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A7re} F3H 2 hPTHE 0335 AEAZ
o] 8H 1 Y= EE% %—«1 8} 2 (Goltzman, 2002) EF
W 28 FEE SIYIE qUE Bt FUFSL 52
2% F ¢ z‘ﬂ«l ~Aﬂ§£ *@7174“@_ 2 W =
ﬁ}ﬁ*}—i 71 Aol (Christodouloust Cooper 2003),
‘GQZHW]—X] o]-‘:/qxq o]b ;‘(] u]—tﬂo _Tv_ @F/‘ko] 71./\5]\_ 7_]
< 2= Hojth 6421177}%1 *X‘A 7..%&2 2E 2R3 %‘

e old7kA] RIH T 9K FAT SFo} BB

ZFaWEo] o]&Hu 9}‘4—(Lm»} Lane 2002; Rubmdr
Bilezikian, 2002; Watson 3, 1995). £3] 2474 228
¥e =z z2 AEe 845 Fole ZoR BiFi 9lo]
2L & 3“4 zli*ﬂi“i 49 EH“O 3 JTHRubin
3} Bﬂezﬂ(lan, 2002). 2 Ao A= human PTHE AAla}
= HA AXE ?%ﬂﬂx} 8FATH hPTHE F33 4ol A
BErEE $2E0F 849y O}Hl Ao R FAH gy
o]tKeutmann &, 1978; Marx %, 1995). hPTHE iMoﬂ
A (1) 2 Zw TF (1) AZA Y ZE AFT ¥
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o e faR =Pl Ae Aol a7t
9] genome W FYF7] Wl F44 7‘4 oz o}
2 L‘rEhHD%(Termn 1989), o2l 7Y Al Fol gt
o FAAE 52 582 F9NE 5 U FEE A
Ttk T o] WL 7R xdo] 9423l retrovirus®)
A, 15=ER %5‘7}\] 71}?3/‘5] 94 A8}, w59 A T34
2 o] ATtKKim, 1995). ©]& 3 ¢HS ZFE317] ¢
3to] & A= Bums 5(1993)0] et VSV-G (vesi-
cular stomatitis virus G glycoprotein)E ©]-83tc] Z&<
retrovirus envelopes thHAI3= pseudotyped retrovirus
vector systems AH&-8H3ITE BE¥F hPTH 32k 2d &
£ F7MA17171 At 7129 retrovirus vectorell WPRE
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AEe =Yt om, hPTH frHAe] 23S G830
Z23}7] Y3+ Tet-On system (Zhu 5, 2002)& =438}
%th. WPRE A2 promoter?] &5, AIX9 &/, 914
o Zd@gle]l MArdTE gelA A orm(Zufferey 5, 1999),
mRNA splicing®] #3¢) mRNAE ASAA 233
o2 ol AAES F7MAZtHPopa T, 2002). Tet-
On system #X| M)A hPTH Fr3iAte] dds 24
317] YalA =3, tetracycline Al 9] EZ o)) 28t
wHo) ZHHE system©] THKistner 5, 1996; Rennel%}
Gerwins, 2002; Gossen 5, 1995; Yao 5, 1998). we}A] o]
9} 22, controllable expression system 3ol A= @)l
Mo HE G FAE A7) WEol 2 AR AL
H wEoR Qg A FAEES H2HY 5 Un
(Zhu %, 2002; Gossen¥} Bujard, 1992). Tet-On system ‘3
o) 4] inducible promoter®] ¥ &5 k= TRE (tetracycline-
responsive element)= rtTA (reverse tetracycline-controlled
transactivator)®} tetracyclinel2} E2o] 37 &A1 o
turn-on T @(Zhu 5, 2002), FEEZAE YA tetra-
cyclineZl9] 791 doxycycline 98202 de] 2o
1 en, 54 % JbsAdol wle we Ao E dHA
2 TH(Utlinger &, 2000; Bohl 5, 1997, Mayford 5, 1996).
7129 Tet system TRE &9 92 FAAE L&A
= vector®} rtTA F-AAE LEHA| 7] vectorZ 744 ¥ ©]
At Wb A Eol Tet-On-systems U3 HsiAl=
2719] vector7} EAloll transfection®ojof e FE Ao
AAT) olefst FARS HAs] Al B ATolAE Tet-
On system?| Lol E 23k rtTA TG94 -E codingdte
A L7} TRE F-20l sigshs A do] kel vectorell
Xt Tet-On system T-%3}31TE ©] vector systemol]
2= RSV (Rous sarcoma virus) promoter (Zarrin -, 1999)
o o& HHHE nTAS} AEejgAe] H7Fe doxycycline
o] TRE promoerg &43}A]7 A3}4 2% hPTH 32
7} wtEEo A zujelAe] hPTH F3 Ao 23de RT-
S 33 gRlsllon, Mz £o02 Fuld hPTH
A2 ECLIA (Electrochemiluminescent Immunoassay)
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RT-PCRE =351 hPTH ¢DNA2| cloning : hPTH 3%}
W & BARRE A& FA3d 299 RNAS
FH o= 50 pmole hPTH primer, 0.2 mM dNTP, T mM
MgSO,, 5U AMV reverse transcriptase, 5U Tfl DNA
polymerase, AMV/Tfl 5X Reaction Buffer= Y reaction
mixture$} T3] RT-PCRS AT 34 DNA
£ FAs) st 48ColA 4583 w3 thE AMV
reverse transcriptase2] £&4J 32} RNA/cDNA/ primer<]
denaturationg 13l 94TColA 283 wbEAIZTE 1 7,
2738 DNAS) PCR FEFS A3 94T 1%, 50Tl
1%, 727 oA 183 983 cyded 353 wHE A%
F HF AL 98 2ColA 783 BHEE ATk E 29

of A-&% primere "+ strand primer?! 5 -TCA
GCATCAGCTACTAACATACCTG-3 * 9 - " strand pri-
mer?! 5 -CTGITTTCATTTTCACTGGGATT-3 ' & Al-&
8}3lom, 1.5% agarose gel& ©| 8% A7|dEs A8t
o] hPTH f% Aol a3 8l= 420 bpe] DNA @EE &
ateick. £2]% hPTH DNAE sequencingS: 2] 2|3}31 2
¥, °l& GenBanke] %] gliz hPTH 37} se-
quence®} ¥|WaGITE Q1€ hPTH #F3AE pGEM-T
Easy vector (V]=2] promegarlt2F-E Twl)ol cloningsh
] pGEM-T Easy-PTHE T53}92™, 758 vectore
Qiagen maxiprep kit (59 9] Qiagen X127 E Fvl)E
AHgstel o 22l ¥ v Adl ARt

pLNR-PTH®} pLNR-PTH-WPRE2| 125 : WPRE A &2
£ AFHolA] o]n] %3¢ pGEM-T Easy- WPRESA] &
g3t o] &3kl olE WHV (woodchuck hepatitis
virus) (Galibert %5, 1982) clone®.Z%-E] WPRE &<
PCRgH ¥ pGEM-T Easy vectordl cloning®dt®| 75331
o} Zoll A cloningd pGEM-T Easy-PTHoll 4] 2] & PTH
¢} pGEM-T Easy-WPREZY-E| #z]3t WPRE X E&
pLNCX (9159} ClontechAt25E] Fuf)of] =Ug F
pLXRN (71=-9] ClontechAFZ € TFull)ol|A] &2l RSV
promoterS CMV promoter®} X235l pLNR-PTHS
pLNR-PTH-WPREE T%3}3{rhFig. 1). 75¥ A2
vectorE2 Qiagen maxiprep kitE A-&-3lo] Ui Ea)gh
5 ok A gl ARSI

Tetracycline Inducible Expression Vector?] 1255 : 2 23
oA oju] 3% pGEM-T Easy-PTH, pGEM- T
Easy-WPRE, 2|3 pRevIRE-EGFP-RSV-rtTA2’-M29}
Clontecholl 4] 73t pRevIRE vectorE ©]-83} pRev-
TRE-PTH-RSV-rtTA2>-M2, pRevIRE-PTH-WPRE-RSV-rt-
TA2>M29}  pRevIRE-PTH-RSV-rtTA2*-M2-WPRE  vector
£ Fig. 19 strategyol 93] TF3I%th pRevIRE-
EGFP-RSV- rtTA2*M29] rtTA2-M2% 59 Hillen ¥}
2ZRE AL pUHrT62-1 (Urlinger 5, 2000) 4] &2
3 Aoz AR Bid ojz] reverse tetracycline-
controlled transactivator FollA] 717 431 Ao 2 ¢
A2 gt

PFF (porcine fetal fibloblast)0 Recombinant hPTH
DNA9 =9

AZ3E retrovirus vector DNA 10u g2 PT67 (Clon-
tech, USA) virus packaging Al 3] calcium phosphate %
MO transfectiond ¥- 045 u m pore-size?] filter2 ¢
sto] £H] gk virusE packaging AEQ] GP293 (Clon-
tech, USA)9l| infectiond} 31Tt Infection®® packaging Al ¥
S5 G418 (600 p g/ml; USB, USA) 52 hygromycin (150
u g/ml; Sigma, USA)0] Z7F8 A Gofol 3¢ HHA
AjFel-g v FHA 2573 AEsIgit AEE GP93 Al
= caldium phosphate & ]85} 20 p gl pHCMVG
(Yee %5, 1994)Z tranfectiondto] 8417 vk & Aj 28 wl
FHom ZolF3UT) 48413 Wi ¥ 045 um pore-size
9 filter® o 7}t retrovirus7t L FE %A 1 mlS 7|
60 mm dish@ 1x 10°0.2 F8] g PFF A2 FAAIZich
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Fig. 1. Strategy of retroviral vectors. LTR, long terminal repeat;
Neo®, Neomycin resistance gene; RSVp, Rous sarcoma virus promoter;
CMVp, cytomegalovirus promoter; PTH, human parathyroid hormone
gene; WPRE, woodchuck hepatitis virus posttranscriptional regula-
fory element; Hng, Hygromycin resistance gene; TRE, tetracycline—
responsive element; rtTAZS-MZ, reverse tetracycline-controlled trans-
activator.

7dE PFF MEE G418(600 p g/ml; USB, USA) =&
hygromycin(150 1 g/ml; Sigma, USA)°] EgHg X wjok
Kol 3ol gHAA wjFl S ZolFa A 253 AEEA
o} £ Ago)A ALgst PTe7, GP293, PFF Al¥x 10%
FBS (fetal bovine serum; Hyclone)®} penicillin (100 U/ml)
-streptomycin (100 p g/ml) (GibcoBRL)°] #7}¥ DMEM
(Dulbecco's modified eagle medium, 4.5 g/l glucose;
GibcoBRL)& AFH8314d 37T, 5% CO» 3719 incubator®]
A w%Fld ), BE transfection A@ol= Ag 2 100
mm dish? 1x 10°¢] AEE Fwste] A8l ow, in-
fection 3o 60 mm dish'd 1x 10°9] A EE Fu]5}o]
AHE-3F T 3L infectionA] 74 E vl A2 polybrene (5
u g/ml; Aldrichys #7}ek3ich
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hPTH SX X9 uHsl =tol

RT-PCRES O|E5t WPTH {AX}e| &ol : #EF
G418 =& hygromycin®2 g PFF AXZ 5FE
Trizol ' 2 total RNAS £2]315ith E8E RNAE
50 pmole®] hPTH primer, 0.2 mM dNTP, 1 mM MgSO4,
5U AMV reverse transcriptase, 5U Tfl DNA polymerase,
AMV/Tfl 5X Reaction Buffer® %= reaction mixture}
@] RT-PCRE S H3k3ith 214 DNAE 243}
7] A8t 48TolA 4587t WHEFE ThE AMV reverse
transcriptase®] £8/319} RNA/cDNA/primer®] denatu-
ration 913 94TColA 287 wEAZth 2 &, AME
cDNA?] PCR 5Z& 3] 94T A 18, 50CAA 1E, 72
ToAlA 187 vH3HE cyded 253 WHE AAGE T8 3
FT AFE el 72TCoAA 783 vEEERSATE "+ strand
primer2 5 " -TCAGCATCAGCTACTAACATAC CIG-3’
sequenceE "- " strand primer® 5 -CTGITIT CA-
TTTTCACTGGGATT-3 ’ sequence® AH-&-3+%12H, 1.5 %
agarose gelZ ©|-8-3 H7|4F& 2Alsto] RT-PCRY 2
e sl

ECLIAE o[2%l hPTHO| Hzk: 719 ¥ Ad¥o] 8¢
PFF-LNR-PTH®} PFF-LNR-PTH- WPRE Al ¥+ 100 mm
dishg 1x 106 A= F4]3F th& 24417 8 & A28
vjetal o 2 upH £} g Tet- On system®] ECLIA =
S 98] PFF-RevIRE-PTH-RSV- rtTA2°-M2, PFF-Rev-
TRE-PTH-WPRE-RSV-rtTA2°-M2, PFF-RevIRE-PTH- RSV-
HTA2>-M2-WPRE A ¥+ 2x 10° cells/ 100 mm dish &2
FHlsto] 24A17F 9k WY F O AE HYAE do-
xycycline (2 p g/ml)o] H7F= AV F71EA] o8& wj gy
o2 wAEAh BE A A EE 48A17F v T ul)
FNE F83sto] ECLIA (Sanchez-Carbayo &, 1999;
Sakizono %, 1998) W o2 whilzal g AHakslivh ©3h,
Tet-On system®] A¥o| AM-gF L& FBSE €3 AA0l
FirEo] UL FE YT T tetracydine 2= Q15 A
Y A QAE £0]7] Y3t tetracycline- free FBSE
AHS-3HSI Tt

4 1

hPTHO| EIIMY

RT-PCRE ©]43}9 cloningdt 420 bpE T4d¥ hPTH
FAAke] 471X 4L Fig. 3% Zth GenBanke] T3
hPTHS] DNA sequence$} BlW&te] =& 7|7} g
< sk

RT-PCRE &8 hPTH REKXCQ Nl &al &0l

Retrovirus vector systemol] 2]t 312} zdo]of W o
gk 291 hPTH7} %o]d PFF AlXe] RNAE o]&&
RT-PCRE A&t 218131tk hPTH primer® RT-PCR
< Tl 23 BE A EF0) A 420 bpe] hPTHO| &35}
© MEs FAE 7 ANeH, ol T AFHE hPTH 3
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2kl =)zt "dEo] JFA oz o]Fofzl AL ERISHA
o} g o) e FIhN7)E o g oA ¢lE WPRE
o] B3 HA] RT-PCRE F33to] <1t 21}, WPRE A
do] YR @ gz 83l =dE AdrtolA o
A MEE AT 5 AATHEFg. 3).

&3 Tet-On systemol| A& #j %ol doxycycline®] 3
7} R BAGl] BE MFo|A 2kzte] hPTHE] E& o}
gl o). 22jy virus vectoro] WPRE A]go] xg=
7o doxycyclineo] 2}3t induction E3}E F&lo] &
T UATHFig. 4).

In viroOl A ‘Y ME hPTH

E o= HAAES] PFF A E GP293 A X 28
B A2 virusE ZEA A hPTHE 28 s SIX A EE
FE3G . FEE AN EANA 88 vjokel-e ECLIA
WS B8 hPTHE AR5 cd WPRE A go] =94d
PFF-LNR-PTH-WPRE (17,830 pg/ml) A X0l 4] PFF-LNR-
PTH (22.9 pg/mlyol| v]3l} 778¥] -2 hPTH} HH =& A

TCAGCATCAGCTACTAACATACCTGAACGAAGATCT TGTTCTAAGACATTGTATGTGAAG
MIT PAKDMAKVMIVMILAILICTFL
ATGATACCTGCAAAAGACATGGCTAAAGTTATGATTGTCATGTTGGCAATTTGTTTTCIT
TKSDGKSVKI KZ RSVSETIOQLMH
ACAAAATCGGATGGGAAATCTGT TAAGAAGAGATCTGTGAGTGAAATACAGCT TATGCAT
NLGKHLNSMETRYETVW®¥ILRIKIEKTLAQQ
AACCTGGGAAAACATCTGAACTCGATGGAGAGAGTAGAATGGCTGCGTAAGAAGCTGCAG
DVHNTFVALGAPLAPRIDAGSAZ Q
GATGTGCACAATTTTGTTGCCCTTGGAGCTCCTCTAGCTCCCAGAGATGCTGGTTCCCAG
RPRKEKEDNVLVESHETIKTESLTGE
AGGCCCCGAAAAAAGGAAGACAATGTCTTGGTTGAGAGCCATGAAAAAAGT CTTGGAGAG
A DK ADVNVLTZKAKTSAQQ

GCAGACAAAGCTGATGTGAATGTATTAACTAAAGCTAAATCCCAGTGAAAATGAAAACAG

Fig. 2. Nucleotide sequence of human PTH mRNA. The sequence
of ¢cDNA primers used in RT-PCR are shaded of underline.

M N 1 2

-4 420bp for PTH

Fig. 3. RT-PCR analysis of hPTH gene expression in PFF cells. M,
100bp ladder; N, PFF cell; 1, PFF-LNR-PTH; 2, PFF-LNR-PTH-
WPRE.

1 2 3 4 5 6 7 8

(In

Fig. 4. RT-PCR analysis of the tetracycline-mediated hPTH gene
expression. In (1), PFF cells were infected with no virus (1 and 2),
PFF-RevIRE-PTH-RSV-rtTA2M2 (3 and 4), PFF-RevIRE-PTH-WPRE-
RSV-rtTA2>M2 (5 and 6), PFF-RevtRE-PTH-RSV-rtTA2>-M2-WPRE
(7 and 8), respectively. 1, 3, 5 and 7 lanes; no doxycycline treat-
ment. 2, 4, 6 and 8 lanes; treated with doxycycline. For control, total
RNA of each sample was electrophoresed to compare relative
amount RNA sample used for RT-PCR (II).
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Fig. 5. ECLIA analysis of hPTH. N, PFE cells; 1 and 2, PFF cells
infected with PFF-LNR-PTH and PFF-LNR-PTH-WPRE viruses,
respectively. All cell culture media were harvested after 48 hours
of incubation.

1000 T—

=1 doxycycine (-}
900 | | e doxyeycine (+) 39.4 vs 865

u

400 A

30.1 vs 354.4

pg/mL
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100 4 20.2 vs 82.5
20.2 vs 20.4

0 -

N 1 2 3

Fig. 6. Measurement of human PTH in culture media of PFF cells
using ECLIA. PFF cells were infected with no virus (N), PFF-
RevTRE-PTH-RSV-rtTA2°-M2(1), PFE-RevIRE-PTH-WPRE-RSV- rtTA2>-
M2(2), PFF-RevTRE-PTH-RSV-rtTA2>-M2-WPRE(3), respectively. All
cell culture media were harvested after 48 hours of incubation.

< SATHFig. 5).

Tet-On system©| A 2] hPTH S 2%2] A= A7}, doxy-
cyclineo] H7}E%] &2 M Eo|M PFF AX9t A9
ARgE o2 Ho} hPTH F-dA7E A9 ddE=A %o
U}, doxycydine& #H718}31& W PFF-RevIRE-PTH-RSV-
rtTA2®- M2, PFF-RevIRE-PTH-WPRE-RSV-rtTA2°-M2, PFF-
RevIRE-PTH-RSV-rtTA2>-M2-WPRE| A Z}2} 4ul], 22w,
128 2] hWPTH f-A=le] & Z71E 82319l thFig. 6). =&
g, o] AgolA = WPRE A/ Eo] hPTH FHzke] dd&
FAN 71 AL AR e, tTA2>M2 A E2] down-
streamol] $)X|8  wWj(PFF-RevIRE-PTH-RSV-rtTA2°-M2-
WPRE)E. T} hPTH §32k2] downstreamll H*3l= A
o] (PFF- RevTRE-PTH-WPRE-RSV-rtTA2>-M2) hPTH¢] %
& oS FHAEES AT F AATHEFg. 1).

g

E AP A= retrovirus vector systems ©]-§3}
hPTH fAAE 28402 Aidste HAMNEE 753



17 STk hPTH - 848] 2882 F714717) Astel
WPRE 192 EQsigov, 392 712 A A 9

FAAY A&HA ddoz dojgd 5 Ae ABEH B3}
| (Vize 5, 1988)2 43517 91319 tetracyclineAlY]
= &4 93 &do] FEHE Tet-On systemS ©]-&-3t
of o frazte] TEE &R TS AAHES
FEHsA ST 75 T vectorE PFF A3
=3l YAHE HAAEE TH3IU 2™, hPTH +3
Ao] @7 =9 o B RT-PCR ECLIA #H-S o] 83}
of gl3t3ict. RI-PCRE 8 23} 759 BE 4|
A Eoll A 420 bpoll BHFsH= hPTHE 18I on, 53
WPRE A€ol =09 AdToA 84 o 1 i=s &
183 Th(Fig. 3, 4). ©]l== WPRE A1Z°] mRNAS] post-
transcriptoinal processing®ll &3l ZA#2 02 WPRE
7} L3 mRNAS] F& F7HA1717] g2l Aoz Azt
At

EEHA QAFAAY BHE K=
24 system?] I 2UL FEEHo] 7 %
vt 2 A7}t 848 Yehfolof s, =80
WEA o &do] AtetA ok st tl(Watsuji 5, 1997),
olg3t =Ao| H3teh= system©] ¥R B dAFolA =Y
% Tet-On system©|th. Tet-systemo| = tetracycline] 9]
= EZo] A& FaHo ot wHol A FHE Tet-Off
system3} tetracyclineAd]?] #%= =do] AT ZHfolint
F3A7F wdo] HE Tet-On system©] AU=H(Zhu 7,
2002) £ AFolA4E Tet-On systems o]§3ste] P AS
HANEE FF3F T hPTH F-ARMe] HdE &21817]
93l RT-PCRE 3% A7, doxycycline®] 7} A¥-&
at23l3 YA A% EE PFF M EolA] hPTHo) &2 3
= MEE #33 = l(Fig. 4), doxycyclineo] 23 f&=
E7E WPRE A€ol A o 4 o Jesiit. 5%
RT-PCROA] doxycyclineS A 2J8HA] &2 T4 =
kgl WR=7t ER1E A A7, Tet-On system®] ECLIA A3,
doxycydlines A g]a}A] & Mo 2] hPTH & th
Z7¢] PFF M XE2] A9k A9 dAgts AR Hol 4
Al hPTHS A A9 HA &es € F dNeH,
doxycyclineS #7138t A@ro e oldst = hPTH
AA7F i Bd o] 280 AHEE AT
%], WPRE A]geo] hPTH 442 downstreamdl] ¢ 3]
AEA A9 dAgol 71 FUTHFig. 6).

o)de] AE F3sHH WPRE 22 JE A ==]A
Fo| A hPTHS] A& AA 3] F7HAIAS 1" & U
t}h Tet-On systemol| A= WPRE A E°] hPTH 3 %}9]
downstreamol] #1XgE o 7P ©ild AJite] Wt
%3k RT-PCRZ EA T ul2& £ AF9 Tet-On system
& hPTHS| 2@o] glojA] 27ho] leakinessE HR oL}
(Fig. 4), ©9d FA o] AN E 22 FAxte] 2ao
AoIA Ao HEE turn-On systemPS ERA3IGTH 2
ATolA L3 hPTHE] 2¥o] a8 o s HHE 3
A% PFF AIXE 2 Qefifrdze] A& ddo
2 Qg Aed F2-go) A9 gle FAAE A Ak
of A AMEE F Jon, volrt FAAY FEE 5T
hPTH ©]9]9] T & F&EZ 9 Agilolu {1z 8=
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Retrovirus Vector-Mediated Construction of Porcine Cell
Lines Expressing Human PTH
Jeong, J. Y., B. C. Koo, N. H. Kim, M. S. Kwon, S. H. Park
and T. O. Kim

Department of Physiology, Catholic University of Daegu
School of Medicine

ABSTRACT

Human PTH (parathyroid hormone) is known to be
efficacious for curing osteoporesis. In this study, we
attempted to construct genetically modified porcine cell
lines that can ultimately be used for donor cells in nuclear
transfer-mediated transgenesis. By using retrovirus vectors
carrying tetracycline-regulatory expression system and
WPRE (woodchuck hepatitis virus posttranscriptional
regulatory element) sequence, we could control PTH
expression with tetracycline and boost the promoter
activity. Considering that low or constitutive expression of
the transgene has been one of major problems that needs
to be solved in transgenic animal studies, our results
could be helpful in successful production of transgenic
pigs as bioreactors.

(Key words : hPTH, Tet-On system, retrovirus vector,
WPRE)
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