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PEPTIDES 6: Suppl. 3.107-112, 1985.— Bombesin is a 14 amino acid peptide isolated from amphibian skin which was
found to have stimulatory effects upon gastric and pancreatic secretions, release of gastrointestinal hormones, gallbladder
contraction and bronchoconstriction. It is present in amphibian gastric endocrine cells, avian proventriculus endocrine
cells and avian brain. In mammals it is present mainly in nerve cells and fibers. The only mammalian endocrine cell shown
to date to have bombesin is the P-cell in fetal lung. Bombesin is also found in mammalian brain, with its highest concentra-
tion in the hypothalamus. We examined several groups of human neuroendocrine neoplasms for the presence of bombesin
by immunohistochemistry. Our findings indicate that bombesin is present 68% of bronchial carcinoids, 65% of pulmonary
neuroendocrine carcinomas, 62% of neuroendocrine carcinomas of the skin, 5~109% of pheochromocytomas and extraad-
renal paragangliomas and 35% of gastrointestinal carcinoids and neuroendocrine carcinomas. Parallel studies in a wide
variety of non neuroendocrine neoplasms failed to reveal the presence of bombesin. We conclude that bombesin is a highly
specific marker of neuroendocrine differentiation and thus a valuable tumor marker. Furthermore, its specificity compares
favorably with another neuroendocrine marker, neuron specific enolase, an enzyme thought to be present only in neural
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tissues and neuroendocrine cells but recently found in non neural human tissues and non neuroendocrine neoplasms.

Bombesin Human neuroendocrine neoplasms

Immunohistochemistry

BOMBESIN is a tetradecapeptide first isolated from the skin
of the discoglossid frog, Bombina bombina [14].

The peptide was shown to have stimulatory effects upon
the gastrointestinal and broncho-pulmonary systems. Struc-
turally related peptides were subsequently isolated from the
skin of other discoglossid frogs, such as alytesin and
ranatensin, currently referred to as bombesin-like peptides
[13].

The biological activity of bombesin has been related to
the carboxyl-terminal nine peptide sequence, which is highly
conserved in all bombesin-like peptides; the differences
among them reside in the amino terminal [39].

The presence of bombesin in tissues has been determined
by bioassay, radioimmunoassay and immunohistochemistry.
The latter disclosed the presence of bombesin immunoreac-
tivity in endocrine cells of the frog gastric mucosa [27]; cellu-
lar localization in amphibian skin has not been determined.
Bombesin is also present in amphibian brain, avian
proventriculus and brain [15].

A mammalian equivalent of bombesin was described by
McDonald ¢t al.; they labeled it gastrin releasing peptide
(GRP) [30]. This peptide, isolated from porcine stomach and
intestine. has 27 amino acid residues and its carboxyl termi-
nal is identical with that of bombesin, except for the single

substitution of histidine for a glutamine residue; a canine
analogue has also been purified from intestinal muscle [39].

NORMAL DISTRIBUTION AND PHYSIOLOGICAL ROLE

Mammalian bombesin-like peptides are present mainly in
nerve cells and fibers of the gastric mucosa, intestinal muscle
layers and prevertebral sympathetic ganglia. The only cur-
rently known endocrine cells with bombesin-like im-
munoreactivity are found in fetal lung; they are absent in
normal adult lung [40]. Bombesin-like immunoreactivity has
also been found in rat spinal cord and hypothalamus.

Bombesin has been shown to have multiple effects upon
gastrointestinal function; intravenous administration in rats
stimulates the release of gastrin [31] but does not influence
gastric secretion [17]. In dogs, intravenous administration
evokes a potent stimulation of gastrin release and acid secre-
tion [5]. Porcine GRP produces a similar response in dogs [30].

Low dose intravenous infusion in healthy human volun-
teers produced a significant rise in serum gastrin, indicating a
marked release stimulatory effect; furthermore the concen-
trations of bombesin during the experiments were low
enough to suggest a physiologic role for the peptide [20].

Stimulation of protein rich pancreatic secretion and
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FIG. 1. Bombesin immunoreactivity in pulmonary tumorlet in an area of scarring. (Im-

munoperoxidase x600).

gallbladder contraction by intravenous injection of bombesin
has been demonstrated in dogs [16] and humans [1], suggest-
ing that these effects are caused through the release of
cholecystokinin.

In rats and guinea pigs, bombesin may have a direct ac-
tion upon pancreatic acinar cells; presumably these cells
have different receptors for bombesin and cholecystokinin
[25]). This stimulation causes the release of pancreatic
enzymes and outflux of cellular calcium.

Gastrointestinal hormones are similarly released by
bombesin infusion; in dogs it releases not only gastrin but
pancreatic polypeptide, enteroglucagon, pancreatic glucagon
and gastric inhibitory polypeptide [29].

In humans, bombesin infusions caused significant rises in
plasma insulin, glucagon. pancreatic polypeptide, gastrin,
cholecystokinin, motilin, glucose-dependent insulinotropic
polypeptide, neurotensin, enteroglucagon, vasoactive intes-
tinal polypeptide and serum calcium; concomitantly, there
was a significant fall in parathyroid hormone concentration
and blood glucose. There were no significant changes in pi-
tuitary hormone plasma concentrations [20]. In this regard,
bombesin has an opposite effect to somatostatin, which in-
hibits the release of gastrointestinal hormones.

Gastrointestinal motility and smooth muscle contraction
are also stimulated by bombesin infusions which also
produce contraction of the distal stomach with relaxation of
the proximal stomach, loss of small bowel motility, contrac-
tion of the ileocecal valve and some loss of colonic activity in
normal human subjects [6]. These effects are thought to be
caused by direct action on smooth muscle celis although
other indirect mediators have been implied {39].

In some species, bombesin may also influence blood
pressure. renal function. urinary bladder and bronchiolar
muscle. In dogs, the rennin angiotensin system is activated
when bombesin is infused in association with vasoconstric-
tion of afferent renal arterioles and decreased diuresis [18].
In guinea pigs it causes urinary bladder smooth muscle con-
traction [38]: and bronchiolar muscle spasm [34].

Bombesin also has a wide range of pharmacological ac-

tions upon the central nervous system. It lowers body tem-
perature in rats, an effect accentuated by exposure to a cold
environment: the site of action of bombesin was located in
the preoptic area of the anterior hypothalamus by microin-
jection experiments. At high ambient temperatures, intra-
ventricular injection of bombesin causes hyperthermia.

Another significant effect on the central nervous system
is the elevation of blood sugar in response to intracisternal
injections of bombesin in conscious rats; this is accompanied
by elevation of glucagon and relative decrease in plasma
insulin. These responses are prevented by adrenalectom:
but not by hypophysectomy. indicating a primary”effect in
the brain to increase sympathetic outflow to the adrenal
gland. causing increased secretion of epinephrine and
hyperglycemia [8].

Finally bombesin has a role in the modification of feeding
behavior. intraperitoneal injections of bombesin in rats
causes inhibition of liquid and solid food intake in conscious
rats [2]. This satiety was accompanied by other behavioral
changes, such as grooming and lethargy.

BOMBESIN IN PATHOLOGIC STATES

The role of bombesin in pathological states has been the
subject of a number of investigations. The earliest applica-
tion was a natural derivation from its best known and most
potent physiological and pharmacological action, namels
that of a gastrin releasing hormone.

Bombesin infusion was proposed as a diagnostic test for
hypergastrinemic states, successfully identifying a group of
patients with residual antral syndrome [2] and gastrinomas of
pancreatic and duodenal origin [28].

The initial observation of bombesin-like immunohis-
tochemical reactivity in endocrine cells of the in-
trapulmonary fetal bronchial epithelium opened the wuy
for studies in pulmonary pathology. Bombesin was not found
in significant amounts in human lungs beyond the neonatul
state and was totally absent in the normal adult lung by im-
munohistochemical methods [40] and RIA [11]. It was mark-
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edly decreased in the neonatal acute respiratory distress
syndrome [19-26]. In contrast with the acute syndrome. the
number of bombesin immunoreactive endocrine cells was
markedly increased in the lungs of infants with IRDS
(idiopathic respiratory distress syndrome) who survived
over 3 weeks and who were kept in respirators [37]. In the
adult lung. chronic hypoxia associated with emphysema and
bronchiectasis has been shown to be associated with an in-
crease in endocrine cells by immunohistochemistry [32]. In
our laboratory. we have carried out observations on samples
of bronchial mucosa from lung specimens excised for car-
cinoids and carcinomas. Immunohistochemical studies with
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FIG. 3. Bombesin immunoreactivity in well differentiated neuroendocrine carcinoma of the
lung. (Immunoperoxidase x600).

bombesin demonstrated an increase in the number of solitary
bronchial neuroendocrine cells and neuroepithelial bodies
(NEB), as well as rows of neuroendocrine cells (''linear
hyperplasia’’) [23].

Neoplastic neuroendocrine cells have also been shown to
have immunoreactive bombesin, having been demonstrated
in tumorlets and microcarcinoids [22-23] (Fig. 1). The initial
observation of high levels of bombesin in continuous tissue
culture lines of small cell carcinoma of the lung, determined
by high performance liquid chromatography. led the authors
to postulate that the presence of bombesin was an essential
growth factor (‘*autocrine factor™) for these cancer cells; it
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FIG. 4. Neuroendocrine carcinoma of the skin (Merkel) with diffuse immunoreactivity for

bombesin. (Immunoperoxidase x600).
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also was a clue to the nature of the precursor cell. None of
the culture lines of other types of pulmonary carcinomas
contained detectable levels of bombesin [33]. It affirmed
earlier observations which suggested that pulmonary oat cell
carcinomas ‘‘derived”’ from or differentiate towards
endocrine cells of the lung [4]. Study of a human small cell
carcinoma, grown in nude mice, extended the observations,
demonstrating the presence of bombesin by RIA, im-
munohistochemistry, gel filtration and reverse-phase high
performance liquid chromatography {12].

Other types of pulmonary endocrine neoplasias were also
shown to contain bombesin; its presence was demonstrated
in bronchial carcinoid tumors {7,411 (Fig. 2), atypical

» 0

FIG. 5. Carotid body tumor with bombesin immunoreactivity. (Immunoperoxidase x600).

endocrine tumor of the lung [10], well differentiated (Fig. 3)
and intermediate type neuroendocrine carcinomas of the
lung [7].

Recently a number of bronchioloalveolar carcinomas
were proven to contain bombesin; the authors suggested that
these neoplasias had a heterogeneous cell population. most
probably arising from immature mucous cells and occasion-
ally from type II cells which only secrete surfactant [39]. The
suggestion was made that bombesin may not be entirely
specific for neuroendocrine tumors [35]. We also examined a
case of bronchioloalveolar carcinoma. which was positive
for bombesin and displayed neurosecretory granules as well
as mucosubstance by electron microscopy. It belonged to a
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TABLE 1

NEUROENDOCRINE CARCINOMAS: BOMBESIN
IMMUNOHISTOCHEMICAL REACTIVITY

Number of
Positive Cases %

Number of
Cases Tested

Bronchial carcinoid 31 21
Pulmonary intermediate 12
cell carcinoma
Pulmonary small
cell carcinoma
Pulmonary neuroendo- 15 10
crine well differ-
entiated carcinoma

Skin neuroendocrine 4 2
carcinoma, trabecu-
lar tvpe
Skin neuroendocrine 9 4
carcinoma. inter-
mediate cell type 9 4
Skin neuroendocrine 4 2
carcinoma, small
cell tvpe
Carotid body tumors 11 1
Glomus tympanicum 4 1
Glomus jugulare 3 0
Pheochromocytomas 13 1
Malignant melanomas 3 |
Gastrointestinal car- 2 |
cinoids
Gastrointestinal 9 2
neuroendocrine
carcinomas

i

group of amphicrine carcinomas characterized by single cell
synchronous co-expression of exocrine and endocrine dif-
ferentiation [9].

Our interest in this subject prompted us to broaden the
scope of our immunohistochemical studies, extending them
to the neuroendocrine neoplasias arising in different
anatomical sites.

Thus, we examined by immunohistochemistry [38] a
group of hyperplasias, dysplasias and neoplasms associated
with neuroendocrine (Merkel) cells of the skin: bombesin
was present in hyperplasias and dysplasias as well as in all
the morphologic variants (trabecular, intermediate cell and
small cell type) of neuroendocrine skin carcinomas [24] (Fig.
4). Similarly, carotid body tumors (Fig. 5), glomus tym-
panicum, glomus jugulare, pheochromocytomas, extra-
adrenal paragangliomas, malignant melanomas and neuroen-
docrine carcinomas of the gastrointestinal tract were
analyzed and found to have bombesin in varying proportions
(see Table 1).

SUMMARY AND CONCLUSIONS

We investigated the presence of bombesin in a wide vari-
ety of human neuroendocrine neoplasms and found it to be
present in a significant number. Parallel studies demon-
strated its absence in various types of non neuroendocrine
neoplasms. Thus we believe that the presence of bombesin is
highly specific for neuroendocrine cellular differentiation
and therefore an excellent marker for these neoplasms. Fur-
thermore, the specificity of bombesin compares favorably
with neuron specific enolase, also present in neuroendocrine
cells and currently held to be a specific neuroendocrine
tumor marker, but recently found in non neural human tis-
sues and non-neuroendocrine neoplasms [36].
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