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Although much of today’s knowledge of cell adhesion
molecules comes from vertebrate (mammalian, avian,
and amphibian) model systems, nonvertebrate models,
specifically the slime mold, Dictyostelium discoideum
(Bozzaro and Ponte, 1995), echinoderm (McClay et al.,
1995; Ghersi et al. 1996), nematode, Caenorhabditis
elegans (Gettner et al., 1995; Moulder et al., 1996), and
fruit fly, Drosophila (Hynes, 1992; Roote and Zusman,
1996) have provided important insights into aspects of
cell adhesion in development and morphogenesis, and
have aided considerably with the characterization of
the numerous molecules involved into the superfami-
lies of cadherins, selectins, integrins, and immunoglobu-
lins (Pigott and Power, 1993; Steinberg, 1996). The advan-
tages of these invertebrate model systems are their rapid
rates of embryonic development, their amenability to ge-
netic manipulation, the relative ease of developing mu-
tants, and, quite importantly, the ease with which these
animals can be maintained in the laboratory.

Comparative studies with invertebrates provide an-
other avenue to research on cell adhesion. Considering
that invertebrates make up some 95% of animal spe-
cies, it is not surprising that a comparative approach
has revealed an enormous diversity of molecules and
structures involved in cell adhesion and has enhanced
our understanding of the evolution of the molecules and
mechanisms used. Since the first experiments that
demonstrated species-specific cell sorting of dissociated
sponge cells (Wilson, 1907), many invertebrate models
have been used to investigate allorecognition and the
immune response (e.g., tunicates: Parrinello et al.,
1996; Raftos, 1996; Rinkevich, 1993; Sawada and
Ohtake, 1994; annelids: Cooper et al., 1992; sponges:
Yin and Humphreys, 1996). Other research has taken
advantage of the ease with which some of these ani-
mals’ cells can be dissociated into culture without the
use of damaging enzymes or other agents, to examine
cell-cell and cell-substrate interactions and cytoskel-
etal changes in vitro (Khan et al., 1997; Leys, 1997;
Prysiezniak and Spencer, 1989) and in attempts to
culture invertebrate cells for pharmacological and cell
biological studies (Kawamura and Fujiwara, 1995;
Rinkevich et al., 1994; Toullec et al., 1996). And the
remarkable regenerative properties and ability of many
invertebrates to reproduce asexually have been ex-
ploited to study aspects of cell adhesion during morpho-
genesis and embryogenesis (Ziegler and Stidwill, 1992;
Zang and Sarras, 1994).

Through all studies on cell adhesion that use inverte-
brates runs the undercurrent of the evolutionary impli-
cations. The great diversity of cell adhesion structures
and their constituent molecules found in invertebrates
may be regarded as a glimpse of the history of cell
adhesion. The invention of cell adhesion mechanisms

was a prerequisite for the evolution of multicellular life,
and sponges, as the first multicellular animals to
diverge during metazoan evolution, remain in many
ways our earliest witnesses of the development of the
first adhesion mechanisms and extracellular matrices.
Through research into the evolutionary origin of cell
adhesion molecules, it is becoming increasingly appar-
ent that the cell adhesion and signaling molecules
thought to have evolved to allow sophisticated regula-
tion of processes in higher animals, are well established
even in the ‘‘lowest’’ multicellular organisms (Brower et
al., 1997; Müller, 1997; Müller, 1998).

In this special issue, some of the less well-known
invertebrate models of cell adhesion systems are re-
viewed. The goals of this comparative approach to cell
adhesion are to elucidate if possible the evolutionary
origins of cell adhesion molecules known in higher
organisms, to discover alternate roles of adhesion mol-
ecules, to demonstrate the usefulness of models that
are ‘‘inexpensive and socially non-controversial’’ (Coo-
per et al., this issue), and finally, to discover novel
adhesive systems. To this end the papers in this issue
cover aspects of cell adhesion in (1) the immune re-
sponse, (2) regeneration and morphogenesis, and (3)
cell migration and adhesion/de-adhesion. They use a
powerful combination of in vitro model systems and
molecular techniques to determine the properties and
roles of cell adhesion molecules in invertebrates such as
sponges, cnidarians, earthworms, ctenophores, and tu-
nicates.

In the first section, four papers discuss the role of cell
adhesion molecules in the immune response. Classic
studies on cell adhesion and histocompatability in
sponges are reviewed by Fernandez-Busquets and
Burger. They provide a comprehensive account of the
sponge ‘‘aggregation factor,’’ the proteoglycan complex
that is responsible for species specific aggregation of
sponge cells, and discuss its relationship to cell adhe-
sion molecules known from higher metazoans. Their
experiments reveal that the genes coding for the aggre-
gation factor are highly polymorphic, suggesting that
this cell adhesion molecule is the functional equivalent
to immunoglobulins in vertebrates.

In the second paper, Müller, Koziol, Müller, and
Wiens describe an impressive number of adhesion
molecules now characterized in sponges, including the
well-known integrins, fibronectins, and collagens, as
well as the cell surface receptors receptor tyrosine
kinase (RTK) and proteins with the scavenger receptor
cysteine-rich (SRCR) and short consensus repeats (SCR).
They give powerful evidence from combined field and
laboratory experiments to demonstrate that, like the
aggregation factor, RTK shows Ig-like polymorphism.
They show that SRCR, which may be the long-hunted-
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for aggregation receptor of sponges, interestingly has
an RGD domain, and therefore may interact with cell
surface integrins. And finally, they describe the pres-
ence of the prophenoloxidase activating system in cells
that die as a result of allorecognition. The evidence
from sequence comparisons of numerous metazoan-
specific proteins involved in cell adhesion in the Porif-
era convincingly shows that sponges were already well
established as metazoans at the time of their diver-
gence from the rest of multicellular animals some 600
to 800 million years ago.

Using purified proteoglycans— glyconectins— cova-
lently linked to fluorescent beads, Misevic elegantly
shows in the third paper, that these carbohydrates
alone can cause homeotypic association of live and
preserved sponge cells. He augments this work with
atomic force microscope measurements that demon-
strate the sheer strength of proteoglycan-proteoglycan
interactions.

Cytotoxicity, cell-killing of foreign targets by natural
killer cells, is one consequence of cell adhesion that may
have evolved along with the appearance of multicellular-
ity, suggest Cooper, Cossarizza, Kauschke, and Frances-
chi, who present the earthworm model in the fourth
paper of this issue. Although annelids lack immuno-
globulins, these were the first lower invertebrates in
which measurable immunological recognition and
memory was demonstrated. Cooper and colleagues cite
extensive work showing that the earthworm coelomo-
cyte or leukocyte expresses various cell differentiation
(CD) antigens and functions as a natural cytotoxic cell,
the equivalent of mammalian natural killer cells. They
also give evidence for the presence of perforin, fetidin,
lysenin, and hemolysin, lytic factors involved in cytotox-
icity during the immune response in earthworms and
other invertebrates. The growing repertoire of the
molecules and events involved in the earthworm im-
mune response, and the relative ease with which in
vitro assays can be carried out with earthworm coelomo-
cytes makes these invertebrates an excellent model
system for immunological research.

The second theme of this issue looks at cell-cell and
cell-substrate interactions during regeneration and mor-
phogenesis. Schmid, Ono, and Reber-Müller use molecu-
lar and antibody techniques to study the role the
mesoglea and extracellular matrix (ECM) ligands play
in cell adhesion and cell migration during regeneration
and morphogenesis in Hydrozoa. ECM proteins in the
mesoglea are reviewed, and their roles in buoyancy,
support, and even defense are discussed. Using in vivo
and in vitro experiments, the authors show that the
shape and the condition of the ECM is critical in
determining the regeneration potential and the state of
differentiation of isolated tissues.

As the highest known organisms capable of propagat-
ing by asexual reproduction, tunicates present a useful
model for studying cell-cell adhesion during cell sorting
and rearrangements such as occur during embryogenic
morphogenesis in a lower chordate. In the sixth paper
of this special issue, Kawamura and Sugino provide an
excellent overview of cell junctions and cell adhesion-
related molecules in tunicates, empasizing the role
these molecules play in asexual reproduction.

Cytoskeletal responses to cell-substrate interactions
are examined in vitro by Gaino and Magnino. Using
primary cultures of cells gently dissociated from a
calcareous sponge, they show that changes in adhesive-
ness at the cell perimeter largely determine directional-
ity of cells during locomotion. Furthermore, not only
are cells more likely to cross paths when in the presence
of the cyclic nucleotide cAMP, but cells appear to find
one another by following trails of torn fragments of cell
membrane.

The last paper in the issue presents the delightfully
novel adhesion system of lip closure in the ctenophore,
Beroe. Tamm describes a transient reversible junction
in beroid ctenophores that has parallels with the kind
of reversible cell adhesion that takes place during
developmental and wound healing processes in other
animals. The opposed membranes in the ctenophore lip
have a dense cytoplasmic coat of actin microfilaments
that disassembles in milliseconds, probably the fastest
known dynamic reorganization of actin known in the
Metazoa. Such speedy rearrangement of the cytoskel-
eton, which then takes considerably longer to reas-
semble, is mediated by electrical signals triggered by
chemo or mechanoreceptors on the lips.

The reviews in this issue are by no means intended to
cover the all the issues in cell adhesion, but rather they
provide thought-provoking up-to-date commentaries on
contemporary topics within the broad field of cell
adhesion that use invertebrate models. The emphasis
on sponges as a model adhesion system is a reflection of
their historic role in cell adhesion studies and their
potential for use in future studies, and also of the
editor’s interests, biases, and limitations.
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