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ABSTRACT

Primordial germ cells (PGCs), as precursors of mamma-

lian germ lineage, have been gaining more attention as a

new resource of pluripotent stem cells, which bring a great

possibility to study developmental events of germ cell in vitro

and at animal level. EG4 cells derived from 10.5 days post

coitum (dpc) PGCs of 129/svJ strain mouse were established

and maintained in an undifferentiated state. With an attempt

to study the differentiation capability of EG4 cells with a

reporter protein: green fluorescence protein, and the pos-

sible application of EG4 cells in the research of germ cell

development, we have generated several EG4-GFP cell lines

expressing enhanced green fluorescence protein (EGFP) and

still maintaining typical characteristics of pluripotent stem

cells. Then, the differentiation of EG4-GFP cells in vitro as

well as their developmental fate in chimeric embryos which

were produced by aggregating EG4-GFP cells to 8-cell stage

embryos were studied. The results showed that EG4 cells

carrying green fluorescence have a potential use in the re-

search of germ cell development and other related studies.
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INTRODUCTION

In vertebrates, the development of germ line which arises from totipotent precursor

cells is a continuous process from the time that primordial germ cells (PGCs) can be

identified during early development until the gametes are released in adults. In mouse,

PGCs are thought to arise as a small population of epiblast cells at about 7 days post

coitum (dpc). By 7.5 dpc, PGCs which are identified by abundant levels of endogenous

alkaline phosphatase (AKP) can be detected in the extra-embryonic mesoderm, just

posterior to the primitive streak near the base of allantois. During subsequent 4-5 d of

development, PGCs migrate along the hindgut to the gonad anlage, and the PGC num-

ber increases dramatically to around 25,000 cells when PGCs stop dividing at 13.5 dpc.

Then PGCs enter a sexual differentiation phase followed by a gametogenesis phase.

Although eggs and sperm are highly differentiated in structure and function, they all

have the developmental potential to combine and give rise to a new organism[1].

For a decade or so the major hindrance to our understanding of the development of

mammalian germ line was the inability to obtain long term culture of PGCs in vitro.

More recently, PGCs have become a new source of pluripotent stem cells since they

can transform into embryonic germ cells (EG cells) when cultured on feeder layer

cells in the presence of stem cell factor (SCF), leukemia inhibitory factor(LIF) and

basic fibroblast growth factor(bFGF). Once established, EG cells can be maintained

in an undifferentiated state without added bFGF and SCF, but still need feeder cells

or LIF in culture system[2-4]. We have established five murine EG cell lines derived

from PGCs of 8.5, 10.5 dpc embryos. Under appropriated conditions, EG cells formed

embryonic bodies in suspension culture and teratocarcinomas containing different

types of differentiated cells when injected into nude mice[4]. EG cells could give rise

to germline transmission chimeric mice after their introduction into a host blasto-

cyst and transfer into a recipient female[5],[6]. These results showed that EG cells

share many characteristics of morphology, growth patterns and differentiation capa-

bility with embryonic stem (ES) cells derived from inner cell mass of early embryos.

The derivation of totipotent stem cell lines from stages of development other than

preimplantation embryos is of interest since it may facilitate the establishment of

such lines from other species in which it is difficult to culture or establish ES cell

lines from embryos of preimplantation stages.

In an attempt to exploit potential use of EG cells in the development of germ cell

and transgenic research , we have transfected one of our EG cell lines with plasmid

pCE-EGFP and established several green EG cell lines (EG4-EGFP) expressing en-

hanced green fluorescence protein (EGFP), but still retaining typical phenotype of

pluripotent stem cells in vitro. Here, we will report the distribution of EG cells in

chimeric embryos produced by the aggregation of EG4-GFP cells to 8-cell stage

embryos.
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MATERIALS AND METHODS

EG4 cell line[4]

EG4 cells derived from 10.5 dpc embryos of 129svJ strain mouse were maintained

on the feeder layer cells of mouse embryonic fibroblast (MEF) in DMEM medium

containing 15 % FCS, 2 mM glutamine, 1 mM sodium pyruvate, 1 mM nonessential

amino acid, 0.1 mM 2-mercaptoethanol.

EG4-GFP cell line

The plasmid pCE-EGFP was constructed by Kim et al[7] in which EGFP gene is

driven by the EF321 promoter together with the CMV enhancer. The plasmid con-

tains a selectable marker, neo. Plasmid DNA was extracted with QiaGen kit. Forty-

eight hours after transfection with Lipofectamine reagent, EG4 cells were selected in

0.4 mg/ml G418 containing medium with a change on every other day. After 10 days

or so, G418-resisit clones were picked up randomly, and expanded those with observ-

able green marker protein under Olympus microscope with fluorescent optics. Eleven

positive clones with GFP expression were expanded further and frozen.

In vitro differentiation

A 100 mm dish were preloaded by 1 % Agar, EG4 cell suspensions with a density of

2 106 were cultured on Agar in DMEM containing 10 % FBS with no LIF addition.

After 3-4 d, embryoid bodies were recultured on gelatin-treated 24-well plate, and

differentiated cells were growing out within 1-2 d, observed under fluorescence optic.

Collection of embryos[8]

 C57BL/6J females were superovulated with 7.5 units of pregnant mare serum

gonadotropin, followed 46-48 h later by 7.5 units of human chrionic gonadotropin

and were mated with males of the same strain. In the next morning females with

vaginal plugs were designated as 0.5 d of pregnancy (0.5 dpc). To recover eight-cell

embryos, the oviducts were flushed with M2 medium at 2.5 dpc. Zona pellucida were

removed by 5 to 10 sec exposure to acidified Tyrode s.

Aggregation of EG4-GFP cells with embryos of 8-cell stage[8],[9]

MEF cells were seeded at a density of 2.5-4 105 cells per well (4-well plate) in

DMEM medium containing 10 % NCS. 1 % Agar in DMEM medium containing 10 %

NCS was plated onto feeder layer after medium was removed. Some holes were made

in agar layer with fine needle under microscope, and 8-cell stage embryos were placed

into holes in M16 medium supplemented with 10 % FCS. After incubation at 37oC for

1 h, a single group of several EG cells was placed into each hole to make two different

kinds of aggregates: a single 8-cell stage compacted or uncompacted embryo with EG
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cells and two embryos with EG cells in the middle as sandwiches, then make sure that

EG cells remained sticking to embryos. Aggregates were cultured for 30-36 h while

most of them developed into blastocysts. The location of EG-GFP cells in chimeric

embryos was examined under fluorescence microscope. Some manipulated embryos

were transferred to the uterine horns of two pseudopregnant F1 (ICR Balb/c) fe-

male on 2.5 dpc.

Microinjection of EG4-GFP cells into 8-cell stage embryos[10]

A group of 1-10 EG4-GFP cells was microinjected into the perivitelline space of 8-

cell stage embryo, and the host embryos were cultured in M16 supplemented with

10% FBS overnight at 37oC, 5% CO
2
. The chimeric blastocysts were transferred to the

uteri of pseudopregnant F1 (ICR&3215; Balb/c) female on 2.5 dpc.

RESULTS AND DISCUSSIONS

Generation of green EG4 cells

EGFP expressing EG4 cell lines (EG4-GFP) were generated by the transfection of

pCE-EGFP expressing vector containing a selectable marker. The G418 resistant colo-

nies were expanded and showed strong green fluorescence under microscope equipped

with fluorescence optic (Fig 1). EG4-GFP cells showed typical characteristics of pluri-

potent stem cell and could be cultured on MEF layers as nest-like colonies with high

AKP activity. In the absence of feeder layer cells, EG4-GFP cells

Fig 1.

Expression of EGFP in a colony of EG4-GFP cells, showing green fluorescence. ( 200)

Fig 2.

An embryoid body derived from EG4-GFP cells showing bright green fluorescence. ( 100)

Fig 3.

Differentiated cells (arrow indicated) grew out from embryoid bodies plated onto 24-well plate (a: natural

light); green fluorescence could be observed under UV light (b). ( 100)

Fig 4.

a: EG4-GFP cells attached to an uncompacted 8-cell stage embryo, with regular optics. ( 400)

b: The same field of Fig 4 a, but with fluorescence optics, showing green EG4 cells attached to a 8-cell stage

embryo. ( 400)

Fig 5.

a: EG4-GFP cells attached to a compacted 8-cell stage embryo, and a sandwich aggregate composed of two

embryos and a group of EG4-GFP cells. (? 100)

b: The same field of Fig 5 a, but with fluorescence optics, showing green EG4 cells. ( 100)

Fig 6.

a: The chimeric embryos developed to morulae or blastocysts after 30 h of aggregation, with regular optics.

( 100)

b: The same field of Fig 6 a, but with fluorescence optics, showing green EG4 cells located in morulae (arrow

head indicated) and inner cell masses of blastocysts (arrow indicated). ( 100)

Fig 7.

The chimeric embryos in morula or blastocyst stage were developed from embryos with only 1-2 green

cells attached. 1-6 green cells were observed in these chimeric embryos. One cell was seen in trophectoderm

(upper right inset). ( 100)

The developmental fate of green fluorescent mouse embryonic germ cells in chimeric embryos
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could be passaged many times in an undifferentiated state in the presence of LIF.

EG4-GFP cells developed to embryonic bodies after 3-4 d of suspension culture and

exhibited bright green fluorescence under UV light (Fig 2). Differentiated cells with green

fluorescence under UV light (Fig 3) grew out from the margin of embryonic bodies

recultured on gelatin-treated 24-well plate for 1-2 d in medium without LIF, suggesting

Xu  X  et  al.
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that EG4-GFP cells still retained typical characteristics of EG cells, such as morphology

and differentiation capacity in vitro.

Production of chimeric embryos by aggregation

Groups of EG4-GFP cells were cocultured with 8-cell embryos in small holes in agar

layer and after several hours of incubation, the adherence of cells to embryos was fol-

lowed. Fig 4 showed the adhered EG4-GFP cells to a blastomere of a single 8-cell stage

embryo, Fig 5 indicated the result from a group of EG4-GFP cells which was originally

placed in the middle of two embryos just as sandwiches. After overnight culture, the

majority of aggregates developed to morulae and blastocysts (Fig 6 ).

Through the analysis of the results of 128 embryos made in the present work, the

following general conclusions can be arrived: 1) one embryo is enough for producing the

chimeric embryo by aggregation, although sandwiches of embryo-cells-embryo can also

develop normally in vitro; moreover, both compacted and uncompacted 8-cell stage em-

bryos with attached EG4-GFP cells could form morphologically normal blastocysts after

overnight culture. EG cells aggregated to uncompacted embryos tend to be located be-

tween blastomeres, while those aggregated to the compacted embryo could only remain

beside the embryo in initial stage. It is indicated that EG4-GFP cells which were stayed

outside of the embryo could also contribute to chimeric embryos. 2) The majority of EG4-

GFP cells could form a part of morula and ICM of blastocyst during in vitro culture.

Green EG4 cells located in trophectoderm of blastocyst were occasionally observed (Fig 7

, upper right inset, arrowhead indicated), but the ratio of green cells located in inner cell

mass and trophectoderm was not analyzed. 3) EG4-GFP cells attached to 8-cell stage

embryos could still divide during blastocyst formation when a single or a couple of green

cells were cocultured with each receipt embryo, 1-6 green cells were finally observable in

blastocysts (Fig 7), indicating that some EG4-GFP cells did divide once or twice during

the development of blastocysts.

We have transferred 19 chimeric blastocysts produced by aggregation to 2 foster moth-

ers, but got no new borns. 9 chimeric blastocysts produced by microinjection of EG4-

GFP cells to perivellitine space of 8-cell stage embryos were transferred to 1 foster mother

and 2 new borns were obtained. Five days after birth, one was killed and inspected.

Tissues of spleen, brain and intestine were placed on slides with coverslip, pressed and

followed by observation under UV light. Tissues of intestine showed obvious green fluo-

rescence in some area (Fig 8 ), tissues of spleen showed less green fluorescence, while no

green fluorescence was observed in brain. The result suggested that green EG4-GFP cells

had contributed to some somatic tissues of that chimeric mouse.

LacZ labeled ES cells were extensively reported in previous studies, ES cells co-trans-

fected with LacZ and a particular gene were used to produce transgenic mice, and expres-

sion patterns of that particular gene were screened for by histochemical staining of whole

embryos for the reporter gene product (β-galactosidase). LacZ as well as other invasive cell

markers require substrate reactions to be visualized[11]. As a novel non-invasive cell

The developmental fate of green fluorescent mouse embryonic germ cells in chimeric embryos
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Fig 8.

a: Part of intestine from a 5-day-old chimeric mouse produced by microinjection of EG4-GFP

cells to perivilline space of 8-cell-stage host embryos. ( 400)

b: The same field of Fig 8 a, but with fluorescence optics, showing obvious green fluorescence

in some area. ( 400)

Xu  X  et  al.
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marker, EGFP can be observed in real time in vitro and in situ in the transgenic animals

and cell lineages. Nagy's group has established green ES cell lines and produced green

fluorescent mice recently[12]. We generated successfully EG cell lines carrying EGFP as

a marker gene, and made some preliminarty observations of the developmental fate of

EG4-GFP cells in chimeric embryos. The result showed that EG4-GFP cells possessed the

ability to take part in host embryo development.
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