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Abstract
The use of pluripotent stem cells has tremendous advantages for various purposes but

these cell lines with proven germ-line transmission have been completely established only
in the mouse. Embryonic germ (EG) cell lines are also pluripotent and undifferentiated
stem cells established from primordial germ cells (PGCs). This study was conducted to
establish and characterize the chicken EG cells derived from gonadal primordial germ cells.
We isolated gonadal PGCs from 5.5-day-old (stage 28) White Leghorn (WL) embryos and
established chicken EG cell lines with EG culture medium supplemented with human stem
cell factor (hSCF), murine leukemia inhibitory factor (mLIF), bovine basic fibroblast growth
factor (bFGF), human interleukin-11 (hIL-11), and human insulin-like growth factor-I
(hIGF-I). These cells grew continuously for 4 months (10 passages) on a feeder layer of
mitotically active chicken embryonic fibroblasts. These cells were characterized by
screening with the Periodic acid-Shiff’s reaction, anti-SSEA-1 antibody, and a proliferation
assay after several passages. As the results, the chicken EG cells maintained
characteristics of undifferentiated stem cells as well as that of gonadal PGCs. When
cultured in suspension, the chicken EG cells successfully formed an embryoid body and
differentiated into a variety of cell types when re-seeded onto culture dish. The chicken
EG cells were injected into blastodermal layer at stage X and dorsal aorta of recipient
embryo at stage 14 (incubation of 53hrs) and produced chimeric chickens with various
differentiated tissues derived from the EG cells. The germline chimeras were also
successfully induced by using EG cells.. Thus, Chicken EG cells will be useful for the
production of transgenic chickens and for studies of germ cell differentiation and genomic
imprinting.
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A AAAHLZ o5 £7] A E(pluripotent embryoic stem cells; ES cells)o]l A3 4
B2 A77 18 Fo o ole go2 F33 e oo Yz SHE Eopgl wA
3 A, Widg 71F AT &8E F on, $8& RokRA FY, I3, 9% T o Eof
A 288 Ao=w dAdtt tdsA E7] AEXE w92 (Evans 3 Kaufman, 1981)& ¥ &
A A& (First 5, 1994), A (Wheeler 5, 1994), E7] (Giles &, 1993) T4 A& sgS
Z3d ST, HIZde AT 7] AXE FY¥7A »ud AFoltt (Thomson ¥,
1998; Shamblott 5, 1998). 28]y AF AN 24 Flolwg (germline chimera) AAte] 2] %
Fd AL AL FL3HA vheadaTt HaEYY. 2= dsyd €7 AX FHe 9%
o YA WA ME (primordial germ cells)o]l @3 A7/} &B31A A Fo At AJA2A A
e Ay AAY 92 Eg3te AT AXREN 2FY Ay EHHFY 29, Had
(epiblast)ol A fF2isle] vl (hypoblast)o.2 0|53 & AAAM w9 (germinal crescent)®l]
ZojA ®o. olF @AV} FAHHHE FFE FI9 <c@8IUEAN HFHoz AR
(embryonic gonads)WE Aol £ - #3137 €t} Resnick § (1992)2 YAIAYAEE
o] &3 thsA M EF (embryonic germ cells; EG cells)E ul-$20]4 B89 29, Labosky
T (1994)& ol & o|-&3% A slojdlgty AFE Bt 28y AAAHEF G4 v¢
2o At AN Flojd st BAHAE ¥ EFFAAY A greluEte] AL HiiEo
FA Foh. TtFA Y AAMAALE o] &3 AANEF FHPL A& (Chemy 5, 1994), A
(Piedrahita &, 1997, Shim % 1997)d4] B3 Eow, A wid ¥ Jestz E4 2 A9
3 58 & AFI}A

Z79 tsA €7 Axe @8 47 A B3 d$ $AHIYY Pain F (1996)S Fx
2 g9 wivryd A (blastodermal cells)E o8& A wiFS B8 e AXFE FYs)
At vty AXzRE fdd €7 AXe Ad ude 53ld ATsHen, A9 &3 %
d AFE B3 dgE xFoz E3ES FHINAGY 23y FHE F] widd F &)
AEE o] & A Jlojvets AistA RFhor, 7d @] wjdel s P Flo]
AZE AUt dEA, £ A7 AN SARYHAZE ol g3t By A wjF
S T o v AAEFE FYsua dyen, Y AANEFE EA 24 @
AL - AW £35S JARFo=zN AANETZY EIJB ol HAFAHL Fu AAlo] 9
& AAA FlojvE s o)

Az R B
A3 =
2 AP AeE AEF52 YHAEF P 98t FolE daES ol&dAden, Ay
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55U % (stage 28, Hamburger®} Hamilton, 1951) 3}olE #H & wix9] AAHV|E FSE
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o] ¥3d DMEMeo 2 B84 &3AUY.

g AAAEF A9 g

Edd AU A A EE 24-well plated] A 800u8 Bl FN & o] 88 wU3dS
th wjgdolE 10% FEioldH, 2% ¥ ¥A, lmM sodium pyruvate, 2mM L-glutamine,
55X10°M 2-mercaptoethanol, 100pg/ml streptomycin, 100units/ml penicillin, 5ng/ml human
stem cell factor (hSCF), 10units/ml murine leukemia inhibitory factor (mLIF), 10ng/ml
bovine basic fibroblast growth factor (bFGF), 0.04ng/ml human interleukin-11 (h-IL-11), 10
ng/ml human insulin-like growth factor-1 (IGF-D& &3%3le A&t #j%7]E 37T,
5% CO; 722 3tgon, vif 7104 F2Y FAgo| Azt A" 2= T
o 93t FAsI 200X golA 583 AAEET F, 24-well platedl]l A il FS 3t
AelFAeE 714 AE=z BEAZsstA @S o wiRk Aol E(chicken embryonic
fibroblast; CEFs)& AM&-3t1tt.

PAS 9449

2 BAAAEFE A FF 1% glutaraldehyde® 583 A 2ste] 13§ F PBSE 23] A
2819 o}, Periodic Acid Solution (Sigma, USA)d] 587 A4 A ¥ PBSE A3
B, Shiff's Solution (Sigma, USA)o| 15837t A& dt1, 23 PBSE AFFozn uhes £8
3t

Anti-SSEA-1 A& o83 Az %H AF

Anti-SSEA-1 @ £8 &4 (MC-480) (Solter®} Knowles, 1978)& PBS] 1,0008] 34 3}
o 4z A2 o]&3Y;. WY ¥ avidinbiotin-conjugated alkaline phosphatase}
BCIP/NBT alkaline phosphatase substrate 71E & o] &3l wA ulg-& 391819t}

BrdUE& <] 4% ¥4 43 AF

£9 %4 AZF L ¢35t thymidine analog bromodeoxyuridine (BrdU)& o] &3¢ th. BrdU
t =48 9 A= AlX (S-phase)d] o] Y= T4 wgS T3 HAFAT. 37TA
3 A1 AF F anti-BrdU @9 &8 A9} peroxidase/DAB system (Amersham)g ©]£&3}
o B 9eS {3

A9 WIFe T ¥ F=

g BHAEFY A9 £3 5HE HAF] A% FH7 vlYg 71HE F3 embryoid body
(EBYE dA38tAtt. ¥4 EBE 96 well plated] AujFste] thddt 2¥ozo A2d 23}s
g £33 AXEL 2% Eo] A (actin), WEIR Eo] A (endoderm,
alpha-1-fectoprotein), 9J¥id Eo] A (ectoderm, S100)E ©] &3t 23 5L A3
t}.
ANYE € JAA Flolv A4
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$ 44 wiAE stage X (Eyal-Giladi®} Kochav, 1976)¢F -3} 53A|3t (stage 14)9] 33 A)
B LFAE ALLSIATE Gl 05ecmAEY FHE H F FolE HIaE fFH AAHAEF A

£ subgerminal cavity (stage X) =& ¥ # (stage 14)9] vjA 4 F deldgo=z 23
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o) AN ANANAZE 2-well plated] A W% 7~100] F2Y FAo] AzHst
gt ¥49 22Ue A9 wge St 103 Ad wlg @HY)e STt wrexe wjo}
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PAS 9443 92 anti-SSEA-1 FAE o] && AAxA}A HAF
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BrdUE o] &% ¥4 ¥4 A5 € A9 &35 AF

thymidine analog bromodeoxyuridine (BrdU)E ©¢] &3t 49 <4 AZd = 83 Athuj ¥
g YAAXEFE o] &3gen, AN Ay A wg FAxE AFHoZ £9%3 I ¢
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AEs = ¥, 47 &5 Eo] FAl(actin), WY E°| FA(endoderm, alpha-1-fectoprotein), £
Wl o] ¥ Al(ectoderm, SI00)E ©] &3t vt Ao 2 E334ASS FAstdt ol
RAAAETFI ZE AX AFo=Z 238 F J&& A

AAE 9 AAM Flolwz}t At

stage X9 A &4 929 subgerminal cavity®l ZolE #HI2EL BANEFE F9)
st glold JRAGA AME Flold st FRAH[AT. AAE sFreldge #l, #a ¥ FelA
ANE Flolvz} FFE Yo, &3 & FHOZ 3o BXJ 4. ol AAAEFI}
ABALE WG AAE T AMEY §FiH EFHJSS AATL Joh E=F £
HARE B3t FYT AAAXFI FU2 dEHE AAAH Flojuzgte AFFHoz HAHN
. gdeA, B A7 839 s BAAEZFE FHIAE B ol vle2o)9y FE
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s AEFY YL dA dAAZCR M @3] APdHn Je ATEER Fod
AR 7heAFg ol&Adol Uvk. Y AAA slolWEE XS A% v AEF FH
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& 2833, AAQAAEE human stem cell factor (hSCF), murine leukemia inhibitory factor
(mLIF), bovine basic fibroblast growth factor (bFGF), human interleukin—-11 (hIL-11), and
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& A9 3 28 T3t £3 $HES /MR USE A oH, FHE AYAEFE
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o] 7ledE AABta QUth o]¥F} o], FY¥d AANEFE o= FAAXE H AL ¥
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