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ABSTRACT

In this study, using FIV-based lentivirus vector system, we tried to express hG-CSF in tetracycline-controllable
manner. hG-CSF influences the proliferation, differentiation, and survival of cells in the neutrophil lineage. To enhance
stability and translation of hG-CSF transcript, WPRE sequence was also introduced into FIV-Tet-On vector at
downstream region of either the hG-CSF gene or the sequence encoding rtTA. Primary culture cells (CEF, chicken
embryonic fibroblast; PFF, porcine fetal fibroblast) infected with the recombinant FIV were cultured in the medium
supplemented with or without doxycycline for 48 hours, and induction efficiency was measured by comparing the
hG-CSF gene expression level using quantitative real-time PCR, Western blot and ELISA. Higher hG-CSF expression
and tighter expression control were observed from the vector in which the WPRE sequence was placed at downstream
of the hG-CSF (in CEF) or tTA (in PFF) gene. This FIV-Tet-On vector system may be helpful in solving serious
physiological disturbance problems which has continuously hampered successful production of transgenic animals and
gene therapy.
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B A hG-CSFe] HHL =402 2A3}7] 93 FIV-Tet-On lentivirus vector systems 7%3F14} 3F3iH.
hG-CSF= 32AF A A¥e 243 23l AE] A4S nxe EA2A, o] 4z FdS F7HA717] A5k
FIV-Tet-On vector +2] hG-CSFU} nTA2M2 A2 9] 3' 91X|o] WPRE 8-S =433tk 75€ 2429 vector= 293FT
A Eo] U 02 transfectiondH] virusE AR 0H, o] virusE L3 MY AEQ CEFS} PFFe AART 4
AEo] Mo)® hG-CSFE) B P BA517) 913t doxycydined H7IsHAYU H71eHA] &2 wiA|dA HjoFgh &
quantitative real-time PCR, Western blot¥} ELISAE 0] g-3}o| hG-CSF §-AAe] 2d AT E v|a AT A7, CEFollA
= WPREZ} hG-CSFS] 3' ol 2% A% dd%n S50 7H¢ & A2 YElRIL, PFFAXE rtTA 429
39 xo] T91E Ao wET} §Ego] 71 2 Ao FIHT) o] FIV-Tet-On vector systeme F 2 A8 529
Attt §A} X B EAANHE e Azt A& ) Pl g A YA FAEE 3]
% A2 e AAE & Ag Aolth

M B AZNME E&AA Fdx A Frho] FtH(Reiser

= 1996; Amado$}t Chen, 1999). 71 &&eh A+4

lentivirus vectort HIV-1-based vector (human im-

Lentivirus vectors Y5 AZAA g FHate] munodeficiency virus type 1-based vector)?! Bl(Naldini
oo} wrdoe) olasw, B HE®a ol v|EE %, 199ab), ©] vectors ZAAQ AWEEH AFA wiE

¥ B QP pety)iyat kg a7 A S AR (R11-2002-100-010050-0), EEREH who] @ TR21AMI(HAE E: 2005-
0501-034-844), FE2AEH FEATARIEZ TR 71 SALTANEANE: 20070401-080-120) Aol 3 o]Fz F9.
! Corresponding author : Phone: +82-53-650-4470, E-mail: takim@cu.ac.kr
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of Aol ojr Be Aeko] METHEmerman, 1996;
Romano, 2005). ©]&13F HIV vectoroll tjgh tiete = n]
AAE F#l9 lentivirus vector?] FIV (feline immuno-
deficiency virus) vector (Poeschla &, 1998; Johnston %,
1999), BIV (bovine immunodeficiency virus) vector (Ber-
kowitz 5, 2001), 183 EIAV (equine infectious ane-
mia virus) vector (Mitrophanous %, 1999) &°| 7§24
At o] F FIVe fgele Ay R de] He
virus@l®), 2ol oA =& F Solid wiel Akl
A =EFoE By EX g EAdo] drhSauterst Gas-
mi, 2001; Saenz®} Poeschla, 2004). &A% VSV-G (vesi-
cular stomatitis virus G glycoprotein)oll <3} X% |
Z3 FIVE QA7 AEE Z9AZ ¢ JoH(Price G,
2002; Song 3, 2003), th¥E FElE 7)EE FIV vector
Y, 2% 284, 2%, 283 @7 59 F34
Fo| g FAA Ao] £ro 2 AR YTi(Johnston
5, 1999; Wang %, 1999; Curran &, 2002; Loewen 7,
2002; Price 5, 2002; Stein®} Davidson, 2002). ©]2]3 &
Aol A B Ao ME FIVE o] &8 o F4A
o] & e AHS FHety] Al o &2 vector
& mehetgith WA, FIV vectord] AE3HY <GS =
" 0]7] 914 insertional mutagenesis®ll &% #2H&-& HAi
A7 4 Q¥ self-inactivating (SIN) vector® AHE-3}3]
o n(Kafri 5, 2000), 24, 9 FAAY ¥R &S
Z7tA1717] 18k WPRE (woodchuck hepatitis virus
post-transcriptional regulatory element) A €& =313}31
I (Zufferey 5, 1999), vFX 2O 2 tetracycline-inducible
expression system< AH&-3t%(Gossens} Bujard, 1992)
AP HFAAY AL AFoEHN I

pFIV-CGW

ICMVpIALTR}—Eag—IT?ﬂcPPTH CMVp '—E-CSF'

pFV-TGRT

2o
offt

AW Aelzel Bz2ke-8 FAgsluat Ak & AT
oA & A7) A & hG-CSF (human granulocyte co-
lony stimulating factor)= 23 HAFAXEY 523 &
32 zAea, AT AAE Loy AT &S
Z3A 7)1 @kl 2 (Fabian 5, 1991; Lieschke®} Bur-
gess, 1992; Bober & 1995), 313 o B Hof T FA}e]
et oy A BA|, AN B N8 25 oA F
T ), HIV 2941, a2]la 28R AE o2l
Yehe 357 2AFS X837 A%td AMgEn.
AT E 7t vel e o okER]l hG-CSFE thg At
shs AA w1 At 98 71z ATE hG-CSFE
e fFrHon 2AE 4 9lE tetracycline-inducible
vector systeme T-%3}L in vitroo M9 FHAF BE 2
A o Rg Felstaral a3k

R

FIV Vector? 75

hG-CSF f3AE LEA717] A FIV vectord] 7%
2 pCDF1-MCS2-EF1-copGFP vector (System Bioscien-
ces, USA)e] CMV promoter t4le) CMV enhancer’}
¥3tg Brd 21 CMV promoterE WHAIZA ™, copGFP
2 A A3 hG-CSF RAAE AH9lste] pFIV-CGWE T
3 thFig. 1). £%, hG-CSFe] LdHE FEACE =
A3}7] &4 tetracycline-inducible vector® Al
%39tk 4 vector®) FEE Fig. 13 2th

[rd

'CMVpIALTRH;a;{RRE’cPPT‘-DRE-mCMV gcsF H Rsvp | rtTAzsmﬂ—{ALTRJ

pPHV-TGWRT

|CMVpIALTR H gag |RRE|cPPT TRE-mcMv| e.csF [N

pFIV-TGRTW

RSVp | rtTA2SM2 HALTR}

|CMVpIALTRH gag [RRE|cPPT}HTRE-mCMV| G-CSF H Revp | rTazsme

pFIV-TGWRTW

[cMvpIALTR]H gag [RRE|cPPTHTRE-mCMY| G-CSF [Tl

RSVp  |rTA2SM

Fig. 1. Structures of pFIV-CGW and tetracycline inducible expression FIV vectors. CMVp/ALTR, hybrid FIV LTR whose U3 region was
replaced with cytomegalovirus (CMV) promoter; gag, Packaging signal; RRE, Rev-responsive element; cPFT, Central polypurine tract; CMVp,
human cytomegalovirus promoter; G-CSF, human granulocyte colony stimulating factor gene; WPRE, woodchuck hepatitis virus post-
transcriptional regulatory element; TRE-mCMYV, Tet-response element containing seven direct repeats of the 42-bp tetO operator sequence and
a DNA fragment consisting of minimal CMV promoter; RSVp, Rous sarcoma virus promoter; rTA2°M2, reverse tetracycline repressor (rTetR)
fused to a VP16 transactivation domain; ALTR, long terminal repeat without U3 region. The vectors of FIV-based vector carrying this 3'ALTR

are self-inactivating.
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Lentivirus2 44 2 BHA 209 ZH

T8 2479 vectors o] 231 virusE AAtstrl 9
819 lentivirus® AAreted 2o FERUNELS cod-
ing3H= pFIV-34N (System Biosciences, USA)¥ pVSV-G
(System Biosciences, USA)y& 1ol 293FT (Clontech,
USA) AlEol calcium phosphate ' &= co-transfec-
tionste] Thew Af wjx|2 mEet vhg 484 F virus
7} Zag wiAE FaEigich. FEE viruse CEFS
PFFE 79A7)E o Algsldon, 24498 AXE vec
or Aol A WA FAA sle BAR A8 RS
AXZ] a1 w2 doxycycline 5 Ad& M3k

-

hG-CSF| UH HZ U Tet SystemS 0|3 2f2§ REX
o dd &ol

CEFS} PFF A Zo)A hG-CSF #24He] 2d 7152 RI-
PCR, Western blot, 22| 3 ELISA & ©]-&3ko
3HAth Tet system& ©]-83 hG-CSFO| f=4 ®
Tet systemo] =% 7+ AXEE doxycycline®] 7}
A A=A @ wjH| oA 487 wlgd F RNAS
ol $=3=0f A RT-PCRY} Western blotting, ELISA, =L
2] 3L real-time quantitative RT-PCR & ©|-83] &
A3k

jEanl

,4
o 19,

3
&
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RT-PCR

RT-PCRL virusoll ZF9A| 242 A Z8 virusol] 4
% AENA trizol S o]-g3dte] @ 7+ 1 ug? total
RNAZRE ImProm-1I reverse transcription system (Pro-
mega, USA)S ©]&3ta] (DNAE A|Zsk3lct Z7te] 4
HZoA 2 ple] DNAS FHoZ o| 83t hG-CSFl
23l primerd ©]&8te] PCRE AAEH o™, 9T
ol 30%, 57CAlA 30%, 72CA 30%7F ¥HSEE
cydeS 258 ¥HE AAF F HF AAE HAs) 72CAA
7593 wrgalqinh. B A@ol] AR hG-CSFOl sg st
primer< + strand primer<! 5-AAGCTGTGTGCCACCT-
ACAAGC-3'$} - strand primer?] 5-GCCATTCCCAGTT-
CTTCCATCT-3'01™, thz72 Z+ MEF2| GAPDH fr
ARl thste] PCRE 43T

Western Blotting

7t AEE B3 §5 243 bS5 20l 4847
okt & AT wlgAe AR F 237 Fst 4
Ba) wpe o83t A¥ wMAs Bt AE
wjokele 10 WE, #a AE @9dL Bradford W
o2 AEs F 4 nge ZH7t SDS-PAGEE £ nitrocellu-
lose membrane®l transferA|Zth. 5% skim milk7} ¥3
% 0.03% tween20 blocking bufferell 1A17F WA F
1:50000.2 38413t anti-human G-CSF antibody (R&D
systems, USA)9} 1:800022 2|23 anti-Actin (beta)
antibody (Abcam, UK)Z 16413t ¥+-g-A 7tk TBS buffer
2 A3t o)At 3] HRP conjugated Goat anti--
mouse IgG (Pierce, USA) 1:5,0002.2 3|43} Wh-g-A %)
o} WHS-A7) membraned FAIT F 712 &HQ) West
Dura Extended Duration substrate (Pierce, USA) &5
A7V8H Xeray filmell 6027 =EAIAA @I

ELISA =4

ELISA ¥4& standardel 3i@sh= A=¥ hG-CSF
(Komabiotech, Korea), tiZT-9F A3 729 AX Hjj kol -8
A anti-human G-CSF monoclonal antibody (BD Bio-
sciences, USA)Z coatingAl# ¥ 96 well plate] 100 ul
N Arlsle] 4CoNA 1627 AR & FAE e H,
biotinylate rat anti-human G-CSF monoclonal antibody
(BD Biosciences, USA)Z A 2latith. thA] ARt & 7F
welloll streptavidin-HRP conjugate (BD Biosciences, USA)
golg Hrlslel weAl F A AHE APAEL
712421 TMB (tetramethylbenzidine, Komabiotech, Ko-
rea)s Aryste] gxACM WA 44 AzE 35
% stop solution® F7kete] W& T2, micro-
plate readerZ AH&3lo] 450 nme] IFN FFE=E
=433

Quantitative Real-Time PCR

Bio-Rad 3AHUSA)S] MiniOpticon real-time PCR de-
tection system ©]§3te] FUT sample 4744 T4
o real-ime PCRE F-aistglon], &2 H4<& 33 U5
2859tk PCR ¥H82 DyNAmo SYBR Green gPCR
Master mix (Finnzymes, Finland) 10 plol 22+ 5 pmol
©] +¢} — strand primer, 11 DNA 0.5 ugs wol
AA) 20 ul2 sk AES] RNAYAM hG-CSF 4
Ao W3S ZAs7] 913819 internal controlql GAP-
DHS} @7 quantitative real-time PCRZ TSI
Quantitative real-time PCR ZA3}-Z Opticon Monitor ana-
lysis software= £A8te] Cratg AAsglew, Ciglel
A GAPDH AR Ctzke reference® #A3til, hG-
CSF 5AAY Ctate targeteZ A3 5 2-AACT ¥
(Livak® Schmittgen, 2001)& AMg-3t] HFHOE hG-
CSF 44A9) & AEE vjuslirt

2 o

FIV-CGW Virus Vector System2 23 0{F &0l

RT-PCRE o] &8 BA ZAslo| M virusoll ZAER
ke AEZo AS, hG-CSF FAaAe tigt dHe] S+
| @ed 9 FIV-CGW virusol ZE® AlEolAM+=
PCR 9 9] FZo] 13 E2I=ATHFig. 2-1). Wes-
tern blotting ZFlM % virusdl A" AXAN G-
CSFo] wrdo] BAelEon, 53 AEdA Zd &Y
Ao Aol Bl Hla] AEL HjFfore] EHo] ulg-
7¥3HA JergEdFig. 2-T), ©1% hG-CSF7F Al Wiel
A AE 3 AE oz BHEASS 9tk ELISA
e ola3ste] 7+ MENA hG-CSFY FRE AT
Az}, QA ZANAE hG-CSF2 Fhe) JERHA gsher,
CEF-FCGWel A& 626 ng/ml, PFE-FCGWell A= 720 ng/
mle #E 7HHE Aoz JETHTIAA).

=

Tet System2 0|88 #G-CSF |HXS & &€& 6F
=0l

Tetracyclined] 23] ®&e] M HE FIV-TGRT A€
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CEF CEFFCGW PFF  PFF-FCGW

-« GAPDH

I A - <, < hG-CSF

B S——— ——— < { - actin
<€ hGCSF

Fig. 2. RT-PCR (I) and Western blot (II) analyses of G-CSF gene
expression in target cells. CEF and PFF cells uninfected with FCGW
recombinant vector virus were denoted by "-FCGW'. GAPDH
and B-actin was used as an internal controls. II-A, medium
harvested from each cell line; II-B, cell lysate from the each cell
line.

o] Ao RT-PCRS 233 Az, ZE A XA
281 bp®] hG-CSF Fr3Atell sidsl= PCR W o] &2l
RowH, 53] doxycyclines H7teh 27olA o 213 A
22 el thFig. 3). ©lol HIsl GAPDH 3 Atell it
PCR @2 2E AT A 5UF o= vExt
t}. WPRE A g9 Yo whE& hG-CSFoll tidt 232,
CEF9) 7% WPRE X ¥& hG-CSF F3x] 3 ]9l
=9]% FIV-TGWRTAA 713 A Uelstor, PFFe
A9= WPRE AES nTA2M29) 3 9xo =913
FIV-TGRTWOlA 7} =& 28-S Yehldth. Wes-
tern blot Z 7= RT-PCR# wpz7kA] 2 doxycydlineS #H7}
kA @2 27 H|s] ¥rhek 7oA hG-CSFe| Hd
o] AtHog xgrom CEFYAE FIV-TGWRTO A,
PFEA| A= FIV-TGRTWOA hG-CSF2| &&lo] 714 &4
el th(Fig. 3). ©]oll #]8] WPREZ} A=A €& FIV-
TGRTY, WPRE7} hG-CSFS} 3' $1X1¢} rfTA2°-M22] 3'$]
Ho| ZAd =99 FIV-TGWRTWS] 73-$-ol= CEF%}
PFF =59 M hG-CSF #-7217te] @d&3 &0 dA
3] W2 Hor Q)FATHFig. 3).

hG-CSF 28 HZ A7) ] hG-CSF F3
Aol thgk E0]# <2l PCR primers AHE-8}] quantitative
real-time PCRS 33 Axte g3 Zuh oA AX
9] total RNAYX GAPDH f-Axte] digt hG-CSF #4
Ao} 2 AEE 2-AACT WS AHSste] Jiao=
=48 23, doxycycineo] H7HHA] g 2210 vld]
A7t z=70A hG-CSFY] Zdo] w2 7oz EIHIA
UHFig. 4). RT-PCR¥} Western blotting®] Z 3¢} w}3trt
A7 By o] ZAdAM Al wEH S CEFlA
E FIV-TGWRT virus7t 8% 24971 7F8 ko,
PFFA| A= FIV-TGRTW virus’t 724% A$7r 718 =

Z

FIV-TGWRT A=l 4 1634, PFF-FIV-TGRTW Al 0] A
1,00080¢] 9$ H& =55 JeRSiTh

zb A E9] wjokdS =83l ELISAE AAIS 21,
doxycycline®] §l& Z7ol|A] vlgdt AEe] vjdlelx
£ g @e 559 hG-CSF7F &4 %21, doxycyc-
lineo] 9= ZHolA Bls AL IR oo
2 & 7+& Jehgitk &3], Western bloto]L} RT-

2

=
[}
Normal  TGRT  TGWRT TGRTW TGWRTW
I -+ =+ =+ = 4+ = %
1
. L2 1% ER J ahcCsF
CETETET L L TR Y o
2
A — oy . —n - HG-CSF
B [ TR SRR SR—— il
@ hG-CSF
@
Normal TGRT  TGWRT TGRTW TGWRTW
1I -+ -+ - 4+ -+ = +
1
2
A -~ <nGCSF
AR e < B-actin
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(b)

Fig. 3. Determination of doxycycline induction-mediated hG-CSF
gene expression in CEF (1) and PFF cells (1I) by RT-PCR (1) and
Western blot (2) analyses. Normal, uninfected cells; TGRT, cells
infected with FIV-TGRT; TGWRT, cells infected with FIV-TGWRT;
TGRTW, cells infected with FIV-TGRTW, TGWRTW, cells infected
with FIV-TGWRTW. - and + indicate absence and presence of
doxycycline, respectively. GAPDH and B-actin was used as an
internal control. A: 10 pl cell media per well, B: 4 pg of total lysate
cellular protein per well.

PCR A3 vjw? & 948 K<l CEF-FIV-TGWRT Al
¥ A= 826 ng/ml, CEF-FIV-TGRTWol A= 624 ng/ml
9] okg yeh)Ylon], PFE-FIV-TGWRT Al XoAE 218
ng/ml, PFF-FIV-TGRTW Aol A &= 712 ng/mle] F=&
el thFig. 5). ool ZH o)A Tet systemS ©]-&
3t hG-CSFY) &8 FHo] E&FOE o|Fo|X |, AE
o) we} 71 283 vector system©] ThEA VERATHE
AEE A 4 et
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Fig, 4. Quantitative real-time PCR analyses of #G-CSF in CEF (I)
and PFF (II) cells. The cell infected with four different viruses are
denoted by virus name on the X-axis. — and + indicate absence and
presence of doxycycline (1 ug/ml), respectively.

Fo| A= 827 lentivirus vector system?! FIV
vector systeme 7] B0 2 dtod F&AY FHA =4 sys-
teme T&3t1At 3t FIV vector® H]E3 len-
tivirus vectorS-& AESHH AL FHly] At
73 SIN vector FHj2 FEE T, B A7l A&7
vector=. 3' LTR®] enhancer/promoter #-91¢] A5-& A
At TAAL 7 T AJxFoZ Qg replication
competent lentivirus®} A4F 7542 LTRe ofsf &4
& 4 9= ZY vector W9 internal promoter?| trans-
criptional activityoll that ¥ dge Hasslixt
&+ thSoriano 5, 1991; Miyoshi § 1998). & A-7elA
= %3t SIN vector FEN9] FIV vector® <7t22 3]
e Az 2R FEH ZHo] 7He T systeme
T35z} sHgitt o 7HX] 2E 2- system Fol A
7} o] AF&H I QlE tetracycline inducible expre-
ssion system< Tet-On¥} Tet-Off system 2 5
], AR tetracycline A|Fe] BAo] EAjst= 20

900 |
ODox —
800 | 7 Dox +
700 |
=
E
S 600 [
=
~
g 500
a
[X]
w400t
W
o
]
G 300}
F=
200 t
100 +
0
FIV-TGRT  FIV-TGWRT FIV-TGRTW FIV-TGWRTW
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@
II 800
DDox —
B Dox+
=
£
(-]
C
I
=
[~
[X]
'
7]
Q
@
-

FIV-TGRT

FI¥Y-TGWRT
Conditon

(b)

FIV-TGRTW FIV-TGWRTW

Fig. 5. ELISA analyses of hG-CSF in CEF (I) and PFF (ID cells
infected with FIV-TGRT, FIV-TGWRT, FIV-TGRTW, or FIV-TGWR-
TW. [: cell was grown in the doxycycline free media. U cell was
grown in the media supplemented with doxycycline (1 ug/ml).

A, FA= Bho] &t ¥ Aol A FHA
o] urgo| turn-on HE TFTZEo|th A M Tet
system$ =987 fsiME T M vector7h EA
transfection®oloF ¥t} 22y F 74 fAAE FA
ol transfectionsl= A$, T FAx BFE SAlo &£&
Aoz 37717} g ok o] EANE A
o8 ¥ AFoAE TRES rnTA 9L 54U vector &
o FEagom, w3k 71EL nTA FAzF tial #A 9
W& packground activity$} ¥& 2d fx=&, 123
tetracyclined] W3 ¥ A4S 7= rTA2>-M2
AR E AHE3QATH(Urlinger %, 2000; Koponen 5,
2003). Vector W rtTA2°-M2 A RSV (Rous sar-
coma virus) promoter?] 3' $1x]o] Flom, TRE A€
3" §1xo] hG-CSF F+AAE AXANF =N hG-CSF
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FAALY] FEE AAHer 2HFT ¢ e
FAA Ao] systems THSHLAL 3T
F&3 FIV-Tet systeme U} v} A EZFoA]
Aol wel thkst Heje fax 2d 2d Fde
e it WPRE A €82 mRNA®| nuclear exportE =
Z18}aL splicing™ polyadenylation 788 Z3tgto s
HEH o 9 At wHE FAAIHMinvielle-
Sebastia® Keller, 1999; Zufferey &, 1999; Loeb -5,
1999). & AF)M % WPRE A go] =UH vectors] 7
< 9 FHAY HEE FUATE AR UERe
WPREZ} 9l $-31R1e] 3oyt rTA2>-M29] 3ol )%
AL M e 2E LS eI WPRES =9
of 9% o fAzle ¥ F/HES FAMES] FF
U o fAAe 2ds 23] 98] AHEEE pro-
moter?] FFol web thFEA vEhdtha BaEo]
9ltHRamezani %, 2000; Burn &, 2003). L&} WPRE
9 =9 X copy numberel= & dFE A &=
v ®2usEo] JEd(Hlavaty 5, 2005), ¥ AFelx=
WPRES) =91 $1X)9} 2ol whebr] 28d frE&o] st
A Yehdegy 7Ee A7 Bughke Aolzb AU
T AE 2Fo)A WPREZF F $1Xlo BAld =48 7
o= g Ao =dH Aol vaiA LA FiEEo]
Az, ol2d AL nTA’-M29] Itk L@
2 9% o Az 2d ™o EEFHORE o]FY
AR g2 wA Tidske Aoz BT =Y, AHAE
9] FFol metA] LHEEH} FEE0] £ vector system
o] Tt A Yehtd, olEd A A= wEAT| A
e fAAe TAAEY FTFHA wa HHE vector
system& Aol g ojmigtt.
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