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SUMMARY
A progressively growing bulk of evidence has shown that the immunity is an integral part of a general homeostatic system maintaining
the integrity of the internal environment of an organism. Eumetazoan
animals respond to the pathogens invasion with a cascade of adaptive
reactions involving neuroendocrine and immune co-operations. In all
living animals today the immune mechanisms evolved into an effective
device which enabled their successful survival, and above all, their
adaptive radiation in the biosphere. The immune strategy common to
every natural assemblage of animals (a phylum) represents an appropriate fundamental morphofunctional pattern according to evolutionary
history, and is determined by the natural forces of the environment in
which these animals have radiated. The important animal assemblages
in their order of increasing complexity comparing their basic body
plans in relation to their immune potential are depicted in this survey.
INTRODUCTION
There is no function without a
structure, and there is no structure
without a history. The history has always two faces, an ontogenetical and a
phylogenetical one. The immunity is
one of the basic attributes of all living
creatures. The aim of this short
overview is the reconstruction of its
emergence from various points of view,

and its evolutionary history. For this
purpose we can theoretically admit the
existence of major superassemblages of
more interrelated, natural groups of
animals. Within these groups, the immune capabilities of their representatives
in the relation and dependence on their
morphofunctional endowment will be
determined.

GENERAL REMARKS
Evolution of homeostatic systems
Homeostasis is a major attribute of
all living matter, which is realised by a
row of orchestrated autoregulative processes, including immunity (Austin,
1978). All living creatures from the
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protists upward behave as open systems
(Bertalanffy, 1953). We may accept
them within the definition made by
Orgel (1973) as "Complex - Information
- Transforming - Reproducing - Objects
- that - Evolved - by - Natural -

Selection". This definition can, from
immunological point of view, be modi
fied by adding - "and maintaining their
integrity".
Even the most primitive ancient or
ganisms had to integrate their simple
processes into a harmoniously balanced
form, and more than one function had to
co-ordinate at the same time. Fulfilment
of this condition is the basis for
transition from inorganic matter to a
living
organism
regulating
its
metabolism. The emergence of regula
tory mechanisms was fundamental for
establishment of the homeostatic control
(Bernard, 1877; Lahav, 1985).
A role of hierarchisation in e v o 
lution of homeostatic systems
Obviously, the more complex an or
ganism is, the more stratified is the or
ganisation of its homeostatic devices
("the stratified stability"). The capacity
to maintain stability increases with
greater stratification of the biological
system.
The genetic code, and the biochemi
cal and physiological processes are vir
tually constant among both the lowest
and highest animal phyla. More than
90% of total enzyme activities is com
mon in both the prokaryotes and eu
karyotes. Similarly, the cells as struc
tural entities (tissues and organs as well)
are constructed with the same uni
formity. Thus the only evolutionary
way of achieving the greater complexity
is by increasing the structural and func
tional hierarchisation (Bronowski,
1970; Bonner, 1988).
Homeostasis has adaptive advan
tages
Each higher level of homeostasis
ensures better adaptation capability of
species (Huxley, 1953). The adaptive
advantages of homeostasis have been
obviously functioning in periods of
evolutionary stasigenesis, when ensured

a relatively long-lasting stage of stable
survival of the species (Rensch, 1966).
Qualitative changes of homeostatic
mechanisms have passed during evolu
tionary dysbalance, within stages of
anagenesis (progressive evolution) and
cladogenesis (diversification).
Evolution of neuroendocrine reg
ulation
The changes in the metazoan way of
life from the sessile way to the active
seeking of food were accompanied by
the origination of new structures and
organs that would ensure more devel
oped locomotory functions. The in
creasing morphofunctional complexity
required a considerable increase in en
ergy supply. The ancestral metabolic
system was not sufficient any more, but
the new, more efficient mechanisms for
obtaining energy from the food did not
evolve as a consequence of this transi
tion. It was precisely the evolving and
consolidating of the system of hormonal
hierarchical regulations that assured the
more efficient stimulation of these tradi
tional metabolic pathways to manufac
ture energy more effectively (Czaba,
1980; Pertseva, 1991).
Co-evolution of immune and
neuroendocrine systems
Up to the present, the highest level of
homeostasis has been reached by the
mutual functional interconnection of
highly hierarchised systems, the neu
roendocrine and immune (Ader, 1981).
Almost all hormones secreted in the or
ganism have been shown to signifi
cantly influence the immunological re
actions and humoral immune vectors
like cytokines may affect their neuroen
docrine targets. Moreover, many kinds
of hormones are manufactured by im
munocompetent tissues and cells. Im
mune and neuroendocrine systems are
similarly organised and phylogenetically
emerged in a similar way: from dispers
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edly localised cells and tissues towards
highly structurally hierarchised organs.

to increase the possibility of the indi
vidual to survive (Doberstein, 1951).

Immune
mechanisms
have
evolved as a defence of individ
uality
The existence of living organisms on
the Earth is conditioned by their ability
to maintain their own individuality,
which means the ability to keep genetic
self-stability. Every organism either ex
tinct or extant is a product of a never
ending co-evolution with other organ
isms, from microbial to multicellular, in
the form of symbiosis, commensalism,
or parasitism. The principle to maintain
individuality of all eukaryotic multicellu
lar animals, from the sponges upward,
lies in the prevention of any other alien
form of living system into the internal
milieu.
From this point of view, immunity
must be considered as a fundamental
attribute of living organisms, similar to
metabolism, irritability, or reproduction.
All of the following eventualities could
caused the emergence of the first
immune phenomena among ancestral
organisms.

Fusion
The fusion of genetically different
individuals or their parts means the
threat of somatic parasitism and it can
result in the lost of individuality. The
transplantation reaction may be a
phyletic consequence of the adaptations
to the risk of that parasitism (Buss and
Green, 1985).

Factors threatening the integrity
Parasitism
It was already mentioned that the
uniqueness of an individual is ensured
by the functional co-operation of neu
roendocrine and immune systems.
However, only immune system is able
to neutralise and to destroy pathogens
penetrating from external environment.
Diseases accompany all living creatures
from the very beginning of their lives
and the faculty of falling ill (the pathi
bility) belongs to the general character
istics of life. Under the evolutionary
pressures of pathogenic vectors, the
immune mechanisms have been more
precisely formed with the primary aim
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Internal
processes
requiring
homeostatic regulation
Growth, morphogenesis, ageing
Whereas the neuroendocrine system
monitors the chemical characteristics of
internal environment, the immunity per
ceives the antigenic expression on the
cell surfaces throughout the body. The
synchronisation of the processes of
histogenesis (histolysis) during em
bryogeny requires a regulation by a
system capable of both the recognition
and elimination of disturbances
(Moscona, 1974; Stewart, 1992). The
same is valid for the surveillance and
elimination of potential harmful changes
during postembryonal stages of life
(Goya, 1991).
Neoplasia
Mutant cells, which do not fulfil their
functional role and may represent a po
tential danger for a steady-state within
the internal milieu are recognised and
eliminated by immune mechanisms. The
molluscs, arthropods, and vertebrates
are the only animal groups with clear
cut cases of neoplasia. In spite of that,
all animals with at least cell-mediated
immune system can be expected to have
neoplasms (Balls and Ruben, 1976).
The complex role of homeostasis is
shown in Figure 1.

Figure 1: The complex role of homeostasis.

EVOLUTION OF IMMUNITY
Basic mechanisms of immunity
Two fundamental patterns of internal
defence strategies evolved in the remote
past: the constitutive (non-anticipatory)
and adaptive (anticipatory) immunity
(Klein, 1989). The constitutive immu
nity involves innate mechanisms utilis
ing predominantly the phagocytic cells,
killer cells, and non-specific humoral
substances. To be endowed by the
adaptive type of immunity means to
possess the specific receptors recognis
ing and binding a vast number of anti
genic epitopes, and as a consequence of
these events to manufacture a row of
cellular and humoral reactions realising
the specific response.
All main taxa of eumetazoan animals
have developed proper immune strate
gies constricted by their morphofunc
tional possibilities only. However, three
basic immune phenomena are common
for all animal assemblages: the capabil
ity of recognition (of self or nonself),
processing of immunogenic material,
and response to it.

Recognition
Recognition should be understood as
an affectory phase of the immune reac
tion. Generally, it means a type of
communication of an individuum with
the surrounding environment. All orga
nisms, even the unicellular ones, are
capable or recognition via their cellular
surface receptors. The protostomians do
not possess variable-region molecules,
e.g. immunoglobulins or TCR. Emer
gence of these molecules among ances
tral vertebrates was a crucial novelty for
the evolution of adaptive immunity
(Cooper, 1992).
Processing
The processing can be understood as
the transport of the signal received from
the receptor to other molecules, and
subsequent analysis of the information
from the signal (Werdelin and Mourit
sen, 1992). The endocytosis is gener
ally regarded as the first stage of im
mune processing. All eukaryans are ca
pable of phagocytosis. In more ad
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vanced animals with more hierarchised
immune system, various types of spe
cialised populations of accessory and
effectory cells evolved to meet the needs
of efficient effectory parts of the im
munity (Síma and Vêtviçka, 1992).
Response
The effectory phase of the immune
reaction is the response. As a large di
versity of animals exists, it is not sur
prising that various forms of immuno
logical response can be found. These
forms differ from each other in several
respects: specificity, rapidity, effi
ciency, and existence of immunological
memory.
Analogy and homology
The elucidation of questions concern
ing the evolution of immune systems is
connected with the problems of origin
and relationships between the metazoan
phyla. Different ancestry resulted in dif
ferent consequences even under the
same selective pressures. The research
of the analogy and homology of im
munity should generally be subordi
nated to the following considerations
(Síma and Vêtviçka, 1990):
1. The emergence of qualitatively new
immune properties occurs at all
phylogenetical levels, and many
properties are passed on vertically
from ancestral taxon to another as
apomorphies.
2. The principal variations in immune
characters cannot be presupposed
within a single natural group of ani
mals (a monophyletic taxon).
3. The more evolutionary remote natu
ral groups of animals (sister groups),
and the more remote animals are
from their ancestors, the greater the
differences will be found in their
more complex immunity.
4. The more evolved (or younger in
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evolutionary terms) such natural as
semblage is, the more complex may
the immune pattern be. This is not
valid for some specialised groups,
e.g. the parasites. These animals did
not evolved a more progressive types
of immunity, but rather conserved
the ancestral type, or even partially
lost some of its functions.
The basic body plan
Multicellular organisms with what
ever body arrangement, shape, and size
had to ensure the availability of chemical
substances for life of every cell, and the
removal of the wastes. The larger
organisms evolved networks of chan
nels directly connecting their internal
tissues with the exterior (water channels
in sponges), or replacing of external
environment by fluids or "blood" circu
lating within the systems of body
spaces, channels or vascular system.
All animals belonging to the main
phyla are built on the same fundamental
body plan, which represents the most
convenient evolutionary compromise
between the morphofunctional possibili
ties determined by the genome and se
lective pressures coming from the envi
ronment. Larger steps in the phylogeny
of homeostatic systems always began
with the appearance of the new basic
body plans in the main animal phyla,
especially with the emergence of the
first coelomate and metamerised meta
zoans, further with the onset of chor
date-vertebrate basic body plan and en
dothermy (Clark, 1964; Romer, 1971).
Similarly, all variations of immune ap
paratuses within a phylum are the varia
tions of one ancestral scheme, more or
less specialised according to develop
mental changes associated with the ma
jor morphological novelties accumulated
during the evolution (Conway Morris,
1993; Valentine et. al., 1996).

THE OVERVIEW OF IMMUNE PHENOMENA
AMONG MAIN ANIMAL TAXA
D IBLASTIC PHYLA
I. Irregular or radial, cell-aggre
gate basic body plan
The poriferans
The sponges are most primitive mul
ticellular creatures. Neither true tissues
nor organs are present, and the cells
display a considerable degree of inde
pendence. To summarise the immune
pattern of the sponges they have a
highly discriminative and, in the same
extent, co-operative cellular defence
system. Phagocytosis is the major de
fence reaction, and the free-wandering
amoeboid cells, the archaeocytes, are
the main effector cell population. They
are active also in quasi-immune recog
nition, cytotaxic reaction, and graft re
jection. The various lectins are involved
in aggregation phenomena allowing cell
to cell contacts (Vasta, 1991). The his
toincompatibility and cytotoxicity may
seem to be correlated with the presence
of inducible specific alloimmune mem
ory (Hildemann et al., 1980; Van de
Vyver and Barbieux, 1983).
II. Radially symmetrical sac-like
basic body plan at the tissue
grade of construction
The coelenterates and the ctenophorans
The functional specialisation of cells

can be seen for the first time in phy
logeny. The gastrovascular cavity is in
larger species transformed into a series
of narrow canals functioning similarly
to a circulation system. The simple gen
eral body plan of coelenterates was not
sufficiently plastic, thus the more com
plex immune structures or organs could
not develop. Therefore, the immunolog
ical defence of these animals remained
limited only on phagocytosis and his
toincompatible reaction accompanied by
certain alloimmune memory (Bigger and
Hildemann, 1982; Buss et al., 1985). A
humoral component of the coelenterate
immunity could be represented by an
external mucus secreted by most of
these animals. It may play a role in the
protection against pathogens (Burk
holder, 1973), recognition processes, as
well as in cytotoxic reactions
(Muscatine, 1989). It is possible that the
coelenterates avoid other more complex
evolutionary solution of their immune
potential by developing a very effective
capability of regeneration which is
regarded to be the most powerful in the
entire animal kingdom. The speed of
healing following a damage may
significantly reduce the possibility of
pathogen invasion (Sparks, 1972).

T RIBLASTIC ACOELOMATE PROTOSTOMIAN PHYLA
III. Bilateral sac-like basic body
plan at the triploblastic grade o f
construction
The platyhelminths
The platyhelminths are endowed with
a third layer, the mesoderm, which rep
resent an important advance in phyloge
ny: it forms an evolutionary background
for later emergence of various organs
including those devoted to immunity.

Mesodermal parenchyma contains free
wandering cells, the neoblasts, which
have features resembling some verte
brate haemocytoblasts. Planarians are
still devoid of a definitive blood-vascu
lar system and no specialised structures
for the immune functions are known.
Immune capability of these mostly
minute animals are scarce, and only
phagocytosis and graft rejection have
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been described. Most species of flat
worms have also considerable powers
of regeneration (Valembois, 1982).
IV. A tube-within-a-tube basic
body plans
The nemerteans
In comparison to flatworms, there are
two evolutionary progressive features in
nemerteans: Their digestive tract has a
second opening (the anus) situated at the
posterior part of their body; Secondly,

even more important, they are the first
animals in phylogeny possessing a true
closed circulatory system. Their vessels
are lined by an epithelium, which is
exceptional among the invertebrates.
Cells resembling vertebrate macro
phages and small lymphocyte-like cells
can be found among several categories
of blood cells. The nemerteans are able
to reject xenografts with some sort of
short immunological memory (Langlet
and Bierne, 1977).

P SEUDOCOELOMATE PHYLA
The aschelminths
The common feature of these animals
is the possession of a body cavity derived from a persistent blastocoel - the
pseudocoel. These animals are devoid
of any circulatory system. The role of

free-wandering amoeboid cells inside
the mesenchymatous tissue is unknown.
Practically, no information is available
about their immune patterns (Van de
Vyver, 1981).

E UCOELOMATE SCHIZOCOELIC PHYLA
Origin and importance of the
coelom
The acquisition of the secondary
body cavity (the coelom), in eumotazoic
body pattern conferred further progress
upon the hierarchised control of home
ostatic processes. The originally pluri
potent mesodermic cells composing
parietal or splanchnic layers of coelomic
linings may differentiate under the in
ductive influence of ectoderm or endo
derm into various functionally spe
cialised tissues or organs. The devel
opment of organs within the sufficient
space and their stratification along the
alimentary tract could secure better ef
fectivity of digestion and better utilisa
tion of nutritions, and by that way it al
lowed higher income of the energy for
more active life. These new conditions,
together with growing body size, made
the previous mechanisms of transporta
tion of nutrient or waste less effective
(by diffusion or cellular distribution) or
fully inefficient, and could concomi
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tantly induce the development of inde
pendent transport system. A well-estab
lished circulatory system is therefore
obligatory for almost all eucoelomate
phyla.
The representatives of annelids,
arthropods, and molluscs forming an
artificial superassemblage, the "annelid
superphylum", are regarded with a
build-up of their secondary body cavity
according to the schizocoelic mecha
nism. The echinoderms, hemichordates,
and chordates ("echinoderm superphy
lum") form their coelom in enterocoelic
way (Kerkut, 1960; Clark, 1964).
In eucoelomate animals the first de
fence structures evolved in connection
with rostral part of the digestive tube,
where the exposition to the environmen
tal antigens induced development of
such organs like typhlosole, a common
organ present not only in invertebrates
but also in some less advanced verte
brates.

The sipunculans
The sipunculans possess a well de
veloped coelom but no real vascular
system has been formed. No haemo
poietic structure has been discovered in
the sipunculans, so that the dif
ferentiation of free coelomocytes prob
ably occurred from the peritoneal ep
ithelia (Dybas, 1981). These cells are
vectors of the immune phenomena like
recognition, phagocytosis, and elimina
tion of particles from the coelomic

space. Moreover, they possess enzymes
used in vertebrate cells for killing the
bacteria. From the humoral defence
factors, lysins and agglutinins have
been determined in the coelomic fluid.
Some signs of spontaneous cytotoxic
activity of sipunculid leucocytes against
various allogeneic and xenogeneic cells
has been found, in contrast with previ
ous acoelomate or pseudocoelomate
animals.

E UCOELOMATE SCHIZOCOELIC METAMERISED PHYLA
Origin and importance of meta
merism
The second key event in phylogeny,
comparable in its importance to the evo
lutionary emergence of the coelom, is
segmentation or metamerism. At this
crucial event, the branching into two
main directions of evolution within the
animal kingdom established the differ
entiation of the annelid and the echino
derm superassemblages. All eumetozoic
animals above this evolutionary level are
segmented and have a coelom. It is
important to realize the evolutionary im
portance of metamerism for the immune
phenomena: the sophisticated defence
systems in both members of annelid or
echinoderm superphyla could evolve
only in coelomatic segmented animals in
which the regional specialisation of their
body patterns has been the conditio sine
qua non for functional specialisation

(Clark, 1964).
The echiurans
The spoonworms represent the last
evolutionary solution of the body con
struction antecendent the splitting of eu
coelomic body plans into the modifica
tions seen among representatives of an
nelid and echinoderm superassem
blages. For the first time in phylogeny,
segmentation appears to be a transitional
phase during ontogenesis. Moreover,
most of adult forms possess a closed
simple blood-vascular system. No data
are available about the immune pattern
of these animals nor about the defence
role of their free cells with exception of
a clumping-like reaction in presence of
bacteria (but no accompanying phago
cytic reaction was observed). Only some
bactericidal activity in the coelomic fluid
has been described (Dybas, 1981).

T HE " ANNELIDE SUPERPHYLUM "
The annelids
Generally, all structural novelties
emergency of which we have followed
and which are unambiguously consid
ered to be fundamental, (i.e., the
coelom, the closed blood vascular sys
tem and the metamerism), together with
all major organs and organ systems are
present. A relatively high number of

free-wandering cells can be found both
in the coelomic fluid and inside the vas
cular system. They arise from spe
cialised parts of coelomic or blood ves
sel epithelia, or from the distinctive
structures described as "lymph glands"
(Dales and Dixon, 1981). The main cell
types involved in the defence processes
(recognition, phagocytosis, encapsula
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tion, and histoincompatibility reaction)
are various categories of amoebocytes
(Cooper and Stein, 1981). With regard
to the humoral immunity, substances
with haemolytic, haemagglutinating,
antibacterial, and antiviral properties
have been detected in coelomic fluid.
Moreover, the molecules of nonim
munoglobulin nature with enhancing ef
fect on the phagocytosis, amounts of
which can be increased by antigenic
stimulation, and the primitive cytokine
activity (IL-1 and IL-2- like) have also
been found. It may be concluded that at
least some representatives of annelids
have evolved a highly sophisticated
system of mutually collaborating cellular
and humoral defence components, in
many respects comparable to those of
vertebrates per analogiam. Earthworms
can be considered to be the first inverte
brate animals having a specific ana
mnestic immune response (for review
see Vêtviçka, et al., 1994)
The arthropods
The arthropod's body plan has been
proved to be enormously plastic and its
modifications paved the way for the
immense number of various species.
The real coelomic cavity exists only in
very early ontogeny. In later stages it
gradually fuses and forms a mixocoel.
The blood circulation system can be
considered practically as open. The im
mune system of arthropods is capable of
specific recognition of a wide range of
antigenic material, and mounting of a
vigorous response against it. Haemo
poietic organs were found in larger
species, and many morphologically dis
tinct types of free or sessile cells manu
facturing a wide range of the immune
functions like phagocytosis, encapsula
tion, or rejection of transplants were de
scribed. In addition, an advanced sys
tem of humoral defence factors collabo
rating with the cells can be found. Bac
terial agglutinins, the prophenoloxy
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dase, and lectins could serve as exam
ples of defence factors naturally present
in the haemolymph. The lysozyme, ce
cropins, attacins, dipteridins, defensins,
and other molecules are among the indu
cible factors (Sherman, 1981; Bauchau,
1981; Gupta, 1991). It may be
concluded that in this enormous and
varied animal superassemblage, the very
effective immune mechanisms based
upon the proper design of co-operating
components have been created.
The molluscs
The molluscs represent a sister group
to the common stock of true coelomate
groups, resembling them in few
synapomorphic characters. They have
rather mesenchymate organisation of
their body design with very limited
coelom due to the enormous develop
ment of the primary body cavity which
has been transformed into a large vascu
lar system, the haemocoel. All molluscs
have this open system, with the only
exception of cephalopods. These ani
mals reached a maximal level of com
plexity of their blood vessel system
which cannot be found in any inverte
brate phyla. A steady state of renewal of
haemocytes inside the vascular system,
the epithelia and connective tissue, takes
place. In case of emergency, the re
cruitment of haemocytes from connec
tive tissue occurs. This phenomenon is
analogical to that in the murine peri
toneal cavity. Some haemocytes display
macrophage-like properties. These cells
produce a number of defence humoral
substances with strong lytic, cytotoxic,
agglutinating, and opsonising activities.
Moreover, the presence of cytokine-like
molecules (IL-1, IL-2, IL-6, TNF-α,
and TNF-β) in the molluscan haemo
cytes has been observed (Franceschi et
al., 1994). The existence of two effec
tive phagocytic systems, the free cells
and fixed cells, approximate the mol
luscs in analogy to that of vertebrates.

All molluscs recognise and respond to
foreign materials, and in some species a
surprisingly high degree of specificity
occurs. On the other hand, the molluscs
seem to lack the recognition of allograft
tissue as non-self, but xenografts were
always rejected. The majority of hu
moral substances and cell-surface fac
tors manifest a lectin character (Suzuki
and Mori, 1990) which may attach to or

agglutinate microbes and parasites, faci
litate the processes of phagocytosis and
encapsulation, or possess opsonising
capabilities. In conclusion, with the ex
ception of the above-mentioned analo
gies, nothing permits speculation about
the homology of the mollusc immune
pattern with that of vertebrate or any
other invertebrate phyla (Fletcher,
1982).

E NTEROCOELIC DEUTEROSTOMIAN PHYLA
The "echinoderm superphylum"
The echinoderms
The echinoderms represent a sister
group with the chordate-vertebrate lin
eage. A number of crucial developmen
tal characteristics are common to both
assemblages. The coelom of echino
derms is well-developed and structurally
specialised in the functions of vascular
and
haemocoelic
systems.
The
echinoderms have developed the distinct
organs with coelomocyte-poietic activity
from which the axial organ appears to
be ancient "lymphoid" organ. This or
gan is often considered to be a homo
logue of the vertebrate spleen. The axial
organ cells were shown to be heteroge
neous and its adherent cell subpopulati
on is regarded to express B cell-like
characters. These cells were shown to
produce a lytic protein factor having an
tibody-like properties. Another protein,
the IL-1-like factor, was isolated from
coelomic fluid (Beck et al., 1990). The
echinoderms are able to reject allografts
in a manner similar to that of vertebrates
(Karp and Coffaro, 1982). Second-set
allografts are destroyed in an accelerated
manner. These phenomena indicate a
clear-cut evidence for a specific memory
which may represent an ancestral dis
criminative type of vertebrate transplan
tation immunity. The killing reaction
against both allogeneic and xenogeneic
echinoderm cells, as well as against
normal and tumour vertebrate cells, can

be regarded as an analogue of the
spontaneous cytotoxic reaction of verte
brate NK cells. Conclusively, the basic
cellular defence reactions of echino
derms are still phagocytosis and encap
sulation (Smith and Davidson, 1981).
On the other hand, they possess re
markable immunological features that
cannot be found in any other invertebra
te phylum.
The cephalochordates
The cephalochordates are considered
to be the true transitory group on the
evolutionary pathway to vertebrates.
The free coelomocytes seem to play no
role in the defence except phagocytosis.
Natural lectins of the invertebrate type
have been demonstrated, but neither
their recognition role nor co-operative
role with phagocytes has been eluci
dated (Millar and Ratcliffe, 1990). De
spite the apparent lack of any immuno
competence, these animals posses the
ability to amplify their population of free
cells by a mechanism common lately to
all vertebrates, i.e. the proliferative
multiplication of lymphoid cells.
Moreover, cells morphologically similar
to vertebrate lymphoid cells have been
documented in the pharyngeal region
(Rowley et al. 1984).
The urochordates
The haemocoelic vascular system of
urochordates contains more types of
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free cells capable of co-operation during
a very specialised phagocytosis and en
capsulation (Wright and Ermak, 1982).
The histopathology of encapsulation re
sembles the formation of vertebrate
granulomas. The urochordate lympho
cyte is often regarded to be the homo
logue predecessor of all vertebrate lym
phoid cells. The haematogenic tissue is
organised in discrete structures (called
"lymph nodules") localised in the vicin
ity of branchial region and digestive
tract. A homology between those
structures and haemopoietic tissues of
vertebrates is supposed. The blood cells
are involved in allogeneic rejection as
sociated with a colony specificity and
programmed senescence. It was sug
gested that the transplantation reaction is

governed by a MHC-like gene locus
(Weissman et al. 1990). The lectins and
other natural factors with an antibacterial
activity in body fluid, together with the
presence of some molecules of Ig super
family (Thy-1 or a disulfide-linked
heterodimer surface protein resembling
mammalian lymphocyte receptors) has
been described. Interleukin-like mo
lecules also have been identified
(Raftos, 1994). In summary, the uro
chordates possess main features of
adaptive immunity: a structural basis re
sembling both the haemopoietic and the
macrophage-phagocytic systems of ver
tebrates, and a capability for continual
renewal of immunocompetent cell popu
lations co-operating with humoral cy
tokine-like factors.

T HE VERTEBRATES
The agnathans
Jawless fish are considered to be first
true vertebrates. No final separation of
the primary and secondary lymphoid
organs exist, even if the presence of true
plasma cells was revealed. Agnathans
are the first animals able to react to an
antigenic challenge by the production of
"antibodies" with some degree of
homology to mammalian Ig molecule.
According to the new molecular analytic
studies, the agnathan "antibodies"
appeared to be rather the C3
complement component than true
immunoglobulin (Nonaka and Taka
hashi, 1992). Nevertheless, these crea
tures express for the first time in im
munophylogeny many progressive im
munological features which cannot be
found in any previous animal assem
blage, indicating the similarity of their
defence capacity to that of a common
adaptive type of advanced vertebrates
(Fujii et al., 1992; Zapata et al., 1981;
Zapata et al., 1984).
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The chondrichthyans
The cartilaginous fish, regardless of
their rather archaic and simple vertebrate
body pattern, are first vertebrates char
acterised by well-developed cellular and
humoral immune mechanisms. They
possess distinct spleen (white and red
pulp) and thymus, and important lym
phohaemopoietic organs (Leydig's or
gan, spiral valve, epigonal organ). Be
sides the antibodies of the IgM isotype
which molecular complexity is compa
rable to that of mammals, the skates
evolved proper immunoglobulin class,
the IgR isotype, which is not found
anywhere else (Kobayashi et al., 1984;
Rast et al., 1994). The question of the T
and B lineage divergence remains unre
solved similarly to the agnathans. The
chondrichthyans can be considered as
evolutionary critical animals. From
chondrichthyans up, on the evolutionary
scale, all basic molecular and cellular
vectors of immunity, and all main
immunocompetent structures can be

Figure 2: The comparison of the mutual evolutionary relationship of morphofunctional and
immune phenomena.

found. Among chondrichthyan ancestors, in the deep past, started the immune strategy that we are accustomed to
call the adaptive, anamnestic, inducible,
and anticipatory immunity.

The comparison of the mutual evolu
tionary relationship of morphofunctional
and immune phenomena is shown in
Figure 2.

CONCLUSION
When thinking about evolution of
immunity, it must be kept in mind that
all types of defence reactions of the pre
sent-day animals are optimal for them as
these reactions made possible their
phylogenetic survival and adaptive ra
diation.
The invertebrates do not show as a
high degree of defence specificity as
vertebrates, the discrimination may gen
erally be so poor that allografts and
sometimes even xenografts are not re

jected. This may be an advantage as
long as a reaction against self is
avoided, or may be disadvantageous,
e.g. in the case of autoimmunity or al
lergy. Those species whose bodies
evolved to be minutes had reduced their
structural organisation and also neces
sarily simplified their immune strategy.
They have been looking for other evo
lutionary solutions to this problem and
found them in the shortening of their life
spans or in rapid changeover of
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generations. In more advanced inverte
brate taxa both the cellular and the hu
moral components are co-operative and
highly specialised. The only missing
component is the immunoglobulin
molecule.
Besides elucidating how evolution
built up the immune mechanisms piece
by piece, the effort spent on the research
of non-traditional models may be of
extreme importance with even a practical
use at least in two branches of
biomedical science: "Once we compre
hend the strategies used by primitive

animals, we hope to apply our under
standing to mammalian host defences"
(Habicht, 1993); secondly, it may be
quoted Sir F. M. Burnet (1960): "As
long as there are useful invertebrates
like earthworms, oysters, or honey bees
to be protected, and others like tape
worms, slugs, and mosquitoes to be
destroyed, there will be a utilitarian jus
tification for studying invertebrate
pathology and whatever is equivalent in
them to what we study in vertebrates as
immunology".
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