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The severity of lung involvement is crucial for the
prognosis of patients suffering from the common here-
ditary disorder cystic fibrosis (CF). It is currently believed
that the more or less rapid loss of lung function in CF
patients is caused by a critical reduction of mucociliary
clearance, due to viscous secretions and persistent bac-
terial endobronchial infections Pseudomonas aeruginosa
and Staphylococcus aureus, are the predominant patho-
gens [1]. The vigorous host response to these pathogens is
characterized by a high influx of blood neutrophils into
the airway lumen. Unable to resolve the infection in the
airway, the intruding neutrophils soon decay nonapop-
totically. The release of cross-linking deoxyribonucleic
acid (DNA) and filamentous actin from these cells fur-
ther increases the viscosity of the sputum. Rather than
bacterial toxins, which are soon neutralized by specific
antibodies, neutrophil products have been implicated in
various pathogenetically important reactions that lead
to airway destruction.

A central role in the pathophysiology of CF and other
inflammatory disorders has been attributed to neutro-
phil elastase. This serine protease is stored in intracel-
lular granules of mature neutrophils. Its physiological
function is to degrade phagocytosed proteins. However,
during neutrophil stimulation, e.g. during the process of
phagocytosis, neutrophil elastase and other enzymes may
escape from the phagolysosome and reach the extra-
cellular space, where they may cause substantial dam-
age to the surrounding lung tissue, inhibit cell functions,
and inactivate molecules relevant to the integrity of the
lung [1].

In order to prevent the detrimental effects of neu-
trophil proteinases, the human lung is protected by sev-
eral antiproteinases, such as α1-proteinase inhibitor
(α1-PI) and secretory leucoprotease inhibitor (SLPI). In
the noninflamed human lung, the antiproteinase activ-
ity generated by these molecules by far outweighs the
proteinase activity. But this surplus may get lost: besides
releasing proteinases, stimulated neutrophils secrete re-
active oxygen metabolites and the oxidation enzyme,
myeloperoxidase. As both α1-PI and SLPI carry a methio-
nine residue in their active centre, they are vulnerable
to oxidative inactivation [2, 3]. Additionally, in clini-
cal conditions with an enormous proteinase burden, pro-
teinases may use proteinase inhibitors as substrates and

inactivate them by proteolytic cleavage. Thus, given
certain pathophysiological conditions, the antiproteinase
shield of the lung may be overwhelmed.

CF is the classic example for such a condition. In the
chronically infected and inflamed CF lung, persistent
neutrophil stimulation by host and bacterial components
leads to concentrations of more than 100 µg of active
neutrophil elastase per millilitre of sputum [4], where-
as α1-PI [4, 5] and SLPI [3, 6] are enzymatically inac-
tive and degraded. These events may start very early in
the life of a CF patient, since elevated levels of neu-
trophil elastase have been found in patients younger
than 6 months [7, 8]. Later in life, an increased load of
neutrophil elastase may be present not only in severe-
ly diseased patients but also in stable individuals with
clinically mild lung disease [9]. Neutrophil elastase has
been shown to degrade nearly all structural proteins of
the lung, including elastin, collagen type I–IV, fibronectin
and proteoglycans, exerts direct toxic effects on endothe-
lial cells, and decreases ciliary motility, thereby facili-
tating bacterial colonization [8, 10–12]. The detection
of elastin split products (desmosines) in urine samples
of CF patients suggests that cleavage of elastin actually
occurs in vivo [13]. Most importantly, the presence of
elastin split products correlated with the severity of lung
disease. Neutrophil elastase may also inactivate several
components of the immune system, such as immuno-
globulins, immune complexes, complement components
[8] and cell surface receptors on neutrophils [14], leav-
ing them nearly incapable of opsonizing and eliminat-
ing bacterial pathogens. These phenomena may explain,
at least in part, why the lungs of CF patients are chron-
ically colonized with bacteria. In addition, neutrophil
elastase may recruit increasing numbers of neutrophils
to the lung by stimulating bronchial epithelial cells to
synthesize and secrete interleukin-8 (IL-8), a potent
chemoattractant for neutrophils [15]. 

Together with glycoconjugates or mucins from hyper-
secreting mucosal glands, DNA [16] and filamentous
actin [17] released from decaying neutrophils consider-
ably increase the sputum viscosity. The heroic approach
to repeatedly clearing the obstructed bronchi by bron-
choalveolar lavage has now been substituted in many CF
patients by aerosolization of recombinant human deoxy-
ribonuclease (rhDNase). In clinical trials with rhDNase,
a marked reduction in sputum viscosity accompanied by
a small but significant improvement in lung function was
achieved [18]. However, the initial hope that treating CF
patients with rhDNase would lead to a dramatic decrease
in number and/or concentration of bacteria, neutrophils,
neutrophil products, including elastase and proinflamma-
tory cytokines, remained largely elusive. 
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When the clinical trials evaluating efficacy of aerosol-
ized rhDNase in CF were underway, based on in vitro
studies, the hypothesis evolved that this form of thera-
py may actually increase serine proteinase activity in
the airways [19]. How could rhDNase interfere with
neutrophil proteinases? Both neutrophil elastase and
even more so cathepsin G, another lysosomal serine
proteinase from neutrophils, are cationic molecules which
may be bound and inhibited by negatively charged poly-
anions, such as DNA. Thus, cleavage of DNA may
result in a significant release of serine proteinases, which
in turn may cause enhanced proteolytic activity. 

In this issue of the Journal, ROCHAT et al. [20] re-
address the question of how treating CF patients with
rhDNase affects the neutrophil proteinase burden of the
lung. Sputum samples obtained from CF patients before,
during and after therapy were analysed for neutrophil
elastase and cathepsin G activity. Both parameters show-
ed a remarkable rise following the start of the therapy
and a moderate decline after the end of the treatment
supporting the findings of KUEPPERS and FIEL [19]. The
changes were not attributable to infectious exacerba-
tions, since bacterial counts in sputum slightly decreased
during rhDNase therapy. These findings are clearly con-
tradictory to those reported in two recently published
papers [21, 22]. SHAH and co-workers [21] found a sig-
nificant increase of elastolytic activity 1 day after onset
of rhDNase therapy, whereas after 6 months of treat-
ment elastolytic activity was significantly lower than at
baseline. In accordance with these data, COSTELLO et al.
[22] described an overall 40% decline of the neutrophil
elastase burden in CF sputum samples during rhDNase
therapy. 

What could be the reason for these conflicting data?
From a technical standpoint, all three groups used simi-
lar assays to measure neutrophil elastase activity in the
sputum samples. The methods for sputum sampling and
propagation were different, potentially causing differ-
ences in the observed neutrophil elastase activities and
concentrations. Thus, for example, immediate propa-
gation of expectorated sputum may reduce release of
elastase from decaying neutrophils in vitro and adding
dithiothreitol to solubilized sputum may increase elastase
yields. Similarly, centrifugation at different accelerations
may affect the results. However, these methodological
issues cannot cause increases or decreases of enzyme
levels observed within a study, where the sampling and
processing techniques, once chosen, remain constant. 

Does the severity of the disease influence the results?
SHAH and co-workers [21] and COSTELLO et al. [22]
included patients with mild-to-moderate pulmonary dis-
ease as indicated by a forced vital capacity (FVC) of
>40% predicted. ROCHAT et al. [20] included patients
with a forced expiratory volume in one second (FEV1)
of 20–44% predicted, representing moderate-to-severe
lung disease. Several studies have shown a direct rela-
tionship between severity of lung disease and sputum
levels of neutrophil elastase [6, 23]. Indeed, CF patients
evaluated by ROCHAT et al. [20] had elastase activity
levels in sputum samples obtained before initiation of
rhDNase therapy that were about one order of magni-
tude higher than in the study by COSTELLO et al. [22].
Unfortunately, ROCHAT et al. [20] do not mention lung
function data under therapy. Other authors reported that

after 14 days of rhDNase therapy individuals with mild-
to-moderate lung disease showed a significant improve-
ment in lung function, whereas lung function parameters
did not significantly change in patients with severe lung
disease [24]. Is this observation a consequence of an
increased load of neutrophil proteinases? 

Based on the fact that rhDNase reduces sputum vis-
cosity, thereby increasing clearance, one would expect
a significant reduction of the sputum volume after long-
term rhDNase therapy. In contrast, ROCHAT et al. [22]
report that the amount of sputum was not significantly
different before, during and after rhDNase therapy. The
rise in serine proteinase levels observed by the authors
may explain this phenomenon. Since neutrophil elas-
tase and cathepsin G are both potent secretagogues [25],
increasing levels of active neutrophil proteinases may
further augment hypersecretion in the airways of CF
patients leading to a rise in sputum volume. This effect
may counterbalance the reduction in sputum viscosity
that is induced by rhDNase.

Notwithstanding all of these considerations, the spu-
tum levels of neutrophil elastase under rhDNase therapy
observed by ROCHAT et al. [20], SHAH and co-workers [21]
and COSTELLO et al. [22] are in a very high range. Thus,
we agree with ROCHAT et al. [20] that, besides treating
CF airways disease with antibiotics, bronchodilators,
rhDNase, mucolytics and physiotherapeutic techniques,
effective and safe strategies directed against the inflam-
matory process are warranted. As the neutrophil is the
main culprit in this context, the goal is an anti-inflam-
matory therapy that reduces neutrophils and/or neutro-
phil products. A multicentre trial of corticosteroid therapy
was soon stopped due to unacceptable side-effects [26].
A well-controlled trial of the nonsteroidal anti-inflam-
matory agent, ibuprofen, demonstrated that the drug was
effective in slowing the progression of lung disease [27].
Another logical approach is the use of proteinase inhibi-
tors. So far, two small scale, short-term studies with anti-
proteinases have been published. When a recombinant
human SLPI (rhSLPI) was aerosolized to CF patients,
the concentrations of IL-8 and the neutrophil numbers
in bronchoalveolar lavage fluid samples declined remark-
ably [28]. In another study by the same group, α1-PI
purified from human plasma was aerosolized to CF pati-
ents [29]. When 12 patients received 1.5–3.0 mg·kg-1

every 12 h for 1 week, neutrophil elastase activity was
suppressed and purified neutrophils, incubated with bron-
choalveolar lavage fluid obtained under therapy, showed
a normal capacity to phagocytose Pseudomonas aeru-
gin-osa. Based on these and other data [30], long-term
controlled clinical trials evaluating the efficacy and safe-
ty of antiproteinases, such as, α1-proteinase inhibitor or
recombinant secretory leucoprotease inhibitor, are man-
datory.  
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