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ABSTRACT

Bronchiectasis consists of irreversible dilatation of one or more
bronchi, usually manifested as persistent expectoration of purulent,
infected sputum. The guestion as to whether local cellular immune
responses in the bronchial wall might contribute to the inflammation
associated with bronchiectasis was addressed by comparing samples of
bronchial mucosa from bronchiectasis patients with those from controls
by immunohistochemical methods. Intense infiltration of mononuclear
cells was seen in bronchi from all bronchiectasis samples and was
organised into follicles in half of them. The major component of the
infiltrates was the T-lymphocyte but increments of monocyte/macrophages
were also seen. B-lymphocytes were only present in samples displaying
follicles. In the majority of samples the predominant T cell subset was
the CD8+. The T cells co-expressed activation markers and CD45RO
antigens. These findings suggest that in bronchiectasis a bronchial
cellular immune reaction forms part of the inflammatory response.

Further studies were performed using a new experimental model of
bronchiectasis in the pseudomonas infected rat, in which the bronchial
dilatation and histopathology are similar to human bronchiectasis. An
intense inflammatory reaction in the bronchial wall preceeded and
accompanied the development of the bronchiectasis, the main component
of which at the height of the inflammation was the T-lymphocyte.
Initially, infiltration of T cells was seen in the bronchus-associated
lymphoid tissue. In peribronchial areas the number of T cells increased
up to 8 weeks after the induction, with predominance of the CD8+
subset. The number of macrophages also increased, particularly in the
peribronchial areas. Increments in the expression of activation markers

on T cells also reflected the human disease. None of these changes were



seen in control rats, suggesting that, as in the human disease, a cell-
mediated immune reaction paralleled the development of experimental
bronchiectasis. In rats with bronchiectasis, significant increase in
footpad thickness was seen 48 hours after injection of pseudomonas
antigens suggestive of a type IV hypersensitivity reaction. Mononuclear
cells were isolated from rat lungs and tested in cytotoxic assays
against target cells and exhibited increased specific cytotoxicity when
compared with controls.

The findings described in this thesis suggest that acquired immune
mechanisms could play a role in the establishment and progression of

bronchiectasis.
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CHAPTER 1

A BACKGROUND TO BRONCHIECTASIS
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1.1 - HISTORY AND DEFINITIONS

Bronchiectasis is a chronic bronchopulmonary disease characterized
by irreversible dilatation of one or more bronchi, usually associated
with chronic purulent sputum production. The affected bronchi are the
seat of persistent inflammation, which may lead to scarring and
shrinkage of the lung and ultimately, in some cases, to cor pulmonale
and death or transplantation. The first clinicopathological description
of the disease was produced by Rene Laennec, the famous French
physician, in his classic treatise "De 1l’Auscultation Mediate ou Traite
du Diagnostique des Maladies des Poumon et du Coeur", published in
1819, which is generally regarded as the point of departure of Chest
Medicine as a subspeciality. In this work, apart from describing his
invention of a tubular, wooden instrument (forerunner of the modern
stethoscope) to be used as an aid to the auscultation of breath and
cardiac sounds, he described in chapter II, "Of Dilatation of Bronchi",
"...an organic lesion which I am now to notice, seems to have been
hitherto entirely overlooked both by the anatomist and the -
practitioner". The first two cases of what we now know of as
bronchiectasis had been brought to his attention in 1808 by Prof.
Cayol, to which he added another two cases. In the second edition of
his book, published in 1826, the year of his premature death from
tuberculosis, a more extended description of the pathology and clinical
correlations of the disease was produced. Laennec described the two
major types of bronchial dilatation recognized by modern pathologists:
cylindrical and saccular.

The term "bronchiectasis" was only introduced in 1846 by Swaine’s
translation of Hasse'’s book on diseases of the organs of circulation

and respiration (Cole, 1990). Most of the second half of the 19th
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century did not see any major advancement in knowledge or management of
the disease. In 1896, Killian reported the first successful use of
bronchoscopy and in 1907 Chevalier Jackson’s improved instruments and
techniques allowed the retrieval of foreign bodies lodged in the
airways and implicated in the development of bronchiectasis (Lindskog,
1986). The bronchoscope was then also used as a supplement for postural
drainage, aiding the aspiration of respiratory secretions. In 1901,
Heidenhaim in Germany reported the first successful partial lobectomy
for bronchiectasis, opening the field of surgical treatment for the
disease (Lindskog, 1986). However, the greatest improvement in the
diagnosis and management of bronchiectasis came in 1922 with the
introduction of bronchography, the contrasted radiography of the
bronchial tree with iodized poppy seed oil (Lipiodol) by Sicard and

Forestier. The method allowed for the first time in vivo

examination of affected lobes and helped in planning surgical and
conservative treatments.

The three decades after the introduction of bronchography may be
considered the Golden Age of bronchiectasis, with the publication of a
string of classic papers covering all major aspects of the disease.
However, the end of the Second World War heralded general improvement
in the living standards of the population. The introduction of
widespread vaccination against many viral and bacterial diseases
implicated in the development of bronchiectasis, and the advent of
chemotherapy against tuberculosis and nonspecific bacterial infections,
led to a steady decline both in the incidence of the disease and in the
interest of physicians and scientists (Barker & Bardana, 1988). Since

the classic paper of Whitwell in 1952, no major advance in the
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understanding of the pathogenesis of the disease occurred until the
early 1980s, when a renewed interest in the disease took place. The
identification of a progressive form of the disease (Cole, 1984) which
despite the most careful management was sometimes fatal prompted a
revival of the interest. More recently, a newly recognized association
between bronchiectasis and obliterative bronchiolitis in patients
undergoing heart-lung transplantation (Burke, Theodore, Dawkins et al,
1985) has helped to focus more attention on this condition.

The worldwide and local prevalence of the disease in 1990 is
unknown. The general impression is that since the 1950s the disease
has decreased dramatically. At least the so-called old-fashioned
bronchiectasis characterized by copious, foetid purulent sputum,
breathlessness and physical disability appears in decline. Lindskog
described a steady decline of admissions to the Department of Thoracic
Surgery at Yale University due to bronchiectasis from 8.7% of total
admissions in the five~year period 1947-1952 to 1.3% in 1967-1968
(Lindskog, 1986). The same was concluded from the data from five
paediatric hospitals described by Field in 1969, and was also discussed
by Ellis and colleagues (1981). This has led to a low index of clinical
suspicion and perhaps to underdiagnosis (Cole, 1989). However, the
disease has never ceased to be an important clinical problem in the

Third World (Le Roux, Mohlala, Odell et al, 1986).



1.2 - PATHOLOGY OF BRONCHIECTASIS

Since the days of Laennec, bronchiectasis has been defined mainly
on morphological grounds, and the pathological finding of irreversible
dilatation of a bronchus provides the ultimate diagnosis of the
condition. In practical terms, however, the clear correlation between
the pathological changes and the radiological findings of
bronchography, carefully described by Lynne Reid (1950), and more
recently the use of less invasive high-resolution computed tomography
(Cooke, Currie, Morgan et al, 1987; Munro, Cooke, Currie et al, 1990),
has allowed the management of bronchiectasis without the need for
pathological studies.

For the purposes of this thesis, however, the conventional
pathology of bronchiectasis is of great importance and this thesis will
begin by reviewing the classical ideas and descriptions of the
pathology of the condition. In his description of the dilatation of the
bronchi, Laennec in 1826 clearly describes the two major types of
bronchiectasis as recognized today by modern pathologists - cylindrical
and saccular. Over the years many other classifications of
bronchiectasis were attempted, mainly based on the shape of the dilated
bronchi, with some variations around the two basic types described by
Laennec. Ewart, in 1898, proposed three types: regular or cylindrical,
fusiform, globular or sacculated (cited by Reid, 1950). Roles and Todd
(1933) proposed five types: tubular, early fusiform, late fusiform,
fusosaccular, and saccular. In 1950, Lynne Reid simplified these
classifications to three basic types by correlating the pathological
changes with bronchographic findings: cylindrical, saccular or cystic,
and varicose. This classification, although very useful in practical

terms, did not correlate the morphology with possible aetiologies and
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histopathological changes.

The definitive study of the pathology of bronchiectasis was
published in 1952 by Whitwell. More than just a description of forms
and sizes, the author concentrated on a comprehensive approach to
macropathology and histopathology and their possible correlation with
aetiology, and with the pathogenesis of the condition. The large series
he studied, with 200 consecutive resection specimens, of which 180 were
carefully investigated pathologically and 20 were prepared as neoprene
bronchial casts, allowed him to quantitate the main changes and group
them according to their main characteristics. One of his important
observations was that bronchiectasis is not a single pathological
entity but a group of different conditions having bronchial dilatation
as a common factor. He was in some way ahead of his time when he stated
that, contrary to the belief of many of his contemporary physicians, he
regarded bronchiectasis as a destructive inflammatory process. The
majority of cases in his series were classified into three types of
bronchiectasis: follicular, saccular, and atelectatic. A large number
of cases, however, failed to fit into those three types and were left
unclassified.

His main contribution to the understanding of the pathogenesis of
bronchiectasis was the proposal of a new subgroup - follicular
bronchiectasis. Previous authors have mentioned the presence of
bronchial follicles in bronchiectasis but their significance has not
been studied (Whitwell, 1952). He also noted that the lymphoid tissue,
although prominent, was only part of an extensive mural inflammation.
The basic histopathological picture of follicular bronchiectasis is of

excessive vascularity of the subepithelial tissues, which are thicker
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than normal due to oedema, dilatation of the vessels, and aggregation
of lymphoid cells. The epithelium is usually ciliated columnar, with
various degrees of surface ulceration or squamous metaplasia. The
chronic inflammatory infiltration is composed mainly of plasma cells
and lymphocytes, and the lymphoid aggregates have the appearance of the
follicles of lymph nodes. Some lymphocytic aggregates are found
around the opening of mucus gland ducts and, when subepithelial, they
cause distortion and partial occlusion of the lumen, and stenosis of
the bronchial branchings. Bronchial supporting tissues such as the
elastic tissue, muscle and cartilage are affected and sometimes
extensively damaged, particularly near the follicles. The elastic
tissue is the first of the supporting structures to suffer and this is
a fundamental lesion in follicular bronchiectasis.

The second type described by Whitwell, saccular bronchiectasis, is
well recognized because its anatomical and bronchographic appearances
are very similar. One of his important observations about this type of
bronchiectasis was the presence of severe inflammatory changes in the
pre-saccular bronchi which, although not bronchiectatic, exhibit
striking histopathological changes. The saccular walls show less marked
inflammation and are composed of dense fibrous tissue which contains no
elastic tissue, muscle or cartilage. He proved that these sacs are a
direct continuation of large bronchi.

The third type he called atelectatic bronchiectasis. The
pathological findings were varied, from moderate inflammation without
any destruction of supporting tissues to severe inflammatory changes

with epithelial ulceration and destruction of the supporting tissues.
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1.3 - EVOLUTION OF IDEAS ABOUT THE AETIOLOGY AND PATHOGENESIS
OF BRONCHIECTASIS

Of all aspects of bronchiectasis, its pathogenesis is the one
promoting most confusion and disagreement between authors. Since the
early days of Laennec to modern times, conflicting ideas of how
bronchiectasis evolves have been put forward. Laennec devoted only a
few lines to this theme in his classic book. He apparently conceived
the so called dilatation theory, according to which retention of
secretions would provoke the bronchus to dilate. He also had some idea
about the so called traction theory, which presumes that the
organization and resulting contraction of parenchymal exudates, which
occur in certain types of pneumonitis, exert a relentless pull and
dilate contiguous bronchi (Lindskog, 1986). The dilatation theory
proposed by Laennec was discredited by Williams as early as 1838 who
argued that most patients with copious sputum do not develop
dilatation, and many patients with bronchiectasis have little sputum.

The 20th Century saw many different ideas advanced to explain the
formation of bronchiectasis. The real turning point was the now classic
dissertation by Whitwell published in 1952, in which he reviewed the
main concepts, and proposed a system of ideas based upon the
observation of clinical and pathological changes of a large series of
cases. Whitwell could not find a pathological basis for the traction
theory. He also ruled out the possibility that peripheral bronchial
obstruction and alveolar absorption collapse, a much cherished theory
of pathogenesis, was implicated in the formation of the bronchial
dilatations, because obstruction of peripheral bronchi was always
present in cases of follicular and saccular bronchiectasis but

absorption collapse was absent in 90% of specimens. In the 10% of
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specimens where absorption collapse was found, it affected whole lobes,
not lobules or segments.

Whitwell related the advent of follicular bronchiectasis to the
occurrence of viral and/or bacterial infections in early childhood, a
sequel to pertussis, measles or primary bronchopneumonia. In the case
of saccular bronchiectasis, he combined the "traction™ and "dilatation"
theories to explain the advent of the saccules. Persistent inflammation
leads to the replacement of the original bronchial structures by
fibrosis and destruction of the supporting tissues. The saccules are
then distended by the retained pus, their internal pressure raised by
the partial occlusion of the pre-saccular bronchi, thus resulting in
permanent damage. In the pathogenesis of atelectatic bronchiectasis he
suggested a role for mechanical factors, such as bronchial obstruction.

In summary, according to Whitwell acquired bronchiectasis, which
was responsible for more than 90% of cases of his series, would be
generated by the combination of different factors, such as infection
and obstruction, inflammation, and to a lesser degree, fibrosis

associated with traction, and dilatation.



1.4 - MODERN IDEAS ABOUT THE PATHOGENESIS OF BRONCHIECTASIS:
THE "VICIOUS CIRCLE" HYPOTHESIS

Between 1980 and 1984 a new hypothesis for the pathogenesis of the
disease was proposed by Cole. Over a period of five years, he observed
more than 300 patients complaining of daily production of infected
gputum and coined the term chronic bronchial sepsis for this condition.
Many of these patients proved to have bronchiectasis and the clinical
data originating from this group were very intriguing: the patients
were relatively young, slightly more frequently women, mainly never- or
ex-smokers and often had associated sinusitis and purulent posterior
nasal discharge. Culture of their sputa showed the presence of
relatively avirulent microorganisms, such as non-capsulated Haemophilus
influenzae. The majority of these patients responded to the presence of
these microbes in the airways by mounting an exuberant local and
systemic immune response, with more than 75% of them possessing raised
levels of serum immunoglobulins. He concluded that these patients,
rather than presenting a syndrome of classical immunity deficiency,
were mounting an appropriate immune response to normaly absent
intrabronchial microorganisms, or even an over-response, as suggested
by the appearance of auto-antibodies in some or association with
autoimmuné diseases. A considerable number of patients presented a
progressive form of the disease that led to scarring and shrinkage of
the lung, and finally cor pulmonale and death (Cole, 1980; 1984).

Based on these observations, Cole disputed the dogma that the
microorganisms present in the affected bronchial tree were infecting
the patient in an invasive manner such as in pneumonia. He asked the
question as to whether the microorganisms in this condition were in

fact directly damaging the lung or whether the damage was mediated



indirectely by the host’s normally protective inflammatory response to
the colonising microbes (Cole, 1984). He then proposed a "vicious
circle" hypothesis (Fig. 1.1), by which the lesions seen in
bronchiectasis are the result of a sequence of host-mediated biological
events stimulated by the avirulent colonising microbes which, although
intended to protect the lung’s integrity against insults, in fact
damage the lung and impair its defence mechanisms. Thus increasing
colonisation by microorganisms in turn elicits more, and chronic, host-
mediated inflammation - and hence a "vicious circle" with resulting
progressive lung damage.

This hypothesis set out a convenient framework for investigating
the various components that might play a role in the pathogenesis of
the disease. In the few years that have followed the publication of

this hypothesis, data has accrued which, in the main, support it.

1.4.1 - INITIAL INSULTS

The "vicious circle" hypothesis supposes that an initial event
compromises the first-line sinobronchial defence mechanism of
mucociliary clearance, resulting in mucus and microorganisms remaining
within the respiratory tract for longer than normal (Cole, 1990). This
initial insult could be environmental, including infection, or a
primary genetic condition - or an environmental trigger event on the

background of a genetic condition.

1.4.1.1 - Infection
For a long time an initial episode of infection has been suspected

as associated with bronchiectasis. Large numbers of patients relate the
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beginning of their symptoms to a severe episode of viral or bacterial
infection, often in the early years of life. This could directly
damage bronchial supporting tissues, well exemplified in the case of
post-tuberculosis bronchiectasis (Rosenzweig & Stead, 1966) or could
act by triggering inflammatory processes in susceptible patients,
resulting in progressive disease. Whitwell correlated the onset of the
follicular form of bronchiectasis to a previous episode of measles,
pertussis or primary pneumonia (Whitwell, 1952), and stressed its
histopathological similarity to some forms of adenoviral infections in
animals. Becroft (1971) studied the relationship of an outbreak of
adenovirus infection with the emergence of bronchiectasis in a group of
children in New Zealand. Recent studies employing in situ hybridization
failed to find adenovirus in bronchiectasis samples (Hogg, Irving,
Porter et al, 1989). However, they used relatively insensitive
molecular techniques and use of the polymerase chain reaction is
required before this possibility is discounted.

Cole (1990) describes at least five ways by which microorganisms
can directly damage host mucociliary clearance. These mechanisms can
contribute both to the initial insult and/or to the aggravation of
previous damage, with progression of the lesions: 1) inhibition of
ciliary function by bacterial compounds such as the phenazine pigments
of Pseudomonas aeruginosa (Wilson, Pitt, Taylor et al, 1987) or

pneumolysin from Streptoccocus pneumoniae (Steinfort, Wilson, Mitchell

et al, 1989); 2) direct toxic effects by some bacterial compounds
leading to destruction of ciliated epithelium (Read, Wilson, Rutman et
al, 1991); 3) inhibition of mucus transport (Munro, Barker, Rutman et
al, 1989); 4) inhibition of ion transport in ciliated epithelium

(Stutts, Schwab, Chen et al, 1986); and 5) stimulation of mucus
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secretion (Somerville, Rutmsn, Wilson et al, 1991). All these
impair the first-line defence mechanism of mucociliary transport,
inducing a kind of mechanical obstruction in a similar way to other

mechanisms to be discussed below.

1.4.1.2 - Primary Genetic Conditions

In some genetic conditions mucociliary clearance of the bronchial
tree is impaired by a defect in a particular component of this first
line defence mechanism. The best studied conditions are primary ciliary
dyskinesia and cystic fibrosis.

Primary Ciliary Dyskinesia (PCD) is an inherited disorder
characterised by a defect in the axonemal structure of the cilia,
leading to ciliary dysfunction throughout the body (Rubin, 1988). In
approximately half of the patients with PCD, the ciliary defect is
associated with bronchiectasis, sinusitis, dextrocardia or situs
inversus totalis, which is known as Kartagener’'s syndrome (Kartagener,
1933). The male patients usually suffer from infertility since the
sperm tail structure is similar to that of cilia.

Cystic Fibrosis (CF) is a well studied genetic abnormality, the
defective gene responsible for which has been recently cloned (Rommens,
Ianuzzi, Kerem et al, 1989). The clinical picture is almost certainly
caused by abnormal regulation of epithelial cell ion transport which
causes very viscid secretions in the respiratory and gastrointestinal
tracts. The abnormally viscid mucus impedes mucociliary transport
(Rutland & Cole, 1981), and appears to facilitate microbial
colonisation of the bronchial tree, particularly with Pseudomonas

aeruginosa, leading to severe bronchiectasis. At birth CF patients have
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virtually normal bronchopulmonary structures, but with the passage of
time a large proportion develop bronchiectasis. Ultimately,
cardiopulmonary failure supervenes, with death, or heart-lung
transplantation at a relatively young age.

Other conditions which generate bronchiectasis are: the aspiration
of foreign bodies followed by their impaction in the bronchial tree
(Denney, Berkas, Snider et al, 1968; Kurklu, Williams & Le Roux, 1973),
and other mechanical obstructions provoked by endobronchial tumours,
such as lipomas (MacArthur, Cheung & Spiro, 1977), teratomas (Bateson,
Hayes & Woo-Ming, 1968), and carcinomas (Chiu & Campbell, 1973). It is
stressed by all authors, though, that superimposed infection is
essential for the subsequent development of the bronchial abnormality.

In these conditions, as well as in the others described above, it
is clear that the association of obstruction, generated by the
defective mucociliary clearance, and infection are of paramount
importance for the development of bronchiectasis. Since the pioneering
experimental work of Tannenberg and Pinner (1942) it is known that it
is possible to induce bronchiectasis in laboratory animals by inducing
a combination of these two factors, bronchial obstruction and

infection.

1.4.2 - THE HOST’'S INFLAMMATORY RESPONSES

The "vicious circle" hypothesis suggests that failure to eliminate
bacteria from the bronchial tree by such mechanisms as those referred
to above facilitates colonisation of the bronchi by microorganisms.
This bacterial load stimulates a host response of inflammation which is
unsuccessful in eliminating the microbes and therefore becomes chronic,

leading to more and permanent damage to the bronchial wall and



surrounding lung tissues. Hence, Cole (1984) proposed that the host
mediated inflammatory reactions were an integral part of the chain of
events leading to the generation of bronchiectasis. The host-mediated
inflammatory reaction can be studied with respect to its nonspecific
and its immunologic components.

The nonspecific component of inflammation has been carefully
studied over the past decade. The basis for the understanding of this
component lies in the fact that microbial products (Ras, Wilson, Todd
et al, 1990) but also products of the host’s inflammatory response,
such as C5a (Jose, Forrest & Williams, 1983) have the capacity to
attract polymorphonuclear neutrophil leukocytes to sites of
inflammation. Often bronchiectasis is associated with production by the
patient of large amounts of sputum, usually purulent - this represents
the debris of the neutrophil influx attracted to the bronchial lumen.
It has been demonstrated that large numbers of neutrophils are
attracted to the affected bronchus in severe cases of active
bronchiectasis by radiolabelling granulocytes from the blood of
bronchiectatic patients with 111-Indium and reinjecting them into the
circulation (Currie, Peters, George et al, 1988; Currie, Peters,
Garbett et al, 1990). To fulfil their role as professional phagocytes,
neutrophils possess a number of potent proteolytic enzymes and generate
a variety of oxygen radicals. Presumably it would require only small
amounts of those agents released from each cell to produce severe
damage to host tissue in view of the large cell traffic involved.

One of the best studied of these proteolytic enzymes is
neutrophil elastase. It has been shown that this enzyme can produce

mucus gland hyperplasia in animals (Snider, Lucey, Christensen et al,
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1984; Snider, Stone, Lucey et al, 1985; Snider, 1986), damage to
epithelium (Tegner, Ohlsson, Toremalm et al, 1979; Amitani, Wilson,
Rutman et al, 1991), reduction of ciliary beat frequency (Smallman,
Hill & Stockley, 1984; Sykes, Wilson, Greenstone et al, 1987) and that
these effects can be abolished by the addition of specific inhibitor of
the enzyme. The fact that neutrophil elastase activity is usually found
in the secretions of patients with bronchiectasis (Stockley, 1984;
Stockley, Shaw, Afford et al, 1988) prompts these authors to suggest
that it is the main pathogenetic component of bronchiectasis. The
finding of increased degradation products of elastin in the sputa of
patients with bronchiectasis associated with cystic fibrosis was also
taken as evidence of the role of neutrophil elastase in the genesis of
the condition (Bruce, Poncz & Klinger, 1985).

In contrast, the cellular immunologic component of the
inflammation associated with bronchiectasis has received practically no
attention and is the subject of this thesis.

FIG. 1.1

THE "VICIOUS CIRCLE" HYPOTHESIS
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The diagram represents the "vicious circle" of events occurring when
the mucociliary clarance mechanisms are initially compromised, leading

to bronchiectasis (Cole, 1990)
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1.5 - THE BRONCHUS IS PART OF THE MUCOSAL IMMUNE SYSTEM

The concept of a common mucosal immune system is relatively
recent. Its starting point was the work of Hanson (1961) who described
the presence in milk of a novel immunoglobulin, then called serum
beta2-alpha globulin. Some years later, Tomasi and co-workers (1965)
discovered that this same molecule was found in combination with a
polypeptide, now called secretory component, secreted locally by
mucosal surfaces, and forming the so called secretory immunoglobulin A.
They found this molecule to be the main immunoglobulin present in
secretions and on mucosal surfaces.

Much of the knowledge in this field is derived from observations
in the gut, eg. the morphology and function of Peyer’s patches and
other gut-associated lymphoid tissue, the phenotype of the
intraepithelial lymphocytes, etc. A substantial contribution to the
concept of the common mucosal immune system derives, however, from the
observations of Bienenstock and associates in the respiratory tract.
Analysing the effect of the introduction of immune complexes into the
airways of rabbits they noticed lymphoid tissue within the bronchial
wall that bore a striking morphological resemblance to the Peyer’s
patches within the intestine. They called it bronchus-associated
lymphoid tissue or BALT (Bienenstock, Johnson & Perey, 1973a, b;
Bienenstock & Johnson, 1976; Bienenstock, McDermott & Befus, 1979;
Bienenstock & Befus, 1980; Bienenstock, McDermott & Befus, 1982;
Bienenstock & Befus, 1984). In the years that followed, other mucosal
surfaces were shown to possess similar structures and the concept of a
common mucosal immune system, pioneered by Bienenstock and others, was
clearly reinforced. The main components of this system are: gut, upper

and lower respiratory tract, mammary glands, conjunctiva, middle ear,
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parts of the urogenital tract, and salivary glands.

1.5.1 - DISTRIBUTION AND ORGANIZATION OF IMMUNOCOMPETENT CELLS IN
THE BRONCHUS

The lymphoid tissue in the mucosal sites consists of both
loosely distributed lymphocytes and those organized into follicles and
lymphoid aggregates. A certain compartmentalisation can be established,
with a very distinctive lymphoid population found in the epithelium.
It is mainly composed of T lymphocytes with suppressor/cytotoxic
function (Selby, Janossy & Jewell, 1981; Ernst, Befus & Bienenstock,
1985) and has been considered to play a key role in the regulation
of the epithelium itself, considering the observations by Miller and
Nawa (1979) that T cells can regulate goblet cells numbers in the
epithelium and their secretory activity. Recently many observations
have been published on the structure and function of the T Cell Antigen
Receptor (TCR) isotypes (Brenner, Mclean, Dyalinas et al, 1986;
Brenner, Mclean, Scheft et al, 1987; Fitch, Lancki & Havran, 1988;
Campana, Janossy, Counstan-Smith et al, 1989; Strominger, 1989),
particularly on the characterization of the gamma/delta TCR isotype
(Campana, 1989; Fallini, Flenghi, Pileri et al, 1989; Spencer,
Isaacson, Diss et al, 1989; Ullrich, Schieferdecker, Ziegler et al,
1990; Inghirami, Zhu, Chess et al, 1990), with emphasis on their
distribution in the gut epithelium. As yet, no information is available
on the phenotype of the bronchial intraepithelial lymphocyte regarding
the distribution of TCR isotypes.

In the bronchial lamina propria and submucosa, B and T cells are

loosely distributed, with a predominance of the latter. The B cells



express predominantly IgA (60%) but IgG, IgM, and IgE can also been
found (Bienenstock, 1984).

The lymphoid tissue for which Bienenstock coined the term
bronchus-associated lymphoid tissue or BALT (Bienenstock, 1984) is a
highly organized structure present in various amounts in different
avian and mammalian species. It is easily distinguishable in the lungs
of birds, rabbits and rats, less so in guinea-pigs, dogs and humans.
Controversy still exists about the very existence of these structures
in man (Berman, 1990; Pabst & Gehrke, 1990) but it is likely that they
can play a role in the human species (Bienenstock, 1984). The magnitude
of development of the BALT appears to correlate with the degree of
antigenic stimulation of the bronchial mucosa (Kaltreider, 1984).

The BALT consists of lymphoid follicles that lack germinal centres
and capsules. It is covered by a specialised epithelium called
lymphoepithelium, composed of a flat epithelium devoid of cilia or
goblet cells, and heavily infiltrated by lymphocytes. The presence of
the lymphoepithelium is essential to distinguish the BALT from other
lymphoid aggregates. The M cells described in Peyer’s patches can also
be found in the lymphoepithelium of the BALT (Bienenstock, 1984). Both
arterioles and venules can be seen forming an extensive capillary
network but the main vascular component is the high endothelium post-
capillary venule through which lymphocytes and lymphoblasts migrate.
Circulating lymphocytes have special homing receptors for this
endothelium (Otsuki, Ito & Magari, 1989). Efferent but not afferent
lymph vessels can be identified in BALT (Plesch, 1982). The BALT itself
consists of a reticulin network filled with lymphocytes and
macrophages. The follicles contain mainly B cells with varying

proportions of immunoglobulins according to the species and antigenic



exposure. The parafollicular area lateral to the follicles is a T-
dependent area, consisting of about 20% of the total number of BALT

cells (Bienenstock, 1984).

1.5.2 - BRONCHIAL IMMUNITY

It is known that epithelial surfaces play a key role in the
interaction between the external and internal milieu and the bronchus
is no exception. The bronchial mucosa is constantly challenged
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