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ABSTRACT

Although embryonic stem cells (ESCs) or ES-like cells are reported from many mammalian species other than the 
mouse, the culture system for murine ESCs may not be suitable to the other species. Previously many other research 
groups have modified either human or mouse ESC culture systems for bovine ESC culture. In this study, we compared 
three different culture mediums consisting of DMEM, α-MEM or KnockOutTM-DMEM (KO), which are modified 
from human or mouse ESC culture system, for the generation of bovine ESCs. In this study, some pre-requisite events 
which are important for establishment and long-term propagation of ESCs such as inner cell mass (ICM) attachment 
on feeder cells, primary colony formation and sustainability after passaging. Once the ICM clumps attached on feeder 
cells, this was designated as passage 0. In regards to the rate of ICM attachment, α-MEM was superior to the other 
systems. For primary colony formation, there was no difference between DMEM and α-MEM whereas KO showed 
lower formation rate than the other groups. For passaging, the colonies were split into 2～4 pieces and passed every 
5～6 days. From passage 1 to passage 3, DMEM system seemed to be appropriate for maintaining putative bovine 
ESCs. On the other hand, α-MEM tended to be more suitable after passage 6. Although α-MEM support to maintain 
a ES-like cell progenies to passage 15, all three culture systems which are modified from human or mouse ESC culture 
media failed to retain the propagation and long-term culture of putative bovine ESCs. Our findings imply that more 
optimized alternative culture system is required for establishing bovine ESC lines.
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INTRODUCTION

Embryonic stem cells (ESCs) can be derived from inner cell 
mass (ICM) of blastocysts and they have the capacity to self- 
renew and give rise to differentiation of all embryonic germ 
layers. Since ESCs were isolated and established in the mouse, 
there have been many reports on derivation of ESCs from 
various species including domestic animals (Evans and Kauf-
man, 1981; Notarianni et al., 1991; Saito et al., 2002; Dattena 
et al., 2006; Huang et al., 2007). ESCs from domestic animals 
such as bovine not only provide commercial benefits in 
livestock industry but are also a biological model system for 
studying properties of ESCs. To establish ESCs in animals, 
most traditional culture media shared several important con-
tents such as leukemia inhibitory factor (LIF) and fetal bovine 

serum (FBS) (Notarianni et al., 1991; Saito et al., 1992; Tal-
bot et al., 1993; Li et al., 2003). However, the culture media 
may not be suitable to all species because ESCs in some 
domestic species are still hard to be generated (Saito et al., 
2003; Yu et al., 2008; Kim et al., 2010) and the reasons 
remain largely obscure. Previously many other research groups 
have used either human or mouse ESC culture systems with 
some modifications for the generation of bovine ESC and LIF 
and FBS are essential components in the most culture system. 
Serum is one of the major factors for inhibiting differentiation 
of ESCs in culture (Ogawa et al., 2004; Tsuji et al., 2008). 
However, most suggested culture conditions are not suitable 
for the generation of bovine ESCs because the systems are not 
able to permit their propagation and long-term culture (Yadav 
et al., 2005; Cao et al., 2009; Anand et al., 2011). To develop 
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novel culture system for bovine ESCs, here we used three 
different culture media for bovine ESC generation and eva-
luated the capability of ESC establishment with the criteria of 
ICM attachment to feeder cell layer, formation of primary co-
lonies and ability to maintain stemness after passaging in cul-
ture to find appropriate culture system for the generation of 
bovine ESCs.

MATERIALS AND METHODS

1. Chemicals
All inorganic and organic compounds were obtained from 

Sigma-Aldrich Korea (Yong-in, Korea) unless indicated in the 
text.    

2. Oocyte Recovery and In vitro Maturation (IVM)
Bovine ovaries were collected in pre-warmed 0.9% saline at 

30～35℃ and transported from a local slaughterhouse to our 
laboratory within 2 h. They were washed with 0.9% saline so-
lution on arrival at the laboratory. Follicular fluid containing 
cumulus–oocyte complexes (COCs) were aspirated using an 
18-gauge needle attached to a 10-ml disposable syringe. After 
washing three times in washing medium which consisted of 
10% (v/v) tissue culture medium 199 with Earle’s salts and 
L-glutamine (TCM199, Invitrogen, USA), 2.0 mM NaHCO3, 
2.0 mM sodium pyruvate, 25.0 mM HEPES, 1.0 mM L-glu-
tamine, 100 IU/100 mg/ml penicillin/streptomycin plus 30 
IU/ml heparin, the oocytes surrounded by two to three layers 
of cumulus cells were collected and washed in IVM medium. 
The selected COCs were cultured in 4-well culture dishes 
(Nunc, Denmark) containing 500 μl of IVM medium under 
warmed and gas-equilibrated mineral oil for 24 h at 38.5℃ in 
5% CO2. The IVM medium for oocytes is composed of 
TCM199 supplemented with 10% FBS (Invitrogen), 10 μg/ml 
FSH, 0.2 mM sodium pyruvate, 1 μg/ml estradiol-17β, and 
10 ng/ml EGF.

3. In vitro Production (IVP) of Bovine Embryos
The expanded COCs were washed twice in Hepes-buffered 

Tyrode’s solution (hTALP) supplemented with 3 mg/ml fatty 
acid free-bovine serum albumin (ff-BSA) and placed into 45 
μl drops of in vitro fertilization (IVF) medium under mineral 
oil. A frozen semen straw from the HanWoo was thawed in 
a 37℃ water bath and the semen was deposited on the top of 
the discontinuous Percoll gradient prepared by depositing 2 ml 

of 90% Percoll under 2 ml of 45% Percoll in a 15 ml centri-
fuge tube, and the sample was centrifuged for 20 minutes at 
252 ×g. The pellet was removed and resuspended in 300 μl 
of hTALP and centrifuged at 201 ×g for 10 min. After re-
moval of the supernatant, 5 μl of the sperm suspension (1 ×
107 cells/ml) were introduced to IVF drop and this makes 

final sperm concentration in IVF as 1×106 cells/ml. Incuba-
tions were carried out at 39℃ in 5% CO2 for 20～24 h. After 
insemination, the cumulus cells were removed by repeated 
aspiration into a pipette and washed 3 times with in vitro 
culture (IVC) medium consisting of CR2 (Rosenkrans and 
First, 1994) with 0.3% ff-BSA and 1% insulin, transferrin and 
selenium complex (ITS, Life Technologies, UK). Then denuded 
fertilized oocytes were transferred to IVC medium consisting 
of CR2 with 0.3% ff-BSA and 1% ITS for 3 days and then 
transferred to CR2 medium with 0.15% ff-BSA, 1% ITS and 
0.15% FBS for 5 days at 38.5℃ in 5% CO2, 5% O2 and 90% 
N2. The culture drops were covered by mineral oil and 10 to 
15 embryos were placed in each drop. 

4. Generation of Bovine ESCs
The zona pellucida (ZP) of blastocysts on Day 7 were re-

moved mechanically by mouth pipetting without chemical 
treatment such as acid Tyrode’s solution or protease and ZP- 
free blastocysts were slightly torn at the furthermost end of 
the ICM part of trophectoderm (TE) using a 21 gauge needle 
to attach the embryos on feeder layer easily and the embryos 
were placed onto mitomycin-C inactivated STO feeder cell 
layers and cultured at 38.5℃ in a humidified gas atmosphere 
of 5% CO2 with three different culture systems based on the 
media of Dulbecco’s modified Eagle’s medium (DMEM, Life 
Technologies), alpha-minimal essential medium (α-MEM, Life 
Technologies) or KnockOutTM-DMEM (KO, Life Technolo-
gies). DMEM and α-MEM are used with supplementation of 
20% FBS, 1% GlutaMAXTM (Life Technologies), 1% non-
essential amino acids (NEAA, Life Technologies), 1% ITS, 
100 U/ml penicillin, 0.1 mM β-mercaptoethanol, 10 ng/ml 
human recombinant LIF (hLIF, Merck Millipore, USA) whereas 
KO replaced FBS with 20% KnockOutTM serum replacement 
(KSR, Life Technologies). Once the embryonic cell clump 
attached, this was designated as passage zero (P0). The me-
dium was replaced every other day. After 12 days of culture, 
the initial outgrowths from the embryos were mechanically 
dissociated into 2～4 pieces from each clump, and the piece 
was re- plated individually onto fresh STO feeder layers and 
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designated as P1. The colonies of the cells were passaged 
every 5 to 6 days. Only multilayered cells in the central region 
of the colony were picked up for passaging the presumptive 
ESCs.

RESULTS AND DISCUSSION

Although presumptive bovine ESCs derived from different 
developmental stage embryos are reported, the cells are still 
hard to retain stemness during the long-term culture in vitro 
(Stice et al., 1996; Iwasaki et al., 2000; Mitalipova et al., 
2001). Once the attached cell clumps form ES-like colonies, 
long-term maintenance of stemness is focused on the experi-
ment and early important events such as attachment on feeder 
layer and generation of primary colonies can be easily missed. 
One of the critical factors to go over early obstacles may be 
culture medium (Gong et al., 2010). To develop optimal cul-
ture condition for bovine ESCs, several supplements has been 
tested such as LIF and bFGF, however stem cell properties are 
still not able to be maintained with these factors (Cao et al., 
2009; Gong et al., 2010).

In this study, the different culture media for establishing 
bovine ESCs derived from IVF bovine embryos were compared. 
First, we evaluated the ability of the attachment of ICM-de-
rived clumps and primary colony formation after seeding of 
bovine blastocysts. The attachment (63.3%) and primary colony 
formation (53.3%) rates in α-MEM group was higher than 
those in the other culture systems (Table 1). Once the clumps 
attached on the feeder layer, there was no difference of pri-
mary colony formation rates between α-MEM and DMEM 
groups (82.3% and 84.2%, respectively), whereas KO group 
showed lower colony formation (50.0%). The results above imply 
that enhancing attachment ability of ICM clumps may be cri-
tical as a pre-requisite event for efficient ESCs establishment 

Table 1. Comparison of the attachment on feeder layer and primary colony formation of bovine embryonic cells cultured in three different 
culture systems

DMEM α-MEM KO

Total blastocysts 30 30 30

Number (%) of attachments 17 (56.7) 19 (63.3) 8 (26.7)

Number (%) of primary colonies 14 (46.6) 16 (53.3) 4 (13.3)

Primary colonies / Attachments 82.3% 84.2% 50%

The components of culture media (DMEM, α-MEM and KO) are described in Materials and Methods.

in bovine species. Serum may be an essential supplement for 
this event because FBS (DMEM and α-MEM system) and 
KSR (KO system) are most significantly different supplements 
among those culture systems. During passaging, the progeny 
of the cell colonies in all experimental groups was decreased 
and disappeared before passage 16 (Table 2). More colonies in 
DMEM group seemed to be maintained than those in other 
groups until passage 3. However, the number of colonies was 
quickly disappeared after passage 6. On the other hand, the 
number of presumptive cell lines in α-MEM tended to decline 
rapidly during early passages. Interestingly, the colony in α- 
MEM group was maintained up to passage 15 although the 
number is very limited. In KO group, no ESC-like colony sur-
vived after passage 5. All above results suggest that α-MEM 
system may be more suitable to retain long-term culture of 
ESCs in bovine species than other medium tested.

In conclusion, although all three culture systems failed to 
establish stable line of ESCs, the finding from this study gives 
some information for the development of optimal culture sys-
tem to generate ESCs in bovine species.

Table 2. Long-term maintenance capability of presumptive bovine 
ESCs cultured in three different culture systems

No. of surviving presumptive ESC lines at

Primary 
colony 

(Passage 0)*

Passage 
3

Passage 
5

Passage 
11

Passage 
15

DMEM 14 14 13 1 0

α-MEM 16 6 6 4 1

KO 4 2 1 0 0

The components of culture media (DMEM, α-MEM and KO) 
are described in listed in Materials and Methods.
* Each primary colony was derived from different embryos.



192 Daehwan Kim, Sangkyu Park and Sangho Roh

REFERENCES

Anand T, Kumar D, Singh MK, Shah RA, Chauhan MS, 
Manik RS, Singla SK and Palta P. 2011. Buffalo (Bubalus 
bubalis) embryonic stem cell-like cells and preimplantation 
embryos exhibit comparable expression of pluripotency-re-
lated antigens. Reprod. Domest. Anim. 46:50-58.

Cao S, Wang F, Chen Z, Liu Z, Mei C, Wu H, Huang J, Li C, 
Zhou L and Liu L. 2009. Isolation and culture of primary 
bovine embryonic stem cell colonies by a novel method. 
Journal of Experimental Zoology Part A, Ecological Gene-
tics and Physiology 311:368-376.

Dattena M, Chessa B, Lacerenza D, Accardo C, Pilichi S, 
Mara L, Chessa F, Vincenti L and Cappai P. 2006. Isola-
tion, culture, and characterization of embryonic cell lines 
from vitrified sheep blastocysts. Mol. Reprod. Dev. 73:31- 
39.

Evans MJ and Kaufman MH. 1981. Establishment in culture 
of pluripotential cells from mouse embryos. Nature 292: 
154-156.

Gong G, Roach ML, Jiang L, Yang X and Tian XC. 2010. 
Culture conditions and enzymatic passaging of bovine ESC- 
like cells. Cellular Reprogramming 12:151-160.

Huang B, Xie TS, Shi DS, Li T, Wang XL, Mo Y, Wang ZQ 
and Li MM. 2007. Isolation and characterization of EG-like 
cells from Chinese swamp buffalo (Bubalus bubalis). Cell 
Biology International 31:1079-1088.

Iwasaki S, Campbell KHS, Galli C, Akiyama K and Iwasaki 
S. 2000. Production of live calves derived from embryonic 
stem-like cells aggregated with tetraploid embryos. Biol. 
Reprod. 62:470-475.

Kim S, Kim JH, Lee E, Jeong YW, Hossein MS, Park SM, 
Park SW, Lee JY, Jeong YI, Kim HS, Kim YW, Hyun SH 
and Hwang WS. 2010. Establishment and characterization 
of embryonic stem-like cells from porcine somatic cell nu-
clear transfer blastocysts. Zygote 18:93-101.

Li M, Zhang D, Hou Y, Jiao L, Zheng X and Wang WH. 
2003. Isolation and culture of embryonic stem cells from 
porcine blastocysts. Mol. Reprod. Dev. 65:429-434.

Mitalipova M, Beyhan Z and First NL. 2001. Pluripotency of 
bovine embryonic cell line derived from precompacting 
embryos. Cloning 3:59-67.

Notarianni E, Galli C, Laurie S, Moor RM and Evans MJ. 
1991. Derivation of pluripotent, embryonic cell lines from 
the pig and sheep. J. Reprod. Fertil. Suppl. 43:255-260.

Ogawa K, Matsui H, Ohtsuka S and Niwa H. 2004. A novel 
mechanism for regulating clonal propagation of mouse ES 
cells. Genes to Cells : Devoted to Molecular & Cellular 
Mechanisms 9:471-477.

Rosenkrans CF, Jr. and First NL. 1994. Effect of free amino 
acids and vitamins on cleavage and developmental rate of 
bovine zygotes in vitro. J. Anim. Sci. 72:434-437.

Saito S, Sawai K, Ugai H, Moriyasu S, Minamihashi A, Ya-
mamoto Y, Hirayama H, Kageyama S, Pan J, Murata T, Ko-
bayashi Y, Obata Y and Yokoyama KK. 2003. Generation 
of cloned calves and transgenic chimeric embryos from bo-
vine embryonic stem-like cells. Biochem. Biophys. Res. 
Commun. 309:104-113.

Saito S, Strelchenko N and Niemann H. 1992. Bovine embryo-
nic stem cell-like cell-lines cultured over several passages. 
Roux. Arch. Dev. Biol. 201:134-141.

Saito S, Ugai H, Sawai K, Yamamoto Y, Minamihashi A, Ku-
rosaka K, Kobayashi Y, Murata T, Obata Y and Yokoyama 
K. 2002. Isolation of embryonic stem-like cells from equine 
blastocysts and their differentiation in vitro. FEBS Letters 
531:389-396.

Stice SL, Strelchenko NS, Keefer CL and Matthews L. 1996. 
Pluripotent bovine embryonic cell lines direct embryonic 
development following nuclear transfer. Biol. Reprod. 54: 
100-110.

Talbot NC, Rexroad CE Jr, Pursel VG and Powell AM. 1993. 
Alkaline phosphatase staining of pig and sheep epiblast 
cells in culture. Mol. Reprod. Dev. 36:139-147.

Tsuji Y, Yoshimura N, Aoki H, Sharov AA, Ko MSH, Moto-
hashi T and Kunisada T. 2008. Maintenance of undifferen-
tiated mouse embryonic stem cells in suspension by the se-
rum- and feeder-free defined culture condition. Dev. Dynam. 
237:2129-2138.

Yadav PS, Kues WA, Herrmann D, Carnwath JW and Nie-
mann H. 2005. Bovine ICM derived cells express the Oct4 
ortholog. Mol. Reprod. Dev. 72:182-190.

Yu X, Jin G, Yin X, Cho S, Jeon J, Lee S and Kong I. 2008. 
Isolation and characterization of embryonic stem-like cells 
derived from in vivo-produced cat blastocysts. Mol. Re-
prod. Dev. 75:1426-1432.

(접수: 2012. 8. 19 / 심사: 2012. 8. 20 / 채택: 2012. 9. 4)


