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Development of Transgenic NT Embryos Using Bovine Fetal
Fibroblasts Transfected with hFSH Gene
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SUMMARY

The purpose of this study was to develope the transgenic cattle expressing hFSH into the

urine using the nuclear transfer. To produce the interest gene in urine, the specific vector was
ligated with hFSH gene under mUII promoter. The fetal fibroblast cells (KbFF) were isolated
from a 45-day male fetus. The hFSH gene was co-transfected with pcDNA3 (neo) vector to

KbFF cells by electroporation. The gene-transfected cells were cultured with G-418 selection
medium for 2 weeks. Selected colonies were confirmed by PCR. For nuclear transfer, enucleated
bovine oocytes were transferred with hFSH transfected or nontransfected fetal fibroblasts. The

cleavage and blastocyst formation rates were significantly lower (»p<0.05) in cloned embryos
transfected with hFSH gene (68.7% and 15.7%) than in those non-transfected (67.6% and 24.5
%), respectively. Apoptosis analysis showed no difference between hFSH transfected and non-
transfected blastocysts (p>0.05). The blastocysts were transferred to 77 (control 24, hFSH 53)
recipient cows. Two calves were born (1.9%) following transfer with NT embryos transfected

with hFSH gene, but they were confirmed not to be transgenic calves. This result shows that

the hFSH colonies were mixed with transfected and non transfected cells. Further research will

be needed for selection and establishment of gene transfected cells.
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4§ ]85} PCR(sense primer: 5;-gAA TTC CTC
gAC gAT CTC ggC CCT CTT TCT gC-3'; anti-
sense primer: 5'-CCA ggA TCC AgT CCC AgC
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Fig. 1. hFSH vector (6.8KB) with mouse uroplakin |l
promaoter.
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FBS7} % 7}9 Dulbecco's modified eagle medium
(10% DMEM)el wjickstdom 24A12F v &
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F%3¥ hFSH vector7} ®r&A £ 2 2 E] hFSHE
U= & dotE 7] 95t tETE Hobd
o} 4} L (KbFF), CHO cell 18] "4 E(bladder
cel)E o] &3ttt 7| AMEE WFMEs &
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ZF¥ 9] karyoplastS A Aot o] AAE A
+ Hoechst 33342(Sigma)& ©|-&3te] |4, F7
dAnlA S Fote] AWE FAstdnt oA F4
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= @9& AFsk] PCR #HOE hFSH TdA|
2] wietel dFES X3t primer(417 bp)
2 transfection F-E AHASFE Y £ ZoM =
S elolyt folx el AR HA1els) 98] ISAG
(International Society of Animal Genetics; =A%
EGAgGHNA] 8= ) A2 L microsatel-
lite markers oA 10242 A3(ETH10, ETH 225,
ILSTS008, MGTG4B, ILSTS00S5, ILSTS013, ILSTS
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1. Transfection AM|ZEO| A1t

E A#o|A hFSH vector®} pcDNA3-neo7}
co-transfection® 4 ElopdFolAEE FEEER
Geneticine(G-418) 2.2 Hjk&lad colonyE A3k
A3 Table 19 Lteb whe}h 2t 400, 600, 800
sg/mle] G-418 oA 24, 23, 137119 colony7}
Z+zt AarE 9l on, o5 colonyE25E PCR &
A1 A3 400 pg/mle] FElA 197] colonyE A
Absled o]3 571 ¢] colonyoll 4] hFSH gene®] band
7} Ve hFSH7} transfection ¥ Q&< &215t4
k. Iy 600, 800 yg/midlA z+z 374 9
colonyS 7HA}S A3} hFSH7} transfection % A] ¢

a

AeL HAsHY

PCR 24& 34 28 o4 colonyE-& o)
B AW F gIgelA AT Y oy S5
A 2ot Aoz gD & 22y 4AYE

o] &3} colonygE 33+ neomycin-free DMEM
o2 &A YA Y colonyE2 F40] A
itk B3 PCR 23} transfection©] Eel# colony
E5 Al ek Ao A transfectionH A] o2 A
FRT Z2]go] o FHo| FolAE A
ettt =3 AEE colonyol A hFSH gene©]

golg X 942 colony &< transfection Ao Al F

Table 1. hFSH transfection and selection efficiency

No. of
Concentration :

(pg/ml) colony PCR %)
400 24 19 5 (26.3)
600 23 3 0
800 13 3 0
Total 60 25 5 (20.0)

7N e] vectorE A}2F OB R o] 3 79| vectortt,
Z pcDNA3(neo)t transfection H & 7HsAd o]
glt}y I X5t YutH 0 F neomycin® 2 AdrE
colonyd R g} &Ezt= 3 colonyl &) BE AE
7} pcDNA3(neo)7} transfection &= AS-= I
W2 o) oj# g d2A ZAFHAHGFP)E ¢l
L3} A3 transfection, M AAHL AX F
colony Wo] R E MEEo] 100% GFPE sl
Ag A27 = HgA ool g8A UrkKeefer 7,
2001; Lee 5, 2005; Chen 5, 2002). &3} Ramsoon-
dar 5(2003)2 G-418 412 colonyell 4] PCR 43}
0.9~8.7%9] positive A& ieER TR dhe]
& e Aubg-g Hel Wy, B AFM AEs
PCRE 213 colony(571 9] colony)E-2 pcDNA3-
neo®} hFSH7} 2% transfection § ZAo|ERZE &
& 52 g2 ZoE HATH26.3%).

2. SHEAM| L2 FE hFSH Vector =H|

22 hFSH vector7} WA 2 2 B & hFSHE
Ho)3l=xE Yolhr] st HopdfopE
(KbFF), CHO cell 18] 3 ¥4 (bladder cell)ell
hFSH genes transfection 3}e] Hjgfldl o2 P
hFSHe| #rI#& 54 stith(Fig. 2).

hFSHS) #3138 7l2te) Wik AT 2 E] 54
&t 4 3} hFSH7} transfection 5 X 222 e o} -Fo}
A%, CHO cell 78] ®ZAE e} hFSH7} trans-
fection ® CHO cellof A= #H| 57 352 &<lst
gt 221} hFSH7} transfection® W24 3 colony
o} hFSH7} 282 2ol thFig. 2A: 0.12~

0.14IU/1). ¥=35+ eo}idfolA E(Fig. 2B)ol A= ¢
0.16 *fB A
0.14
0.12 00-
hd o ° + B2kbFF
. 0.0 - . .o « 62kbFF-hFSH
Sy A CHO
2008 T T eee e w x CHO-hFSH
0.06 + Bladder
- » o = » Bladder-hFSH
0,04
Ay .
0,02

0.00

Fig. 2. hFSH secretion of gene fransfected cells. A
hFSH transfected bladder cells, B: hFSH trans
fected fetal fibroblasts.
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transfection® FA A& FE2 7] gl A
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3. Transfected Cell@| 47X 2t Wetg

hFSH7} transfection ¥ colony2] M EE o] &3}
o BAl £HTL st o) o) hETe B
of M| = hFSH7} transfection® B o} f-o}A) =
of FU3 AL MEE ol&F ULt O Axe
Table 204 Ve wpe} 2} zhzhe] A2 E o]
&35t NTE ¢ 23 §88&2 KbFFe} KbFF-
hFSH Al 2o A v &3t A3E Jepdon, 2 N2
7] o]} W& KbFFol A 67.6%% KbFF-hFSH
o] 68.7%9} #2lF <l o)zt YA (p>0.05). L
2 NT s3] wiubx 2tago) glojME 7}
7} 2451, 15.66%%2 2212 UE) tHp<0.05).

Cibelli 5(1998)2 AcllM dd Ag Ba 4
o] vinkE whg-g-o] 12% o). o m, Valeri 5(2001)
of st oA FA M AMEE o]£3 NToj

A TES BBE, AT FREAN Rol7} o)

= A% BT Utk I8 Lee $(2005)9)
o)slH EPO-GFP {3 =}E o]-83 M EoA §3
2 FAASN T/} DoX= W dEEs )
W2 dEEd glolME AlolE Kol geEnx
B3y 913, Chen S(2002)& GFP £ ¢=
o2 AMEEEE o §HE, S, T 2
oA 2ol & HolA] FErhil BIste] ofm &
AAE AMEstdeAed et 234 2ol gle
Aeg ety gtk

I8Xgk itz wdd A apoptosis
B2 A3} KbFFo| A blastocystd & &T4= 82+
30.2 cells 1127 apoptosisE LB E BF5E
5.243.8 cells(6.3%) ©]t}. 1) 2 KbFF-hFSH4 A
blastocystd % 75 91.4 cells ©]12.7] apop-
tosisE UER)E BTEE 14£1.6 cells(1.6%) &
A f-o#¢l 2pol 2 HolA] 9skthp>0.05).

4. O|M=Z M E

49 ejobd-Fopa E o of AMjEol| hFSH 32}
E transfection3t cell 2 E-E] Alal® HaA) 329
o] 23 Table 39|41 Vel wke} 2t} KbFF
of FHTE o] AT 24%9] YR 60UH

Table 2. Effect of hFSH fransfected and non-transfected cells on the development of cloned embryos

No. of oocytes
Donor cells

No. (%) of developed to

No. of apoptotic

cells/total cells

Enucleated Fused 2-cell Blastocysts
KbFF 153 102 (66.7) 69 (67.6) 25 (24.5)° 5.243.8 / 82+30.2
KbFF-hFSH 253 166 (65.6) 114 (68.7) 26 (15.7)°  1.43+1.6 / 91.4326.7

*b. Different superscripts within column denote significant differences (p<0.05).

Table 3. Pregnancy rate following transfer of cloned embryos with hFSH transfected fetal fibroblasts

No. of NR rate No. (%) of
Donor cells . .
recipient cows Day 60 Day 120 birth calf
KbFF 24 6 (25.0) 1 (42) 0
KbFF-hFSH 53 26 (49.1) 9 (17.0) 2 (1.9

* .
Two calves were confirmed not to be transgenic calves.
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o 6F& AT 18FolM Lol AAHALH,
1205 o] % 15 7ho] whado] A H = A gko} Y4l
9 Ao A5t 1y HF BuE ©
@etx] Rald e, meta] gz AiE £
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Z1#1} KbFF-hFSHERE AB4kel 2A =4 &
£ 0]21F 60ol 49.1%81 26577} Wgol A
A gkokom, T3 1204 FHAME 9%(17.0%)7}
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2] 21~25 Y= & A ;’AE}

24 £ B ohye} 7 A 8]
YA EE BHIAZE & 2ol & io) JEH, 50
A 7%(Keefer =, 2001), 9~20%(Vilceu =, 2003)
Loz B73T 9o, Chen $(2002) & GFPZ
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ko] o] A% 408 YALo] 55%, 60U H ] 45%
olgtta Higgoew 115 & 3%71 Eultste]
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}
o

F

< FAFel go] dehes AR ojn delA
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& 3ol th the of
FolM of® 2910] 9l&
B WES teA) gohs
epyF g}E}(Ennght 5, 2002). E8 L
2 ANSR A AF AGEe] P 2L

124, >E PR O{N o:
o 2 o

o fo

oz aHA UrkCibelli E, 1998; Hill =, 1999;

Chen £, 2002).
2 Ao M AME Fompele] Solxle B

FolAelH, ol 2F B39 F§ EHE& ¥¥s

7] 18] vectorg 7383 7] wWlEel &

Bolgt 4ot EjoldfolNEE o] E3HT

5. EX|AZEE| hFSH Transfection &4

A AZHFE HH$ FAE PCRT A7} colony
(Fig. 3A)9} 722 hFSH #4271 AleA b2
Re 2 YelgtiFig. 3B). o1& Z-2 colonydl A
o] ME £ o= & M2 K A7) trans-
fection Eo]& colonyEE PCRE -2 o H§4At
7} YEtA HER B A3 AMS-3E colony:
transfection HA] & ME7} E3+5
o7 AP £33 o)R 827} transfection®
A e A& olAs A5 #agon o] A
ZeiE SAE 2RLE 94 Bego] QoA
A EE o) 4F Qale) A Faro) O
Bol] ¥ 7t5AE WEST Uk o9 22
Z AT Table 29| §3H&olA vehdl = ute} 7ol
F A7 27t AR T 2-cell HEE T
&0°] & colony®]] H]F] u)-¢- Hojz]= H o]
® O Z RHo} o= hFSH {7 #ke] of 8kel
2 Azgact ¥E hFSH 349 vector 74
mouse Uroplakin [T promoterg— olg3slgion
ol frofl Eell M hFSH {AA7E Hd = A
FFAW, A% FAR) Y AR Sl
Wgel §ae 2t Aow AZE 19X
hFSH A 2}7} transfection B M EE o] &3] &

colony?] 7

é W OIN

FIFHULIOm,JJz

417bp—»

Fig. 3. PCR result of hFSH vector (6.8KB) transfected’
colony cells (A) and cloned calves (B) from
hFSH transfected colony. A: hFSH transfected
colony (lane 1, 2, 3) and size marker (lane
4); B: Negative control (lane 1), calf 1 (lane
2), calf 2 (lane 3) and size marker (lane 4).
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Table 4. Microsatellite results of donor cells, recipients and cloned calves

MS loci ILSTS028 TGLA227 TGLA126 MGTG4B ILSTS008
Donor cell 131 131 80 82 119 127 132 140 175 177
Recipient 131 131 97 97 127 129 132 142 177 177
Calf 131 131 80 82 119 127 132 140 175 177

MS loci TGLA122 ILSTS005 ILSTS103 ETH225 ETH10

Donor cell 147 153 184 184
Recipient 155 155 186 186
Calf 147 153 134 184

221 221 142 142 218 218
223 227 138 146 226 226
221 221 142 142 218 218

6. Microsatelite =4d

PCR Z3} Blojd o7} 2 AR g2
ZoZ gele] HAAT BAE —5—0}7‘] AR &
Q18l7] st olEe] ¥ here] Ao g
2E DNAS AT, £ o5 2450
e 2o sfae) JZ2EE DNAE A3 sk
A 7+A] & 2 microsatellite v} = 1071 & o]
B3te] A S E o n A Table 490 o}
b vkot 2ot B4 Fobx g ElEE EE v
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W= hFSH7} transfection® Al E 9} transfection
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