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Primary Culture of Mesodermal and Endodermal
Cells of the Starfish Embryo

Hirovyuki KANEKO, YUKIO KAWAHARA and MARINA DAN-SOHKAWA

Department of Biology, Faculty of Science, Osaka City University,
Sugimoto-cho, Sumiyoshi-ku, Osaka 558, Japan

ABSTRACT—A method is described for culturing embryonic cells of the starfish Asterias amurensis. A network
composed purely of mesenchyme cells can be obtained by treating dissociated cells of embryos at the mesenchyme
migration stage with 0.6 M glycine in half strength Ca?*, Mg®" free Jamarin (artificial sca water) for 24 hr and
subsequently culturing them for 24 hr. When the treatment period is shortened to 12 hr, aggregates of epithelial cells
come to coexist with the network. After 3 days of culture, these aggregates form monolayer sheets constituted of four
types of cells which can be identified morphologically and by 8-anilino-1-naphthalenesulfonic acid (1, 8-ANS) stainability.
These cell types correspond to cells composing the esophagus, the stomach, the intestine and the coelomic pouch. No

ectodermal cells were found in the sheet.

These results suggest that there is an order of resistibility to 0.6 M glycine

treatment among cells of the three germ layers, i. e. mesoderm, endoderm and ectoderm in descending order.

INTRODUCTION

Primary culture of cells is a valid method for studying
differentiation and functions of an embryonic cell by reducing
its complex in vivo environment to a simpler in vitro one. In
contrast to the success in culturing vertebrate cells, efforts to
culture invertebrate cells have not been as rewarding. In
line with such efforts, we recently placed in culture an
archenteron complex of the starfish embryo consisting of the
archenteron, the extracellular matrix (ECM) surrounding it,
and the mesenchyme cells scattered in the ECM (cf. Fig. 3f)
[14]. In this “organ” culture, the mesenchyme cells formed
a dynamic network on the dish surface which was found to be
acellular in nature [14]. In order to analyze further the
nature and the molecular mechanism of the functions of the
mesenchyme cells, we decided to establish a method for
culturing a pure population of this cell type.

In the sea urchin, Okazaki [18] showed that the micro-
meres isolated from the 16-cell stage embryo differentiate in
vitro into primary mesenchyme cells. These cells, in turn,
form spicules bearing the shape characteristic to the species
from which they are derived. Various methods for isolating
and culturing the primary mesenchyme cells of the sea urchin
have since been proposed by investigators [9, 12, 15, 20].
One of these methods depends on the binding property of the
primary mesenchyme cells to wheat germ agglutinin (WGA)
[9]. When cells dissociated from intact embryos were inocu-
lated onto the surface of a WGA-coated dish, only the
primary mesenchyme cells became attached. Application of
this method to starfish embryonic cells was unsuccessful
(unpublished data). Coating of the dish surface with various
kinds of ECM proteins, such as collagen, fibronectin, laminin
and uncoated surface also proved unsuccessful, probably
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owing to a strong aggregating tendency of the cells (unpub-
lished data). This tendency is considered to arise from the
strong reconstructing ability of the starfish embryonic cells
including both epithelial and mesenchymal types [5, 6, 8].
In order to prevent the cells from aggregating, we searched
for a condition to keep them in a dissociated state for a
prolonged period of time.

In this study, cells dissociated from starfish embryos at
the mesenchyme migration stage were treated with a glycine
solution for 24 hr, after which they were transferred to a
culture medium. After 24 hr in culture, all epithelial cells
died but the mesenchyme cells survived. When the treat-
ment period was shortened to 12 hr, small surviving aggre-
gates were found spread out in a monolayer over the dish
surface by the third day of culture. These cells were iden-
tified as being endodermal in nature by comparison with the
cells constituting intact archenterons kept in culture for 24 hr.

MATERIALS AND METHODS

Embryos

Mature eggs of the starfish Asterias amurensis were obtained
after Kanatani [13], by treating freshly isolated ovaries with 107° M
I-methyladenine (1-MA) in sea water for 15 min. Eggs were in-
seminated within about 1 hr after the beginning of this treatment.

Spermatozoa were obtained by making several cuts in a testis on
a dry Petri dish. They were kept in a refrigerator and used within 2
days.

Fertilized eggs were allowed to develop in artificial sea water
(Jamarin U; Jamarin Laboratory, Osaka) at 18°C. The nomencla-
ture of the developmental stages of the starfish was described
previously [7]. The embryos were anesthesized with a small amount
of 4% paraformaldehyde [14] and photographed under a light
microscope (Olympus BH).

Solutions
Millipore-filtered sea water (MSW): natural or artificial sea
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water, Jamarin U, which is run through a Millipore filter (pore size
0.45 m or 0.22 pm), then combined with penicillin G potassium (50
units / ml) (Meiji Seika Kaisha, Ltd., Tokyo) and streptomycin
sulfate (50 g / ml) (Meiji Seika Kaisha, Ltd., Tokyo).

Dissociation medium (DM) (pH 6.6): 1.2 M glycine in distilled
water supplemented with 1% (v/v) MSW and 6% newborn bovine
serum (NBS; M. A. Bioproducts, Maryland).

Treatment medium (TM) (pH6.7): 0.6 M glycine in half
strength Ca®*, Mg>* free Jamarin U.

Culture medium (CM) (pH 8.1): MSW containing 4% (v/v)
NBS.

Dissociation of embryos and further treatment of dissociated cells

Embryos were dissociated as described elsewhere [5, 6]. The
dissociated cells were treated as follows if not otherwise mentioned.
Packed embryos (0.2 ml) at the mesenchyme migration stage (about
28-30 hr after fertilization) were collected using a hand centrifuge
and washed three times with 10 ml of MSW. Embryos were sus-
pended in 4 ml of DM and left standing for 5 min, after which they
were submitted to 10 strokes of pipetting by a Pasteur pipette. The
obtained suspension of the dissociated cells was hand-centrifuged to
separate undissociated bits of embryos from single cells. The super-
natant containing the dissociated single cells was set aside in a
separate centrifuge tube while the pellet was dissociated again in the
same manner. The cell suspension obtained from the series of the
dissociation procedure (a total of 8 ml) was centrifuged at 250 x g
(1100 rpm, Hitachi 05PR-2) for 5 min, which yielded 6.0 to 8.0 107
cells. The pellet was resuspended in 15 ml of TM, transferred to a
Petri dish (6 cm in diameter) and incubated at 15°C for various
intervals between 12 to 48 hr.  After incubation, surviving cells were
collected by centrifugation at 250X g (1100 rpm) for 5 min and were
cultured for 24 hr at 18°C in a smaller Petri dish (4 cm in diameter)
containing 4 ml of CM (post-treatment culture). Photographs of the
cells in each process were taken with a phase-contrast microscope
(Nikon TMD).

Cell counting

The population of the isolated mesenchyme cells was determined
as follows. After washing the culture with MSW, the cells were
detached from the dish surface by incubation with 0.1% (w/v) trypsin
(from: porcine pancreas; Sigma) in MSW for 10 min at room
temparature. Aliquots of the detached cell suspension were
counted with a haemocytometer under the phase-contrast micro-
scope.

Isolation of the archenteron complex

Archenteron complexes (see Introduction) were isolated as
described previously [14]. In brief, 0.4 ml of the embryos collected
at the mouth formation stage was washed three times with 10 ml of
MSW each time. The embryos were suspended in 10 ml of the DM
and left standing for 5 min. Next, the DM was exchanged for 4 ml
of fresh DM, in which embryos were submitted to about 10 gentle
strokes of pipetting with a broad-mouthed pipette (Komagome's
pipette; tip inside diameter 1.5-2mm) to remove the ectoderm.
Isolated archenterons, still enwrapped in a large portion of the
extracellular matrix, were collected by hand centrifugation, washed
two to three times with MSW, inoculated in a Petri dish containing
CM and cultured at 18°C for 24 hr. Photographs were taken with
the phase-contrast microscope and a light microscope equipped with
a fluorescence apparatus (Olympus BH-RFL).
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Staining of stomach and intestinal cells in culture with I, 8-ANS

A fluorescent dye, 8-anilino-1-naphthalenesulfonic acid (1, 8-
ANS; Nakarai Chemicals, Kyoto), which is known to stain the
stomach cells and part of the intestinal cells at the bipinnaria stage
but not to stain any cells of the archenteron at the mesenchyme
migration stage [5], was dissolved in ethanol at 107> M and diluted
100-fold with MSW. Cells cultured on a cover slip, lying at the
bottom of the culture dish, were treated with this solution for 20 min
at room temperature. The cover slip was set on a slide glass. The
cells were observed and photographed under the fluorescence micro-
scope.

RESULTS

Behavior and fate of the dissociated cells during glycine
treatment through post-treatment culture

As shown in Figure 1a, most of the cells dissociated from
embryos at the mesenchyme migration stage (cf. Fig. 3a)
were seen adhering to the surface of the dish in TM at 2 hr
after inoculation. They also adhered to each other, but did
not aggregate. A small portion of the cells remained floating
with their cilia beating vigorously. A large portion of the
cells underwent lyses during the 24 hr of treatment (Fig. 1b).
When the cells which have survived the treatment period
were cultured in the CM, another considerable portion died
after 24 hr (Fig. 1c). A typical network of the mesenchyme
cells in culture was found on the surface of the dish under-
neath the cell debris (Fig. 1d). This network consisted of
mononucleated and multinucleated fragments connected to
each other by fine cell processes. These fragments were
spontaneously separating into two and/or fusing with neigh-
boring fragments as reported previously [14]. The number
of fragments in a dish averaged 6.28 x 10° fragments (n=4,
standard deviation+0.78). These cells could be maintained
stably in culture for about 4 days, after which they gradually
disappeared. Dividing cells were not found.

Response of the dissociated cells to different treatment condi-
tions

When the treatment period with TM was shortened to 12
hr, aggregates of various sizes coexisted on the substratum
with the mesenchyme cells at the end of the post-treatment
culture (Fig. 2a). When the period was prolonged to 48 hr,
not only did the aggregates disappear, but the mesenchyme
cells appeared unhealthy and rounded (Fig. 2b).

When the population of cells to be treated with TM was
doubled to 14.3x 107, large aggregates were found among a
dense network of mesenchyme cells at the end of the post-
treatment culture (Fig.2c). On the other hand, when the
number of the cells was decreased to 1.3 107, the substratum
was populated by only a small number of mesenchyme cells.
No cell aggregates were found in this case (Fig. 2d).

Behavior of cell aggregates in prolonged culture

The aggregates, such as those shown in Figure 2a and c,
spread out on the substratum after about 3 days in culture,
forming monolayer sheets of an epithelial nature (Fig. 3e).
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Fic. 1. Behavior and fate of embryonic cells during glycine treatment through post-treatment culture. Phase-contrast micrographs of cells
dissociated from embryos at the mesenchyme migration stage and incubated in TM for 2 hr (a) or for 24 hr (b).  (c) Living cells in (b) were
transferred to CM and cultured for 24 hr.  (d) Mesenchyme cells adhering to the substratum with the cell debris of (c) removed. Bar=100

pm.
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Fic. 2. Response of cells to different conditions of treatment with TM. The duration of the treatment was changed to 12 hr (a) or 48 hr (b),

and the number of cells submitted to the treatment was changed to 14.3 X107 (¢) or 1.3 107 (d). Treated cells were then cultured in CM
for 24 hr. Bar=100 zm.

Three types of cells were morphologically recognizable in
these sheets, namely, large and small cells with clear nuclei
(large and small arrows in Fig. 3e, respectively) and still

smaller cells, the nuclei of which were slightly out of focus in
this figure (arrowhead in Fig. 3e). Judging from the clear-
ness and the size of the nuclei, the former two types were
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Fic. 3. Comparison of cells constituting the monolayer sheet and the archenteron in culture. (a)-(d): Light micrographs showing different
stages of starfish embryos. (a): Mesenchyme migration stage (28-30 hr after fertilization), from which the cells were dissociated. (b):
Mouth formation stage (52-54 hr after fertilization, dorsal view), from which archenteron complexes were prepared. (c): Bipinnaria stage
(3-5 days after fertilization, ventral view). (d): Coelomic pouch of the embryo in (c) shown at a higher magnification. Note the large and
spindie-shaped morphology of the coelomic pouch cells. (e): An aggregate, similar to those shown in Figure 2a and 2c, after 3 days in
culture. (f): An archenteron cultured for 24 hr. Mesenchyme cells are scattered around the flattened archenteron. In (b)-(d), c:
coelomic pouch, e: esophagus, s: stomach, i: intestine, triangle: sphincter separating the stomach and the esophagus. In (d)-(f), large
arrows: large squamous cells, small arrows: small squamous cells, arrowheads: small columnar cells, triangles: sphincter separating the
anterior and the posterior halves of the archenteron, t: tubular structure. Bars: (a)-(c)=100 um, (d)=>50 xm, (e) and (f)=100 zm.

considered to be squamous and the latter to be columnar in Identification of the epithelial cells in culture
shape. Each of these cells bore a cilium. i) Cells constituting the archenteron in culture
In order to identify the three types of epithelial cells, the
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FiG. 4. Comparison of the cells constituting the cell aggregate and the archenteron in culture with reference to 1,8-ANS stainability. (a), (c),
(e): Light micrographs, (b), (d), (f): fluorescence micrographs. (a), (b): An archenteron cultured for 24 hr. Cells forming the stomach
(white arrowhead) are stained intensively, while those constituting the intestine (black arrowhead) are stained more weakly. Cells of the
esophagus (white arrow) and the coelomic pouches (black arrow) are not stained. Triangles: the sphincter separating the esophagus and
the stomach. (c), (d): An aggregate cultured for 24 hr after treatment with TM. Some cells are stained. (e), (f): A monolayer sheet 3
days in culture. Four kinds of cells are distinguished, namely, small cuboidal cells stained intensely (white arrowhead), small cuboidal cells
stained weakly (black arrowhead), small squamous cells not stained (white arrow) and large unstained squamous cells (black arrow). Bar:
60 xm.
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archenteron of embryos at the mouth formation stage (Fig.
3b) was isolated and kept in culture for 24 hr to use the
constituent cells as a reference. At this stage, the archenter-
on is differentiated into three portions, the esophagus, the
stomach, and the intestine. The latter two organs, however,
are not as clearly separated as the former two, which are
separated by a sphincter (triangle in Fig. 3b). We could still
distinguish this configuration in a well preserved archenteron
in vitro (Fig. 3f), the normal counterpart of which corres-
ponds to that shown in Figure 3c. The formerly anterior
portion (the upper side of the sphincter: triangles in Fig. 3f) is
composed of large, squamous cells (large arrow in Fig. 3f)
surrounded by small squamous cells (small arrow in Fig. 3f).
These cells correspond to those constituting the esophagus
(small arrow in Fig. 3d) and the coelomic pouches (large
arrow in Fig. 3d). The formerly posterior portion of the
archenteron (below the sphincter in Fig. 3f) is composed of
small and cuboidal cells (arrowhead in Fig. 3f). The ante-
rior half of this portion is lifted from the dish surface while the
posterior half is attached to it as a flattened sheet. Two
tubular structures, which are considered to be remnants of
the lumen of the stomach, are suspended in the space under
this lifted region. The flattened region corresponds to the
intestine and probably the posterior portion of the stomach.
ii) Reaction of cultured cells to 1, 8-ANS staining

When the flattened archenterons were stained with 1,
8-ANS, as shown in Figure 4 a and b, the tubular structure
(white arrowheads in Fig. 4a, b) and the lifted region of the
stomach were stained most intensely, while the flattened
intestine was weakly stained (black arrowheads in Fig. 4a, b).
The upper side of the sphincter, constituting of the esophagus
(white arrows in Fig. 4a, b) and the coelomic pouch (black
arrows in Fig. 4a, b), was not stained. Neither were the
ectodermal cells stained, judging from the cases of the
prepared archenteron which happen to accompany a con-
siderable portion of the ectoderm, usually at its posterior end
(photo not shown). The mesenchyme cells were also un-
reactive to the dye.

Although there was no cell reactive to 1, 8-ANS in the
embryo at the mouth formation stage (cf. Fig. 1a, a’ of [5] ), a
small portion of the cells in the aggregates cultured for 24 hr
were stained (Fig. 4c, d: see also Fig. 2a). In the spread
aggregates cultured for three days, small cuboidal cells of two
different staining intensities were found (white and black
arrowheads in Fig. 4e, f). The two types of stained cells
formed mixed clusters both after 24 hr and 3 days in culture.
The small and large squamous cells did not respond to the dye
(white and black arrows in Fig. 4e, f).

While more than 50% of the area of the monolayer sheet
is 1,8-ANS positive (Fig. 4f), the proportion of the positive
area of the aggregates at 24 hr is much smaller (Fig. 4d).
Considering that the aggregates are multilayered, the propor-
tion of stained cells in the aggregates should be much smaller
than that of the monolayer sheets.
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DISCUSSION

We have presented a method leading to the primary
culture of embryonic cells of the starfish Asterias amurensis.
Cells were dissociated from embryos at the mesenchyme
migration stage, treated with TM and subsequently cultured
in CM. When the TM treatment was performed for 24 hr, a
pure population of mesenchyme cells was obtained after 24 hr
of post-treatment culture (Fig. 1d). When the treatment
was shortened to 12 hr, cell aggregates were found to coexist
with the network of mesenchyme cells (Fig. 2a). These
aggregates spread into monolayer sheets within 3 days (Fig.
3e) consisting of cells comparable to those obtained after
culturing the intact archenteron for 24 hr (Fig. 3f). These
results suggest that there is a difference in resistibility to this
treatment among the cells, i.e., the mesenchyme cells, the
cells constituting the coelomic pouch and the endoderm, and
the ectoderm, in descending order. The mechanism under-
lying the differential resistibility of the cells belonging to
three germ layers is being analyzed.

The pure population of mesenchyme cells obtained in
this study behaved in the same manner as that reported
previously for the “organ” culture of the archenteron com-
plex [14]. This indicates that the 24-hr treatment with TM
does not substantially damage these cells. The mesenchyme
cells thus isolated are homologus to the secondary mesen-
chyme cells of the sea urchin embryos. This notion is based
on the following facts. Both of these cell types differentiate
at the tip of the archenteron and ingress into the blastocoel.
They are reported to take roles in the embryonic mor-
phogenesis such as formations of the mouth and the coelomic
pouches both in starfish [1, 3, 4] and sea urchin {10, 11].
They also share a characteristic to form a network in vivo [2,
19]. These characteristics and functions commonly assigned
to the two cell types contrast sharply with the confined
function of spicule formation of the primary mesenchyme
cells of the sea urchin. In light of the fact that the secondary
mesenchyme cells of the sea urchin neither have been isolated
nor cultured, our method offers, for the first time, a useful
tool for studying the molecular mechanism underlying the
general functions of the echinoderm mesenchyme cells.

Four types of cells having features common with those
forming the archenteron were identified in the monolayer
sheets, namely, the coelomic pouch cells, the esophageal
cells, the stomach cells and the intestinal cells (Fig. 4e, f).
This suggests that, at least, the stomach cells and the intes-
tinal cells have differentiated in vitro during the process of the
present method. This statement is based on the fact that the
archenteron of the material embryo consists of only three
types of cells. While its bulged tip (Fig. 3a) is occupied by
primordia of the coelomic pouches (the upper thin portion)
and the esophagus (the lower thick portion) [16, 17], the rest
of the archenteron is undifferentiated morphologically or in
1, 8-ANS responsiveness [5]. The apparent increase of the
proportion of 1, 8-ANS positive cells among the epithelial
cells during the culture period (Fig. 4d, f) also supports the
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above statement. These facts indicate that our culture
method can also be used for analyzing the mechanism of cell
differentiation.

The distribution of 1, 8-ANS positive cells both in the
aggregates (Fig. 4d) and in the monolayer sheet (Fig. 4f)
shows that cells of a certain type tend to cluster together.
Thus, the cells may sort themselves out while differentiating.
We do not know, at present, when these cells started to
differentiate, i.e., whether in the TM or only after being
involved in the aggregate. Further experiments are necces-
sary to find the answer.
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