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HUMORAL IMMUNE RESPONSESTO VARIOUS
ANTIGENSIN THE ASTERIDS: A.GIBBOSA AND A.RUBENS
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ABSTRACT

Immunizations with various antigens of the seasstaterina gibbosa andAsterias rubens produce specific
humoral immune reactions which initiate the antipdatctor. This antibody factor is correlated withppa
genes and could be composed of 4 kappa chairsstheifirst time that such phenomenom was desciibed
an invertebrate.
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1. INTRODUCTION (Wimereux,France). After collection, the sea-starse
kept in sea water and immediately, sent to therketboy,
In invertebrates, we say now that immunity is or were maintained in aquariums with running setewa
characterized by physiological mechanisms mediaied at 10°C.
various types of cells, especially lymphocytes and
various soluble proteins which recall stronglyséa star 2.2. Methods
system, vertebrate immunity. In this study, we hexiesl Injections of various antigens were performechia t
to show, in an invertebrate, that specific immune coelomic cavity with a fine needle and a syringoear
reactions, as compared to mammal system, occured ithe axial organ: it is an original challenge. Wgean

the asterid one. 0,1ml soluble antigen (horseradish peroxidase, TNP-
PAA, FITC-PAA) per animal, per injection near the
2. MATERIALSAND METHODS madreporic plate. In certain cases,
following « immunizations », sea star lymphocytds (
2.1. Materials and T sea star lymphocytes) + sea star phagocyes w
2.21. TheSea-Sars culturedin vitro and restimulated with the same antigen.

Sea-stars belong to the class Asteroidea of the 3. RESULTSAND DISCUSSION

phylum Echinodermata. They are marine animals, also

named starfishes. _ 3.1. In vivo Experiments
The specied\sterina gibbosa is frequently found on . ) )
the Channel (France). It lives on the sea floca depth In a first study in (Leclerc, 1973), it was shotisat

of about 2 -5 meters, where the temperature ofwiter ~ the axial organ cells of the sea skaterina gibbosa
is between 7 and 15°C according to the seasorarlt ¢ previously injected with horseradish peroxidase ewer

attain a size of 3-5 cm in diameter. It is hermaplite. able to react specifically with the same enzymeisTh
The speciedsterias rubens also namedA.vulgaris) observation was made by electron microscopy using a
is frequently found on the Atlantic coast of Frararel immunocytochemical tecnique. A similar result watet
the channel. It can attain a size of 30 cm or mare observed with another enzyme, the alkaline phosgkat
diameter. It is a predator of shellfish (scallops). of E.coli. These observations suggested that, following

Sea-stars were obtained from the «Institut destimulation with foreign antigens, some cells of txial
Biologie Marine de [I'Université de Lille» organ were able to synthesize substances whichedkac
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specifically with the injected antigen in a manner in sterile high molarity buffer which contains in

comparable to the immune response of vertebrates. particular: (35g NacCl; llitre water) pH 7.0. Aftarweek
So a variety of antigens were injected in the the axial organs were removed, pooled, washed with

coelomic cavity, near the madreporic plate such assterile high-molarity buffer and teased. The celisre
horseradish peroxidasek:.coli alkaline phosphatase, finally filtered through a sterile fine-mesh nylafoth,
bovine serum albumin, rat IgG, human lambda Bence-pore diameter 20 um. Cells were cultured according

Jones protein, myoglobin and more recently, thedrep  Mishell and Dutton (1967) in Eagle's MEM

TNP and FITC coupled to polyacrylamide beads. supplemented medium (Gibco, England) containing 36
In a first series of experiments, the animalsixesge  g/litre NaCl and mercaptoethanol. Costar plastites

three or four injections one week apart and thealaxi were used (Costar, USA), each vial containing 5.000

organs were taken one week after the last injectioncells in 0.5 mL medium. Plates were gently agitaad

Electron microscopy cytochemical observations weregassed with 5% CO2. At the beginning of culture the

made with the enzymatic antigens and with peroxdas cells were restimulated by adding to each vial @.BAA

labelled protein antigens. beads haptenated with the same hapten used tdatecu
In other experiments, the axial organs of thetéa the animals.

animals were pooled and teased and cell suspensions Cultures were daily supplemented with 100 pL of

were prepared and examined using fluorescent axtige Mishell and Dutton supplementation medium contajnin

The results of these experiments can be summasged dextrose. After 5 days, the cells were harvesteashed

follows: by centifugation with Hanks’medium and resuspenided

the desired volume.

* When examined by electron microscopy, enzymatic The response was evaluated by haemolytic titration
activity was observed in the ergastoplasmic cistern Sheep red cells were haptenated with TNP-sulphonic
(and) in the perinuclear spaces of some cells.with FITC according to Rittenberg and Pratt (1968)
Exocytose of « bullets » was observed Moller et al. (1976)

+ The reactions were specific, that is, they wereyonl The haemolytic test was performed by mixing 50 pL
observed in the cells of the animals treated with t of haptenated red cells, 2.000.000 axial orgars ¢elD.1
corresponding enzyme or protein; cells from non-mL, or 0.1 mL of various dilutions of culture

treated animals did not show any reaction supernatants, 0.1 mL of fresh rabbit or guineasggim
and Hanks’solution up to a final volume of 0.5 mL.
3.2. In vitro Experiments After 30-min incubation at 37 or 20°C, the tubes

i i . were centrifuged, 50 pL of the supernatant wasrtakel
A technique was developed in recent years whichgjyted 1/60 and the optical density at 415 nm was
allowed a more detailed study of the nature ofdéks  mneasured. The results were expressed as percentage
and  production of soluble factors following |ysis taking as 100% the complete lysis provoksd b
immunization of the sea stars. Animals were indeda gjstjled water. Control cultures were incubatedthwi

in vivo and kept in aquariums; 7 days later, tt@ifal  ormal red cells and with axial organ cells frormno
organs were dissected, washed and teased andlthe ceyeated sea stars.

obtained were cultured in vitro and restimulatethvihe In some experiments, the cells were fractionated
same antigen. according to their adherence to nylon wool, as rilesd

With this technique, it was possible to show thet  pefore (Juliust al., 1973). The fractionations was made
cells of the immunized animals secreted a soludnd¢of immediately after dissecting the axial organs ahe t
with properties that resembled those of the veatigbr adherent and non-adherent populations were cultured
antibodies. This factor could be detected and dpaded separately.
by its capacity to lyse red cells labelled with eme It is seen that the lysis is specific and that is
hapten used to treat the animals. necessitates the presence of fresh rabbit serum.

The antigens employed were TNP and FITC coupled  No lysis was ever observed if the rabbit serum had
to PAA beads (Bio-Gel P30, 100-200 mesh) (Brillogtet  been previously heated for 1 h at 56°C.
al., 1984). Coupling was made by the method of Kageda ~ When subpopulations of cells were used, no lysis
and Akerstrom (1971) using TNP-sulfonic acid (Sigma occured.

USA) and FITC (Biomérieux, France). Each animal But if the subpopulations of cells were mixed efo
received 4.000 haptenated beads in a volume ofM.1  the test, lysis was obtained. The proportion ofiscel
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mixed in these experiments was 80% of non-adherent
cells (T-lymphocytes + Phagocytes) and 20% of aatfter
cells (B lymphocytes+ Phagocytes) which is the ager
proportion found in the non-treated axial organ.

Specific haemolytic activity was also found in the
supernatants of the cell cultures; this indicatest ta
soluble antibody factor was released during cultiore
in triplicate.

Some activity was found after 1 day of culture &nd
increased up to 5 days, the maximal time testedititah
of increasing quantities of the monovalent ligand
(trinitrophenol) gradually inhibited lysis.

3.3. Cdll typesInvolved

Various experiments were performed with cells
disrupted by sonication (Lecleetal., 1986)

3.4. Disruption of Cells

The cells were sonicated at the end of culturgat
KHz for 3 min. The suspension obtained was eitlsedu
directly or was fractionated by centrifugation 804 for
15 min: the supernatant contained the cellular
membranes (S.4000). In some cases, a further °
centrifugation was performed at 85.@0@r 35 min and

4

the _peIIet containilng the cell membranes was taken B-Ii‘Ke"Iymr{')‘hdcyte
sterile buffer, sonicated at 30KHz for 45 s andetds o
(Leclercet al., 1986) . )
It was found that the haemolytic factor was Fi9- 1. B sea starlymphocyte in T.E.M
produced only when the sea star B-lymphocytes (Big.

were intact. On the contrary, sea star T-lymphacytere A second precipitation at 75% ammonium sulphate
effective whether they were intact or disrupted. produced a precipitate with lytic activity. o
Treatment of silica, which is known to destroy This 50-75% ammonium sulphate precipitate was

phagocytes (Allisoret al., 1966), completely inhibited ~ dissolved in high molarity buffer and fractionated a
the production of the antibody factor. It was ats®en column of « UItrogel AcA 44 ». The active fractiovas
that the addition of mercaptoethanol (always irrilgte ~ further purified by affinity chromatography using
solution, like for silica) to the cultures was ewi.  agarose coupled to paranitrobenzoic acid as theitwff
Mercaptoethanol could be SUBSTITUTED by culturing ligand. _ _ _
the axial organ cells WITH CELLS OF LATERAL Elution of the retained material was made with
APPENDICES situated in the aboral part of the axial Potassium thyocyanate 2M. _ _
organ (Leclerc: personal communication. The final product gave a single peak in crossed
In summary, a kind of cooperation occured betweenimmunoelectophoresis against an antiserum fromitabb
sea star T and B lymphocytes and sea star phagocyteinjected with the same fraction.

The mechanism of this cooperation is not yet uridets Electrophoresis in polyacrylamide gel in the

completely. presence of sodium dodecyl sulphate showed a single
Purification of the antibody factor (Delmotée al., band corresponding to a molecular weight of 30.000.

1986). This result compared with the value of 132.000 ivletz

The raw material consisted of supernatantsby gel filtration suggests that the molecule may be
harvested from cultures of TNP-PAA-stimulated axial composed of 4 units.

organ cells. Supernatants were first precipitate80&6 In 2000 leclerc showed that this molecule had a
ammonium sulphate saturation: the precipitate ditt n human-kappa like activity (Leclerc, 2000); in 201,
show any haemolytic activity. was correlated with kappa genes (Lecktral., 2011).
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So the antibody factor compared with the value of Kagedal, L. and S. Akerstrom, 1971. Binding of dena
132.000 could be composed of 4 kappa chains proteins to polysaccharides by cyanogen bromide

(Leclercet al., 2011) and organic cyanates. |. Preparation of Soluble
Glycine-, Insulin- and Ampicillin-dextran. Acta
4. CONCLUSION Chem. Scand., 25; 1855-1859. DOI:

10.3891/acta.chem.scand.25-1855
It was already shown that the sea star T lymplascyt |eclerc, M., 1973. Etude ultrastructurale des ieast

were able to release soluble lymphokine mediatatis w d’Asterias gibbosa (echinoderme, asteride) au
mitogenic properties. niveau de I'organe axial apres injection de prasin

In addition to these properties, the axial orgatsc Ann. Immunol. (Inst. Pasteur), 124C: 363-374.
possessed immunocompetent cells and were abledo bi |eclerc, M., 2000. Human kappa-like expressionhe t
the specific antigen aftem vivo stimulation of the axial organ of the sea staAsterias rubens
animals. This immunocompetence of the axial organ (Echinoderma). Eur. J. Morph, 38: 206-207. PMID:
cells was more clearly demonstrated by the prodnaif 10916174

a soluble substance which appears to be similarany Leclerc, M., 2012. Am. J. Immunol., 8: 78-83.
respects to the humoral antibodies of the vertebrafter  |Leclerc, M., C. Brillouet and G. Luquet, 1986.

invivo andin vitro stimulations of the animals. Production of an antibody-like factor in the sear st
The sea-star antibody factor could be correlated t Asterias rubens; Involvement of at least three
kappa genes and so composed of 4 Kappa chains cellular populations. Immunology, 57: 479-482.
(Leclerc et al., 2011). It is a great novelty in the PMID: 3007335
invertebrate world. Leclerc, M., S. Dupont, O. Ortega-Martinez, B. Heth
and N. Krezdorret al., 2011. Evidence of Kappa
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