SUMMARY

Transgenic rabbits were produced by DNA microinjection using growth
hormone receptor (GHR) and IGF-1 receptor (IGF-1R) genes. Overall
efficiencies for production of transgenic rabbits were 3.2% and 3.1% in
GHR and IGF-IR genes, respectively. Founder rabbits transmitted
transgenes to their progenies through medelian fashion. Growth rate in
GHR and IGF-1R transgenic rabbits was faster than non-transgenic rabbits.
Transgenic rabbits grew larger (25% and 15% increase in body weight of
GHR and IGF-1R transgenic rabbits, respectively) than non-transgenic
rabbits and organ weight of transgenic rabbits increased, suggesting that
GHR and IGF-1 genes affects growth rates in transgenic rabbits.
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HetrA oA B EE growth hormone(GH)2 A 443 i AEFS =4
e 988 dte Aeg BuHy 3, FHIde HAdY "W
gojgtn qua AL AT AMgelA GH 759 AEez 3 AL
growth hormone deficiency(GHD), growth hormone receptor deficiency
(GHRD, Laron syndrome) S°] 3 @A) GH A& o] He= Aoz
491Z(short statue), Turner syndrome 5©°| Utk E3F HeFAAEL o] e
Z Q13 GH #JEvl= A S(giantism)o]y H vt S (acromegaly) S %
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GHE overexpressionA] 7] transgenic mouseE ©]-8-3t <7 (Palmiter et al,
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1982, 1983)ol M= <z} GHe] #AauH O 2 control moused t} 2u) 7}gk =
FAEHRE HEHJAAT A2 HeFy F I3 2E2F, A4 2
Z(infertility), &< % (premature aging), A S-(libido)e] Z¥ F3 Z& v|AHA
Al ¥ E Uehfo] GHl & AAz4dL ¢ B33 74de A4
stgth. FEAA S AN 4 o WE AAEF S olady] YA
= growth hormone?] A3 EARMESTAH ARyl B42Q Ao Z e
frg=2
GH receptor®] AW HdHL 3t Awzx3, 2%, 4%, &
Ao 5o g =AM FAEHE eR EsA Jdx, FHF GH
H

binding &% Mzt F71sle A R i (Methew et al, 1989: Frick
et al, 1990). &&< AAH Ao & Gzl GH receptors-9t #Eo] Ax

Ao g yveht Uth(1Postel-Vinay et al, 1982). X3} Estrogend} Z-&
Hormonex= GH receptor®] Zdo] #Aste o2 Uelded FHolAM Als:
7] %9} JAlFo| receptore] £t Frlste Hez U@l UchHughes et
al., 1985). Growth Hormone®] 8 7|5 & 72| A A (skeletal growth), =
Al(body weight gain), ZA % Z(nitrogen retension) 5& 2z} XA A F A
insulin-like growth factor-1(IGF-1)o} 2J8jA] wi7izle Ao 2 48 A Yoy
(Daughaday et al, 1972), GH receptor= o] &&#3x o}t IGF-1
receptore= A9 fle AWAHEoA 2} o] IGF-13+ Ado] ¢E GH 9=
o #A8E EIaE5 Qti(Tollet et al, 1990). GHE %A Eol X glucoses]
ol thAtel HPH oz AE3l AWzANA A o|F L ZFAAA A
P32 daNgla 252 FdMe Aa5H e FAAA A 28/A9
H&g S3A7]€ ez BEasa J(Flinton, 1994). ¥ GH receptor
7y glol GHel #&% fFHzAoMel /44 Z71918 GH receptor
2L IGF-1 receptor’} ERsl= FHAAAME A= GHell o8] F9%7
AN FAEE IGF-10] &8 FA2e] ZFrtete Ao 2 Yehygth(Bauman and
Vernon, 1993). o]2igk thkdt Ael &80 #edste GHY @] g GH
receptor, IGF-1 receptor ¥ 7|8} & wi/jxE2te] #AA Fol W3 Fue
otz & A=l A &x AU
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Hormone Receptor$} Insulin-like Growth Factor ReceptorE 3} @& st 3§
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Growrh Factor§ ©|&3t FAXAFFTEY ¢ A4 EZIEE Yehdo] 4
3 & F Qs ALE BHuHI Jornig E AFdias dA Audre
Hormone©]\} Growth Factorg& ©]E9 A XU ReceptorHt} molar ratio™
A A Wol BHIHIT AT FE& ANEA o]E¢] Receptors A Xujo]
J WP gN BZLES HAE Fo|il Receptor®: £33 AT AGHA
(Signal Transduction)& FEA|AH A& a74E Jduxt AAEHo

A 2 0y

1. AT & 3T 35

AHEE E7le wHUESCE Fo08 AAFAN A FASATH ALY
#H2 = 14 : 10 A)7He] light : dark cycledtol]l A #E3 AlE+E Purina®l &
7NHEA R FFHAAJT 485 6 MEH ool =g dE7ZS <F 03
mge] FSH (Sigma)E 1247+ HASZ 6 W H3Z2Ag 3 75 Ug] HCG
(Sigma)E YAFAIR A F FE7|S T4 wavjA A JudE Festdok
wuE 1817t Foll Ketamine-Xylazineg ©]&3la] npFHAA v FFHe A
Mot Aga d#E =Un dHa) FA2 catheterE AYAA 32
HE 2 HE 20 gauge needled AR 20%9) fetal calf serume 3§31
Dulbecco’s phosphate-buffered saline(DPBS)&} o2 @S M FEe] 1-cell
stageo] YAE gt FFH E l-cell £ T-E RDH+BSA+taurine
mediumol| X} DNA v FUA7hA] #jkstss DNA w]A|F<¢]Alel= RDH
medium®j] Herpes mediumg 3713 A& o] &3t}

2. Recipiente] W45 738 2 FAHd o]

Recipient E7]& #)5©] 3.5kg ©o]4¢l AvE Z2 Donor E7)S HAF
Fo Fed 75 U ¢ HCGE FAlsla frelBoz A A53E 8o F
FEIFRT FAHGo)AE HalA B AHAD F o AFHE dAdy
< =P A EYE micropipette o] 23t A8 medium}
FRAGE FY o)A B dFdME oA b d#Eog 10749
g o|A3AT o4 F FFHE F BEsn JEAE A FEAZ
EUANE &4 B3

it ye

o]

O NN
do o 2 B
=

..48._



3. 014 §A%

MT promoter plasmidE vector2 ©|&3H3 growth hormone
receptor(GHR)®} IGF-1 receptor(IGF-1R) FZ A& inserts® o] 83T
MTpomote-GHR  gene construction MT vector& Nru 122 digestionA] #
blunt end& &3 GH-R2 E Co R12.Z digestion A]# DNA polymerase
2 filling-in reactiong 3t T blunt ligationg AlxE3td A3 AT
MTpromoter-IGF-1R  gene construction MT vector& Nru 122 digestionA| A
blunt endE 7HEX IGF-IRE Sal I3} BamH12 2 digestionA]Zl ¥ DNA
polymerase® filling-in reactiong 3} ™ blunt ligationA]H A3A T
MTpromoter-GHRI  MTpromoter-JIGF-1R  vector=  Sall  digestionol] 23
linearizationS 3} ¥ Tt digestionA]|7] DNAE agarose geloll H7945F5S 3o
DNA bandE& A2 T8 Gene Clean Kit(Bio 101)2.2 purificationd} 1
T10Ep1(10mM Tris, 0.1mM EDTA)-& 40 & 12A|7tuict 4L vlEH Al 484
v FQF 4Col A dialysisE & H T} dialysis & thA] agrose geld] H7]|9F &
3le] DNA band¢} 5= & F43sg o0 vlx2 DNAFEE 2500 copy/plet
5000copy/pl2 3438t FY= = DNA copy 48 ZH3IGh

4. DNA "] ;39

micromanipulator®} differential interference contrast(DIC) microscope
(Nikon)g °| 43t} DNAS E7] lcell £H3¢ Aol FUaAd. Zud
DNAx= ZA#EFE ©]83}9 injection pipettedl] loadingslqtl. H&Yo] <}
7t BEE Aol 93] injection FF 3R

43 2 nF

1L FYAVEAN Y43} WY

YAHBE AL AN MT-GH $248 % 562708 +4o o)
HFYS F 21949 recipient E£719] dge] olstel 4AE F 43 vje}o
E7417¢) DNAS 243 23 11 s}ej7t MT-GH #3842 712 oz &
Q15 A ck(Table 1). MT-GHR #34& % 567709 &gl w4 Fdstel 105
wlele] E7471E 99em DNA £4% 2t 18 vhe)(17.1%)7h MT-GHR
FAAE 4D FAABE/ A0 FAAYR ©)F 12 whel7h AESA
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t}. MT-IGF-1R& F 3277h¢] FA & v FYsted 15 mte]9] recipiente]]
ol 2% & F 54viEle] M7E AAJ<=dl olF 10 wtEj(185%)7F MT-IGF-1R
FAABEZA A22 DNA ¥4 47 FAHAG. olgg &2 olv] B
18 FIAZAF AMEEHRU= Fov FIAAJEZS MRS
(Hammer et al, 1985; Wall, 1996)Htt= 52 RS Z DNAPAHFY7|E9 =
2 g | gA(RDH) 59 AolZ 7IAHUG T FHAT

o]& MT-GH, MT-GHR, MT-IGF-1R 4] BAAZJENE F A% =<
3 E7]1E outbreedingA|A Fi0. 29 HE-&S 13 =ul(Table 2) MT-GH
line| M= 7vle]F 2987t A Fil ASE By Eo] oF 286%2 A
€& Yel oy o}F sample size7} o] Mendelian HA & w24 F
t E4o] dgsltt. MT-GHR founder FZAE7|ME 6vte] Aj7l F 3v}g
o] o] FAAREZ ALE FlHo 50%9 HEES U Utk
MT-IGF-1R founder B EAASE7 T 5ulg] A7l F 2oi8lrt H3AAE F
ol Ao2 RAro] MT-GHR#} MT-IGF-IR & AAFE7 = Mendelian ¥ 2
o o] FTdio] olARAAAE HEG3}e ROE HAH o]A{HHAI}
chromosomeA}tol] A &5 6] chromosomed 37 Zfo] AG == AL &Qlst
o,

Table 1. The efficiency of transgenic rabbit production by microinjection
of MT-GH gene into rabbit embryos

New born

Transgenic  No. of No. of No. of No. of % TG of

construct  injected transferred recipient pNjo transferred
transgenic(%) embryo

MT-GHR 578 567 22 105 18 (17.1) 3.2

MT-IGFIR 382 327 15 54 10 (18.5) 3.1

_50_



Table 2. Transmission of transgenes into progeny in founder rabbits

. No. of No. of Transmission
Transgenic line Sex . o
progeny transgenin rate(%)
MT-GHR M 6 3 50.0
MTIGF-1R F 5 2 40.0

2. 4FE 2 +AuE

B AT of&H1 e ol FHAE AR (growth)Z FHo] e
A2 AFolv FAE &A4E vEd ZeE FAHHN WA A gE A
%7} A4E A3 GHR E+ IGF-IR FAAZE7 9 Fi & ol &3ty
non-transgenic littermate9} &7 5UHEE 304ANA Y 27 BEEAZS &
st tHFig. 1). 27|43 &4 o= GHR FHAANEE7 2 Za| 8o #2473
Z7}8}3 IGF-IR 2 A8 E7]o] 2422 908 Ay 5t

O o] F 150 #H 7R 9] FAES ZABIAEH GHR FAANGBE7 9 A%
E-2 non-transgenic litter mateol] Hl3] ¢ 25% A= F7}sl= v}
I 3, IGF-IR BRAAZJEZ = o 15%HE FAEA7) e
AUrhFig. 2, 3). FAAHFE7 4AH A Y FA &AM #ol7

Z A pattern® 2 AL vuith. GHRH IGF-1R9 &) 7 gk
kel zpol7b YEtY A Qledl GHR FAXFEZNAME 2718EH FA4)
Zpol7b Uebr] A& whE IGF-1R A ABE7 A s o 0UHEH
Aol zpo]E “ERN I UTHFig. 2, 3). o]+ growth hormone receptor?)
growth hormone} &7 @& Z7|HEE FAd #ASY] & Aoz F
J¥ I IGF-1 receptor®] 7 IGF-13 7 44%0] A& ALE7] o)%F
FH FA Ao #Hs7] fEQ] Ao AeF FYHD Ut FAAS
E7MY FH&L GH wE IGF-1 ZAMAZ e 7 (Palmiter et al.,
1983; Mathews et al,, 1989)¢} Hlw &l T @& ZOF o]& receptors
FHHAT] WEJ Aoz AR HTh

o 2 o 75939 FAMFEZE ERTZ littermate B FAAJE7)
o} A AA 7Y BAE MG E FAAFETAA 2 L A 5o
FAZ S Aoz EAMEUKTable 3). 3] GHR HAAFE7NAM =
Az A ZE A7IAAM iz B Bla 25%- 30% F7HE A
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IGF-1IR 33AZE7|= F7i9 Hl&o] 10-15% ZF7H3 Aoz Yegus 9o
53] FHAAGEZ A 237 A FAVE F3eA S8 RS AT &
A ol FAHBET Y ZF7FA F7ie FFAZJYFHNAN Raug #A
3 e ALE et JohQuaife et al., 1989).
Birth weight of rabbit
0.
0.
0.
Body weight 0 B control F
(kg) ' Bcontrol M
0. OTG-GHR (5)
0 OTG-IGFR (4)

Day

Fig. 1. Body weight of transgenic rabbits in early growth phase.

Growth rate of transgenic female rabbit
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Fig. 2. Growth of female transgenic rabbits.
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Growth rate of transgenic male rabbits
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Fig. 3. Growth of male transgenic rabbits.
Table 3. Body and organ weight in transgenic rabbit
Transgenic Tissue wt (g)
. Sex BT(kg)
rabbits Liver Kidney Spleen Lung  Heart
Control F 1.61 30.3 10.8 0.69 7.5 3.7
M 1.65 32.2 103 0.65 8.1 3.5
F 1.93 40.5 17.6 0.87 91 43
MEGHR v 204 39.6 18.8 0.93 9.7 48
F 1.76 33.4 12.5 0.73 7.8 3.9
MEIGEIR 0 186 35.2 13.2 0.82 7.9 42

‘Animals were killed at 75 days.

> 1]

M
rl

1. Bauman, D. E. and R. G. Vernon. 1993. Effects of exogenous bovine
somatotrophin on lactation. Ann, Rev. Nutri. 13:437-445.

2. Daughaday, W. H,, K. Hall, M. S. Raben, W. D. Salmon, J. L. van den
Brende and J. J. VanWyk. 1972. Somatidin: proposed designation for
sulfation Factor. Nature 235:107-107.

-.53_



10.

11.

12.

13.

14.

Flinton, D. J. 1994. Immunomodulatory approaches for regulation of
growth and body composition. Anim. Product. 58:301.

Frick, G. P, J. L. Lecard and H. M. Goodman. 1990. Effect of
hypophysectomy on growth hormone receptor gene expression in rat
tissues. Endocrinology 126:3076-3085.

Hammer, R. E,, V. G. Pursel, C. E. Rexroar,Jr., R. J. Wall, D. J. Bolt, R.
D. Palmiter and R. L. Brinster. 1885. Productuion of transgenic rabbits,
sheep and pigs by microinjection. Nature(London) 315: 680-683.

. Hughes, ]J. P,, H. P. Elsholtz and H. G. Friesen. 1985. Growth hormone

and prolactin receptors. In Polypeptide Hormone receptors(Posner B. I,
ed.) Marcel Dekker, New York, p 157.

Mathews, L. S, R. E. Hammer, R. L. Brinster and R. D. Palmiter. 1988.
Expression of Insulin-like Growth Factor I in transgenic mice with
elevated levels of growth hormone is correlated with growth.
Endocrinology 13:433-437.

Mathews, L. S, B. Enberg and G, Norstedt. 1989. Regulation of rat
growth hormone receptor gene expression. J. Biol. Chem. 264:9905-9911.
Palmiter, R. D, R. L. Brinster, R. E. Hammer, M. E. Trumbauer, G. M.
Rosenfeld, N. C. Birnberg and R. M. Evans. 1982. Dramatic growth of
mice that develop from eggs microinjected with metallothionein-growth
hormone fusion genes. Nature 300: 611-613.

Palmiter, R. D., G. Norstedt, R. E. Galinas, R. E. Hammer and R. L.
Brinster. 1983. Metallothionein-human GH fusion genes stimulate
growth of mice. Science 222:809-814.

Postel-Vinay, M. C, E. Cohen-Tanugi and ]. Charrier. 1982. Growth
hormone recptors in rat liver membranes: effects of fasting and
refeeding and correlation with plasma somatomedin activity. MOL. Cell.
Endocrinol. 28:667-675.

Quaife, C. J, L. S. Mathews, C. A. Pinkert, R. E. Hammer, R. L.
Brinster and R. D. Palmiter. 1989. Histologyassociated with elevated
levels of growth hormone and Insulin-like Grow Factor I in transgenic
mice. Endocrinology 124:40-48.

Tollet, P., B. Enberg and A. Mode. 1990. Growth hormone (GH)
regulation of cytochrome P-450lIC12, insulin-like growth factor-1
(IGF-1), and GH receptor messenger RNA expression in primary rat
hepatocytes: a hormonal interplay with insulin, IGF-1, and thyroid
hormone. Mol. Endocrinol. 4:1934-1942.

Wall, R. J. 1996. Transgenic livestock: Progress and prospects for the

future. Theriogenology 45:57-68.

_54_



