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ABSTRACT

Effectiveness of transgene transfer into genome is crucially concerned in mass production of the bio-pharmaceuticals
using genetically modified transgenic animals as a bioreactor. Recently, the mammary gland has been considered as
a potential bioreactor for the mass production of the bio-pharmaceuticals, which appears to be capable of appropriate
post-translational modifications of recombinant proteins. The mammary gland tissue specific vector system may be
helpful in solving serious physiological disturbance problems which have been a major obstacle in successful pro-
duction of transgenic animals. In this study, to minimize physiological disturbance caused by constitutive over-expre-
ssion of the exogenous gene, we constructed new retrovirus vector system designed for mammary gland-specific ex-
pression of the hEPO gene. Using piggyBac vector system, we designed to express hEPO gene under the control of
mammary gland tissue specific and lactogenic hormonal inducible goat [3-casein or mouse Whey Acidic Protein
(mWAP) promoter. Inducible expression of the hEPO gene was confirmed using RT-PCR and ELISA in the mouse
mammary gland cells treated with lactogenic hormone. We expect the vector system may optimize production effi-
ciency of transgenic animal and reduce the risk of global expression of transgene.
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e (van Berkel -5, 2002), hEPOY} human serum
albumin®] g&7dek Y] F5& Sl Tl A A
7} HFE Ak Mikus 5, 2001; Wu 5, 2012). o] €]
% hG-CSF¢} human lysozyme©] 522 H|= & &
A% 4] 7N kBatista 5, 2014; Maga 5, 2006;
Yu ‘5, 2013) human lysozyme©] 213t =jx|e} 4]
s EalA e AT Ravb Ao (Tong T,
2011; Yang -5, 2011), hGHE A o& #Hlehe= P4
3 E7] Aol #g A= 3R EAvKLipinski F,
2012). olH @ AolA 7 T o AL HA At
A SolAQl Wde] JhestaEs aaH]l #3dA
7ol vector systems T-F3h= Aotk o]ol] & Ao
M= hEPO 7d#be] Edo] fAlxs Sol4om ofF
oA EF 3}7] 9l3te] lactogenic hormone®l 9|3} -
=20l $4& 7P FHE4 5ol 49] promoters] B-
casein promoter®} whey acidic protein (WAP) promoter
(Ball ‘&, 1988; Doppler ‘&, 1989; Doppler &, 1991;
McKnight 5, 1992; Paleyanda &, 1994)5 =3 4
2k Aol vector system= T-FataLat akqlek 75 2zt
Z}e] vector system= ©]-83t] hEPO 325 F o
W A A2 HCI1 (Doppler 5, 1989)0] o]A17l &
insulin, hydrocortisone, ~12]3l prolactin®| lactogenic
hormone®] 7} -l uh2 hEPO #7d#ke] 2@ =4
s At 2 ATl FEEE A SolA
¢ S gk AR} Ho] vector system 2]l
el A%Ael wkaAd] elgt FAAs Axle] AEHal
BEdold o HAHQ BAl A 9% vl @

Zlolth

N

hEPO SHX} SHZE Eo|doz dwHEE= Vectord
2%

REPO §r7te] fAza] Solzel wAe glate] p-
casein promoter?} WAP promoters =g piggyBac
vectorq! pPiggy- B Caseinp-hEPO-Puro$} pPiggy-mWA-
Pp-hEPO-Puro vector= Th# #o] 5313t} pPig-
gy- B Caseinp-hEPO-Puro vector= pBC-12] -casein pro-
moter 77 pLNC-hEPOWS] hEPO -5 77t g
slo] pPiggy-X-EF1-puro (System Biosciences, USA)%} A
3o 2N T3tk pPiggy-mWAPp-hEPO-Puro
vectore & A7l Bkl 9= pGEM-7Zf-mW-
AP vectoroll A #E]dlWl 24 Kbe] WAP promoters}
pGEM-11Zf-hEPO vectoroll A £-2]3k hEPO TS 2=
gate] Swaigiek. zhze] hEPO friAte] fridx4 &
o] 2l WS 913 piggyBac vector®] T-F= o€
Fig. 19} #t}
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A @AM 538 piggyBac vectors ©]-8-3F hEPO
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Fig. 1. Structures of pPiggy- 3 Caseinp-hEPO-Puro and pPiggy-m-
WAPp-hEPO-Puro vectors. ITR, inverted terminal repeat sequence;
Ins, core insulator; 3 Caseinp, goat B-casein promoter; hEPO, hu-
man erythropoietin gene; EFlp, elongation factor-1 alpha promo-
ter; Puro, puromycin resistance gene; WPRE, woodchuck hepatitis
virus posttranscriptional regulatory element; pA, poly A signal;
mWAPp, mouse whey acidic protein promoter.

AR xR SolAd BEE fkEshy] flsto]
pPiggy- B Caseinp-hEPO-EF1-PuroS A7 2] 4 Alx
HC11 A|2zol| transfectiond}3ith. 3hF ol HC11 Al
5 60 mm #1739 culture disholl 1x10°7/1= Fw)g ¥,
Z}7}+e] vector®} pPiggyBac-transposonase vectors 4 : 1
H| &= lipofectamine reagent (Invitrogen, USA)¢} &3}
ato] Aol 307 WA the transfectiondt3itt. ©]
% 5 png/mle] puromycin®] H7Fe vjFH o2 2531 M
Hate] AEFE SGHoItE e AlEF9] lactogenic
hormone®] 2J% ojeff Fdxke] M = Fd= &<
37] 913le] Burdon 5(1994)¢] ArollA AR&3 ok
271 =933tk HCl1-pPiggy- B Caseinp-hEPO-EF1-
Purot 10%°] heat-inactivated FBS7} 47}l RPMI 1640
HjeFte] insulin (5 pg/ml)? mEGF (10 ng/ml)E 7+
sho] 27 e ¥, RPMI 1640 HiA|9ll insulin (5 1
g/ml)%+ H7}Fgk wiA] 9} lactogenic hormone§! insulin (5
ug/ml)iﬂr mProlactin (5 1 g/ml), hydrocortisone (5 ng/
ml)o] 25 H7}E RPMI 1640 wjxol A zHzh 42 F<t
wFatalth. hEPO FrxdAke] wd e AN e
3t RNAE T2 =2 3t RT-PCR¥} Al vljofto] Este
hEPOE A% £41517] $19 ELISA A3 WS o]8-3}
of elstinh

RT-PCR E# 2 0|8% RMZH [0/HQ hEPO 7T
WHO In Vitro BE

WA HC11¥} HC11-pPiggy- B Caseinp-hEPO-EF1-Puro
Ao 419l RNA = TRI Reagent (Molecular
Research Center, USA)E ©o]&3sle] Faslsic). e
RNAZHFEH DNAES A1tsl7] $18ke] ImProm-1I Re-
verse Transcription System Kit (Promega, USA)S A&
at3lrh. Alx=3k DNAES FF o= PCRS A8k
7k A3e] ¢DNA 1 plE 10 pmol®] 7} primer®} 10
ule] 2X GoTag® Green Master Mix (Promega, USA)<}t
=geto] HE wkg &N FuE 20 pl= FE 5 XA
TolA 57 7] REg5 g & £244<] PCR 5%
< 353 AAEITE SEF 0HS2 94Tl A 303 (WA,
56~60CellA] 30Z(primer -2}), 18]l 72°CellA 30%
(A7 9] 3EA|R o] Folxlom, 353]¢] FF whgo] T
H 3 2TCoAA 733 HAF A whe-S eItk RT-
PCRl| AF8-8t primers= hEPO®} puromycin A&7d F+4
Ztell gt M Eol™ mouse GAPDH Akl gt pri-
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Table 1. Primers used in RT-PCR analyses

2% Solx wd 9

Gene Sequence Product size (bp)
hEPO 5-GCTGAACACTGCAGCTTGAATGAG-3' (+) 340
5-GGAAGAGTTTGCGGAAAGTGTCAG-3' (-)
PuroR 5-TGATCAATGACCGAGTACAAGCCCAC-3' (+) 612
5-TTCGAATCAGGCACCGGGCTTGCGGG-3' ()
mouse 5-AATGCATCCTGCACCACCAACT-3' (+) 230
GAPDH 5-TTCAGCTCTGGGATGACCTITGC-3' (-)

mers WETE ARSI TH(Table 1).

ELISA ¥4 2 0|88 rMZ% S0 hEPO REA &
8o In Vitro A3

HC11¥} HC11-pPiggy- B Caseinp-hEPO-EF1-Puro 4|3
£ Zt7} DMEM/FBS =] ol A 48A17F wlj gk - —1 wl<k
Ne Fato] #Hs] 35]4g ths Quantikine IVD Epo
kit (R&D systems, USA)S Al-8-3te] ELISAE 535131
ol 1A 8|4 standard$t ME WG NES platee] 7t
wellell 200 pl1# Yoja Ao A 3A17F WX]3F & wash
buffer= 43] FASSIT ths TGAIR 2 wellol 200 1l
9] anti-hEPO-HRP conjugateE Uldle] A-2ofx 1AI7H
W% ¥ wash buffer® 43] $A5900 200 1l
tetramethylbenzidine (TMB) substrate solutionS 7} well
of Hate] W& A e A-LolA 307 WA
3}l o] $ stop solutions U3t 450 nme| I}l
Al FREE S5tk

pPiggy-mWAPp-hEPO-EF1-Puro7} Q& MEFO 1%
3 fMZxZ S0I1¥Ql hEPO RUA YE HF

pPiggy-mWAPp-hEPO-EF1-Puro  vector’= pPiggy-
Caseinp-hEPO-EF1-Puro vector®} 543t o= A3
= Aty hEPO fdabe] iz SolZQl 2
2 fmsb) A% Az HAE dxel FAshl 2
Asigion wd P Sl 98 PO RT-PCRIY
ELISAE “2A&t5ith

MEOM YME MZE hEPOS YEEE &Y AT

HC11-pPiggy-mWAPp-hEPO-EF1-Purocl| A A4kel A
%3 hEPOS] A&3H4 43 hEPOdl| o8] F2o]
L5 A3ER] TF-1 A3 (human erythroleukemia cell li-
ne)E o]&3slo FASSIth TF-1 Al¥+ 10% FBS9}F 2
ng/ml®] rhGM-CSF7} %7Fel RPMI-1640 ¥l A[ell A 7]%-
T 2x10°/mlE M FEE F1]3ko] 96 well microplated] 50
nl# F7Feksich ELISA Wi o gaFeh Al uijgkel
sample¥} standard hEPOE YU w2 HAsto] 2u)
= WAl 3SR F ZF welloll 50 pl® #H7lsle]
37C, 5% CO0lA 48713F &3t wESAIZATE 2t welld]
MTT labeling reagents 10 nl% #7138k ¥ 37°C, 5%
COMA 4A1ZF &<F RES-A]Z] TS solubilization solu-
tions 7+ wellell 100 p1¥ H71ste] 16417 &< WX|sh
Atk ¥kgo] FAE plate™ microplate reader® 595

pPiggy-BCaseinp-hEPO-EF1-Puro VectorS 0|83%t |4
ZH 0|80l hEPO |HX WHY In Vitro AF

FAEA Sol#Ql s 9]ste] B-casein promoter
=2 WAP promoter %% stell hEPO f+dAHE =g
piggyBac vectorq! pPiggy- 3 Caseinp-hEPO-EF1-Puro%}
pPiggy-mWAPp-hEPO-EF1-Puro vectorS 753 & 7t
vectorS WA M =Jstlth. WA pPiggy- B Casei-
np-hEPO-EF1-Puro vector’} %91 HC11 A3l A lac-
togenic hormone®| 7} ol whE o fFze] &
& Fgol mEH o ofFolA = A9 oRE Flsta
2k &FQlet. 71 A7, RT-PCR A 3ol A= vector7} L)+
A e AEAE o FrAAre] Helrh Sl o
=t HliA vector7} =S4 A Zo| A= hormone A
of o} Akgle] hEPO 3 puromycin A% =l
gk PCR 5% o] YelWTHFig. 2). E3F & A
o Ae] HAF o] AHom dojuh=rtel uigk dix
T2l GAPDH Aol tieh SF2 BE AlaEo]A
1= ATHFig. 2).
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Fig. 2. Detection of the transgene in target cells. Total RNA
isolated from the transfected cells and subjected to RT-PCR ana-
lysis. Lane P, positive control (pPiggy- B Caseinp-hEPO-EF1-Puro);
lane N, untransfected cell; Hor-, HC11-Piggy- 8 Caseinp-hEPO-
EF1-Puro was fed with the media supplemented with insulin
only; Hor+, HC11-Piggy- 3 Caseinp-hEPO-EF1-Puro was fed with
the media supplemented with insulin, prolactin and hydrocorti-
sone for 4 days.
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Fig. 3. Expression of the hEPO gene in HCI11-Piggy- B Caseinp-
hEPO-EF1-Puro. The levels of hEPO secreted into cell culture
media were measured by ELISA. Lane HC11- 3 Caseinp-hEPO (-),
HC11-Piggy- B Caseinp-hEPO-EF1-Puro  was fed with the me-
dia supplemented with insulin only; HCI11-( Caseinp-hEPO (+),
HC11-Piggy- B Caseinp-hEPO-EF1-Puro was fed with the media
supplemented with insulin, prolactin and hydrocortisone for 4
days.

HC11-Piggy- B Caseinp-hEPO-EF1-Puro®]  lactogenic
hormone®] &3 o]F-o W hEPO Hd ¢S gls)
7] flste] AS #1833t Lactogenic hormones 3
e e I S P R i P el B o R B e ] e e
°] hEPO A% #4415 AAE 23, hormones %716k
e £HME 51 mlU/mle] s=s YERARIAL lac-
togenic hormone°| FH7hd Zz1oA= 752 mIU/mle]
FEE YERNUTHFig. 3). ©loll lactogenic hormonell
o]gk HC11-Piggy- B Caseinp-hEPO-EF1-Puro Al|3zel] 9l
ojA 2] hEPO #3282 oF 14709 Jo=
1w ATt

pPiggy-mWAPp-hEPO-EF1-Puro VectorS 0|23 {4
A So|Hel hEPO REX WHO In Vitro HE

T e x4 5o]A<l promoter?] mWAP pro-
moter’t =¥ vector?l pPiggy-mWAPp-hEPO-EF1-
PuroE transfectiondt HC11-Piggy-mWAPp-hEPO-EF1-
Puro A3z A% HC11-Piggy- 3 Caseinp-hEPO-EF1-Puro
S} BAT FHoz B ANtk RIPCR Aol
A= HC11-Piggy- B Caseinp-hEPO-EF1-Puro$} w}3H714]
=2 o) fHAke] o]+ vectorE transfectiongh Ao
A gRlH o thx7-24 9] GAPDHOl g 532
wE AN ool HrkFig. 4).

HC11-Piggy-mWAPp-hEPO-EF1-Puro®| lactogenic hor-
mone®| 2] ol wE hEPO T3 o] Wsts &
213}7] 918k lactogenic hormones FH7}8HA] AU
H7rek WAl A 2zt 443 wiF §- ELISA WHos
hEPO A% 45 AAsith. o1 23}, HCl1-Piggy-

P N Hor- Hor+

<4hEPO

<4Puro
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Fig. 4. Detection of the transgene in target cells. Total RNA iso-
lated from the transfected cells and subjected to RT-PCR analysis.
Lane P, positive control (pPiggy-mWAPp-hEPO-EF1-Puro); lane
N, untransfected cell; Hor-, HC11-Piggy-mWAPp-hEPO-EF1-Puro
was fed with the media supplemented with insulin only; Hor+,
HC11-Piggy-mWAPp-hEPO-EF1-Puro was fed with the media su-
pplemented with insulin, prolactin and hydrocortisone for 4 days.
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Fig. 5. Expression of the hEPO gene in HC11-Piggy-mWAPp-
hEPO-EF1-Puro. The level of hEPO secreted into cell culture me-
dia was measured by ELISA. Lane HC11-WAPp-hEPO (-), HC11-
Piggy-mWAPp-hEPO-EF1-Puro was fed with the media supple-
mented with insulin only; HC11-WAPp-hEPO (+), HC11- Piggy-
mWAPp-hEPO-EF1-Puro was fed with the media supplemented
with insulin, prolactin and hydrocortisone for 4 days.

mWAPp-hEPO-EF1-Puro+= lactogenic hormone©] % 7}]
A ek 213 Hzbe 230004 Z47F 1135 mIU/mlo}
2725 mlU/mle] A4S Heplision od fead
1.959 &= LFEFSATHFig. 5). 1739l Aol 4] mWAP pro-
moter®] 24 3| A hEPO fr71Ae] {32 So]A <l
Helo] Fievs 2 AT 5 ATk

HC11-Piggy-mWAPp-hEPO-EF1-Purool| A A4kgh )|z
g hEPOS] AE3H &2 TF1 AXe] T4 % &
= ol&ste] gelsiln. @A Al#E L 3= CHO A%
ol 4] gikel A3 hEPOE W72 sto H3e A3,
& Al AR hEPO7E iz hEPOOI s 1oL
A 5 S THHE Aom ERIEUTHFg. 6).
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Fig. 6. Bioassay of hEPO in HC11-Piggy-mWAPp-hEPO-EF1-Puro
on the proliferation of TF-1 cells. Various concentration of hEPOs
were added to each well, and the incubation was continued for a
further 2 day.
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AFolY &R, B AP, 2R
AES o] &slA Atels Axg duide A
cosylation 5-¢] e & Wd 3] § 8
oJupA] eFobr T o] FEahA gAfo] vl A
U odgdgde] A Yehes 497t BtkDyck

A

2003). ololl W3l FEAE wgoly FAAG FES X
23 g9 A o ARgslE AgddE vaA

ol

Ao & oehjdo] wyo] wg- A dofihi= AL
2 RriEo] drk(Clark, 1998). & AtellA A4kebarzt
H= AlEF hEPO g AA oMo 28 1 28
913k AEsHA o] wal W7F A7) SfsiA e
glycosylation 2] 243 WY F WY A o] 52 o]
of @4 AR e AT hEPOE FE SEAE
HjoF whHow AakElar 9lEd|(Krantz, 1991, Kim 5,
2005), o] WH2 ALk Al H AR H[Eo] Wo] EaL

tio

O H -
ko] g vjee] agrdnh olo Hls| dHAAS F
o A dde gig Ars S AAnksTI=
o]-§-g A9 AL vgo] FAA A3k 5l glycosylation©]
1} gammacarboxylation?} #2 5343k H F W o]
7Featm, 1elar 1zke] ool A e ¥= human im-
munodeficiency virus®} hepatitis virus s WA 3t
Aol FHEFE AFEE T UTHMeade 5, 199). 5
3 Al AT H R 2% LHFES  glyco-
sylation ¥7go] w9~ WSzt JHAHS I
= & HEE= Aol dEe Abgke] I £3H
s} v fARRE GEE 7=
AHMeade -5, 1998). Glycosylation *| 58 T A)
Aol lojA w9 Fedk My F Wy Ao
o] QtAs) REzl7], WoRNkE, AlEY signaling, 13l

ol
N T

27 Sol4 W 1

A|ESF Al Afo] B AlESE A|lES] 7] 3He] s A
o= & 9S SHr}(Fussenegger 5, 1999; Varki 5,
1999). o]#g FHole = st FAHE FEelA
A3 hEPOS Attehs A47F Al A9+ v
=i A om, Aol - mmlste] Fd Al 7EA7F
e oy Adysrtee] Bdow <l
g RAIS] AAE e A Al AelA Fakg
= Ao HuFHKMassoud T, 1996; Mikus

system= T-Fslel et Al W] B 24l A5 hEPO
Frzre] dao] yElbA wjo} g Ao A uielr}
AAPE AL wg- gk 0] hEPO 'Hals el 7N
Aol Blojd A BuE QItKMassoud 5, 1996).
webd B ggh 22 Sol# I systems 75t
of oY FHA H|5o]H Wdlo] o3 FAHL A
of Al E4e AnstonA fue T3 A2
A58 Tl Aol yHow olFojd g Q=
sfojof sl o]e] o w I A= | 5
o]4Ql hEPO +7AF & systemS T-F3FalAl sHATh
fFras TS BE T 70% olds AFAISHE casein
o] 548 aelste] A TS AANETY]
& ARgste] frEoRe] Audd dud s 93
Aol 9lojA] B-casein promoter’t T2 ARE-EIL Q1S
(Ko ‘5, 2000; Brophy -5, 2003; Yekta -5, 2013), % t}
2 F4x4 542l promoterd] WAP promoters A}
|3 AdFE o]FoX 1 QltkPaleyanda ‘5, 1994; Li-
pinski &, 2012). °]¥g FHEH Fo]ZQl vector
systems ©o]-&3to] Ay A4, AF SollA human lac-
toferrin, hG-CSF, ~1¥] 3L hEPO F°] A% wuld At
o] HIEAtHvan Berkel &, 2002; Batista &, 2014;
Mikus ‘5, 2001). 22 50]% <l promoterel] °]%F ¢]
g Tl ALk S in vitrodll A A7) 918 AE
M= FE AF O AT AMEL HC11S AHE-sh=d],
o] HC11 AlZ+= AFAC] 8 FadMAd B-caseins A
AbskeE 58S 7FA Al dtHDanielson 5, 1984). T3 o]
AEZ= B-casein AL S EEAO0E [FL5}7]
el Alzze] 71d o) oyt v Aokl A A
yeopol Fuld T8 "o ® SHA il A lactogenic
hormone<! prolactin® hydrocortisone, ~L2] 3L insulin®]]
ofa] framdel wile] 2dyE Aow dEA AUk
(Topper®} Freeman, 1980). 53] prolactin HC11 A3
©] B-casein T HAAL 58S STPIIE Aow o
H7 dom(Ball 5, 1988), T} lactogenic hormone}
FEoEAQ B 2 s vehdtial Barso] 9f
HDoppler &, 1989). ol2]g =l 2§ g&4<] ¢
WA Y e ARe Esvl FAE 4 Ay 24
of =gtE]o] o dthTopperet Freeman, 1980; Levine
7} Stockdale, 1985). i+ ATol|r= FAFxA 5HolA<Ql
T2 o] systems ©]-&8k] hEPO fdabe] o]
1 Aa] A< HC119 4 lactogenic hormone®] |3}
of fi=Hom o]FoA=E §Igltk. 1 23} B-casein
promoter”} =¥ vector systeme ©]-&gh HPoA =
lactogenic hormone®] ¢J§+ hEPO9] & =80l 147
2 UER o™, WAP promoters T3 oA

=

b 2o 1

ki)
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