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Abstract Although isolation and characterization of

embryonic stem cells have been successful in cattle,

maintenance of bovine embryonic stem cells in culture

remains difficult. In this study, we compared different

methods of cell passaging, feeder cell layers and

medium conditions for bovine embryonic stem cell-

like cells. We found that a murine embryonic fibro-

blast feeder layer is more suitable for embryonic stem

cell-like cells than bovine embryonic fibroblasts.

When murine embryonic fibroblasts were used, a

mechanical method of passaging led to better cell

growth than passaging by trypsin digestion. We also

found that exogenous supplementation with leukemia

inhibitory factor maintained the embryonic stem cell-

like cells in an undifferentiated state, whereas addition

of stem cell factor resulted in their differentiation. Our

findings provide an experimental basis for the estab-

lishment of an effective culture system for bovine

embryonic stem cells.
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Introduction

Embryonic stem cells possess pluripotency and are

thus able to differentiate into various tissues in vivo

and in vitro. Human, pig, mouse rabbit and cattle

embryonic stem cell lines have been established

(Thomson et al. 1998; Xu et al. 2001; Evans and

Kaufman 1981; Miyoshi et al. 2000). Successful

establishment of bovine embryonic stem cell lines will

promote research into and the application of livestock-

related reproductive biotechnology to facilitate and

improve cattle and other livestock breeding. The

growth of bovine embryonic stem cells in culture is

influenced by the type and preparation of the feeder

layer, the passage method and the medium.

Embryonic fibroblasts have been used as the feeder

layer in most embryonic stem cell studies (Smith and

Hooper 1987), because fibroblasts derived from

fetuses secrete leukemia inhibitory factor (LIF). Some

researchers have used murine embryonic fibroblasts as

feeder layers for bovine embryonic stem cell culture

(Wang et al. 2005; Hamano et al. 1998); Li et al.

(2004) used murine embryonic fibroblast feeder layers

for porcine embryonic stem cell culture, whereas

Munoz et al. (2008) used bovine embryonic fibroblast
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for bovine embryonic stem cell culture; Behboodi et al.

(2011) and Pawar et al. (2009) used goat fetal fibroblast

for Goat Embryonic Stem Cells culture; Strojek et al.

(1990) suggested that homologous fibroblasts are

better as feeder layers than heterologous murine

embryonic fibroblasts. Familari and Selwood (2006a)

suggested that other types of cells can be taken as

feeder layers as well as mouse fibroblast. However, few

researchers have compared the effects of using differ-

ent fibroblasts as feeder layers for the culture of bovine

embryonic stem cell-like cells.

The passage method also affects the growth of

bovine embryonic stem cells in culture. Bettiol et al.

(2007) treated human embryonic stem cells with

collagenase IV and then isolated them using a

mechanical method. Cao et al. (2009) used mechanical

separation for passaging of bovine embryonic stem

cells. Huang et al. (2010) cultured embryonic stem

cell-like cells from buffalo embryos after external

fertilization, using a mechanical method and trypsin

digestion for passaging; they found that the cells could

be cultured to the eighth passage with the mechanical

method, but differentiated when grown to at most the

fourth passage with trypsin digestion. Hamano et al.

(1998) obtained bovine embryonic stem cell-like cells

with trypsin digestion. However, which method is

most suitable for the establishment and maintenance

of bovine embryonic stem cell-like cells remains

unclear. Stem cell factor (SCF), a cytokine that binds

to the c-Kit receptor, plays an important role in

hematopoiesis, spermatogenesis and melanogenesis

(Manova et al. 1990; Yan et al. 2000). How exogenous

cytokines such as SCF and LIF influence embryonic

stem cell culture remains to be elucidated.

Some markers indicative of pluripotency of embry-

onic stem cells have been investigated in mouse and

human. Murine and human embryonic stem cells stain

positive for alkaline phosphatase activity. The tran-

scription factor Oct-4 appears to be a primary

transcription factor in embryonic stem cells. SSEA-1

and SSEA-4 are expressed in specific stage. SSEA-4 is

expressed in human embryonic stem cells while

murine embryonic stem cells exhibit SSEA-1 (Be-

hboodi et al. 2011). The expression of the makers on

the cattle ESC needs more research to prove.

In this study, we compared different methods of cell

passaging, types of feeder cell layer and culture

conditions for bovine embryonic stem cell-like cells.

The findings may provide useful experimental basis

for the establishment of an effective culture system for

bovine embryonic stem cells.

Materials and methods

Preparation of feeder cell layers

Irradiated primary murine embryonic fibroblasts were

used as described previously (Reubinoff et al. 2000).

For the preparation of bovine embryonic fibroblast,

bovine fetuses at 4–6 weeks were washed with warm

saline. After removal of the head, limbs and innards,

the carcasses were cut into pieces. The tissue pellets

were placed on 100 mm dished (Corning Life Sci-

ences, Corning, NY) and incubated for 30 min at 37 �C

under an atmosphere of 5% CO2. Bovine embryonic

fibroblast growth medium (Cell Applications, San

Diego, CA) was added for further culture. The medium

was changed every 2 days and passaged every

4–6 days. The bovine embryonic fibroblasts were

inactivated in a medium containing 10 ng/mL mito-

mycin-C (Zhejiang Haizheng Pharmaceutical Co.,

Zhejiang, China) for 5 h, washed three times

with Ca2? and Mg2? free phosphate buffered saline

(PBS(-)) and then treated with 0.25% trypsin-0.02%

EDTA solution. The trypsinized cells were harvested

by centrifugation at 500g.

For preparation of murine embryonic fibroblast and

bovine embryonic fibroblast feeder layers, the cell

suspension was seeded at a density of 5 9 104 cells

per well in a four-well plate coated with 0.1% gelatin

(Sigma, St. Louis, MO). Both murine embryonic

fibroblasts and bovine embryonic fibroblasts were

plated 1 day before inner cell masses (ICMs) were

seeded (Munoz et al. 2008; Roach et al. 2006; Bettiol

et al. 2007; Bryja et al. 2006; Li et al. 2004).

Embryonic stem cell-like cells were cultured on each

of the two feeder layers using bovine embryonic stem

cell-like basic culture medium which consisted of

90%DMEM/F12 (Gibco) supplemented with 10%

fetal bovine serum (Gibco), 0.1 mM b-Mercap-

toethanol (Chemicon), 0.1 mM nonessential amino

acids, 100 IU/mL penicillin, 0.05 mg/mL streptomy-

cin, 20 ng/mL LIF and 10 ng/mL bFGF (Table 2).

The effects of the different feeder layers on culture

were investigated, including the rate of attachment

blastocyst and the clone of the inner cell masse

growing morphological features.
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ICM preparation

Oocytes collected from cattle ovaries at an abattoir

were cultured in TCM 199 medium (Gibco, Gaithers-

burg, MD) supplemented with 10 mmol/L Hepes

(Sigma, St. Louis, MO), 1 lg/mL estradiol (Sigma)

and 0.1 mg/ml follicle stimulating hormone (Kawa-

zaki, Tokyo, Japan) for 22–24 h. The mature oocytes

were fertilized in vitro using commercial bovine semen

(Inner Mongolia Livestock Breeding and Improving

Center, Huhhot, China) as described previously (Tervit

et al. 1972). The zygotes were cultured in an in vitro

production system using SOFaa medium supple-

mented with 10% fetal bovine serum (Gibco). The

blastocysts were hatched in 8–10 days. The hatched

blastocysts were cultured on feeder layers with the

culture medium I which consisted of 90%DMEM/F12

(Gibco) supplemented with 10% fetal bovine serum

(Gibco), 0.1 mM b-Mercaptoethanol (Chemicon),

0.1 mM nonessential amino acids, 100 IU/mL peni-

cillin, 0.05 mg/mL streptomycin, 20 ng/mL LIF,

10 ng/mL bFGF; the culture medium II which con-

sisted of 90%DMEM/F12 (Gibco) supplemented with

10% fetal bovine serum (Gibco), 0.1 mM b-Mercap-

toethanol (Chemicon), 0.1 mM nonessential amino

acids, 100 IU/mL penicillin, 0.05 mg/mL streptomy-

cin, 20 ng/mL LIF, 10 ng/mL bFGF, 10 ng/mL SCF;

the culture medium III which consisted of

90%DMEM/F12 (Gibco) supplemented with 10%

fetal bovine serum (Gibco), 0.1 mM b-Mercap-

toethanol (Chemicon), 0.1 mM nonessential amino

acids, 100 IU/mL penicillin, 0.05 mg/mL streptomy-

cin, 10 ng/mL bFGF, 10 ng/mL SCF (Table 2). The

bovine embryonic stem cell-like cells were also

cultured in three types of culture medium which

contained different factors. After the hatched blasto-

cysts attached on the feeder layers, inner cell masses

that grew well were used for passaging.

Methods of cell passaging

After the ICMs had been cultured on murine embry-

onic fibroblast feeder layers for 3–5 days, embryonic

stem cell-like colonies had grown well. For the

mechanical method of passaging, the colonies were

dissected in a microdrop by repeated pipetting using a

micropipette under a microscope. The disaggregated

colony cells were reseeded onto new murine embry-

onic fibroblast feeder layers. For trypsin digestion, the

colonies were washed with PBS and treated with

0.25% trypsin-0.02% EDTA for 4–6 min at 37 �C

under an atmosphere of 5% CO2. The digestion was

inhibited by culture medium and the cells were

harvested by centrifugation. Resuspended cells were

reseeded at a density of 1 9 104 cells per well onto

new murine embryonic fibroblast feeder layers. The

cells were cultured in bovine embryonic stem cell-like

basic culture medium.

Alkaline phosphatase staining

Embryonic stem cell-like cells were washed was

PBS(-) followed by fixing in 4% paraformaldehyde at

4 �C overnight. After fixation, the cells were washed

twice with PBS(-) and stained with alkaline phospha-

tase (AP) staining solution (Westang, Shanghai,

China), according to the manufacturer’s instructions,

for 30 min in the dark. They were then observed under

a light microscope. The color of embryonic stem cell-

like cells were purple under the microscope when the

AP staining was positive.

Formation of embryoid bodies

Embryonic stem cell-like cells were detached from the

murine embryonic fibroblast feeder layer using 5 mL

pipette and placed in a conical tube. The cells were

washed twice with PBS(-) and treated with 0.25%

trypsin-0.02% EDTA for 3–4 min. Embryonic stem

cell-like cells were in the suspension and could be

centrifuged and collected when fibroblasts had

adhered to the dish 6 h after the cells were seeded in

dishes coated with gelatin. The digestion was inhibited

by bovine embryonic fibroblast growth medium. The

resuspended cells were seeded in a 35 mm dish and

cultured in bovine embryonic fibroblast growth

medium. After 7–10 days in culture, the embryoid

bodies (EBs) were examined under a light microscope.

Immunostaining

Before preparation feeder layers, the sterile coverslip

was put into the well in a four-well plate. Embryonic

stem cell-like cells grown on coverslips were washed,

fixed with 4% paraformaldehyde, permeabilized with

PBS containing 0.1% (vol/vol) Triton X-100, and

incubated sequentially with 0.4% bovine serum albu-

min in PBS. The cells were pretreated with 10%
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normal goat serum-PBS for 30 min. They were then

incubated with monoclonal antibodies against OCT-4,

SSEA-1 or SSEA-4 (1:50) followed by secondary

antibodies (Biosynthesis Biotechnolgy CO. LTD,

Beijing, bsf-0368G), using an embryonic stem cell

marker sample kit (Chemicon, Temecula, CA) accord-

ing to the protocol supplied by the manufacturer.

Immunofluorescence images were observed under a

fluorescence microscope.

Statistical analysis

All values were expressed as means ± SEM. Analysis

of variance was used to determine the significance of

differences among the groups. Values of p \ 0.05

were considered statistically significant.

Results

Effect of feeder cell layer on bovine embryonic

stem cell-like cell growth

As shown in Table 1, embryonic stem cell-like cells

grew better on murine embryonic fibroblast feeder

layers than on bovine embryonic fibroblast feeder

layers. On murine embryonic fibroblast feeder layers,

the inner cell masses grew rapidly (the diameter of the

clone is 600 lm, on the third day after passage) and

the cells were dark in color and had obvious bound-

aries with the trophic layer (Fig. 1a), whereas on

bovine embryonic fibroblast feeder layers, the ICMs

grew slowly (the diameter of the clone is 200 lm, on

the third day after passage) and had no obvious

boundaries with the trophic layer (Fig. 1b). During

subculture, trophoblasts grew well on murine embry-

onic fibroblast feeder layers (Fig. 1c), but disappeared

gradually on bovine embryonic fibroblast feeder layers

(Fig. 1d). After one or two passages, EBs were seen

clearly in murine embryonic fibroblast feeder layer

culture but their numbers were low with bovine

embryonic fibroblast feeders.

Effect of feeder cell layer on bovine embryonic

stem cell-like cell differentiation

As shown in Fig. 2, in primary culture, embryonic stem

cell-like cells on both murine embryonic fibroblast and

bovine embryonic fibroblast feeder layers stained

positive for AP (Fig. 2a, b), indicating that these cells

had features of stem cells. After five passages, cells on

murine embryonic fibroblast feeder layers still stained

for AP (Fig. 2c) but those on bovine embryonic

fibroblast feeder layers did not (Fig. 2d), indicating

that the embryonic stem cell-like cells on bovine

embryonic fibroblast feeders had differentiated.

Effect of passaging method on embryonic stem

cell-like cell growth

Embryonic stem cell-like cells were cultured on

murine embryonic fibroblast feeder layers. As shown

in Fig. 3, the cells formed embryonic stem cell-like

colonies and were positive for AP (Fig. 3a) staining

when the mechanical method was used. With the

trypsin method, most cells had differentiated after

three passages and AP staining was negative (Fig. 3b).

Effect of medium conditions on embryonic stem

cell-like cell growth

Blastocysts were cultured in three different media

(Table 2). The time to cell attachment was not

significantly different among the media. However,

the attachment rate was significantly higher in medium

II than that in medium III (p \ 0.05). The mean

attachment rate was significantly different between

media II and III, but was not significantly different

between media I and II, and between media I and III

(Table 3). Embryonic stem cell-like colonies grew

well in medium I; these colonies were dark in color

and had obvious boundaries with the trophic layer

Table 1 Effect of different feeder cell layers on bovine

embryonic stem cell-like cell culture

Cell

type

The passage

No. of

feeder cell

layers

Attachment

time (days)

No. of

transplanted

blastocyst

The

percentage

rate of

attachment

of blasto-

cytes (%)

MEF 2–3 2–3 48 78.5 ± 4.0*

BEF 5–6 3–5 32 56.5 ± 3.3

MEF murine embryonic fibroblast; BEF bovine embryonic

fibroblast. Data are expressed as mean ± SEM (n = 3),
*p \ 0.05 versus BEF
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(Fig. 4a). The colonies in media II and III had

transparent spheres in their center (Fig. 4b, c). The

embryonic stem cell-like colonies tended to increase

and had undifferentiated features in media I and II

(Fig. 4d, e), but tended to decrease and had disap-

peared after five passages in medium III (Fig. 4f).

Fig. 1 Morphology of bovine embryonic stem cell-like cells on

mouse embryonic fibroblast (murine embryonic fibroblast -

MEF) and bovine embryonic fibroblast (bovine embryonic

fibroblast - BEF) layers. Hatched blastocysts were cultured on

murine embryonic fibroblast or bovine embryonic fibroblast

feeder layers. Inner cell masses that grew well were isolated by a

mechanical method. Cells from primary colonies a, b and from

the third passage c, d are shown

Fig. 2 Alkaline phosphatase staining of bovine embryonic

stem cell-like cells on mouse embryonic fibroblast (murine

embryonic fibroblast - MEF) and bovine embryonic fibroblast

(bovine embryonic fibroblast - BEF) layers. Primary culture a,

b, subculture at the fifth passage c, d and bovine embryonic

fibroblast cells as control e
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Cell differentiation and EB formation in different

media

As shown in Fig. 5, in primary culture, embryonic

stem cell-like cells stained positive for AP in media I

and II (Fig. 5a, b) but were only partially stained in

medium III (Fig. 5c). After eight passages, the cells in

media I and II still stained for AP (Fig. 5d, e) but those

in medium III were not stained (Fig. 5f), indicating

that the cells in medium III had differentiated. Bovine

embryonic stem cell-like cells cultured for 7–10 days

in medium without LIF and a feeder layer differen-

tiated spontaneously into EBs (Fig. 6). To verify that

the isolated cells were stem cells, colonies at the fifth

passage in media I and II were assessed using an

embryonic stem cell marker sample kit. As shown in

Fig. 7, cell membranes stained positive for OCT-4

(Fig. 7I-a1, II-a1), SSEA-1 (Fig. 7I-b1, II-b1) and

SSEA-4 (Fig. 7I-c1, II-c1).

Discussion

Two different types of fibroblasts were used in this

study, primarily because of their different purification

times; murine embryonic fibroblasts are easily purified

via passaging, whereas bovine embryonic fibroblasts

have a long purification time and need more genera-

tions, to a certain extent, which causes their aging.

Bryja et al. (2006) reported that difficulties obtain-

ing an adherent embryo culture caused by low density

and poor quality of the feeder layer. To avoid the

impact of low density on the feeder layers used in this

study, the layers were paved at a density of 2–2.5 9

104 cells/cm2. When the density was lower than this,

Fig. 3 Alkaline phosphatase staining of bovine embryonic

stem cell (bES)-like cells using different passaging methods.

Bovine embryonic stem cell-like cells were cultured on a mouse

embryonic fibroblast feeder layer and passaged using a

mechanical method a or an enzyme digested method b. Cells

from the third passage are shown

Table 2 Medium conditions for bovine embryonic stem cell-like cell culture

Medium type Fundamental ingredient Cytokine concentrations

Medium I Fundamental ingredient 20 ng/mL LIF ? 10 ng/mL bFGF

Medium II Fundamental ingredient 20 ng/mL LIF ? 10 ng/mL SCF ? 10 ng/mL bFGF

Medium III Fundamental ingredient 10 ng/mL SCF ? 10 ng/mL bFGF

Fundamental ingredient which consisted of 90% DMEM/F12 (Gibco) supplemented with 10% fetal bovine serum (Gibco), 0.1 mM

b-mercaptoethanol (Chemicon) , 0.1 mM nonessential amino acids, 100 IU/ml penicillin, 0.05 mg/ml streptomycin

Table 3 Effect of medium conditions on bovine embryonic

stem cell-like cell culture

Medium

type

No. of

transplanted

blastocyst

Attachment

time (days)

The percentage

rate of attachment

of blastocytes (%)

Medium I 42 3–4 78.4 ± 6.3#

Medium II 42 3–4 86.6 ± 15.5*

Medium III 43 4–5 56.5 ± 14.0

Data are expressed as mean ± SEM (n = 3),* p \ 0.05 versus

Medium III; # p [ 0.05 Medium I has no significant difference

with Medium II and Medium III
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connections could not be formed among the fibroblasts,

and the embryos died and were not adherent when

transferred. When the feeder layer density was greater

than 2–2.5 9 104 cells/cm2, the embryo cells were

compressed by excessive fibroblasts and again

embryos were not adherent. A high-quality feeder

layer could not be prepared from a long-term fibroblast

cell culture because of morphological aging, which

also affects embryo adherence (Bryja et al. 2006).

The rate of adherence of bovine embryonic stem

cell-like cells differed slightly between the two feeder

layers. The reason for this may be that murine

embryonic fibroblasts have a shorter growth time and

stronger growth, and secrete factors such as LIF that

promote embryonic stem cell growth when used as

feeder layers. Bovine embryonic fibroblasts grow more

slowly and secrete fewer factors conducive to embry-

onic stem cell growth. Compared to bovine embryonic

fibroblasts, murine embryonic fibroblasts were more

conducive to adherent culture of bovine embryonic

stem cell-like cells. This is consistent with the findings

of Hamano et al. (1998). Familari and Selwood (2006b)

noted that homologous fibroblasts have been

successful as feeder layers for the cultivation of mink,

marsupial, human and pig embryonic stem cell-like

cells, but have failed in the cultivation of sheep, cattle

and chicken embryonic stem cell-like cells. Gjørret and

Maddox-Hyttel (2005) also proposed the use of

heterologous bovine fibroblasts. They found that

heterologous bovine fibroblasts were better than

homologous fibroblasts for the culture of bovine

embryonic stem cell-like cells. As a homologous

feeder layer, bovine fibroblasts prevented the disap-

pearance of bovine embryonic stem cell-like cells by

fusion with the trophoblast, and only the middle part of

the fifth generation of bovine embryonic stem cell-like

cells stained positive for AP. By this time, the bovine

embryonic stem cell-like cells had fused with the

bovine embryonic fibroblasts and differentiation had

occurred. Murine embryonic fibroblasts show better

growth and secrete factors promoting embryonic stem

cell growth, but as heterologous cells it is difficult for

them to fuse with the trophoblast of bovine embryonic

stem cell-like cells and they are thus not conducive to

the induction of bovine embryonic stem cell

differentiation.

Fig. 4 Bovine embryonic stem (bES) cells growth in different media. Bovine embryonic stem cell-like cells cultured on a mouse

embryonic fibroblast feeder layer in medium I a, II b, or III c at passage 0 and in medium I d, II e or III f at the fifth passage
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In this study, mechanical passaging was more

conducive than trypsin digestion to the cultivation of

bovine embryonic stem cell-like cells; the cells could

be cultivated to at least the 13th generation, whereas

with trypsin digestion the cells had differentiated when

cultivated at most to the third generation, consistent

with the findings of Huang et al. (2010). Trypsin may

activate the differentiation pathways of bovine

embryonic stem cell-like cells, and the characteristics

of bovine embryonic stem cell-like cells differ signif-

icantly from those of mouse stem cells in culture.

Culture medium II contained SCF, whereas med-

ium I did not. The two culture media showed no

significant difference in mean adherence rate or

adherence time, but differed somewhat in morphology

and speed of growth of primary bES-like cells. In the

Fig. 5 Alkaline phosphatase staining of bovine embryonic

stem (bES) cell-like cells in different media. Bovine embryonic

stem cell-like cells cultured on a mouse embryonic fibroblast

feeder layer in medium I a, II b, or III c at passage 0 and in

medium I d or II e at the eighth passage. Bovine embryonic

fibroblast cells as control (e)

Fig. 6 Embryoid bodies (EBs) differentiated in medium

without leukemia inhibitory factor and feeder layer. Bovine

embryonic stem cell-like cells on a mouse embryonic fibroblast

feeder layer at the fifth passage had differentiated spontaneously

into EBs in medium I a and II b
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latter part of cultivation, the morphologies were

similar, but the bovine embryonic stem cell-like cells

cultured in medium II grew relatively quickly.

LIF inhibits the differentiation of embryonic stem

cell-like cells and is secreted by embryonic fibroblasts.

bES-like cells cultured in medium III without LIF had

Fig. 7 Representative immunofluorescence staining of bovine

embryonic stem (bES) cell-like cells at the fifth passage. Bovine

embryonic stem cell-like cells cultured on a mouse embryonic

fibroblast (murine embryonic fibroblast) feeder layer in medium

I and medium II at the fifth passage. The cells were stained for

OCT-4 a, SSEA-1 b or SSEA-4 c. Murine embryonic fibroblasts

were stained with OCT-4 d, SSEA-1 e or SSEA-4 f. 1, positive

staining; 2, control
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differentiated completely when cultured at most to the

fifth generation; a relatively small amount of LIF was

secreted from the murine embryonic fibroblasts that

did not meet the needs for indefinite bovine embryonic

stem cell-like cell proliferation. The average adher-

ence rate of blastocysts in culture medium II was

significantly higher than that in medium III, and

bovine embryonic stem cell-like cells grown in

medium II were significantly increased in the latter

part of the passaging. This indicates that a certain

concentration of LIF promotes the adherence of

bovine embryos and inhibits the differentiation of

bovine embryonic stem cell-like cells.

Primary bovine embryonic stem cell-like cells

cultured in media I, II and III showed some differences

in morphology. Those cultured in medium II or III

formed bubble-like structures and trophoblast growth

was faster; because c-kit proteins present in the

trophoblast cells expanded in vitro, the combination

of SCF and c-kit promoted the expansion of the

blastocyst surface area (Eckary et al. 2002). SCF

induced relatively fast growth of the trophoblast after

embryo adherence, and large globular structures were

seen in the cultivation system.

It has been noted that embryonic stem cells are

mainly from the ICM or embryonic primitive ecto-

derm (also called the ectoderm) (Cao et al. 2009;

Brook and Gardner 1997; Boiani and Scholer 2005).

Many cells in the ICM and trophoblast of primary

bovine embryonic stem cell-like cells stained positive

for AP in both medium I and medium II, and the

vesicular body of bovine embryonic stem cell-like

cells in medium II was also stained. bES-like cells

were less strongly stained in medium III, and the

staining was relatively shallow. Studies have shown

that only embryonic stem cells with high AP activity

are widely differentiated (Sulston et al. 1983; Tada

et al. 2001; Chambers et al. 2003; Darr et al. 2006;

Wilmut et al. 1997). Bovine embryonic stem cell-like

cells in media I and II showed AP activity, whereas

medium III contained fewer factors for inhibiting

differentiation the primary bovine embryonic stem

cells had begun slow differentiation. The eighth

generation of bovine embryonic stem cell-like cells

cultured in medium I or II stained positive for AP. This

was consistent with the results of the in vitro

differentiation experiments and three immunofluores-

cence staining experiments (OCT-4, SSEA-1 and

SSEA-4), indicating that embryonic stem cell-like

cells cultured in both media maintained the charac-

teristics of embryonic stem cell-like cells.

This study shows that the interaction of appropriate

concentrations of 20 ng/mL LIF and 10 ng/mL SCF

promotes the adherence of bovine embryos and the

later growth of bovine embryonic stem cell-like cells.

A certain concentration of LIF promotes the adherence

of bovine embryos and inhibits the differentiation of

bovine embryonic stem cell-like cells, while an

appropriate amount of SCF increases bovine embry-

onic stem cell-like cells.
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