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ABSTRACT

Human growth hormone (hGH), one of the most important hormones in medicine, is secreted from anterior pitui-
tary gland. Its broad physiological function includes body growth, cell regeneration, increasement of muscle volume,
bone density, body fat reduction, and so on. Due to the wide range of therapeutic effects, the hGH produced from
E. coli has been commercialized already. In this study, we asked whether it is possible to produce recombinant hGH
efficiently from various cultured mammalian cells. To meet this purpose, we chose a retrovirus vector system for trans-
fer and expression of the hGH gene in various mammalian cells. Analyses of RT-PCR, ELISA, and Western blot to
determine expression of the hGH gene showed the highest production of the hGH was determined from chicken em-
bronic fibroblast (CEF) cells with the concentration of 8.58 1 g/ml. The biological activity of the hGH was similar to
the commercially available counterpart. These results suggest that mass production of hGH is possible not only in

the E. coli but also in the various mammalian cells.
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Abe] A% 2 (human growth hormone, hGH)&
T2 HolrA AgdA A4, A4, 915 3L insulin®
7 Nt (Escherichia coli)o A & AYALE S thgA <)
A o] thBecker 5, 1986). hGHE 191719] o}w|xAto)
4789l a-Helix 725 oFa Jow, 3 2717t ¢le &
ApeFo] eF 22 kDa¢l did 2 £ /)9 disulfide bond
& 7M1 IeKShin 5, 1998; de Vos 5, 1992). 50
o, REHAE W do] WolA|H Al sk
A FHlE A 328 FY] ZZF(growth hormone
releasing hormone, GHRH)2| #}=of oJa] wHalA A
Fo2HE hGH7} AL, ol 1k 2ol 285}
insulin-like growth factor-1 (IGF-1)°|2t= T 288 2|
stA &t (Kleinberg &, 2009), A1A|2] Ay}t 7hoj A2
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ste] hGHE A8 502 dgshs N7t FopA 1
de, A 22

S 3 A AIRES S 2 B S| hGHYF A
453 QltiAllens} Fost, 2004). o4 o] theafst 2
= &%= JehliE hGHE ti% Aikshr] Sidte] d4)
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o] A&Ao] Fase & 7HItkNishikawa®t Hu-
ang, 2001). AA}9] Hel AE-H= virusoll = retrovirus,
lentivirus, adenovirus 123l adeno-associated virusE
olgs= W Fo| =, adenovirus system®] ¢
=¥ 98 F12Rs & S episome AEIZ EA15t
7] whgel]l |71zt et 2 fHAE LEAZ A9l
ARE-EY, retrovirus, lentivirus, ~12}3L adeno-associated
virus systeme 1€ lE) HAA S5 A2 G2
A = s EAqsy] el Y fHAE OA
HOR VI FANA & gl HisithKay 7,
2001). & QrelMe FA 7o)e) F84, AR A
A4, dold frdxel aRd T AHE JMREL Ae
retrovirus vector systems ©]-83}Ith

B AFNXE in vitroolAl h\GHS &&% 2dg 9
34 cytomegalovirus (CMV) promoter®} woodchuck he-
patitis virus posttranscriptional regulatory element (WP-
RE) X9 (Zufferey %5, 199908 =438t retrovirus vector
systems TE3IATE S o] vector system ©]-83}
o] tpekdt FAA LA hGHe| Hd} AEd g
EAYESH Q] WPEE o] &3te] wugoRn JPg &
&4<l hGH 3T A28 dldstanst agich

a8 WY

Retrovirus Vector?] 7%

hGH cDNA7} %% retrovirus vectors £ 17410
A B3t s pGEM-11Z£hGHSE pLNCXWE A
§ate] TF3Arh. pGEM-11Z6-hGHE A F 42 Sma
I3} self ligationg WA8l7] $18 @912kt a Al An-
tarctic phosphatase =2 2|8+ ¥, Not I linkerE 4}
AR Not I linker’} 1€l pGEM-11Zf-hGH®| Hi-
nd 19 Not IS AEst hGH #73xE B3 F, &
gt AFEAE Heg pLNOWS A Z238le] pLNC-
hGHWE 7-%33{thFig. 1).

Vins?| Y4 & BYA 2RO ZY

Retrovirus®] AJ4H& pLNChGHW 20 pgg Ay &
& PT67 (Clontech, USA) M*o]| calcium phosphate '
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Fig. 1. Structure of human growth hormone (hGH) retrovirus vec-
tor. LTR, long terminal repeat; NEO", neomycin resistance gene;
CMVp, cytomegaloviurs promoter; hGH, human growth hormone
gene; WPRE, woodchuck hepatitis virus posttranscriptional regu-
latory element.
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O 2 transfectiondt & H|FAE wAST) 4841 F
AEZEE AAE virus7t SHTE wEAE FE6td
virus packaging A=<l GP2 293 (Clontech, USA)°ll %
A7 e G418 (600 pg/ml; usb, USA)e] H7ke A
H gdom 2FF vl A¥E GP2 293-LNC-
hGHW A|¥e calcium phosphate "8 ©]-838}] vi-
rus 39 F-424Q1 vesicular stomatitis virus G glycopro-
tein (VSV-G) -4 7} pVSV-G (Clontech, USA)E
EJesdch 48A17F vl F retrovirus7h EEHE wFed
1 ml& 5x10° cells/60 mm dish® £8]3) & o2 A
X (BEF, bovine embryonic fibroblast cell; CEF, chicken
embryonic fibroblast cell, HeLa, human cervical carci-
noma cell; CHO, chinease hamster ovary cell; NIH3T3,
mouse embryonic fibroblast cell; PFF, porcine fetal fi-
broblast cell)oll AAAIAL: 2 F A E AT (4189]
A7t A el 253 AEate] hGH FAAE Ao
¥ AEFE FHssith

B Ao AMgg BE AEE 37C, 5% CO, 209
el wjesigiom, CHO AEE AlLlg t& A
EEE 10% FBS (fetal bovine serum; Hyclone, USA)%}
penicillin-streptomycin (100 U/ml, 100 pg/ml; Hyclone,
USA)°] #7Fe Dulbecco's Modified Eagle Medium (DM-
EM; Hyclone, USA) iAol A i3}l o, CHO Al
£ penicillin-streptomycin (100 U/ml, 100 pg/ml)3 10
% FBS7} 37}l HamF-12 (Gibco, USA) Bl =oA] uljok
AT

MZEE hGH RERS U &ol

7t AEFR FEQ AZF hGH At S RT-
PCR, Western blot, ELISA 2%-& E8lo] ERIgr)
w4 RT-PCR 3L 534 £t LNChGHW virusE
AN Az 729471 %2 BFF, CEF, CHO, Hela,
NIH3T3, PFF A|EZY%E TrizolS ©]&3}o] total RNA
2 Bgsigitt 223 total RNAZRE ImProm-Il re-
verse transcription system (Promega, USA)S ©]-&3}4
DNAZ A3t o] DNAE T8 o= st hGHS
o279 z+ A ¥59 GAPDHOl WisleY PCRE 3ttt
PCR ®Fg-2 PCR Master Mix (Promega, USA) 10 ple
Z}Z} 10 pmol “4’, “~” strand primer, J1¥|3l g
¢DNA 2 ulE 9ol & 20 pl& 243839k PCR 374
£ 95CoA 30%, 54CelA 30%, 72ColA 30%7t 35
cycleS AHAIBIATE PCR AHE2 1.5 % agarose gelollA
A7)9%S 22X hGHY) 23 28 FRIsIsit 2
A4 ARE-gE hGHel 333 primere  “+7%l
5-CAACCATTCCCTTATCCAGG-3'9} “~”¢1 5-ATAGA-
CGTTGCTGTCAGAGG-3'¢|H, z+ A5l W& GAPDH
FAA el e primers HETE ARSI

hGH i o] &g 321817] 93 Western blot 4l
o M vtow Fu)E hGHEF #nEA| ek AlEu)
of FEA)s= hGHE vates APt Hxpe] A$-
+, 2} A8 5x10° cells/100 mm dish & F0]3te] FBS
7} ¢l DMEM #ixjel] 37C, 5% CO, Z71¢] ujer]ol
Al 48217 W = i gAE $AS 1,000 rpmSE 5
B AR5 sampled FHIEIITE TA19] H 9,
AApe] wjkNo] A 2+ ME2 dishe] PRO-PREP™
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protein extraction solution (INtRON, Korea) 500 nl&
H7kste] 4T 24 3l 16A17F B9 LA H ). &3
d AEHE 13,000 rpm, 4T, 3087 AA2ejste] 43
A& Bradford W02 Faic) AlEolA Begh Al
I uiFY 40 ploh @ 20 pgd A7 Habol b
Aol ARE-ERITE 12% SDS-polyacrylamide gelol 4] 80
Vel Ao H7] 958 gel o] Tl L Trans-Blot
semi-dry transfer cell (Bio-Rad, USA)E ©]-83}4 poly-
vinylidene fluoride (PVDF) membrane®| 2|7t} Mem-
brane MTBS-T buffer (5% skim milk, 0.1% Tween-20,
137 mM NaCl, 20 mM Tris-HCl, pH 7.6)& A8t 2
ZollA 1A]7F <k blockingdl ©H, mouse anti-hGH
primary antibody (Abcam, UK)¢} t&7< a-tubulin®
MTBS-T buffer& AH&-8te] 747} 1:2,0009} 1:3,000 &=
4% FAo® 4T 2A 1647 Tt A2
21 % TBST washing buffer® membraneS 5%-7} 43]
A% 83112, HRP-conjugated Goat anti-mouse IgG (R&D
systems, USA)& MIBS-T buffer9} 1:3,000 H] &2 3]
g Ao 1AF B9 wEAAY BHAI7] mem-
brane TBS-TZ 15%4 33] 413 ¥, SuperSignal® West
Pico Trial Kit (Pierce, USA) -&<4oll ¥F§-A|A X-ray film
o 1~58% =2A1A disialch

7t AZERE AAHE hGHO B%3 H41L ELISA
o s S5ty hGHY FHA7F Holg Az}
iz S FBS7E gl widkdle] 247F 37T, 5% CO,
2304 48A12F vllekgt &, 1,000 rpmoll 5E3F Y41 E-g]
ato] vkl s FEBGITh g3 wjgA L o T
84% % Quantikine Human GH Immunoassay kit
(R&D systems, USA)S AF&3lo] ELISAS AA|stich
2143 standard9} sampleS Z- welloll 200 pl¥% ¥
Ao A 2417 WHAE & wash buffer® 43] A2 313
o AlE F 2 wellell 200 ul anti-hGH HRP conjugate
E A7kstel ALolA 147w whgo]l By
welloll 43] wash buffer= A% 3, 200 ul TMB sub-
strate solutiong& F7}skil W& AA|A Lol 258
2k RESAI AT ¥H8AIZL F 50 ul stop solutiong H7}
sto] wke-2 FZAA715L, Model 680 micoplate reader
(Bio-Rad, USA)E Al8-3Fe] 450 nme] oA Z e

2 =4siqn),

e hGHO MEEH 84 =3

e &4 Ao A Nb2-11 AlE(ECACC, UK)
£ Fisher's ") *](Welgene, Korea; 1% FBS, 10% Horse
serum, 50 pM 2-Mercaptoethanol, and antibiotics)®l 37
T, 5% CO, 2719] incubatoroll 4] 484)7F Z-oF wekstad
o g AEE 15 ml tubeo] Y3l 800 rpm, 10%-7F
A ste] B2 &, Fisher's ¥iA(1% FBS, 10% horse
serum, 50 uM 2-mercaptoethanol, and antibiotics)ol &
AA et

hGH A7} el M ECEF, CHO)MlA] -3kt
hGH7}F 3H-8 sl o} ool A AAAHE recombinant
hGH (Abcam. UK)E dilution buffer (PBS + 0.1% BSA)
o Egste] olujsE 543 ¥ 96 well microplate®]
7t wellell 50 pl# BFsigich wiokd Nb2-11 Al2E
splitde] 15 ml tubedl] ¥ 3L 800 rpm, 583+ ¢4l Ee) g

T A=l A78Hi 5 ml PBSE ol A|XE AHE
Atk AHE cellS FBSE H7I8HA] 22 4 ml Fisher's
Hi=](10 % horse serum, 50 UM M 2-mercaptoethanol,
and antibiotics)Z AFE-30] splitdte] 2x10° cells/100 mm
dish® F8]3F t}2, hGHE 53 =& Z} wellol] 50
ul A #rkst F 37T, 5% CO, 279 vi%7]ol A 484]
Zr ksl ZF well ¥ MIT labeling reagent (Roche,
USA)E 10 pl¥ H7kste] 4417t Bt vheAl7l 3 g0
lubilization solutiong 100 ul1® #H7isled 37°C, 5% CO,
Z719] incubatoroll A 16A17F F9F BH-2A1Z] T8 Model
680 micoplate reader (Bio-Rad, USA)E 595nm 3} A
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Retrovirus Vector SystemE O] 2% X X
wE 2ol

RT-PCRE ©]-8-8F hGHS] %&l| 9)oi4 LNChGHW
virusoll ZdE AIELE 329 bpel hGH #- ARl s et
PCR ©¥o] TEH o, AU ¥ HXE+= PCR
o] SFEA] Ut 2] AlzeA] AHQ HA
7} o) R A= AL 1] $13 =T EA 2] GAPDH
9HE BE AFAM A FUsHA Yehe Ae=
1= AkFig. 2).

hGH w2 o]

it

hGH §& X}

g oAk Blelsly] ¢ste] Zhzie
AE lFelst AZel A 2e)d S AS o] §5o] Wes-

-~

o]
tem blot& AA1SE A3}, virus 792 E38lo] hGH #+4
A7) Hold AEME hGHE 3L g8 F 95l
o, virusel TEEA] e AlZo)M = hGHY 2ol
vehdA 2tk o] AlEE FolA CEEZF 7b st
28 SeSIThFig. 3). AIE sk al Al A -2
3t vhl Ao Aje] hGH 28l S nlaldh A}, Al wjoFe
oA ef Lo} Zek o R FRIHAUTHFIg. 3). ©]F= hGH
7b AE ellA] AatE & AE wlo g BulEgles o

elias

ELISAE 0|88t MZF hGHO| I

hGH®] A3& 9isto] 7 Alxe] wgds sdsin
ELISAS AAI%H A3}, Western blotol| 4] B4 =& b
#& 1) CEF-LNChGHW AZoA 858 pg/mle 713

BEF CEF CHO  HeLa NIH3T3 PFF
P - 4+ - + - + - + - + - +

Fig. 2. RT-PCR analyses of hGH gene expression in various target
cells. P, plasmid DNA (pLNChGHW); BEF cell, CEF cell, CHO
cell, HeLa cell, NIH3T3 cell, PFF cell; — uninfected cell; + cells
infected with LNChGHW virus. In RT-PCR analysis, two primer
sets were used: One for the hGH gene and the other for the
control GAPDH gene.
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BEF CEF CHO  Hela NIH3T3  PFF
P -+ - 4+ - + - 4+ - % +
— e W w» e - w4 hGH(Media)
d— r— e s e e pR— 10 )
RS <a-tubuin

Fig. 3. Determination of the hGH gene expression in various
target cells by Western blot analysis. —, cells uninfected; + cells
infected with LNChGHW virus. P, stansdard recombinant hGH (pur-
chased from Abcam, UK). In Western blot analysis, two primary
antibody sets were used: one for the hGH and the other for the
a-tubulin control.
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Fig. 4. ELISA analyses of hGH in various target cells. All cells
were infected with LNChGHW retrovirus vector.
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Fig. 5. In vitro bioactivity of hGH in CEF, CHO cells and thGH
standard by measuring proliferation of Nb2-11 cells. Various con-
centration of hGHs were added to each well, and the incubation
was done for 2 days. The data were obtained from experiments
performed in triplicate and are presented as the mean+S.D.

T T
as1 100 1000

A ARHR S, NIH3T3 AEAA 110 ng/mlz 7}
S BHSRE A0R EidchFig 4). Zzte] AT ol
e i o® AR Wked AEe M= hGHS

o] SAFA U

Nb2-11 A ZE 0|28 M ZE hGHO 4S5 &Y 53

hGH2| A=231% #&4-& CEF-LNChGHWS} CHO-LN-
ChGHW M FF2HE 8¢ vFAS ELISAR JF
% 7} NEFoA grd® hGHY F=ol w2 Nb2-11
Azl F4 AxZ FASATE CEF, CHO Al X0l A
488 hGHY| &7t 7185 §3%E o] $718H3
o, th3tol A XA standard recombinant hGH (Ab-
cam, UK)¢} B3RS wf Aol & Afo|E Ho|x| &
ATHFig. 5).

% AT B90E SRS £ Ak A2
v deje] YBHEAL AUSHE 90} Bus

A A= JriYann T, 1996; Wurm, 2004). =g
Tl AL loiA vlmA F27F gt dEES
T2 g T PAES ol&ste] tiF Aol Jbe
&}THBecker 5, 1986; Shin 5, 1998). &l gl A
o] AzF wA Aol slolM A F 7ER Y EAA
2, Ak A wede] 5402 lste] it
AEF 7)%Eo] o]FofX A FAY, @3l mE wizl7,
A EAZE dAgozHN A Az dldEo
FAAMEY A QoA AFESE &S depd
QA "tk Ao|tkBraund} LaBaer, 2003; Palomares
S, 2004). ot Ao AsAE] FRE o] @ste] wh
AL Al gz AA B8l maied o) o &
B o] B AY AEet F3r] F7t o] HojR|H,
Az A 78 T EA-] dFHIAY olF A
3171 A3 s& e HEE ol&ste A dHAS
AAketaAt s A7 Al=EHAT FEAEE ARE
Az T " £ He A 72 P4 R T
719l Aol AA UelA HExE Tl vl AL
gk vhd, wieF 87 o] o, vt wlj YA
o] 7ol & WAE 7L it dA, AlBEH AL =
Azt S FEFES] o 60~70%7F FEAME g ¥
AREste] AL AL glow, 53] iR ek
Fito] SEAE vk Wi oR AAEY] wEe, a4
A AzF AEFY AT ML ufg- S AT
Fopolrh FEAE Y 71&e 1950 virus Al
kol o] &5 7] AAglon, 1986\ 30l FEAELNAM A
2ket 1ZF tPA (tissue plasminogen activator)’7} FHZE
ANzF erEom S VOUMFE AF FEE
W] ARt vl ARS-EE AXEEE CHO AE
71 7 de] AHgE Al o™ (Uraubd} Chasin, 1980;
Lucas &, 199), ©] 9]¢ BHK (Baby Hamster Kidney)
(Grabenhorst 5, 1995; Geserick %, 2000)2} HEK (Hu-
man Embryo Kidney) (Meissner &, 2001), .21 A&
& Ao S 9 AF FAHS NSO (myeloma cell
line) (Hills &, 2001; Barnes %, 2004) 5% AHEE 1 ¢)
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el A AtsE 2 gl 217k
=5 O%¥E SEAEAA Atz skgo
9, o]& $l3le] hGH F-AAZ AoA|7]= /A= u
5 At Adelrh goldtar,
FAA W2 A9l =o] Al

AFEoE gl o] X&Hog o]Folx=
retrovirus vector system& &334} BFATE TE3) vee-
tor systems ©]-835 virusE A4HShE d] QlojA] s
AFe] Hes sty Yske] vesicular stomatitis vi-
rus G glycoprotein (VSV-G)& 3%t 0. 2 o] 8381 pseu-
dotyped retrovirus vector systems A}F23}S1 tHBums
5, 1993; Liu 5, 1996). ©] retrovirus vector systemol 4]
AR virusE ofe] F5F9 SEAF ZEAA 7 A
Z2AM hGH AMHE fresiich. 1 Ax), CEFolA
858 ng/ml F%2] hGH7F AArEen, CHOS Hela
MEANA ¥ mA #& FEE YehNSITh

hGH®| A& &AL FA457] 98 we 7
in vivoS} in vitro WEOE VROIAT In vivo W)=
HekpA S AAG Fvk o] AH el hGHE 738k
Aee F7ks B8, HeleAlZE A" #Hol hGH
o] froll wE AEe 24L& H A8 HGreesbeck ™} Pa-
lon, 1987; Bellini® Bartolini, 1993; Greespan %, 1949).
o W& Ad A A~EH Y A} Aol Wt 4
ol mAE Ge] A3 FA AEo) EEETE o
Aol Ak In vitro WHolE radioreceptor 4, recep-
tor modulation ¥4, 1831 Nb2-11 A}Z1} Ba/F3-hG-
HR A= AZE o83l hGHY TF o¥d u&
AE T4 4% FHs= ol lEol(lesniak %,
1973; Rosenfeld?} Hiatz %5, 1980; Bozzola &, 1998;
Ishikawa &, 2000), HAE} Ad et FAio] st 7
=Xow golaith £ AolME Nb2-11 AEE ol&
st Zb AjofA ZEH A2 hGHSE diAtelA] A
2HE recombinant hGH (Abcam, UK)9] A&387 @24e
Hlustoiedl, ZF hGHe AESH &Aool A9 fAlst
Aoz Bl 9ItkFig, 5).
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