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Abstract Three specialized cell types constitute the
heterogeneous population present in the coelomic cavity
fluid of sea urchins. The list includes: phagocytes, which
undergo a stress-induced petaloid-filopodial transition,
white or red amoebocytes and vibratile cells. As a whole,
they act as the immune defense system of the sea urchin
and respond to environmental and experimental chal-
lenge triggering specific stress markers. Here we ex-
tended our studies on coelomocytes short-term cultures
by describing the morphology and occurrence of each
cell type and analyzing their response to UV-B radiation
at the biochemical level and with respect to DNA
damage. The effects of different doses, ranging from 500
to 2,000 J/m2, on cells, which were then cultured in vitro
for 1–6 h were tested. As early as 1 h after irradiation we
found an increase in the levels of the heat shock pro-
tein70 (hsp) stress marker. A peak at 1,000 J/m2 corre-
sponding to a 3.4-fold hsp70 increase over the levels of
control coelomocytes was observed. Concurrently, we
found an increase in the number of apoptotic nuclei
detected by Hoechst staining, which varied from 7.1 to
15.6% in cells that were exposed to 500 and 2,000 J/m2,
respectively. On the basis of our findings we confirm sea
urchin coelomocytes as a sensitive cell culture system for
environmental studies and propose their use for the
analysis on the effects of UV-B radiation.

Introduction

It is well known that solar radiation is filtered by the
stratospheric ozone layer, which, functioning as a pro-
tective screen, reduces the amount of harmful ultraviolet
radiation reaching the Earth’s surface. The potential
impacts of UV radiation on organisms living on our
lands and oceans received little attention until significant
depletion of stratospheric ozone, the so called ozone
hole, due to the release of artificial damaging materials
into the atmosphere, was observed in Antarctica in the
early 80’s (Farman et al. 1985; Nigel and Gwynn-Jones
2003). Although more recently a less severe ozone
depletion has been observed (Kerr and McElroy 1993;
Rex et al. 1997), a general increased awareness in world
environmental issues has called for innovative and sen-
sible methods of detection of putative harmful effects on
living organisms. So far, the ultraviolet radiations UV-A
(320–400 nm) and UV-B (280–320 nm) have been
implicated as causing skin cancers (reviewed by Mat-
sumura and Ananthaswamy 2004) and some eye disor-
ders (reviewed by Cejkova et al. 2004), with UV-B being
more damaging to skin and eyes than UV-A. In addi-
tion, it has been demonstrated that exposure to UV-B
modulates immune responses in humans, causing
opposite beneficial and adverse consequences (reviewed
by Garssen and van Loveren 2001). One result known is
that the exposure to UV-B decreases the severity of some
immunologic diseases/conditions such as psoriasis and
nickel allergy, but several adverse effects have also been
determined such as: depressed resistance to tumors and
infectious diseases, potential impairment of vaccination
responses, and even increased severity of some autoim-
mune and allergic responses (Garssen and van Loveren
2001).

For millions of years marine animals, which were
the first to appear on the Earth, have developed strong
defense mechanisms and strategies for their survival
against environmental pressure, host attacks and dis-
eases. Nowadays, researchers are investigating on a
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number of marine model systems whose ancient pre-
sumptive prototypes of the immune system could be
instrumental in gaining insights on how to cope with
adverse extreme conditions (Smith and Davidson 1992,
1994). Among marine invertebrates, the population of
cells that live in the coelomic cavity fluid of adult
echinoids, referred to as coelomocytes, has been con-
sidered as their genuine immune system, one of the
most studied among higher invertebrate deuterostomes.
Indeed, a variety of different functions are displayed
by coelomocytes, which include: cell motility, cyto-
toxicity, phagocytosis, encapsulation, clotting, graft
rejection, chemiotaxis, as well as the secretion of
antifungal or antibacterial factors, lysins, agglutinins,
and clotting factors (reviewed by Matranga 1996;
Matranga et al. 2005). Coelomocytes are present as a
heterogenous population whose composition in differ-
ent cell types has been postulated to depend on the
species used, as well as on patho-physiological condi-
tions specific to each individual. Unfortunately, be-
cause of the controversial reports present in the
literature displaying different nomenclatures, a failure
in providing an unequivocal correspondence between
names and functions of each of the morphotypes is
still evident. In addition, a number of mistaken results,
possibly due to the methodology used for obtaining
cells, contributed to maintaining a certain ambiguity
on the matter.

We have previously shown for the first time that
sea urchin coelomocytes are responsive to a variety of
stresses induced in vivo or ex vivo in the laboratory,
such as high or low temperatures, acidic pH, heavy
metals (cadmium) (Matranga et al. 2000, 2002, 2005;
Angelini et al. 2003). Interestingly, we showed that
coelomocytes ‘‘sense’’ environmental adverse condi-
tions such as chemically polluted seawaters in field
campaigns (Matranga et al. 2000, 2005; Pinsino et al.
2006). In most of the above mentioned studies, their
response to stress was measured at the biochemical
level by an increase in the expression of the hsp70
protein and characterized, at the cellular level, by the
observation of a rise in the number of a subset of
coelomocytes, containing a red pigment, earlier
referred to as red spherule cells (Matranga et al.
2000).

The present study was undertaken to assess the po-
tential impacts of UV-B radiation on sea urchin coe-
lomocytes cultures that, representing a suitable marine
model system, could be used as biological indicators of
stress and DNA-damaging effects. Cells were first ana-
lyzed for their different morphologies and occurrence in
order to better detail their classification into different
subpopulations. Then, the levels of the hsp70 stress
marker were measured in short-term cultures exposed to
different UV-B doses. The number of apoptotic nuclei
was determined and correlated to the time cells were
maintained in culture and to the UV-B exposure doses
used.

Materials and methods

Coelomocytes collection and exposure
to UV-B radiation

Paracentrotus lividus were collected from the seacoast
of the Palermo gulf and maintained in aquaria under
controlled conditions. Short-term cultures of sea urchin
coleomocytes were obtained by a modification of the
procedure previously reported (Matranga et al. 2002).
Briefly, sea urchins were bled individually making a cut
in the peristomal membrane by scissors. Usually
between 5 and 10 ml of coelomic fluid were obtained,
depending on the size of the sea urchin. The fluid,
containing the total coelomocyte population, was
poured on an equivalent amount of a 2· ice-cold
anticoagulant solution (AS), composed of 0.5 M NaCl-
5 mM, MgCl2 20 mM, Hepes-1 mM EGTA pH7.2
(Henson et al. 1992). The suspension was immediately
diluted 1:2.5 with 1· AS, with gentle agitation to avoid
clotting. Usually, between 1 and 2·106 cells per ml
were contained in this medium. The cell suspension was
divided in 60 mm plastic dishes (Kartell, Milan, Italy),
usually 6 ml per dish, at a dilution of 2.0·105 cell/ml
and irradiated with a 312 nm UVB lamp (Labortech-
nik, model VL-6.M) placed at a distance of 6 cm. UV-
B doses used were 0, 500, 1,000, and 2,000 J/m2. After
irradiation cells were kept in the dark and harvested at
different time intervals for the detection of apoptotic
cells or 1 h later for WB analysis. All treatments were
performed at 16–18�C controlled temperature unless
otherwise specified.

Optical microscopy and nuclear staining

Fresh preparation of cells were immediately observed
under the microscope in order to monitor changes in
their morphology and/or movements. For permanent
preparations, we obtained a good preservation of cell
morphology utilizing a technique previously reported
(D’Andrea et al. 1994) with some modifications. Briefly,
after dilution in the anticoagulant solution (Henson
et al. 1992), cells were first disposed onto 0.01% poly-
lisine-coated (SIGMA P8920) glass slides for 10 min,
fixed in 3%gluteraldheide in SW for 1 h and washed
twice for 5 min with sea water. Nuclear staining was
performed according to Moser et al. (1975), with minor
changes. Briefly, cells, disposed onto polylisine-coated
glass slides described as above, were fixed in methanol at
�20�C for 20 min, washed twice for 5 min with sea
water, incubated at 4�C in the dark for 15 min in
0.12 lg/ml Hoechst 33258 (SIGMA, B2883) diluted in
sea water. Slides were washed three times for 10 min
with seawater at 4�C in the dark. Fresh preparations,
fixed and stained cells were observed using a Zeiss Ax-
ioscop2 plus inverted microscope; images were recorded
by a digital camera, using the program AxioVision 3.1.
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SDS-PAGE and western blot

Cell suspensions to be used for SDS-PAGE were col-
lected using a rubber scraper in order to facilitate re-
moval of all the cells from the plastic, centrifuged at
1,500 rpm for 10 min at 4�C. Supernatants were dis-
carded and coelomocyte pellets were lysed in 500 ll of
lysis buffer pH 7.5 (20 mM Tris, 2 mM EDTA, 1% NP-
40, 15% glycerol, 2 mM DTT), supplemented with a
cocktail of protease inhibitors: 2 lg/ll antipain and
leupeptin; 1 lg/ll aprotinin and pepstatin, 1 mM benz-
amidine, and 0.1 mM PMSF, using a glass Dounce
homogenizer. Lysates were centrifuged at 10,000 rpm
for 10¢ at 4�C, supernatants were collected, dyalized
against 50 mM Tris pH7.5 and total protein concen-
trations determined by the Lowry method (Lowry et al.
1951). The equivalent of 15 lg of total coelomocyte ly-
sates per each sample were separated on 7.5% SDS-
PAGE under reducing conditions, according to Laemmli
(1970). The SDS-polyacrylamide minigels were trans-
ferred to nitrocellulose paper as reported by Towbin
et al. (1979). Western blots were performed using an
anti-bovine brain 70 kDa hsp monoclonal antibody
(hsp70 McAb), commercially available (Sigma Chemical
Company, H-5147, St Louis, MO, USA), diluted
1:4,000. The second antibody was a peroxidase-conju-
gated anti-mouse IgG purchased from Amersham,
diluted 1:6,000. Bands were detected by chemilumines-
cence using a SuperSignal West Pico Chemiluminescent
Substrate (Pierce) and Hyperfilm ECL films (Amer-
sham). After detection, band intensities were quantified
by scanning, with a Bio-rad imaging densitometer (Gel
Doc 1000) equipped with an analysis program automatic
integrator (MultiAnalyst, Version 1.1).

Results

Morphological analysis of live coelomocytes

There is a growing evidence that various procedures
used for collection, together with inappropriate preser-
vation media developed in the past 50 years by different
laboratories, probably produced false outcomes, which
led to a contradictory coelomocytes nomenclature. This
notion is valid for many of the species used; specifically,
this is the case for the sea urchin species P. lividus in
which a number of phenotypes have been described after
cells were either fixed or placed in AS (for a review see
Matranga 1996). In order to find a common nomencla-
ture that could be of help in the understanding of
common biological phenomena, we revisited our previ-
ous morphological description of different cell types. To
this purpose, cells were immediately inspected under the
microscope just after collection from healthy and freshly
harvested sea urchins. Under these conditions, the most
numerous morphology we found was represented by
cells with a dendritic-like phenotype, which, within
5–10 min, underwent a striking morphological transi-

tion from a so called ‘‘petaloid’’ to a ‘‘filopodial’’ shape
(Fig. 1). At first, all members of this category of cells
appeared as big flowers with petals formed by cyto-
plasmic sheets arranged around the nucleus (Fig. 1a).
The first sign of transition was given by the formation of
microspikes at the edge of each petal (Fig. 2b). Subse-
quentely, their cytoplasm retracted, spikes became more
evident, and nuclei appeared slightly bigger (Fig. 2c). By
about 10 min out of the body cavity phagocytes bearing
filopodia were the only cells present in our fresh prep-
arations (Fig. 2d). Although this phenotype is appar-
ently not very mobile, its function in clotting and
phagocytosis (from which they derived the name)
occurring upon host invasion has been well documented
in the past (reviewed by Smith 1981). In recent times,
their massive adhesion has been elegantly described in ex
vivo experiments by Hillier and Vacquier (2003). As
above mentioned, we found that phagocytes are the
most abundant category of cells observed, constituting
about 80–85% of the total population, in good agree-
ment with previous reports on different sea urchin spe-
cies (Table 1).

The second major represented population we ob-
served, constituting about 15% of the total, was com-
posed of fast moving cells, having an irregular shape and
a clear or red color (Fig. 2, Table 1). We know now that
the relative percentages of the two differently pigmented
cell types greatly depend on the health state of the sea
urchin from which they were extracted, as we have
shown it can vary very much depending, for example, on
pollution and injuries (Matranga et al. 2000; Pinsino
et al. 2006). We followed under the microscope their
locomotion and recorded it by time laps cinematography
(Fig. 2). Peculiar to this cell type was its characteristic
locomotion (about 0.5 lm/s) achieved by rapid changes
in their body shape, in which a leading cytoplasmic edge
of a cell was protruded towards its march direction, the
nucleus being always last. Consequently, these cells have
been referred to as amoebocytes, from the Greek term
amoeba, meaning change, referring to their cell shape.
The red pigment, named echinochrome, which charac-
terizes almost half of the amoebocyte category, is
thought to be utilized by echinoderms as an anti-bacte-
ricidal agent. Actually, this notion comes from the only
report present to our knowledge in the literature,
describing the release of a red pigment by sand dollar
(Mellita quinquiesperforata) coelomocytes in response to
stress (Smith and Smith 1985). Accidentally, because of
the EDTA containing medium used for cell collection,
which caused a complete block of motility and conse-
quently a spherical appearance, amoebocytes have been
referred to as colorless or red spherule cells (Pagliara
and Canicatti 1993; Cervello et al. 1994; Matranga et al
2000). On the other hand, a similar nomenclature,
namely red and white spherulocytes, is still in use to
identify coelomocyte subpopulations in Lythechinus
variegatus (Borges et al. 2005). We now believe that they
do not exist as a distinct population of cells because we
never observed such round (spherule) cells in fresh
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preparations. It has been reported that amoebocytes
migrate to sites of injury and clotting and remain trap-
ped in phagotyte clots (Johnson 1969). This phenome-
non was consistently observed when fresh preparations
were inspected for a several minute lag of time under the
microscope (Fig. 2). We found that both red and white
amoebocytes remained trapped in clotting phagocytes,
but eventually they tended to escape from them (see
pointing arrows Fig. 2a–f). It could be assumed that in
analogy with phagocytes, red and white amoebocytes

could result from their inter-conversion, although the
experimental confirm of this hypothesis in still awaited.

Another type of very motile cells we observed, rep-
resenting 5–6% of the total cell population, are the so-
called vibratile cells; these are round cells which, thanks
to a long flagellum, can move in a straight direction
along a helicoidal pattern. Because of their fast move-
ment, it is not possible to record their image without
fixing the cells (not shown, Matranga and Bonaventura
2002; Matranga et al. 2005). The function of this less

Fig. 1 Morphological
transition from petaloid to
filopodial phagocytes. Cells
were attached to polylisine
coated glass slides (see text for
more details) and observed after
1 (a), 2 (b), 4 (c), and 8 (d)
minutes. Interference contrast
observed on a Zeiss Axioscope
2 microscope using a 63·
objective lent. Bar 10 lm

Fig. 2 Itinerant red and white amoebocytes from P. lividus. Time
lapse recording of freshly collected red and white amoebocytes (see
text for more details). Pictures were taken every 8 s. Bright fields

viewed on a Zeiss Axioscope two plus, using a 63· objective lent.
Arrows point to red amoebocytes, arrow heads point to white
amoebocytes. Bar 10 lm
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studied cell type is at present unknown and no hypoth-
eses have been made so far.

These three/four major cell types have been originally
described and later consistently observed in at least three
different species, i.e. Strongylocentrotus droebachiensis
from the North Sea (Bertheussen and Seljelid 1978),
Strongylocentrotus purpuratus from the Pacific Ocean
(Smith et al. 1992) and P. lividus from the Mediterra-
nean Sea (Matranga and Bonaventura 2002; this paper).
A comparative analysis of circulating coelomocytes
from the above mentioned species, reported in Table 1,
shows minor variations in their relative proportions.

Expression of hsp70 in short-term cultures of sea urchin
coelomocytes exposed to UV-B

It has become evident that under stressful conditions,
such as exposure to elevated temperatures, xenobiotics,
heavy metals, free radicals, UV light etc., cells react by
synthesizing a class of proteins, the so called heat shock
proteins (hsp). Initially found to be expressed in re-
sponse to heat, they are now acknowledged markers of
phato-physiological states in a broad range of organ-
isms, including man (Mukhopadhyay et al. 2003). We
have previously shown that ceolomocytes respond to
temperature stress, heavy metal, acidic pH, pollution,
and injuries elevating the hsp70 levels (Matranga et al.
2000, 2002; Matranga and Bonaventura 2002; Pinsino
et al. 2006). It was then important to assess putative
changes in the levels of the hsp70 stress maker as a
consequence of UV-B radiation, in short-term cultures
of sea urchin coelomocytes. To this purpose, cells were
exposed shortly after collection to different doses of UV-
B radiation (312 nm) and then given a 1 h recovery
period in the dark, to prevent repair mechanisms linked
to the activation of the photolyase system (Sancar 1990).
The UV-B doses used were comparable to those to
which vertebrate cell lines are commonly exposed in
laboratory experiments (Wong et al. 2000). Figure 3
shows a representative Western blot experiment in which
equal amounts of proteins were loaded onto SDS-PAGE
and analyzed for the expression of hsp70 using a com-
mercially available antibody. We found about a three-
fold increase in hsp70 protein expression in
coelomocytes exposed to 500 and 1,000 J/m2, as com-
pared to control cells. When we used the highest dose of
2,000 J/m2 we found a modest drop in hsp70 levels,

which, on the other hand, were always over a twofold
value bigger than controls. In another series of experi-
ments, in order to compare with conditions used for the
assessment of DNA damage (see below), cells were cul-
tured for 4–6 h after UV-B exposure and then used for
WB analysis (not shown). In all cases, the results ob-
tained matched with those observed for the 1-h recovery
period.

The number of apoptotic cells increases with the increase
in the UV-B radiation dose

In our previous studies we challenged coelomocytes with
a variety of experimental stresses and always found a
good correlation between the dose of the stressor used
(temperature, pH, heavy metals), and the hsp70 levels
obtained. Interestingly, this holds true for all but the
highest doses, which always showed a small drop, al-
though values were always very far beyond those of

Table 1 Summary of sea urchin
coelomocyte morphotypes

Numbers refer to the percen-
tage of a particular cell type ±
standard error

S. droebachiensis
(Bertheussen and
Seljelid 1978)

S. purpuratus
(Smith et al. 1992)

P. lividus (Matranga
and Bonaventura 2002;
this paper)

Phagocytes
(petaloid/filopodial)

67.1±3.0 66.3±11.6 80.03±1.77

Amoebocytes
White 6.5±2.5 5.1±4.6 7.82±1.46
Red 8.1±2.0 14.8±8.5 4.70±1.48
Vibratile cells 18.5±3.5 13.9±9.8 7.45±0.86

Fig. 3 Sea urchin coelomocytes respond to UV-B by increasing
hsp70 levels. Western blot analysis of hsp70 expression in total
ceolomocytes exposed to 0, 500, 1,000, and 2,000 J/m2 UV-B doses
and collected 1 h after recovery in the dark. Upper panel equal
amounts (15 lg) of lysates from control and UV-B exposed
coelomocytes were loaded on 7.5% SDS-PAGE and immunoblot-
ted with anti-hsp70 antibody. Lower panel quantification of hsp70
expression in UV-B exposed coelomocytes. Densitometric analysis
of Western blot with anti-hsp70 antibody of lysates from
coelomocytes exposed to different UV-B doses. Values are
expressed in arbitrary units
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control levels. This paradoxical reduction was inter-
preted as an increase in the number of cells that, failing
to cope with the induced stress, were going into apop-
tosis thus reducing the overall levels of hsp70. Bearing in
mind this interpretation and considering that DNA
damage is specifically caused by UV-B radiation, it was
important to assess putative apoptotic events induced by
UV-B in coelomocyte total populations. It is well known
that one of the most striking appearance of damaged
chromatin is the formation of apoptotic nuclei that can
be easily observed by optical microscopy (Moser et al.
1975). In a first series of experiments, it was necessary to
evaluate the percentage of nuclei fragmentation in cells
that were not exposed to UV-B radiation, but main-
tained in culture for different periods of time, in order to
check for their viability during the following UV-B
exposure experiments. We selected the following periods
of time in culture to be tested: 0, 4, 6, 8, 12, 14, and 16 h.
After the indicated periods of time, cells were fixed and
stained with the DNA-fluorochrome Hoechst 33258, a
dye widely used for staining cells nuclei. Apoptotic nu-
clei were counted on an average of 200 cells per exper-
imental point; the number of apoptotic nuclei, expressed
as percentage of the total number of cells scored, was
reported (Fig. 4). We found that the number of apop-
totic cells increased after long-lasting times of culture.
Specifically, a little amount of apoptotic nuclei (lower
than 5%) was detected for culture times up to 6 h; the
percentage gradually increased (higher than 5%) for
culture times over 8 h, in a time-dependent fashion,
reaching the maximum of approximately 25% after
16 h. The nuclear fragmentation of apoptotic cells was
very evident under the microscope; examples of typical
apoptotic nuclei scored are shown in Fig. 5, where the
brightly fluorescent (condensed) chromatin areas are
well distinguishable from the sparse, evenly distributed,
weak fluorescence occurring in control nuclei. We found
compacted chromatin in dense masses at the periphery
of the nucleus (Fig. 5b, c) or, in other cases, we observed

the condensation of the entire nucleus into a dense ball
(Fig. 5d). Areas of no fluorescent signals were also
indicative of apoptotic cellular events, thus resembling
very much to apoptotic nuclei features described in cell
cultures of higher vertebrates (Wyllie et al. 1980). The
three different cell types equally contributed to the
overall picture, i.e. apoptosis occurred proportionally in
phagocytes, amoebocytes and vibratile cells (not shown).
The specific nuclear staining was obtained using the
Hoechst 33258 dye, that, preferentially binding to AT
regions, is quite selective for DNA. Hoechst–stained
cells showed virtually no cytoplasmic staining. Negative
control, performed omitting, after fixation, the DNA
dye, gave no fluorescent signal.

In order to monitor changes in nuclear integrity as a
consequence of exposure to UV-B, cells were exposed to
doses from 500 to 2,000 J/m2 and a similar analysis on
nuclear morphology, by Hoechst 33258 staining, was
performed. Since the percentage of apoptotic cells found
in short-term cultures (4–6 h) was consistently lower
than 5% (see Fig. 4), we selected the recovery period of
6 h after exposure to UV-B for the following experi-
ments. As shown in Fig. 6, we consistently found a
significant dose-dependent increase in the number of
apoptotic cells; namely nuclear fragmentation was
7.1±1.3 and 10.1±3.9% in cells exposed to 500 and
1,000 J/m2, respectively. The 15.6±5.8% of apoptotic
cells found at the highest dose tested (2,000 J/m2) ac-
counts for the plateau in the hsp70 levels found for this
UV-B dose in Western blot experiments and is indicative
of the tendency that cells have with respect to their
survival. Morphological appearance of apoptotic nuclei
scored was at all similar to that reported in Fig. 5.

Discussion

In this work we describe the use of short-term cultures of
sea urchin coelomocytes for the analysis of UV-B stress
induced in the laboratory and the effects on both hsp70
expression and DNA integrity. The three populations of
coelomocytes, here described in detail, altogether ac-
count for the evident increase in the hsp70 levels already
1 h after exposure to UV-B, in dose dependent fashion.
Additionally, exposed cells fail to cope with dangerous
UV-B, as the number of apoptotic cells increases with
the increase in the UV-B radiation dose used. Thus, our
results reinforce the notion that sea urchin coelomocytes
can be used in in vitro cultures as bio-indicators of
experimentally-induced stress and suggest their use for
the analysis of cell and DNA damages occurring upon
UV-B radiation in marine invertebrates.

It is still under debate if each of the many functions
performed by coelomocytes are carried out by a single
specific cell type or if maturation/differentiation mech-
anisms can be elicited in response to environmental
factors. Here we describe three ceolomocyte cell types
contained in the perivisceral coelomic fluid of the sea
urchin P. lividus, which we refer to as phagocytes, white

Fig. 4 Time-dependent apoptosis in short-term cultures. Apoptotic
nuclei were counted on an average of 200 cells per each
experimental point and expressed as percentage of the total number
of cells scored. Quantitative data (mean ± SE) usually represent
eight independent experiments, data from four experiments are
marked with an asterisk
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or red amoebocytes and vibratile cells. Phagocytes,
deriving their name from their ability to engulf
(phagocyte) foreign particles, undergo a stress-induced
(out-of-the-body) petaloid-filopodial transition. This
result is in agreement with previous reports by several
authors using another sea urchin species, which postu-
lated that petaloid and filopodial cells are different
functional states of the same cell type (Edds 1985, 1993;
Henson et al. 1999). Although the formation and elon-
gation of filopodia have been described in S. droeba-
chiensis by the use of scanning electron microscopy

(Edds 1980), to the best of our knowledge, this is the first
report describing in detail P. lividus coelomocyte mor-
phologies. In addition, as claimed in old fashioned
experiments in hanging drops (Johnson 1969), our
observations confirm that no other cell type but
phagocytes are responsible for clot formation, while all
the others, namely amoebocytes and vibratile cells, are
passively trapped in clots from which they eventually
escape. The biochemistry occurring upon sea urchin
coelomocytes clotting, involving well regulated and
highly responsive cell-cell adhesion mechanisms, has
been recently described (Hillier and Vacquier 2003). It
seems that amassin, a 75 kDa coelomic plasma protein,
plasma-free coelomocytes and calcium ions are the only
three components needed for clotting. The authors also
suggest integrins, whose expression has been shown in
coelomocytes (Burke 1999), as good candidates for re-
ceptorial and clot triggering functions. Although
promising, more studies are awaited in this direction.

The second most abundant cells we found were
amoebocytes, red or white fast moving cells, probably
utilized as defense elements participating in wound
healing or promptly attacking foreign materials (Smith
1981). It seems they produce most of the soluble factors
of the sea urchin immune system (for a review see
Matranga 1996; Matranga et al. 2005). Certainly, their
granular cytoplasmic structures together with the
spherical shape produced by the use of inappropriate
fixatives and/or anticoagulant media, induced several
authors, including ourselves, to assign the name of
spherule cells to this cell type. A systematic re-consid-
eration of all the reports in which these cells were re-
ferred to as spherule (red or colorless), would probably
demonstrate that amoebocytes are indeed the true
secretory cells of the sea urchin immune system. Inter-
estingly, we observed that the cytoplasmic granules,
which fill up red and white amoebocytes were positively
stained by monoclonal antibodies specific for proteins
known to be contained in the coelomic fluid (Cervello
et al. 1994). Additionally, in analogy with the petaloid-
filopodial phagocyte transition, we suggest that red
amoebocytes arise from a maturation/differentiation
process occurring to white amoebocytes in response to
stress. This hypothesis would agree with the notion that
sea urchins from polluted sea waters or exposed to cold
stress or injuries show an increased number of red
amoebocytes (Matranga et al. 2000, 2005; Pinsino et al.
2006). Although attractive, this hypothesis needs more
experimental confirms. Finally, it should be recalled that
phagocytes were often referred to as phagocytic
amoebocytes (see Matranga et al. 2000; Borges et al.
2005), thus leading to great confusion about the classi-
fication of cell types.

The last coelomocyte type found in P. lividus is the
vibratile cell, a very fast moving cell whose function is at
present unknown. An attractive hypothesis could in-
volve them in contributing to the continuous circulation
of the perivisceral coelomic fluid generated by the cili-
ated coelomic epithelium (Ruppert and Barnes 1994).

Fig. 5 Apoptotic nuclei in sea urchin ceolomocytes. Morphological
analysis of nuclear fragmentation by Hoechst 33258 staining (see
text for more details). a control; b–d UV-B exposed cells. Pictures
were taken using a mercury lamp, on a Zeiss Axioscope 2 plus,
using a 63· objective lens. Bar 5 lm

Fig. 6 Dose-dependent effects of UV-B radiation on nuclear
fragmentation in sea urchin ceolomocytes. Apoptotic nuclei were
counted on an average of 200 cells per experimental point and
expressed as percentage of the total number of cells scored. Each
bar represents the mean ± SE of eight independent experiments.
Bar with asterisk refers to the mean of three independent
experiments
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It should be taken into consideration that, with the
introduction of new biotechnological tools, many of the
hypothesized functions can now be approached. For
example, the analysis of differentially expressed genes
could be performed at the proteomic and genomic levels
in coelomocytes subpopulations, which could be easily
separated by density gradients. Studies in this direction
are greatly awaited.

In synthesis, on the basis of current results and other
papers found in the literature (see Table 1), we propose
to reduce the list of coelomocyte morphologies present
in the sea urchin nomenclature to three types: phago-
cytes, amoebocytes, and vibratile cells. This is consistent
with the fact that the above mentioned morphotypes
have been repeatedly found in S. droebachiensis from the
North Sea, S. purpuratus from the Pacific Ocean and
P. lividus from the Mediterranean Sea.

We believe that different morphological annotations,
reported for coelomocytes belonging to other classes of
the Echinoderm phylum, such as Asteria rubens (Coteur
et al. 2003) and Holothuria polii (Pagliara et al. 2003),
could be re-conducted to the above mentioned nomen-
clature. We have some preliminary evidence that this
seems to hold true at least for the A. rubens species
(Pinsino, personal communication).

The molecular mechanisms underlying the toxic ac-
tion of many environmental stresses are not well
understood; at present, very little data are available on
the effects of UV radiation on marine organisms (see
Epel 2003). In this paper, we showed for the first time
that short-term cultures of sea urchin coelomocytes are
able to respond to UV-B radiation elevating their hsp70
levels and triggering apoptosis. Since about 85% of
coelomocytes are phagocytes, it appears evident that
they account for most of the biochemical features;
however, the contribution of the other cell types is also
present, in agreement with our previous report (Ma-
tranga et al. 2000). The finding that coelomocytes ele-
vate the hsp70 levels well matched with our previous
reports, which describe the same type of biochemical
increase in response to a few experimentally induced
stresses (Matranga et al. 2000, 2002). The elevation of
hsp70 levels in response to a variety of stresses has been
reported in other marine invertebrates (Koziol et al.
1997; Müller et al. 1998; Schröder et al. 1999; Chiang
et al. 2003; Hamer et al. 2004). Our previous findings
showed that a combination of heavy metal (cadmium),
added first, and UV-B exposure stresses did not cause a
proportional increase in the hsp70 levels (Schröder et al.
2005). This apparent paradox reinforces the notion that
hsps increase resistance and induce tolerance in agree-
ment with what is known in other systems (Samali and
Cotter 1996).

To the best of our knowledge, there have been no
studies describing the use of sea urchin coelomocytes
for the analysis of DNA damage. The establishment of
good conditions for cell biology experiments, thus
providing a good compromise between cell fixation and
preservation of cellular morphology, was a prerequisite

for the proposed analysis. In our experiments, apop-
tosis was identified by the altered nuclear morphology
of cells. We found that about one-fourth of the cells,
apparently exposed to no stress, underwent apoptosis
after 16 h in culture. This should be taken into con-
sideration when attempting the establishment of con-
tinuous cell lines from celomocytes (see Matranga et al.
2005). At present, very little information is available on
the activation of apoptotic mechanisms in marine
invertebrates in response to UV-B radiation. This is the
first report describing a dose-dependent UV-B induced
increase in the number of apoptotic nuclei occurring in
sea urchin coelomocytes; the only other report relates
to UV-exposed embryos (Lesser et al. 2003). We have
recently proposed that an increase in hsp70 levels to-
gether with the activation of the p38MAPk, might
provide an adaptive cellular response of UV-B exposed
embryos thus increasing their survival (Bonaventura
et al. 2005). However, if we consider that, although at
the highest UV-B dose used (2,000 J/m2), hsp70 levels
underwent a reduction, coupled to an increase in the
number of apoptotic cells, our findings on coelomo-
cytes do not seem to support this hypothesis. Further
studies are needed to determine the cascade of cellular
and biochemical events occurring in coelomocytes and
the precise role played by the UV-B activated stress
proteins.

The impact of elevated UV-B on marine ecosystems
has been first documented in Antarctica, as a significant
DNA damage measured by cyclobutane pyrimidine di-
mers formation (Malloy et al. 1997). However, reduction
of ozone concentration, and the probable increase in
UV-B radiation reaching the Earth, is also occurring at
temperate and tropical latitudes (Stolarski et al. 1992).
In fact, negative UV-B effects have been noted in fish
eggs and larvae (Malloy et al. 1997), and proposed as a
contributing factor in worldwide decline of sea urchins
and corals (Hader et al. 2003). An essential problem in
evaluating genotoxic effects is the lack of appropriate
techniques to sample and quantify genetic damage in
field populations. In addition, it is currently not feasible
to estimate UV-B exposure levels for organisms in their
natural habitats (Karentz 1994). Thus, the need to
conduct UV-B radiation measurements at sites where
the animals are living (Hakkinen and Oikari 2004;
Hamer et al. 2004).

It is quite obvious that coelomocytes would never be
exposed to UV-B radiation in nature, since they are
contained inside the body of sea urchins, which are not
at all transparent. Nevertheless, our findings confirm
once again that coelomocytes are sensitive biosensors for
studies on stress; their use is recommended for the
analysis on the effects of UV-B radiation. In addition,
due to their acknowledged immune competences, coe-
lomocyte cultures constitute valid tools for the analysis
of innate and/or adaptive responses elicited by extreme
adverse conditions. Interestingly, a recent report dem-
onstrates that sea urchin embryos use a bona fide com-
plement-based immune system for defense against
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pathogens in their aquatic environment (Shah et al.
2003). This probably suggests that some cells in the
embryo have at least a coelomocyte-like function.

The possibility to use sea urchin coelomocyte cells as
a stress model system under controlled laboratory con-
ditions was first proposed by Koros (1993) and later
exploited by Matranga et al. (2000, 2002, 2005). Re-
cently, using a medium developed from the one used for
mollusk heart cells (Le Marrec-Croq et al. 1999), we
obtained coelomocyte primary cultures that lasted up to
20 days (Matranga et al. 2005). The exploitation of
marine invertebrate cell cultures is now considered the
leading edge of marine biotechnology. Its central
importance is acknowledged not only for studies on
environmental pollution, but also for the production of
biologically active compounds from taxonomically
diverse groups of marine invertebrates (see review by
Mayer and Gustafson 2004) and in particular echino-
derms (see review by Zito et al. 2005). However, since no
established cell line is at present available for any marine
invertebrate, more studies are awaited in this direction.
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Expression of the potential biomarker heat shock protein 70
and its regulator, the metazoan DnaJ homolog, by temperature
stress in the sponge Geodia cydonium. Mar Ecol Prog Ser
154:261–268

Malloy KD, Holman MA, Mitchell D, Detrich HW III (1997)
Solar UVB-induced DNA damage and photoenzymatic DNA
repair in antarctic zooplankton. Proc Natl Acad Sci USA
94:1258–1263

33



Matranga V (1996) Molecular aspects of immune reactions in
Echinodermata. In: Müller WEG, Rinkevich B (eds) Inverte-
brate immunology. Prog Mol Subcell Biol Series, vol 15.
Spinger, Berlin Heidelberg New York, pp 235–247

Matranga V, Toia G, Bonaventura R, Muller WEG (2000) Cellular
and biochemical responses to environmental and experimen-
tally induced stress in sea urchin coelomocytes. Cell Stress
Chaperones 5:158–165

Matranga V, Bonaventura R (2002) Sea urchin coelomocytes, the
progenitors of vertebrate immune effectors, as bio-indicators of
stress and pollution. In: Yokota Y, Matranga V, Smolenicka Z
(eds) The sea urchin: from basic biology to aquaculture. Swets
and Zeitlinger, Lisse, The Netherlands, pp 161–176

Matranga V, Bonaventura R, Di Bella G (2002) hsp70 as a stress
marker of sea urchin coelomocytes in short term cultures. Cell
Mol Biol 48:345–359

Matranga V, Pinsino A, Celi M,Natoli A, Bonaventura R, Schröder
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Schröder HC, Hassanein HMA, Lauenroth S, Koziol C, Mo-
hamed TA-AA, Lacorn M, Steinhart H, Batel R, Müller
WEG (1999) Induction of DNA strand breaks and expression
of hsp70 and GRP78 homolog by cadmium in the marine
sponge Suberites domuncula. Arch Environ Contam Toxicol
36:47–55
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