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Editorial

Immunological abnormalities in cystic fibrosis: chicken or egg?

Cystic fibrosis (CF) is a disease characterised by
malabsorption, chronic bronchopulmonary infection,
and a high sweat sodium concentration. In 1938
about 80% of patients died within the first year of
life' but now many are surviving into adult life,2-4
and are being transferred from the care of the
paediatrician to that of the thoracic physician.
This increased survival is probably accounted for
by improved paediatric care, increased understand-
ing of the importance of efficient postural drainage,
and the advent of antibiotics. Patients with CF may
develop either pulmonary infection in the neonatal
period which persists throughout life or neonatal
infection which may respond to treatment only to
recur in adolescence. A few patients develop
pulmonary infection for the first time in late
adolescent or early adult life.
Once bronchopulmonary infection with a given

organism is established in a patient with CF it is
often impossible to eradicate this organism. While
antibiotics may improve the patient's clinical state,
respiratory function tests, and chest radiograph for
a period, most patients eventually die of overwhelm-
ing bronchopulmonary infection by pathogens
which appear in the laboratory to be sensitive to the
antibiotics with which the patient is being treated.
This therefore gives rise to the question as to
whether the immune defences of patients with CF
may be defective.

In recent years new techniques have been
developed to explore both quantitatively and
qualitatively the various components of the immune
response. These techniques have now been applied
to the study of the immune response in cystic fibrosis.

T cell system

Fifty to sixty per cent of peripheral blood
lymphocytes are thymus-dependent T cells. They
have antigen recognition sites on their surfaces
and on stimulation they release lymphokines. These
lymphokines have many actions including the
activation of macrophages. T cells will transform
with phytohaemagglutinin, will help or suppress B
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cell functions, and can show cytotoxicity. Normal
numbers and percentages of T cells have been
demonstrated in patients with CF.5 6 It seems that
CF lymphocytes may respond normally to both
phytohaemagglutinin and pokeweed mitogen in
normal serum but the response is decreased in CF
serum,7-9 suggesting a serum rather than a cellular
defect.
Lymphocyte responses to stimulation by

Pseudomonas aeruginosa have been shown to be
inhibited in some patients with advanced pulmonary
infection with this pathogen.10 Since pulmonary
alveolar macrophages are activated by lymphokines,
unresponsiveness of lymphocytes to Ps aeruginosa
antigen might be expected to cause inefficient
macrophage clearance of that organism. Cystic
fibrosis leucocyte migration may be inhibited by
both normal and CF lung and pancreatic extracts,
suggesting that CF lymphocytes may be sensitised
to these tissue antigens." Cystic fibrosis leucocyte
migration to Aspergillus fumigatus and Ps aeruginosa
is also significantly inhibited, and it is possible that
pulmonary infiltrates in patients with these organisms
may be in part a hypersensitivity reaction. Skin
tests of delayed hypersensitivity are generally
normal.'2 Studies of lymphocyte cytotoxicity,
mediator production, and T helper and suppressor
cell functions in CF have not yet been reported.

B cell system

B cells comprise 20-30% of normal peripheral
blood lymphocytes. When stimulated they trans-
form into plasma cells and release antibody in the
form of IgM, IgG, IgA, IgD, or IgE. Hypergam-
maglobulinaemia has been described frequently in
patients with CF.'3-'7 IgG, IgM, and IgA may be
abnormally raised in 30-50% of patients and this
relates to a poor clinical condition.'8 In contrast, a
low IgG is found in about 20% of children under
the age of 10 years, related to less advanced
pulmonary disease, and it has been suggested that
initially there may be a failure to recognise antigen
when it crosses the gut or respiratory mucosa with a
later hyperimmune response.'9

In patients with cystic fibrosis there is a high
incidence of severe bronchopulmonary infection
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without evidence of excessive susceptibility to
generalised infections. The local immune defences
of the respiratory tract have, therefore, been the
subject of extensive investigation. In general IgA,
secretory piece and IgA-secreting cells have been
shown to be present or increased in patients with CF
in saliva, bronchial mucosa, and jejunal mucosa.2023
However, the finding of free secretory components
of IgA in the serum of a third of patients with CF
has given rise to the suggestion that there may be a
defect in synthesis of secretory IgA and that the
high frequency of allergic manifestations in patients
with CF might be due to this defect.24 Some support
for this has come from the finding of an increased
prevalence of precipitating antibodies against gut
bacteria.25
The most frequent pulmonary pathogens in

patients with CF are Staph pyogenes and H influenzae,
but as the patients grow older infection with
Ps aeruginosa becomes more frequent. This is
reflected in the increasing prevalence of precipitating
and agglutinating antibodies to these organisms
as the patients grow older.2628 In particular, a
high proportion of patients who die from CF have
pulmonary infection with Ps aeruginosa just before
death, while a lower proportion of survivors are
infected with this organism.18 Although infection
with Ps aeruginosa is a frequent terminal pulmonary
event, it rarely becomes generalised29 and most CF
patients' sera show high bactericidal activity
against this organism.30 It, therefore, seems that CF
patients are capable of responding normally in
terms of antibody production to infection, and this
is borne out by normal responses to influenza
vaccine and tetanus toxoid.8 19
One of the most interesting findings in patients

with CF has been the high prevalence of positive skin
tests to common allergens, which occur in about
500% of patients compared to about 10-20% of the
general population.3238 Although the clinical mani-
festations of allergic aspergillosis have been reported
in such patients,37 this does not occur as commonly
as would be suggested by the frequency of positive
skin tests and precipitating antibodies to A fumi-
gatus.38 The close relationship between a positive
skin test and precipitating antibody in patients with
allergic aspergillosis39 does not seem to occur in
patients with CF, suggesting that the responses of
such patients to colonisation of their bronchi
by A fumigatus differ from those of other
patients.31 35 36 38 Nevertheless, the presence of
evidence of sensitisation to A fumigatus in CF
patients is associated with more severe respiratory
disease.'18 34 The levels of IgE, both total and specific,
are also raised in subjects with CF mainly in relation
to positive skin tests.7 3 - In spite of all this

immunological evidence of atopy, however, the
prevalence of clinical manifestations of eczema,
rhinitis, and asthma is low,35 43 though one study
has shown a high prevalence of atopy in the parents
of children with CF.44 Perhaps there is some mucosal
abnormality in CF that allows allergens to penetrate
and stimulate immunoglobulin production. Secre-
tory IgA may be deficient in atopic patients,45 48 and
if in CF local IgA is functionally deficient this might
contribute to the lung damage associated with sen-
sitisation to A fumigatus. Recent work also suggests
the presence on the cells of CF patients of the same
cytophilic antibody that may be found in patients
with allergic aspergillosis,'8 47 and it may be that
this antibody is responsible for some of the immu-
nological reactions to A fumigatus in CF.

Other studies of antibodies in patients with CF
have produced some other clues as to the tissue
damaging mechanisms of the disease. Autoanti-
bodies to pancreas, salivary gland, and lung have
been demonstrated in some patients,48-51 and there
have been conflicting reports of the frequency of
antibodies to reticulin.7 18 A raised prevalence of
anti-smooth muscle antibodies, which may have
reflected liver disease, has been reported.'8 Studies
of the complement system have in general shown no
consistent abnormalities52-56 though some workers
have reported abnormal levels of C3, C4, and CS,57 58
particularly in association with infection with
Ps aeruginosa. This, in conjunction with the finding
of more complement splitting products in the
sputum of patients infected with this organism than
in those not infected,59 has given rise to the sug-
gestion that complement-mediated inflammatory
reactions might play a role in the pathogenesis of
pulmonary damage in CF. There is some evidence of
immune complex formation in CF, again especially
in association with infection with Ps aeruginosa and
in severely ill patients.60-63 Such formation of immune
complexes, by activation of complement with sub-
sequent release of enzymes from neutrophils and by
inhibition of lymphocytes and alveolar macrophages,
may also play some part in the production of pulmo-
nary damage in the disease. Finally, a factor, as yet
uncharacterised, has been found in the serum of
patients with CF and of obligatory heterozygotes
which inhibits ciliary activity.6466 This factor is
bound to IgG, and IgG2 and may be a fragment of
C3A with IgG.67 68

Polymorphs and macrophages

The role of polymorphs and macrophages in the
phagocytosis and destruction of bacteria is closely
related to the functional roles of T and B lympho-
cytes. There is some evidence to suggest that the
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phagocytic activity of rabbit and human alveolar
macrophages is reduced in the presence of CF serum

compared to that in normal serum. Conflicting
results have been obtained on phagocytosis by poly-
morphs in the presence of CF serum, though in
general this seems to be normal.6974 It seems possible
that there may be an opsonising defect in CF serum
which causes defective function of alveolar macro-

phages and this seems worthy of further investiga-
tion.

Conclusions

Patients with CF who die soon after birth from
meconium ileus often have anatomically normal
lungs, but most patients with CF eventually die
under the age of 40 years of overwhelming pulmo-
nary sepsis. Are these patients born with some
immunological abnormality which renders them
vulnerable to pulmonary infection or are the
abnormalities which have been reported the result
of long-term infection? A conventional view is that
the development of lung disease in CF is the result
of excess production of mucus which then gets
infected causing pulmonary damage. Some of the
features reported such as raised levels of serum
immunoglobulins and increased levels of circulating
immune complexes are found in other diseases
associated with chronic infection. If immunological
abnormalities such as high levels of circulating
immune complexes are the result of, rather than the
initial cause of the disease, they could still contribute
to increasing tissue damage. The complexes could
attach themselves to receptor sites on macrophages
and lymphocytes and interfere with their recognition
of bacterial and other antigens. If the immunological
abnormalities reported are the result of the disease,
then they should not be present in young patients
with CF who have not at that time developed severe

pulmonary sepsis. Further studies on this group of
patients need to be undertaken, and studies which are

carried out on adults must in all cases have the
immunological features reported in relation to the
clinical status of the patients.

It is accepted that the bronchial mucosa of patients
with CF produces excessive quantities of mucus

which often becomes infected, so it is essential to
consider whether some immunological defect may

contribute further to the pulmonary damage. An
immunological defect could either be generalised or

localised to the bronchial tree. Adults with CF have
chronic infection at this site, often producing large
volumes of purulent sputum, but there does not
seem to be an increased incidence of infection at
other sites such as skin, gut, urinary tract, or central
nervous system. The idea of a local immunological
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defect within the lung is, therefore, attractive. The
advent of the fibreoptic bronchoscope and lavage
techniques is now making local studies feasible.
Preliminary work indicates that there may be some
abnormality of pulmonary alveolar macrophages
which is not found among the macrophages of the
peripheral blood. If these abnormalities are con-
firmed, it will again be necessary to ask if the findings
are the cause of or the result of the pulmonary sepsis!
Immunological abnormalities contributing to

disease tend to be either defective immunological
responses or those of hypersensitivity. Defective
production of immunoglobulins or defective function
of T cells would predispose an individual to wide-
spread infection. There is no evidence of such de-
ficiencies in CF but there is evidence that there may
be a functional defect of local IgA production and
this may encourage excess IgE production. On the
contrary, there is much evidence of an overactive
immune system of CF. A high prevalence of positive
type 1 skin test reactions to common allergens and
A fumigatus together with type 3 responses in skin
and serum to A fumigatus have been reported
though again it is possible that these findings may
be the result of the disease process. Most patients
with CF have malabsorption and it is possible that
the mucosal defect allows food and bacterial
antigens to be absorbed and to sensitise the patient,
leading to excess IgE production. Patients with CF
are indeed exposed to more bacterial and phar-
maceutical antigens than axe fit individuals. It is an
unconventional but intriguing explanation that the
IgE producing cells may be stimulated as an
amplification system to back up the protective role
of IgA when the respiratory tract is challenged
with many bacterial antigens as it is in these patients
with severe lung infection. Such a theory would
explain the high prevalence of immediate type 1
skin test responses to common allergens and the
various immunological responses to A fumigatus. In
classical bronchopulmonary aspergillosis type 1
and type 3 skin tests and serum precipitins are found.
However, in CF some patients have precipitins
without positive skin test reactions. If the antigen
has access through the abnormal mucosal surface
of the gut in cystic fibrosis this may cause circu-
lating antibody to be produced without classical
skin sensitisation. In allergic bronchopulmonary
aspergillosis type 3 reactions to A fumigatus are
known to be tissue damaging. It may be that the
initial damage to the lung in CF is caused by
bacterial infection, but that once infection is
established then the lung damage becomes pro-
gressively worse as the result of cell-mediated
immune reactions to both bacterial and fungal
antigens.
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These features together with increased levels of
circulating immunoglobulins and the finding of
autoantibodies in the serum of these patients must
stimulate interest in the T cell subpopulations in CF.
No work has yet been published on this aspect of
the immune response in CF but it needs urgent
exploration. If there is some imbalance between
suppressor T and helper T cell activity in this
disease, this could account for many of the immuno-
logical features reported. If this imbalance results
in an overactive immune response which is itself
causing damage to the already infected lung of the
patient with CF, the logical conclusion might be
that patients with CF should be treated with steroids
or immunosuppressive agents early in life before
abnormal immune responses can cause tissue
damage. These methods of treatment would how-
ever be totally unacceptable without much stronger
supporting evidence.

MARGARET E HODSON
Cardiothoracic Institute

Brompton Hospital
London
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