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Interleukin-1cx, soluble interleukin-2 receptor,
and IgG concentrations in cystic fibrosis treated
with prednisolone

P Greally, M J Hussain, D Vergani, J F Price

Abstract
The cytokines interleukin-l and inter-
leukin-2 participate in the inflammatory
response, and may contribute to
hypergammaglobulinaemia G and the
development of lung injury in cystic
fibrosis. Anti-inflammatory treatment
with corticosteroids may attenuate this
response. The effect ofa 12 week course of
oral prednisolone on spirometry and
serum concentrations of interleukin-la
(IL-la), soluble interleukin-2 receptor
(sIL-2R), and IgG was investigated in
24 children with cystic fibrosis.
Prednisolone was administered, in a
double blind and placebo controlled
manner, at an initial dose of 2 mg/kg daily
for 14 days and tapered to 1 mg/kg on
alternate days for 10 weeks. The treated
group (n=12) experienced an increase in
forced expiratory volume in one second
and forced vital capacity at 14 days,
however, these changes were smaller at
12 weeks. In the treated group, change
in pulmonary function was associated
with decreased serum IgG and cytokine
concentrations. Prednisolone suppresses
serum concentrations of these cytokines,
which may participate in the inflamma-
tory response, the excessive synthesis of
IgG, and airflow obstruction observed in
cystic fibrosis patients.
(Arch Dis Child 1994; 71: 35-39)
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Defective chloride conductance renders the
cystic fibrosis airway epithelia susceptible
to bacterial invasion despite the presence of
vigorous local inflammatory responses.
Chronic colonisation with Pseudomonas
aeruginosa heightens this inflammatory
process. Histology of the affected airway
reveals a dense inflammatory infiltrate in which
granulocytes predominate. Their lysosomal
enzymes may cause local tissue damage, degra-
dation of structural proteins in the bronchial
wall, and cleavage of components necessary for
bacterial opsonisation.24 However, significant
numbers of activated T lymphocytes and
B cells are also observed.5 Complex inter-
actions between these cells and pulmonary
macrophages produce stimuli which may
orchestrate and intensify the dense neutrophil
infiltrate.

Interleukin (IL)-la and IL-2 are proinflam-
matory cytokines produced in response to
infectious and immunological stimuli. IL-la is
mainly derived from mononuclear phagocytes.

It is chemotactic for granulocytes and induces
their degranulation.6 7 IL-la is one of the
earliest cytokines produced in response to
antigen and may initiate the release of a
cascade of other cytokines including IL-2,
IL-6, IL-8, and TNF-a.8 9 IL-2 is derived
from activated T lymphocytes and is
chemotactic for T and B cells.7 IL-la(
upregulates IL-2 receptors on mononuclear
cells and can induce IL-2 release by T cells.7
Soluble IL-2 receptor (sIL-2R) is shed after
stimulation of mononuclear cells by IL-2 and
is one indicator of T cell activation.10 IL-1oa
and IL-2 may act synergistically to attract
B cells to sites ofinflammation in cystic fibrosis
and promote their differentiation into
mature plasma cells capable of producing
immunoglobulin.11

Hypergammaglobulinaemia G frequently
accompanies chronic endobronchial infection
in cystic fibrosis and is associated with a
poorer prognosis.'2 It is unclear whether this
merely reflects the heavy bacterial load within
the cystic fibrosis lung or whether it in itself
represents a mechanism by which immuno-
logically mediated lung injury can occur.
Immune complex formation, particularly with
pseudomonas antigens, and the subsequent
local activation of complement have been
implicated in the pathogenesis of lung injury
in cystic fibrosis.13-16 The generation of the
complement component C5a in cystic fibrosis
lung fluids may add to the chemoattractant
force for granulocytes and correlates with their
elastase activity in lavage fluid.'7 The concept
of immunologically mediated lung injury in
cystic fibrosis has led investigators to examine
the effects of anti-inflammatory drugs.

Corticosteroids are potent anti-inflamma-
tory agents. Clinical studies of their efficacy in
cystic fibrosis patients have yielded conflicting
results. Though three weeks' treatment with
prednisolone (20-30 mg daily) failed to relieve
airflow obstruction in severely affected adults
with cystic fibrosis (median forced expiratory
volume in one second (FEVI) 27% pre-
dicted),'8 alternate day prednisone, taken for
four years, significantly reduced serum IgG
concentration and respiratory morbidity in
children with cystic fibrosis. '9
The precise biochemical mechanism of

action of corticosteroids in vivo remains
uncertain. Corticosteroids can inhibit the
release of IL-loa by monocytes, the production
of IL-2 by T lymphocytes, and expression of
IL-2 receptors on mononuclear cells in
vitro.2023 These properties may contribute to
their anti-inflammatory effect in patients with
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cystic fibrosis. We have previously demon-
strated that serum concentrations ofIL-la and
sIL-2R are higher in cystic fibrosis patients
than in controls and that they correlate
with serum immunoglobulin concentrations.24
In the present study, we investigated what
effect oral prednisolone had on serum IL-la,
sIL-2R, and IgG concentrations in the context
of their effect on pulmonary function in
clinically stable cystic fibrosis patients.

Methods
Twenty four patients aged 5-5-19-5 years
(mean 11-9 years) with confirmed cystic
fibrosis (sweat sodium >70 mmol/1) and
established respiratory disease (FEVy <85%
predicted for age, sex, and height) participated
in the study. Prednisolone was administered in
a randomised, double blind, and placebo
controlled manner. The actively treated group
received soluble prednisolone 2 mg/kg body
weight daily for 14 days (maximum dose
40 mg) and then 1 mg/kg body weight on
alternate days for the next 10 weeks (maximum
dose 40 mg). Soluble prednisolone and
identical inert placebo tablets were supplied by
Glaxo. Excluded from the study were patients
taking oral/inhaled corticosteroids, sodium
cromoglycate, or theophylline. Those with
acute respiratory infection, evidence of allergic
bronchopulmonary aspergillosis, or concurrent
disease precluding steroid usage were also
excluded. Outcome measures were FEV1
and forced vital capacity (FVC) as measured
by spirometry, and serum IL-la, sIL-2R,
and IgG. Assessments were performed at
baseline, 14 days, and 12 weeks. Alterations
in spirometry were expressed as change in
percentage predicted. Atopic state was
determined by performing skin prick tests
to 10 common inhalant allergens including
Aspergillus fumigatus. Isolated responses to
A fumigatus were not considered as indicative
of atopy. Informed consent was obtained from
patients or their parents in all cases and the
study was approved by the hospital's ethics
committee. A full physical examination
was performed at each visit. Specific steroid
side effects (hypertension, hypernatraemia,
hypokalaemia, fluid retention, and glucose
intolerance) were carefully sought. Blood
pressure, weight, serum electrolyte and
blood glucose concentrations were checked
each time. Given its half life (approximately
four weeks), IgG was only measured at
baseline and 12 weeks, by nephelometry.

Table 1 Details ofprednisolone and placebo groups at baseline

Predisolone Placebo
(n= 12) (n= 12) Significance

Mean (range) age in years 12-3 (5-5-19-5) 11-5 (7-16-5) NS*
M:F 6:6 6:6 NS
Mean (SEM) weight in kg 33-6 (3-4) 31-4 (2-6) NS**
Mean (SEM) height in cm 142 (6 3) 135 (3-9) NS**
P aeruginosa 6 8 NS*
Atopy 7 7
Sensitivity to A fumigatus 5 4 NS*
Mean (SEM) % predicted FEV1 54 (6 0) 57 (5-6) NS**
Mean (SEM) % predicted FVC 66 (3-5) 72 (5 9) NS**

*x2 test with Yates's correction. **Unpaired Student's t test.

Table 2 Mean (SEM) % predicted FEV, and FVC
before, during, and at the end of treatment in prednisolone
and placebo groups

Baseline 14 Days 12 Weeks

FEV1
Prednisolone 54 (6-0) 62 (5-9)*** 60 (5 7)t*
Placebo 57 (5-6) 56 (5 2) 55 (5-9)

FVC
Prednisolone 66 (3 5) 76 (4-1)t** 70 (4 2)t
Placebo 72 (5 9) 70 (5 4) 69 (6-1)

Unpaired Student's t test: *p<0.05, **p<0.01.
Paired Student's t test: tp<0-05, tp<0-01.

Cytokine assays were performed on coded
specimens by a scientist (MJH) who was
unaware of patients' identity, treatment
received, and the order in which samples were
collected. Immune reactive concentrations of
IL-loa were assayed in serum using a two site
enzyme linked immunosorbent assay (ELISA).
Specimens were analysed in duplicate and
unknown values read from standard curves
constructed using recombinant IL-la. The
lower limit of detection of IL-la was 10 pg/ml.
Immunoreactive concentrations of sIL-2R
were measured using two antibodies directed
against different epitopes of the TAC portion
of the IL-2 receptor in a modification of an
ELISA method described elsewhere.'0 The
assay sensitivity was 200 IU/ml. Interassay and
intra-assay coefficients of variation for both
ELISAs were less than 10%.

STATISTICS
The Minitab statistical package (Minitab Inc)
was used to perform the analysis. Normality
scores were calculated for spirometric values,
cytokine and IgG concentrations which
confirmed that they were all normally dis-
tributed. Results are expressed as mean
(SEM). Paired Student's t tests were employed
to assess the significance of change from
baseline values in each group. Unpaired
Student's t tests were then used to compare
changes in spirometry and cytokine concen-
tration in treated and placebo groups;
results are expressed as mean changes with
95% confidence intervals (95% CI) for the
difference between the groups.

Results
Twelve patients received prednisolone and 12
received placebo. The groups were comparable
with respect to age, baseline lung function,
atopic state, weight, height, and colonisation
with P aeruginosa (table 1). There was a
tendency in the placebo group for lung
function to deteriorate over the study
period, these changes were not significant
(p>04, paired Student's t test). At 14 days,
mean change in °/0 predicted FEVy
(prednisolone v placebo, difference (95% CI))
was +7-7 v -1-0, difference 8-7 (-15 to -2);
p<002, and in FVC was +10-4 v -2-4,
difference 12-8 (-21 to -4 5); p=O0005. At
12 weeks mean change in % predicted FEV1
was +6-3 v -1-8, difference 8-1 (-16 to
-0-4); p<004, and in FVC was +4-7 v -2-0,
difference 6-7 (-17 to 1-0); p=0-08 (table 2).
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In some, a tendency for both parameters to
revert to baseline was observed on the alternate
day regimen (figure).

Baseline cytokine concentrations did not
differ significantly in either group (table 3). At
14 days mean change (prednisolone v placebo,
difference (950/O CI)) in IL-la (pg/ml) was

-205 v -2, difference 203 (-475 to 69);
p>0 05, and sIL-2R (IU/ml) was -200 v + 18,
difference 218 (47 to 382); p<0 02. At 12
weeks mean change in IL-la was -250 v +64,
difference 314 (-569 to -58); p=0-01, and
sIL-2R was -178 v -38, difference 140 (24 to
303); p<0 05.
Mean (SEM) serum IgG concentrations

(g/l) in the treated group were 17-8 (1-5) at
baseline and 12-3 (1-5) at 12 weeks compared
with concentrations of the placebo group at
baseline of 18-0 (3.1) and 18-9 (3.1) at
12 weeks. Mean change in IgG (prednisolone
v placebo, difference (95% CI)) was -5 5
v +0-9, difference 6-4 (3.9 to 8 7); p<0-001.
No acute lower respiratory tract infections
occurred in either group. One patient devel-
oped hyperglycaemia (blood glucose
17 mmolll) at the end of the high dose regimen
which settled rapidly on alternate day
prednisolone. No other steroid related
side effects were noted. No disseminated or

opportunistic infections occurred in the
treated groups. Although not a primary out-
come measure, there was a tendency for the
actively treated group to gain more weight
(mean change in kg, prednisolone v placebo

(950/o CI)) over the 12 week study period
compared with those who received placebo
was +1-5 v +0-4, difference 1- 1 (-2.1 to 0-4);
p>0-05.

Discussion
Our results demonstrate that high dose
prednisolone can affect airflow obstruction in
children with cystic fibrosis who are clinically
stable. The placebo group exhibited a slight
tendency to deterioration. These changes
were neither clinically nor statistically signifi-
cant and did not exaggerate the changes
in the treated group (see table 2, paired
analysis). The responsiveness of pulmonary
function and circulating cytokines to cortico-
steroids appeared to be independent of an

individual's atopic predisposition, sensitisation
to A fumigatus, chronic pseudomonas
infection, or impairment of lung function at
baseline. Although, the mean changes in FEV1
and FVC were smaller at 12 weeks in the
treated group, they are likely to be biologically
meaningful, given that the annual rate of
decline in FEV1 approaches 3%/o of predicted.25
The trend for treated patients to revert to
baseline lung function on the alternate day
regimen suggests a degree of dose responsive-
ness (figure). One might have expected
these changes to be accompanied by reversion
of serum IL-I l and sIL-2R concentrations
to baseline. However, falls in serum IgG
concentration occurred which may have

Table 3 Mean (SEM) IL-la and sIL-2R before, during, and at the end of treatment

Baseline 14 Days 12 Weeks

Prednisolone Placebo Prednisolone Placebo Prednisolone Placebo

IL-la (pg/ml) 561 (141) 617 (177) 356 (100) 615 (178) 311 (91-4)*t 681 (197)
sIL-2R (IU/ml) 412 (91-2) 367 (50 4) 212 (32-6)*t 385 (64 2) 234 (28 2)*t 329 (45-1)

Unpaired Student's t test: *p<0.05. Paired Student's t test: tp<005, p<0-01.
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reduced immune complex formation26 and
perhaps in turn, complement activation and
the subsequent generation of harmful comple-
ment degradation products. Both soluble
immune complexes and complement by-
products are powerful inducers of IL-1
secretion by pulmonary macrophages.
Increases in unmeasured mediators implicated
in cystic fibrosis lung injury (neutrophil
elastase, leukotriene B4, other cytokines or
adhesion molecules) at the 12 weeks interval
cannot be excluded. Although a causal rela-
tionship cannot be confirmed, our results
suggest that IL- lot and IL-2 are involved in the
orchestration of the inflammatory response
and the enhanced synthesis of IgG which
accompany airflow obstruction in patients with
cystic fibrosis.
Serum was used to detect immunoreactive

concentrations of IL-lot and sIL-2R and
therefore we cannot exclude the possibility of
cytokine release during the clotting process ex
vivo. However, we have previously demon-
strated that children with cystic fibrosis have
significantly higher serum cytokine concentra-
tions than normal controls24 suggesting that
the clotting mechanism per se does not under-
lie our findings. It is also important to distin-
guish immunoreactivity from biological
activity. Naturally occurring inhibitors of
IL-la have been described and the soluble
IL-2 receptor may itself compete with
membrane boundIL-2 receptors for IL-2.27 28
In the presence of chronic infection and
inflammation, these factors may limit
immunologically mediated lung damage by
moderating these exaggerated protective
responses. Therefore, in the absence of a con-
firmatory bioassay, we can only speculate as to
the biological activity of the IL-la and sIL-2R
that we have detected. The finding that
improvements in pulmonary function are
accompanied by falls in cytokine concentra-
tion suggest that the immunoreactivity
detected represents biologically important
cytokine activity.
The putative mechanism of action of

corticosteroids is the induction of lipocortin, a
polypeptide that antagonises phospholipase
A2. This was believed to limit the release of
arachidonic acid from membrane phospho-
lipids and reduce the substrate for both
cyclo-oxygenase and 5-lipoxygenase pathways.
However, this mechanism has not yet been
confirmed by relevant in vivo studies in
patients with asthma, cystic fibrosis, or normal
controls.29-31 Corticosteroids act at many
other levels of the inflammatory response.
Perhaps more relevant to human disease
states is their ability to suppress cytokine
release, thereby blocking communication
between cells of the immune system. Many of
the reported anti-inflammatory effects of corti-
costeroids could be attributable to a corti-
costeroids effect on cytokine production and
release. Moreover, it has been shown that
many cytokine genes share a consensus
sequence in their promoter region which codes
for corticosteroids responsive elements
which enable enhancement or attenuation of

gene transcription.32 Vital interactive sites on
immune complexes, IgG, and complement
may be cleaved by proteases derived from
neutrophils and P aeruginosa and may result
in defective opsonophagocytosis.33 These
molecules may still retain their ability to
promote both cytokine release by pulmonary
macrophages and neutrophil chemotaxis.34
Thus, the inflammatory cycle is perpetuated
without clearance of the offending organism.
Corticosteroids appear to attenuate unre-
strained airway inflammation in cystic fibrosis
and may alter airflow obstruction without
predisposing patients to opportunistic or
disseminated infection.

Short courses of systemic steroids can
change pulmonary function and reduce
systemic inflammatory cytokine immunoreac-
tivity in clinically stable cystic fibrosis patients.
Long term administration of prednisone
(2 mg/kg on alternate days) is associated with
an unacceptably high incidence of side
effects.35 Data regarding safety and efficacy
of a lower dose (1 mg/kg on alternate
daysX4 years, US National Collaborative
Study) have not been published, and therefore
the long term administration of corticosteroids
at this dose cannot be recommended.
However, our results raise important questions
regarding their anti-inflammatory effect in
patients with cystic fibrosis, which require
further investigation. Firstly, they may
represent a useful adjunct to the treatment
of infective exacerbations during periods
when inflammatory activity can be expected to
be greatest. Secondly, more potent and
topically active steroid compounds may have
beneficial effects on lung function, which
permit their long term use, without causing
systemic toxicity. Finally, the earlier adminis-
tration of topical steroids to younger children
without overt lung disease who have silent
inflammatory activity36 may delay the
inevitable decline that occurs in pulmonary
function.
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