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Abstract
Background - DNA released by de-
generating inflammatory neutrophils con-
tributes to mucous plugging of airways in
patients with cystic fibrosis. Neutrophil
elastase, a major effector of tissue de-
struction in the lungs of patients with
cystic fibrosis, is a highly cationic
molecule which is bound and inhibited
by negatively charged polyanions such as
mucin and DNA in purulent sputum.
Thus, the solubilisation of DNA in the
airways by aerosolised recombinant
DNase may remove a source ofneutrophil
elastase inhibition, effectively increasing
elastase load. The aim of this study was to
assess the effect of rhDNase therapy on
neutrophil elastase load in patients with
cystic fibrosis.
Methods - Blood and sputum were col-
lected from 15 patients with cystic fibrosis
before initiation of nebulised DNase ther-
apy and at 12 weeks following therapy. The
long term effects of continuous rhDNase
administration were evaluated at 52 weeks
for 11 of these patients. Plasma was ana-
lysed for neutrophil elastase, interleukin
(IL)-8 and neutrophil elastase in complex
with a,-protease inhibitor (aIPI). Sputum
was assessed for neutrophil elastase, IL-8,
and active elastase. At each visit spiro-
metric measurements were carried out.
Results - Sputum elastase activity de-
creased at 12 weeks and was maintained
at 52 weeks when a decline in total plasma
elastase was also observed. Although, as
expected, there was a correlation between
plasma levels of total elastase and neutro-
phil elastase/alPI complex, the decrease in
the levels of the complex at 52 weeks did
not reach statistical significance.
Conclusions - This study indicates that
prolonged daily administration of
rhDNase results in a reduction in elastase
load in patients with cystic fibrosis.
(Thorax 1996;51:619-623)
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Airway obstruction caused by the accu-
mulation of tenacious viscid secretions in the
bronchi is the hallmark of respiratory disease
in cystic fibrosis. DNA derived from the dis-
integration of inflammatory cells, particularly
neutrophils, is a major contributor to the vis-
cosity of airway secretions and is present in

very high concentrations in the sputum of
patients with cystic fibrosis.' As early as the
1950s it was shown that DNase isolated from
bovine pancreas reduced sputum viscosity both
in vitro and in vivo, suggesting that aerosolised
administration ofDNase might alleviate airway
obstruction in patients with cystic fibrosis.23
Following reports of severe adverse respiratory
reactions such as bronchospasm, however,
treatment with bovine DNase was largely aban-
doned.4 Recently, the successful cloning and
production of recombinant human DNase
(rhDNase) has revived interest in DNase ther-
apy.5 Results from clinical trials indicate that
daily administration of aerosolised rhDNase
evokes a moderate but sustained improvement
in pulmonary function and a decrease in the
incidence of infective exacerbations.6-10 To
date, however, no study has examined the effect
of long term rhDNase therapy on the under-
lying inflammation in cystic fibrosis.

Chronic pulmonary inflammation, char-
acterised by a massive influx of neutrophils
from the bloodstream, is now regarded as the
immediate cause of lung destruction and dis-
ease in cystic fibrosis.'01' Conventionally as-
sumed to be a response to sustained bacterial
infection of the bronchial mucosa, recent stud-
ies suggest that inflammation may actually pre-
cede infection."2 Whatever the initial sequence
of events, an inflammatory cascade resulting
in the continual influx, activation, and dis-
integration of neutrophils is established in the
lung. As indicated above, DNA released from
disintegrating neutrophils contributes sig-
nificantly to sputum viscosity and mucous
plugging of the airways. Another product of
activated and disintegrating neutrophils,
neutrophil elastase, is thought to be a major
effector of tissue damage and destruction in
the lungs of patients with cystic fibrosis.'013
This enzyme can degrade structural proteins,
directly damage bronchial cells, and induce
local immunoincompetence.' '7 It can also per-
petuate neutrophil influx by releasing C5a from
complement and stimulating production of
interleukin-8 (IL-8) by alveolar macrophages
and airway cells.819 Several studies have shown
a direct relationship between sputum elastase
and disease severity in cystic fibrosis, with high-
est levels of enzyme being observed in patients
with severe lung disease.202' Given the de-
structive potential of neutrophil elastase and
its direct association with disease severity in
cystic fibrosis, there is a need to ensure that,
at minimum, administered rhDNase does not
adversely affect the pulmonary elastase load.
Approximately 90% of the total protease in
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sputum from patients with cystic fibrosis is
associated with DNA and mucin, which inhibit
its activity.22 In vitro studies have shown that
rhDNase releases sequestered proteases from
DNA, resulting in an increase in free neutrophil
elastase activity.2324 This raises the possibility
that solubilisation of DNA in the airways may
remove a source of enzyme inhibition, effect-
ively increasing the elastase load.
The aim of this study was to assess the effect

of rhDNase therapy on the neutrophil elastase
load in patients with cystic fibrosis. In light of
the proinflammatory role of IL-8 in attracting
neutrophils to the lung, the effect of rhDNase
treatment on IL-8 levels was also assessed. The
study was designed to enable evaluation of
medium term (12 weeks) and long term (52
weeks) effects of continuous rhDNase ad-
ministration.

Methods
STUDY DESIGN
Fifteen adult patients with cystic fibrosis (eight
women) aged 17-29 years were recruited in an
open study. Patients were required to have
a forced vital capacity (FVC) of 40-70% of
predicted and to have proven cystic fibrosis as
demonstrated by a positive sweat test or
DF508/DF508 genotype. All patients were
given 2-5 mg rhDNase (Genentech) daily via a
Hudson T-Updraft II Jet nebuliser which was
connected to a PulmoAide compressor (Roche
Products Ltd, Hertfordshire, UK). Patients
continued on physiotherapy, and medications
including aerosolised antibiotics, ,B agonists,
methylxanthines, corticosteroids, pancreatic
enzymes and vitamin supplements were main-
tained throughout the study. All acute infective
episodes were recorded. Intravenous antibiotics
were given as clinically indicated. Patients were
assessed at entry to the study and at 11-12 and
49-57 weeks following initiation of rhDNase
therapy. At each visit spirometric tests were
carried out according to the guidelines of the
American Thoracic Society at the same time
on each visit day and blood and sputum samples
were taken. The study was approved by the
St Vincent's Hospital ethical committee and
written informed consent was obtained from
all patients.

SAMPLE PROCESSING AND ANALYSIS
Sputum samples were maintained at room tem-
perature and processed within one hour of
collection to prevent neutrophil degranulation
following sampling. A volume of0 07M sodium
phosphate buffer (pH 6-0, containing 0-5M
NaCl and 50,ug/ml dithiothreitol) equivalent
to five times the sputum weight was added and
the sample gently agitated (manually) until a
uniform suspension was obtained. This sus-
pension was then divided into two equal ali-
quots. To one aliquot the serine protease
inhibitors, phenylmethylsulphonyl fluoride
(PMSF) and di-isopropyl fluorophosphate
(DIPF), and the metalloproteinase inhibitors,
ethylenediamine tetraacetic acid (EDTA) and
phenanthroline (PA), at a final concentration

of 10 mM, were added to prevent proteolysis
following sampling. The second aliquot was
retained without the addition of inhibitors to
enable assessment of enzyme activity. All ali-
quots were centrifuged at 30000 g for 30
minutes and the resulting supernatants were
stored at -70°C prior to analysis. To fully
evaluate elastase load, sputum samples were
analysed for elastase activity and total immuno-
reactive elastase. Levels of the neutrophil
chemoattractant IL-8 were also assessed.
Sodium citrate was used as anticoagulant for

the collection of blood samples. Plasma was
collected by centrifugation at 350 g for 10
minutes and stored at -70°C until assayed.
As elastase is rapidly bound and inactivated by
inhibitors when it enters the bloodstream, it was
assessed in plasma samples by measurement
of total immunoreactive elastase and elastase
complexed to ox1PI. Plasma IL-8 levels were
also assessed.

Assessment of neutrophil elastase activity
Sputum samples that did not contain protease
inhibitors were assayed for elastase activity
using the chromogenic peptide substrate
N-methoxysuccinyl-Ala-Ala-Pro-Val p-nitro-
anilide (Sigma, Poole, UK) at a concentration
of 4-2 mM.25 Using an extinction coefficient of
8800/l/mol/cm, molar concentrations of pep-
tide hydrolysed were determined and enzyme
units, defined as the release of 1 M p-nitro-
anilide/min/ml sputum, were calculated.

Assessment of total immunoreactive neutrophil
elastase
An indirect ELISA for the measurement of
neutrophil elastase was used to assay total
elastase levels in sputum and plasma samples.
Briefly, a 96-well microtitre plate was coated
overnight with neutrophil elastase in sodium
carbonate buffer, pH 9-6, containing 1-75 mM
PMSF. The plate was washed with phosphate
buffered saline (PBS)/0-1% Tween and non-
specific binding sites were blocked with PBS/
1% bovine serum albumin for one hour at
37°C. Standards and samples were incubated
with an equal volume of sheep anti-human
neutrophil elastase antibody (Serotec, Oxford,
UK) diluted to a final concentration of 1 mg/
ml protein containing 1-75 mM PMSF for two
hours at 37°C. The plate was washed in PBS/
Tween and standards and samples were added
to triplicate wells and incubated for two hours
at 37°C. After washing five times the wells were
incubated with rabbit anti-sheep IgG (whole
molecule) antibody (Sigma, Poole, UK) at a
final concentration of 0a 15 mg/ml for 30 min-
utes at 37°C. After five washes goat anti-rabbit
IgG-horse radish peroxidase conjugate (Pro-
mega, Madison, USA) diluted 1:10000 was
added to wells and incubated for 30 minutes
at 37°C. The plate was washed 10 times, the
substrate o-phenylenediamine (BDH Chem-
icals, Poole, UK) in 0 1 M citric acid (pH 5 0)
buffer was added to each well and incubated
at room temperature in the dark for five min-
utes. The reaction was stopped by the addition
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Table 1 Mean (SE) and range of baseline pulmonary
function levels and percentage change from baseline at 12
and 52 week intervals

FEV, FVC

Baseline % predicted 34-7(2-1) 52 7(2-3)
(23 to 51) (41 to 69)

% Change at 12 weeks 1-46(5-46) 1-04(5-6)
(-33 to -46) (-32 to -53)

% Change at 52 weeks -3-13(7-03) -4-45(8 7)
(-47 to -46) (-50 to -56)

of 4N H,SO4 and absorbance read at 490 nm
(Biotek microplate reader, EL-309, Vermont,
USA).

Assessment of neutrophil elastasel/ciPI complexes
Neutrophil elastase bound to ox1PI was meas-
ured in plasma samples by a double ligand
ELISA (Merck, Darmstadt, Germany).
Samples were added to plastic tubes coated
with anti-neutrophil elastase antibody and in-
cubated at 20°C for one hour. An alkaline
phosphatase-conjugated antibody to octPI was
then added and incubated at 20°C for 30 min-
utes. Following washing to remove excess anti-
body, the enzyme activity of the complexed
alkaline phosphatase was measured photo-
metrically using 4-nitrophenyl phosphate as
substrate. Absorbances were read at 405 nm
(Ultrospec Plus, Uppsala, Sweden).

Assessment of IL-8
IL-8 levels in sputum and plasma samples were
measured with a commercially available human
IL-8 immunoassay kit (R & D systems, Oxon,
UK). In brief, standards and samples were
added to a 96 well ELISA plate coated with
monoclonal antibody specific for IL-8. After
washing, an enzyme linked polyclonal antibody
followed by a substrate solution (stabilised
hydrogen peroxide and chromogen tetra-
methylbenzidine) resulted in colour develop-
ment. Absorbance was measured at dual
wavelength 450/540 nm (Biotek microplate
reader, EL-309, Vermont, USA).

DATA ANALYSIS
Measurements before and after rhDNase were
compared using the Wilcoxon signed rank test.
A p value of less than 0-05 was considered

Table 2 Mean (SE) and range ofplasma and sputum levels of elastase before and after
rhDNase therapy

Before 12 weeks after 52 weeks after
rhDNase rhDNase rhDNase

Plasma:
Total elastase (ng/ml) 242 0(34 6) 299-8(68-0) 159-6(12-4)**

(120-542) (94 9-923) (666-206 4)
Elastase/oc,P1(pg/l) 89-2(19-3) 74-8(6-4) 55-8(4 4)

(39-3-314) (42-1-118-6) (39-5-75 2)

Sputum:
Elastase activity (mU) 0-686(0-131) 0 435(0 065)* 0 366(0 089)

(0-083-1-58) (0-088-0-721) (0 037-0 862)
Total elastase (pglml) 41-7(7-1) 39 0(5 7) 31-5(8-2)

(20-94) (13-2-84) (10-93-3)
IL-8(ng/ml) 121-0(13-2) 104-9(13-3) 111-2(17-5)

(29-3-197) (18-182) (17-2-207-5)

* p<005; ** p<0005 compared with baseline (Wilcoxon signed rank test).
One unit of active elastase is defined as the release of 1 M p-nitroanilide/min/ml from the
substrate N-methoxysuccinyl-Ala-Ala-Pro-Val p-nitroanilide.

significant. Values for plasma and sputum
measurements and pulmonary function data
are presented as mean (SE).

Results
CLINICAL RESPONSE TO RHDNASE
All 15 patients recruited to the study were
evaluated at 11-12 weeks. Eleven completed
the full 52 week study. One man aged 24 died
during the study period and a further three
(two women and one man aged 19-23 years)
failed to return as scheduled for the 52 week
visit. With the exception of the patient who
died, information on the number of courses of
intravenous antibiotics administered was avail-
able on all patients over the full duration of
the study.

Little overall change in pulmonary function
was observed either at 12 weeks or 52 weeks
following initiation of rhDNase therapy (table
1), although considerable individual variation
was observed. At 12 weeks seven (47%)
patients showed an increase in forced vital
capacity (FVC) of 5% or more above baseline
levels. Similar increases (>5% above baseline)
in forced expiratory volume in one second
(FEVI) were observed in five of these patients.
However, in four (27%) patients a fall of 5%
in both FVC and FEV1 was observed. By 52
weeks an improvement in FEV, was maintained
in only 27% of patients studied.
During the course of the study only two

patients remained free of infective ex-
acerbations. The remaining 12 patients re-
quired intravenous antibiotic therapy 1-8 times
(mean number of infective episodes = 2-7
(0-6)).

ALTERATIONS IN ELASTASE LOAD FOLLOWING
RHDNASE THERAPY
There was a significant decrease in sputum
elastase activity (p<0 05) at 12 weeks following
initiation of rhDNase therapy (table 2). How-
ever, there was no corresponding change in
total (immunogenic) sputum or plasma elastase
levels or in plasma levels of the elastase/ot,PI
complex at this time. The reduction in sputum
elastase activity observed at 12 weeks was main-
tained at 52 weeks (table 2), at which time a
significant reduction in total plasma elastase
(p<0005) was also observed (figure). Al-
though, as expected, there was a significant
correlation between plasma levels of total
elastase and elastase/ot1PI complex (r= 0-65,
p<OOl), the decrease in elastase/ot1PI complex
levels observed at 52 weeks did not reach stat-
istical significance. No relationship between
alterations in elastase levels and change in lung
function was observed (p = 0 057).

IL-8 LEVELS
Nanogram quantities of IL-8 were readily de-
tectable in baseline sputum samples from all
patients. Nebulised rhDNase treatment for
either 12 or 52 weeks did not alter sputum IL-
8 levels (table 2). IL-8 was not detectable (assay
detection limit= 18-0 pg/ml) in corresponding
plasma samples.
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Discussion
Since its introduction in 1994, treatment with
nebulised rhDNase has been shown to improve
pulmonary function and patient well being and
reduce the risk of infective exacerbations.6-9
Despite this apparent improvement in pul-
monary status in cystic fibrosis patients, the
effect of nebulised rhDNase on inflammation
of the airways, which might support a longer
term benefit, has not been extensively studied.
Indeed, concerns have been raised that sol-
ubilisation of DNA in the airways may serve

to release sequestered neutrophil elastase with
potential adverse long term effects. Such con-
cern arises from in vitro studies which dem-
onstrate the release of active neutrophil elastase
by rhDNase.2324 Results from the present study
indicate that, in vivo, rhDNase significantly
reduces rather than increases the neutrophil
elastase load in patients with cystic fibrosis.
Following 12 weeks of daily rhDNase ad-
ministration, the levels of active elastase in the
sputum were significantly reduced and by 52
weeks this reduction was reflected in decreased
plasma levels of total neutrophil elastase. No
change in total sputum elastase was noted,
suggesting more effective inhibition within the
lung of released elastase. Two preliminary re-
ports have variously described both increases24
and decreases26 in sputum elastase activity
following rhDNase therapy. Rochat and
colleagues observed a significant increase in
elastase activity following two weeks of
rhDNase treatment in eight patients with cystic
fibrosis.24 Shah et al reported a decrease in
sputum elastase activity in a larger group of
patients treated for 24 weeks.26 However,

patients who developed respiratory tract in-
fections were excluded from the study. In the
current study a decrease in elastase load was
observed even though most of the patients
experienced at least one infective exacerbation
over the 52 week period. These data suggest
that concerns over the possible deleterious
effect of long term rhDNase treatment on el-
astase load in cystic fibrosis are largely un-
founded.

Several studies have implicated IL-8 as a
major mediator of neutrophil influx to the lung
in inflammatory diseases.2728 Khan and co-
workers have recently reported the presence of
high levels of IL-8 in the lungs of infants with
cystic fibrosis in the absence of colonisation
with common cystic fibrosis-related patho-
gens.'2 These authors suggest that expression
of IL-8 by alveolar macrophages may be fun-
damental to the neutrophil dominated in-
flammatory response in the lungs of patients
with cystic fibrosis. In the current study treat-
ment with rhDNase was ineffective in reducing
the high levels of IL-8 observed in sputum
samples, suggesting that clearance of mucus
from the airways may have little effect in re-
ducing underlying neutrophil chemotaxis.
Although the main purpose of this study was

to assess alterations in elastase load during
rhDNase therapy, the lack of improvement in
pulmonary function deserves comment. Both
short term (1-2 weeks) and long term (up
to two years) clinical trials report significant
improvement over baseline values in both FEV,
and FVC in patients treated with rhDNase.
While the extent of initial improvement ob-
served within days of commencement of ther-
apy (10-15%) is not maintained, sustained
increases of 4-7% over baseline are observed
with daily administration of rhDNase over a
two year period.29 In all studies, however, sig-
nificant individual variation in response is ob-
served. In the largest study carried out to date
Fuchs et al indicate that 6-7% of treated
patients actually experienced a decline in FEVy
of more than 10%.8 Davis has suggested that
a significant improvement in FEVy will be ob-
served in less than 30% of patients, a figure
similar to the 27% of patients in our study who
displayed a sustained improvement in FEVL
over the 52 week study period.30 Other recent
studies report results consistent with those ob-
served here, suggesting that only a proportion
of patients may derive sustained benefit in
pulmonary function from DNase therapy.3"

In summary, this study indicates that pro-
longed daily administration of rhDNase results
in decreases in sputum elastase activity and in
plasma levels of total neutrophil elastase, thus
serving to reduce, rather than increase, the
elastase load in patients with cystic fibrosis.
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