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On the control of the trophoblastic
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SUMMARY
Trophoblastic tissues grown under different conditions in vitro display distinct patterns of

cellular growth. Thus, trophoblast cultured on 'bacteriological grade' plastic surfaces
remained in suspension culture as rounded tissue fragments. Such tissues maintained
numerous cell contacts and remained, in turn, largely diploid. Trophoblast explanted on a
'tissue-culture grade' substrate formed monolayers. These contained fewer cell contacts and
had more giant nuclei than the rounded tissues. Finally, if trophoblast was dissociated and
grown as attached single cells, so that cell contact was minimal or absent, the single-cell
preparations contained more giant nuclei than tissues grown either as monolayers or in
suspension. These results suggest that changes in tissue shape and the number of cell contacts
can modify the growth of mouse trophoblast and alter its ability to become giant.

INTRODUCTION

Trophectodermal proliferation is dependent on contact with the inner cell
mass (ICM) (Gardner, 1972). Loss of such contact either during normal pre-
implantation development (Copp, 1978) or following removal of the ICM
(Gardner, 1972) leads to cessation of trophectodermal cell division. Trophecto-
dermal cells which remain adjacent to (Copp, 1978) or are secondarily brought
into contact with (Gardner, Papaioannou & Barton, 1973) the ICM continue
to divide and form the ectoplacental cone and extraembryonic ectoderm follow-
ing implantation (Gardner & Papaioannou, 1975). When these postimplantation
tissues are isolated microsurgically from the embryo and subsequently grown
as cellular monolayers in vitro or ectopic grafts, division ceases and the cells
become giant (Rossant & Offer, 1977). In contrast, isolated embryonic ecto-
derm remains diploid and mitotically active under identical experimental condi-
tions (Rossant & Offer, 1977). Such findings suggest that continued contact with
ICM derivatives, e.g. extraembryonic endoderm and/or mesoderm, is needed
to promote postimplantation trophoblastic proliferation in vivo. However, it is
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not clear from these studies whether trophoblastic cell division is sustained
because of a specific inductive effect or because ICM derivatives maintain these
trophectoderm-derived tissues in an appropriate configuration (Rossant &
Offer, 1977). Changes in tissue geometry are able to alter DNA synthesis and
cell division in various experimental situations (Folkman & Moscona, 1978).
Therefore, the aim of the present study was to examine the effect of varying the
extent of contact between initially diploid trophoblast cells on their growth
in vitro. Three experimental conditions were used to influence the degree of
intercellular contact between trophectoderm-derived cells. First, trophoblast
was grown as intact, rounded tissues in suspension culture in which case the
degree of contact between cells was extensive. Secondly, these tissues were
explanted on a 'tissue-culture grade' plastic substrate and grown as coherent
monolayers wherein intercellular contact would be lessened. Finally, tropho-
blast was dissociated and cultured as attached single cells whereby contact was
either minimal or altogether absent. As controls, embryonic ectodermal tissues
which do not form giant nuclei (Rossant & Offer, 1977), were also grown in a
manner identical to trophoblast.

MATERIALS AND METHODS

Immediately upon dissection from the embryo some representative samples
of embryonic ectodermal, extraembryonic ectodermal, and ectoplacental cone
core tissues were examined histologically to check for contaminating endoderm,
mesoderm, or giant cells (those with more than four times the haploid (c)
amount of DNA). Other tissue samples were cultured either for 72 or 144 h
in vitro, subsequently recovered, and then examined in the following way.
First, they were studied histologically for evidence of necrosis and differentia-
tion, then cytologically for multinucleate cells, polyploid metaphases (those
with more than 40 chromosomes) and changes in mitotic index and cell number,
cytophotometrically for fluctuations in nuclear DNA content and autoradio-
graphically for [H3]thymidine-labelled nuclei. The viability of trophoblastic
fragments grown in suspension was assessed by examining some tissues either
histologically or autoradiographically following 72 h in culture or by trans-
ferring others, after 72 h in vitro, either to tissue-culture dishes (' secondarily
attached' tissues) or beneath the testis capsule. Such transferred tissues were
then recovered 72 and 144 h later at which time their nuclear DNA contents
and mitotic indices were determined.

(1) Recovery of embryos and the handling of tissues:

Details of the mating of mice (CFLP, Anglia Lab. Ltd) and estimating the
time of ovulation are described by Copp (1978). Embryos at the 7-5-day
primitive streak stage (Snell & Stevens, 1966) were recovered from the uteri of
mice and subsequently dissected using the methods described by Rossant &
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Offer (1977). The cores of ectoplacental cones were obtained by removing the
peripheral giant cells with microneedles made as described by Diacumakos
(1973), incubating the tissue in a 0-5% trypsin-2-5% Pancreatin (made up in
Ca2+-Mg2+-free Tyrode's solution) solution for 5 min (26 °C; pH 7-5) and then
drawing it through a siliconized micropipette drawn to a bore size of one-half
the diameter of the enzyme-treated fragment.

(2) Tissue culture

All tissues were cultured in the alpha-modification of Eagle's medium (Flow)
with 10% foetal calf serum (Flow), nucleosides (3x 10~5M Sigma), NaHCO3

(2-2 g/1), penicillin (60 mg/1), and streptomycin (50 mg/1) in 5 % CO2 arid air.
Whole tissue fragments were grown individually in either 50 mm bacterio-
logical plastic Petri dishes (Sterilin) or 50 mm tissue-culture dishes (Sterilin)
containing 5-0 ml of medium. Single-cell cultures of approximately equivalent
cell density (starting cell number given beneath Table 4) were established from
embryonic ectodermal (fragments pooled from 15 embryos), extraembryonic
ectodermal (from 28 embryos), or ectoplacental cone core (from 10 embryos)
tissues that were initially incubated in 2-5 ml of TVP (Bernstein, Hooper,
Grandechamp & Ephrussi, 1973) solution (26 °C: pH 7-5; 5-15 min) and then
dissociated into single cells by gently drawing the fragments through a fine-bore
siliconized Pasteur pipette. The resultant cell suspension was then transferred to
a 30 mm plastic Petri dish (Sterilin) containing 2-5 ml of medium and a 22 mm2

glass coverslip (Chance). Cultures were not disturbed during the first 18 h of
growth in vitro. Except for undissociated tissues secondarily attached to a
tissue-culture-grade substrate, the medium was never changed. Such secondarily
attached tissues were placed in fresh medium upon transfer.

(3) Histological analysis

Immediately after dissection from the embryo, some tissues were fixed in
25% glutaraldehyde, embedded in plastic, serially sectioned at 2/*m, and
stained with toluidine blue. Other samples were fixed in Bouin's solution,
embedded in paraffin wax (56 °C), serially sectioned at 5 (im, and stained with
haematoxylin and eosin. Tissues were also prepared after 72 and 144 h in vitro
using similar histological techniques in order to detect necrosis and assess the
degree of cy^differentiation.

(4) Mitotic indices, nuclear numbers, and multinucleate cell counts

Modifications of a method developed by Evans, Burtenshaw & Ford (1972)
were used to determine mitotic indices (number of mitoses scored per total cells
counted x 100), to calculate nuclear numbers, and to identify multinucleate
cells. After 72 and 144 h in vitro tissues were cultured in the presence of 0-04 fi%\
ml of Colcemid (Grand Is. Biol.) for 75 min, mechanically lifted from the petri
surface with the edge of a siliconized micropipette, and transferred to hypotonic
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solution (1 % Na+ citrate, pH 8-45,26 °C) for 3 min (extraembryonic ectoderm),
7-5 min (ectoplacental cone core), or 10 min (embryonic ectoderm). Then,
fragments were fixed (three parts methanol/one part acetic acid), dissociated in
several drops of 60 % acetic acid (26 °C) on acid-cleaned slides, and stained with
1 % toluidine blue. For embryonic ectodermal tissues, it was difficult to score
every nucleus. Therefore, counts were made by scoring at least three areas of
a preparation the latter being no more than one-quarter of the width of each
slide. In the case of trophoblastic tissues, every nucleus was counted. It was
necessary, however, to assume that changes in nuclear number would reflect
variations in the number of cells present since cell outlines became blurred after
tissue dissociation. This does, in turn, assume that the level of multinucleation
was always low. Bi- and multinucleate trophoblastic cells were occasionally
found but their exact numbers could not be determined because of enzyme-
induced cytoplasmic changes. Such multinucleate, trophoblastic cells were dis-
covered in the following way. First, fragments were recovered after 72 h in vitro,
transferred to hypotonic, fixative, and then softened in 60 % acetic acid (26 °C;
30-60 sec). Afterwards, tissues were gently squashed beneath a 22 mm2 cover-
slip (no. 00; Chance), the edges of the preparation sealed with nail polish and
the slide examined in a contrast microscope (x 40).

(5) Microdensitometry

The nuclear DNA contents of freshly dissected embryonic ectodermal, extra-
embryonic ectodermal, and ectoplacental cone core tissues were determined on
fragments that had been dissociated in TVP as described under 'Tissue culture'.
Following dissociation, the cell suspension was air-dried on glass slides for
10 min and liver imprints placed beneath the experimentals. Single-cell cultures
were prepared for microdensitometry as follows. First, the supernatant was
discarded. Then, each coverslip was rinsed briefly with Hank's balanced salt
solution (HBSS; 37 °C), twice with TVP (26 °C; pH 7-5 sec), again with HBSS,
and finally washed in PBS (Dulbecco A). The coverslip was removed from the
petri dish to dry (15 min beneath a lamp). Once dry, both glass slides and cover-
slip cultures were fixed and Feulgen-stained using a standardized technique.
Following culture, intact tissue fragments were also dissociated, fixed and
Feulgen-stained. Ectopic grafts performed using the method of Kirby (1963)
were processed for microdensitometry in the following way. Either 72 or 144 h
after transfer, recipients were killed, the testis capsule bisected next to the
haemorrhagic graft site and the trophoblastic nodule placed into Ca2+ and Mg2+-
free HBSS on an acid-cleaned slide. At the same time, the contralateral testis
was also bisected and, with the liver control, was smeared on to the slide
immediately beneath the experimental. Once dry, all slides were then fixed and
Feulgen-stained. Nuclei were scanned in two different ways in order to rule out
consistent analytical differences potentially attributable to sampling error and,
regardless of method, similar results were always obtained. Thus, all of the
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nuclei in at least ten fields were measured but, on occasion, every nucleus in a
trophoblast fragment was scanned. This was always carried out with a Vicker's
M-85 microdensitometer (A = 585 nm).

(6) Autoradiography

For autoradiography, methyl [H3]thymidine (TRK-120, Amersham, 20 Ci/
ml; 4xlO~2m Ci/ml media) was added to the trophoblastic cultures. After
exposure to [H3]thymidine, labelled fragments were processed using two different
methods. Some were recovered, dissociated in enzyme, Feulgen-stained, and
scanned. Following microdensitometry, coverslips were removed in xylene and
each slide processed through the alcohols to distilled water. Other labelled
fragments were softened in 60% acetic acid, squashed, and then placed onto
blocks of solid CO2 for 10 min. Once frozen, coverslips were removed from the
preparations with the edge of a razor blade. Slides were then immediately air-
dried and placed into distilled water. From water, both squash and Feulgen-
stained preparations were mounted with stripping film (Kodak AR-10) and set
aside for 4 weeks. Finally, slides were developed (Kodak D-19; 10 °C, 5 min),
stained with haematoxylin and eosin, and scored. A nucleus was considered to
be labelled if covered by five more grains than were found in an equal area of
background adjacent to that nucleus. Labelling index (% L.I.) was defined as the
number of labelled nuclei scored divided by the total number of nuclei x 100.

(7) Statistical methods

A two by two x2 contingency test was used to compare the results obtained
from analyses performed by microdensitometry (Snedecor & Cochran, 1976).
The Fischer exact probability test was used to see if metaphases with more than
40 chromosomes ('polyploid' metaphases) were more frequently found in
trophoblastic tissues grown in suspension culture than in those cultured as
attached fragments (Siegel, 1956). A Student Mest was employed to determine
the significance of changes in nuclear numbers with time in vitro (Bailey, 1973).

RESULTS

(A) Morphological observations

As judged either histologically or visually, all tissues could be isolated from
the embryo in pure form. When these embryonic and trophoblastic tissues were
explanted on tissue-culture substrates they formed coherent, cellular mono-
layers. Conversely, when grown on a 'bacteriological grade' plastic surface,
they remained in suspension as floating, spherical tissue fragments. The
floating embryonic ectodermal tissues frequently formed a proamniotic cavity
and showed signs of morphogenesis in vitro, e.g. beating-heart formation.
However, trophoblastic tissues grown in suspension culture rarely cavitated.
Finally, when the trophoblastic and embryonic ectodermal tissues were dis-
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sociated and grown in culture as single cells, they showed little tendency to
reaggregate in vitro.

(B) Cytological studies

(1) Changes in nuclear DNA content and the number of trophoblastic giant
(> 4c cells (see Table 1). Immediately after isolation from the embryo, all
tissues were found to be exclusively diploid (2-4c). However, after growth
in vitro, the trophoblastic tissues were always found to contain cells with nuclear
DNA contents greater than 4c and the extent to which these became giant was
dependent upon the conditions under which they were grown. Thus, trophoblast
cultured as isolated, attached single cells always contained more giant nuclei
than either intact explants or whole floating fragments (P always < 0-001). In
addition, the whole, rounded extraembryonic ectodermal and ectoplacental
cone core tissues grown in suspension always had fewer giant nuclei than the
trophoblastic tissue fragments that were explanted on a tissue-culture surface
and subsequently cultured as coherent, cellular monoteyers (P always < 0-001).
In contrast to the trophoblastic derivatives, both intact and dissociated embry-
onic ectodermal tissues remained diploid (2-4c) whilst in culture.

(2) Changes in mitotic index {Table 2). All tissues were found to be mitotically
active immediately after they were isolated from the embryo. However, following
culture, the undissociated trophoblastic tissues ceased cell division whilst, the
intact embryonic ectodermal tissues continued to divide. In contrast to the
whole fragments, the mitotic index of the dissociated tissues always
declined.

(3) Changes in cell number {Table 3). The culture of intact trophoblastic tissues
did not show an increase in cell number from one time point to the next {P always
< 0-05) except for attached extraembryonic ectoderm during the first 72 h in
vitro (where P > 0-01). Whole embryonic ectodermal tissues, however, con-
tinued to increase in cell number throughout the culture period. The dissociated
tissues, in contrast to the whole fragments, always displayed a considerable
amount of cell loss after culture.

(4) Changes in ploidy level {n) and the frequency of polyploid metaphases
(Table 4). Immediately after isolation from the embryo, rare polyploid meta-
phases were found in the trophoblastic tissues whilst none were seen in embry-
onic ectoderm. Following 72 h in culture, tetraploid metaphases with 80 chromo-
somes were most frequently found in the ectoplacental cone core fragments
(28-3-41-7 %), less commonly seen in the extraembryonic ectoderm (9-3-21-1 %),
but only occasionally noted in the embryonic ectoderm (3-4-5-4%). After 144 h
in vitro, tetraploid metaphases were only seen in the cultures of extraembryonic
ectoderm (20%). Finally, octaploid metaphases with 160 chromosomes were
only found in extraembryonic ectodermal explants and never in embryonic
ectoderm (Fig. 1). Also, changing the conditions under which the trophoblastic
tissues were grown did not alter the frequency with which polyploid metaphases

7 EMB 62



T
ab

le
 2

. 
C

ha
ng

es
 i

n 
m

it
ot

ic
 i

nd
ex

T
im

e 
...

C
ul

tu
re

*
C

on
di

ti
on

s*

M
it

ot
ic

 i
nd

ex
N

o.
 e

m
br

yo
s

M
it

ot
ic

 i
nd

ex
N

o.
 e

m
br

yo
s

M
it

ot
ic

 i
nd

ex
N

o.
 e

m
br

yo
s

0 —

1
0

-6
±

l%
7

2
-8

±
l%

6

7-
4±

5%
5

24 A
T d

5-
7±

3%
56 N
D

5-
1 

%
15

72

F
L

 
A

T
 

A
T

w
 

w
 

d
E

xt
ra

em
br

yo
ni

c 
ec

to
de

rm
0-

3%
 

0-
1%

 
0-

4 
±

0-
3%

5 
5 

5
E

ct
op

la
ce

nt
al

 c
on

e 
co

re
0-

2%
 

0
0

6
%

 
0%

5 
5 

30
%

E
m

br
yo

ni
c 

ec
to

de
rm

2-
4  

±
0-

4%
 

2-
4 

+
 0

-4
%

 
—

7 
6 

—

F
L

w

00
1 

% 5

00
1 

%
5

M
±

l%
3

* 
C

ul
tu

re
s 

of
 w

ho
le

 (
w

) 
an

d 
di

ss
oc

ia
te

d 
(d

) 
tis

su
es

 g
ro

w
n 

ei
th

er
 a

s 
fl

oa
tin

g 
(F

L
) 

or
(A

T
) 

tis
su

e 
fr

ag
m

en
ts

.

14
4 A
T

w

0-
4% 5

00
1 

%
4

1
0

±
0

1
%

3

at
ta

ch
ed

2°
 A

T
w

0%
5

0%
4

1-
3 

±
0-

4%
4

M B. ILG] W



Homotypic cellular interactions in mouse trophoblast development 191

Table 3. Changes in cell numbers

(Average number of cells in each tissue fragment. No. of embryos
in parentheses)

Non-dissociated tissues grown as attached (AT) explants and floating
(FL) fragments

Time(h)

Culture
Conditions

Extraembryonic ectoderm

Ectoplacental cone core

Embryonic ectoderm

Time (h)

Culture
Conditions

Extraembryonic ectoderm

Ectoplacental cone core

Embryonic ectoderm

Dissociated

Time (h)

Extraembryonic ectoderm

Ectoplacental cone core

Embryonic ectoderm

0

—

2051±1094
(17)

4158 + 1390
(10)

1976 + 455
(ID

FL
—

2355 + 1687
(3)

4541 + 1329
(3)

> 8000
(6)

tissues grown as

0

57400

41500

29625

72

FL
—

2223 + 760
(6)

3888 + 417
(8)

> 6000
(6)

144

AT
—

4868 + 2185
(4)

2070+551
(4)

> 8000
(6)

attached single-cell cultures

24

3961 + 281
(56)

3951+24
(30)
2133
(15)

AT
—

4568 ±826
(5)

4053 ±637
(5)

> 6000
(6)

2° AT
—

ND

ND

> 8000
(5)

72

1722 ±230
(112)

2578 ±707
(30)

0
(60)

were found in either the extraembryonic ectodermal or ectoplacental cone core
cultures (P always > 0-01).

(5) Presence of multinucleate cells and diplochromosornes. Diplochromosomes
(Fig. 2) and multinucleate cells (Fig. 3) were only found within trophoblastic
tissues, never within embryonic ectoderm. Moreover, each multinucleate cell
had between 5 and 50 interphase nuclei and rare mitotic figures. A considerable
number of interphase nuclei within each multinucleate cell was found to be

7-2
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Table 4. Changes inploidy level (n) and the frequency of polyploid
metaphases

(Numbers in parentheses show total number of metaphases scored.
' d' indicates number of diplochromosomes.)

Time (h)

Culture
Conditions

Extraembryonic
ectoderm

Ectoplacental
cone core

Embryonic
ectoderm

Extraembryonic
ectoderm

Ectoplacental
cone core

Embryonic
ectoderm

Extra embry-
onic ectoderm

0

—

% of all
99-8%
(2532)
99-6%
(891)

100%
(505)
% of all
0-2%
(2532)

Od
0-4%
(891)
Od

0%
(505)
Od

% of all
0%

(2526)
Od

FL
(w)

72

AT
(w)

FL
(w)

I metaphases with (40 chromosomes
86%
(43)

76-2%
(63)

93-6%
(125)

78-9%
(19)

58-3%
(12)

94-6%
(112)

metaphases with (80)
9 3 %
(43)
Id

29-3%
(63)
7d

3-4%
(125)
Od

metaphases
4-7%
(43)
2d

21-1%
(19)
4d

41-7%
(12)
2d

5-4%
(112)
Od

j with (160)

0%
(10)
Od

100%
(1)

100%
(1)

100%
(100)

chromosomes

0%
(11)
Od

0%
(1)
Od
0%
(0)
Od

chromosomes
0%
U)
Od

144

AT
(w)

76-3%
(80)

100%
(2)

98-3%
(117)

200%
(80)
Od

0%
(2)
Od

1-7%
(2)
Od

3-7%
(80)
3d

2° AT
(w)

0%
(0)
0%
(0)

100%
(100)

0%
(0)
Od

0%
(0)
Od

0%
(0)
Od

0%
(0)
Od

labelled after exposure to thymidine. However, since the cell outlines of the
multinucleates became blurred after autoradiography, the exact number of
labelled nuclei could not be determined.

(C) Tests used to determine the viability of trophoblastic tissues grown in suspen-
sion culture

(1) Tissues 'secondarily attached' {see '2° AT in Table T) in vitro. After 72 h
in suspension culture, some trophoblastic tissues were transferred from' bacterio-
logical grade' to 'tissue-culture grade' dishes. Following an additional 72 h
in vitro, these' secondarily attached' tissues were recovered and found to contain
more giant nuclei than those which had been grown in suspension culture for
the entire 144 h time course. In contrast to trophoblast, the 'secondarily-
attached' embryonic ectodermal tissues never contained giant nuclei.

(2) Tissues ectopically transferred to the testis capsule. After 72 h in suspension
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Fig. 1. Octoploid (160 chromosomes) late metaphase/anaphase recovered from an
extraembryonic ectodermal tissue fragment after 72 h in suspension culture. Tolui-
dine blue. (x2000).

culture some trophoblastic tissues were transferred from 'bacteriological grade'
dishes to the testis capsule. The transferred tissues always produced haemor-
rhagic nodules and each nodule was always found to contain at least one class
of giant nuclei larger (e.g. > 64c) than any found within the 72 h, suspension
cultures (Figs. 4 and 5). In addition the contralateral control testes contained
only haploid (l-2c) and diploid (2-4c) nuclei (Figs. 4 and 5).

(3) Tissues labelled with tritiated thymidine. Extraembryonic ectodermal
(L.I. = 48-5%, six embryos) and ectoplacental cone core tissues (L.I. = 43-5%,
six embryos) initially grown in suspension culture for 72 h and then exposed
to tritiated thymidine, always contained considerable numbers of labelled nuclei.

(4) Tissues examined histologically. Upon histological examination, tropho-
blastic tissues displayed little evidence of necrosis (Fig. 6). Similarly, histological
study of the embryonic ectodermal floating fragments showed occasional dead
cells and evidence of cardiomyogenesis and early somite formation.
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Fig. 2. Diplochromosomes in an endoreduplicated tetraploid (80 chromosomes)
metaphase found in an extraembryonic ectodermal tissue fragment after 72 h in
suspension culture. Toluidine blue (x2000).

DISCUSSION

Exclusively diploid embryonic ectodermal and trophoblastic tissues have been
grown in vitro under identical conditions. However, despite their initial similari-
ties, the nuclear DNA contents and mitotic indices, as well as the levels of ploidy
and multinucleation of these two types of tissue, consistently differ following
culture. Thus, embryonic ectoderm always remains diploid (2-4c), continues to
divide, and increases in size and cell number after culture. Trophoblast, how-
ever, not only fails to divide and increase in cell number but subsequently
becomes both polyploid (> 2n)and giant (> 4c) following growth in vitro.
The extent to which trophoblast becomes giant is dependent upon the conditions
under which it is grown. Giant nuclei are most frequently found when tropho-
blastic tissues are cultured as single cells and intercellular contact is either

FIGURE 3

Multinucleate giant cells from (a) extraembryonic ectodermal (x 240) and (b) ecto-
placental cone core fragments (x 400) after 72 h in suspension culture. Mitotic
figures in each cell shown in (c) x 720 and (d) x 960 below. Phase contrast. See also
Haythorn (1928) for examples of multinucleate giant cells with rare mitoses.
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Fig. 4. Nuclear DNA contents of extraembryonic ectodermal cells ectopically trans-
ferred to the testis capsule after 72 h in suspension culture and then recovered after
another (a) 72 or (6) 144 h beneath the testis capsule, (c) contralateral control testis.
Fig. 5. Nuclear contents ofectoplacental cone core cells ectopically transferred to the
testis capsule after 72 h in suspension culture and then recovered after another
(a) 72 or (6) 144 h beneath the testis capsule has elapsed, (c) Contralateral control
testis.

minimal or absent. Coherent monolayers contain fewer giant nuclei than cultures
of dissociated trophoblast. Trophoblastic tissues grown in suspension culture
as rounded, cellular fragments maintain numerous cell contacts and remain
largely diploid (> 50 % of all nuclei, 2-4c). Such rounded trophoblastic tissues
are neither growth-arrested nor dying since they contain numerous labelled
nuclei, show little histological evidence of necrosis, and continue to endo-
reduplicate either in suspension, when returned to a tissue-culture substrate,
or upon transfer to the testis capsule. The fact that intact trophoblastic tissues,
except in one case, did not change in cell number from one time point to the
next and free floating cells were not found in the media in which these undis-
sociated tissues were grown also suggests that cell death and loss were minimal.
From these findings it would therefore appear that tissue geometry and the
extent of intercellular contact can influence the growth of mouse trophoblast.
Nevertheless, even when trophoblastic tissues are grown as three-dimensional,
rounded fragments whereby extensive intercellular contact is maintained and
most cells remain diploid (2-45), cell division still fails to occur. Therefore,
tissue configuration per se probably cannot account for the cellular division
which takes place within the ectoplacental cone core or the extraembryonic
ectoderm in vivo. This, in turn, suggests that the presence of TCM derivatives as
well as the maintenance of an appropriate tissue configuration may both be
required to promote the proliferation of postimplantation mouse trophoblast.
However, it is still no known whether these ICM-derived tissues achieve this
effect via diffusable signals (Hsu, 1980; Sellens & Sherman, 1980; Patterson,
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Fig 6. Ectoplacental cone core fragments after 72 h in suspension culture. Note
absence of central necrosis and well-delineated nuclear msmbranes. 1 /on section.
Toluidine blue (x 240) and detail (x 600).

1979), secreted matrices, or direct cell contact. Earlier studies have claimed that
ectoplacental cone tissues can continue to grow in ectopic sites (Grobstein,
1950; Simmons & Russel, 1962; Billington, 1965; Clarke, 1969) and in non-
pregnant uteri (Kirby & Cowell, 1969) in the absence of ICM derivatives. These
investigations, however, did not discriminate between trophoblastic growth
brought about by cellular hypertrophy and that due to hyperplasia.

The phenomenon of cell- and tissue-shape mediated growth control has been
studied extensively in vitro and, for most of these studies, cells not destined to
become giant have been used (Folkman & Moscona, 1978; Folkman & Green-
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span, 1975). It has been found, however, that normal mouse mammary epithelial
cultures will form diploid, uninucleate 'domes* when grown at high cell density
but produce polyploid, multinucleate monolayers if cultured from sparsely
seeded explants (Das, Kosick & Naudi, 1973). Such density-mediated changes
in cell and tissue shape may alter the growth of diploid and polyploid tissues in
a number of ways. For example, tissue compaction may limit cell stretching, a
mechanical stress able to stimulate DNA synthesis in vitro (Curtis & Seehar,
1978) and possibly promote endoreduplication in vivo (Coulombre, Steinberg &
Coulombre, 1963; Barlow & Sherman, 1972). On a subcellular level, such
changes in cell and tissue shape may involve the redistribution of microfilaments
(Bragina, Vasilev & Gelfand, 1974), alterations in surface adhesion (Marondas,
1973; Martz & Steinberg, 1974), junction formation (Ducibella & Anderson,
1975) and/or the modification of certain cell membrane components (Whitten-
berger & Glaser, 1972, 1978). Diffusion, either within dense monolayer cultures
or compact tissue fragments may also be limiting for growth (Bissel, Farson &
Tung, 1972; Holley, 1975; Folkman & Greenspan, 1975; Stoker, 1973; Dul-
becco & Elkington, 1973; Kruse & Miedema, 1965; Leighton & Tchao, 1975).
In cases where this is so, cultures of 'nutrient-deprived' cells usually become
arrested in Gx (Zetterberg & Auer, 1970; Tobey & Ley, 1970; Holley & Kiernan,
1974) but the trophoblastic tissues grown in the present study, in contrast to
earlier investigations, were found to contain considerable numbers of [3H]-
thymidine-labelled nuclei.

Although various pieces of direct (Zybina, 1970; Zybina & Tikhomirova,
1963; Zybina & Grischenko, 1970; Ansell & Snow, 1974) and indirect (Sherman,
McLaren & Walker, 1972; Chapman, Ansell & McLaren, 1972; Gearhart &
Mintz, 1972) evidence suggests that exceedingly large, e.g. > 64c, trophoblastic
nuclei grow via endomitotic and polytenic cycles, the mechanism(s) by which
these giant cells initially acquire DNA contents greater than 4c is not known.
The finding of metaphases which contain multiples of the diploid number of
chromosomes arranged either randomly or in pairs as well as occasional bi-
nucleate cells suggests that at least some trophoblastic tissues initially become
giant via an acytokinetic mitosis and/or by endomitosis. Although polyploid
trophoblastic metaphases are rarely found in vivo (Zybina & Grischenko, 1970),
this is probably due to the large amount of time these cells spend in either (endo)
G or (endo) S as compared with (endo) mitosis (reviewed by Nagl, 1978). Cells
with large numbers of chromosomes have been found in other mammalian
tissues known to contain giant nuclei (Biesele, 1944; Walker, 1958), different-
sized mitotic figures have been recognized in membranous chorion (Wimsatt,
1951), and large multipolar trophoblastic mitoses have been seen in explants of
rabbit blastocysts (Maximow, 1925). Diplochromosomes, which are induced at
low frequencies in animal tissues (Deyson, 1966) by a brief exposure to colcemid
(E. P. Evans, personal communication), or by prolonged colcemid treatment
(Harris, 1971; Herreros, Guerro & Koma, 1966) and never found in cultures of
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embryonic ectoderm, have been noted, on rare occasions, within 7-0-day mouse
ectoplacental cone (M. Burtenshaw, unpublished). The syncitia found in the
present study were not examined electronmicroscopically and could conceivably
be composed of several, smaller multinucleates. However, since their outlines
are, in most cases, easily traced and their peripheral contours smooth, it is most
unlikely that they are merely masses of single cells. Therefore, it is suggested
that cells derived solely from trophectoderm (Gardner & Papaioannou, 1975) are
able to form multinucleates of different sizes in vitro. Thus, the syncitial differ-
entiation of trophoblast apparently does not depend on either the presence of
allantoic mesoderm (as proposed by Carpenter and Hernandez-Verdun (1974,
1975) or contact with other mesenchymal tissues (Glenister, 1965). Other
'trophoblastic' cultures have also been reported to contain multinucleate cells
but the tissues from which these were originally derived were probably con-
taminated with foetal materials (Schlesinger & Koren, 1967; Koren & Behrman,
1968).

The postimplantation mouse embryo displays an exceedingly complex spatial
distribution of rates of cellular growth and division. This complexity virtually
precludes an experimental analysis of those control mechanisms which underly
the growth of postimplantation trophoblast in vivo. However, by using an
in vitro approach to this problem, it has been shown that the proliferation of
postimplantation mouse trophoblast depends, in part, on a homotypic cellular
interaction. Although the basis of this interaction is not known, it is able to
suppress the tendency of diploid trophoblastic cells to undergo either endo-
mitosis and/or acytokinetic mitosis once they have lost contact with their
dividing neighbours.
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