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Abstract 
The circulating phagocytic immune cell is considered to be the main effector of the invertebrate 

defense system, involved in both immune and neuroendocrine responses, showing the functional 
characteristics of vertebrate macrophage. Various names have been used to define this cell in different 
taxa i.e., hemocyte, celomocyte, amebocyte, plasmatocyte, etc. However, regardless of the 
terminology, these cells perform the same immune function, and possess very similar morphology. For 
these reasons, it is suggested that the general term immunocyte be used to describe these cells in 
invertebrates. 
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Introduction 

 
Elie Metchnikoff was the first to suggest an 

evolutionary mechanism devoted to protecting 
organisms. He demonstrated the phagocytic role of 
certain cells of the freshwater crustacean Daphnia 
magna infected by the parasitic fungus Monospora 
bicuspidata (Metchnikoff, 1884), and described in 
vertebrates two phagocytic cell types, microphages 
(polymorphonuclear leucocytes) and the 
mononuclear macrophages (Metchnikoff, 1901). 

The discovery of phagocytic cells in humans 
has diverted attention of the cellular mechanisms 
present in invertebrates to those found in 
vertebrates. However, in the last few decades 
several papers and reviews have been dedicated to 
phagocytic cells in invertebrates. Different names 
have been used to describe invertebrate immune 
cells that exhibit phagocytic activity. Regrettably, 
this has promoted more confusion than clarification 
of cell function. There currently is no information on 
the homology of phagocytic cells in different taxa, 
and the use of different names for cells that perform 
the same activities does not enhance understanding 
among investigators. The present contribution 
attempts to promote the acceptance and usage of 
the general name immunocyte to the specific cells in 
different invertebrates that perform phagocytic 
activity. Such acceptance would hopefully benefit 
especially those researches that report cross-taxa 
information. 
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Anatomycal background of the immune system 
in non-vertebrate models 

 
The presence of a body cavity can be used as 

a phylogenic parameter for classifying different 
groups of metazoans. Acelomate animals lack a 
body cavity (Barrington, 1967; Barnes et al., 1988). 
Pseudocelomates have a pseudocel, a cavity 
lacking in own walls arising directly from the 
blastocelic cavity filled of fluid. Celomates that have 
a true cavity, called celom, that develops within the 
endomesoderm, covered on its outer surface by the 
somatic mesoderm and on inner surface by the 
splanchnic mesoderm. The body cavity of celomates 
is filled of fluid and is lined by an epithelium. 

An open circulatory system is present in 
molluscs and arthropods, in which a fluid is 
contained in the dominant body cavity or hemocel. 
The fluid, usually called hemolymph, can bathe the 
organs directly and there is no distinction between 
blood and interstitial fluid. Conversely, annelids, 
cephalopods and echinoderms possess a closed 
system characterized by the presence of blood 
vessels (Brusca and Brusca, 2003). It should be 
noted that different circulatory systems are not 
linked to the taxon, consequently they are not good 
parameters from a phylogenetic point of view. 
Currently, the relationships among circulating cells 
and open or closed circulatory systems are 
unknown. 
 
Invertebrate immune cells 

 
It is well-documented that the immune cells 

represent the cellular component of invertebrate 
immune systems (Ratcliffe and Rowley, 1981). 
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However, there is a general problem in defining the 
number of circulating immune cells present in the 
hemolymph, which represents a subject of great 
debate. There are several reasons for this unsolved 
problem, including different methods employed in 
examining invertebrate immune cells, the lacking of 
an hemopoietic organ in numerous models, and the 
inability to document cellular maturation. 

In this context, an initial morphological 
examination of adult Mytilus galloprovincialis 
revealed the presence of two cell types in the 
circulating hemolymph. However, more detailed 
studies such as functional tests, cytochemical and 
enzymatic reactions and cytofluorimetric analysis 
revealed the presence of a single cell type in two 
different stages, both of which possessed 
phagocytic activity (Ottaviani et al., 1998). Using 
light and electronic microscopy two cell types have 
been described in M. edulis and M. galloprovincialis 
(Rasmussen et al., 1985; Renwrantz, 1990; Noël et 
al., 1993; Cajaraville and Pal, 1995). However, 
using monoclonal antibodies, sub-populations of a 
single cell type were identified in M. edulis (Dyrynda 
et al., 1997). 

In synthesizing the different interpretations of 
circulating immune cells in bivalves, Cheng (1981) 
concluded that only two cell types are present: 
hyalinocytes and granulocyes. Conversely, Mix 
(1976) suggested that hyalinocytes are an 
intermediate proliferative stage that matures to 
become granulocytes. 

Another notable example is the classification of 
immune cells in insects. Rowley and Ratcliffe (1981) 
reported the presence of the following cell types in 
the hemolymph: prohemocytes, plasmatocytes, 
granular cells, cystocytes, spherule cells and 
oenocytoids. While Brehélin and Zachary (1986) 
proposed another classification of insect blood cells 
where nine cell types are described: prohemocytes, 
plasmatocytes, oenocytoids, spherule cells, 
thrombocytoids and four types of granular 
hemocytes. Three basic cell types are observed in 
the hemolymph of adult insect Calliphora vomitoria: 
prohemocytes, plasmatocytes and granular cells 
(Franchini et al., 1996). In Drosophila melanogaster 
plasmatocytes, lamellocytes and crystal cells have 
been described as cells derived from progenitors 
originated in the larval lymph gland (Nappi et al., 
2004). 

As previously noted, the lack of an 
hematopoietic organ presents a problem in 
classifying blood cell types. However, even when 
this organ is present problems occur. Indeed the 
different species of Planorbids and Lymnaea 
palustris (Kinoti, 1971; Lie et al., 1975; Rachford, 
1976; Jeong et al., 1983; Ottaviani, 1988) in which a 
hemopoietic organ is present, it is insufficient to 
produce the quantity of immune cells that need to 
the animals, and the majority of the cells comes 
from the hemolymph. 

In annelids, echinoderms and tunicates, a 
terminology for immune cells includes celomocytes, 
amebocytes among others (Smith et al., 2006; 
Ballarin, 2008; Lefebvre et al., 2008; Arizza and 
Parrinello, 2009; Vetvicka and Sima, 2009). In the 
leech Theromyzon tessulatum three distinct celomic 
cell populations are reported: the chloragocytes 

which were initially defined as large celomocytes, 
the granular amebocytes and small celomic cells 
(Lefebvre et al., 2008).  

In general, the various annelid cell types are 
usually characterized as amebocytes, elocytes, 
erythrocytes and hemocytes in Polychaeta, 
celomocytes, amebocytes, vascular lymphocytes, 
elocytes and macrophages in Oligochaeta and 
amebocytes and chloragocytes in Hirudinea 
(Vetvicka and Sima, 2009). 

In the sea urchin Strongylocentrotus 
purpuratus are described the following celomocyte 
types: type 1 (discoidal phagocyte), type 2 
(polygonal phagocyte), small phagocyte, red 
spherule cell, colorless spherule cell and vibratile 
cell (Smith et al., 2006). 

In colonial botryllid ascidians and in particular in 
the species Botryllus schlosseri the circulating 
immune cells are grouped into three main 
categories: undifferentiated cells, immunocytes, and 
storage cells (pigment cells and nephrocytes). 
Immunocytes are represented by cytotoxic morula 
cells and phagocytes, the latter including hyaline 
amebocytes and macrophage-like cells (Ballarin, 
2008). 

In the solitary ascidian Ciona intestinalis various 
cell types are reported: agranular hemocytes, 
including hemoblasts, circulating lymphocyte-like 
cells, hyaline amebocytes; granular hemocytes 
including granulocytes with small granules, 
granulocytes with large granules, unilocular 
refractile granulocytes and morula cells (Arizza and 
Parrinello, 2009). 

 
Invertebrate phagocytic immune cells 

 
As noted above, in different taxa numerous cell 

types are described and various functions are 
assigned. Although these cells play a fundamental 
role in immunity, they unfortunately are designated 
with different names, and no information is available 
on their homology.  

In the mollusc Planorbarius corneus the 
phagocytic cell has been called spreading hemocyte 
(Ottaviani, 1983; Ottaviani and Franchini, 1988). 
These cells show the same function of the 
spreading amebocytes of Lymnaea stagnalis 
(Stang-Voss, 1970; Sminia, 1972), of the 
granulocytes of Bulinus guernei (Krupa et al., 1977) 
and the granulocytes of Biomphalaria glabrata 
(Harris, 1975; Joky et al., 1983).  

In various insects, the plasmatocytes represent 
cells with the typical functions of a macrophage, i.e., 
glass adhesion with the emission of pseudopodia 
allowing amoeboid movement, phagocytic capacity, 
encapsulation, nodule formation and wound repair 
(Rowley and Ratcliffe, 1981; Brehélin and Zachary, 
1986; Franchini et al., 1996). However, in 
Lepidoptera granulocytes are considered the 
phagocytic cells, whereas plasmatocytes are larger 
and adhesive cells that cooperate in encapsulation 
(Nakatogawa et al., 2009) 

The ameboid celomocytes are very important 
cells of the immune system of annelids. They are 
involved in non-self recognition, transplantation 
reaction, cytotoxicity, encapsulation, endocytosis 
and enzymatic digestion of engulfed material. In 
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addition, they actively participate in regenerative 
processes and wound healing (Vetvicka and Sima, 
2009). Smith et al. (2006) in their interesting review 
report that in echinoderms the phagocytes represent 
the majority of celomocytes involved in graft 
rejection, chemotaxis, phagocytosis, encapsulation, 
immune gene expression, agglutination and clotting 
reactions. In B. schlosseri, the circulating 
professional phagocytes are considered hyaline 
amebocytes and macrophage-like cells, which 
represent two diverse morphologies of the same 
hemocyte type (Sabbadin, 1955; Ballarin et al., 
1993). Also in C. intestinalis hyaline amebocytes are 
the most common cell type with phagocytic activity 
(Arizza and Parrinello, 2009). 

In conclusion, on the basis of the reported 
observations, I suggest, from a conceptual point of 
view, to adopt the general term of  immunocyte for 
the invertebrate cells endowed of characteristic 
functions of vertebrate macrophage. In this way one 
immediately understands the kind of cell described, 
regardless of the taxonomic group involved.  
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