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Abstract
Soluble interleukin-2 receptor (sIL-2R-CD25)
concentrations were measured in the sera of
115 children with cystic fibrosis and 45 aged
matched controls. Above the age of 4 years
children with cystic fibrosis had significantly
raised concentrations irrespective of disease
status as judged by Shwachman score, lung
function, or evidence of pseudomonas colonisation. It is believed that these data indicate
that T lymphocyte activation can be detected
before there is clinical evidence of lung
inflammation due to infection in cystic
fibrosis. They support the notion that early
use of anti-inflammatory (immunosuppressive)
drugs may have a role in delaying the progress
of lung damage in cystic fibrosis.
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There is increasing evidence that immune
mediated inflammation is at least partly
responsible for progressive lung damage in
cystic fibrosis. Immune complexes wtih Pseudomonas aeruginosa antigen and autoantibodies
found in the serum, sputum, and the tissues,
high levels of elastin cleavage products in urine,
and elastolysis in lungs all correlate with disease
severity. These findings provide strong evidence that immunologically mediated tissue
injury occurs in patients with cystic fibrosis and
advanced lung disease. "
Continuous antigenic stimulation can have
two consequences in cystic fibrosis, one being
temporary immune unresponsiveness, and the
other being a chronic hypersensitivity reaction
or excessive immune response.5 This excessive
response is reflected in the form of high
concentrations of serum immunoglobulins,
neutrophil elastase, immune complexes, and a
high incidence of detectable autoantibodies. '5
All of these abnormalities are seen in patients
with severe lung disease long after the clinical
and lung function findings indicate the presence
of lung involvement. However it is known that
inflammation and mild obstructive ventilatory
defects occur early, before heavy lung infection
is obvious.' 5 For this reason we wished to
identify a more sensitive marker of this early
inflammation which could be used to assess
progress and the severity of disease.
As T lymphocytes have a central role in the
orchestration of immune responses, we decided
to investigate one index of T cell activation.
Interleukin-2 (IL-2) known as T cell growth
factor induces the proliferation of not only the
T cells but also lymphokine activated killer
cells. It also has the effect of enhancing natural
killer activity."'4 IL-2 induces the expression
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of its own receptor. This receptor is expressed
on several mononuclear cells including T cells.
Human peripheral blood mononuclear cells
when activated in vitro were shown to release a
soluble form of IL-2 receptor (sIL-2R) into the
tissue culture supernatants, and in this form it
may have an immunoregulatory function.9 This
sIL-2R is the part of the receptor shed into the
circulation, which lacks the transmembrane and
cytoplasmic portion."3 There are detected
concentrations in the serum of normal individuals, and raised concentrations have been
found in autoimmune disease, transplant rejection, acute eczema, lymphoma, and leukaemia

relapses.
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We have therefore investigated the sIL-2R
concentrations in patients with cystic fibrosis
with regard to their clinical findings to show the
relationship of T cell activation to the outcome
of the disease.

Patients and methods
A total of 177 blood samples were obtained from
115 patients with cystic fibrosis during their
yearly assessments. On the same day chest
radiographs and (where possible) lung function
tests were performed. The presence of pseudomonas colonisation and acute infection was
noted with simultaneous clinical evaluation of
the patient by Shwachman score. 8 The scoring
was done by two clinicians independently and
the average of the two scores recorded. Diagnosis
of acute infection was based on the clinical
findings in addition to raised white cell count
and C reactive protein concentrations. The
blood samples were analysed for serum sIL-2R,
IgA, IgG, IgM, and IgE concentrations. Serum
sIL 2R concentrations were studied using a
sandwich enzyme immunoassay cell-free soluble
IL-2 receptor kit (T Cell Sciences Inc). The
method was applied according to the instructions
of the manufacturer.
sIL-2R concentrations were correlated with
(i) lung function parameters, (ii) total lung
capacity by plethysmography minus that
measured by helium dilution as a measure of gas
trapping (TLC-VA), (iii) forced expiratory
flow at 50% of vital capacity from a flow-volume
loop (FEF 50%) and forced vital capacity
(FVC), (iv) serum immunoglobulins, and (v)
Shwachman score. The effect of acute infection
and presence of pseudomonas colonisation on
sIL-2R concentrations were also assessed.
Control samples were obtained, with the
consent of the parents, from 45 children
attending the Paediatric Day Surgery Unit at
Southampton General Hospital for routine
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Table 1 sIL-2R concentrations (Ulml) in controls and patients with cystic fibrosis with regard to acute infection andlor
pseudomonas colonisation. Results are mean (SD)
Pseudomonas colonisation

Acute infection

Controls

Patients

groups

03-9
4-79

>12

1080-6 (349 7)
[n=8]
[n=21
p=0 69
903-0 (319 6)
816-7 (312 5)
[n =26]
[n= 14]
p=0 43
804-9 (284-4)
778-6 (228 5)
[n =36]
[n=12]
p=0-71
719 7 (292-8)
959 6 (350 4)
[n=46]
[n=33]
p=0-0021'

1205-0 (360 6)

851-9 (334 3)
1105 5 (335-1)
[n= 16]
[n= 101
p=0-068
503 9 (91 1)
828-1 (334 5)

[n =40]

8-11-9

Without

With

Cvears)

[n=9]

p=0 0038''
490-0 (78-3)
[n= 10]
p< OO005'
370 0 (138-3)
827-9 (337-8)
[n= 10]
[n =79]
p=O 0005'
739-9 (263-5)
[n=48]

With

Without

1133-3 (335 0)
[n=3]

[n=7]

1093-6 (361-2)

p=0 65
876-8 (321 8)
[n=21]
p=0-63
834-6 (308 4)
753-9 (209 2)
[n=27]
[n=21]
p=0-63
813 2 (321 4)
806 1 (338-5)
[n =461
[n=331
p=0-81
872-9 (318-1)
[n= 19]

Significant differences.

surgical procedures. The children did not have
any history of asthma, eczema, hay fever, any
known allergies, or recent infection. They all
had normal concentrations of C reactive protein.
The data on serum sIL-2R concentrations were
analysed in four different age groups both in
patients and controls. The age groups were
separated 'as follows: group 1: 03-9 years,
group 2: 4-7 -9 years, group 3: 8-11 9 years, and
group 4: 12 years.
Statistical analyses were done by minitab
computer program using correlation analysis
and Mann-Whitney test. The significance values
were given in tables of relevant data.

Results
The mean (SD) sIL-2R concentrations of
patients with cystic fibrosis was 840 (320 4)
U/ml with a median of 790-0 U/ml. The
breakdown of these data into age groups compared with controls are shown in table 1 and
fig 1. There was no significant statistical difference between patients with cystic fibrosis and
controls in the first age group. sIL-2R concentrations were significantly higher than controls
in all groups after 4 years of age. Serum sIL-2R
concentrations were not significantly different
in patients with and without pseudomonas
colonisation in all age groups. Similarly there
were no differences in children under 12 years
of age with and without acute infection. However, the patients with cystic fibrosis above
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Figure I Comparisons of serum sIL-2R concentrations in patients with cystic fibrosis and
age matched control children. Statistical analysis by Mann-Whitney test.
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Figure 2 Comparison of serum sIL-2R concentrations in
patients with cystic fibrosis above 12 years of age with and
without acute infection and pseudomonas colonisation.
Statistical analysis by Mann-Whitney test.
Table 2 Correlation of sIL-2R concentrations and various
clinical parameters
r

Shwachman score
TLC-VA
FVC
FEF 50%
IgE
IgA

IgM
IgG

Value

-0-17
-0 019
0-151
-0 097
-0-121
0-048
-0 019
-0-032

12 years of age with acute infection had significantly higher concentrations of sIL-2R than
those without acute infection (p=0-0021) as
shown in table 1 and fig 2.
Shwachman scores and sIL-2R concentrations
recorded simultaneously showed no correlation
(correlation coefficient r=-0-16, p>005). In
addition to this, sIL-2R concentrations showed
no correlation between different parameters of
lung function TLC-VA, FVC, FEF 50%, and
IgE, IgA, IgM, and IgG concentrations as
shown in table 2.

Discussion
In patients with cystic fibrosis many immunological abnormalities due to continuous antigenic stimulation of the immune system have
been reported.1-5 Our findings of significantly
raised concentrations of sIL-2R are new and are
probably a reflection of sustained T cell activation in these patients. As sIL-2R varies with
age and is especially high in early childhood,
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prevention of progression of disease. However
longitudinal studies are now required to establish
whether high concentrations of sIL-2R are
associated with faster deterioration in lung
function and whether therapeutic intervention
has an effect on concentrations and clinical
state.
Thanks to the Cystic Fibrosis Research Trust for financial
support of the study.
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perhaps due to the normally higher lymphocyte
count, we analysed our data grouping the
patients into different age groups. 7 The sIL-2R
concentrations only just failed to show a significant difference between patients and controls
under the age of 4 years but the differences were
highly significant in older children (table 1).
These data provide yet more evidence of an
excessive immune response in patients with
cystic fibrosis.
Superficially it seems that the lack of correlation between sIL-2R and clinical scores and
the presence of pseudomonas colonisation, lung
function abnormality, or raised immunoglobulins, does not comply with the hypothesis
of immunologic lung injury in cystic fibrosis.
However, raised concentrations of sIL-2R may
be the first indicator of a developing inflammatory process, which increases even more during
acute infection. With time the chronic inflammation produces changes in other immunological indices further down the activation
pathways, such as immunoglobulin increases,'9
raised C reactive protein concentrations, and
the release of neutrophil granule products,20
which produce and therefore correlate with the
increasing severity of disease.
sIL-2R is known to bind IL-2 efficiently
competing with receptor on the cell surface and
therefore may have a role in downregulating
IL-2 dependent lymphocyte function.2' Moreover, the rapid increase in sIL-2R after cellular
activation may reduce receptor density on the
cell surface below the critical threshold level
reducing further lymphocyte proliferation.
Increased sIL-2R concentrations may be the
first sign of airway colonisation and inflammation
that will eventually lead to an excessive immune
response and lung damage. Even if sIL-2R is
part of a compensatory response it is inadequate
to overcome the enormous stimulation produced
by the massive antigenic load of organisms
which are never completely cleared from the
airway.
These data support the fairly recent therapeutic recommendation of the use of antiinflammatory drugs in cystic fibrosis. Steroids
have been shown to delay deterioration even in
young patients with cystic fibrosis but have not
become part of routine protocols due to potential
side effects.4 These preliminary cross sectional
observations confirm the role of the host immune
response even at an early stage in the development of lung damage in cystic fibrosis and
suggest that the early use of non-steroidal antiinflammatory drugs may be important in the
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