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ABSTRACT

The axial organ is considered as ancestral lymphoïd organ. It contains T and B sea star lymphocytes
and Phagocytes. It plays a fundamental rôle in the sea star cell-mediated immune responses and
humoral immune ones.Evidence of Invertebrate primitive antibody is demonstrated by the use of
plasmids.
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INTRODUCTION
In Vertebrates, immunity is characterized by physiological
mechanisms mediated by variuos types of cells and various
soluble proteins, whose complex interplay results in a defence
response which is specific and anamnesic for each particular
immunogen (antigen) and which is greatly amplified in the
presence of such antigen.
B and T sea star lymphocytes, phagocytes and other cells of
the reticuloendothelial system, leukines secreted by these cells,
complement and humoral antibodies have been studied in great
detail in vertebrates, especially in mouse and man, but little
information is available on the presence(or absence) of them,
especially humoral antibodies, in invertebrates.
Although it is largely admitted that the origin of the immune
response resides among invertebrates, no definite evidence
exists concerning the phylogeny of such response or the
evolutionary homologies between the various components of
the immune system and the components of the « immune
system » of invertebrates.
The works of Cooper (ref 1), have first demonstrated the
existence of cell-mediated immune reactions in annelids. It has
also been shown that tunicates can recognize and react to
alloantigenic determinants, and Hildeman et al ( ref 2) have

presented strong
evidence of
immunocompetence in echinoderms.

highly

discriminating

In 1966, Millott ( ref 3) proposed that the axial organ of the sea
urchin was implicated in defence mechanisms.
Cells present in this organ are morphologically very similar to
vertebrate lymphocytes, and this similarity prompted the idea
that the axial organ could be an ancestral lymphoïd organ ( ref
4).
A great number of experiments performed in our laboratory in
recent years have confirmed this hypothesis, showing that the
axial organ cells of the sea-star are able to mount a cellular and
humoral response having many of the characteristics of the
vertebrate immune system.
The invertebrates consist of a variety of phyla whose exact
evolutionary relationships and genealogy are difficult to
assess:
Echinoderma
The position of the echinoderms, in particular, has been a
matter of doubt and controversy in the studies of the vertebrate
ancestors.
Embryological, anatomical and biochemical evidence seem
now to indicate that the first one is wrong: echinoderms, as
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proposed Kampmeier(ref 5), are more likely to have been the
ancestors of the invertebrates than the annelids.
An essential point appears to be the fact that echinoderms are
deuterostomia, like the vertebrates, while annelids are
protostomia, like arthropods and mollusks.
In the ontogeny of protostomia, the « blastopore » becomes
the mouth; in the deuterostomia, on the contrary, the anus
arises from the blastopore, the mouth being a new acquisition.
It must also be remarked that although, in the phylum
Echinodermata, the adult animal has a radial symetry, the larva
is bilateral.
The sea-star Asterias rubens.
Sea-stars belong to the class Asteroidea of the phylum
Echinodermata.
They are marine animals, also named starfishes. They have a
pentaradiate structure with a calcareous endoskeleton.
The Asteroidea do not possess a definite head or brain but an
oral and an aboral face. On the aboral face, the madreporite
takes place as a circular grooved plate, situated in the
interradius CD or Carpenter's system. Just under the
madreporic plate is the axial complex.

Figure 2

The axial organ lies along the stone canal. (ref 6)
The structure of the axial organ is glandular, spongy and
crossed by connective tissue.
Many follicles of heterogeneous size with clear zones are lined
by cellular cords.
The various types of cells present in the axial organ have been
studied in our laboratory, by optical and electron microscopy
(S.E.M and T.E.M).

Cells which are phagocytes Fig.3

Essentially two types of cells are found:

Properties of the axial organ cells

Cells which morphologically resemble mammal lymphocytes
(Fig.1) (Fig .2).

Obtention and separation of cells.
Axial organs were removed, pooled, washed with sterile buffer
and teased.
The cells were finally filtered through a sterile fine-mesh
nylon cloth (pore diameter: 20µm).
The buffer used throughout contained a high concentration of
NaCl, similar to that of the sea water. The total population
could be separated into two subpopulations according to the
method of Julius et al. (ref 8) : Adherent cells, represented
about 20 % of the whole axial organ population, and nonadherent cells 80%.The percentage of adherent cells was
enhanced after antigenic stimulation and grew up to 35% in
some cases.
Morphology

Figure 1

Adherent and non adherent cells were studied by electron
microscopy after fixing in 2% glutaraldehyde in cacodylate
buffer 0.4 M, 3mM.
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Ultrastructural cytochemistry was performed to detect
endogenous peroxidase by the well-known diaminobenzidine
method Results were summarized in the work of Anteunis,
Leclerc et al. (ref 7).

Different axial organ cellular populations (total, adherent and
non-adherent to nylon wool) were cultured for 24, 48, and 72 h
in the presence of various concentrations of these mitogens(ref
9) and the stimulation indexes were calculated. A summary of
the results obtained, is presented in Table 1, where it can be
seen that non-adherent cells where stimulated by PWM, ConA,
Limulin and PHA, but not by LPS and Nocardia opaca
delipidated. Adherent cells were stimulated by LPS and
Nocardia opaca delipidated (ref 9). When the total population
was tested, considerable stimulation was observed only in the
presence of PWM, a weak stimulation was observed in the
presence only of foetal calf serum. In general stimulation was
greatest after 48 h of contact and then diminished.

Adherent Population
Cellular types found in the non-adherent population resembled
the Th lymphocytes and mononuclear phagocytes of the
vertebrates. Lymphocyte cells (Fig. 1, 2) were small, average
diameter 4 µm, and had a high nucleocytoplasmic ratio. The
second cellular type observed was a phagocytic cell whose
diameter was 7-8 µm.( Fig.3)
Its nucleus wax excentric and could have two aspects : in some
cells, the diffuse chromatin was predominant, while others
were principally composed of condensed chromatin.

A dose-effect was also observed with high concentations of
mitogens producing less stimulation The conclusion that can
be drawn from these experiments is that non-adherent and
adherent cellular subpopulations, respectively, were stimulated
by the same mitogens which stimulate mammal T and B
lymphocytes. This analogy is further reinforced by the fact that
the procedure employed to separate adherent from nonadherent cells is identical to that used to separate B from T
lymphocytes.
Table I Effect of various mitogens on axial organ cells.

The cytochemical DAB procedure for visualization of
endogenous peroxidase showed a negative reaction in the
lymphocyte-like cells and a positive staining in some
phagocytic cells.
This reaction was located in the endoplasmic reticulum and in
the phagosomes. The experimental conditions used did not
permit detection of any positivity in the perinuclear space or in
the Golgi apparatus.

Mitogen
Total population Adherent cells
PWM
+
_
ConA
_
_
Limulin
_
+
PHA
_
_
LPS
_
_
Nocardia-opaca
_
_

Adherent population
Two types of cells were also observed in the adherent
population:

Non-adherent cells
+
+
_
+
+
+

Agglutination by Lectins.

-one type resembled lymphoplasmocytes. These cells had a
nucleocytoplasmatic ratio lower than that of the non-adherent
cells and a more highly developed vacuolar system, i.e.
Smooth- and rough-surfaced endoplasmic reticulum in variable
quantities and large multivesicular bodies. These cells
represented 20% of the adherent population and 5-10% of the
whole cell population.

It was found that axial organ cells were selectively
agglutinated by lectins (ref 10). This property allowed
fractionation of the cells into two subpopulations. Soybean
agglutinin (SBA) and wheat germ agglutinin (WGA)
agglutinated about 10°/° of the cells. In contrast, Con A
agglutinated a very large number of cells. The agglutinated
cells could be dissociated with appropriate concentrations of
sugar specific for the lectin and they were viable after
dissociation by use of trypan blue.

The diameter of these cells was also greater than that of the
non-adherent cells, namely 5 to 6 µm.

Lymphokine substances.

Within this cellular type, some were characterized by
substantial development of the rough endoplasmic reticulum
and by the presence of lipids and dense bodies of irregular
form and heterogeneous density.

The method of Leiper and Solomon (ref 11) was used, with
some modifications.Cells were separated by nylon wool and
were cultured for 24 h at 10° C in the presence of PWMcoated Sepharose beads. Supernatants from these cultures were
centrifuged to eliminate beads and debris, sterilized by
membrane filtration( 0.22-µm Millipore) and concentrated 5or 10-fold with an ultrafiltration device (Amicon) fitted with
« PM-10 Diaflo » membranes. Supernatant controls were
obtained from cells cultured with non-coated beads, from cells
cultured alone and from beads cultured alone. The
supernatants were added to cultures of total axial organ cells
which had been started 24 h before, and 24 h later, the cells
were harvested and mitogenic stimulation was evaluated by
measuring tritiated-H-methyl- thymidine incorporation.

The other type found was a phagocytic cell similar to that
found in the non-adherent population.
These cells also had a positive endogenous peroxidase reaction
localized in the endoplasmic reticulum and in the phagosomes.
Effect of mitogens
To test the action of mitogens, cell cultures were performed
(ref 8)
The mitogens tested were PWM (pokeweed), ConA
(Concavalin A), LPS (Lipopoysaccharide) Limulin, PHA
(phytohaemagglutinin) (Sigma products) Nocardia opaca
delipidated.

It was found that the the supernatant from the non-adherent
cells cultured in the presence of PWM beads stimulated the
total axial organ cells. No stimulation was observed in the
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various controls. This result indicates that non-adherent cells
produce a lymphokine mediator which is able to stimulate the
total axial organ cells. The active substance was inactivated by
trypsin and chemotrypsin, or by heating for 1 h at 70°C, but it
resisted at 56°C. (ref 12)

cytotoxicity against human malignant cells : it's the beginning
of this research.
Our data contributes to knowledge the molecular and genetic
bases of non-self recognition by invertebrates which allow
further comprehension of the evolution of MHC antigens and
immunoglobulins. Invertebrate primitive antibody is explored.

In 1997, cytokines and cytokine-receptors were discovered
indirectly by the use of Cytofluorometry (ref 13)

CONCLUSIONS

Immune reactions induced by axial organ cells.

The general idea that emerges from the experiments reported
in the present review is that Echinoderma, as exemplified by
the sea star: Asterias rubens, possess an ancestral lymphoïd
organ: the axial organ. It appears that all the elements
necessary to immune responses ( phagocytic cells, Tsea star
lymphocytes, B lymphocytes, NK cells) are present in this
organ which initiates : cell-mediated immune responses, the
primitive antibody, the lymphokines of the sea star.

Attempts were made to demonstrate the capability of axial
organ cells to induce cellular immune reactions in various
systems currently employed with vertebrate cells.
Angiogenesis.-It was found that angiogenesis was induced
when irradiated mice were injected subcutaneously with a
suspension of axial organ cells. The technique employed was
that described by Sidky and Auerbach( ref.14) who presented
it as a graft-versus-host reaction. A study of the effector cells,
inducing this phenomenon showed that they were nonadherent to nylon wool, agglutinated by ConA and nonagglutinated by WGA or SBA. In this respect, the effector
cells resembled mammal T lymphocytes.
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