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Abstract—T reatment of human choriocarcinoma cells with cytochalasin B at the
doses of inhibiting cell division but not inhibiting nuclear division led to in vitro
formation of the multinucleated syncytiotrophoblast-like (STL) cells. A
concomitant increase in human chorionic gonadotropin (hCG) secretion per cell
was noted. Immunocytochemical staining demonstrated the predominant
localization of hCG in the STL cells. These results indicate that multinucleation
stimulates hCG synthesis and secretion in the choriocarcinoma cells.

INTRODUCTION MATERIALS AND METHODS
CYTOCHALASIN B (CB) comprises a group of Cell culture
mould metabolites. Although CB inhibits cell A human choriocarcinoma cell line, BeWo [11],
division, nuclear division proceeds normally and growing in monolayer was maintained in RPMI
very large multinucleated cells are produced [1]. 1640 medium supplemented with 10% newborn
Malignant cells become more highly mult- serum (Flow Lab., McLean, VA, U.S.A)) and
nucleated than normal diploid cells by exposure antibiotics in humidified 5% CO,-95% air at
to CB [2-6], although the detailed mechanisms 37°C.
remain unknown.
On the other hand, large quantities of hCG are Cytochalasin B (CB)

synthesized and secreted by the normal placenta CB (Sigma Chemical Co., St Louis, MI, U.S.A.)
and trophoblastic tumors, but the sites and was dissolved in 95% ethanol ata concentration of
mechanisms of hCG synthesis and secretion have 1 ug/ml. This stock solution was preserved at
not yet been fully .understood (7). Immuno- -20°C and added to the medium to produce
histochemical = studies revealed that hCG specified final concentrations. Less than 1% of
immunoreactivity was found predominantly in ethanol in culture medium had no effect on BeWo

syncytial trophoblasts or STL cells [8-10]. The cells.
hCG synthesis and secretion in choriocarcinoma
cells can be enhanced by addition of various
cytotoxic drugs in vitro {7]. However, the
mechanisms have not been elucidated.

The present report describes the effect of CB on
the growth, multinucleation and hCG secretion
in a human choriocarcinoma cell line in vitro.

[*H)-T hymidine incorporation

The incorporation of [*H)-thymidine into
cellular DNA was assayed as follows. About 10°
cells in 1 ml of culture medium were incubated in
a series of sterile glass scintillation vials. After
48 hr of incubation the cells at exponential
growth were exposed to CB at doses of
0.5-8 ug/ml for 96 hr. After collection of culture
medium, [6-*H]-thymidine (sp. act. 15 Ci/mmol,
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*Supported by a grant from the Ministry of Education, U.S.A) was added to each vial in 1 ml of
Science and Culture, Japan. medium at 1 uCi/ml. After 30 min of incubation
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each vial was quenched by addition of 10 ml of
ice-cold isotonic saline and the incorporation was
counted with a liquid scintillation counter,
RackBeta Model 1215 (Wallac Oy, Turk, Finland),
according to the method described by Ball and
Roynter [12]. All samples were prepared in
triplicate.

Growth

Culture dishes 60 mm in diameter (Falcon
Plastics, Oxnard, CA, U.S.A.) were seeded with 4
X 10° cells and the cells were allowed to attach for
24 hr. The medium was then replaced with 5 ml of
medium containing CB at concentrations of
0.5-8 ug/ml. The medium containing CB was
changed at 2-day intervals for 6 days. After
collection of the culture fluid the cells were
harvested with 0.25% trypsin solution and counts
were made by hemocytometer after staining with
0.1% crystal violet in0.1 M citricacid. All samples
were prepared in triplicate. Periodically, some
cultures were fixed with absolute methanol for
enumeration of the nuclei per cell or 50% ethanol
for flow cytometry.

Enumeration of nuclei

The cells in culture dishes were stained with
Giemsa solution after fixation. The number of
nuclei per cell was counted with about 200 cells
per culture dish under high magnification of
MiCroscopy.

Flow cytometry

After the elimination of fixative the cells were
incubated for 15 min in 0.1% pepsin solution at
37°C, and then treated with RNase (1 mg/ml) for
30 min. After rinsing with phosphate-buffered
saline (PBS) the cells were stained for more than
30 min with ethidium bromide (10 ug/ml in Tris
buffer) at room temperature. The cell fluorescence
was measured with an Impulse Cytophotometer
Type II (PHYWE AG, F.R.G.) after filtering
through a 40-um nylon mesh. Primary peak
position of diploid lymphocytes derived from a
normal volunteer was adjusted to 2 channel
(channel No. 20) of the x-axis.

Electron microscopy

The cells were scraped off with a rubber
policeman and centrifuged at 1000 rpm for 5 min
to obtain cell pellets. The pellets were then fixed
with 2.5% glutaraldehyde in PBS solution at 4°C
for 2 hr and post-fixed with 1% osmium tetroxide
at 4°C for 2 hr. After dehydration in a graded
ethanol series, they were embedded in Epon 812.
Ultrathin sections were cut with a diamond knife
and were double-stained with uranyl acetate
followed by Reynold’s lead acetate. Observations

were made using a Hitachi HS-8-type electron
microscope (Hitachi, Tokyo, Japan)

Assay of hCG

The hCG in the culture fluid was assayed using
a CEA-IRE-SORIN radioimmunoassay kit
{Green Cross Co., Tokyo, Japan).

Peroxidase anti-peroxidase bridge (PAP) method

The rabbit anti-hCG serum was provided by
Mochida Pharmaceutical Co. (Tokyo, Japan).
The PAP method was performed according to the
procedure described elsewhere [13], using the cell
pellets described above.

RESULTS

Multinucleation

When BeWo cells were exposed to CB for 96 hr
no inhibition of [*H]-thymidine incorporation
into cellular DNA was noted at any doses up to
8 ug/ml and the incorporation was not signifi-
cantly different in each culture (Fig. 1). In
contrast, inhibition of cell division was noted on
exposure to CB at doses of more than 1 yg/ml, and
the inhibition was dose- and time-dependent (Fig.
2). A striking difference in the inhibitory effect
was found between 1 pug/ml, which inhibited the
cell division slightly, and 2 ug/ml, which
inhibited it completely (Fig. 2).

Multinucleation of BeWo cells was studied
with CB at concentrations of 1 and 2 ug/ml. The
population doubling time of non-treated BeWo
cells was about 34 hr. In non-treated controls 96%
of the cells were mononuclear in the exponential
stage of growth (Figs 3 and 4). On the other hand,
only 6% of the cells became multinuclear (more
than 3 nuclei per cell) at 96 hr when treated with

Percent of control
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Fig. 1. Effect of CB on [*H]-thymidine incorporation into
cellular DNA. Bars, S.D.
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Fig. 4. Nuclei of (a) non-treated control cells and (b) cells treated with 2 ug/ml CB for 96 hr. Giemsa staining,
X200.
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Fig. 5. Electron micrographs of non-treated control cells [(a), X7000] and cells treated with 2 pg/mi CB for
96 hr [(b), X9600].
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Fig. 8. Localization of hCG by PAP method. (a) Normal rabbit serum; (b) rabbit anti-hCGB serum, non-
treated control cells; (c) rabbit anti-hCG B serum, cells treated with 2 ug/ml CB for 96 hr. Interference phase-
contrast, X250.
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1 ug/ml CB, while 93% of them had more than 3
nuclei when treated with 2 ug/ml (Figs 3 and 4).
Multinucleation became evident after 48 hr of
exposure to CB in coincidence with the inhibition
of cell division.

Thus multinucleation is possibly provoked by
inhibition of cell division without inhibition of
nuclear division. Electron microscopy revealed
the decrease of organelles in the cytoplasm such as
filaments and increase of aggregated glycogen
particles in multinucleated BeWo cells (Fig. 5).

As shown in Fig. 6, a shift of the first peak to
hyperploidy (about 3 channel, channel No. 30),
wide distribution of nuclear DNA content and S
phase accumulation of cells by flow cytometry
were characteristic to the asynchronous popula-
tion of BeWo cells in vitro. As compared to non-
treated controls, a distinctive change of DNA
histogram pattern was not noted in the cultures
treated with 1 ug/ml CB for either 48 or 96 hr.
Although the first peak of the DNA histogram
was found in almost the same channel as that
observed in non-treated controls, when treated
with 2 ug/ml CB for 48 hr a decrease of S phase
accumulation of cells was observed. At 96 hr after
treatment with 2 ug/ml CB the first peak shifted
to less than 2 channel (channel No. 20), reflecting
the death of a part of the cells due to karyorrhexis,
and most of the cells contained nuclear DNA,
which distributed evenly from 2 channel to 12
channel. These changes in DNA histogram were
consistent with the appearance of and increase in
multinucleated cells (Figs 3 and 4).
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Fig. 6. DNA histogram by flow cytometer of cells in the presence of CB at concentrations of 1 and 2 ug/ml for
either 48 or 96 hr.
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hCG secretion

Addition of CB at doses of 0.5-8 ug/ml for 96 hr
did not lead to a significant increase in the hCG
secretion per dish (data not shown). However, if
the values were estimated per cell, addition of CB
led to an increase in hCG secretion. As shown in
Fig. 7, the cultures treated with 1 ug/ml CB for the
initial 48 hr secreted about twice as much hCG
into the culture medium than the non-treated
controls. In both non-treated cultures and those
treated with 1 ug/ml CB the secretion tended to
decrease during the next 48 hr. In contrast, in
cultures treated with 2 ug/ml the hCG secretion
was about 7-fold that of non-treated controls after
48 hr and the secretion increased to about 12-fold
during the next 48 hr. This increase in hCG
secretion per cell correlated with the increase in
number of multinucleated cells.

hCG immunoreactivity by the PAP method was
found in about 4% of non-treated BeWo cells.
When treated with 2 ug/ml CB for 96 hr, about
20% of the cells showed positive findings (Fig. 8).

5 =) Non-treated
10°] CB 1 ug/nt
] CB 2ug/m

hCG value (mIU/10° cells)

Fig. 7. Effect of CB on hCG secretion per 10° cells.

DISCUSSION

The effect of CB on multinucleation has been
examined in various types of mammalian cells of
normal and malignant natures. Normal diploid
cells treated with CB in vitro remained mono- or
binucleated, whereas almost all the transformed
cells became highly multinucleated [2-6].
Although the mechanisms of multinucleation are
not fully wunderstood, uncontrolled nuclear
division is a common feature of malignant cells
and is considered as a cause of the multinucleation
[1,2]. The [*H]-thymidine incorporation into
cellular DNA of BeWo cells was not inhibited
with CB at concentrations of 0.5-8 ug/ml for

96 hr (Fig. 1). Hirano and Kurimura [14] also
reported that DNA synthesis of the normal
murine cells was significantly inhibited by CB at
concentrations of 0.5-2 ug/ml during 48 hr,
whereas that of their virally transformed cells was
not inhibited.

In various types of mammalian malignant cells
effective CB concentrations to induce multi-
nucleation ranged between 1 and 2 ug/ml [2-5].
The choriocarcinoma cells showed almost the
same sensitivity to CB (Fig. 3). The mult-
nucleated BeWo cells with more than 3 nuclei did
not seem to further proliferate and treatment of
the cells with 2 ug/ml CB for 96 hr caused the
death of a part of the cultures (Figs 2 and 6). The
higher doses of CB caused nuclear extrusion and
enucleation of the cells [1,2]. Thus mult-
nucleation seems to be induced by inhibition of
cell division by CB without inhibition of nuclear
division. Inhibitory action on actin network
formation, which is a component of cytoskelton,
by CB was suggested to be a possible cause of
inhibition of cell division [15].

Hussa [16] reported that the stimulation of
hCG synthesis and secretion was found in BeWo
cells when the cells were treated with 2.1 uM
(1 pug/ml) of CB for 24 hr. Similar results were also
obtained in this study (Fig. 7). The BeWo cells
treated with 1 ug/ml CB for 48 hr secreted about 2-
fold hCG, as compared with non-treated cultures.
Since almost all the cells were mononuclear at
48 hr after treatment with I ug/ml CB (Fig. 3), itis
considered that CB may have stimulated the
mononuclear cytotrophoblast-like (CTL) cells to
synthesize and secrete more hCG. However, the
hCG secretion was further enhanced when the
cells were treated with 2 ug/ml, which changed
almost all the CTL cells to STL cells within 96 hr
(Fig. 3). Morphological change from CTL toSTL
cells was also induced by treatment of the BeWo
cells with 10°M methotrexate (MTX) [17]. A
comparable concentration of MTX enhanced the
hCG secretion [18]. Although the mechanisms of
action may be different between the two drugs,
these results suggest that multinucleation of the
choriocarcinoma cells may represent a part of the
mechanism of hCG synthesis and secretion. In
addition, the predominant localization of hCG in
the STL cells elucidated by the PAP method
further supports the suggestion.

However, other actions of CB on the synthesis
and secretion of hCG in the choriocarcinoma cells
are not ruled out and the exact mechanisms must
be further clarified.
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