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Pulmonary oxidative stress response in young
children with cystic fibrosis

Jeremy Hull, Peter Vervaart, Keith Grimwood, Peter Phelan

Abstract in early life but which becomes persistent in
Background – It has been suggested that older patients, particularly after they become
oxidative stress contributes to lung injury infected with Pseudomonas aeruginosa. The
in cystic fibrosis. There is, however, no endobronchial infection is accompanied by an
direct evidence of increased pulmonary intense neutrophil dominated inflammatory re-
oxidative stress in cystic fibrosis nor of sponse.
the effects of inflammation on the major Evidence to support the involvement of re-
pulmonary antioxidant, glutathione. A active oxygen species as mediators of tissue
study was undertaken to measure these damage in lung disease in cystic fibrosis has
parameters in infants and young children come largely from studies measuring the
in the presence or absence of pulmonary products of lipid and protein oxidation in
inflammation. plasma. These studies have shown that, in
Methods – Thirty two infants and young older children and adults, increased plasma
children with cystic fibrosis of mean (SD) concentrations of oxidation products can be
age 21.4 (15.3) months (range 2–54) and found in patients with cystic fibrosis compared
seven non-cystic fibrosis control subjects with control subjects.1 2 One study has shown
of mean (SD) age 21.0 (21.2) months a correlation between the plasma level of a
(range 2–54) were studied using broncho- marker of lipid oxidation (malondialdehyde)
alveolar lavage (BAL). On the basis of the and lung function.3 The origin of these ox-
BAL findings the cystic fibrosis group was idation products is not clear. Although it is
divided into those with (CF-I) and those possible that they are the result of oxidative
without pulmonary inflammation (CF- stress associated with pulmonary inflammation,
NI). Levels of lipid hydroperoxide, total other studies have also shown that there is a
glutathione, and c-glutamyl trans- defect in intracellular oxygen metabolism in
peptidase (c-GT) were then measured in cystic fibrosis cells4 5 resulting in increased
the BAL fluid. levels of reactive oxygen species leaking from
Results – The concentrations of lipid mitochondria. It may be this second mech-
hydroperoxide and c-GT in the epithelial anism that is predominantly responsible for the
lining fluid were significantly increased in observed increased plasma levels of oxidation
the CF-I group compared with the control products in patients with cystic fibrosis.
and CF-NI groups, each of which had sim- In the lung the major local antioxidant is
ilar values for these parameters (ratio of glutathione which is present at high con-
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ence did not reach statistical significance. cycle.7 Levels of glutathione have been shownRoyal Children’s Conclusions – These results demonstrate to be reduced in cystic fibrosis, both in theHospital, Flemington
that the airways in patients with cysticRoad, Parkville, epithelial lining fluid of the lung and in plasma.8

Melbourne 3052, fibrosis are exposed to increased oxidative It has been suggested that the systemic de-Australia stress which appears to be a consequence ficiency of glutathione in cystic fibrosis may be
of pulmonary inflammation rather thanDepartment of a direct consequence of the basic genetic defect

Paediatrics, University part of the primary cystic fibrosis defect. and predisposes patients with cystic fibrosis toof Melbourne, The increase in c-GT in the CF-I group oxidative tissue damage.8
Parkville, Melbourne

suggests a mechanism by which extra-3052, Australia In this study we have tested the hypothesis
K Grimwood cellular glutathione could be utilised by that there is evidence of increased oxidative stressP Phelan airway epithelial cells. present in the lungs of patients with cystic fibrosis
Correspondence to: (Thorax 1997;52:557–560) and that this increased stress is in response toDr J Hull, Department of

inflammation associated with infection, ratherPaediatrics, Level 4, John
Keywords: pulmonary oxidative stress, infants, cysticRadcliffe Hospital, than part of the primary defect. We have alsoHeadington, Oxford fibrosis.

OX3 9DU, UK. hypothesised that the reduced glutathione levels
in the epithelial lining fluid of patients with cysticReceived 26 November 1996

Returned to authors fibrosis are a response to pulmonary oxidativeLung disease in cystic fibrosis is responsible for10 February 1997
stress, mediated via induced c-GT, and that inRevised version received most of the morbidity and mortality associated

27 February 1997 the absence of pulmonary inflammation they dowith this disease. It is characterised by endo-Accepted for publication
28 February 1997 bronchial infection, which is often intermittent not differ from normal.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.52.6.557 on 1 June 1997. D

ow
nloaded from

 

http://thorax.bmj.com/


558 Hull, Vervaart, Grimwood, Phelan

right middle lobe bronchus and, to optimiseTable 1 Analysis of bronchoalveolar lavage (BAL) fluid for evidence of infection and
inflammation in each of the three study groups. sampling from endobronchial sites, a single

small volume lavage was performed by instillingControls CF-NI CF-I
(n=7) (n=19) (n=13) 1 ml/kg of sterile non-bacteriostatic normal sa-

line at room temperature through the suctionLavage fluid recovered (%) 30.0 (29–43) 42.5 (32–55) 36.0 (33–44)
Volume of ELF recovered (ml/ 1.8 (1.6–2.1) 1.9 (1.1–3.1) 2.3 (1.9–4.4) channel of the bronchoscope for 3–5 seconds.
100 ml recovered lavage fluid) Using negative suction pressures of 100–Neutrophils in BAL fluid (%) 7 (4–30) 12 (7–23) 70 (58–82)
IL-8 in BAL fluid (pg/ml) 10 (4–23) 75 (30–182) 1800 (436–4713) 150 mm Hg the saline was immediately as-
No. of subjects with [105 cfu 0 1 9

pirated into a suction set over 10–20 seconds.
Results are given as median (interquartile range). CF-NI=subjects with cystic fibrosis without The bronchoscope was then wedged into the
pulmonary inflammation; CF-I=subjects with cystic fibrosis with pulmonary inflammation; lingula bronchus and, using an identical tech-ELF=epithelial lining fluid; IL-8=interleukin 8; cfu=colony forming unit.

nique, a further single aliquot lavage was per-
formed. The BAL fluid from both lavages was
pooled for analysis.Methods

  
The state of Victoria, Australia (66000 births/
year) has a newborn screening programme for    ,

- , cystic fibrosis. The diagnosis is confirmed either
by establishing homozygosity for the DF508  

Lipid hydroperoxides, markers of free radicalmutation or by sweat chloride concentrations
of more than 60 mmol/l. All patients are man- associated lipid peroxidation, were measured

by the FOX1 assay.10 Gamma-GT was meas-aged at the Royal Children’s Hospital Cystic
Fibrosis Clinic. Samples of bronchoalveolar ured using a micro-adaptation of a standard

kit (MPR2, Boehringer Mannheim Australia,lavage (BAL) fluid were collected from
asymptomatic infants with cystic fibrosis iden- Castle Hill, NSW, Australia). Total glutathione

was assayed by the glutathione reductase re-tified by the screening procedure and from
infants and young children with cystic fibrosis cycling assay.11

All results were expressed as concentrationsduring episodes of respiratory exacerbations. A
total of 32 infants and young children with per ml epithelial lining fluid using the urea

method.12 Urea concentrations in the BALcystic fibrosis of mean (SD) age 21.4 (15.3)
months (range 2–54) were studied. Seven chil- fluid were determined by a micro-adaptation

of a standard urease/glutamate dehydrogenasedren undergoing bronchoscopy for stridor
formed a disease control group with a mean kit (Sigma 66-UV, Sigma Chemical Company,

St Louis, Missouri, USA) adapted to analyse(SD) age of 21.0 (21.2) months (range 2–54).
These patients had no signs of respiratory in- urea at micromolar quantities. Plasma con-

centrations of urea were determined on anfection or a history of antibiotic use during the
previous 14 days. Ektachem 750 Analyser (Johnson and Johnson

Clinical Diagnostics Inc, Rochester, New York,BAL fluid from all subjects was analysed for
the presence of infection by quantitative culture USA).
and for inflammation by cytological ex-
amination and interleukin 8 (IL-8) analysis as
described previously.9 Infection was defined as  

The measured parameters all showed a posi->105 colony forming units (cfu)/ml BAL fluid.
Levels of IL-8 above 250 pg/ml BAL fluid, tively skewed distribution that became normal

following log transformation. Comparisons be-associated with the proportion of neutrophils
present of more than 50%, were taken to in- tween groups were therefore made with log

transformed data using the independent sampledicate inflammation. On the basis of the IL-8
and percentage neutrophils present in the BAL t test with a Bonferroni correction for multiple

comparisons.fluid, the subjects with cystic fibrosis were di-
vided into two groups, one group with evidence
of pulmonary inflammation (CF-I, n=13) and
a second group in which these markers were Results

The results of BAL fluid analysis in the controlsnegative (CF-NI, n=19).
The study was approved by the human ethics and subjects with cystic fibrosis are shown

in table 1. The percentage lavage return andcommittee of the Royal Children’s Hospital
and written informed consent was obtained volume of epithelial lining fluid recovered were

similar in all three groups. The percentages offrom the parents of each child before bron-
choscopy. neutrophils in the BAL fluid from the control

and CF-NI groups were similar, while in the
CF-I group the percentage of neutrophils in
the BAL fluid was markedly increased. The 

BAL was performed under general anaesthesia. IL-8 concentration in the BAL fluid was higher
in the CF-NI group than in the control groupFollowing topical application of lignocaine to

the vocal cords, a flexible bronchoscope but the absolute difference was small when
compared with the increase seen in the CF-I(Olympus model BF3 C20; external diameter

3.6 mm, suction channel 1.2 mm) was in- group. The presence of infection was strongly
correlated with inflammation. Nine of the 13troduced into the lower airway through a laryn-

geal mask, avoiding the use of the suction subjects in the CF-I group had infection (three
Staphylococcus aureus, two Pseudomonas aeru-channel until the tip of the bronchoscope was

below the carina. The tip was wedged in the ginosa, two Haemophilus influenzae, one
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in the CF-I group (4.4 lM). This difference
did not reach statistical significance; CF-NI vs
CF-I ratio of geometric means 2.77 (95% CI
0.9 to 8.6); control vs CF-I 2.0 (0.4 to 10.9).

Discussion
This study is the first to demonstrate that
increased oxidative stress is present in the lungs
of patients with cystic fibrosis. The finding of
raised lipid oxidation products in BAL fluid
during episodes of pulmonary inflammation
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suggests that, during these episodes, host anti-Figure 1 Comparison of the concentrations of lipid
oxidant capability is overwhelmed. A close as-hydroperoxide in the epithelial lining fluid (ELF) in each

group. Plot shows mean and 95% confidence intervals of sociation between inflammation and infection
log transformed data. CF-NI=subjects with cystic fibrosis was observed. We have also shown that in thewithout pulmonary inflammation; CF-I=subjects with

absence of inflammation there is no evidencecystic fibrosis with pulmonary inflammation. The value for
the CF-I group was significantly higher than that for the of oxidative stress, at least as assessed by lipid
other two groups. peroxidation. It is reasonable to assume that

this is a sensitive marker of pulmonary oxidative
stress since lipid oxidation has been shown to
be associated with severity of lung disease.3

These results suggest that the increased level
of oxidant activity found in this study, and in
previous studies using plasma levels, represents
an effect of pulmonary inflammation rather
than being due to an underlying primary defect
in intracellular oxygen metabolism in cystic
fibrosis cells.

We have also shown that, in the absence of
inflammation, the levels of glutathione in the
epithelial lining fluid do not differ from non-
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cystic fibrosis control subjects. Like others we
Figure 2 Comparison of the concentrations of gamma- found a decrease in the total glutathione con-
glutamyl transpeptidase in the epithelial lining fluid centration in the epithelial lining fluid of cystic(ELF) in each group. Plot shows mean and 95%

fibrosis patients with pulmonary inflammation,8
confidence intervals of log transformed data. CF-NI=
subjects with cystic fibrosis without pulmonary but in the present study this difference did not
inflammation; CF-I=subjects with cystic fibrosis with reach statistical significance. It is possible that,pulmonary inflammation. The value for the CF-I group

with larger numbers, the fall in glutathionewas significantly higher than that for the other two groups.
concentration would become significant. Fur-
thermore, if we had measured reduced glu-
tathione in addition to total glutathione we mayMoraxella catarrhalis and one Stenotrophomonas

maltophilia) whereas infection (Moraxella ca- have shown a significant fall in the cystic fibrosis
patients with inflammation. In the study bytarrhalis) was only found in one of the 19

subjects in the CF-NI group. None of the Roum and colleagues the fall in total glu-
tathione was almost entirely accounted for bycontrols was infected.

The concentration of lipid hydroperoxide in a reduction in reduced glutathione. There was
no difference in glutathione concentrations inthe epithelial lining fluid was very similar in

both the CF-NI group (geometric mean the epithelial lining fluid between patients with
cystic fibrosis without pulmonary inflammation21.9 lM) and the controls (18.2 lM). In con-

trast, the concentration in the CF-I group was and the non-cystic fibrosis control subjects.
This suggests that the reduction in glutathionesignificantly increased (97.7 lM; p<0.05) com-

pared with the other two groups: ratio of geo- concentrations in the epithelial lining fluid
found in patients with cystic fibrosis is a sec-metric means CF-NI versus CF-I 4.5 (95% CI

1.8 to 11.3); control versus CF-I 5.4 (1.8 to ondary rather than a primary abnormality of
cystic fibrosis.11.3). These data are shown in fig 1.

The concentration of c-GT in the epithelial In an attempt to investigate the mechanism
of the previously reported low concentrationslining fluid was also similar in the CF-NI group

(geometric mean 20.2 U/l) and the control of glutathione in the epithelial lining fluid of
patients with cystic fibrosis, we measured onesubjects (20.1 U/l). In the CF-I group the

concentration was significantly higher (104.2 of the enzymes involved in glutathione meta-
bolism. Gamma-GT is an exo-enzyme whichU/l) than in the other two groups (p<0.05);

ratio of geometric means CF-NI versus CF-I hydrolyses glutathione, producing glutamate
and cysteinyl-glycine. These products may then5.2 (95% CI 1.9 to 13.9); control versus CF-

I 5.2 (1.4 to 19.4). These data are shown in be taken up by epithelial cells and can be
used to resynthesise glutathione inside the cell.fig 2.

The concentration of total glutathione in the Blocking the activity of this enzyme has been
found to prevent the increase in intracellularepithelial lining fluid was similar in the CF-

NI (geometric mean 12.2 lM) and non-CF levels of glutathione in a rat cell culture model
of oxidative stress.7 Furthermore, in the samecontrol (9.0 lM) groups and tended to be lower

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.52.6.557 on 1 June 1997. D

ow
nloaded from

 

http://thorax.bmj.com/


560 Hull, Vervaart, Grimwood, Phelan

model, oxidative stress was associated with in- support the hypothesis that oxidative stress
contributes to lung injury in cystic fibrosis andcreased activity of c-GT associated with in-
encourage the development of strategies to re-creased levels of c-GT mRNA and protein.7

duce the inflammatory response to airway in-Gamma-GT has been found to be expressed
fection and to enhance host antioxidantin rat alveolar type 2 cells and to be released
capacity. These therapies would need to beby this cell into the lung hypophase.13 Since it
started within the first year of life to be mosthas been shown in humans that epithelial lining
effective.fluid collected by BAL has high levels of glu-

tathione, we hypothesised that this extracellular JH was supported by an Advanced Training Fellowship from
the Wellcome Trust, UK.source of glutathione could be utilised by air-

way epithelium to prevent intracellular damage 1 Portal BC, Richard M-J, Faure HS, Hadjian AJ, Favier AE.
during periods of oxidative stress. Our finding Altered antioxidant status and increased lipid peroxidation

in children with cystic fibrosis. Am J Clin Nutr 1995;61:that the levels of c-GT were significantly in- 843–7.
creased in the patients with cystic fibrosis with 2 Brown RK, Kelly FJ. Evidence of increased oxidative dam-

age in patients with cystic fibrosis. Pediatr Res 1994;36:pulmonary inflammation compared with both 1–7.
3 Brown RK, Wyatt H, Price JF, Kelly FJ. Pulmonary dys-those with cystic fibrosis without active lung

function in cystic fibrosis is associated with oxidativedisease and non-cystic fibrosis control subjects stress. Eur Respir J 1996;9:334–9.
4 Von Ruecker AA, Bertele R, Harms HK. Calcium meta-supports this hypothesis. Thus, in this model

bolism and cystic fibrosis: mitochondrial abnormalitiesthe glutathione in the epithelial lining fluid suggest a modification of the mitochondrial membrane.
Pediatr Res 1984;18:594–9.provides a store of glutathione which is readily

5 Turrens JF, Boveris A. Generation of superoxide anion byavailable during periods of oxidative stress. The the NADH dehydrogenase of bovine heart mitochondria.
Biochem J 1980;191:421–27.upregulation of c-GT, presumably induced by

6 Cantin AM, North SL, Hubbard RC, Crystal RG. Normalthe oxidative stress response, provides the alveolar epithelial lining fluid contains high levels of glu-
tathione. J Appl Physiol 1987;63:152–7.mechanism for the increased uptake of the

7 Kugelman A, Choy HA, Ruiming L, MingShi M, Gozal E,extracellular glutathione. The finding of re- Forman HJ. c-Glutamyl transpeptidase is increased by
oxidative stress in rat alveolar L2 epithelial cells. Am Jduced levels of glutathione in the plasma of
Respir Cell Mol Biol 1994;11:586–92.patients with cystic fibrosis8 may, in turn, reflect 8 Roum JH, Buhl R, McElvaney NG, Borok Z, Crystal RG.
Systemic deficiency of glutathione in cystic fibrosis. J Applincreased consumption of glutathione in the
Physiol 1993;75:2419–24.lung. 9 Armstrong DS, Grimwood K, Carlin JB, Olinsky A, Phelan
PD. Bronchoalveolar lavage or oropharyngeal cultures toIn conclusion, we have found direct evidence
identify lower respiratory pathogens in infants with cysticof increased oxidative stress in the lungs of fibrosis. Pediatr Pulmonol 1996;21:267–75.

10 Wolff SP. Ferrous ion oxidation in the presence of ferricinfants and young children with cystic fibrosis.
ion xylene orange for measurement of hydroperoxides.

The increased oxidative stress is associated with Methods Enzymol 1994;105:182–9.
11 Meyer A, Buhl R, Kampf S, Magnussen H. Intravenous N-the presence of pulmonary inflammation and

acetylcyteine and lung glutathione of patients with pul-
is not a direct consequence of the genetic defect. monary fibrosis and normals. Am J Respir Crit Care Med

1995;152:1055–60.We have also shown that pulmonary in-
12 Rennard SI, Bassett G, Lecossier D, O’Donnell KM, Pinks-

flammation in cystic fibrosis is associated with ton P, Martin PG. Estimation of volume of epithelial lining
fluid recovered by lavage using urea as a marker of dilution.increased concentrations of c-GT in the epi- J Appl Physiol 1986;60:532–8.

thelial lining fluid which may provide one pos- 13 Joyce–Brady M, Takahashi Y, Oakes SM, Rishi AR, Levine
RA, Kinlough CL, et al. Synthesis and release of ampi-sible mechanism by which the lung responds phatic c-glutamyl transferase by the pulmonary alveolar
type 2 cell. J Biol Chem 1994;269:14219–26.to oxidative stress. The results of this study
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