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ABSTRACT

We report here the generation of transgenic chickens that produce human Thrombopoietin (hTPO} using replica-
tion-defective Moloney murine leukemia virus (MoMLV)-based vectors packaged with vesicular stomatitis virus G gly-
coprotein (VSV-G). For the retrovirus vectors, we used hCMV (human Cytomegalovirus) internal promoter to drive
the HTPO gene. After confirming the expression of the hTPO gene in various target cells, the concentrated solution
of recombinant retrovirus was injected beneath the blastoderm of non-incubated chicken embryos (stage X). The bio-
logical activity of the recombinant hTPO in target cell was significantly higher than its commercially available coun-
terpart. Out of 132 injected eggs, 11 chicks hatched after 21 days of incubation and 4 hatched chicks were found to
express vector-encoded KTPO gene. However, 3 out of the 4 transgenics died within one month of hatching. The major
significance of this study is that it is one of the very few successful reports on the production of transgenic chickens
as bioreactors aiming mass production of commercially valuable and biological active human cytokine proteins.
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£ AF¥E vesicular stomatitis virus G glycoprotein (VSV-G 22 mjuto] HF= replication-defective MoMLV-
based vectorE ©-8-% hTPO ¥AAF B9 Ao B Aol A¥e) AHEF retrovirus vectord] FZ& WTPO 3
A9 &4d 238 E 93 internal promoterd] hCMV promoterE o]-8-3}5129 97 Fa4¢ ddL F7117]7] 93
woodchuck hepatitis virus posttranascriptional regulatory element (WPRE) A 4-& =413ttt AZHE vectorE GP2
293 EZA L) Y3 virusE AR o] virusE o] 881 FFANL A8 EAHEA hTPOS] BT JET
A g4 UG A2 hTPOY AEEHA FAL AUHI gl AZFE hTPOd Hl3 $-93 Aoz FUHRY.
hTPO AR E Fe] e #3819 1,000 o] LEEZ 55E virusE stage X BAS Ad dwkgd Tl #AFH
3t digldz g e wiganh vAFAT 132719 A7 3 219 Foll 11709 ABA] Welir} 2o 1
F 4vtE)7 YAAE AR AU 1Y AAE avlE] Fo3viElr) 23 3 109 oo FAEF R ARG
o £ 479 doe 493 o f 7o) e AEHA AL 71 ALY cytokine BHA Y g AJabe A7 AA|
¥RV A8 FAAE & g HIE AT d Yok

M 2 =oM Ak 5 3ith(Houdebine, 2008). ¥l 4= A=
M Azxq dids Aidahs AS, AR el A
oz diFF Aol 7hed Aol oy, UA WA

HloleejerEo e AMEEE AxY DuALe 1 v wds: oud ges Tl AolE el 4
Ao §977) ol MM, N, BEAT 28D 5 & A7 Rebht QA Bl A W AR wge
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FE71ENEAI S A o3 o] Fold 4.
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B A gci(Hamilton %, 2003, Ma 5, 2005). Chine
Hamster Ovary (CHO) 59 SEAELE o]§st= 4
ol AZF Yuidoe] Flglycosylation) 5 WY
% % (posttranscriptional modification)e] Aol e
Bl Y2 Fujgozn QA oA s e
gy W FARE FEHE YeplA "t (Houdebine,
2002). et AjakEko]l v Am A systemd] TE
ojtf FAel glojA uj- F& ulgo] AR WA
o] low, Aatel guidol gl Fx7} wlg- Bkl
Aoz 4#HA 9l Houdebine, 2002; Thiel, 2004). o]l
v 55 FAASAZ AMget] AxF dids 4

Y3}
D

i <t o

4

ol His) He TR ddd Ado] £H

T AR 2ot ged #Ao] aydnk By of

2} UF oA A AxE dud Soxe £

SEAA ke ZHer) e dele] Fa el

ARt A% R chRaju &, 2000).

B dATelN ddHd ge T3 Adstua g
A

(o]
Atgh B9 AL wlgoz dig Aite] shEsld AlEo]
g4d Fole o Adie] AAAM AEEQ kel 7}
F3lthFontes 5, 1999). Z12]1 WY & whalde) Fx
Wyo] Hds| dojdoz QA A§ A WF AR
B2 7HAaAZ 4§ 9lthClark, 1998; Houdebine, 2006).
SEoA AitElE Az dwEde FE FE ulE
l $-froll XE deks gullza Az Qi £
2 AR HAo] BAsta ofgrh B3 gRE EfRH
A Aol Aol FEF 5o FHEHE A FB
of W& AR =¥, a8|al v ge] ARHT o] v
d 7hge vezRy AxF wuAS Aiksls Al
= Az g A A3 HEE A b, a8y
tieke] o] #wrl fo|sit(Ivarie, 2003; Lillico $,
2005). £33, doll 2EE Axg duae el A Al
g%
o
=
L]
o
t

ansky, 1998) 7 th& A ¥ 3 d(megakaryocytopoiesis) & A+
353 @5 TE UE cytokine® ¥ o] ZEEAME
o} AEH} FA9 Tod 94FE IriSimicka F, 19-
96). A el Ao TPOS] A4k HFE o] ido] el
o}FoJA|m(Qian F, 1998) UYF= AFFH BALAME
ALrE Az TPOE oY o o3t d4d Ta
F, AREZAY widoly g5 RS o ABAE A
£53 glom(Vadhan-Raj 5, 2000), 1 g B 109 ¥ %
T2 ufs 17ke] AP Aot

£ A7 9 FHAY A3A HolE AT 58
Q] retrovirus vector systems TE&3t] 17} AlE
AEF hTPOE Ashs A4 wgrl2xe ¥32
3 ge gstaat skl

ral e 2l

IHJE‘_ gl dHitH
x oHd

Retrovirus Vectord &3 Virus Y4

B Ago)A] A8 pLNCTPOW vectors CMV pro-
moter®] Z& 3lo] hTPO FAAZF gAska e §H
Ape] W =24 95 WPRE M o] Bgtd F22A
theat 22 Ao o3 FEHJIT 2 A7 B
3t ¥ pGEM-hTPO vectorE EcoR I Klenow

r
ofr

pLNCTPOW

15'LTRH NeoR H cMvp

Fig. 1. Structure of pLNCTPOW retrovirus vector. LTR, long ter-
minal repeat; Neo®, Neomycin resistant gene; CMVp, cytomegalo-
virus promoter; #TPO, human thrombopoietin gene; WPRE, wood-
chuck hepatitis virus posttranscriptional regulatory element.

fragment, 12|31 HindlI2 A&t} hTPO dUS &
Y3t ¥ 0|2 Hpal 3} HindlE A3 pLNCXWS A
zFatalom #AAZ 72 Fig 13 2k

Retrovirus& A4Fsl7] 98t +5& vector= Gibb-
on ape leukemia virus® 9% A7} AAHE PT67
(Clontech, USA) EAME el calcium phosphate .2
Z transfectiondFSith. PT6794 AJ4HE viruse Molo-
ney murine leukemia virus®] gag¥} pol FA27} EE
& GP2 293 (Clontech, USA) Al Eeol 7HAAAA G418
(800 ug/mlyel A7kl wikAel A 253k wjefste] GP2
293-LNCTPOW M EFE 5330tk o] 4| E30l| VSV-
G ¥AAZ 7} pVSV-G (Clontech, USA) plasmidE
AAH 0 2 transfectiondte] 48A17F o virus WjdH S
ST A virust 4] BolAl oL BFF,
ool wlolA oM Q) CEF, Aol 23R xQl
Hela, 47 <] vjoldfol ¥l NIH3T3, 283l A9
elodfrotl 9] PEF Al Eol 7#EAAA 600 1g/mle]
G4180] A7t wigdo g 237k AEste] g FHAt
7} deojd 74z} N ZFE ot

Aol AL BRE NEEL 37T, 5% CO; ZA
Al kel o, 45 g/l glucose (GibcoBRL, USA), 10% fe-
tal calf serum (Hyclone, USA), 100 U/mi2| penicillin®
100 pg/ml® streptomycin (Hyclone, USA)e] ¥£3+¢l Dul-
becco's Modified Eagle Medium (DMEM; Hyclone, USA)
a2l o 4] ul st

MZE nTPOS YEHH #Y 53

HAAH AEFAN GPHE hTPOY AF 4

T8 Z+ Q5] ulgds sl 022 ume po-
re sizee 7FA cellulose acetate filterZ &3+ ¥ 100
ulE goluie] 2018 dAA o= 343t} Human Tpo
Quantikine ELISA kit (R&D systems, USA)& AR&-3lA
Ak AN WA oy gAY sLE 4%
standard®} 7} sampleS plate®] 7} welle]] 200 p1¥ ¥
o} A&ojA 3217t WA EF & wash buffer® 43] A
ek 2+ wellel 200 ple] anti-hTPO-HRP conjugate
2 3 3 A2 147 WA S ¥ wash buffer® 4
3] FAEeH, 200 nl® tetramethylbenzidine (TMB)
substrate solutiong Z+ wellol] tsle] H-g ka7l A
2 A2 3087 WA F 450 nmolA FEEE
=430k B 23 33 utE AASGI.

Mo7e AIXE o 4% A= hTPOS] AE3HY B4 5H
Zh AE gAL AFF AHE WRoE dto] 100
ng/mle] FE7t HEE gAsto] Fuls] Frk. hTPO
of AEFA A 54 F2 ARHT ARETAHET
(megakaryoblastic cell line)$l Mo7e (Avanzi 5, 1988)
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HIEE 96 well microplate?] ZH wellell 3x10'70% seed-
ing® F WETE AgE) 4F Y23 hIPO ©HH
(R&D system, USA)¥} T2 hTPO7} ®3hel 24 A%
of wigFAE 29 GAFO R sAfste] 7t wello] 50
ul¥ Ariste] 37T, 5% CO, F7eA 48417 niest
AT hTPOC 98t Mo7e MXe]| F4 &AE grlar]
9}t Cell Proliferation Kit I (Roche, Germany)& Al
£33t MTT assayE AASHHTh 2 wello] 10 piol
MIT labelling reagentZ G § 4A1zFE<t ¥HgAIZ
F 100 19 solubilization solutions H7}sle] 37T,
5% COp Z4oA 16A1F W85tk whgo] F24
plateE microplate readerg ©]£3}4 595 nm¢] 7ol
A FREE SAsien, & AEL 33 e AAs

.
5% Virus® 443 HOl HiOFRY| Virs 2

AFS Virus®] AL

ghe] wljolel] 7HAA17)7] 8 LFF virust GP2 293-
LNCTPOW AMXo| pVSV-GE transfectiond}o] AJ4Het
virus7} 8 wlFAE 4T, 50,000xg2] EEolA 90%
7t fixed-angle rotor (Beckman 70Ti)E ©]-&¢ Y&
2 o 10009 ol FHae] Evagi 45
& ¢ AAYE 5 FdEo DMEMES F7lsto] 4T
A 1647 WA F ARFAAT 55T virus sto-
ck 045 pm pore-size?] cellulose acetate filterZ ©]
|oto} AT F o A¥ FA7A 70T E#st
e,

gtel Wol2e] Virus 2

2 AT A= stage X (Eyal-Giladi®t Kochav, 1976)
A71e Hk Sl vitusE WAIFUE F odeldd %
H(Petitte®} Mozdziak, 2002)2 ©]-&3}¢] Hjo}E vjUs
aAb el WA diEdd ez o] g3lr| g A
THRE A% 34 amE AU FRTE FAS £
AEAA Folvk £ Ao Abgd fASE stolnet
T+ AAAFoR, 603g FAG T A3t -3}
& AR &2 stage X A]7]¢] HjolE T FEE
sste] EES Hedrdoz &7 F & d74dA
N#e manipulatoret £<7}-8 % microinjection pipette
(SIGMA, pipette, microcapillary, 50 ul, 100 mm leng-
thyS o83l 10 ng/ml ¥EF polybrenec] H7HEl
virus stock 3 plE Alge] widkdZol] ujAl T3tk
Virus®] F4o] vt F wik de Fulsl F e ¢
g o R Edzs ¢dd AL T vinyl wrap
o7 9@t 375Te &= A F5 60% 719
Foprlol gekste] 158 Frlm 90° 7=z d@A|7|v
A 39z wigsklt. 393t wiek F Feke] FARG
o 25g A% o FAL AdE AEdo] TEFE 4 om
Ao g Adst dgdaoer &=2& EF A
Al wrapo &2 HEsto] 375TY 28 Ad 5%
60% 2319 Fa7lo fehsto] 30 FVIR 30° A=
HAAA7IHA 1547 viFetalnt 1997 7ElE Ads
37°Ce] 2ot Al Hk 75% 219 B2 F F
Adeta] g deellA Faie wizbA] ejkaisich W

Yue JFEY B 2MY=8E 43

Genomic DNA PCR

T35k ol 25 ANFHT Y =FE S genomic
DNA®] #2]i= GDEX II genomic DNA extraction kit
(Intron Biotechnology, Korea)& ©]-&3Fe] AA3H3ich
PCR ®HSo ARE3H 7t primerd] ME2 i 2tk
hTPO® 323t primer® forward primer® 5TGCT-
GCCTGCTGTGGACTTTAG 3, reverse primer= 5'ACC-
TGGAGGTTTGGTTCAGCAG 3% 558 bpel ©HOR
TEHY, Neodll #|Z3te primerZ forward primert
5'ACGTTGTCACTGAAGCGGGAAG 3, reverse primer
¥ 5'GCAATATCACGGGTAGCCAACG 3'= 442 bp9
dHeg FZ Atk GAPDH fr#lAtl dig forward pri-
mer= 5 ACGCCATCACTATCTTCCAGGAG 3'0]™, re-
verse primer= 5'CAGCAGCCTTCACTACCCICTTG=
582 bpe| TF A7|E 7RItk & wolr|e] Aoy
E] ¥2]8 genomic DNA 1 pg 50 pmol®] Z} primer,
5 ul9 10X PCR buffer, 1.5 mM MgCly, 0.2 mM9} Z
dNTP, 28]3l 25 U Taq polymerase (Promega, USA)
o E3% F HE2H o= 50 ul®] PCR WHe oz )
HAh PCR Whg-& 27] WAL Hste] 94TolA 58
AR o, 9TelA 302, 56TAM 30%, 72°Ce
A 307t WHEEHE cyded 358 wHE AAE & AT
AFE el 72ToAA 723t W3k

ELISA #4

ELISA HA2 2939 PAAS Pl AFHe 9
o] FAvkg st YAAAMRY 28jTe dAHOE
848t % Human Tpo Quantikine ELISA kit (R&D sys-
tems, USA)S A3t AAIEGTE £A] BAgL Mo
A 8 E hTPOS S4¥ FUe o R ZFsgich

Z

Al

MEE rTPOo HHES YEEH Y £F

LNChTPOW virusell 728 % 2t AE sjgds 5
&}o] ELISAE o|&38}o] hTPO 58 X3 A7, CE
A 135 pgmle M & $5E YehSieH, t
2 o v YHE BFFY PFRAA = 242 098 pg/ml
¢} 088 pg/mle] Fdez AZ3 L8 HtHFig
2). NIH3T39| A= 7.97 ng/ml, HeLaoA= 4.98 pg/ml
o] FEZ AFHUKFig. 2). ©] F& 7IToE dFT
A AxF hTPOY &9 hTPO7} EFHEE 7t AlX
Bk S 3| A5le] Move AE B F-F38 F A|E9
TN F3 AEE 43t AESH @848 A
th gz AE wiekdle] hTPOE 5 0.1 ng/ml ©}
A oA Mo7e ME9] Z4& E21817] AlAss
Ao 2 =Tt dFEe] HEoM i hTPOE
WETZ ALES AxE hTPORTH A& &4o] &

g
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Fig. 2. Quantification of hTPO levels secreted from bovine fetal fi-
broblasts (BFFs), chicken embryonic fibroblasts (CFFs), human cer-
vical carcinoma cells (HeLa), mouse embryonic fibroblasts (NIH-
3T3), and porcine fetal fibroblasts (PFFs) infected with LNCTPOW.
The concentration of the hTPO released into the medium was
determined by ELISA as described in the Materials and Methods.
The data were obtained from experiments performed in triplicate
and are presented as the mean+SD.
Ao g IS oH, £3] CEF-LNCTPOWA 2
hTPO= @A H& 848 YehlAtkFig. 3).
, 7P w2 AEE 243 JEhd CEF-LNCTPOW
hTPOS} HZT+E AFESE AHFF hIPOES FHoE
7kste} Move Al 4 &3 g wws) 2 4
i, tj&7 hTPO°] &) AlZoA 2&g hTPO7} i
Z4 27 A4S HUtKFig 3A). ot YT
Juo] Moze AE 34 21 FEF B9 AT
D& E hTPO7F WlZT hTPOS| w3l E4 AL el
279E Jul@Th hTPO FHA RolHA] gk A%y
AEe] wjgdoll A= hTPOY AEZH E4¢f YehtA]
29k tH(data not shown).

HAME o 38 W AW o7 AT

ol#] Z7A R 7 ol Fa&g Rl
Azt ey AN 2 E 0% F8EE
Uehl ol o, DMEM #jA|RHs F9)e AT o
30%2] H3H&S JERAItH(Table 1). o123k d44-2 wf
ol WA & FYste HAFANA A7|e =g FHl
ojgt IA F&o Asldd g3t ez FAHH

ol

i, oty

it

o 4N et plo

S

it
rlo

W

T 6 JU} LNC-
TPOW virus& TY& HELollA= oF 83% A=
2388 Uelslsd(Table 1), ©l& viruse] =AFY
of o EF Al Pt opzt Hold o FHA
o A&H #wE oA MAL] ) FHRLE 9
oz g3 Aoz wWlY

hTPOS}t neomycin A8 34k, 18]il GAPDH
el oigk PCRE HAIF 23, #31 11vhe F 47}
2le] Holglrt FHHF MAR EAslo] F 364%2] ¥
AHgE-g YehRSItHTable 1; Fig. 4). 472l(No. 1, 2,
7, 9)¢) H#olg] F 3ulgl(No. 1, 2, 9)& 4% HE7t X
A gAbstith @2 1 vhEl(No. 7)9 448 &

T

an

o

=
o
06
—e— Standard (thTPO)
~—g— BFF-LNCTPOW
0.5 4| —O— CEF-LNCTPCWY
~— PFF-LNCTPOW
E 0.4 -
T
¥y ]
-/
MY 03
il
.-}
8 0.2 A
01 A
0.0 A
0.001
hTPO concentration (ng/mi}
G
06
—&— Standard (thTFO)
—— Hela -LNCTPOW
05 4 ~O— NIH3T3-LNCTPOW
E 04
=
>
v 034
whad
]
=] 0.2 4
o
04 A
0.0 4
T T T T T
0.001 0.01 01 1 10 100

hTPO concentration (ng/ml)
B
Fig. 3. Bioassay of hTPO in various target cells on the proliferation
of Mo7e cells. Various concentration of hTPOs were added to each
well, and the incubation was continued for additional 2 days. The
data were obtained from experiments performed in triplicate and
are presented as the mean+SD.

4 5 6 7 8 9 10N

<4TPO

<dNeo

<4 GAPDH

Fig. 4. Detection of the hTPO gene in the Go transgenic chickens.
Genomic DNA was isolated from the 11 hatched chickens after
virus injection and was subjected to PCR analysis. For positive
(Lane P) and negative (Lane N) controls, plasmid DNA (pLNCT-
POW), and genomic DNA isolated from non-transgenic chicken
were used, respectively.
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Table 1. Hatchability and transgenic efficiency of manipulated chicken embryos

Treatment Number of Number of embryos 3 days Number of hatched Number. of transgenic
eggs post-injection (%) chicks (%) chicks (%)"
No injection 50 47 (94.0) 45 (90.0)
DMEM injection 60 35 (58.3) 18 (30.0)
Virus injection 132 62 (47.0) 11 (8.3) 4 (36.4)

* Only chicks with detectable hTPO by PCR were counted as transgenics.

gole] gAoA] ELISAE o443l hTPOY ¥ Ak
2 Z33l9viy 1.62 pg/mle] =3 e
o &

ZES QAW Z 0|43 uloje ojokEe] ti# A
Ao B ATE AR FE 5, & EE d9&
Esto] Wiy Z200x, 28UA, A 5 te] A
kRS HEATE &, HA, Eda 59 Ml A
o To} ase] grkHoudebine, 2008). 1} &
A Be A7 vlgo]l EAEASAE E7eta 4
A8 7FES 0|23 vlo]Q ofekEo] AAARI 4F Al

= ol 2510 #AF Antithrombin Il (Edmunds &,
2005), A#HA #H71% #¥  ar-Antitrypsin (Archibald
=, 1990)1} Z#HH(Pompe's desease)olehs <& A
#4  a-Glucosidase (van den Hout &, 2000) 534 #
229 A% ey itk olsp Zo] wnjdt A
Al 22 A0S giFE IRFEY 3 A 3
HESAQ gy} we Az, aelx o chilol
AelA o) gdHnz Qs LS FAHE =
o] Aol Rag mEow gokd ¢ gt} o3
2AES ] $18le) B Ao AR ¥HE719
o A gAYk AA wk-S7
24 7ol ] 2 AEE A, A=
717k A Bon ), THF HlE) WA
o] U 7o (A7 30090709 Age A
A vl #y wjgog g /MAE gt
&= A3o] 7bssttted tHHan &, 1994; Naito %,
1994). %3 7+ Ao wdiolE & 3 g AxS] whild
ARo] glon, dldol F{H= g7bA] Polth uwhlA
HAAS THEEY 2o nlgto] FZHG o] AT
Fod Az ouds B2y 2 AAse o] 28 &
ojgltk, A ddAF doziy wHE A=
AZF vddze gdd F2 §H(Zhu F, 2005),
single chain Fv- Fc fusion protein (Kamihira 5, 2005),
A} EPO (Kodama %, 2008), AF#e] G-CSF (Kwon
5, 2008) 5ol ey AAH 7k 4FE AT
ARlE dRgE ARl

HAANG g Aadslr] 98 o9 FdAte] Hel
W o)) = Jentivirus vectorE AHEEHE WH(McGrew 5,
2004), retrovirus vectorg AMHE3HE WE(Harvey %, 2002
Kamihira 5, 2005; Koo %, 2006), ES A3 DNAE
transfectiond}= ¥3(Zhu 5, 2005), 283 #2% PGC
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Mo virusE o] 88t F HolE AAEtA A 4l
o}z Flsl: Hh¥(Park %, 2003; van de Lavoir 5,
2006) 50 Utk B AFoME o] WH F lEHd &
o] 47} & HHA Holol EEAE M retrovirus vec-
tor system® ©]-&8}ol(Kwon 5, 2004) BEAH B2

[cRE=gw iyl

A TS AYSa opt ARe) TPOS wrdla)
£ 3A0T 9o ANl A 2AS TSlnk Virs

vectorel 28 FHA Aol oiA 7HE EAAEHE
At otdAdel FHE oncogene AFol &Hd Al
A% virus vectorE AMEET FRM I genomeo] A
AHAE ASo] AL 4 & homological recombi-
nation®] ol PEE Aoldt 29| virus vectors
ARSI THKIm, 2002). hTPO FaAe] Helg #AF
retrovirus vectorts MoMLV ##1¢] vector24 %7] i
drdo] 9lojA] cytosine 2719l de novo methylationo]
o LIR promoterd EZZe] ¢ 3% 289
silencing®] ZAAE|al 9 Th(Jahner &, 1982 Mizuarai
5, 2001). °|& sl@sty] Aste] & AFolA = internal
promoter$] CMV promoterE AH&at31 e, i
2ol B3 &e F7HA717) 98t retrovirus vectord]
WPRE (Zufferey 5, 1999) A 4& Z=QstSinh of WP-
RE Age B dA7xe Bg =& ov thild &
go] o 2 93 JehllE e Higo gl
o, GFP faA7F dolel FAHe ol A A=
AHEFITHKoo 5, 2006; Kwon &, 2008). & <179
ol ol 97 FHx7t Held FHAEE 71eH
Ql golA mjEo) 7 ASe Ad(stage X)) HITFAE
2 PPl 2F FATL £ FHE A AR
7HA AL B43}7] wio) stage X Ale] wi¥tYg-E o
1] 60,0007] o439 AEZ FA4Ho] $l=rl(Eyal- Giladi
E 1981), ¥%9 virus stocks AREEHA k& S
%2 mosaicismeE 93 FAAF gl gL dA
3 solAlA Aok o1& sidsty] flstd 2 ArdAs
1,00081 olel BEZ virusd FFol VHsdta 794
o) &do) A gl Aoz #0¥ VSV-G pseudo-
typed retrovirus vector system (Burns &, 1993)& A&
stk

FAHE wo] g X3 hIPOY T=E 162 u
g/mlZ U=, o) 19999 Sohn 59 A7+ Aol
A vebd hiTPO BAME AF e ¢RelM 2RE =
ol 0.029014 1,500 pg/mid] ¥ B} ATk o)
HAAE A A9oe fHae] Hdolrt & s Al
7ol @] dAA olFoAA At Ao BE
Aol ol FHRE dol® wHH, B Feos of

60,000 708l ME7L EASIE stage X kISl

L
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FAANE AoAZBozN FAWIHA ¢k MEE]
Bol EAjsl7] wolct wEtA Gol AAHT Az
Sl g wgstE AE §7F F748HA Ha hTPO9] -+
EX E718 Aoz dqadd. B A7 AE
hG-CSF &9 A$oAHE Gell vl8] GollM 2 5%
o] A3 hG-CSF7h &l = 2AtHKwon 5, 2008).

E AN &@A 7 hTPOY BE3HY &AL Al#
Ha e T bls) ol 43 A4S vehe
Roz 9 v3) Kodama T(2008)0] W3t &4
Mg gl HEA7] cytokine UE<Q] hEPOS] A&}
A A ZAo] B3 oA AR AREHL JE A
%3+ hEPOo Hl3] A9 FAlstAY 25 93 A
245 Jehdigith

Akl FAHE B qule] oA 3ufE]7t AT 1Y
Wol| Eo]3k #i]lo] Yehx] 23 HAE a8, ol
= 719 B4 Y Fazke] ALH Lol ofg A

el Fakgoe] ¢dlo] JAY(Ebert 5, 1988) 7H Al
ek ARF B9 vulel] 23t Hog FAHHM Hr} A
3 Al 99 FUHH S Fal & & dE A
olt}), o9} fAIE FAozE B ARAA A
hG-CSF 3% 29 AQo% 23 3 17049 ol 7
A}al o H(Kwon 5, 2008), hEPO7} 2@¥ FA g
E7NAMT ofe] 7hA] w]AGEQ] AelF o] B
AtHMassoud 5, 1996). Wt oo AFoA=
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