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Pulmonary neuroendocrine cells, identified by their positive immunochemical reaction
for neurone specific enolase, were readily demonstrable and uniformly distributed in 15 pairs of
normal adult human lungs. About 65% contained gastrin releasing peptide and nearly all the rest
contained calcitonin. Leucine-enkephalin was not found. Serotonin containing cells were few, and
cells immunoreactive for adrenocorticotrophin and antidiuretic hormone were absent. About one in
10 cells was argyrophilic, and costorage of peptides was not seen.
ABSTRACT

Introduction
Pulmonary neuroendocrine cells in normal subjects
are thought to contain the three peptides calcitonin,'
gastrin releasing peptide (the mammalian analogue
of bombesin),2 and leucine-enkephalin,3 and the amine
5-hydroxytryptamine (5-HT; serotonin).4 These cells
may be solitary5 or form clusters,6 which are termed
neuroepithelial bodies 7if innervated. Because of their
sparsity and lack of quantitative data on their distribution, and because many different methods have
been used to identify them, misconceptions have
arisen about the cells and basic questions about their
function remain unanswered. Moreover, despite
accumulating evidence to the contrary,8 there is a
widely held belief that their role is largely confined to
fetal and neonatal life, and that in the adult they are of
little importance.
We have previously reported finding a remarkably
uniform number and distribution of calcitonin containing cells in normal adults.9 The aim of the present
study was to quantify further the population of
pulmonary endocrine cells according to their content
of peptide or amine, and to relate peptide or amine
content to argyrophilia and positive staining for
neurone specific enolase, a marker for neuroendocrine
cells.'" In addition, we have sought the presence within
these cells of adrenocorticotrophin (ACTH) and
antidiuretic hormone (arginine-vasopressin). These
two peptides have not been described in normal lungs
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but are frequently secreted by bronchial neuroendocrine neoplasms and by pulmonary tissue affected
by inflammatory disease." '3
Methods

Details of the immunolabelling and quantification of
neuroendocrine cells have been given previously.9
Material was obtained from 15 adults with no evidence
of any appreciable pulmonary disease coming to
necropsy within 18 hours of death. Seven were female
and eight male, and the mean age was 75 years. The
lungs were distended with Bouin's solution via the
trachea, and fixed for 24 hours. About 90 blocks were
taken from each pair of lungs, from the mid trachea to
the subpleural parenchyma.
Adjacent sections were cut from paraffin wax blocks
and antigens detected by the peroxidase-antiperoxidase method.'4 Sources and dilutions of all
primary antisera are shown in table 1 together with
control tissues used. Incubation was for 18 hours at
4°C. Liquid phase absorption studies were performed
in which increasing amounts of antigen were added to
1 ml aliquots of each of the antisera used. Addition of
the appropriate antigen in concentrations of no
greater than 30-87 nmol (gastrin releasing peptide),
14-63 nmol (calcitonin), 89-99 nmol (leu-enkephalin),
17-04 nmol (adrenocorticotrophin'-') and 46 11 nmol
(antidiuretic hormone) quenched staining when tested
on tissue sections, but the addition ofother antigens at
concentrations up to 61-73 ymol (gastrin releasing
peptide), 29-26 umol (calcitonin), 179-90 ymol (leuenkephalin), 34 09 pmol (adrenocorticotrophin'-24)
and 92-22 umol (antidiuretic hormone) had no effect.
The primary antiserum was linked to rabbit immuno878
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Table 1 Sources and dilutions of antisera, and tissue controls
Antiserum to

Source

Dilution

Tissue controls

Neurone specific enolase
Gastrin releasing peptide
Calcitonin
Leucine-enkephalin

Cambridge Research Biochemicals, Cambridge
DAKO Ltd
Cambridge Research Biochemicals

DAKO Ltd, Bucks

1: 2000
1: 4000
1: 2000
1: 500
1: 500
1: 4000
1: 2000

Human pancreas
Human fetal lung
Medullary carcinoma of human thyroid gland
Rat adrenal medulla
Rat small intestine
Rat and human pituitary
Rat basal hypothalamus

Serotonin

Adrenocorticotrophin' 24

Antidiuretic hormone

ICN Biomedicals Ltd, Bucks
ICN Biomedicals Ltd
ICN Biomedicals Ltd
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globulin peroxidase-antiperoxidase complex diluted Table 2 Numbers of immunoreactive cells in the lungs of 15
1:100 by swine anti-rabbit serum diluted 1:50. The normal human subjects
chromogen used was 3-amino 9-ethylcarbazole. All
Gastrin
Neurone
solutions were diluted in phosphate buffered saline at a Subject
Calcitonin
releasing peptide
specific enolase
pH of 72. Pretreatment of sections with 1% w/v No.
45 (2.6)
129 (6.9)*
7.9(5.1)
hydrogen peroxide in methanol for 30 minutes and 1
1.8 (1-1)
4-7 (2-5)
2-6 (1 7)
non-immune swine serum for 20 minutes diminished 2
4-2 (2 0)
4.1 (1 7)
9-6 (3-6)
peroxidase
and
by
endogenous
false positive staining
1-7(09)
1-3(06)
3-4(1-5)
4.3(1.4)
40(09)
8-8(1-2)
non-specific binding of immunoglobulin. The 3
1.7 (0.6)
23(07)
4-5(09)
procedures were controlled by omitting each step of 4
48(20)
47(2-1)
98(2 1)
1 8(08)
1-4(06)
37(08)
the procedure in turn. Adjacent sections were stained
38(20)
66(08)
9-7(1-7)
with haematoxylin and eosin and by the method of 5
1 9(0 1)
1.5(08)
37(07)
11 7(22)
36(09)
6
79(1-3)
Grimelius'5 for argyrophilia.
1.0(02)
28(08)
40(08)
Sections were examined with a microscope fitted 7
28(07)
70(1 6)
99(2-1)
with a linear eyepiece graticule. At a magnification of
1.2(0-1)
23(07)
36(08)
2-7(06)
62(1 8)
88(1 7)
400 the total number of airway epithelial cells 8
3-1 (07)
09(0 1)
20(07)
contained between the extremities of the linear 9
27(09)
66(06)
94(1-3)
1.0(05)
2-2(03)
32(05)
graticule was counted, wherever possible at three sites 10
2-7 (0 8)
6.3 (1-4)
9-4 (1-9)
for each airway cross section. After calibration with a
1.0(02)
2-0(04)
3 1 (06)
3.4(1-0)
66(1 6)
104(23)
stage micrometer the total number of epithelial cells 11
1.0(02)
28(1-0)
39(1-2)
per unit length of epithelium was calculated. The
12
27(10)
72(1-1)
99(19)
number and position of endocrine cells immunoreac1.0(04)
2-6(03)
40(07)
28(09)
78(25)
108(33)
tive for each antigen in airways and parenchyma were 13
1-0(02)
4)
26(08)
42(1
noted.
14
35(08)
103(1-9)
139(27)
1 3(04)
38(07)
55(1-0)
By means of a Zeiss projecting microscope each
35(04)
9.8(17)
13.6(17)
section was projected on to a large sheet of paper and a 15
1-2(03)
35(06)
50(06)
3 5 (1-4)
6-9 (2-5)
10-5 (3-0)
tracing made of all airways, vessels, and parenchyma. Overall
1 3(06)
2)
24(09)
40(1
Magnification was determined by projecting on to the
The
of
length
paper the image of the stage micrometer.
*The first figure of each pair is the number of immunoreactive cells
is the number per 10 000
the perimeter of each of the airways and the area per 10 cm of epithelial length; the second
cells. Each is the mean (SD) for the five lobes of each pair
occupied by alveoli were measured by planimetry, and epithelial
of lungs.
the position of all immunoreactive cells was transVariances in numbers of neuroendocrine cells beferred to the tracing. From the data thus obtained the
number of immunoreactive cells in cross sections of tween subjects, between groups of anatomically
airways was expressed per 10 cm length of epithelium equivalent lobes, and between individual lobes in the
and per 10 000 epithelial cells, and the number per same subject were analysed by means of the F test.
square centimetre of parenchyma was calculated. In
addition, their prevalence according to location in Results
bronchi, bronchioles, or alveolar ducts and alveoli was
recorded. By comparing adjacent sections the number Overall, as identified by neurone specific enolase
and distribution of endocrine cells was determined immunoreactivity, there were 10-5 neuroendocrine
according to their content of peptide or amine, and to cells per 10 cm of epithelial length and 4 per 10 000
whether or not they contained neurone specific enolase epithelial cells (table 2). In all subjects they extended
or were argyrophilic. The relationship of cells of from the trachea to alveolar ducts but none was seen in
different immunoreactivity to each other could be alveoli. Seventy two per cent were in bronchi, 24% in
bronchioles (almost entirely in terminal rather than
studied.
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Fig 1 Four solitary endocrine cells in a terminal
bronchiole showing their distribution within the airway.
(Peroxidase-antiperoxidase anti-neurone specific
enolase).

Fig 3 Cluster of endocrine cells in a terminal bronchiole
from a normal human lung. Most of these are situated at
points where airways branch. (Peroxidase-antiperoxidase
anti-neurone specific enolase).

respiratory bronchioles), and only 4% in alveolar
ducts. Nearly all were solitary: five clusters were found vary from site to site. Fewer than one in 10 solitary
in five different subjects, four in terminal bronchioles, cells was argyrophilic, and none ofthe clusters showed
and one in an alveolar duct. The solitary cells were
pyramidal or columnar in shape and basally located in argyrophilia.
Analysis of variance by the F test failed to show any
the epithelium of the airway (figs 1 and 2). The clusters significant
variation in number between groups of
contained from four to eight cells each in the plane of equivalent lobes,
either from subject to subject or from
section passing through them (fig 3).
lobe to lobe in the same subject.
Over half of the neuroendocrine cells contained
gastrin releasing peptide (table 2) and almost all of the Discussion
remainder contained calcitonin. Only 10 cells containing serotonin were seen in the whole group, all in In the early 1970s pulmonary neuroendocrine cells
terminal bronchioles. In a small minority (0- 1 cells per of the human fetus, neonate, and adult were shown
10 cm of epithelial length, 0 3 cells per 10 000) no by formaldehyde induced fluorescence to contain
peptide or amine was detected. No cells immunoreac- an amine.'" In rabbits the characteristics of the
tive for leucine enkephalin, adrenocorticotrophin, or fluorescence strongly suggested that the amine was
antidiuretic hormone were found.
serotonin,4 and this was subsequently confirmed by
All cells immunoreactive for peptide or amine were immunohistochemistry.'9
also immunoreactive for neurone specific enolase, but
In 1977 an unidentified peptide was detected by
occasional neurone specific enolase positive cells fluorescence spectrography in rabbit neuroepithelial
showed no reaction to any other antigen. Two of the
and vasoactive intestinal peptide like subfive clusters contained calcitonin, and the remaining bodies,20
stances were found in the normal porcine lung.2' One
three gastrin releasing peptide. There was no clear year later a bombesin like substance (later shown to be
evidence of co-storage of peptides, and none of the 10 gastrin releasing peptide) was identified in human fetal
solitary cells immunoreactive for serotonin contained and neonatal lungs, and localised immunohistoa peptide as well. Amine and peptide content did not chemically to solitary neuroendocrine cells and clusters in bronchial and bronchiolar epithelium.2 Subsequently calcitonin, leucine-enkephalin, and bombesin like immunoreactivity were reported in these
cells in fetuses, neonates, children, and adults.3 Cells
containing the bombesin like peptide were plentiful
and those containing calcitonin, although fewer, were
also readily demonstrable. Both cell types were most
numerous in fetal lungs. The bombesin like peptide
and calcitonin were located in solitary cells and
clusters, whereas leucine-enkephalin was confined to a
few solitary cells. More recently, calcitonin gene
Fig 2 Typical solitary endocrine cell lying on the
basement membrane of the epithelial lining of a terminal
bronchiole from a normal human lung. (Peroxidase-

antiperoxidase anti-neurone specific enolase).

related peptide22 has been shown to be present in
neuroendocrine cells of the rat lung,23 and this substance has been found in human pulmonary nerves
together with several other peptides.24
This study confirms that gastrin releasing peptide
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and calcitonin containing endocrine cells are present in difficult to imagine that such a uniform and consistent
adult human lungs, and shows that they comprise the population is redundant.
great majority of the overall population as identified
by neurone specific enolase immunoreactivity. This We would like to thank Mrs Angela Platt-Higgins for
reaction, however, must be interpreted with caution. her invaluable technical assistance, Mr A Williams for
Neurone specific enolase is an established marker,'" taking the photographs and Miss C Youd for processbut it does not necessarily reveal all pulmonary ing the manuscript. The work was supported by a
endocrine cells; and, on the other hand, no peptide was grant from the Mersey Regional Health Authority.
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