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I.INTRODUCTION

Murine embryonic stem (ES) cells are immor-
tal totipotent cells lines which have been
isolated in vitro from morulae (Eistetter, 1989),
mnner cell mass of blastocyst (Evans and
Kaufman, 1981) or embryonic ectoderm (Wells
et al, 1991). ES cells maintained and mani-
pulated n vitro are able to contribute to normal
embryonic and fetal development, ES cells have
the potential to form all kinds of tissue in
chimeric mice after being injected into
blastocysts (Evans and Kaufman, 1981; Martin,
1981: Axelrod, 1984; Bradley et al., 1984; Ros-
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sant and Papaioannou, 1984). Thus ES cells can
be used to study embryonic growth control and
differentiation in culture (Doetschman et al.,
1985). Furthermore, ES cells have provided the
means to perform the precise genetic mani-
pulations in vitro followed by reconstitution of
the germ-line in wvivo from ES cell-derived
chimeras, Genes are introduced into the ES
cells in vitro by DNA transfection or viral infec-
tion, and the desired ES clones bearing the
introduced genes are propagated and used to
generate chimeras. Manipulated cell lines can
be stored indefinitely as frozen stocks, providing
an unlimited source of the selected genotype for

future use, Therefore, ES cells provide an im-
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portant method for the introduction of both dom-

inant (Williams et al., 1988a) and recessive (Zij-
Istra et al., 1989; Schwartzberg et al. , 1989)
genetic mutations into mice,

Maintenance of the stem cell phenotype in vit-
ro requires the presence of a feeder-layer of fib-
roblasts (Evans and Kaufman, 1981: Martin,
1981; Martin and Evans, 1975) and of differen-
tiation inhibitory sources such as buffalo-rat liv-
er (BRL) and leukemia inhibitory factor (LIF)
(Hooper et al., 1987: Smith and Hooper, 1987;
Williams et al, 1988). Without feeder cells,
once ES cell lines have been established in cul-
ture system with medium conditioned by certain
tumor cell lines, such as BRL or 5637 cells. This
indicates that there is a soluble differentiati-
on-inhibiting activity (DIA) which prevents the

differentiation of established ES cell lines (Smit-

h and Hooper, 1987). It was discovered that LIF
shared a number of features in common with
DIA (Williams et al., 1988b: Smith et al., 1988:
Gough and Williams, 1989). Considerably, ES
cells maintained in LIF retained the ability to
form germ-ine chimeric mice indication that
LIF is sufficient to maintain the developmental
potential of ES cell lines previously isolated and
maintained on feeders (Williams et al., 1988b).
However, the ability of LIF to replace feeder
cells during the isolation of ES cell lines has not
been tested.

The present experiments showed the isolation
and some preliminary characterization of cell lin-
es derived from BCF, hybrid mice blastocysts.
Especially, the characterization of developmen-
tal potential of isolated ES-like cell lines was
evaluated with respect to in vitro differentiation
and specific activity of alkaline phosphatase. In
addition, parameters affecting the isolation of
further embryonic stem cell lines were optim-

ized.

II. MATERIALS AND METHODS

1. Embryos

F, female mice (C57BL /6 XCBA) were prod-
uced by crossing CBA male and C57BL /6 fe-
male mice (obtained from The Jackson Labora-
tory). BCF, mice were caged in pairs and exam-
ined for mating plugs each morning. Blastoc-
ysts were recovered by flushing the uterine hor-
ns on 3.5 days (the day of finding vaginal plug is
termed day 1/2).

2. Preparation of feeder layers

A continuous mouse fibroblast cell line (STO:
American Type Culture Collection, Rockville,
MD) was routinely cultured as described by Rob-
ertson (1987) in 25 cm? culture flasks in Dulbec-
co’s modified Eagle’'s medium (DMEM ; GIBCO,
USA) supplemented with 10% FBS (GIBCO),
penicillin (100 IU /ml) and streptomycin {50ug
/ml), STO feeder cells harvested by trypsiniza-
tion were treated with 10wg /ml mitomycin-C
(Sigma, USA) in DMEM containing 10% FBS
for 2hr to block mutotic activity of the fibroblas-
ts, and were then added to four-well tissue cul-
ture dishes at an approximate concentration of
2.5 % 10*cell /cm? cells. The mitomycin C-treat-
ed feeder cells were maintained in DMEM sup-
plemented with 10% FBS, 0.1 mM 2-mercaptoet-
hanol (Sigma, USA) in a humidified atmos-
phere, with 5% CO, in air at 37C.

3. Culture condition and isolation of cell lines

All culture was carried out in DMEM (high
glucose) supplemented with 10% FCS (GIB-
CO), 0.1 mM nonessential amino acid (Flow
Lab., USA), 0.1 mM sodium pyruvate (Flow
Lab. ), 0.1 mM 2-mercaptoethanol (Sigma) and
1,000 U /ml LIF (AMRAD, ESGRO, Australia).

Medium here means ES culture medium, All tis-
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sue culture dishes were pretreated with 0.1%
gelatin in PBS for more than 2 hr at room tem-
perature. Expanded blastocysts were explanted
onto mitotically-inactivated STO feeder layers
and cultured for 4 days. Full-grown ICMs were
picked off from the feeder layer and disaggreg-
ated by a short - term trypsin treatment (0.25%

trypsin / 0.04% EDTA for 2~3min) using a mic-

ropipette. The resulting dissociated clumps were
seeded on a new STO feeder layer. Seven to ten
days later, colonies composed of cells with
ES-like morphology were selected for further
passage. Single colonies were dissociated as de-
scribed above and reseeded. Subsequently, non-
differentiating clonal lines were partly frozen,
partly passaged. The cultures were examined
daily and the whole culture medium containing
1,000U /ml LIF was replaced every second day
throughout the experiment, All cultures de-
scribed above were carried out in a humidified

atmosphere with 5% CO; in air at 37C.

4. Analysis of stem and differentiated cell

markers

1) Alkaline phosphatase staining

Histochemical staining for alkaline phospha-
tase activity was done as described by Donovan
et al. (1986). Cultures containing colonies were
fixed in 4% formaldehyde in PBS for 10~15
min. After washing with distilled water, the fix-
ed cultures were incubated for 15min in distilled
water containing 1mg /ml fast red TR salt and
404d /ml napthol AS-MX phosphate (Sigma).
Alkaline phosphatase is expressed in the ES cel-
Is but not their differentiated derivatives. ES
colonies were classified as stem or differentiated
colonies according to colony morphology and

staining for alkaline phosphatase.

2) In vitro differentiation of isolated cell

lines

To stimulate organized differentiation, em-
bryo-derived cells with ES-like morphology were
disaggregated by trypsinization and then seeded
onto tissue culture plates which had been coated
with a layer of 0.5% agarose as described by
Magrane (1982) for stimulation of formation of
embryoid bodies by human teratocarcinoma cell
cultures. To enhance cell differentiation, both
mercaptoethanol and FCS were omitted from

the medium,
[, RESULTS

1. Isolation of embryo-derived cell lines with
ES-like morphology

Blastocysts were explanted into STO feeder
layer in ES cell culture medium containing 1,000
U /ml LIF. Within 48hr the trophectoderm had
attached to feeder layer. After a further 4 days
the ICM had formed a distinct clump of cells on
the trophectoderm cells. These clumps were pic-
ked out using a glass capillary, trypsinized to dis-
sociate the clump, and plated into 4 well dishes
on feeder layer. The primary outgrowths were
disaggregated 4 days after explantation and pas-
saged to fresh feeder layers. Progressively grow-
ing colonies were formed which grew as a mon-
olayer with very distinct colony boundaries. To
prevent differentiation of the cells, approximat-
ely 1/2 of the ES culture medium was replaced
by culture medium containing LIEF preincubated
for 12hr. Colonies of ES-like cells were observed
5 days after the 1st passage. These colonies
were repeatedly passaged at approximately 5
day intervals. Figure 1 shows a cell type which
is more stable and able to grow in larger colon-
ies. Two cell lines have been maintained in con-
tinuous culture for more than 5 passages with-
out change of cell phenotype. However, when

the cells were permitted to reach high density,
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Fig. 1. Morphologies of colonies resulting from
disaggregated primary outgrowths of
inner cell masses : Phase contrast mi-
croscopy of typical ES-like cell colonies
after second passage.

differentiation of these cells occurred sponta-
neously. Therefore, overtly differentiated cells
failed to reattach after passage, leading to re-
generation of undifferentiated cultures (Figure
3).

The cells of growing colony shown in Figure 2

Fig. 2. A colony of ES-like cells, cultured for 5
passages on STO feeders, showing the
undifferentiated cell mor-
phology. The colony was derived from a
expanded BCF1 blastocyst. x 200.

typical

Fig. 3. ES-like cells culture in which the condi-
tions are suboptimal. Culture in which
the majority of cells have differentiated,
with few stem cell colonies remaining.
Colonies of differentiated cells (D) are
visible, and other ES colonies are flatten-
ed out (Di), which is the first overt sign
of their starting to differentiate.

are epithelioidd with large clear nuclei and rela-
tively sparse cytoplasm. Some differences in the
appearance of these cells have been noticed be-
tween different isolates, and these are mainly
related to cell size. In Figure 2, a colony of smal-
ler cells are a more rarely isolated form,

In an attempt to improve the isolation proc-
edures, parallel experiments were performed.
Paramefers investigated were examined in the
type of culture systems, with feeder cells only,
feeder cells plus LIF medium, or LIF only me-
dium during isolation of cell lines, For three
types of cell culture system, the use of STO
feeder cells plus LIF addition medium resulted
in a two to three fold increase in the frequency
of isolated cell lines. The result of the isolation

experiments are summarized in Table 1.

2. Analysis of stem and differentiated cell
markers
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Table 1. Passages of plated ICM, which isolated from BCF; mouse, on different types of culture con-
dition: survial profile of embryo-derived cell lines during plating and repeated passage

Types of culture conditions

Passage number

STO? LIF® STO : LIF*

o 56 44 71
First 11 21 13
Second 7 10 12
Third 4 1 7
Forth 5
Fifth 5
N

a Blastocysts were cultured in DMEM + 10% FCS onto STO feeder layer.
b Culture medium supplemented with LIF in the absence of feeders.

€ Culture condition as in (a), supplemented with LIF.

d Values for ) passage are numbers of ICMs plated for the different culture conditions.

N = more than 6 passages
LIF = 1,000 unit /m¢ (10ng /m¢)

1) Alkaline phosphatase staining

Mouse embryonic stem cells as well as cells of
the ICM are known to show a high specific ac-
tivity in AP. This activity declines during pro-
gressive differentiation resulting in low AP ac-
tivities in somatic differentiated cells. There-
fore, specific activity of AP served as a bio-
chemical marker with regard to the differen-
tiation status of embryonic stem cells. ES cell
colonies were classified as stem or differentiated
colonies according to colony morphology and
staining for AP. Determination of AP yielded a
high specific activity in the cultured cell lines
for 5 passages and a low activity in STO fibro-
lasts which were used as feeder cells (Figure 4).
On the other hand, AP staining was lost upon
differentiation or senescence of colonies. Also,
all differentiated embryo-derived cell cultures
were negative for AP staining. AP i1s a con-
venient marker for undifferentiated embryonic
cells in culture when used in conjunction with

cell morphology analysis.

2) In vitro differentiation into embryoid bod-
ies

Induction of i» vitro differentiation was perfor-
med by growing large populations of undiffer-
entiated cells in suspension. As a test of differ-
entiation potential (Martin and Evans, 1975),
cells from the cell line which had been maintain-
ed for 30 days were induced to form aggregates
by seeding onto a non-adhensive substratum in
culture medium without LIF. After several
days, an outer smooth layer of cuboidal epi-
thelial cells appeared at one end of the aggreg-
ates, Within 7 days the aggregates formed sim-
ple embryoid bodies and after further days, com-
plex cystic embryoid bodies had formed (Figure
5). At the first steps, the embryoid body had a
monolayer wall; after continued culturing, there
appeared an embryoid body with a multilayer
wall (Figure 5B). It can be clearly seen that
they are composed of endoderm-like cells, which

form a membrane-like structure,
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Fig. 4. These ES-like cells were positive for AP staining, a biochemical marker for undifferentiated
ES cells in culture. Colonies of ES-like cells derived from BCF; bastocysts were cultured for 5
passages on STO feeder cells in the presence of soluble LIF.

IV. DISCUSSION

Establishment of mouse ES cell lines from var-
ious inbred and mutant strains would enable wid-
er utilization of ES cells in manipulation of the
early mouse embryo and mouse germ-lhne. So
far, however, almost all of the ES cell lines
have been derived from 129 strain mice (Gossler
et al., 1986; Robertson et al., 1986: Hooper et
al., 1987: Pease et al, 1990: McMahon and
Bradley, 1990), because there are many delicate
differences in the early embryonic cells among

mouse strains. By improvement of methods for

establishment and maintenance of ES cell lines
efficiently could be derived from explanted blas-
tocysts of the hybrid BCF, mouse, that an opti-
mal approach was the combination of LIF added
medium and of mutotically inactivated STO cells
as feeder layer during the inmitial proliferation of
the ICM of outgrowing blastocysts.

To investigate the consequence of removal of
LIF from the cell culture medium ES-like cells
were passaged in the medium of removal LIF.
After several days, stem cell colonies were iden-
tified as compact colonies of stem cells which
expressed AP, which is expressed by ES cells

but not their differentiated derivatives (Figure
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Fig. 5. (A) Morphology of a cystic embryoid
body arisen 14 days after placement of
ES-like cells in suspension culture. The
embryoid body is composed of a multil-
ayer wall, with the external layer consis-
ting of endoderm-like cells and the inter-
nal layer of mesenchyme-like cells. x
200. (B) Magnification of a multilayer
wall. x 320.

4). However, the absence of LIF in the cell cul-
ture medium resulted in an increase in the num-
ber of cell colonies containing large and flat dif-
ferentiated. In the absence of LIF over 80% of
the colonies were differentiated as assessed by
cell morphology and lack of the AP activity.
The undifferentiated and pluripotent status of
the cell lines was confirmed by in »itro differen-
tiation and specific activity of AP as follows;
(1) to define the characteristics of ES-like cells,

the cells were tested for the presence of AP, a
biochemical marker characteristic of mouse ES
cells. The resulting determination of AP in cul-
tured cell line vielded a high specific activity
and (2) when cultured in suspension, the ma-
jority of aggregates were capable of forming sim-
ple embryoid bodies, and then showed the ca-
pacity for forming cystic multilayer embryoid
bodies. Subsequently, extensive differentiation
occurred when the embryoid bodies were per-
mitted to attach to the substratum, by replating
onto tissue culture dishes. Cells migrated and
multiplied to form dense culture, with several
types visible, including epithelium, endoderm,
muscle and neural cells. These differentiated cel-
Is are representative derivatives of all three em-
bryonic germ layers, and suggest that the stem
cell-like culture represents a primary ectodermal
lineage of the pre-somite embryo. The data from
AP activity and ¢ vitro differentiation analysis
in these experiments are in agreement to those
from previous isolated mouse (Evans and Kauf-
man, 1983; Robertson et al., 1983; Rastan and
Robertson, 1985; Doetschman et al., 1985) and
hamster ES cell lines (Doetschman et al., 1988).

The developmental potential of isolated ES-lik-
e cells in these experiments was investigated
after aggregate these cells to zona removed mor-
ulae. Some of the aggregated embryos reached
the fully blastocysts in in vitro culture and sub-
sequently transferred to foster mothers, obtain-
ed 7 offspring (not shown data). However, anal-
ysis of the biochemical markers and coat color
did not demonstrate the presence of chimaeras
among offsprings. These preliminary results sug-
gest that their pluripotential capacities are re-
stricted and that the cause of the reduced plur-
ipotency of cell lines is unclear.

In these experiments, the optimal culture con-
ditions for the formation of BCF; mouse ES-like
cells and their potential was established. We are
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currently attempting to establish whether these
cultures represent primary ectodermal lineages
which would be of particular relevance to devel-
opmental and transgenic studies. It seems that
further works are necessary to the verification
of the totipotency of ES-like cells by producing
live offspring upon injection of ES-like cells into
blastocysts and transfer of mutant gene to ES

cells as a vector for genetic manipulation.

V. SUMMARY

The present study was designed to demon-
strate that ES cell lines efficiently could be isol-
ated from explanted blastocysts of hybrid BCF1
mouse when grown on STO feeder layer derived
from mouse fibroblasts in culture medium sup-
plemented with leukemia inhibitory factor
(LIF). The expanded blastocysts were attached
to mitomycin C-inactivated STO feeder layer
and were cultured for 4 days. Four days later
the ICM was disaggregated by a short term
trypsin treatment (0.25% trypsin / 0.04% EDTA
for 2~3 min). The resulting cell suspension was
seeded on a new STO feeder layer and covered
with DMEM supplemented with 10% FCS, 0.1
mM nonessential amino acid, 0.1 mM sodium
pyruvate, 0.1 mM mercaptoethanol and 1,000
U /ml LIF. Colonies of ES-like cells were obser-
ved after the second passage. These colonies
were repeatedly passaged at approximately 5
day intervals. In this study, five ES-like cell lin-
es were isolated by directly explanting blastoc-
ysts, but three lines were lost after the 5th pas-
sage, possibly due to toxic effects of a new FCS
batch. The characterization of developmental
potential of isolated cell lines was performed
with respect to in witro differentiation and spec-
ific activity of alkaline phosphatase (AP).
When cells were cultured in suspension, the ag-

gregates of cell lines were capable of forming

simple embryoid bodies (EB), and showed the
capacity for forming cystic multilayer EBs. In
addition, the cell lines were positive for AP
staining, a biochemical marker characteristic of

mouse ES cells.
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