shar7h28ke] 2] Al 36 Al 23, 177~186 (2009)
Korean J. Poult. Sci. Vol. 36, No.2, 177~186 (2009)

177

Tetracycline-Inducible Expression System= 0|28t Human Thrombopoietin
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Production of hTPO Transgenic Chickens using Tetracycline-Inducible Expression System

M. S. Kwon, B. C. Koo, D. H. Kim, M. J. Kim and T. Kim'
Department of Physiology, Catholic University of Daegu School of Medicine, Daegu 705-718, Korea

ABSTRACT 1t is well-known that unregulated over-expression of foreign gene may have unwanted physiological or toxic effects
in transgenic animals. To circumvent these problems, we constructed retrovirus vector designed to express the foreign gene under
the control of the tetracycline-inducible promoter. However, gene expressions in the tetracycline-inducible expression system (Tet
system) are not completely regulated but a little leaky due to the inherent defects in conventional Tet-based systems. A more tightly
controllable regulatory system can be achieved when the advanced versions (tTA2°M2) of rtTA and a minimal promoter in
responsive components (pTRE-tight) are used in combination therein. In this study, we tried to produce human thrombopoietin
(hTPO) from various target cells and transgenic chickens using the retrovirus vector combined with Tet system. hTPO is the primary
regulator of platelet production and has an important role in the survival and expansion of hematopoietic stem cells. In a preliminary
experiment in vitro, higher hTPO expression and tighter expression control were observed in chicken embryonic fibroblast (CEF)
cells. We also measured the biological activity of the hTPO using Mo7e cells whose proliferation is dependant on hTPO. The
biological activity of the recombinant hTPO from CEF was higher than both its commercial counterpart and hTPO from other target
cells. The recombinant retrovirus was injected beneath the blastoderm of non-incubated chicken embryos (stage X). Out of 138
injected eggs, 15 chicks hatched after 21 days of incubation. Among them, 8 hatched chicks were hTPO positive. When the Go
transgenic chicken was fed doxycycline (0.5 mg per 1 gram of feed), a tetracycline derivative, 2/7PO concentration of the transgenic
chicken blood was 200 ng/mL. Germline transmission of the transgene was confirmed in sperm of the Go transgenic roosters. These
results are informative to establish transgenic chickens as bioreactors for the mass production of commercially valuable and

biological active human cytokine proteins.
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1. Retrovirus Vectore| &1} Virus A4t

Aol ARE-3F pTet2-hTPOWPT vector= = 12 ol A
B H3}3L 91E pRevIRE-hTPO-WPRE-RSVp-rtTA2’M2 vector
(Kwon 5, 2007)2] TRE A¥-& TRE-tight A€ 2 thA| s}
RSV promoterg PGK promoter2 A gt F-3c0]t}, WAl £
Aol B85l 94 pRevIRE-HTPO-WPRE-RSVp-1tTA2 M2
£ Sal [ #} Klenow fragment 18] 3 HindlIE A2 22
3le] CMV promoter F-i-& A AslaL pGEM-7Zf-PGKp vec-
torE Xba I, Klenow fragment, 18] 31 Hind[IE £AHE A
gl3to] #-2]3F PGK promoterE #2331l TRE i
TRE-tight A& Aot 2 A gl Azt
vectorS Xho I 2} BamH [ © & *]2]3}o] TRE F-&-& A Ak
<, pTRE-Tight vector (Clontech, USA)E Xho I ¥} BamH I &
2 Az2lsle] Felg TRE-tight 2H-E& =43} tHFig. 1).

%3} pTet2-hTPOWPT vector= Gibbon ape leukemia virus
o] Hu} §-4A7F B3 == PT67 (Clontech, USA) 44| 3
ol calcium phosphate ®'" © =2 transfectiond}$3 . PT6701 A
A44FE viruse Moloney murine leukemia virus2| gag® pol

pTet2-hTPOWPT
(5LTRH Hyg H TREdight | hTPO | WPRE | PGK | nTA2sM2 H 3'LTR |

Fig. 1. Structure of pTet2-hTPOWPT. LTR, LTR, long terminal
repeat; Hyg, Hygromycin resistant gene; TRE-tight, which
contains a modified TRE upstream of an altered minimal
CMV promoter; hTPO, human thrombopoietin gene; WPRE,
woodchuck hepatitis virus posttranscriptional regulatory ele-
ment; PGK, phosphoglycerate kinase promoter; rtTA2°M2,
rtTA consist of the reverse tetracycline repressor (rTetR)
fused to a VP16 transactivation domain. Length of each

sequence is not drawn to scale.
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o] A7t w2 253t A ste] el At Aol
H 72| A xFE et
Ao AFg3 BE AEES 37 T, 5% CO, =710 A] ul
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streptomycin(Hyclone, USA)°] 3 &8 Dulbecco's Modified Ea-
gle Medium(DMEM,; Hyclone, USA) Bl %] ol Hll ¥} T,
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RT-PCR ¥'H-Z o] &3}t WA Z} MEFE tetracycline

=491 doxycycline©| 1 pg/mlLe] FE=Z 7= AU A7}
HA] @& 7oA 48A17F Bkt $ trizol B-"”(Invtrogen,
USA)Z ©]-83t4] total RNAS #e]atith 2 Al 504 1
©g2] RNAZ ImProm-1I reverse transcription system(Promega,
USA)= ©]-8-3te] cDNAE Al xatsith. 242te] Aol A
2 ¢Le] cDNAE F3 o= o] &3l hTPO% glyceraldehyde
phosphate dehydrogenase(GAPDH) 71410l t)gt primer(Ta-
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ojufo] 2uj GAH o g 5]435le] Human Tpo Quantikine
ELISA kit(R&D systems, USA)S AF-g-aiA] & 22 AA 649
o} WA o3 @A) =2 343} standard2} 2} sampleS
plate®] 7+ wellell 200 LA GojA] A-2ol|A 3A|7F B gk
3 wash buffer2 43] 4 5}91‘:} 7+ wellol] 200 #L9] anti-
hTPO-HRP conjugateS Tlgh & 424 1AIRF W] gk &
wash buffer2 43] 43} 213% 200 pL9] tetramethylbenzi-
dine(TMB) substrate solution= Z} wellol] T afo] H-& AThA]
1 R A 2o 3083 WA 3 F 450 nmol| A SHEEE
SAsicith B A 33 vk AAeginh
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3) Mo7e M=ZE 0|&¢ct A= hTPO2| M=t
B 5%

Doxycycline®] H7Fd 27104 ul et 2+ Alaz o] ujj ol
o gl A2 vlelo 2 sk 100 ng/mL e C =y 2=
= 3|A35le] e8] FRATE hTPOS] A ESHA A =34
FE2 A= AY
Mo7e(Avanzi 5, 1988) A3

Y 25 A) 3 55 (megakaryoblastic cell line)<!
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Table 1. Primers used for hTPO and GAPDH analyses
Gene Species Sequence Product size (bp)
5-TGCTGCCTGCTGTGGACTTTAG-3' (+)
hTPO Human 558
5'-ACCTGGAGGTTTGGTTCAGCAG-3' (-)
i 5-TGATGCCCCCATGTTTGTGA-3' (+)
Chicken 691
5'-CAAGAAGGGAACACGCAGGG-3' ()
5'-GGTGTGAACCATGAGAA! 23+
GAPDH Human CCATGAGAAGTATGACAA-3' (+) 658
5-GTCTCTCTCTTCCTCTTGTGCTCTTG-3' (-)
5-TGAGTATGTCGTGGAGTCTACTGGTG-3' (+)
Mouse 686

5'-CTGTAGCCGTATTCATTGTCATACCA-3' (-)
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hTPO TH & (R&D system, USA)Z} 100 ng/mL2] hTPOZ} 3
S Zb Alae] wtdg 2y TAH o2 S| Aste] 7}
wellel] 50 pLA H7Fste] 37 C, 5% CO, 2714 48A13F
H sttt hTPOCl €] g Mo7e Al 9] 52 &5 &1t
7] 918ke] Cell Proliferation Kit I (Roche, Germany)E A}-8-3F
o] MIT assaye AAISFATE Zb welle]l 10 ¢Le] MTT
labelling reagentE 7 71te] 4417152t #ESAIZ] & 100 pL
9] solubilization solutions A 7}3ted 37 C, 5% CO, ZA A
16~ et WX ekA ) vEgo] 2% plateE microplate
readers ©]-8-5t 595 nm®| oM FHEE SHBIAS
o B AP 33 vk AAEih

3. &% viruse| Mitnp ol jotZ 9| virus 2

1) == viruso| A4t
gho] ool ZAAIFIZ] 913 11FF viruseE GP2 293-

Tet2-hTPOWPT Ao pVSV-GE transfectiond}e] A4kel
virus7} 3 wjkAS 4 T, 50,000xg2] S0l 90+t
fixed-angle rotor(Beckman 70Ti)E ©]-83F 2U4lie] WHe
2 1,0008] o]’} FE3sk] FH|SITE AEd S 3] A
A8 T AAE] DMEMS H71slo] 4 TollA] 16417F ¥4
gt & 2 FR3l Ty 553 virus stock-> 0.45 m pore-size
9] cellulose acetate filterE ©]-&-3to] oZgt 3 b5 A¥
A7RA] =70 Toll HaAsiitt
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AL TS Adgsiith. 35 A1EekA] & stage X
A171€] HH £ 7 T2 gHtsto] ©
2 &4 F 2 Aol HER man
microinjection pipette(SIGMA, pipette, microcaplllaly, 50 pL,
100 mm length)= ©]-&3t>] 10 xg/mL
H7FE virus stock 3 L& Ale] wiuked Fof] nlAl 9l 5k
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1) Genomic DNA PCR

F3igh Wolg| 27E AFH G Yo ZHE Q| genomic
DNA®] #2]= G-DEX II genomic DNA extraction kit(Intron
Biotechnology, Korea)< ©]-83to] AAIs T} 213k geno-
mic DNA 1 pg2 50 pmol®] 7t primer, 5 L2 10X PCR
buffer, 1.5 mM MgCl,, 0.2 mM2] Z} dNTP, 2] 31 2.5 U Taq
polymerase(Promega, USA)} £313F & 2 F2 02 50 uL2]
PCR WHg-o 2 FH|E 9]t} PCR ¥He-2 %7] WA S 9
Sted 94 CollM 53ERE WA G Ths, 94 TollA] 302, 56 Tl
A 30%, 72 CollA 303 vk-g-ahe cycl S 353] HHE 24
& T HF AFS sl 72 TAlA 7R ¥H-E-35H3

5ol A8+ primer= ATPOS} Hygromycm 3
Ay, a2]3l GAPDH 7 el ok Ad& A3t
hTPO®t GAPDH fr7dAtol| thet primere= 42 A3
ol x1€] RT-PCR A3l &gk A3} FLg 2S AHE-sf
© ™, Hygromycin A& Aol tigt primere= 5-GCTC
TCGAT GAGCTGATGCTTTG-3'¢} 5-TCTGCTGCTCCATA
CAAGCC AAC3'E AHgstslon, S3&3 wiel A7]&
208 bpo|tt.
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2) ELISA &4

2990 YA He e R doxycychne~ ALE 100 g
250 mge] FEE H7KE 2o]E 257t AAE] A &

o] Zy Al A AT Pdo] FAS Felste] LdelA
FE 2ul2 @A Ho 2 31248 & Human Tpo Quantikine
ELISA kit(R&D systems, USA)S AF&-3lo] ELISA £418 4
A]s}giu}, A I Aol Al HEE hTPOS] 587 &

15t o= ﬂﬁﬁokoﬂwﬁ ”01 {4 ﬁ"“OﬂH hTPOS]
= Ao] AdejelA
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1. In VitroollM Tet systemol|l 2|8t hTPO R&X}2
d
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Tet2-hTPOWPT virusol] 74 2+ TAA| Lo} A X E

Z¥2y 1 pgml F=9] doxycycline®] H7FEAY 7= A
= Hi Aol 4] 48413 F<F ket £ Z; 4|32 RNAS &
g3t} RT-PCRS AAISH A7, virusol] A ERA] o2 242}
o] A MEFANM = hTPO wﬂz}q Ho|7} Folwx] 9
2| Wl virusell AHEE AEFAM = BT ATPO F2k
o] Hol7} RIS e doxycycline®] EA] o Fol] w

PCR 5 @9 F7]= & Ao]E HehHA] S3hthFig. )
Al o] wjFl & 4-835l] ELISAE ©]&-3te] hTPO s
£ =43¢ A7}, doxycyclinee] EAsteE 7oA wl et
CEFelA] 133 pgmLe] 7M &2 s=5 Yepliglen, o
HeLa®} NIH3T3o| M & 2H2}F 02 pg/mL} 0.3
1t g/mLe] *ol’ﬂx—igi Ax3 w5 HATHFig 3). HlT=

2 ZAMEI

ZZ3doA el b %= 9A] CEFIllA iAoz #7 Yet
o, A4 J %} Fol o Alazel vlel 43| =
UERtA Bl 7d°ﬂ*1-°4 T ]tz = 22elA

o] WS VeRll= Tl
Zlo 2 3oy
ELISA Z¥5 7|Fo 2 U279 A= hTPoﬂr zk Al
X wjFl o] hTPOE S 343t M
A =

THEE FAE] S FX s SHslel ERH &

Infected

Normal

-4hTPO
-4 GAPDH

-4hTPO

-4 GAPDH

NIH3T3 ~ANIFe

-4GAPDH

Fig. 2. Determination of doxycycline induction of the hTPO
gene in various target cells using RT-PCR analysis. Nor-
mal, virus uninfected cell; Infected, cells infected with
Tet2-hTPOWPT virus. —: cell was grown in the doxycy-
cline-free media. +: cell was grown in the media supple-

mented with doxycycline (1 £ g/mL).

2 A3}, CEF A E f2ie] hTPOE 0.02
Tl A Mo7e Al 29| S48 £313817] A%}
=2 QOJQ 2w, HeLa® NIH3T3 A% 29

AN %3 hTPOE 1 ng/mL ©]73¢] F%o4 MoTe Al

x| T2& F318] AlAtele Aoz FR1E U] CEF Al
Fo|A] AAME hTPOE thETE ALR-S zH %3 hTPOYH
HeLa®} NIH3T3 4| E fr2e] hTPOX.t} A E38H2] gio] 9
43t Aoz IR ATHFig. 4). o= LT F =2 MoTe
A Z24 38§58 7 CEF Al ZoA &3 % hTPO
7} t 27+ hTPO<] Blal] X A& o] 2758 ofn| 3}
hTPO FAA7) Aol=A] & A4 M wjfdox=
hTPOS] A=A & do] sl LA 28kth(data not shown).
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Cell line

Fig. 3. Quantification of hTPO levels secreted from Tet2-hT-
POWPT virus infected chicken fetal fibroblasts (CFFs),
human cervical carcinoma cells (HeLa), and mouse em-
bryonic fibroblasts (NIH3T3). The concentration of the
hTPO released into the medium was determined by ELISA
as described in the Materials and Methods. Doxy(-),
cell was grown in the doxycycline-free media for 48 hrs;
Doxy(+), cell was grown in the media supplemented
with doxycycline (1 fg/ml) for 48 hrs. The data were
obtained from experiments performed in triplicate and

are presented as the mean+ SD.
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Fig. 4. Bioassay of hTPO in various target cellls on the proli-
feration of Mo7e cells. Various concentration of hTPOs
were added to each well, and the incubation was conti-
nued for a further 2 day. The superiority of hTPO in
terms of biological activity was determined by Analysis
of Variance by using General Linear Model (GLM) pro-
cedure in Statistical Analysis System (SAS).

<& kg 15mke] T A A 22 4ue]d) B gute
to] AEsEl o, o] AdA E7dS AF 3] genomic
DNAE #2838t & hTPOS} Hygromycin A3 F-2 A}, 18]
31 GAPDH 7#le] gt PCR £4-& AA|g 23 gnje]
Rl kel Hol7k &Rl thFig. 5).

FAAS A= =Rld gnte] F FA 1742](006WH)7F
AT ol HAkstd om, YwA] Tute] & e 2 St
o] hTPO +731Ake] & o] doxycycline®] 7} of F-of wheh
A AR dojues AE Elstazt sisith ol
doxycyclineo] H7He 2]o] & 3sl7] Ao 2z} 7jA| oA
AR, o] 25 Fof vhA] S A staL, 2 o]
] doxycyclines A| A% 25 Fof] HA® A3 ch 2+ &
Aol A S Zelste] EF Ho] hTPO ¥ 55 S 2

=
7}, doxycycline 2]o] A|ZF HET} 257t 20| Fo] RE

rd

S :hTPO FAAZ

f
o

P N 001002 003 004 005 006 007 008

-qhTPO

- Hygro
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Fig. 5. Detection of the A7PO gene in the Go transgenic chickens.
Genomic DNA was isolated from the 8 transgenic chic-
kens and was subjected to PCR analysis. For positive
(Lane P) and negative (Lane N) controls, plasmid DNA
(pTet2-hTPOWPT) and genomic DNA isolated from non-

transgenic chicken were used, respectively.

7oA hTPO F=7F S71%E A= SlH ) e
£3] 001, 002, 004, 2] 3L 005 7R A4 100 ng/mL ©]/¢<]
2 55 UERHITKFig. 6). B4 doxycycline°] 3
7+ A %—?—% 4101—2— 2‘!‘7]' ”AW % AHT AN =
=9 Ao Ak e
hTPOS] %FJP A 6}% A& z“ﬂ%* T A ="(Fig. 6), ©]

200 [ oy 1 treatment

EE Doxy treatment for 2 weeks
150 -| C—3 Removal of Doxy for 2 weeks

100 I I

o
=)
L

hTPO Conc. (ng/ml)

Chicken No.
Fig. 6. Expression of the #TPO gene in Go transgenic chickens.
The levels of hTPO secreted into the blood taken from
16-18 week-old chicks were measured by ELISA as
described in the Materials and Methods.

Table 2. Hatchability and transgenic efficiency of manipulated chicken embryos

Treatment Number of Number of embryos 3 ~ Number of hatched =~ Number of 1 month ~ Number of transgenic
reatment
eggs days post-injection (%) chicks (%) old chicks (%) chicks (%)"
No injection 50 47 (94.0) 45 (90.0) 45 (90.0)
Virus injection 138 61 (44.2) 15 (10.9) 8 (58 8 (100)

The only chicks with detectable hTPO by PCR were counted as transgenics.
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Fig. 7. Detection of the #/TPO gene in the germlines of Go male
transgenic chickens. Genomic DNA was isolated from
the sperm of three Go male transgenic chickens and was
subjected to PCR analysis. For positive (Lane P) and ne-
gative (Lane N) controls, plasmid DNA (pTet2-hTPOWPT)
and genomic DNA isolated from non-transgenic chicken

sperm were used, respectively.
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