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embryonic stem cells, ESCs

Evans and Kaufman,

1981; Martin, 1981; Thomson et al., 1998; Reubinoff et al., 2000

pluripotency

Bjorklund and Lindvall, 2000

embryonic germ cells, EGCs

feeder layer cells

cell-contact mediated

Laslett et al., 2003 primary mouse embry-

onic fibroblasts, PMEFs PMEFs

Park et al., 2003

EGCs ESCs STO STO

STO SIM STO  6-thiogua-

nine  ouabain HPRT hypoxanthine-guanine phosphoribosyl transferase  HAT

h y p o x a n t h i n e ,  a m i n o p e r i n ,  a n d  t h y m i d i n e

teratocarcinoma cells hybridomas ESCs  EGCs Martin and Evans, 1975; Mar-

tin et al., 1977; Shim et al., 1997; Chen et al., 1999; Shamblott et al., 2001; Talbot et al., 2002

two-dimensional electrophoresis mass spectrometry

STO proteomics Lim and Bodnar 2002

STO conditioned medium 136

Shi et al. 2005 STO

13 20

70KD 4 8 STO

Amano et al., 2006

green fluorescent protein, GFP Neor STO/GFP+ 

I. STO

STO 60003 ATCC CRL-1503, USA

Dulbecco's modified eagle medium DMEM, high glucose and no pyruvate, Invitrogen,

Grand Island, NY, USA 4.5 g/L Sigma-Aldrich, St. Louis, MO, USA 10%

fetal bovine serum, FBS, Invitrogen 37 5% CO
2

95%

2 3 phosphate buffered saline, PBS,
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Sigma-Aldrich 1 2 0.25% -0.02 mM EDTA trypsin- EDTA,

Invitrogen 37 3 5

400  g 5

1 105 /ml

II. STO G418

STO G418 sulfate G418, InvivoGen, San Diego, CA, USA

InvivoGen STO 100 200 400 800 1000 

g/ml  G418 7 2 G418

1 3 5 7 G418  STO

III. STO

Nicklin et al. 2001 Adeno-associ-

ated viral vector, AAV2 STO STO 24

GFP reporter gene Neor

pLEGFP-N1 Clontech 632343, Palo Alto, CA, USA AAV2 STO

48 STO

G418 2

GFP STO G418

GFP STO Cytometer, FACSVantage SE,

BD Biosciences, USA GFP STO

IV. STO

M215-3

Chen et al. 1991, 1999 GFP Neor STO

-C mitomycin-C, Sigma-Aldrich

ES-cell culture medium, ESM

ESM DMEM  1 mM L-glutamine Sigma-Aldrich, St. Louis, MO, USA , 0.1 mM

-2-mercaptoethanol Sigma-Aldrich 10 mM MEM non-essential amino acids Sigma-Aldrich

0.03 mM adenosine Sigma-Aldrich 0.03 mM guanosine Sigma-Aldrich 0.03 mM cytidine Sigma-

Aldrich 0.03 mM uridine Sigma-Aldrich 0.01 mM thymidine Sigma-Aldrich antibiotics 50

units/ml penicillin G and 50 g/ml streptomycin sulfate, Invitrogen 16% FBS

GFP Neor STO

I. STO G418

G418 Micromonospora rhodorangea aminoglycoside

 transposon Tn5
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80S polypeptide elongation

step translation Bar-

Nun et al., 1983 G418 Neor

Davies and Jimenez 1980 InvivoGen

7 7 50%

100 200 400 800 1000 g/ml G418

7  STO G418

1 7

1. G418 STO

G418

Fig. 1. The effects of different concentration of G418 in culture medium on the proliferation and morphology

of STO mouse embryonic fibroblast. The level of cell shrinking, membrane damage, and detachment of

STO cells were increased along with the increment of G418 concentration in the culture medium.
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STO 1.0  0.0% 100 200 400 800

1000 g/ml G418 STO 12.9  0.8% 21.9  3.5% 41.

8  11.6% 85.6  19.6% 88.9  18.5% 1 800 1000 g/ml

G418 STO Neor STO

100 200 g/ml

G418 400 g/ml

II. GFP Neor STO

virus-mediated transfection

retroviral vector Robertson et al., 1986 adenoviral vector

Smith-Arica et al., 2003 lentiviral vector Pfeifer et al., 2002

epigenetic modification Chan et al., 1998

highly immunogenic Yang et al., 1994

Wolfgang et al., 2001

adeno-associated viral vector, AAV tropism

modification Nicklin et al., 2001 AAV

19 Kotin et al., 1990 Samulski et al., 1991

Xie et al., 2002 Manno et al., 2003 AAV

serotype AAV2 AAV4 AAV5 Davidson et al., 2000 AAV2
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Moss et al., 2004 Maheshri et al., 2006

AAV2 STO 48

STO 50.9  17.1% G418

 400 g/ml neomycin STO GFP

66.6  19.3% 70.2  12.0% STO GFP

GFP GFP STO

93.6  2.8% 2 STO Neor

neomycin

2. AAV2 STO

AAV2 STO

STO/GFP+ 50.9  17.1% G418 STO/GFP+ 2

66.6  19.3% 4 70.2  12.0% STO/GFP+

93.6  2.8%

Fig. 2. The expression of GFP in STO mouse emberyonic fibroblast transfected with adeno-associated viral

vector type 2 AAV2 after G418 selection and flowcytometry sorting, 50.9  17.1% of

transfected STO cells expressed GFP. Following with the G418-selection and flowcytometry

sorting, the proportion of GFP-expressing STO cells STO/GFP+ was promoted to 66.6  19.

3% passage 2 , 70.2  12.0% passage 4 and 93.6  2.8% after sorting , respectively.
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III. STO

GFP Neor STO -C

3 STO

STO

Amano, K., T. Furuno and M. Nakanishi. 2006. Conditioned medium from feeder STO cells increases the

attachment of mouse embryonic stem cells. Biol. Pharm. Bull. 29: 1747-1750.

Bar-Nun, S., Y. Shneyour and J. S. Beckmann. 1983. G-418, an elongation inhibitor of 80 S ribosomes.

Biochim. Biophys. Acta. 741: 123-127.

Bjorklund, A. and O. Lindvall. 2000. Cell replacement therapies for central nervous system disorders. Nat.

Neurosci. 3: 537-544.

Bojanic, I. and B. G. Cepulic. 2006. Umbilical cord blood as a source of stem cells. Acta. Med. Croatica.

60: 215-225.

Cantley, L. G. 2005. Adult stem cells in the repair of the injured renal tubule. Nat. Clin. Pract. Nephrol. 1:

22-32.

3. GFP Neor

Fig. 3. The STO mouse embryonic fibroblast transfected with GFP and Neor genes can support the

proliferation and undifferentiation of porcine embryonic stem cells.
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Transfection of mouse embryonic fibroblast cell

line with GFP and neomycin resistant genes by

adeno-associated viral vector type 2 1

Jenn-Rong Yang 2 , Chia-Hsin Liao 3 , Yow-Ling Shiue 4  and

Lih-Ren Chen 2 5

Received Sept. 15, 2006 Accepted Dec. 2, 2006

Abstract

The purpose of this study was to establish a mouse embryonic fibroblast cell line carrying green fluorescent

protein GFP and neomycin resistant Neor genes. Murine embryonic fibroblasts from STO cell line were

transfected with adeno-associated viral vector type 2 AAV2 followed by being cultured in G418 selection

medium. The results showed that the optimal concentration of G418 selection was 400 g/ml and its mortal-

ity was 41.8  11.6% after 7 d of selection. The transfection rate of STO cells transfected with AAV2 was 50.

9  17.1%, as determined by GFP expression. Following the selection with G418-containing medium 400 

g/ml and flowcytometry sorting, the proportion of GFP-expressing STO cells was promoted to 70.2  12.

0% and 93.6  2.8%, respectively. The transfected STO/GFP+ cell line could support the maintenance of

undifferentiated porcine embryonic stem cells. This STO/GFP+ cell line which carried Neor gene might provide

for a valuable source of feeder layer for the cultivation and selection of transgenic ES cells, which were

transfected with Neor gene as a selection marker.

Key words: adeno-associated viral vector type 2, green fluorescent protein, neomycin resistant gene, mouse

embryonic fibroblasts.
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