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TIMP-1 in asthma
.......................................................................................

TIMP-1 in asthma: guilty by association
...................................................................................

A novel TIMP-1 polymorphism is associated with asthma in
women

O

ver the last few years there
has been increasing interest in
the matrix metalloproteinases
(MMPs) in asthma. The MMPs are a
family of over 20 zinc dependent endopeptidases with a range of substrate
specificities. Although originally classified into gelatinases, stromolysins, collagenases, and matrilysins by their
ability to cleave extracellular matrix
components, it is now clear that MMPs
have an increasing range of other functions. Of potential relevance to asthma
is the release and activation of growth
and angiogenic factors including transforming growth factor b (TGFb)1 and
vascular endothelial growth factor
(VEGF),2 apoptosis by release of Fas
ligand,3 and activation of cell surface
receptors—collectively
resulting
in
effects on cell differentiation, survival,
proliferation, and migration.4 MMP
activity is tightly regulated at several
levels. Gene transcription is enhanced
by growth factors, cytokines and adhesion molecules and downregulated by
TGFb and corticosteroids.5 MMPs are
secreted as zymogens which require
activation by proteolytic cleavage either
at the cell surface or in solution by other
proteases including MMPs.5 Once activated, natural inhibitors including tissue inhibitors of metalloproteinases
(TIMPs) bind different MMPs with
varying specificities in a 1:1 ratio to
inhibit proteolytic activity.6 There are
four TIMP proteins which, in addition to
their antiprotease actions, also have
other functions—with TIMP-1 modulating proliferation, apoptosis, and angiogenesis in various tumour cell types.7 8

MMPs AND TIMPs IN ASTHMA
It has been suggested that, in asthma,
MMPs contribute to altered extracellular matrix turnover, influx of proinflammatory cells, epithelial repair, and
angiogenesis.9 In animal models of
asthma, allergen challenge in MMP-9
and MMP-2 knockout mice results in
reduced numbers of inflammatory cells
in the airways compared with wild type
mice due to deranged chemokine gradients.10 The role of MMPs in asthma is
complex as, paradoxically, in MMP-2

knockout mice, despite a reduction in
airway inflammatory cells, there is an
increase in parenchymal inflammatory
cells due to impaired cell egress.11 These
and other data suggest specific roles for
different MMPs, despite apparently
equivalent substrate specificities. This
level of complexity, brought about by
differential activity of individual proteases both spatially and temporally
within the lung, may explain the lack
of efficacy of broad spectrum MMP
inhibitors in models of asthma. In
human asthma most studies have measured MMP and TIMP protein levels and
estimated activity by the presence of the
active protein or by the MMP/TIMP
ratio. This approach may not truly
represent overall protease activity as
other MMPs and MMP inhibitors may
be present (including TIMPs, a-macroglobulin, and thrombospondins7) which
are undetected.12 These reservations
notwithstanding, studies suggest that
MMP-9 is the predominant airway
MMP and is increased in the sputum13
and bronchoalveolar lavage fluid14 of
patients with asthma and further
increased during exacerbations.15 The
precise relationship between MMP-9
and TIMP-1 (the major inhibitor of
MMP-9) levels in asthma is still being
evaluated. One study has shown that
the MMP-9/TIMP-1 ratio and specific
MMP-9 activity is increased in asthma,16
while others have shown that a reduction in the MMP-9/TIMP ratio was
associated with worsening airflow
obstruction in asthma and increased
airway wall thickness, suggesting that
lower MMP-9/TIMP-1 ratios may be
associated with a profibrotic environment with reduced extracellular matrix
turnover leading to airway remodelling.17 The recent association of ADAM
33 (A Disintegrin And Metalloprotease)
with asthma and bronchial hyperresponsiveness18 has further turned the
focus of asthma research toward the
MMPs and related proteases. The association of ADAM 33 with asthma is
made all the more intriguing by the
findings that most ADAM 33 transcripts
expressed in fibroblasts do not contain
the metalloproteinase domain, which
suggests that non-proteolytic activities

ASSOCIATION OF A NOVEL
TIMP-1 POLYMORPHISM WITH
ASTHMA IN WOMEN
It is timely that, in this issue of Thorax,
Lose et al20 add to the evidence for
involvement of MMPs and TIMPs in
asthma with an association study of
MMP-9 and TIMP-1 polymorphisms in
543 patients with asthma. Although
polymorphisms in MMP-9 were not
associated with asthma in this population, a novel TIMP-1 polymorphism in
the MMP-9 binding domain was associated with asthma, but not atopy, in
women. This provides further evidence
that TIMP-1, and possibly the MMP-9/
TIMP-1 axis, are involved in the development of asthma rather than merely
being deranged in the disease. The
536C.T polymorphism in exon 6 of
TIMP-1 does not result in an amino acid
change but is predicted to affect RNA
splicing, possibly leading to the expression of different TIMP-1 splice variants.
What is not clear is how this
polymorphism affects an individual’s
susceptibility to asthma. As the polymorphism is present in the MMP-9
binding site, it is tempting to speculate
that TIMP-1 inhibitory activity against
MMP-9 is impaired, possibly allowing
enhanced airway inflammatory cell
recruitment in response to allergen.
The investigators did not examine the
level of TIMP-1 in the airways of their
patients, the presence of TIMP-1 splice
variants, or the function of this polymorphism. Genetic association studies
of this type are frequently performed in
asthma and have identified a large
number of apparently linked gene loci
which have not been reproduced by
other groups. The strengths of the
current study, however, are that the
investigators have used a large population of patients with a rigorously characterised asthma phenotype and have
studied a set of polymorphisms in
biologically relevant genes known to be
linked to other diseases categorised by
deranged MMP/TIMP activity including
atherosclerosis21 and emphysema.22
Furthermore, the relationship between
the 536C.T polymorphism and asthma
in women is also supported by a TIMP-1
haplotype association with asthma.
However, it remains essential to confirm
these findings in other asthma populations and to study the function of the
newly identified polymorphism with
regard to both its anti-MMP activity
compared with the wild type protein
and non-antiprotease TIMP functions
including cellular growth and apoptosis.
With this study, Lose et al have
implicated TIMP-1 as a potential player
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of the MMP/TIMP proteins may also be
of relevance in asthma.19
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Impact of changes in the International
Olympic Committee Medical
Commission criteria for asthma
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Objective measurements of variable airflow obstruction in athletes
using inhaled bronchodilators are needed if the non-indicated use
of asthma drugs is to be prevented

A

large number of Olympic athletes
have asthma, and intense exercise
has the potential to alter their
sports performances in inducing troublesome respiratory symptoms.1 2 The
prevalence of asthma in Olympic athletes has been reported to be between
9% and 55%.1–5 It is particularly high in
winter sports athletes and in swimmers,
and its prevalence has been reported to
be increasing. Furthermore, high level
training is thought to contribute to the
development of airway hyperresponsiveness and symptomatic asthma.2 3
Although most current asthma
medications, including the frequently
used inhaled short acting b2 agonists,
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do not seem to have performance
enhancing effects when used at doses
required to prevent or treat exerciseinduced bronchoconstriction, their use
has been regulated.6–9 To ensure that
they are used for an appropriate diagnosis, the International Olympic
Committee-Medical Commission (IOCMC) has established criteria for a
positive diagnosis of asthma. It includes
a significant bronchodilator response,
or a positive bronchial provocation
challenge, a fall in forced expiratory
volume in 1 second of at least 10% from
pre-challenge measures being required
for exercise or eucapnic voluntary
hyperpnoea.10
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In this issue of Thorax, Dickinson et al
looked at the influence of these recently
established criteria on the prevalence of
asthma in the British Olympic Team
participating to the 2004 Olympic
Games in comparison to the year
2000.4 In 2000 the diagnosis was established by analysing the pre-Olympic
medical forms while, in 2004, the
diagnosis required a positive bronchodilator or bronchoprovocation test. A
similar prevalence of asthma was found
(21.2% in 2000 and 20.7% in 2004);
however, seven athletes without a previous diagnosis of asthma tested positive and 21% (13 of 62) previously
diagnosed with asthma did not meet
the IOC-MC criteria for the disease,
suggesting that they may have been
taking a medication without indication.
The new criteria therefore did not
change the overall prevalence of diagnosed asthma, but a significant number
of athletes with a previous diagnosis of
asthma were no more recognised as
such.
We should, however, be careful in the
interpretation of these data, as athletes
may have symptoms related to underlying lower or upper airway inflammation or to the intensity of respiratory
heat exchange during exercise, particularly as a cough, without obvious airway
obstruction.11 These symptoms could
result from a process that does not
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in the development of the asthmatic
phenotype. It is now essential that we
look beyond MMP/TIMP levels toward
specific protease activity and non-protease functions of these molecules to
understand if selectively affecting their
function could be an effective treatment
for asthma.
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due to an upper airway disease (allergic
or not) or to gastro-oesophageal reflux,
and other conditions may mimic
asthma. LindenSmith et al17 studied
a self-referred sample of physician
labelled adult asthmatics recruited in
the community; 41% had no evidence of
reversible airflow obstruction and had a
negative methacholine challenge test
result.
All these observations support the
need for objective measures of airway
function, in keeping with the IOC-MC
recommendations, but also stress the
need to study further the influence of
intense training on respiratory symptoms and their underlying mechanisms, particularly in relation to
airway inflammation and function. The
IOC-MC recommendations are in keeping with national and international
asthma consensus guidelines, these last
recommending the demonstration of
variable airway obstruction—either
from bronchodilator response, variation
in expiratory flows, or an increase in the
airway response to direct or indirect
stimuli—to establish a diagnosis of
asthma in a patient with compatible
symptoms.19 20 Anderson et al9 analysed
applications to the 2002 Winter
Olympics and found that it was feasible
to request objective evidence to justify
the use of b2 agonists on medical
grounds of asthma or exercise induced
asthma, with 130 of 165 applications
being approved.
Another recent publication is of interest with regard to the potential overuse
of bronchodilators in Olympic athletes.
In view of the progressive increase in
notifications of the use of b2 agonists
since the early 1980s,9 Alaranta et al21
performed a cross sectional questionnaire survey in Finnish Olympic athletes
in 2002. The use of any asthma medication was reported by 9.6% of athletes
and by 4.2% of control non-athletes
(7.4% and 3.0%, respectively, for inhaled
b2 agonists). None of the athletes used
asthma medication without a physician
diagnosis. This study indicates that the
frequency of use of asthma medication
is lower than the occurrence of physician diagnosed asthma in these Olympic
athletes, suggesting that inhaled b2
agonists are not overused. Nevertheless, as previously mentioned, physician
diagnosed asthma is not always based
on objective evidence.
So, despite the obvious difficulties in
interpreting respiratory symptoms in
athletes, objective measurements of
variable airflow obstruction in athletes
using inhaled bronchodilators are
needed if the non-indicated use of
asthma drugs is to be prevented. The
study by Dickinson et al brings relevant
information on the consequences of

using specific criteria to diagnose
asthma in elite athletes. Overall the
influence is limited, but the change in
‘‘asthma’’ status is not uncommon.
There is a need to explore further the
relationships between high level exercise and asthma and the various consequences of intense training in
athletes, including non-invasive measures of airway inflammation. Not only
should this help to establish an appropriate diagnosis, but it could contribute
to a better understanding of the
mechanisms by which intense exercise
could induce respiratory symptoms and
to determine what is the optimal treatment for these problems.
Thorax 2005;60:618–620.
doi: 10.1136/thx.2005.040840
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necessarily translate into changes in
airway function; they may simply be
an effect of sensory nerve ending stimulation from intense hyperventilation,
particularly when exposed to cold air in
winter sports athletes or to environmental pollutants such as chlorine
derivatives in swimmers. We may question if we should call these features
‘‘asthma’’, but they may respond to
bronchial anti-inflammatory agents.
These respiratory symptoms may also
be due to a cause other than lower
airway stimulation/inflammation and
require another form of treatment. This
may, at least in part, explain why
‘‘asthma like’’ symptoms in athletes may
be refractory to asthma medications.12
Furthermore, the absence of variable
airway obstruction at the time of testing
may be due to its variability over time,
particularly if there is intercurrent allergen exposure in atopic subjects.13 If
exposed to allergens, airway responsiveness may increase and then return to
normal in the presence of mild asthma.
So, the timing of the tests is crucial. In
the study by Dickinson et al we have no
information on the atopic status and
allergen exposure of the various athletes, so it is difficult to determine if this
could explain the changes observed.
Other environmental factors may also
influence the results. In this regard,
Hemingson et al14 have suggested that airway hyperresponsiveness could increase
when training during the winter in
non-atopic athletes, possibly due to the
effect of cold air on airways.
There is, nevertheless, a significant
group of individuals both in the general
population and in athletes who have
asymptomatic airway hyperresponsiveness.15 Rundell et al16 compared symptom based diagnosis with a diagnosis
following exercise challenge in elite
winter athletes; of the 26% of participants who were positive for exercise
induced bronchoconstriction, only 39%
reported more than one symptom on the
questionnaire. There may therefore be a
relatively frequent underreporting of
asthma symptoms in athletes. This
may reflect truly asymptomatic airway
hyperresponsiveness or be associated
with mild asthma with underreporting
or non-recognition of symptoms.
Otherwise, overdiagnosis of asthma is
common in the general population and
this may also apply to athletes.5 17
It is often considered to be due to a
lack of objective measures of airway
function and to result in unnecessary
or inappropriate care. Questionnaires
without objective measures may lead
to both false negative and false positive diagnoses of asthma and be of
limited usefulness in detecting airway
hyperresponsiveness.18 A cough may be

619

EDITORIAL

620

18 Turcotte H, Langdeau JB, Bowie DM, et al. Are
questionnaires on respiratory symptoms reliable
predictors of airway hyperresponsiveness in
athletes and sedentary subjects? J Asthma
2003;40:71–80.
19 Boulet LP, Becker A, Berube D, et al. Canadian
Asthma Consensus Report, 1999. Canadian
Asthma Consensus Group. Can Med Assoc J
1999;161:S1.

Surfactant and lung inflammation
.......................................................................................

Surfactant and lung inflammation
K B M Reid, H Clark, N Palaniyar
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SP-A and SP-D, either on their own or in combination with
existing surfactant therapy, may have a role in the treatment of
lung inflammation

T

he thin alveolar lining consists of a
single layer of epithelial cells and an
overlay of an oily substance, the
pulmonary surfactant, which contains
surfactant proteins (SPs) (10% w/w)
and lipids (90% w/w). In addition to
the well established ability of the
surfactant system to reduce alveolar
surface tension and thereby prevent
collapse of the alveoli on expiration, it
is also involved in the very efficient
removal of microbes and their debris,1–3
dying epithelial cells, and phagocytes.4
The therapeutic use of exogenous surfactant is well established and has been
shown to be effective in the treatment of
premature infants with respiratory distress syndrome. The surfactant preparations normally used are natural
surfactants of porcine (Curosurf) or
bovine (Alveolfact, Survanta) origin, or
synthetic protein free preparations.
Surfactant preparations derived from
natural sources contain the hydrophobic
peptides SP-B and SP-C but none—or
very low levels—of the much larger
hydrophilic surfactant proteins SP-A
and SP-D which are lost during the
extraction procedure. Although surfactant lipids may reduce lung inflammation, recent studies suggest that these
hydrophilic proteins are the major antiinflammatory components of pulmonary surfactant.

EXISTING SURFACTANT THERAPY
Over the past 10 years it has become
recognised that SP-A and SP-D—members of the innate immune collectin
family of proteins which are secreted
by type II alveolar epithelial cells—play
important host defence and immunomodulatory functions in the surfactant
system.5 6 SP-A (,90% w/w of SPs) and
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SP-D (,3% w/w of SPs) are the major
surfactant proteins and are involved in
maintaining an infection-free and
inflammation-free lung.7 8 During acute
lung infections these innate immune
molecules can kill9 and/or opsonise and
enhance the phagocytosis of microbes
by freshly recruited phagocytes. They
also bind to apoptotic polymorphonuclear leucocytes and alveolar macrophages and enhance their clearance by
healthy resident macrophages.10 11 It has
recently been suggested that surfactant
therapy may also be beneficial in cases
of adult acute respiratory distress syndrome, since clinical trials in patients
with respiratory failure due to pneumonia showed improved oxygenation and
no serious side effects following surfactant therapy.12 13 This is consistent with
in vitro studies showing that surfactant
does not interfere significantly with the
phagocytic capacity of polymorphonuclear neutrophils stimulated by bacteria
opsonised with specific IgG antibody.13
If surfactant preparations are to be used
more widely, it may also be worth
considering administering SP-A and/or
SP-D to the same groups of patients.

Surfactant proteins SP-A and SP-D
These two human surfactant proteins
are extremely well characterised, both
having a typical collectin structure
composed of polypeptide chains containing a short interchain disulfide bond
forming N-terminal domain, a collagenlike region with Gly-X-Y repeats (where
X is any amino acid and Y is often
hydroxyproline or hydroxylysine), an ahelical hydrophobic neck region, and a
C-terminal globular carbohydrate recognition domain (CRD).14–16 Three of these
polypeptides form a trimeric subunit

20 British Thoracic Society/Scottish Intercollegiate
Guidelines Network. British guideline on the
management of asthma. Thorax
2003;58(Suppl 1):i1–94.
21 Alaranta A, Alaranta H, Palmu P, et al.
Asthma medication in Finnish olympic
athletes: no signs of inhaled beta2-agonist
overuse. Med Sci Sports Exerc
2004;36:919–24.

which assembles to form higher order
structures. The oligomeric assembly of
SP-D16 17 resembles that of an ‘‘X’’ (4
subunits) or ‘‘asterisk’’ (.12 subunits)
whereas the SP-A, by the association of
up to six trimeric subunits, appears as a
‘‘bouquet of flowers’’.5 17–19 Although the
trimeric subunits of the collectins have
only limited affinity (mM) for carbohydrate targets on their own, their oligomeric assembly provides a high avidity
so that the oligomeric proteins bind to
ligands selectively and with high affinity
(pM). One reason that SP-A has not
been included in surfactant preparations
was the concern that humans may raise
antibodies to animal surfactant proteins. However, recently it has become
possible to generate smaller recombinant fragments of these lung collectins
which retain their activity without being
immunogenic (in mice).
In the lung, SP-A and SP-D opsonise
microbes, allergens, and other foreign
bodies to varying degrees and signal
their clearance by resident alveolar
macrophages and other leucocytes.6
These proteins also bind some of the
well known inflammation causing
ligands from bacterial cell walls—such
as lipopolysaccharide, peptidoglycans
and lipoteichoic acid—primarily via
hexose sugars.5 Recent studies show
that SP-A and SP-D recognise leucinerich repeat (LLR) containing proteins
such as Toll-like receptor 2 (TLR-2)20
and decorin,21 respectively. Binding of
SP-A to TLR-2 inhibits the peptidoglycan induced inflammatory signal produced by phagocytes,20 which explains
some of the possible mechanisms
involved in the anti-inflammatory property of collectins. SP-A may also bind to
C1q and dampen the complement activation and, hence, could reduce lung
inflammation.22
The characterisation of the natural
ligands and regulatory proteins in the
lungs involved—together with SP-A and
SP-D—in the identification and clearance of apoptotic cells is presently a very
active area of research.23–26 The likely
critical involvement of SP-D in the
modulation of lung homeostasis is
indicated by the examination of the
lungs of gene targeted mice deficient in
SP-D, which show a low grade macrophage mediated lung inflammation and
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ANIMAL MODEL OF SP-D
DEFICIENCY
SP-D deficiency brings about a chronic
inflammatory state characterised by
increased levels of reactive oxygen species as well as a raised expression of
matrix metalloproteinases, which could
be responsible for the pulmonary remodelling process resulting in alveolar
destruction consistent with these structural findings.10 28 Moreover, a considerable number of apoptotic and necrotic
alveolar macrophages was observed in
the bronchoalveolar lavage (BAL) fluid,
providing evidence that a delayed clearance of dead cells may be involved in the
chronic inflammatory state of SP-D
deficiency. Previous reports had identified a role for SP-A and SP-D in the
phagocytosis of apoptotic and necrotic
cells in vitro,29 though SP-D appeared to
be more important for this function
than other collectins in vivo.10 30 This
essential role of SP-D has been emphasised by experiments involving the
intranasal administration of a truncated
60 kDa fragment of human SP-D
(rfhSP-D) to SP-D knock-out mice,
which resulted in a significant reduction
in the number of apoptotic and necrotic
alveolar macrophages in BAL fluid and a
decrease in inflammatory mediators and
intra-alveolar lipid accumulation.10 30
Application of rfhSP-D to mice suffering
from allergic asthma also showed a
dampening of the allergic response due
to allergen inhalation with a modification of cytokine levels and a decrease in
airway hyperresponsiveness on allergen
challenge.31 32 Allergen challenge upregulates collectin (particularly SP-D)
expression in the lungs, both in allergic
mice33 and patients.34 35 The allergic
inflammation may directly be modulated by collectins altering cytokine
production and macrophage functions.36

INTERACTION OF SP-A AND SP-D
WITH DNA
A recent study has shown that SP-A and
SP-D can bind to DNA,37 which may be
of physiological significance in terms of
control of inflammation since apoptotic
cell death results in the fragmentation
of DNA and its subsequent display on
the surface as blebs.4 Inefficient removal
of apoptotic cells leads to disintegration
of their contents and the formation of
necrotic cells.4 These leaky cells eventually release their intracellular components and many of these components
elicit tissue inflammation generation.
Furthermore, certain pulmonary pathogens such as Pseudomonas aeruginosa
actively secrete DNA onto the extracellular matrix to form active biofilm and
subsequently to establish chronic infection.3 Patients with cystic fibrosis suffer
from (and may die of) chronic microbial
infection, lung inflammation, and accumulation of apoptotic and necrotic
neutrophils and their cell contents such
as DNA. These patients show a deficiency in levels of SP-A and SP-D,38 and
the concentrations of these collections
are inversely related to inflammation in
early cystic fibrosis.39 Removal of dying
cells and their components (including DNA) is therefore essential for
maintaining inflammation-free tissues
and preventing autoimmune diseases.4
Although the multiple pathways and
proteins involved in the apoptotic process have been studied in great detail,
clearance of these cell debris and autoantigens is poorly understood. Free DNA
and RNA—as well as the DNA present
on apoptotic cells—constitute a novel
class of ligands for the collectins SP-A,
SP-D and MBL,37 40 and it has been
found that collectins, particularly SP-D,
effectively enhance the uptake of DNA
and DNA containing beads by macrophages in vitro, and the absence of SP-D
in vivo leads to increased anti-DNA
autoantibody generation.

CONCLUSIONS
Thus there is increasing support for the
view that recombinant forms of SP-A or
SP-D, either on their own or with
existing surfactant therapy, may be
worth considering as therapeutic agents
in the treatment of lung inflammation
associated with injury, allergy, or infection. However, the intact collectin proteins are very large (around 600 kDa),
there are two functional SP-A genes,
and several allelic variants of both
proteins (which may show significantly
different structural and functional properties). The preparation of functionally
active recombinant forms of the whole
SP-A and SP-D proteins is therefore
complicated and their efficient delivery
to the lungs may be difficult and

expensive. A recombinant fragment
(although still 60 kDa in size) of SP-D,
which has been shown to retain many
of the anti-inflammatory properties of
the whole molecule, may offer a first
step in the use of the protective properties of these proteins of innate
immunity in the treatment of lung
inflammation.
Thorax 2005;60:620–622.
doi: 10.1136/thx.2004.036699
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t is known that oxidative stress plays an important role in the pathogenesis of chronic
obstructive pulmonary disease (COPD). In this study the anti-oxidant N-acetylcysteine
(NAC) was used to assess whether this drug could reduce the rate of lung function
decline, reduce the yearly exacerbation rate, or improve clinical outcomes. 523 patients were
randomised to receive either 600 mg NAC daily or placebo over a 3 year period. Forced
expiratory volume in 1 second (FEV1) and yearly exacerbation rates were monitored.
No significant differences were found in the rate of FEV1 decline (54 ml/year NAC v
47 ml/year placebo) or number of exacerbations per year (1.25 NAC v 1.29 placebo) between
the two groups. Further subgroup analysis did suggest that there may be a benefit on the
exacerbation rate in those patients not treated with inhaled steroids.
This study has shown that NAC when given at this dose does not reduce the rate of
decline in lung function or reduce exacerbation rate in patients with COPD.
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