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ABSTRACT

Sea urchin embryos of the species Paracentrotus lividus were treated continuously with different
concentrations of all-trans retinoic acid (RA) or dimethylsulfoxide (DMSO) at different
developmental stages. A delay in embryonic development was observed when embryos were
cultured in the presence of 2x10-5 M RA, between I and 12 hours of development. Hence, at 48
hours of development, while control embryos had reached the pluteus stage, RA-treated embryos
were at the prism stage. At 72 hours of development RA-treated embryos recovered and continued
normal development reaching the pluteus stage. No effect was observed when treatment was
performed before | hour or after 12 hours of developmet. DMSO treatment had no effect on normal
sea urchin embryo development, although we observed that pigment cells, clearly visible at the
pluteus stage, become visible earlier with respect to control embryos. This report confirms the

advantages that the sea wrchin embryo offers for the study of problems in cellular and
developmental biology.

INTRODUCTION

Retinoids, a group of natural or
synthetic compounds that are structurally

it is currently used in the differentiation of cell
lines as well as in the treatment of many tumors

related to Vitamin A, function as signaling
molecules for cell growth and differentiation
during embryogenesis. The effects of
exogenous treatment with retinoic acid (RA) on
embryo development have been extensively
studied in vertebrates, where RA has been
shown to cause several fetal malformations.
During gastrulation, RA excess modifies the
development of the brain in Xenopus (Durston
et al., 1989; Papalopulu et al., 1991;), zebrafish
(Holder and Hill 1991), mouse (Marshall et al.,
1992) and chicken (Sundin and Eichele 1992).
RA is also a potent agent in controlling cellular
differentiation during embryo development and
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(for a review see Gudas 1994) Although less
studied in terms of its basic molecular action
mechanism dimethylsulfoxide (DMSO) is
commonly used as a differentiation agent and in
some cases it has been shown to enhance the
expression of mesodermal territories. As an
example, P19 embryonal carcinoma cells
differentiate into mesoderm-like cells upon
DMSO treatment (den Hertog et al., 1993).

The sea urchin embryo constitutes a very useful
model system for the study of morphogenesis
(Giudice 1986), as it is possible to obtain
embryos that develop synchronously, in a short
time, to the larval stage of pluteus. Furthermore,
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due to the transparency of the embryos, it is
very easy to observe any morphological changes
occurring during embryonic development,
simply by microscopical inspection. In this
work we investigated the effects of all-trans RA
and DMSO on normal sea urchin embryo
morphogenesis and development.

MATERIAL AND METHODS

Embryo cultures

Paracentrotus lividus eggs were fertilised with a
freshly diluted sperm suspension and cultured at
16°C in Milipore-filtered natural sea water,
containing penicillin (60 pg/mi) and
streptomycin sulphate (50 ug/ml). Embryos
were harvested at different developmental
stages, their dilution being determined by
counting an aliquot, and adjusted to 2x10%4
embryos per ml.  All reagents were from
SIGMA Chemical Company unless otherwise
specified.
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Morphogenetic assay

96-well microtiter plates (PBI N° 11222) were
prepared to contain, in a final volume of 100ul,
about 200 embryos to be cultured in the
presence of different concentrations of all-trans
RA (Sigma Chemical Company R-2625, type
XX} or DMSO {Merck cat. N° 2931). Retinoic
acid dilutions in Millipore filtered sea water
were prepared just before the experiment from
a 107 M stock solution [2mg of retinoic acid in
66.6 ul DMSO, 600 ul 96% ethanol (Merck)].
Embryos were added last to microtiter wells, at
the developmental stage needed, in a volume of
10 ul, and allowed to develop at 16°C in the
dark in order to reduce RA degradation.
Development was momitored by optic
microscopy at various time intervals. When
needed, control and treated embryos were fixed
in 10% formalin (Merck) in Millipore filtered
sea water and photographs were taken using an
IM35 Zeiss inverted microscope.

Figure 1. Retardation of embryo development upon RA treatment.
2 x 10° M RA was added to 8-hour embryos and photographs were taken 24 hours (d), 48 hours (&)
and 72 (f) after fertilization. Control embryos (a, b, ¢) were photographed at the same

developmental stages. Bar = 50 um
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RESULTS

To define the concentration range to be
used for the treatment we decided to perform a
first series of experiments using early blastula
embryos and different RA concentrations,
comprised between 10-%M and 10-5M. Similar
concentrations are commonly used in several
other systems. Since the number of embryos
subjected to the treatment was also crucial, as
already reported (Berg et al., 1990), we always
used 200 embryos per well. We observed that
high RA concentrations (10-4M) were lethal to
the embryos: 1n fact they reached the morula
stage and eventually died. By contrast the
micromolar range (10-6M) did not affect sea
urchin morphogenesis. Embryonic development
was affected for RA concentrations comprised
between 0.4x10-> M and 4x10-5M. Figure 1
shows the effects of 2x10-5M RA on embryos
treated continuously from the early blastula
stage and observed 24, 48 and 72 hours after
fertilization. The development proceeded quite
normally for the first hours after treatment and
no effect was observed at 24 hours of
development (compare Fig. 1a and 1d). At 48
hours after fertilization the effect observed was

Table 1. Schematic drawing of embryo
development ypon RA continuous treatment.

Time from fertilization

RA 24 hrs 48 hrs 72 hrs
none

18

hrs L (’J)
12-24 ‘

hrs

A
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a delay in embryonic development: while
control embryos had reached the pluteus stage
(Fig. 1b), RA-treated embryos were at the prism
stage (Fig. 1¢). At 72 hours after fertilization
RA-treated embryos recovered and continued
embryonic development, reaching the pluteus
stage (compare Fig. 1¢ and Fig. 1f).

Figure 2. Effects of DMSO treatment on the
differentiation of pigmented cells.

a) control, b) .002% DMSO treated embryos.
Pictures were taken 48 hours after fertilization.
Bar = 50 um.

1t has been reported that not only the dosage but
also the time at which RA is administered
during embryogenesis is important in order to
observe any malformation (Shenefelt 1972).
Therefore we tested the effects of 2 x10-3M RA
onembryosat 1,2, 4, 6, 8, 12, 16 and 24 hours
of development. In Table I are schematically
summarised the results we obtained. When RA
was added between 1 and 8 hours from
fertilization a delay in embryonic development
was observed at 48 hours of development in
99% of the embryos. At 72 hours of
development 100% of RA-treated embryos
recovered and reached the pluteus stage. On the
contrary, no effect was observed when RA was
added before 1 hour or after 12 hours of
development.

To analyse the correct expression of the three
germ layers on control and RA-treated embryos,
we performed indirect immunofluorescence
experiments on whole mounts, using McAbs
specific for ectoderm, mesoderm and
endoderm.
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We found a topic expression of the three germ
layer markers in RA-treated embryos too (not
shown).

To confirm that the effects obtained were not
due to the organic solvent used to dissolve RA,
namely DMSO, parallel control experiments
were performed using the same DMSO
dilutions as the ones used to dilute RA, namely
.004%, .002% and .0004% DMSQ in natural
sea water on embryos at
development. We found that none of the DMSO
concentrations used caused a delay in sea
urchin embryo development. In Figure 2 are
shown the results of .002% DMSO continuous
treatment of embryos, observed at 48 hours of
development. What appears evident is that
pigment cells, which in control embryos usually
become visible by optical microscopy between
68 and 72 hours of development (not shown),
become visible earlier in DMSO-treated
embryos. This effect was not observed in RA-
treated embryos albeit the drug was dissolved in
DMSO, possibly because RA, causing an
overall delay in development, masked DMSO
differentiating action.

DISCUSSION

We examined the effects of continuous
treatment with exogenous RA and DMSO on
the development of sea urchin embryos. We
found that continuous RA treatment of embryos
caused a delay in embryonic development,
although morphogenesis was recovered after
long periods of time. The effect observed was
not due to cytoxicity of the drug, since we
observed a spontaneous recovery, which
indicates the reversibility of the phenomenon.
The recovery of embryo development can be
explained by the fact that RA is readily
metabolised, as already described (Westarp et
al., 1993), and therefore its action cannot be
exerted any more. Since RA treatment caused a
delay in development, its action, possibly
exerted through a putative receptor, could
involve a block in cell proliferation. This
possibility remains to be investigated. It is well
known that RA signals through RA specific

8 hours of
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receptors, whose presence in the sea urchin
embryo, to our knowledge, has not been
demonstrated so far. However, recent
interesting experiments, coming from zebrafish
embryogenesis, showed that the expression of
different RA receptors can be affected by
exogenous retinoic acid treatment of the
embryos (Joore et al., 1994).

Another possible effect of RA-induced
reversible delay in development could be a
delay in production of needed zygotic mRNA at
the blastula stage, since it is well known that
sea urchin embryos can make it to the blastula
stage even if mRNA synthesis is inhibited
(Giudice 1986). Still another possibility to
explain the delay in development could be the
induction of a heat-shock like response that
would allow repair and/or adaptation to RA
induced damage. On the other hand the
synthesis of heat-shock proteins in developing
sea urchins in response to stress has been fully
documented (Roccheri et al., 1981, Sconzo et
al., 1986).

The effects we observed on embryo retardation
are the result of exogenous addition of RA
during embryonic development.  Whether
endogenous RA plays a role in normal sea
urchin embryo development remains to be
investigated. However, it is important to note
that the vast majority of experiments that have
been reported involve the application of
exogenous RA to developing embryos, which
causes great changes in the expression of a
variety of different genes.

In this report we have also shown that DMSO
treatment caused pigment cells to be visible at
earlier developmental stages than in control
embryos. Pigment cells, or echinophores, are
elongated and branched cells, usually dispersed
through the ectoderm, although they have been
shown to be of mesodermal origin (Gibson and
Burke 1985),

In the late fifties Monroy and coworkers
showed that in the sea urchin species
Paracentrotus lividus the total content of the
carotenoid pigment increases from the gastrula
stage on, being twice as much at the pluteus
stage (Monroy et al., 1951). More recently,
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Nemer and coworkers (1985) have shown that
inhibition of mesodermal derivatives induced
by zinc treatment affects the echinochrome
pigment content of the embryos. Consequently,
our results would suggest that an increase in
metabolism of the carotenoid pigments is
produced as a consequence of a precocious
mesodermal differentiation of pigment cells
induced by DMSO treatment. Although we
observed an increase in the content of pigment
per single pigment cell, we never observed an
increase in the number of pigment cells in
DMSO-treated embryos, which appeared to be
as many as those described for the sea urchin
species Strongylocentrotus purpuratus, roughly
30 at the pluteus stage (Gibson and Burke
1985).

In conclusion, our results are in agreement with
cell lineage studies which have demonstrated
the mesodermal nature of pigment cells
(Cameron and Davidson 1991) and also confirm
the ability of DMSO to induce mesodermic
structures to differentiate, as it does in the case
of embryonal carcinoma cells (den Hertog et
al., 1993},

Taken all together the experiments described
here show once again that the sea urchin
embryo model system is very helpful in the
understanding of developmental biology
provlems. The finding that the sea wurchin
embryo is responsive to RA opens the way to
the search for putative RA receptors in this
systemn and to studies on the regulation of those
genes that are under RA control.
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