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ABSTRACT

We report here the production of transgenic chickens that can regulate human erythropoietin (hEPO) gene ex-
pression. The glycoprotein hormone hEPO is an essential for viability and growth of the erythrocytic progenitors.
Retrovirus vector system used in this study has two features including tetracycline-controllable promoter and wood-
chuck hepatitis vitus posttranscriptional regulator element (WPRE). The former is for to reduce the possibility of
physiological disturbance due to constitutional and unregulated expression of hEPO gene in the transgenic chicken.
The latter is for maximum expression of the foreign gene when we turn-on the gene expression. A replication-de-
fective Moloney murine leukemia virus (MoMLV)-based vectors packaged with vesicular stomatitis virus G
glycoprotein (VSV-G) was injected beneath the blastoderm of non-incubated chicken embryos (stage X). Out of 325
injected eggs, 28 chicks hatched after 21 days of incubation and 16 hatched chicks were found to express the hEPO
gene delivered by the vector. The biological activity of the recombinant hEPO in transgenic chicken serum was
comparable to its commercially available counterpart. The recombinant hEPO in transgenic chicken serum had N-
and O-linked carbohydrate simillar to that produced from in vitro cultured cells transformed with hEPO gene.
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hEPO= AT ATFAE] F4 F Ao Hojsl=
gomld F2EOTA FE AlFA AibEthJelk-
mann, 2004). ©] FEYA-L 165712 ofv|iito g o] Fof
A Jem, 3749 N-7 2713 1709] 0-7 A7) & 7M1
2UTHRush 5, 1995; Jelkmann, 2004). o] & 7] F-&2&
hEPOS] W17}719} in vivool|l M Q] EAlo] Bl 92
delA UthElliott 5, 2004). A =74 HH HgE A
TolA HAHM EHF 58 58 hEPOL ke Al
oy, Aakgko] wjg wHEle] AdHow Add
A= A5 Aot Aguirre 5, 1998; Park %, 2006).
ol# gt A4 hEPOS}t ER-79 i ApAol A Arbsl=
EPO?| H& 37 Asdoz Qs Ao gl &
A4S f2s7] g QA Ao g FHEckPenno E, 2010).
g ERRE A gde] AAe 9% AN
T ARSI 2 7] 9GS 7R =, W ARS A1
R 7k AR bl o] a7 H I 7] s 7)ke] BaEt

o} Egh vl B gAo) Exbshy Zejd gl A
H ck 5, 2003; Whitelaw, 2004).

W12 o] 88 Ay, diE B
il ko] rhsdte] e AA7E folskar lAelA
s guild g oS fARE 93k HAo] doju= A
o2 2484 JrkRaju 5, 2000; Lillico &, 2005). A=
Kodama 52008)2] d-7-oll4] Hollx W& EPO7} hEPO
o} frALsE Pejel & 2719 AR A& T E Ao
2 RuFdch T3 g3 Ad 43 o, 28 v
WA AL AR ulg o S 7F t(lvarie, 2003). ©]
3t A il Hole A oR AL Bl
Ao ZFE o] &5 Ao Ay v A A4t
AZFH I ok @A FAHE Bg o] gsto] Arkd
A #54 9¥d2 = monocional antibody (Kamihira 7,
2005; Zhu 3, 2005), human interferon a-2b (Rapp &,
2003), single chain Fv-Fc fusion protein (Kamihira %,
2005). hEPO (Kodama %, 2008; Penno 5, 2010), ~1&] 1L
hG-CSF (Kwon -5, 2008) 5°| AUt 2He| 445 A $js}
I O REEe] AFAE v AlZ S {31 Hol7t &

* o] EmH(EL AM)E 2007d% AR Ador dstedATe] Ade wol g A7 Y(KRF-2007-359-

F00006).
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AHA] gk, ole FAA9 AEAe] drEe
FAA ] A& Q) BRe o3 AL A HQA Bahgo]
TR thg Al Aol A o2 o)FojAA] &
< A0 E FAHHAY. o]§ FEIY] Y5t E AN
o FrExte] #ES JAYHeRE FHE §+ Y& Tet
system (Gossen¥ Bujard, 1992)& =I5t 448 &
< Aetmal e, Ak A Yol hEPO A
o] W 23] 7tGH 0 R o] Ro)R =X JBE FQ)
stax; st w3k, Ak A 23 hEPOS] A& &
A9 A7 BAE 918l gAAE o] Ay 2
A9 tF B2 A% QAN EZA 9 ML e
A5 ARt s

Mz H U

Retrovirus®| 44

# Aol A AR pTet2-EPO vectors £ 720l 4
HE3I QIE vectorZ A (Fig. 1), © vector?] €8] oh&
7} 2t} WA reverse tetracycline-controlled transactivator
(rtTA)7} FE = o] tetracycline F =] doxycyclined} T
AAE BA43HA HaL, o] SHAT} tetO A Fo] EFH ]
9= tetracycline response element (TRE) 5-¢]oll A& sl
hEPO 734748 B@S {5314 FHGossen 5, 1995).
TRE €2 transactivator2}2] 233151447 Solye] 7
2Hel TREtight A 2-& AH&-811eW, = 221949 hEPO
ig"‘}ﬂ BEE Soiskaly] 9ste] WPRE A€ 3H7tst
AT

Virus®] A4h2 & Aol 5T B o] 83
THKim, 2002). ¥4 pTet2-EPO vector® Gibbon ape
leukemia virus®] 9 §-AA HEHE PT67 (Clon-
tech, USA) ¥4 Z 9| calcium phosphate 'H 2.2 trans-
fectiond} 310}, PT67°14 41§ virusE Moloney murine
leukemia virus®] gag¥ pol A7 BA= = GP2 293
(Clontech, USA) A% 7+AAA hygromycin B (150
ng/ml)7b H7he ol 253 wigste GP2 293-
Tet2-EPO A|ZFE TH83Ich o] AEF vesicular
stomatitis virus G glycoprotein (VSV-G) F+3A& 7171
pVSV-G (Clontech, USA) plasmidE YA 3.2 transfec-
tiondto] 48A17F Fo virus #FAE FIsich ALt
¥ viruse NIHBT3 Al¥0] ZAAAN ZA7HE A3

=2

A A3 BE AEELE 37T, 5% CO, 27A]
v 3l 2™, 4.5 g/l glucose (GibcoBRL, USA), 10% fetal
calf serum (Hyclone, USA), 100 U/ml®] penicillin® 100
1g/ml®] streptomycin (Hyclone, USA)°] ¥ Dulbe-
cco's Modified Eagle Medium (DMEM; Hyclone, USA) ul|
A A vt

13% Virus? 443 Hol Hiote| Virus ZE

o] ol ZAAZY] HF virusE GP2 293-Tet2-
EPO A X0 pVSV-GE transfectiondt™] AAE virusE 4
T, 50,000xg<] &0l A 90%7t fixed-angle rotor (Beck-
man 70Ti)S ©]-8¢ 2A4E ] HH L= 10008 ol &
Zato] En3ch 53 virus stock2 045 pm pore-
size?] cellulose acetate filterE ©|&3}e} a8 & -70

T R

B Ao M stage X (Eyal-Giladi®} Kochav, 1976) A}
719 #tdFl virusE AFHE F dHdd
(Petitte$} Mozdziak, 2002)2 ©]-83}o] wjolE mj szt
34} 94 o o83y 93 Age Tan
& A7 34 an® AU FFTFE FAG F A2ANA
TR # A A" AT spolhe AWAF
0= 60:3 g FAS FTHE MY 35 AFeHA
U stage X X719} wlolE 7 FEE szfsio] WEE
& gEedes §1 F £ d74AdA AFE mani-
pulator®} 557183 microinjection pipette (SIGMA, pi-
pette, microcapillary, 50 ul, 100 mm length)$ ©]-§-3}
10 pg/ml FEE polybrene©] A7} virus stock 3 nlg
Al kg ol rlAFYsAT Virus7t FHE AP
< oY A ol F R a9 Y os diEdz
YHEE &3] AL F vinyl wrapl 2 25314 375C9
2xot Al FE 60% 2719 F3h7ld dFEke 158 F
712 90° AEF ATA7|HA 3UT dapf gt A3k
HoFe ARk T FARG 925 g A% o FAE A
e FURE 4 an AR AUsiy F0)3 giEdde
2 A $AA wrapo® 8k 375C 9 259 Al
&% 60% 2719 §3}7) QJsle] 308 F7|2 30° A=
2 HABAIEA 1593 ol X Fagivh 2 19U o
FTo = 37Ce 2529k A 5 75% 29 HAVZ A
FE U F ABEA G LeelA 78 7] wfek
). widshe 717 §9t 34, 189, 21UdA ) Ao &
A R 7o F&S AT

YO JANE Ho =SSN 43

F3g iAe F2A4E 458 FAAs] Ast Ge-
nomic DNA PCR#} ELISA ¥4 4A33ich WA 55
3 ol 27E HF T EY o2 FE 9] genomic DNAY
#2#& GDEX I genomic DNA extraction kit (Intron
Biotechnology, Koreayg ©]8-3ta A3t} PCR #H&
o AM&-3 Z} primer®] X8 th&3 Zth hEPO 2
3l primer® forward primerv 5GCTGAACACTGC-
AGCTTGAATGAG 3, reverse primer= 5'GGAAGAGT-
TIGCGGAAAGTGTCAG 3'Z 340 bpe} @2 FEH
™, Hyg o ]338= primerE forward primerE 5GCI-
CTCGATGAGCTGATGCITTG 3/, reverse primer+= 5TC-
TGCTGCTCCATACAAGCCAAC 3'2 208 bpé] TS
FEHh d2T7 B GAPDH A ti@ forward

5LTR [ Hyg" || TREtight

hEPO

WPRE | PGK | rtTA2SM2 - 3’ LTR

Fig. 1. Structure of pTet2-EPO retrovirus vector. LTR, long terminal repeat; Hyg', Hygromycin B resistant gene; TREtight, modified version
of the tetracycline-response element (TRE); hEPO, human erythropoietin gene; WPRE, woodchuck hepatitis virus posttranscriptional regula-
tory element; PGK, human phosphoglycerate kinase promoter; rtTA2°MD, reverse tetracycline transactivator.
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primer< 5TAGTGGTGCAGACTGGGTAGAGCGAA 30|
™, reverse primer+= 5TCCTCTGGAGTGGCAAGAGGA-
GAAAG 3'2 275 bp2] % A7|E 7Ixith 7} Holele]
o2 RE F23 genomic DNA 0.1 pg2 10 pmol ]
7} primerE 2X GoTag Green Master Mix (Promega,
USA)o} E8ste] 2EH o2 20 ule] PCR o g &
Hekgitt PCR ¥H&-& 7] WAS 918to] 94TollA 5%
7 AT ohE, 94TAA 30%, 54Tl A 30, 727TolA
3027 W3l cyde$ 353] WHE AAE F HF A
3} 72T A 723 whgaisich

ELISA 42 hEPO #F37ke] 28 F=8 913 doxy-
cycline 4}o] A3} F Al7]e] 742 AAaey. WA 7} )
Aol dog AF st ¥4& £¥8 F Quantikine IVD
Epo kit (R&D systems Cat. No. DEP00, USA)S AH&5+4
ELISAS AAJstgiet. dolg hEPO FrxiAte] Hd g f %
5t7] $8t] tetracycline =421 doxycycline2 AHE. 100
g 50 mge| FEE HIIF o) & 253 AN F 7 )
Ao} i AF5te] ELISAE A8 Tk ELISA 2H4 &
o 2ok WA standard®t 7 sampleg microplated]
Zb wellell 200 p1¥ @oiA) 204 3A)12+ LA
wash buffer= 43] A3t ZF welle] 200 119 ant-
hEPO-HRP conjugateE U1 § A-2ol4 1417t 3] gt
% wash bufferZ 43] A8t 27, 200 u12 tetramethyl-
benzidine (TMB) substrate solutionS 2+ welloll T3}
WS A7) AHE Lol 3087 WA Stop
solutions ©3te] 450 nmoll A EFEE =519t

HEEE HolM2 hEPO |UEXL RN WU By

FHAE FollA Tet system ©]-83 hEPO 4712
T4 Lol dohbe: A& Blsy] Yt ok} 2
< AEE FAE Aty HAAR AA T PR
4uiE)E st 4 Al Eag AHste] 948 2
gk 5 ELISAE AAJ8l5it) o) gizres 42 wd
= 9 Aol A 9] hEPO HaHS £A8}7] ettt
Mol hEPO fr3Ate] 28-S £ 52317] 98k tetracycli-
ne T=AI doxycyclineS AFS. 100 g9 50 mg2 %
H7EeE Aol g 257F AAg F thA] doxycycline®] 7}
A B2 ALRE 257 Holsldint 15 H o g 7} shA|
o) AL A ste]l 4 F2T F ELISAZ A8
o},

MZE hEPOQ MEEH 24 53

hEPOS] &34 A% 42 EPO] o3 F2lo] #
=5 AlZQ TF-1 A& (human erythroleukemia cell li-
ne)*l Ax3 hEPOE st F2 Hrlsle] 4A Al7h
g &, TR-1 Al22] 52 A58 Felshs wios ¢
F 3+ th(Kitamura 5, 1989).

WA PFAAg gl P38 5u) S0 PSS} Tt

T ¥, Tae| Eeloksy Golu Egtste] 1417 et
dkslglnt, o] Whg-olg 3,000 rpmeoll Al 3087 LA E-T
=]

- O
ol g Reld

ﬁ

F centricon (M.W. 10,000) (Milli-
pore, USA)S |88t ¥53519 o1, PBSE H7sto] &
Aoz wEHo g 3-8 AASI o] AL AX
7 G S TR A2 288 39, A7) 25 Abg
ate 2o g FRIEYTE TF-1 AEE 10% FBSS 2 ng/ml

o} thGM-CSF7} Z7hel RPMI-1640 Hix|o)A 7] F
2x10°/ml A EZ 96.well microplatec] 50 p1% 471843
t}, Standard (5,000 TU/ml)2} ELISA S o]-&3te] Aek
% sampleS L @0 [U/mD)ZE BASF 26818 o
Az 843 & ZF wello] 50 pl¥ F7kste] 37¢C, 5%
COllA 48213F 7t whgA FI Tk Al e] $4] A Ce-
1l Proliferation Kit I (Roche, Germany) 2.2 57433
o, WA Z} welloll 3-[45-dimethylthiazol-2-y1]-2 5-dimethyl-
thiazolium bromide (MTT) labeling reagent& 10 ul¥ 3
7k F 37°C, 5% COPNA 4A1F F<F WEEAIZL T so-
lubilization solutiong 7t wellel] 100 p1¥ F71ske] 164
b E}F skt whg-o] £2 ¥ platet microplate rea-
der® 595nm oA FHEE SAsoH £ AP
33} WHE AAIEGIT.

)

AN MES} SHolMO MZE hEPOS T T BN

w A 5342 hEPO Fr A7) Adeol¥l CHO AlEs}
CEF M, Z12]3l hEPO HA 48 wo] diddA wdy
Az3 hEPO Faide & 7] doldg 4atarat 8
= Ao|th Tet2-hEPO virusE CHO9} CEF Al 3ol Z4A]
& hygromycin B (150 pg/ml)o] H7td wWjgdo=z 2
b AW3te] CHO-Tet2-hEPO} CEF-Tet2-hEPO A %5
2 TETh AHEE AR F A ZugdS 100mm dish
T 11072 A EE Fu)3te] 48A2F v T FEse] A
oA, - 7o dAE AFH F dARYE o] &4
F7-& AAG F & T ol &ate] At WA
CHO-hEPO$} CEF-hEPO, 12]3 FAx# who] 84
855 hEPO9 ¥%E EPO ELISA kit (R&D systems,
USA)E ol-gslo] &Qs3lrt. s =71 €215l hEPO: N-
e 2AFEE7] flste] N-EE ©@stEg desos
w35} peptide N-glycosidase F (PNGase F)& ©]-8-3}]
N-F715 AARALL, 0-B5E A fstd O-24%
epslE S MeA o R AusheE O-glycosidaseE 23}
ok 28jaL 0-ge 7)o 2t} O-glycosidase®] 1F
S A3 acetyl-neuraminic acid (sialic acid)& A7
3t7] 913819 neuraminidase® AHE3t] & o] A& o2
O-glycosidase”} WHg-ot== a3t} Zbzbe] dhulde g
#FE B 20 ugs AP ARSI o, 7 BAALE
A e]sl7]ell 9Al glycoprotein denaturing buffer& o83}
of 100°CoIA 103 Fof 24zhe] B9 a-E denaturation
A1 ch Sampleoll PNGase F&E 1 pl #71ate] 37°Cell A 2
AZE F9F ¥EE-EF51 31, PNGase FoF O-glycosydase, Neu-
ramidaseE Aol AT wle Z47he] F AAFAE 1
nld g7sf 377 oA 4A1ZE St vl 2 dAa
2o &g 27|17} A7E hEPOE western blotg ©]-&3}
o FFE sk

oy

it N

2 I

>

HENE Hel ¥3t2 Y HEMY o AHY
&53 virusE MAFAS] viE et o Pitke

O T
HzZ A3 w2 PCRY ELISA £4% o]&dtd Fa3
OB E a9t VirusE FYsHA & gadau A

g 2Tl A= 90%Y] F-3ES YER ST, virusE
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Table 1. Hatchability and transgenic efficiency of virus injected eggs

Number of

Treatment eggs injected

Number of embryos 3
days post-injection (%)

Number of chickens
confirmed to be transgenic®

Number of hatched
chicks (%)

No injection 30 29 (96.7)

Virus injection I 75 43 (57.3)
129 (51.6)

172 (52.9)

Virus injection II 250
Total 325

27 (90.0)
8 (107) 7
20 ( 8.0) 9
28 ( 8.6) 16

* Chicks with detectable hEPO by PCR and ELISA were counted as transgenics.

FUT ABTE 47 107%9 8% F3&E& eI
(Table 1). o]2]3t 4L viruse] PIAFY A LA = &
A4 FEH virus A g A A F34
o] U9l Row FAdr)

VirusE FY e A @A gulels} 20vtel7) 22} 23}
atlor, 170g vRk Al7)o) 9l EHog AR AAE
A& zz} 7uie] 9} 120}2] & oo 2 PCR¥} ELISA £
A& ANt 1 A9, 14 AT E 7ok BF
FAAE ANZ gd=Aon, 23 AT E 1291
< 1u7E 3478 AARJA o2 FAHATKFg. 2;
Table 1). Z} 7|39 genomic DNAE F¥ o2 3}o] A
3 PCRAA= HEPO A AHERE olU 2l Hygromycin resis-
tant 7R EA AR-E A, ETE He GA-
PDH Al tf¥ PCR vHE FAlo A A5+ thFig.
2). PCROIA] FAASE Aog E19 BE A& hEPO
FAAY HHE F2F 2A9M 8 ) hEPOS) Fx7}
F= Aol vlsA E53] wobd A& ELISA £4& F3)
A gelet 4= JAThFg 3). B = 2A0A A &
& FEE B AAE 24902 9F 15x10° mIU/mlS) &

hEPO 78X R U #4

FEHE HollA Tet systeme ] 8- FAA Y F27
o] 7F9A 02 doju= A& 1] S8 Ter2-
EPO 7HAl 5 FA912 4vl2]E 93t doxycyclined] &

PN 164 165 166 167 168 169 170

Fig. 2. Detection of the #EPO gene in the Gy fransgenic chickens.
Genomic DNA was isolated from the 19 hatched chickens and was
subjected to PCR analysis. For positive (Lane P) and negative (Lane
N controls, plasmid DNA (pTet2-EPO), and genomic DNA isolated
from non-transgenic chicken were used, respectively.
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Fig. 3. ELISA analyses of the hEPO gene expression in Gy trans-
genic chickens fed doxycycline. Open box indicates pre-doxycydli-
ne feeding; filled box indicates feeding with doxycycline for 2
weeks.

H o §-o] 2 hEPOS] & ¥E €74 W9 hEPO §&=
¢] W3lE ELISA Wio R A A9 A, doxy-
cydineS FF3He 257 9 W9 hEPO ¥EE A%
Aoz Z71813.eH, doxycyclineS AojollM AAF U
Fd F ¥A9) hEPO F=E doxycyclined 20|12 T7
71 Ao 8F Wl s=e A 23T A2 A}HIA

ow, 2% Fo= hEPOS] FEE Ho] A FES} AR
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Fig. 4. Turn-on and turn-off of hEPO expression, The levels of
hEPO secreted into the blood of 16~18 week-old chicken measured
ELISA as described in the Materials and Methods. [, B, and M
indicate hEPQO concentration in serum of Go transgenic chicken fed
with doxycycline for 0, 7 and 14 days respectively. and [
indicate hEPO concentration in serum of same chicken fed without
doxycycline for 7 and 14 days, respectively.

TFEo g WolXtiFig. 4). Wb B dAFo] Agd 4
2} Aol system$! Tet systeme At 2@ 2Ho| wj$
AE3 maEHog dojgg AT ¢ gen, o
system©l] 2|3} WiTE FA QG & o a2
olgt A2l R8-S BNt & Ae AoE Yzd

=

HZE hEPOS YESH g4 23

FAAS ol BHH A2 hEPO w @ o] AE3}
A 2L TF1 A 29 548 23381 HEE MIT kit
ALgste] Baete W o2 gelslnh 1 A} gl 8

028

—&— Tet2-EPO chicken blood
0% A —G— Standard
E
£ 024 -
w
a3
(143
® 02 1
[=]
o
020 4
0.18 4
0.18 T T v T
0.0001 0.0m om 01 1 10

hEPO Conc. (IU/ml)

Fig. 5. Bioassay of recombinant hEPO produced from transgenic
chicken or CHO cells by measuring. Various concentration of
hEPOs were added to each well of TF-1 cells. After incubation for
2 days, proliferation of TF-1 cells was evaluated as described in
Materials and Methods. The data were obtained from experiments
performed in triplicate and are presented as the meanSD.
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CHO-hEPO CEF-hEPO hEPQO-GoSerum
PNGase - + + - + + - + +
Nevraminidase - - + - - + - - +

O-glycosydase

Fig. 6. Deglycosylation assays. The three recombinant hEPO mole-
cules were N-deglycosylated with PNGase F(lanes 2, 5 and 8) or
treated with a combination of Neuraminidase, O-glycosydase and
PNGase F (lanes 3, 6 and 9). Lanes 1, 4, 7: fully glycosylated CHO-
hEPO, CEF-hEPO and serum-hEPO respectively. Sample analyzed
by Western blotting.

Ao 2¥E AZF hEPOE Y272 AHE-3 CHO AlX
Fr#l ¢l hEPOS! W]} A& &4o] £ Aoz A1
lem, 53] 0.1 [U/ml 049 sxolME o 52 E4e
JehASIthFig,. 5). HET2 ARE-§ hEPO 3217} # o]
HA @2 FY #el dWddAME ELSA HHS B3
hEPO®] s=vt 232 dgo] vehA] gt

HAME Mxet HoMQ MZE hEPOY B | B4

ELISAZ 21l 7}7te] hEPOE PNGase FE ©] &3}9]
N-B715 AAG F Westen blotS A& A7 CHO-
hEPO, CEF-hEPO, L8] B9] 874 o] hEPOEL A9
AR 2718 JeEhiith oest A3 g bigoE B E
Aol A N-FE} AR o dojd Hog 4
& 4 9lth. 8 PNGase E Neuraminidase$} O-glyco-
sydaseE A#]¥ AP % FAE 3719 hEPO HH S
FAE 4 o, ole A FFe] hEPOl| A O-2
o A7 ALY BYS FFEoR ISt 9SS 9n|E

CHFig. 6).

-

i
-

al

AANE7| 2/ 8 FAHE w8 Adste o doA 7
2 EARL W2 9 FAe) dojg ) deld G4
Ao} A&l W og AL BeHed FAES F
s Alojt). o2 EAHE sfdshy] g ke
A, 178X 9 retrovirusE 1,0008] o4 FE38le] A
Htd Sl FAFe=A ofu] 60,0004 7 o] FoR F
gk vhobA Xl thE virus?] Al A F5E TTHA
A Eglow, B, o A TdS d9Hes
A F U= Tet system (Gossen¥ Bujard, 1992)S =S]

ARAZ A YAl F-4-8-E sfastnat st
o} A viruse AR BHE o8 FF I
Aol A AN Y &l HastE oo st} oo E At
A VSV-GE 99 g g @ 7kA]= MoMLV] pseu-
dotyped retrovirus vector system (Burns %, 1993)& AR-&
BT o] system ALFE FF o5 virus®] A0
AstE 2] ke o2 HuHo] JthBums 5, 1993). &
Aol =YE Tet system> A7FA] L2l ol F-4A
o} 24 system T 7P @ o] &HI e AL, v|F

LN DY R 10 ol i
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9] tetracycline A9 AR /A UolM ] 9 fAA
o BdE FEHOE turn-on EYE tum-offd = Utk
(Gossen &, 1995). & @74 A& Tet systeme 7]&
] tet system®] F 7§} vectorE ©]-4-3 A= 2e) shi
2] vector Wl reverse transactivator$! rtTA2°M29} tetra-
cycline response element (TRE) A &o] FAJd| &X)8}+=
one vector system 224 f-Ax} Aolo] QlojA 7o
2 $o]3ltHKoo F, 2006). T S EA 7L SAIE 7o)
g ol FHAte] BEo| FEHE Tet On system©| 914
FEAZL gl 204 FAHE off systemd] H] 3] 2&
FEA2 SR w2 A B2)A ) Pare-e Hasbet
= o o H3% ol (Utlinger 5, 2000). ¢} Sjol = &
d = 204 g A 48-& S 9
8} retrovirus vector®] WPRE (Zufferey %, 1999) A ¥
< =933tk o] WPRE ME-& A8 Q7oA oln) &
B Ao 1o Z JFS e AR Buyo
o, A go] Wi AT E Bo] AREHUTHKoo
5, 2006; Kwon -5, 2008; Penno 5, 2009).

2 ATl ALge FAAE shay A4 WL virus
vector systeme o83 wiwk MEZol KA Aoy
(Harvey %, 2002; McGrew 5, 2004; Kamihira 5, 2005;
Koo &, 2006; Kwon 5, 2008)°]&t1 & 4= 9t} 3243
7Vee] A el o] Sol = virusol I Z) primor-
dial germ cell (PGC)& Hloboll FYsle] HAAY @ A
2k W (Park 5, 2003; van de Lavoir 5, 2006; Mo-
tono %, 2010)# ES M ¥ DNAE transfectiondl=
(Zhu 5, 2005) 5] it} o]3e] 2] WY F virusE H)
W Aol AT E WYL JleF o golsta o
Atz FHA Hold] EgAol & FHE /IR ¢
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