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Human syncytiotrophoblasts are derived from villous cytotrophoblasts by cell fusion. Coincident with this morpho-
logic transformation, trophoblasts acquire specific endocrine functions, including elaboration of chorionic gonadotropin
(hCG). We wondered if syncytia formation was a prerequisite for biochemical differentiation or simply was one part of
the differentiation program. By growing purified human cytotrophoblasts under serum-free conditions and manipulat-
ing the culture surface, we were able to disassociate morphologic from biochemical differentiation. We have shown
previously (Endocrinology 1986, 118:1567) that human cytotrophoblasts grown in the presence of fetal calf serum flatten
out, aggregate, and form functional syncytiotrophoblasts in vitro over 24-96 hr. Here we demonstrate that when grown
in the absence of serum, the cells do not undergo these morphologic changes, but remain as individual spherical cells. If
the culture surface was precoated with fibronectin or a variety of collagens, but not albumin, the cells regained their
ability to flatten, aggregate, and form syncytia. Attachment to and syncytia formation on fibronectin was blocked by
the addition of the R-G-D-S-containing peptide, Gly-Arg-Gly-Asp-Ser-Pro. Attachment to and syneytia formation on
type I collagen was blocked by anti-human fibronectin F(ab’), fragments, while association with type IV collagen was
not affected by this antibody, suggesting that fibronectin mediates trophoblast association with type I collagen, but not
type IV. Although syncytia formation did not occur when cytotrophoblasts were cultured under serum-free conditions
in the absence of ECM proteins, biochemical differentiation was not affected. These cells secreted hCG at the same rate
under serum-free conditions whether they were plated on plastic only—which prevented syncytia formation—or fi-
bronectin, laminin or, type IV collagen—which allowed syncytia formation to occur. Furthermore, cytoplasmic differ-
entiation in the absence of syncytia formation was confirmed by performing transmission electron microscopy on
cytotrophoblasts grown under serum-free conditions in the presence of 8-bromo-cAMP. We conclude that syncytia
formation is not a prerequisite for biochemical differentiation, but simply part of the trophoblast differentiation

program. © 1988 Academic Press, Inc.

INTRODUCTION

Human villous cytotrophoblasts form synecytial tro-
phoblasts through a process of cell fusion (Boyd and
Hamilton, 1970; Kliman et al., 1986). There has been
speculation that biochemical differentiation, such as
the ability to secrete chorionic gonadotropin (hCG)?
(Pierce and Midgley, 1963, Morrish et al., 1987) and pla-
cental lactogen (Hoshina et al.,, 1983, 1985), is tied to
syncytia formation. We have shown previously that
cultured human cytotrophoblasts differentiate bio-
chemically and morphologically in a time-dependent
fashion (Kliman et al, 1986; Feinman et al, 1986; Kli-
man et al, 1987). In the presence of fetal calf serum
(FCS), the mononuclear cytotrophoblasts flatten out
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onto the culture surface, aggregate, and form syncytia
over a 24-to 96-hr period. Simultaneously with these
morphological changes, the trophoblasts secrete in-
creasing amounts of hCG into the culture media. This in
vitro system did not allow us to dissociate the morpho-
logic and biochemical changes. Here we demonstrate
that by culturing cytotrophoblasts under serum-free
conditions and manipulating the culture surface by
precoating with a variety of extracellular matrix pro-
teins, morphologic and biochemical differentiation can
be uncoupled. In addition, we have gained insight into
the specificity of associations between cultured cytotro-
phoblasts and components of the extracellular matrix.

MATERIALS AND METHODS
Preparation and Culture of Human Cytotrophoblasts

Human cytotrophoblasts were purified from normal
term placentae obtained following spontaneous vaginal
delivery or uncomplicated Cesarean section using the
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method of Kliman et al (1986). Briefly, 30 g of soft,
villous tissue was subjected to three trypsin/DNase di-
gestions. The resultant cell suspensions were pooled,
placed on a discontinuous Percoll gradient (5 to 70%
Percoll in 5% steps), and centrifuged at 1200g for 20
min. A greater than 95% pure population of eytotropho-
blasts resulted as a band at a density of 1.05 to 1.06
g/ml. The cytotrophoblasts were diluted to a final con-
centration of 10° cells/ml with Dulbecco’s modified
Eagles’ medium containing 25 mM Hepes and 25 mM
glucose (DMEM-H-G) with glutamine (4 mM) and gen-
tamicin (50 ug/ml) added, and, in serum-supplemented
media, 1 to 20% (v/v) heat-inactivated fetal calf serum.
8-Bromo-cAMP (1.5 mM, Sigma Chemical Co., St. Louis,
MO) was added to some media. One ml of the cell sus-
pension was plated into 16-mm Nunclon multidishes
(Nune, Roskilde, Denmark) for biochemical studies,
while 0.2 to 1.0 ml was plated onto 22-mm? coverslips
(No. 1 or 14) placed in 35-mm Nunclon multidishes or
into four-chamber Lab-Tek (Miles Laboratories, Mi-
shawaka, IN) culture slides for histologic studies. For
electron microscopy, 10 ml of the cell suspension was
cultured in 80 ecm? Nunclon flasks in the absence of
serum, with or without added 8-bromo-cAMP. The cells
were incubated at 37°C in humidified 5% C0,/95% air
with media changes every 24 hr.

FExtracellular Matrixc Proteins

Fibronectin (Collaborative Research, Bedford, MA)
was dissolved in DMEM-H-G with 50 ug/ml gentamicin
to a final concentration of 50 ug/ml. Laminim (Collabo-
rative Research) was dissolved in DMEM-H-G with 50
ug/ml gentamicin to a final concentration of 20 pg/ml.
Collagens (Sigma) were dissolved in 0.15% NaCl (w/v)
with 50 ug/ml gentamicin to a final concentration of 80
or 100 ug/m). Bovine serum albumin, fraction 5 (Miles
Scientific, Naperville, IL) was dissolved in DH;0 to a
final concentration of 80 ug/ml. All solutions were fil-
tered with a 0.2-um syringe filter, applied to either
cover glasses or plastic culture surfaces until covered,
allowed to stand overnight in a humidified incubator at
37°C, aspirated, and dried in a culture hood for 1-2 hr
prior to use.

Antibodies and R-G-D-S Peptide

Affinity-purified F(ab’), fragment goat anti-human
fibronectin (Accurate Chemical and Scientific Corp.,
Westbury, NY) was diluted to 20 ug/ml into each well
from a 1.1 mg/ml stock at the time of cell plating. Chro-
matography-purified goat IgG F(ab’), fragment (Accu-
rate) was used as a control at 20 ug/ml as described
above for anti-fibronectin fragments. An R-G-D-S-con-
taining hexapeptide, Gly-Arg-Gly-Asp-Ser-Pro (G-R-
G-D-8-P), generously provided by Dr. Henry T. Keut-
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man, Endocrine Unit, Massachusetts General Hospital,
was used at a final concentration of 1 mM.

Histology and I'mmunohistochemistry

Cultured cells were grown on coverslips, fixed,
stained, and photographed as previously described
(Kliman et al.,, 1986). The percentage of nuclei in syncy-
tia was determined counting 500 nuclei in sequential
high power fields and determining whether they were
in single isolated cells, single cells of an aggregate (two
or more cells attached to each other or single cells at-
tached to syncytia), or syncytia (defined as a cell with
two or more nuclei within one obvious cytoplasmic
border). The total number of nuclei in syncytia was
divided by 500.

Transmission Electron Microscopy

Following 24 hr of culture, the trophoblasts were
washed once with warm DMEM-H-G, and then fixed
with half-strength Karnovsky’s fixative (Karnovsky,
1965) for 15 min at room temperature, followed by in-
cubation overnight at 4°C. The fixed cells were removed
from the flasks by adding approximately 100 precleaned
3-mm glass beads to the tissue culture flasks, agitating
gently for 1 min, and then aspirating off the cell suspen-
sion. The cells were then pelleted, transferred to 0.1 M
cacodylate buffer, pH 7.4, postfixed with 1% osmium
for 1 hr, dehydrated in graded ethanols and propylene
oxide, and embedded in Epon. Silver sections were
stained with uranyl acetate and lead citrate and exam-
ined at 75 kV with a Hitachi 600 electron microscope
(Hitachi Corp., Tokyo).

Analytical Methods

hCG was quantitated using reagents obtained from
Serono (hCG MAIA clone; Braintree, MA). The assay
was calibrated to the First International Reference
Preparation.

RESULTS

Effect of Fetal Calf Serum on Trophoblast Syncytium
Formation

When purified human cytotrophoblasts were cul-
tured on plastic or glass in the presence of 20% FCS
(Fig. 1a), they flattened out, aggregated, and formed
syncytial trophoblasts over a 96-hr period as previously
described (Kliman et al., 1986, 1987). If the concentra-
tion of FCS was reduced to 1%, there was little appre-
ciable difference in the morphology after 96 hr. But, if
the cells were cultured in serum-free medium, the ma-
jority of the cells did not flatten out, form aggregates,
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F1G. 1. Effeet of FCS on cultured cytotrophoblasts. Cytotrophoblasts were cultured in the presence of 20% (a) or 0% (b) FCS on coverslips as
described under Materials and Methods. (a) After 96 hr in culture, the majority of the trophoblasts have flattened out, aggregated, and formed
syncytia. Note large multinucleated syncytiotrophoblast (large arrow). Surrounding this syncytia is a single cell (small arrow head), aggre-
gates of trophoblasts (large arrow heads), and a smaller syncytia (small arrow). Note single trophoblast making initial contact with edge of
smaller syneytiotrophoblast (curved arrow). (b) In the absence of FCS, the trophoblasts remained spherical and individual-—and consequently
very dark staining—with little evidence of flattening, aggregation, or syncytia formation. Note that some cells are beginning to extend
cytoplasmic material onto the coverslip (arrows). A few cells do flatten out and make contact with neighboring cells, leading to small
syncytiotrophoblasts. Both micrographs are at the same magnification; the bar represents 10 um.

or syneytia (Fig. 1b). Quantitative analysis demon-
strated that as many as 83% of the nuclei were in syn-
cytia in serum-supplemented media (Fig. 2), while only
2.5% of the trophoblast nuclei were found in syncytial

structures at 96 hr of culture under serum-free condi-
tions. The syncytia formed under serum-free conditions
were generally small (20-30 um in diameter) and had
only two to four nuclei per cell, while the syncytia
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F1G. 2. Syncytia formation as a function of FCS concentration. Cy-
totrophoblasts were cultured in media supplemented with the indi-
cated concentrations of FCS for 96 hr. The percentage of nuclei in
syncytia was determined as described under Materials and Methods.
The results represent the means + SEM from four separate experi-
ments.

formed in the presence of FCS were large (up to 100 um
in diameter) and contained as many as 25 nuclei per
cell. Sinee syncytiotrophoblasts in vitro form by fusion
of cytotrophoblasts (Kliman et al., 1986), these results
imply that only a few cells are able to make contact and
fuse under serum-free conditions, while many cells par-
ticipate in syneytia formation in the presence of serum.

Effects of Pretreatment of Glass Coverslips with
Extracellular Matrix Components

We next investigated whether purified extracellular
matrix proteins could support syncytia formation in
serum-free medium. Precoating glass coverslips with
fibronectin or a variety of collagens permitted cytotro-
phoblasts to form syncytia in serum-free media (Fig. 3).
Although culture for 96 hr in the presence of FCS pro-
duced the greatest degree of syncytial formation (83%),
approximately 50% of the trophoblast nuclei were
found in syncytia when the culture surface was pre-
coated with fibronectin; placental collagens types I, IV,
and V; calf skin collagen type I; and rat tail collagen.
Approximately 33% of the trophoblast nuclei were
found in synecytia when the culture surface was pre-
coated with placental collagens types IIT and V. In con-
trast, without serum or precoating, only 2.5% of the
trophoblast nuclei were found in syncytia at the end of
the 96 hr of culture period. Precoating with bovine
serum albumin yielded results similar to no precoating.
This result suggests that fibronectin and collagens do
not support syneytia formation by, for example, neu-
tralization of negative charges on the coverslip, but me-
diate flattening, aggregation, and syncytia formation
by a more specific mechanism.
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R-G-D-S-Specific Binding of Trophoblasts to Fibronectin

We next investigated the specificity of trophoblast
binding to fibronectin. When human trophoblasts were
cultured on fibronectin pretreated coverslips in serum-
free media, they flattened out, aggregated, and formed
syncytia (Fig. 4a), in a fashion similar to that of cells
grown in the presence of FCS (Fig. 1). When the
R-G-D-S-containing hexapeptide, G-R-G-D-S-P, was
added at the time of plating, virtually all adhesion to
the fibronectin-coated coverslip was eliminated (Fig.
4b). In order to verify that the inhibition of fibronectin
adhesion was specific, we performed the same experi-
ment using type I'V collagen precoated coverslips. In the
presence of the hexapeptide, human trophoblasts at-
tached, flattened, aggregated, and formed syncytia on
the type IV collagen surface in the presence of the hex-
apeptide (Fig. 4¢c). These results suggest that human
trophoblasts have a specific, R-G-D-S-sensitive recep-
tor for fibronectin, but that they also express binding
sites or molecules which allow them to adhere to
collagen.
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FiG. 3. Effects of coverslip pretreatment on trophoblast syneytium
formation. Cytotrophoblasts were cultured under serum-free condi-
tions for 96 hr as described under Materials and Methods. Coverslips
were pretreated with the following: albumin (ALB); fibronectin (FIB);
Type I, 111, IV, and V collagens from placenta (Type I (P), Type III (P),
Type IV (P), Type V(P); Type I collagen from calf skin (Type I (CS));
and rat tail collagen (RT). In addition, the results of control cultures
grown without serum (SF) or with fetal calf serum (FCS) with no
coverslip pretreatment are shown in the first two bars. Data pre-
sented for the serum-free, fetal calf serum and albumin treatments
are means + SEM from three to five separate experiments. Data for
the fibronectin and collagen treatment groups are from a single ex-
periment in which these treatments were examined simultaneously
with the same cytotrophoblast preparation. Similar results were ob-
tained with fibronectin and placental type I and IV collagens from at
least five other experiments.
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F1G. 4. Effect of R-G-D hexapeptide on trophoblast plating. Cytotrophoblasts were cultured in serum-free DMEM-H-G for 24 hr on glass
coverslips precoated with fibronectin (a, b) or type IV collagen (c) without (a) or with (b, ¢) 1 mM Gly-Arg-Gly-Asp-Ser-Pro added as described
under Materials and Methods. (a) Although the trophoblasts have been cultured under serum-free conditions, the fibronectin precoating has
allowed the cells to flatten out, aggregate, and form syncytia. (b) In the presence of the R-G-D-containing hexapeptide, very few cells have
plated, and those on the glass coverslip have remained round (except for an occasional macrophage). (¢) The trophoblasts have flattened and
aggregated on type IV collagen, even in the presence of the R-G-D-containing hexapeptide—suggesting that the trophoblasts adhere to the
collagen by a mechanism other than an R-G-D receptor site. All micrographs are at the same magnification. The bar represents 10 um.

Trophoblast Binding to Types I and IV Collagens:
Involvement of Fibronectin in Binding
to Type I Collagen

Figures 3 and 4c illustrate that human trophoblasts
bind to a variety of collagens. These results raise the
following question: Are there specific collagen binding
sites on the human trophoblast, or do these cells bind to
collagens via other proteins, such as fibronectin and
laminin?

Utilizing specific anti-human fibronectin (F(ab’),
fragments, we attempted to determine if trophoblasts
bind to type I and IV collagens directly or indirectly
through fibronectin. When trophoblasts were cultured
on type I collagen pretreated coverslips, they adhered,
flattened, and formed aggregates within 24 hr (Fig. 5a).
Normal goat serum F(ab'), fragments added at the time
of plating had no effect on the cultures (Fig. 5b). If, on
the other hand, goat anti-human fibronectin F(ab'),
fragments were added at the same concentration at the
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time of plating, attachment of trophoblasts was vir-
tually eliminated. In addition, the few cells that did
attach did not flatten out or aggregate, but remained
spherical—similar to the results under serum-free con-
ditions with no precoating of the culture surface (Fig.
5¢). Since no fibronectin was added to these cultures,
but the anti-human fibronectin F(ab’), fragments still
prevented attachment of trophoblasts to type I colla-
gen, we verified that this particular antibody did not
cross-react with type I collagen. Ouchterlony double-
immunodiffusion analysis of the anti-human fibronec-
tin F'(ab’), fragments against type I collagen revealed no
detectable line of reaction, while a strong line of reac-
tion was seen against fibronectin.

Type IV collagen supported attachment, aggregation,
and syncytia formation (Fig. 5d) and the presence of
normal goat serum F(ab'), fragments had no effect on
these interactions (Fig. 5e). In contrast to the results
shown in Fig. 5¢ for type I collagen, the presence of goat
anti-human fibronectin F(ab’), fragments had no effect
on the interaction of the cytotrophoblasts with type IV
collagen (Fig. 5f). Thus, anti-fibronectin F(ab'), only
interfered with trophoblast binding to type I collagen,
not type IV collagen. These results suggest that tropho-
blasts bind to type I collagen via cell-associated fibro-
nectin, while they either bind to type IV collagen di-
rectly or through some other intermediate protein, such
as laminim. These results are consistent with emerging
evidence which indicates that fibronectin as an inter-
mediate between cells and type I collagen (Akiyama and
Yamada, 1987).

Stimulation of hCG Secretion in the Absence of
Syncytia Formation

We have demonstrated that under serum-free condi-
tions without precoating or with type I collagen pre-
coating in the presence of anti-fibronectin F(al), that
cytotrophoblasts do not flatten out, aggregate, or form
syneytia. One might ask: Are these cells viable? Are
they biochemically active? In order to answer these
questions, we performed biochemical and electron mi-
croscopic studies on human trophoblasts cultured under

Trophoblast Differentiation
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F1G. 6. hCG secretion as a function of culture surface and 8-bromo-
cAMP. Cytotrophoblasts were cultured in plastic wells without pre-
coating (NONE) or within wells precoated with fibronectin (FIB),
type IV coliage (COL), or laminin (LAM) in media without (light bars)
or with (dark bars) 1.5 mM 8-bromo-cAMP for 24 hr as described
under Materials and Methods. Values presented are the means + SEM
of four separate experiments (except for the laminin data, which
represent the mean of two separate experiments).

serum-free conditions with and without pretreatment
of the culture surfaces.

We had shown previously that 8-bromo-cAMP stimu-
lates hCG seeretion by eultured human trophoblasts in
the presence of serum (Feinman et al, 1986). We won-
dered if trophoblasts could be stimulated to secrete
hCG under serum-free conditions where (1) they could
not form syncytia or (2) they could syneytialize because
they were plated on fibronectin, laminin, or type IV
collagen-treated surfaces. Figure 6 illustrates the re-
sults of several such experiments. Trophoblasts were
cultured over a 24-hr period under serum-free condi-
tions without pretreatment or in serum-free medium on
surfaces coated with fibronectin, type IV collagen, or
laminin. In addition, half of the cultures were treated
with 1.5 mM 8-bromo-cAMP. These data establish that
trophoblasts secrete hCG in a qualitatively similar fa-
shion under serum-free conditions whether cultured in
the absence or presence of extracellular matrix pro-
teins. Furthermore, these results indicate that tropho-
blasts which do not flatten down on the culture surface
and do not subsequently form syneytia because they are
grown under serum-free conditions (see Fig. 1b) still

F1G. 5. Effect of anti-fibronectin F(ab'), on trophoblast adherence to type I and IV collagens. Cytotrophoblasts were cultured in serum-free
DMEM-H-G for 24 hr on coverslips precoated with type I collagen (a-c) or type IV collagen (d-f) as described under Materials and Methods.
F(ab'), fragments were added to a final concentration of 50 ug/ml for the full incubation period as follows: controls (a, d), normal rabbit serum
F(ab); (b, e), anti-fibronectin F(ab"), (¢, f). (a) The trophoblasts have flattened and aggregated on type I collagen. (b) The addition of normal
rabbit serum F(ab'), has had no effect. (c) The anti-fibronectin antibodies have prevented many cells from adhering and those that are present
have remained spherical without evidence of aggregation. This effect is not due to nonspecific binding of the antibody to the substrate since the
anti-fibronectin F(ab'), did not react against type I collagen by Ouchterlony double-diffusion analysis. (d) The trophoblasts have flattened out
and aggregated on type IV collagen. (e) The addition of normal rabbit serum F(ab’); has had no effect. (f) Unlike (¢), the anti-fibronectin F(ab),
does not prevent flattening and aggregation of the trophoblasts grown on type IV collagen. This suggests that trophoblasts are able to hind to
type IV collagen through a fibronectin-independent mechanism—possibly via laminim. All micrographs are at the same magnification. The

bar represents 10 um. o
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express endocrine activities associated with the syncy-
tial trophoblast.

Cytoplasmic Differentiation in the Absence of Syncytial
Formation

To explore further the concept of biochemical differ-
entiation of mononuclear cytotrophoblasts, we per-
formed transmission electron microscopy on tropho-
blasts which were cultured under conditions that did
not allow for syncytia formation, but that did permit
stimulated hCG secretion. Cytotrophoblasts were cul-
tured without serum in plastic flasks which were not
precoated (thus, the cells could not flatten out and re-
mained spherical), with or without 1.5 mM 8-bromo-
cAMP, and were processed for transmission electron
microscopy. Examination of cells grown in the absence
of the cyclic nucleotide analog revealed spherical cells
with diameters of ~13 um (Fig. 7a). These cells had a
rather simple cytoplasm, but had microvilli and coated
pits—features typical of trophoblasts—and contained
scattered irregular segments of rough endoplasmic re-
ticulum (RER), large mitochondria, occasional lipid
droplets, and small golgi apparatus (Fig. 7c). In con-
trast, trophoblasts grown in the presence of &-bromo-
cAMP (Fig. 7b) were still spherical but were larger
(~20 um), contained many stacks of dilated RER, had
larger golgi, had well developed perinuclear interme-
diate filament bundles, and had more (but smaller) mi-
tochondria (Fig. 7d), features consistent with syncytio-
trophoblasts (Boyd and Hamilton, 1970). These changes
suggest a global increase in the secretory machinery of
the trophoblast as a result of 8-bromo-cAMP stimula-
tion, a finding consistent with the biochemical studies
illustrated in Fig. 6.

DISCUSSION

One goal of this work was to develop a serum-free
culture system which could be used to investigate the
factors which regulate the endocrine functions of the
human trophoblast. In the process of achieving that
goal, we discovered that in the absence of serum, puri-
fied human cytotrophoblasts do not flatten out, aggre-
gate, or form syncytia—as is seen in the presence of
serum (Figs. 1 and 2). We thought it likely that the
fibronectin in the serum played a role in the adhesion of
these cells to the culture surface. We verified that fi-
bronectin—as well as a variety of collagens—could, to a
variable extent, replace the adhesion factors in serum
(Fig. 3). These results raised the question: do human
trophoblasts have a receptor for fibronectin?

We answered this question by plating trophoblasts
onto fibronectin in the absence or presence of an
R-G-D-S-containing hexapeptide, G-R-G-D-S-P, (Fig.
4), which is known to block fibronectin-receptor-spe-
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cific cell attachment to fibronectin (Yamada et al,,
1985). This experiment demonstrated virtually com-
plete inhibition of adhesion of the trophoblasts to fi-
bronectin in the presence of the hexapeptide. Interest-
ingly, the few cells that did adhere in the presence of
the hexapeptide remained spherical. This suggests that
human trophoblasts bind to fibronectin through an
R-G-D-S-specific receptor (Akiyama and Yamada,
1987), and further, that interaction with fibronectin
may facilitate spreading of these cells. Further experi-
ments with type I and IV collagens (Fig. 5) suggested
that these cells bind to type I collagen via fibronectin
and that in contrast, association to type IV collagen
does not involve fibronectin. Cytotrophoblasts synthe-
size and secrete fibronectin (Ulloa-Aguirre et al., 1987)
and the inability of cytotrophoblasts to flatten out and
form syncytia in serum-free media in the absence of an
exogenous matrix component suggests that the fibro-
nectin produced by the cells is either insufficient in
quantity or not the appropriate type to promote normal
morphologic differentiation in vitro. The latter possibil-
ity is supported by biochemical studies on human pla-
cental fibronectin. Zhu and co-workers (Zhu et al., 1984,
Zhu and Laine, 1985) and Isemura et al (1984) have
determined that human placental fibronectin and
serum fibronectin contain different carbohydrates. Zhu
and Laine (1985) have demonstrated that placental fi-
bronectin has high molecular weight polylactosamine
carbohydrate and that this additional carbohydrate im-
parts to the placental fibronectin a decreased binding
affinity to gelatin. Furthermore, these workers (Zhu and
Laine, 1987) have shown that placental fibronectin ac-
quires increasing amounts of these carbohydrates as
gestation proceeds, raising the possibility that this
change may play a role in placental separation from the
uterus. These biochemical studies, therefore, may ex-
plain why human cytotrophoblasts cultured under
serum-free conditions without exogenous matrix do not
flatten in spite of the fact that they produce fibronectin.

Our experiments revealed that we could modulate
morphologic differentiation—that is, progression of
mononuclear cytotrophoblasts to multinuclear syncy-
tial trophoblasts—by modifying the surface on which
the cells were cultured. We wondered whether cytotro-
phoblasts cultured in the absence of serum without the
precoating of the surface (thus constraining them to
remain as single cells) could still differentiate biochem-
ically (i.e., could still be stimulated to secrete hCG) in
spite of their inability to form syncytial structures. The
results presented in Fig. 6 clearly demonstrate that tro-
phoblasts grown in the absence of serum can secrete
hCG and that 8-bromo-cAMP augments this secretory
activity whether they are placed on uncoated surfaces
or surfaces coated with fibronectin, type IV collagen, or
laminin. Thus, trophoblasts which remain as single
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F1G. 7. Transmission electron microscopy of cytotrophoblasts cultured in serum-free media. Cytotrophoblasts were cultured in serum-free
media for 24 hr without (a, ¢) or with (b, d) 1.5 mM 8-bromo-cAMP and processed as described under Materials and Methods. (a) Cross section of
spherical control cytotrophoblast exhibiting microvilli, coated pits (arrow heads), golgi (G), mitochondria, numerous free polyribosomes, and
short stacks of irregular RER (arrows). (b) Cross-section of treated cytotrophoblast exhibiting many RER stacks (small arrows), golgi
apparatus (large arrow), bundles of perinuclear intermediate filaments (small arrow heads), and many small mitochondria (large arrow
heads). (¢) Enlargement from (a) showing golgi apparatus (G), coated pits (arrow heads), short stacks of irregular RER (arrows), lipid droplet
(L), and numerous free polyribosomes. (d) Enlargement from (b) showing active golgi apparatus with numerous small vesicles (G), many stacks
of RER (arrows), and intermediate filament bundles (arrow heads). Bars represent 1 ym.

mononuclear cells can express endocrine functions of serum or precoating, with or without added 8-bromo-
the syncytial trophoblast. cAMP, to evaluate whether the cells when stimulated

To confirm this finding, we performed transmission aecquire the necessary machinery for synthesis and se-
electron microscopy on cytotrophoblasts grown without cretion of hormones. Cytotrophoblasts grown in serum-
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free media exhibited relatively simple fine structural
features after 24 hr of culture. They contained micro-
villi and coated pits, occasional lipid droplets, and scat-
tered short segments of RER—consistent with eytotro-
phoblast ultrastructure (Boyd and Hamilton, 1970; Kli-
man et al., 1986). Cells cultured in the presence of
8-bromo-cAMP remained spherical and mononuclear,
but they were larger, contained stacks of dilated RER,
had well-developed golgi, and contained greater num-
bers of mitochondria—features typical of the syncytio-
trophoblast—all confirming their increase in biosyn-
thetic capacity. Therefore, we have demonstrated that
these cells differentiated both biochemically and struc-
turally in culture in the absence of syncytium forma-
tion.

It is generally accepted that the cytotrophoblast is
the undifferentiated stem cell of the villous trophoblast
and that the syncytial trophoblast is the fully differen-
tiated, end-stage trophoblast (Pierce and Midgley, 1963;
Boyd and Hamilton, 1970). Some have suggested that
biochemical differentiation can occur only after syncy-
tial formation (Morrish et al, 1987). Our work contra-
dicts this notion. We believe that the trophoblasts of
the human chorionic villi form a continuum of differ-
entiated cells, some of which are mononuclear and
others mutlinuclear. In addition, our results support
the hypothesis that syneytia formation is not a prereq-
uisite for biochemical differentiation. Therefore, the
formation of the syncytiotrophoblast is not the trigger
for biochemical differentiation, but is only one of the
consequences of the differentiation program. This
scheme parallels very closely the biology of myoblast
differentiation (Holtzer et al, 1980). The serum-free
system described here, and its ability to disassociate
morphologic from biochemical differentiation in the
human trophoblast, should permit us to elucidate the
mechanisms of trophoblast regulation and maturation.
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