
epithelial cell layer from its immunoregu-
latory capacity.

What are the implications of these
findings for the understanding of immune
responses to respiratory viral infections in
human disease? We know that, in the
airways of infants with respiratory syn-
cytial virus bronchiolitis, there is massive
production of proinflammatory cyto-
kines8 9 and chemokines10 11 and recruit-
ment of inflammatory cells.12 It is difficult
in clinical studies which use broncho-
alveolar lavage to assess the relative
contribution of AECs and recruited
inflammatory cells to cytokine and
chemokine production in the airways.
However, indirect evidence, such as com-
paring the amounts of mRNA for these
mediators in the cell pellet (which does
not contain viable epithelial cells) with
protein detected in the supernatant, sug-
gests that even several days after the
initiation of lower airway infection, AECs
are actively producing inflammatory med-
iators.11 It is not clear whether the
massive inflammation observed in the
airways of infants with viral bronchiolitis
represents an appropriate and necessary
response to infection, or whether it
signifies local immune dysregulation
which enhances disease in these infants.13

Dysregulation of local immune
responses following respiratory viral infec-
tion has been shown in asthma.
Exacerbations of asthma are frequently
initiated by common cold viruses, most
commonly rhinoviruses. Infection of asth-
matic AECs with rhinoviruses, compared
to normal AECs, has shown that the
former have limited ability to produce

IFNb and IFNc.14 15 This results in
impaired apoptotic responses and
increased viral replication which was
reversed by exogenous IFNb.14 This type
I interferon deficiency is highly correlated
with severity of asthma exacerbations.15

The work of these two groups will lead
to revisions of current concepts and
provide important pointers for further
research into the role of AECs in local
immune regulation. These investigators
have correctly redirected our attention to
what happens in normal healthy epithe-
lial cells so that we can understand better
the consequences of releasing professional
immune cells from inhibition by AECs.
If—as the work by Mayer et al suggests—
these findings are replicated in human
cells, in diseases such as asthma is there
dysregulation of the homeostatic
responses? Do aberrations in the delicate
homeostatic control mechanisms result in
over-exuberant inflammatory responses
to infection which manifest as severe viral
bronchiolitis or pneumonia? Is there
maturation of these responses in early life
when respiratory viral infections are
frequent and symptomatic? We are begin-
ning to understand that, in health, the
airway epithelium is like a duck—calm on
the surface but paddling furiously under-
neath.
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Human lung mast cell
heterogeneity
Peter Bradding

Mast cells are found throughout the
human body, both at mucosal surfaces
and in the connective tissue of all organs.
In fact, they are present in all classes of
vertebrates including amphibians, reptiles,
birds and mammals, and it has been
estimated that the storage of histamine
in vertebrate mast cells and its use as an
inflammatory mediator was established in

primitive reptiles (Lepidosauria) about
276 million years ago.1 This suggests that
they mediate functions essential for life
rather than representing a vestigial rem-
nant of the immune system. Indeed, mast
cells have been implicated in the regula-
tion of many diverse homeostatic and
pathological processes. For example,
potential beneficial activities include
defence against microbial infection with
activation of both innate and acquired
arms of the immune system, resistance to
the effects of toxic venoms and roles in

wound healing.2 3 Conversely, they are
implicated in the pathophysiology of
many diverse diseases such as athero-
sclerosis,4 allergy and asthma,5 pulmonary
fibrosis6 and rheumatoid arthritis.7

Mast cells are able to achieve these
diverse tissue effects through the release
of numerous vasoactive and bronchospas-
tic autacoid mediators (histamine, leuko-
triene C4 (LTC4), prostaglandin D2

(PGD2), serine proteases (tryptase, chy-
mase), cytokines and chemokines.2 The
release of these mediators is not ‘‘all-or-
nothing’’, but the pattern of molecules
released is often tailored to the tissue
insult. For example, using gene arrays,
Okumura and colleagues showed that
activation of cord blood-derived mast cells
with anti-IgE, lipopolysaccharide (LPS),
LPS + interferon c (IFNc) or IFNc alone
induced both core responses but also
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stimulus-specific responses.8 Furthermore,
activation by LPS, for example, is able to
induce cytokine secretion but not degranu-
lation.9 It therefore seems likely that the
normal role for the mast cell is to sense its
external environment, ready to respond
early to a tissue insult with an appropriate
pattern of gene expression and mediator
release aimed at initiating a programme of
inflammation and repair. It is when this
stimulus is chronic and does not abate that
ongoing mast cell activation becomes
harmful, promoting tissue remodelling
and fibrosis.

Mast cells originate in the bone marrow
as undifferentiated CD34+, CD117+ pro-
genitor cells. These precursors mobilise to
the peripheral circulation through poorly
understood mechanisms, and then
migrate into their destination tissue
where they terminally differentiate under
the influence of the local cytokine milieu,
particularly stem cell factor.10 11

Importantly, not all mast cells are the
same, and they exhibit marked hetero-
geneity. This is evident across species,
within different organs within the same
species, and even within the same
organ.12 13 Heterogeneity is evident with
respect to ultrastructure, receptor expres-
sion, mediator content, immunological
and non-immunological activation, and
pharmacological responsiveness. The fac-
tors leading to this heterogeneity are
multifactorial and include interactions
with the tissue matrix and resident cells
such as fibroblasts which profoundly alter
their phenotype, but it is also possible
that progenitors are committed to a
particular phenotype early in their devel-
opment.14

Two common mast cell phenotypes
recognised in humans are identified by
their protease content. One population
contains only tryptase (MCT) while a
second contains tryptase, chymase, car-
boxypeptidase A and cathepsin G
(MCTC).15 A rare third population con-
taining only chymase (MCC) has also
been reported.16 17 The factors responsible
for the development of these protease-
specific phenotypes are not well defined
and are dependent on the source of the
progenitors.14 It is also still not clear
whether one phenotype can change to
another, but the remarkably rapid con-
version of MCTC cells to MCT has been
reported in co-culture with human airway
epithelium.18 The MCT phenotype is
typically found at mucosal surfaces such
as the nasal and bronchial epithelium in
rhinitis and asthma, respectively,17 19 20

and the bronchial lamina propria in health
and disease.17 20 In contrast, the MCTC

phenotype favours connective tissues
such as normal skin,19 the airway smooth
muscle bundles in asthma21 and athero-
sclerotic lesions.22 The expression of dif-
ferent proteases among mast cells and the
varying anatomical location of these cells
indicates that they will have distinct roles,
but these remain poorly defined.

In this issue of Thorax, Andersson and
colleagues23 have performed a detailed
immunohistochemical and morphological
phenotypic analysis of mast cells in
‘‘normal’’ human lung from lung resec-
tion specimens and bronchial and trans-
bronchial biopsies from normal subjects
(see page 297). In large airways, small
airways, alveoli, pulmonary vessels and
pleura, they analysed mast cell size and
shape and expression of tryptase, chy-
mase, FceRIa, interleukin-9 receptor
(IL9R), histidine decarboxylase, 5-lipoxy-
genase, LTC4 synthase, renin, vascular
endothelial growth factor (VEGF) and
basic fibroblast growth factor (FGF).
They showed a marked variability in the
size and shape of cells at different sites,
with large MCTC and small MCT evident
particularly in pulmonary vessels. In
terms of shape, MCTC were more circular
than MCT in all compartments except the
alveoli. There was some marked variabil-
ity in the distribution of MCTC and MCT

and their contents. In keeping with
previous studies, MCT were the dominant
cell in the airways and alveoli. Airway
smooth muscle, where MCTC predomi-
nate in asthma, was not analysed but
MCTC were more common in the pleura.
The authors could not comment on
whether they recognised any chymase-
only mast cells described by others due to
the staining protocol used.16 17 The expres-
sion of the high-affinity IgE receptor and
histidine decarboxylase was relatively
high in airway MCT and MCTC, but
virtually absent in alveolar mast cells.
Renin was highly expressed in pulmonary
vascular MCTC but not elsewhere. Basic
FGF and VEGF were expressed in airway,
alveolar and pulmonary vascular MCT,
and large airway and pulmonary vascular
MCTC.

Slight caution is required in the inter-
pretation of the results presented. Mast
cell mediators, enzymes and receptors
were identified by immunohistochemistry
using a panel of predominantly polyclonal
antibodies. Mast cells are notoriously
‘‘sticky’’ due their high proteoglycan
content, so it would have been reassuring
to see appropriate isotype controls for the
various antibodies used. That said, to
some extent the different antibodies used
act as controls for each other. The

proportion of MCT to MCTC in airways
and alveoli are broadly in line with
previous studies, although the proportion
of MCTC in the large airways was lower
than that reported by others,17 19 raising
the question as to the efficiency of
antigen retrieval for chymase. Although
the data suggest some major variation in
the expression of some proteins such as
renin and FceRIa, some of the other
apparent differences are not so marked.
Since there is no assessment of the
intraobserver and interobserver variability
of the immunohistochemical analysis, it is
not clear to what extent some of the less
marked differences might relate to varia-
bility in the assay. Furthermore, multiple
comparisons have been made, although
these have been allowed for statistically.
Analysis of cell shape was undertaken
using image analysis. Again there is no
information on reproducibility, and there
could be worries that the different sizes
and shapes recorded might be related to
the plane of section analysed. The authors
have addressed this issue by also examin-
ing longitudinally sectioned tissue and
using a stereological approach. Further-
more, the marked differences evident in
the size and shape of MCT versus MCTC

in the same tissue compartment suggest
that these results are robust.

So what does this study tell us about
lung mast cell biology? It is evident that
human lung mast cells as a whole are a
very heterogeneous population of cells.
This has been evident from past stu-
dies,17 19 24 25 but the current study extends
these findings. It is perhaps not surprising
that the phenotype of mast cells will be
tailored to specific roles in various tissue
microcompartments. For example, cells
interacting with airway epithelial cells
are likely to have different ‘‘aims’’ from
those interacting with airway smooth
muscle or vascular endothelium. What
this study does not tell us is whether the
phenotype of an individual mast cell is
plastic, and whether it changes in disease.
Both seem likely as the activation-depen-
dent pattern of gene expression in fairly
homogenous mast cell populations such
as those from cord blood is highly specific
to the stimulus,8 and mast cells in lung
parenchyma in idiopathic pulmonary
fibrosis are the dominant cells expressing
basic FGF, although this growth factor
was notably absent in alveolar mast cells
in the current study.6 Furthermore, when
mast cells are co-cultured with epithelial
cells, there is a rapid switch from the
MCTC to MCT phenotype,18 again sug-
gesting marked plasticity.
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It is clear that mast cells expressing
different mediators, enzymes and recep-
tors will have different functions, but
what those exact roles are is not known
and can only be guessed at from the
current study. Nevertheless, cells which
do not express FceRI are unlikely to
respond to allergen, while those expres-
sing renin are likely to influence cardio-
vascular function. While it may be
possible to isolate individual populations
based on their receptor expression, at
present it is not possible to do this with
respect to intracellular contents, so deter-
mining their precise function will be a
challenge. Others, however, have shown
variability in lung mast cell density and
size and examined their response to IgE-
dependent activation, but these studies
did not examine the anatomical location
of these cells.24 Interestingly, enzymati-
cally dispersed parenchymal human lung
mast cells fractionated using counter-
current elutriation were shown to range
in size from 8 to 20 mm, with smaller
diameter mast cells consistently releasing
less histamine and PGD2 than large mast
cells following IgE-dependent activation.24

This differential mediator release could
not be explained by cell surface IgE
content which was similar in mast cells
of all sizes. Furthermore, the concentra-
tion of anti-IgE for maximum histamine
release was the same for mast cells of all
sizes, suggesting similar receptor function
and density. This and other studies26 do
not tally with the observation of
Andersson that parenchymal lung mast
cells do not express FceRI, suggesting that
their immunohistochemical staining pro-
cedure might lack sensitivity.

In summary, the study by Andersson
and colleagues demonstrates clearly the

extensive heterogeneity of human mast
cells within a single organ—in this case, the
lung. This is likely to extend well beyond
the current findings, and there is a huge
challenge ahead to unravel the precise
function of these different mast cell phe-
notypes in both health and disease.
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Respiratory disability: what is it,
how can we measure it, what
causes it and is it important?
Philip Harber

Respiratory disability is a significant health
outcome that has important implications

both for the individual patient and for
society. First, ‘‘disability’’ represents the
actual impact of the disease on the patient’s
life. While ‘‘impairment’’ (eg, loss of 200 ml
forced expiratory volume in 1 s (FEV1)) is
an abstract concept, patients are directly
impacted by the ability to work or care for

themselves (ie, respiratory disability).
Second, functional status as manifested
by respiratory disability is an integrated
measure of health status and can be an
effective indicator of response to treat-
ment. Third, by working together, physi-
cians, patients and employers may institute
specific interventions to ameliorate respira-
tory disability. Fourth, in aggregate, dis-
ability for work due to respiratory disease
has significant societal impact on overall
work productivity of a society. Fifth,
estimates of disease burden or years of life
saved by medical interventions are com-
monly adjusted for the degree of disability
using disability-adjusted life years.1 Finally,
in many countries, regulations specify
methods of evaluating the magnitude of
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