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Summary. Formalin-fixed paraffin-embedded sections of  fetal and adult 
human lungs were examined for the localization of  gastrin releasing 
peptide (GRP) and calcitonin (CT) in bronchial endocrine-type cells 
with the indirect immunoperoxidase method. In fetal lungs, the appear- 
ance of  CT was rauch later than that of  GRP,  and CT-containing cells 
were less frequent than GRP-containing cells which, in later fetal life, 
formed "neuroepithelial bodies (NEB)".  NEB revealed little CT immu- 
noreactivity. The serial section technique demonstrated that all CT im- 
munoreactants in fetal and neonatal lungs were present within GRP- 
containing cells. An increase of  CT immunoreactivity in GRP-containing 
cells was observed in perinatal lungs. The lung of  a neonate who died 
of hyaline membrane disease contained the most abundant CT immuno- 
reactants. In adult lungs, CT immunoreactivity was identified in some 
GRP-containing cells but cells containing only G R P  or CT were also 
present. Cells containing both hormones occasionally formed hyperplas- 
tic foci in the bronchi of  fibrotic lungs. Most  cells of  pulmonary tumor- 
lets consistently showed G R P  immunoreactivity, but the number of  CT 
immunoreactive cells in them varied greatly. 
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Introduction 

Several kinds of  peptide hormone-containing endocrine-type cells have been 
identified in normal human bronchial mucosa. Bombesin immunoreactivity 
was first detected by Wharton et al. (1978) in human fetal lungs, but it 
was not found in adult lungs. Calcitonin (CT)-containing cells have been 
immunohistochemically demonstrated in human neonates by Becker et al. 
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(1980). Cutz et al. (1981) have showed the presence of bombesin, CT and 
leu-enkephalin immunoreactivities in normal human lungs throughout life. 
Recently, we have reported that cells containing gastrin releasing peptide 
(GRP), a mammalian counterpart of amphibian bombesin, are present in 
human fetal as well as adult lungs, and that "neuroepithelial bodies (NEB)" 
in fetal lungs consistently show GRP immunoreactivity (Tsutsumi et al. 
1982; 1983). We have also contended that in fibrotic lungs GRP-containing 
cells sometimes form hyperplastic foci, where ACTH-containing cells can 
also be infrequently identified (Tsutsumi et al. 1982; 1983). 

In this article, we describe an immunohistochemical proof for the co- 
existence of GRP and CT immunoreactivities in the same bronchial endo- 
crine-type cells in fetal and adult human lungs. The physiological, molecular 
biological and pathological significance of the concomitant localization is 
discussed. 

Materials and Methods 

Patients. All lungs obtained at autopsy or by therapeutic abortion were routinely fixed in 
10-20% formalin for 1-7 days. Orte sample was taken and embedded in paraffin. The lungs 
examined were from 7 stillborn fetuses (12, 21, 22, 28, 34, 40 and 41 weeks gestation), 5 
postnatal deaths, 3 dying of congenital disorders (7 days, 2 months and 6 months), 1 of 
intussusception (7 months) and 1 of hyaline membrane disease (24 days). Thirteen normal 
adults dying of non-pulmonary disorders (aged 31-88 years, mean 62.5) were examined, togeth- 
er with 10 adults with pulmonary disorders with fibrosis (aged 27-87 years, mean 64.8) and 
6 adults with microscopic pulmonary tumorlets in the vicinity of fibrotic lesions (aged 60-77 
years, mean 70.8). 

Antisera and antigens. Two lots of rabbit anti-porcine GRP antisera, R-6902 and R-6903, 
were used for immunohistochemical staining at a 1 : 500-2,000 dilution. Preparation and charac- 
terization of these antisera has been described elsewhere (Yanaihara et al. 1981). Regarding 
the region-specificities, antiserum R-6902 recognizes two different antigenic determinants pres- 
ent at the middle and C-terminal portions of the porcine GRP sequence, while antiserum 
R-6903 is specific for the C-terminal portion of porcine GRP with a negligible cross-reactivity 
to substance P by the radioimmunoassay (Yanaihara et al. 1981). Rabbit anti-human CT 
antiserum was purchased from Immulok Inc., USA and used for immunostaining at a 1:4 
dilution. Anti-substance P antiserum R-2404 was raised in a rabbit as described previously 
(Yanaihara et al. 1977) and used for immunostaining at a 1 : 500 dilution. Horseradish peroxi- 
dase-labeled goat IgG Fab fragment against rabbit IgG was prepared in our laboratory. Syn- 
thetic porcine GRP was prepared as described previously (Mochizuki et al. 1981). Synthetic 
human CT was purchased from Protein Research Foundation, Japan. 

Immunohistochemistry. The indirect immunoperoxidase method after Nakane was applied for 
the detection of GRP and CT in the specimens. Deparaffinized sections were oxidized in 
0.5% periodic acid for 10 min to remove the endogenous peroxidase activity, whieh was further 
suppressed by adding 0.01 M sodium azide in 0.01 M Tris-HC1 buffer at pH 7.6 containing 
30 mg/dl 3,Y-diaminobenzidine tetrahydrochloride (Wako Pure Chemicals, Japan) and 0.01 M 
hydrogen peroxide. Incubation time for the primary and secondary ant/bodies was 30 min, 
and washing of the unreacted antisera was performed for 15 min with 0.01 M phosphate 
buffered saline at pH 7.4. Nuclear counterstaining was done with 1% methylgreen at pH 4.0. 

The specificities of the respective immunostainings were examined by the immunoabsor- 
bance experiments. An excess (5 or 50 ~tg/ml) of synthetic porcine GRP or synthetic human 
CT was preincubated with the above diluted antisera at 37°C for I h, and the absorbed 
antisera were used for control immunostainings. The primary antiserum was also replaced 
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by anti-substance P antiserum to rule out the crossreactivity of the GRP antisera to substance 
P. Substance P antiserum could also serve as a negative control (an indifferent rabbit antise- 
rum). 

In order to investigate whether the same cells contain different peptides, two or more 
consecutive sections were stained with anti-GRP or anti-CT antiserum. 

Results 

It was clear from the serial section technique that both GRP antisera, R-6902 
and R-6903, recognized the same cells. The specificities of positive immuno- 
stainings of GRP and CT described below were confirmed by the immuno- 

Fig. 1. Serial sections (a, b) prepared from the lung of a 7-day-old newborn infant dying 
of congenital malformation of the heart. Indirect immunoperoxidase staining for GRP (R-6903) 
(a) and CT (b). x 450. GRP-containing cells (a) are more numerous than CT-containing cells 
(b), and all CT immunoreactants are detected in a subpopulation of the GRP-containing 
cells (arrows) 
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Fig. 2. Three serial sections (a, b, e) prepared from the lung of a 50-year-old female suffering 
from organized pneumonia with fibrosis. Indirect immunoperoxidase staining for GRP (a: 
R-6902, e: R-6903) and CT (b). x420. A bronchiole surrounded by fibrosis shows focal 
hyperptasia of endocrine-type cells containing both GRP (a and e) and CT (b) (arrows) 
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Fig. 3. Serial sections (a, b) of pulmonary tumorlet occurring in a focal scar from a 75-year-old 
female. Indirect immunoperoxidase staining for GRP (R-6903) (a) and CT (b). x 240. Most 
of the tumorlet cells located in the fibrotic interstitium exhibit both GRP (a) and CT (b) 
immunoreactivities 

absorption tests as follows. Cells reactive with both GRP antisera were 
negative when 5 gg/ml of synthetic porcine GRP was added to the antisera. 
However, 50 gg/ml of synthetic human CT failed to abolish the positive 
reaction for GRP. Cells reactive with CT antiserum were negative only 
when 5 ~tg/ml of synthetic human CT was preincubated with the antiserum; 
50 ~tg/ml of synthetic porcine GRP failed to abolish the CT immunostaining. 
No positive cells were found in the specimens with substance P antiserum. 

In early-developing fetal lungs (12, 21 and 22 fetal weeks), there were 
a small number of GRP-containing cells along the basal part of the imma- 
ture bronchi, but no CT-containing cells were identified. Later in fetal life 
(28, 34, 40 and 41 fetal weeks), the number of GRP-containing cells in 
bronchial mucosa was gradually increased and the formation of "neuroe- 
pithelial bodies (NEB)" by GRP-containing cells was frequently noted. At 
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this stage of development, a few isolated CT-containing cells appeared, 
but CT immunoreactivity was marginal in NEB. That is, the number of 
CT-containing cells, which slightly increased in lungs of a fetus aged 41 
weeks, was much less than that of GRP-containing cells. Furthermore, CT 
immunoreactivity was always detected in the cells containing GRP. Postna- 
tally, the number of GRP-containing cells remained fairly high until 2 
months, but was markedly decreased in lungs of 6- and 7-month-old infants. 
CT-containing cells increased in number in newborn lungs (7 days and 
24 days). These CT immunoreactants were  again exclusively detected in 
GRP-containing cells (Fig. 1). The lung of a 24-day-old neonate who suf- 
fered from hyaline membrane disease contained especially plentiful CT- 
containing cells. Lungs of older infants (2-7 months old) showed a reduced 
CT-containing cell number. In normal adult lungs, a few cells containing 
GRP or CT were usually present, except for one lung: Isolated cells were 
distributed in the mucosa of small bronchi or bronchioles. The number 
of GRP-containing cells and of CT-containing cells were roughly equal 
in the adult lungs. GRP and CT were occasionally identified within the 
same endocrine-type cells, although cells containing either GRP or CT sepa- 
rately were also present. Fibrosing adult lungs also showed a few isolated 
GRP- and/of CT-containing cells, and 4 of the lungs revealed focal GRP-cell 
hyperplasia. Three of 4 such hyperplastic tesions exhibited the co-existence 
of CT immunoreactants in the increased GRP-containing cells (Fig. 2). 
However, the other GRP-cell hyperplastic focus contained only a few CT- 
immunoreactive cells. Almost all cells consisting in pulmonary tumorlets 
(6 lesions examined) showed GRP immunoreactivity, while the number of 
ceUs containing CT immunoreactivity varied from many (2 lesions), moder- 
ate numbers (2 lesions) or a few (2 lesions). Figure 3 shows a tumorlet 
lesion lying in the anthracotic fibrous interstitium and most of its constitu- 
ents revealed both GRP and CT immunoreactivities simultaneously. 

Discussion 

The presence of bombesin and calcitonin (CT) immunoreactive endocrine- 
type cells in human bron¢hial mucosa has been previously demonstrated 
(Wharton et al. 1978; Becker et al. 1980; Cutz et al. 1981). Whethcr these 
hormones are localized in different cells has not yet been clarified. Bombesin 
and smaller numbers of CT immunoreactants have been dcte¢ted in neuro- 
epithelial bodies (NEB) (Cutz et al. 1981) which have been postulated to 
be hypoxia-sensitive chemoreceptors (Lauweryns et al. 1978). Recently, we 
have described the occurrence of immunoreactivity of gastrin releasing 
peptide (GRP), which is a mammalian counterpart of amphibian bombesin 
and has a very similar C-terminal amino acid sequence to bombesin 
(McDonald 1981), in human bronchial endocrine-type cells and in NEB 
(Tsutsumi et al. 1982; 1983). A bombesin-specific antiserum which is not 
cross-reactive to GRP has failed to demonstrate any bombesin immunoreac- 
tant in human lungs immunohistochemically (Tsutsumi et al. 1983). We 
have further shown that GRP-containing cells may form hyperplastic foci 
in fibrosing lungs and that GRP immunoreactivity is consistently detected 
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in most cells of pulmonary tumorlets. It is frequently found in some cells 
of bronchial carcinoids or small cell lung carcinomas, especially the interme- 
diate cell type (Tsutsumi et al. 1982; 1983). It has also been pointed out 
that ACTH-containing cells are present in these GRP-cell hyperplastic or 
neoplastic lesions, but the cells containing GRP and ACTH are not identical. 
(Tsutsumi et al. 1982; 1983). 

In this report, we present evidence that all CT immunoreactants in hu- 
man fetal and neonatal lungs and some CT immunoreactants in human 
adult lungs co-exist within a subpopulation of the GRP-containing cells. 
The absence of cross-reactivities of both antisera in the immunostainings 
was confirmed by the immunoabsorbance experiments with synthetic por- 
cine GRP and synthetic human CT. Regarding GRP, we have previously 
reported that most of the GRP immunoreactants in human lungs largely 
belong to the bioactive C-terminal portion of GRP (Tsutsumi et al. 1983). 

Simultaneous localization of two different peptide hormones in a single 
cell is rare except for those cases in which they evidently share a common 
precursor molecule. Such rare instances include 1) (entero)glucagon and 
bovine pancreatic polypeptide (BPP) in human colonic endocrine cells (Lehy 
et al. 1981) and in gastric A cells of human fetal oxyntic mucosa (Tsutsumi, 
unpublished data), 2) CT and somatostatin in rat and rabbit thyroid C-cells 
(Alumets et al. 1980; Buffa et al. 1979), and 3) interestingly enough, GRP 
and CT in reactively hyperplastic human thyroid C-cells in patients with 
hypercalcemia (Kameya et al. 1983). The explanation for the co-existence 
of two hormones in one cell is controvertial, but is seemingly very important 
to understand physiological roles of the hormones. 

Relevant explanations for the co-existence of GRP and CT in single 
bronchial endocrine-type cells are as follows. Firstly, cross-reactivity of CT 
antiserum to the precursor molecule of GRP or vice versa should be men- 
tioned. Cross-reactivity of CT antiserum to the 31 K precursor molecule 
giving rise to ACTH, fl-endorphin and other related peptides in rat pituitary 
intermediate lobe has been reported (Deftos et al. 1978). The presence of 
gastric inhibitory peptide, cholecystokinin or fl-endorphin immunoreactivity 
in pancreatic islet A-cells has been interpreted as the cross-reactivity of 
the antibodies to the proglucagon molecule (Patzelt et al. 1979). A similar 
notion has been proposed concerning the presence of BPP immunoreactivity 
in colonic enteroglucagon cells (Buffa et al. 1979). Processing mechanisms 
of the CT gene have been clearly and precisely analysed at the molecular 
biology level and the absence of a homologous sequence with porcine GRP 
in any part of the amino acid sequence corresponding to the CT gene has 
already been clarified (Amara et al. 1982). Yet little is known about a precur- 
sor molecule of GRP. In this context, the possibility of cross-reaction of 
the antisera to precursor molecules remains undetermined. 

The second possibility that GRP and CT share a common precursor 
molecule would rather be unlikely because of the findings described above 
(Amara et al. 1982). 

Thirdly, it is conceivable that GRP and CT would be encoded in closely 
linked but independent genes, and their expression is controlled by coupled 
regulatory mechanisms, as is the case with alpha-fetoprotein and albumin 
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in mammalian liver cells (Tilghman and Belayew 1982) and delta and mu 
chains in mouse lymphocytes (Maki et al. 1981). The mode of these gene 
expressions could be influenced by various environmental conditions under 
development or in diseases (i.e. hyaline membrane disease, lung fibrosis 
and pulmonary tumorlet). 

Forthly, Alumets et al. (1980) have suggested that somatostatin-contain- 
ing cells in rat thyroid are capable of taking up CT from the environment 
and accumulating it intracellularly. In this regard, identity or non-identity 
of the intracellular localization of GRP and CT in a single cell should 
be investigated at the ultrastructural level. 

True control mechanisms on the expression or secretion of GRP and 
CT in a single cell must be determined by further detailed investigations 
at the molecular biology level. 

Regarding the functions of GRP and CT in the lung, little is known 
to date. GRP stimulates 1) pancreatic enzyme secretion, 2) gallbladder con- 
traction, 3) vasocontraction and 4) secretion of gastrin, insulin and entero- 
glucagon as does bombesin (McDonald 1981). Bombesin further functions 
as a bronchoconstrictor (Impicciatore and Bertaccini 1973) and as a growth 
stimulator on in vitro human small cell lung cancer cell lines (Minna et al. 
1982). Functions of CT other than a calcium-lowering effect have yet to 
be established. The wide distribution of GRP in central and autonomic 
nerves (Yanaihara et al. 1981) and the demonstration of CT immunoreactiv- 
ity in frog and human brain (Yui et al. 1981; Becker et al. 1979) suggest 
that GRP and CT may function as a neurotransmitter or neuromodulator. 
In the lung, we should pay attention to their roles specific to the organ. 
Clues may lie in the present immunohistochemical observations in several 
pathological conditions. The number of cells containing both GRP and 
CT is most abundant in the lung of a neonate who died of hyaline membrane 
disease. Fibrosing lung diseases occasionally induce focal hyperplasia of 
endocrine-type cells in diseased bronchial mucosa and these hyperplastic 
lesions consist of cells containing both GRP and CT or cells containing 
GRP and far less CT immunoreactants. Similar observations are obtained 
regarding the pulmonary tumorlets whose true nature has not yet been 
settled. These pathological changes should always be referred to physiologi- 
cal/ontogenetical changes. Possible kinetic changes or changes in hormone 
expression in bronchial endocrine-type cells, accompanied by normal devel- 
opment or pathological processes, require further investigation in order that 
we may understand the physiology and pathophysiology of the lung from 
an endocrinological point of view. 

References 

Alumets J, Häkanson R, Lundqvist G, Sundler F, Thorell J (1980) Ontogeny and ultrastructure 
of somatostatin and calcitonin cells in the thyroid gland of the rat. Cell Tiss Res 
206:192-201 

Amara SG, Jonas V, Rosenfeld MG, Ong ES, Evans RM (1982) Alternative RNA processing 
in calcitonin gene expression generates mRNAs encoding different polypeptide products. 
Nature (London) 298 : 240-244 

Becker KL, Snider RH, Moore CF, Monaghan KG, Silva OL (1979) Calcitonin in extrathyroi- 
dal tissues of man. Acta Endocrinol 92:746-751 



Co-existence of GRP and CT in human bronchial endocrine-type eells 171 

Becker KL, Monaghan KG, Silva OL (1980) Immunocytochemical localization of calcitonin 
in Kulchitsky cells of human lung. Areh Pathol Lab Med 104:19(~198 

Buffa R, Chayvialle JA, Fontana P, Usellini L, Capella C, Solcia E (1979) Parafollicular 
cells of rabbit thyroid store both calcitonin and somatostatin and resemble gut D cells 
ultrastructurally. Histochemistry 62:281-288 

Cutz E, Chan W, Track NS (1981) Bombesin, calcitonin and leu-enkephalin immunoreactivity 
in endocrine cells of human lung. Experientia 37:765-767 

Deftos LJ, Burton D, Bone HG, Catherwood BD, Parthermore JG, Moore RY, Minick S, 
Guillemin R (1978) Immunoreactive calcitonin in the intermediate lobe of the pituitary 
gland. Life Sei 23 : 743-748 

Impicciatore M, Bertaccini G (1973) The bronchoconstrictor action of the tetradecapeptide 
bombesin in the guinea-pig. J Pharm Pharmacol 25 : 872-875 

Kameya T, Bessho T, Tsumuraya M, Yamaguchi K, Abe K, Shimosato Y, Yanaihara N 
(1983) Production of gastrin releasing peptide by medullary carcinoma of the thyroid: 
An immunohistochemical study. Virchows Arch [Pathol Anat], in press 

Lauweryns JM, Cokelaere M, Lerut T, Theunynck P (1978) Cross-circulation studies on the 
influence of hypoxia and hypoxemia on neuroepithelial bodies in young rabbits. Cell Tiss 
Res 193:373-386 

Lehy T, Peranzi G, Cristina ML (1981) Correlative immunocytochemical and electron micro- 
scopic studies: Identification of (entero)glucagon- somatostatin- and pancreatic polypep- 
tide-like-eontaining cells in the human colon. Histochemistry 71 : 67-80 

Maki R, Roeder W, Traunecker A, Sidman C, Wabl M, Raschke W, Tonegawa S (1981) 
The role of DNA rearrangement and alternative RNA processing in the expression of 
immunoglobulin delta genes. Cell 24:353-365 

McDonald TJ: Non-amphibian bornbesin-like peptides. In: Bloom SR, Polak JM (eds), Gut 
hormones. Churchill Livingstone, Edinburgh, pp 407~t12 

Minna JD, Bunn PA Jr, Carney DN, Cohen MH, Cuttita F, Fossieck BE Jr, Gazdar AF, 
lhde DC, Johnston-Early A, Matthews M J, Makuch R, Oie H, Rosen S, Lichter A, Glat- 
stein E (1982) Experience of the National Cancer Institute (USA) in the treatment and 
biology of smatl cell lung cancer. Bull Cancer 69 : 83-93 

Mochizuki T, Yanaihara C, Inoue A, Kubota M, Yanaihara N, McDonald TJ, Mutt V (1981) 
Total synthesis of porcine gastric gastrin releasing peptide and its some irnmunological 
properties. In: Okawa K (ed) Peptide chemistry 1980. Protein Research Foundation, Osaka, 
pp 171-174 

Patzelt C, Tager HS, Carroll R J, Steiner DF (1979) Identification and processing of progluca- 
gon in pancreatic islets. Nature (London) 282:260-266 

Tilghman SM, Belayew A (1982) Transcriptional control of the murine albumin/«-fetoprotein 
locus during development. Proc Natl Acad Sci USA 79:5254-5257 

Tsutsumi Y, Osamura RY, Watanabe K, Yanaihara N (1982) Imrnunohistochemical studies 
on gastrin releasing peptide (GRP) and ACTH in the lung. - Normal and pathological 
conditions - J Histochem Cytochem 30: 601 (Abstract) 

Tsutsumi Y, Osamura RY, Watanabe K, Yanaihara N (1983) Immunohistochemical studies 
on gastrin-releasing peptide- and adrenocorticotropic horrnone-containing cells in the hu- 
man lung. Lab Invest 48 (in press) 

Wharton J, Polak JM, Bloom SR, Ghatei MA, Solcia E, Brown MR, Pearse AGE (1978) 
Bombesin-like immunoreactivity in the lung. Nature (London) 273 : 769-770 

Yanaihara N, Yanaihara C, Hirohashi M, Sato H, Iizuka Y, Hashimoto T, Sakagami M 
0977) Substance P analogs: Synthesis, and biological and immunological properties. In: 
von Euler US, Pernow B (eds), Substance P. Raven Press, New York, pp 27-33 

Yanaihara N, Yanaihara C, Mochizuki T, Iwahara K, Fujita T, Iwanaga T (1981) Immunoreac- 
tive GRP. Peptides 2 (Suppl 2): 185-191 

Yui R, Yamada Y, Kayamori R, Fujita T (1981) Calcitonin-immunoreactive neurons in the 
brain of the bullfrog, Rana catesbeiana with special reference to their liquor-contacting 
and neurosecretory nature. An immunochemical and immunohistochemical study. Biorned 
Res 2:208-216 

Accepted March 2, 1983 


