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Abstract 
The immune and neuroendocrine systems of invertebrates, as well as vertebrates, share a common 

pool of molecules that have been conserved throughout evolution. Now we add a new interface to this 
bidirectional interaction, demonstrating the involvement of the gut system, showing that these three 
systems use the same biologically active peptides. 
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Introduction 

 
Homeostasis, coined by Claude Bernard (1965), 

is a healthy state that is maintained by the constant 
adjustment of biochemical and physiological 
pathways. The immune and neuroendocrine systems 
play a fundamental role in this complex mechanism 
that thanks to the fluid compartment wetting/covering 
the cells of the body, transfers biologically active 
peptides (BAP), such as neuropeptides and 
hormones, to all the cells of the body. More 
importantly, the immune and neuroendocrine system 
of vertebrates and invertebrates produce the same 
BAP and data in the literature show a bidirectional 
correlation between them (Weigent and Blalock, 
1987; Ottaviani and Franceschi, 1997; Ottaviani et 
al., 1997). Here we review the presence and the 
possible roles of BAP in molluscs. 
 
Presence of biologically active peptides 

In molluscs the synthesis of BAP was detected 
in the neuroendocrine, immune and gut system. 
Moreover, in gastropods the entire periphery of the 
nervous system, including nerves, connectives and 
commissure is used for hormone release. The 
central nervous system (CNS) of the freshwater 
snails Lymnaea stagnalis and Planorbarius corneus 
have been the most studied models for the presence 
of BAP using immunocytochemical approaches 
(Grimm-Jørgensen, 1978; Boer et al., 1979; Schot et 
al., 1981; Sonetti et al., 1994, 2005). 

Especially interesting are P. corneus 
immunocytes which exhibit immunoreactivity for 
several vertebrate BAP, thus presenting a framework 
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comparable to that observed in the CNS (Schot et 
al., 1981). These BAP, include bombesin, calcitonin, 
cholecystokinin (CCK)-8, CCK-39, gastrin, glucagon, 
growth hormone, insulin, met-enkephalin, 
neurotensin, oxytocin, pancreatic polypeptide (PP), 
somatostatin, substance P, secretin, serotonin, 
substance P, thyroglobulin, vasopressin and 
vasointestinal P (VIP) (Ottaviani and Cossarizza, 
1990; Ottaviani et al., 1992), adrenocorticotropin 
hormone (ACTH),  β-endorphin (Ottaviani et al., 
1990), α-melanocyte-stimulating hormone (α-MSH) 
(Franchini et al., 1994) and corticotropin-releasing 
hormone (CRH) (Ottaviani et al., 1998). Other pro-
opiomelanocortin (POMC)-derived peptides were 
also confirmed in immunocytes by the expression of 
POMC-mRNA (Ottaviani et al., 1995). Furthermore, 
thyrotropin-releasing factor-like peptides were found 
in the hemolymph of L. stagnalis (Grimm-Jørgensen, 
1978). 

The CNS of P. corneus and other gastropods is 
characterized by three pairs of ganglia (cerebral, 
pleural and pedal) located around the esophagus. 
ACTH-like molecules are present in a relatively small 
number of neurons in all ganglia (Sonetti et al., 
2005). Moreover, in P. corneus, ACTH 
immunopositivity is detected in a distinctive class of 
neuroglial cells, comparable to vertebrate microglia. 
However, ACTH was not found in the neuroglial cells 
of the bivalve Mytilus edulis, indicating that there are 
species-specific differences in expression (Sonetti et 
al., 1994). Furthermore, immunoreactive responses 
have been observed in the snail CNS for some 
vertebrate neuropeptides such as substance P, 
neuropeptide Y, calcitonin gene-peptide (CGRP) and 
CCK (Sonetti et al., 1990). Previous studies 
demonstrate different neurosecretory cells in the 
CNS of L. stagnalis and Helicella virgata using the 
Alcian blue/Alcian yellow method (Wendelaar Bonga, 
1970; Franchini and Ottaviani, 1982). The comparison 
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between histochemical and immunohistochemical 
techniques showed a low overlap between the 
classically evidenced neurosecretory cells and the 
BAPs detected by immunocytochemical 
procedures. However, in P. corneus some overlap 
is present, for example, CGRP-like peptide is 
observed in one cluster of Yellow cells and CCK8-
like has been detected in three different 
neurosecretory cells (Sonetti et al., 1990). Other 
BAPs such as thyrotropin-releasing factor-like- 
(Sonetti et al., 1994), dopamine-like-, serotonin-
like- and vasotocin-like peptides (Boer et al., 1984), 
were observed in the CNS of L. stagnalis, 
somatostatin-like peptides in CNS of Limax 
maximus (Marchand et al., 1984) and in the 
hepatopancreas, mantle edge and hemolymph of 
Helix aspersa (Marchand et al., 1989). 

Likewise, steroids have been identified in 
ganglionic tissue as well. The presence of 17beta-
estradiol, involved in the stimulation of the release of 
nitric oxide, has been detected by Stefano et al. 
(2003a), while Canesi et al. (2006) described this 
molecule in hemocytes that have a known 
immunomodulation effect. Furthermore, studies in 
the pedal ganglia of mussel have allowed to isolate a 
266 bp fragment with 100 % identity to the human 
17beta-estradiol gene (2003b). 

Furthermore, BAPs have been detected in the 
gut system. Many mammalian 
gastroenteropancreatic (GEP) hormones have their 
counterparts in invertebrates (molluscs, annelids and 
arthropods), which are mainly localized in the 
nervous system (Van Noorden and Falkmer, 1980). 
These GEP hormone-like substances include insulin, 
somatostatin, glucagon, gastrin, secretin, VIP, PP, 
substance P and enkephalin. 
 
Role of biologically active peptides 

BAP are involved in fundamental mechanisms 
that allow the survival of every form of life, such as, 
reproduction, growth, defense and homeostasis. 
With regard to reproduction, functional androgen and 
estrogen receptors, have been detected in 
gastropods, but their genetic basis has yet to be 
clarified (Köhler et al., 2007). A different behavior 
with respect to Octopus vulgaris where endogenous 
estrogens are involved in the reproduction (Di 
Cosmo et al., 2001). 

On the whole, although the literature suggests 
the presence of steroid-like molecules in molluscan 
tissues, their functional role is far from clear. In this 
context, some authors hypothesize the possibility of 
the biosynthesis of steroids in molluscs (Fernandes 
et al., 2011), while others are doubtful that this can 
be achieved (Scott, 2012). Furthermore, although in 
Aplysia californica Gonadotropin-releasing hormone 
(GnRH)-like molecules have been identified, these 
do not seem to be involved in reproduction (Tsai et 
al., 2010). 

Also, Insulin-like peptide was found in cerebral 
light-green cells of the CNS of L. stagnalis (Smit et 
al., 1988). These neurosecretory cells contain and 
release immunoreactive insulin that regulate various 
processes related to the growth of the snail body, 
such as, soft body parts and the shell (Geraerts, 
1976; Joosse and Geraerts, 1983; Ebberink and 
Joosse, 1985; Ebberink et al., 1987). 

As far as defense is concerned, the ACTH 
fragment (1-24) has been suggested to play an 
important role. Indeed, it is involved in cell shape 
changes (cell motility), chemotaxis (non-random 
locomotion) and phagocytosis. This immunocyte 
motility is activated by an adenylate 
cyclase/cAMP/protein kinase A-dependent pathway, 
as well as through the activation of protein kinase C 
(Sassi et al., 1980). Chemotaxis and phagocytosis 
display different behaviors, indeed in contrast to the 
conventional paradigm, there is no direct correlation 
between the two processes (Genedani et al., 1994; 
Ottaviani et al., 1994). Furthermore, ACTH is 
involved in the stress response and as in mammals, 
the key mediator molecules are the same with the 
cascade of events following the same order and 
pattern: CRH-ACTH-biogenic amines. In contrast, in 
invertebrates, unlike in mammals, there are no 
organs involved in the stress response, such as the 
hypothalamus, pituitary and adrenal glands; in 
invertebrates all the stress response related 
molecules are concentrated in immunocytes 
(Ottaviani and Franceschi, 1996). 
 
Unity of living beings and the “game” theory of 
evolution 

At all times, biologists have been fascinated by 
the extraordinary variety of living forms. From the 
time when Lucretius asked: "How can there be this 
infinite variety of things and what is behind this 
incredible variety of shapes and sizes?", 
philosophers asked themselves this important 
question over and over again, searching for more 
general unifying principles. One of the solutions that 
has emerged since the time of Epicurus and 
Lucretius has been to assume that it is the 
arrangement of the constituent elements and the 
relationships among them that generates different 
and new forms of living. 

In the case of biology the unifying principle was 
initially given by the cell: all living organisms are 
composed of cells that work basically in the same 
way, at least with regard to the main functions and 
properties, such as the production of protein and 
energy, proliferation, etc. Today, however, we have 
come to the realization that the unification of living 
organisms is based on precise molecular 
mechanisms, that is, fundamental information 
making up all living beings, is contained in the 
nucleic acids. How then can we reconcile the unity of 
the living and the variety of forms of the species? 
Such a result is obtained from Nature in accordance 
with laws and extremely economic strategies that are 
revealed to us by what is the fundamental approach 
to the study of the living, i.e., evolution. 

Traditionally, the study of evolution is presented 
as the study of changes that have gone through the 
taxa and different species in their story on earth. This 
approach emphasizes what changes and, at the 
molecular level, what mechanisms allow the 
accumulation of different molecular variants 
fundamental for the selection of mechanisms that 
govern them. However, the enormous mass of 
molecular data available today, suggests we should 
adopt a rather opposite approach supporting 
conservation compared to changes (Ottaviani et al., 
2001). In order to understand the most strategically 
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Fig. 1 The Biologically active peptides (BAP) mediate the interactions among the immune (IS), the neuroendocrine 
(NES) and gut (GS) systems. 
 
 
 
 
 
important biological functions, it is thus more 
interesting to search for what has been preserved 
rather than what has changed, which is true, for 
example, for most of the different proteins. Overall, 
the data available today, as reported in this 
manuscript, seem to indicate that the major signaling 
molecules (neuropeptides, hormones, cytokines) 
have been preserved in an extraordinary way in the 
course of evolution. This suggests that, despite the 
progressive complication of organs and systems, the 
mechanisms that govern the exchange of information 
between cells, remained essentially unchanged. In 
other words, the flow of information among the 
different cell types that make up higher organisms, 
such as vertebrates, is exchanged using the same 
pool of signaling molecules. More importantly, 
animals apparently much less complex, such as the 
molluscs, use the same type of signaling molecules 
to exchange information. 

Finally, Lucretius’ statement still holds true: 
"What happens with the words and verbs is also true 
for the elements of matter: it is the combinatorial 
change of their movement, order and position which 
explains the very essence of beings and species". 

 
Concluding remarks 

 
From this brief survey of BAPs emerges that a 

common pool of BAPs have been employed since 
the beginning of evolution to set up an integrated 
type of response capable of maintaining body 
homeostasis. Alternative use of the same molecules 
for different functions is a widespread, economical 
strategy used throughout evolution. Normally this 
hypothesis is supported by research studying the 
immune and neuroendocrine systems, but as 
reported in this review, another system, that is, the 
gut system, has activated the same strategy (Fig. 1). 

Acknowledgements 
This research was supported by a University of 

Modena and Reggio Emilia (Modena, Italy) MIUR 
Grant to EO. The authors are grateful to Dr JMC 
Blom for the revision of the manuscript. 
 
References 
Bernard C. Introductiona l’étude de la medicine 

experimentale. Paris: Balliér JB et Fils, 1965. 
Boer HH, Schot LP, Roubos EW, ter Maat A, 

Lodder JC, Reichelt D, et al. ACTH-like 
immunoreactivity in two electronically coupled 
giant neurons in the pond snail Lymnaea 
stagnalis. Cell Tissue Res. 202: 231-240, 
1979. 

Boer HH, Schot LP, Steinbusch HW, Montagne C, 
Reichelt D. Co-existence of immunoreactivity to 
anti-dopamine, anti-serotonin and anti-vasotocin 
in the cerebral giant neuron of the pond snail 
Lymnaea stagnalis. Cell Tissue Res. 238: 411-
412, 1984. 

Canesi L, Ciacci C, Lorusso LC, Betti M, Guarnieri T, 
Tavolari S, et al. Immunomodulation by 17beta-
estradiol in bivalve hemocytes. Am. J. Physiol. 
Regul. Integr. Comp. Physiol. 291: R664-673, 
2006. 

Di Cosmo A, Di Cristo C, Paolucci M. Sex steroid 
hormone fluctuations and morphological 
changes of the reproductive system of the 
female of Octopus vulgaris throughout the 
annual cycle. J. Exp. Zool. 289: 33-47, 2001. 

Ebberink RH, Joosse J. Molecular properties of 
various snail peptides from brain and gut. 
Peptides 6 Suppl. 3: 451-457, 1985. 

Ebberink RHM, van Loenhout H, van Beek J, van 
Minnen J. Neurobiology: molluscan model. In: 
Boer HH, Geraerts WPM (eds), Amsterdam: 
North-Holland, pp 224-227, 1987.  

188 
 



Fernandes D, Loi B, Porte C. Biosynthesis and 
metabolism of steroids in molluscs. J. Steroid 
Biochem. Mol. Biol. 127: 189-195, 2011. 

Franchini A, Fontanili P, Ottaviani E. Expression of 
pro-opiomelanocortin (POMC)-mRNA in 
phagocytic hemocytes of Mytilus 
galloprovincialis. In: Argano R, Cirotto C, Grassi 
Milano E, Mastrolia L (eds), Contributions to 
Animal Biology, Palermo: Halocynthia 
Association, pp 233-236, 1994.  

Franchini A, Ottaviani E. Neurosecretory cells in the 
central nervous system of Helicella virgata 
(Gastropoda, Pulmonata). Z. mikrosk.-anat. 
Forsch. 96: 583-590 (1982).  

Genedani S, Bernardi M, Ottaviani E, Franceschi C, 
Leung MK, Stefano GB. Differential modulation 
of invertebrate immunocyte motility by CRF, 
ACTH and its fragments. Peptides 15: 203-206, 
1994. 

Geraerts WP. Control of growth by the 
neurosecretory hormone of the light green cells 
in the freshwater snail Lymnaea stagnalis. Gen. 
Comp. Endocrinol. 29: 61-71, 1976.  

Grimm-Jørgensen Y. Immunoreactive thyrotropin-
releasing factor in a gastropod: distribution in 
the central nervous system and hemolymph of 
Lymnaea stagnalis. Gen. Comp. Endocrinol. 35: 
387-390, 1978. 

Joosse J, Geraerts WPM. The mollusca Vol. 4. In: 
Saleuddin ASM, Wilbur KM (eds), New York: 
Academic Press, pp 317-406, 1983. 

Köhler HR, Kloas W, Schirling M, Lutz I, Reye AL, 
Langen JS, et al. Sex steroid receptor evolution 
and signalling in aquatic invertebrates. 
Ecotoxicology 16: 131-143, 2007. 

Marchand CR, Assaka L, Strosser MT. Variations of 
somatostatin-like immunoreactivity in the 
circumoesophageal ganglia, the 
hepatopancreas, the mantle edge, and the 
hemolymph of shell-repairing snails (Helix 
aspersa). Gen. Comp. Endocrinol. 73: 59-68, 
1989. 

Marchand CR, Sokolove PG, Dubois MP. 
Immunocytological localization of a 
somatostatin-like substance in the brain of the 
giant slug, Limax maximus L. Cell Tissue Res. 
238: 349-353, 1984. 

Ottaviani E, Capriglione T, Franceschi C. 
Invertebrate and vertebrate immune cells 
express pro-opiomelanocortin (POMC) mRNA. 
Brain Behav. Immun. 9: 1-8, 1995. 

Ottaviani E, Cossarizza A. Immunocytochemical 
evidence of vertebrate bioactive peptide-like 
molecules in the immuno cell types of the 
freshwater snail Planorbarius corneus (L.) 
(Gastropoda, Pulmonata). FEBS Lett. 267: 250-
252, 1990. 

Ottaviani E, Franceschi C. The neuroimmunology of 
the stress response from invertebrates to man. 
Prog. Neurobiol. 48: 421-440, 1996. 

Ottaviani E, Franceschi F. The invertebrate 
phagocytic immunocyte: clues to a common 
evolution of immune and neuroendocrine 
systems. Immunol. Today 18: 169-174, 1997. 

Ottaviani E, Franchini A, Fontanili P. The effect of 
corticotropin-releasing factor and pro-
opiomelanocortin-derived peptides on the 

phagocytosis of molluscan hemocytes. 
Experientia 50: 837-839, 1994. 

Ottaviani E, Franchini A, Fontanili P (1992). The 
presence of immunoreactive vertebrate 
bioactive peptide substances in hemocytes of 
the freshwater snail Viviparus ater (Gastropoda, 
Prosobranchia). Cell. Mol. Neurobiol. 12: 455-
462. 

Ottaviani E, Franchini A, Franceschi C. Presence of 
immunoreactive molecules to CRH and cortisol 
in invertebrate haemocytes and lower and 
higher vertebrate thymus. Histochem. J. 30: 61-
67, 1998. 

Ottaviani E, Franchini A, Franceschi C. Pro-
opiomelanocortin-derived peptides, cytokines 
and nitric oxide in immune responses and 
stress: an evolutionary approach. Int. Rev. 
Cytol. 170: 79-141, 1997. 

Ottaviani E, Franchini A, Kletsas D. PDGF and TGF-
β in invertebrate immune and neuroendocrine 
interactions: another sign of conservation in 
evolution. Comp. Biochem. Physiol. 129C: 295-
306, 2001. 

Ottaviani E, Petraglia F, Montagnani G, Cossarizza 
A, Monti D, Franceschi C. Presence of ACTH 
and β-endorphin immunoreactive molecoles in 
the freshwater snail Planorbarius corneus (L.) 
(Gastropoda, Pulmonata) and their possible role 
in phagocytosis. Regul. Pept. 27: 1-9, 1990. 

Sassi D, Kletsas D, Ottaviani E. Interaction of 
signalling pathways in ACTH (1-24)-induced cell 
shape changes in invertebrate immunocytes. 
Peptides 19: 1105-1110, 1998. 

Schot LP, Boer HH, Swaab DF, Van Noorden S. 
Immunocytochemical demonstration of 
peptidergic neurons in the central nervous system 
of the pond snail Lymnaea stagnalis with antisera 
raised to biologically active peptides of 
vertebrates. Cell Tissue Res. 216: 273-291, 1981. 

Scott AP. Do mollusks use vertebrate sex steroids as 
reproductive hormones? Part I: Critical appraisal 
of the evidence for the presence, biosynthesis 
and uptake of steroids. Steroids 77: 1450-1568, 
2012. 

Smit AB, Vreugdenhil E, Ebberink RH, Geraerts WP, 
Klootwijk J, Joosse J. Growth-controlling 
molluscan neurons produce the precursor of an 
insulin-related peptide. Nature 331: 535-538, 
1988. 

Sonetti D, Lusvardi C, Fasolo A. 
Immunohistochemical localization of some 
vertebrate-like neuropeptides (SP, NPY, CGRP, 
CCK) in the central neurvous system of the 
freshwater snail Planorbarius corneus. Cell 
Tissue Res. 260: 435-448, 1990. 

Sonetti D, Ottaviani E, Bianchi F, Rodriquez M, 
Stefano ML, Scharrer B, Stefano GB. Microglia 
in invertebrate ganglia. Proc. Natl. Acad. Sci. 
USA 91: 9180-9184, 1994. 

Sonetti D, Peruzzi E, Stefano GB. Endogenous 
morphine and ACTH association in neural 
tissues. Med. Sci. Monit. 11: MS22-30, 2005. 

Stefano GB, Cadet P, Mantione K, Cho JJ, Jones D, 
Zhu W. Estrogen signaling at the cell surface 
coupled to nitric oxide release in Mytilus edulis 
nervous system. Endocrinology 144: 1234-1240, 
2003a. 

189 
 



Stefano GB, Zhu W, Mantione K, Jones D, Salamon 
E, Cho JJ, et al. Cadet P. 17-beta estradiol 
down regulates ganglionic microglial cells via 
nitric oxide release: presence of an estrogen 
receptor beta transcript. Neuro-Endocrinol. 
Lett. 24: 130-136, 2003b. 

Van Noorden S, Falkmer S. Gut-islet endocrinology-
some evolutionary aspects. Invest. Cell Pathol. 
3: 21-35, 1980. 

Tsai PS, Sun B, Rochester JR, Wayne NL. 
Gonadotropin-releasing hormone-like 
molecule is not an acute reproductive 
activator in the gastropod, Aplysia 
californica. Gen. Comp. Endocrinol. 166: 
280-288, 2010. 

Weigent DA, Blalock JE. Interactions between the 
neuroendocrine and immune systems: common 
hormones and receptors. Immunol. Rev. 100: 
79-108, 1987. 

Wendelaar Bonga SE. Ultrastructure and 
histochemistry of neurosecretory cells and 
neurohaemal areas in the pond snail Lymnaea 
stagnalis (L.). Z. Zellforsch. Mikrosk. Anat. 108: 
190-224, 1970. 

 

190 
 


