

Survival of dendritic cells in the airway epithelium is
maintained in part by granulocyte-macrophage colony-stimu-
lating factor (GM-CSF) released by the epithelium in response
to protease-activated receptor-2 activation [94]. Retention is
augmented by enhanced epithelial intercellular adhesion
molecule-1 expression and activation with Th2 polarisation
by release of a variety of mediators, in particular PGE2 and IL-
10 [95, 96]. Reciprocally, the expression of CD40L by dendritic
cells enhances production of chemokines, pro-inflammatory
cytokines and epithelial defensins by the asthmatic epithelium,
and represents an important arm of the innate epithelial
immune response [97].

Inflammatory cell localisation to airway nerves
To date, interest has focused on eosinophil–airway nerve
interactions. Eosinophils have been shown to cluster around
cholinergic nerves in patients with fatal asthma [41]. There are
no reports in human disease that describe the presence or
absence of other inflammatory cells co-localised to airway
nerves, but a guinea pig model of asthma suggests that there
may be selective localisation of esoinophils to airway nerves as
there was a paucity of other inflammatory cells.

The dominant nervous innervation of the airways is vagally
mediated via the parasympathetic nervous system [98]. Release
of acetylcholine from these nerves has a variety of conse-
quences regulated by local muscarinic receptors, including
bronchoconstriction [98], release of mucus from glands [99]
and vasodilatation [100]. Cholinergic-mediated AHR seems to
be related to loss of muscarinic 2 receptor (M2R) inhibition
rather than increased expression/altered function of M3R on
ASM [101, 102]. The interaction of eosinophils with M2Rs is
important to the pathogenesis of neuronal AHR. Eosinophils
co-cultured with human Caucasian neruoblastoma cell line cell
leads to increased expression of the M2R, which is mediated
via an adhesion-dependent release of eosinophil proteins,
including major basic protein and nerve growth factor,
increasing acetylcholine release and potentiating vagally
mediated bronchoconstriction [103].

Eosinophilic bronchitis, cough, variant asthma and idiopathic
chronic cough are associated with increased concentration of
mast cell products in sputum [104, 105]. Therefore, it is
possible, but as yet unproven, that localisation of mast
cells to sensory nerve endings might be important in the
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development of cough reflex hypersensitivity and cough. A
rather similar interaction is thought to be important in the
genesis of itch [106, 107]. In COPD, the potential role of
airway nerve–inflammatory cell interactions has not been
investigated.

Inflammatory cell localisation to vasculature
Vascular remodelling occurs in asthma and COPD [108–111]
and is associated with airflow obstruction [108]. The role of
vascular remodelling in the development of AHR in asthma is
contentious. KANAZAWA et al. [112] demonstrated that vascular
epidermal growth factor (VEGF) was increased in the sputum in
asthma, but not in nonasthmatic eosinophilic bronchitis, and
correlated with increased airway vascular permeability and
AHR. However, the duration of disease in the nonasthmatic
eosinophilic bronchitis cohort in the study by KANAZAWA et al.
[112] is unclear and disease duration is critical in assessing the
impact of some features of airway remodelling [113]. The
current authors have recently demonstrated in patients with
chronic nonasthmatic eosinophilic bronchitis that vascular
remodelling does occur to a similar degree as in moderate-to-
severe persistent asthma and is, therefore, unlikely to be related
to AHR [114]. The increased vascularity in asthma was related to
disease duration and airflow obstruction, but not AHR.

Very few studies have examined the association of cellular
interactions and vascular remodelling in asthma and COPD.
CHETTA et al. [111] demonstrated that the number of mast cells
in the subepithelium correlates with the number of vessels in
asthma; however, a similar correlation was not observed for
eosinophilic airway inflammation. Although studies have
described an association with sputum VEGF and percentage
of eosinophilia in sputum [115], a similar relationship in vivo
has not been described. Despite the lack of data linking airway
inflammation and vascular remodelling in asthma, growth
factors (VEGF, b-fibroblast growth factor and angiogenin) co-
localise predominantly to eosinophils, macrophages and
CD34+ cells in vivo, and the expression of these growth factors
correlates with the percentage of vascularity of the airway wall
[116]. Furthermore, the expression of the main signalling
receptor for VEGF (FLT-1) is increased in vessels in asthmatics
[109]. Taken together, these observations suggest that eosino-
phils, macrophages and mesenchymal cells may be important
in regulating vascular remodelling in asthma. However, it
remains unclear whether inflammatory cells are selectively co-
localised to vessels in asthma or COPD.

IS THE PATTERN OF LOCALISATION OF
INFLAMMATORY CELLS TO AIRWAY STRUCTURES
CONSISTENT BETWEEN SMALL AND LARGE AIRWAYS?
Although a large number of studies have examined cellular
localisation to the airway wall in large and small airways, few
have assessed the distribution of inflammatory cells to specific
structures within the airway wall according to airway size.

Mast cell smooth muscle mysotitis has been consistently
observed in proximal ASM and has also been reported in
small airway wall smooth muscle in asthma [11, 12, 13, 16–18,
37]. Although mast cell density was increased in membranous
compared with cartilaginous airway in the epithelium and
ASM in one study [12], mast cell numbers were not increased
in COPD compared with controls in the proximal airway

smooth muscle [39, 46] and conflicting data exist for the distal
airways. One study showed increased mast cells in the ASM
[45] and another reported that numbers were not increased
compared with healthy controls [19]. Similarly, T-cells,
neutrophils and macrophages (but not eosinophils) have been
observed in the ASM in large and small airways in COPD, but
only small airway CD8+ T-cells and neutrophils have been
shown to be increased compared with healthy controls [19, 46].

Further studies are required to establish whether the localisa-
tion of inflammatory cells to airway structures is consistent
between large and small airways in asthma and COPD.

WHAT MECHANISMS ARE INVOLVED IN SELECTIVE
LOCALISATION?
Inflammatory cells microlocalise to specific compartments
within the airway, with an abundance of some and a paucity
of other cells within airway structures. Inflammatory cell
localisation is a feature of asthma and COPD, but interestingly
the pattern of this microlocalisaion is different. This raises the
question: what are the mechanisms controlling the selective
recruitment of inflammatory cells to structural compartments
within the airway?

Granulocyte trafficking has been extensively studied and
characterised [117]. For example, the recruitment of eosino-
phils into the airway is mediated by a multi-step process
directed by Th cytokines. The first step is increased production
and release of eosinophils from the bone marrow under the
influence of IL-5 [118, 119] and specific chemoattractants, such
as CCL11 (eotaxin) [120], CCL5 (RANTES) [121], CCL12
(monocyte chemotactic protein-5) [121] and CCL3 (macro-
phage inhibitory protein-1a) [121]. Secondary target organ
vasculature has increased adhesiveness for eosinophils
through the specific effects of locally generated IL-4 and IL-
13. These cytokines induce the expression of vascular cell
adhesion molecule (VCAM)-1 that binds to eosinophils
through the very late activation antigen-4 receptor, which is
not expressed by neutrophils, and P-selectin, to which
eosinophils bind with greater avidity than neutrophils [122–
124]. The interaction of the eosinophil with these adhesion
molecules is mediated by integrins (a4b1 and a4b7) [125, 126],
which have been shown to bind to VCAM-1 [127]. Following
adhesion, transmigration across the endothelium is mediated
by complement proteins such as C5a [128]. The final phase of
trafficking involves chemotaxis, which is mediated by chemo-
kines, such as CCL11 [129], and involves encryption and
passage through the matrix network of the airway wall. CCL11
has been shown to bind to CCR3, a high-affinity receptor
expressed by eosinophils, and mediates directional migration
through tissue [130]. Survival of eosinophils is augmented by
IL-5 [131] and GM-CSF [132]. In contrast, the mechanisms
involved in the recruitment of inflammatory cells in tissue to
structural components is poorly understood.

Selective recruitment of inflammatory cells to the ASM is likely
to be mediated by smooth muscle-derived chemoattractants
and by the maintenance of the correct microenvironment to
maintain cell differentiation and survival. ASM has a sig-
nificant secretory capacity, so it clearly has the potential to
recruit inflammatory cells [133]. For example, CXC chemokine
ligand (CXCL)8 (IL-8) and CXCL10 (interferon-inducible
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protein-10) released by activated ASM in COPD may mediate
neutrophil and CD8+ cell migration into the ASM bundle in
the small airway [134, 135]. A plethora of chemotactic factors
for mast cells are released by ASM, notably stem cell factor
[16], CCL11 (eotaxin) [136–138], CXCL8 (IL-8) [136, 139], CX3C
chemokine receptor 1 [17] and TGF-b [16]. CXC chemokine
receptor (CXCR)3 is the most abundantly expressed chemokine
receptor on human lung mast cells within the ASM bundle.
Human lung mast cell migration is induced by the CXCR3
ligand CXCL10, which is released preferentially from Th1-
stimulated asthmatic ASM cells compared with those from
healthy controls [140] and is released in response to Toll-like
receptor-3 activation [141]. Interestingly, Th2-stimulated ASM
from asthmatics is chemotactic for mast cells compared with
nonasthmatic ASM mediated via activation of CCR3 and
CXCR1. This is not due to differential expression of chemo-
kines but is likely to be due to the release of a factor that
inhibits mast cell migration released by the nonasthmatic ASM
[138]. It is also important to consider why some inflammatory
cells, notably eosinophils and T-cells, are rarely seen in the
ASM in spite of appropriate chemotactic signals. Eosinophil
paucity in ASM may be explained by selective cleavage of
eosinophil chemoattractants CCL5 (RANTES) and CCL11
(eotaxin) by mast cell b-tryptase [142]. Similar interactions
may explain the lack of other cells, such as T-lymphocytes from
ASM bundles, in asthma as LAZAAR et al. [143] demonstrated
that mast cell chymase inhibited integrin-mediated T-cell
adhesion to ASM cells.

Similarly, the airway epithelium has the capacity to secrete a
number of chemokines that are involved in the recruitment of
inflammatory cells [144, 145]. The induced sputum CXCL10
concentration from subjects with nonasthmatic eosinophilic
bronchitis is increased and mediates mast cell migration via
CXCR3 activation [146]. Airway epithelium is an important
source of CCR3 ligands, which play a role in the recruitment of
mast cells, eosinophils and Th2 cells. CXCL8 is an important
neutrophil and mast cell chemoattractant, and its expression is
increased in induced sputum from subjects with COPD [147,
148] and neutrophilic asthma [149], and is increased in
response to cigarette smoke [150]. How chemokines interact
to recruit inflammatory cells to the airway epithelium is poorly
understood and it is unknown why there is less selection in cell
recruitment than observed in the ASM.

Chemokine expression by airway mucus glands has not been
extensively examined. CXCL8 mRNA expression by mucus
glands is increased in response to Pseudomonas infection in
bronchiectasis [151]. However, to date, there are no data to
explain the selective recruitment of mast cells and neutrophils
to the airway mucus glands in asthma, and neutrophils and
macrophages in COPD. The mechanisms described to date
involved in the selective microlocalisation of mast cells to
ASM, epithelium and mucosal glands in asthma are sum-
marised in figure 2.

Eosinophil localisation to airway nerves is mediated by the
release of CCR3 ligands by nerves [152]. It would be predicted
that airway nerve-derived CCL11 would also recruit Th2 cells
and mast cells, but whether eosinophil localisation to the
airway nerves in human disease is selective is unclear.

It is likely that a number of chemokines, other chemotaxins
and inhibitory factors play a role in the selective recruitment of
inflammatory cells into the airway. As previously described, it
may be that the release of chemotaxins by ASM and other
airway structural cells varies in response to different stimuli,
such as cigarette smoke, infection or allergen exposure. Future
studies should explore the relative importance of these triggers
and the associated network of chemotaxins that are released in
promoting selective inflammatory cell microlocalisation to
structural compartments of the airway.

HOW CAN INFLAMMATORY CELL
MICROLOCALISATION AND ITS CONSEQUENCES BE
MEASURED OR MODELLED?
Animal models have provided insight into the mechanisms
that underlie inflammatory cell migration into the airway.
There has been little focus on the localisation of cells to
structural components of the airway and currently there is no
established animal model to study mast cell localisation to the
ASM bundle. Indeed, on the contrary, in a rat model of asthma
CD4+ cells were located within the ASM bundle and were
implicated in driving ASM proliferation [153]. However,
whether T-cell localisation to the ASM bundle is a feature of
asthma is contentious, with one report supporting this view
but most unable to identify T-cells in the ASM bundle.
Therefore, the relevance of current animal models to human
disease is questionable.

In vitro two-dimensional migration assays have been informa-
tive about inflammatory cell migration towards primary
structural cells from asthmatics [140], but further work
studying cell migration in three-dimensional culture systems
and in ex vivo bronchial biopsies using advanced imaging, for
example two-photon microscopy [154], may improve current
understanding of inflammatory cell migration in more
biologically relevant models.

Whether inflammatory cell–structural cell interactions drive
airway remodelling is unclear. However, advances in design-
based stereological methods in the assessment of bronchial
biopsies [155–158] and improvements in imaging techniques
[159–162] have provided new objective tools with reduced bias
to assess airway remodelling. These approaches will assist in
defining the interplay between inflammatory cell localisation
to the airway structures, disordered airway physiology and
remodelling in obstructive airways disease. It is important that
future studies not only use these techniques in cross-sectional
studies but are used to study airway remodelling long-
itudinally and the effects of pharmacological and nonpharma-
cological interventions.

CAN LOCALISATION BE MODULATED: IS THERE
EVIDENCE TO SUGGEST THIS MAY BE HELPFUL?
There are relatively few studies that have examined the
inflammatory cell composition of bronchial biopsies in
response to anti-inflammatory therapies in asthma and
COPD [28, 30, 33, 163–171]. To date, none of these have
examined the effect of treatment on cellular infiltration into the
ASM bundle, mucus gland or localisation to airway nerves.
Therefore, it is unknown whether recruitment of inflammatory
cells into these compartments is steroid responsive, or indeed
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responsive to any current therapy, or whether it is refractory to
anti-inflammatory therapy.

In asthma, oral and inhaled corticosteroids consistently reduce
the number of eosinophils in the airway epithelium [28, 30]
and some, but not all, report reductions in T-cells and mast
cells [28]. A limited number of bronchoscopy studies that have
examined the anti-inflammatory effect of corticosteroids in
COPD have not identified a consistent anti-inflammatory effect
[33, 163, 164]. For other anti-inflammatory therapy the picture
is also unclear and the data sparse. There are no reports on the
effects of anti-LT therapy on cellular localisation to airway
structures; anti-IgE in asthma led to a reduction in T-cells in
the airway epithelium [172] but there was no change in other
cell numbers and the phosphodiersterase-4 inhibitor cilomilast
had no effect on neutrophil numbers in the epithelium in
COPD [173]. There is therefore a pressing need to understand
the effect of current treatment on modulating inflammatory
cell localisation to structural cells.

Recruitment of inflammatory cells into the airway is an
important target for treatment of asthma and COPD. In
addition to treatments with broad anti-inflammatory actions,
a number of antibody and small-molecule therapies have been
developed, or are in development, to target specific aspects of
cell trafficking [174]. For example, anti-IL-5 reduces the
number of eosinophils in the airway [175] but whether this
has an impact on eosinophil infiltration into the epithelium is
unknown and, more importantly, whether anti-IL-5 has clinical
benefits, e.g. in reducing asthma exacerbations, is uncertain. In
animal models of asthma, CCR3 antagonists reduce the
clustering of eosinophils along cholinergic nerves and AHR

secondary to M2R dysfunction [152]. In COPD, strategies to
block CXCR2 and CXCR3 are in development and may offer
novel approaches to reducing the inflammatory profile in
COPD, which is currently not affected by pharmacotherapy.
The potential efficacy of such an approach is supported by a
recent safety study that used a monoclonal antibody to IL-8 in
COPD, which resulted in small improvements in dyspnoea
score [176]. Alternative strategies that target events in cellular
activation involved in migration may offer novel therapies. For
example, the mast cell calcium-activated potassium channel
modulates the retraction of the cell body during migration.
Specific inhibition of this ion channel by TRAM-34 attenuated
CXCL10-mediated mast cell migration [177].

Whether inflammatory cell localisation to structural cells can
be modulated by current and future treatments needs to be
examined further and the functional consequences of this
inhibition need to be fully determined.

CONCLUSION
Emerging evidence suggests that inflammatory cell micro-
localisation to structural cells has important functional
consequences. Understanding the fundamental steps that are
involved in the migration of inflammatory cells towards
structural cells, such as the airway smooth muscle bundle
and the interactions between these cells, may provide novel
targets for the future treatment of asthma and chronic
obstructive pulmonary disease. Therefore, researchers inter-
ested in the immunopathology of airway diseases need to be
mindful of the importance of inflammatory cell localisation
and consider how this may be modulated in the future.
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FIGURE 2. Schematic diagram showing mast cell trafficking to airway structures. In the airway, mast cells traffic to airway structures, namely the airway smooth muscle

bundle, epithelium and mucus glands. The mechanisms known to be involved in this microlocalisation are as shown. CCL: CC chemokine ligand; CXCL: CXC chemokine

ligand; CXCR: CXC chemokine receptor; TGF: transforming growth factor; SCF: stem cell factor.
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