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Endocrine cells in diffuse pulmonary fibrosis
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Abstract
Background-There is evidence to sug-
gest, particularly from studies in ani-
mals, that the products of pulmonary
endocrine cells, especially gastrin releas-
ing peptide, may have a role in the
pathogenesis of fibrosis in the lung. This
study was carried out to examine the
morphology, number, distribution, and
content of pulmonary endocrine cells in
tissue from 49 patients with diffuse pul-
monary fibrosis.
Methods-Twenty patients with intersti-
tial pneumonitis, 17 with early fibrosis,
and 12 with frank honeycombing were
studied, together with five age matched
controls without pulmonary disease.
Endocrine cells were immunolabelled by
the avidin-biotin complex method for
two general markers (protein gene prod-
uct 9*5 and neuron specific enolase) and
a range ofnormal and aberrant secretory
products.
Results-In the early stages, charac-
terised by vigorous pneumonitis,
endocrine cells were normal in appear-
ance and distribution but very few in
number. They contained only those
secretory products normally found in
such cells in health; inappropriate sub-
stances were not seen. By the time of
early fibrosis endocrine cells were even
fewer. None were identifiable in the lungs
affected by honeycombing, despite the
fact that all contained intact, well pre-
served epithelium.
Conclusions-It seems unlikely that the
products of pulmonary endocrine cells
can have any role in the pathogenesis of
diffuse pulmonary fibrosis in man, the
diminution in their number with advanc-
ing fibrosis probably reflecting their loss
simply as a consequence of generalised
epithelial damage.

(Thorax 1993;48:1252-1256)

The roles of pulmonary endocrine cells in
healthy and diseased lungs remain unclear,
but they are almost certainly involved in
either the pathogenesis of, or response to, a
range of pulmonary diseases.' One condition
in which they may perform an important
function is pulmonary fibrosis, which occurs
commonly in human lungs affected by
various diseases.2

Increased numbers of pulmonary
endocrine cells are found in rats when pul-
monary fibrosis is induced by asbestos,34 and
the same phenomenon has been described in
man around areas of non-specific localised
fibrosis in which aberrant substances may
appear within them.57 In addition, pul-
monary endocrine cell proliferation has been
observed in conditions such as infantile
bronchopulmonary dysplasia8 and pulmonary
eosinophilic granuloma9 in which fibrosis is a
feature of the disease process. One of the
products of these cells, gastrin releasing
peptide, is a powerful mitogen for fibroblasts
in vitro.'0 It has been suggested that release of
gastrin releasing peptide from proliferating
endocrine cells in situations such as these
may be important in stimulating fibro-
genesis.8 We have investigated the morphol-
ogy, number, distribution, and content of
pulmonary endocrine cells in human lungs in
the various stages of development of diffuse
pulmonary fibrosis.

Methods
Fifty four pairs of lungs were studied, all
obtained at necropsy. Five were control lungs
unaffected by pulmonary disease, and 20
were lungs affected by pneumonitis of inde-
terminate cause in which the pulmonary
interstitium was infiltrated by chronic inflam-
matory cells but showed no evidence of fibro-
sis. A further 17 were affected by grade 2 and
grade 3 interstitial fibrosis in which the inter-
stitium was thickened by the deposition of
collagen. These were also of indeterminate
cause. A final group of 12 patients had grade
4 fibrosis with frank honeycombing. All 12
patients with honeycomb lung died of their
disease but, in the remaining 37 subjects with
either pneumonitis or early fibrosis, the
causes of death were wide ranging and unre-
lated to the pulmonary disease; the cases in
question were taken from an archive stretch-
ing back many years. It was access to this
archive that allowed us to obtain relatively
large amounts of tissue from subjects with
pneumonitis and early fibrosis; usually this
comes to the pathologist only as pulmonary
biopsy tissue. In four pairs of honeycomb
lungs resulting from asbestosis, asbestos
fibres were numerous in all sections studied
but were not seen in the tissue from any of
the other lungs.
Ten blocks of tissue were taken from each

pair of lungs, two from the mid zone of each
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lobe, and fixed in 10% neutral buffered for-
malin and embedded in paraffin wax.
Sections were stained with haematoxylin and
eosin and examined by light microscopy to
ascertain the stage of fibrosis. Closely
adjacent sections were immunochemically
labelled by the avidin-biotin complex tech-
nique" for neuron-specific enolase and pro-
tein gene product 9 5-general markers for
cells of the diffuse endocrine system'2 "-and
for a range of their secretory products. These
included substances established as products
of normal human pulmonary endocrine cells
(gastrin releasing peptide, calcitonin, calci-
tonin gene-related peptide, and serotonin),
together with several products which have
been described in pulmonary endocrine cells
in diseased lungs.5 7 The latter included
adrenocorticotrophin, somatostatin, leucine
enkephalin, growth hormone and arginine
vasopressin.

Following treatment with hydrogen per-
oxide in methanol to inactivate endogenous
peroxidase and with normal swine serum
to prevent non-specific binding of antibody,
sections were incubated with the primary
antiserum for a variable period of time,
dependent upon the nature and concentra-
tion of the antiserum being used. This
was then linked to avidin-biotin complex
by biotin-conjugated donkey antirabbit
immunoglobulin. The chromogen used was
3',3'-diaminobenzidine tetrahydrochloride.
Appropriate positive and negative tissue con-
trols were employed in all cases. The source,
working dilution, incubation period, and
nature of the control tissues for each of the
primary antisera are shown in the table.

Immunolabelled sections were examined
by light microscopy and the morphology, dis-
tribution, and content of endocrine cells were
noted.

There are various ways in which pul-
monary endocrine cells can be quantitated.'
The most accurate is to express their number

in terms of the total epithelial population
(endocrine cells/10 000 epithelial cells) or
unit length of epithelium (endocrine cells/cm
epithelium) but, providing sampling is consis-
tent and the lungs being studied are all col-
lapsed or distended to the same extent,
expressing cells per cm2 tissue section is quite
appropriate. All blocks used in this study
were taken from the mid zones of the pul-
monary lobes so that, apart from those in
which honeycombing had destroyed the pul-
monary architecture, all contained sections of
intrapulmonary bronchi and terminal and res-
piratory bronchioles in generally equivalent
proportions, together with a considerable
amount of parenchyma. In addition, our pre-
vious studies of endocrine cells in diseased
lungs have shown that, when they increase in
number, they appear with some frequency in
alveolar ducts and alveoli, whereas in normal
lungs they are usually absent.' In this location
they are impossible to quantitate in terms of
epithelial cells or epithelial length, and the
only appropriate method of assessing their
number is to express them per cm2. For these
reasons it was considered appropriate to
express endocrine cells per cm2 of tissue section.

Results
Immunolabelling for neuron-specific enolase
and protein gene product 9-5 revealed
endocrine cells in the control lungs to be reg-
ularly but sparsely distributed throughout the
pulmonary tree, although they were most
prevalent in small intrapulmonary bronchi
and none were identified in parenchyma.
Most were solitary cells; only three clusters
were seen in all 10 lungs examined. The
number of cells in these five pairs of lungs
ranged from 7 to 15/cm2 tissue section with a
mean of 10. About 60% of them contained
gastrin releasing peptide and almost all of the
rest calcitonin. No aberrant peptides were
identified. This picture is typical of that seen
in healthy adult human lungs.'

Details of antisera used in study

Antigen

Neuron-specific enolase

Protein gene product 9-5

Gastrin releasing peptide

Calcitonin

Calcitonin gene-related
peptide

Serotonin

Adrenocorticotrophin

Somatostatin

Leucine enkephalin

Growth hormone

Arginine vasopressin

Source of antiserum

Dako Corporation
High Wycombe, Bucks, UK
Biogenesis
Bournemouth, UK
Peninsula Laboratories
St Helens, Merseyside, UK
Dako Corporation
High Wycombe, Bucks, UK

Peninsula Laboratories
St Helens, Merseyside, UK

Peninsula Laboratories
St Helens, Merseyside, UK
Dako Corporation
High Wycombe, Bucks, UK
Seralab
Crawley Down, Sussex, UK
CRB
Northwich, Cheshire, UK
Dako Corporation
High Wycombe, Bucks, UK
ICN Biochemicals
High Wycombe, Bucks, UK

Working
dilution

1:200

1:2000

1:4000

1:2000

Control
Incubation tissue

45 min Human pancreas

Overnight (18 h) Human pancreas

Overnight (18 h) Human fetal lung

45 min

1:4800 45 min

1:1000

1:1000

1:1600

1:800

1:800

1:2000

45 min

45 min

45 min

45 min

45 min

45 min

Medullary
carcinoma
of thyroid
Medullary
carcinoma
of thyroid
Human ileum

Human
adenohypophysis
Human pancreas

Human adrenal
medulla
Human
adenohypophysis
Human
neurohypophysis
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Figure I Typical appearances of the three groups of diseased lungs studied: (a) early
stage ofpneumonitis with, in this case, a prominent desquamative component; (b) earl
fibrosis of alveolar walls; and (c) lowerpower view ofa typical example ofcoarsefibro
with honeycombing. Haematoxylin and eosin; original magnification x 700; x 550;
x 50, increased to 114% during origination

Endocrine cells were identified in just four
of the 20 pairs of lungs affected by pneu-
monitis (fig la). In these four cases the cells
contained gastrin releasing peptide, or calci-
tonin, or both; no inappropriate secretory
products were identified. They were individu-
ally normal (fig 2) and distributed regularly

but sparsely, a picture indistinguishable from
that seen in the control lungs. In one case
there was a single, localised area in which
there was a significant increase in their num-
ber (fig 3), but this was associated with an
area of pneumonic consolidation. When just
the four pairs of lungs in which endocrine
cells were found were considered, their num-
bers ranged from 4-21/cm2 with a mean of
10/cm2 tissue section. When the whole group
of 20 showing pneumonitis was considered
the mean was two cells/cm2 tissue.

In three of the 17 pairs of lungs affected by
early interstitial fibrosis (fig lb) endocrine
cells were again normal in morphology and
distribution and contained the same two pep-
tides as were found in the lungs affected by
pneumonitis. Other secretory products could
not be shown. No cells were seen in the tissue
from the remaining 14 pairs of lungs affected
by interstitial fibrosis. When just the three
pairs with identifiable endocrine cells were
considered, they contained between six and
eight endocrine cells/cm2 with a mean of
seven. When all 17 were considered, the
mean was just one.
No pulmonary endocrine cells were identi-

fied in any of the 12 cases of "honeycomb
lung" (fig lc) despite the fact that all con-
tained numerous strips of well preserved
epithelium lining the abnormal spaces (fig 4).

Discussion
In conditions in which diffuse pulmonary
fibrosis arises details of the underlying fibro-
genic process are poorly understood,
although stimulation of fibroblast activity is a
key step and a number of different mecha-
nisms and chemical mediators has been pro-
posed.2 One possible mediator is gastrin
releasing peptide, the mammalian equivalent
of bombesin, which is a powerful mitogen for
3T3 fibroblasts in vitro.'0 For example, Day
et al'4 1' have shown a 2-2-5 times increase in
the levels of extractable bombesin in the
lungs of rats exposed to asbestos, and studies
of pulmonary endocrine cells in animals simi-
larly exposed describe changes which also
suggest a role for their products in pulmonary
fibrosis. Thus, Johnson et al3 and Sheppard et
at4 have described increased numbers of these
cells, identified by electron microscopy and
immunolabelling for neuron-specific enolase
respectively, in the fibrotic lungs of rats with
experimentally induced asbestosis.

It is tempting to associate proliferation of
pulmonary endocrine cells and elevated levels
of extractable bombesin with the develop-
ment of fibrosis, but there are problems with
this hypothesis. For example, the elevation of
levels of extractable bombesin reported by
Day et al'41' occurred not when fibrogenesis
was most active, but after 6-9 months of
exposure when it was well established. In
addition, and more fundamentally, no
bombesin-like peptide has yet been identified
in the pulmonary endocrine cells of rodents,
and its source in the above studies is unclear.

Results of studies of naturally occurring
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Figure 3 Intermpted row of endocrine cells in epithelium lining an inflamed airway in an

area ofpneumonia. Avidin-biotin complex for neuron-specific enolase; original
magnification x 550, increased to 122% during origination.

Figure 4 Strip of intact epithelium lining an abnormal space in a "honeycomb" lung.
Despite the prevalence of such intact epithelium in these lungs, no endocrine cells were

identifiable. Avidin-biotin complex for neuron-specific enolase; original magnification
x 550, increased to 136% during origination.

respiratory disease in man have also been

interpreted as supporting a role for gastrin

releasing peptide in pulmonary fibrogenesis.
In bronchopulmonary dysplasia, for example,
a condition of infancy in which fibrosis is a

prominent feature, Johnson et a18 have shown

a three fold increase in pulmonary endocrine

cells containing gastrin releasing peptide.

Aguayo et a19 found a tenfold increase in

pulmonary endocrine cells with bombesin-
like immunoreactivity compared with con-
trols in adults with eosinophilic granuloma.
Tsutsumi et all found a proliferation of gas-
trin releasing peptide-containing endocrine
cells in four out of nine lungs containing
areas of non-specific fibrosis.

In the light of the results of these previous
investigations, the paucity of endocrine cells
in the lungs affected by pneumonitis and
interstitial fibrosis and their absence from
those destroyed by end stage fibrosis in the
present study seems initially difficult to
explain. It is possible that the methods we
used to identify these cells failed to do so, but
this is highly unlikely, both protein gene
product 9-5 and neuron-specific enolase
being excellent labels for them.' It is possible
also that our sampling was responsible, the
airways and parenchyma contained in the sec-
tions we examined being unrepresentative.
However, all sections contained well pre-
served lengths of epithelium, even those from
the lungs with honeycombing, and the classes
of airways included in them are relatively well
endowed with endocrine cells in normal
lungs, notwithstanding the well documented
variability in their concentration at different
levels of the respiratory tree.'

It is interesting to note that Aguayo et al19
were also unable to show any significant
increase in pulmonary endocrine cells in the
lungs of eight patients with idiopathic diffuse
pulmonary fibrosis which were included in
their study of eosinophilic granuloma.
Indeed, in their investigation these were actu-
ally used as controls.
We believe it is probable that the pul-

monary endocrine system and the peptides it
secretes are involved, not in fibrosis, but in
the response to infection in the lung and the
regeneration of damaged pulmonary tissues.
In nearly all the conditions in which increased
numbers of these cells have been described in
human lungs, either acute or chronic inflam-
mation due to infection or, more often, vigor-
ous regeneration, especially of epithelium,
have been present. Indeed, in the present
study the single focus of endocrine cell prolif-
eration that we identified surrounded, and
was strictly localised to, an area of infective
consolidation.
The paucity of endocrine cells in the lungs

affected by pneumonitis and early interstitial
fibrosis in the present study is probably
simply a reflection of epithelial damage. The
absence of these cells from the epithelium
lining the abnormal air spaces in the lungs
affected by honeycombing is interesting and
has not been previously noted. Perhaps it
reflects the abnormal envirornment in which
this epithelium exists.

Nowhere, to our knowledge, have changes
in the human pulmonary endocrine system
been described in lungs affected by sterile
inflammation or purely by fibrosis, and stud-
ies in animals are simply not comparable. A
role for the products of pulmonary endocrine
cells in inducing pulmonary fibrosis in man
seems unlikely.
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