Reprod Dev Biol 30(4) : 293-299 (2006) 293

Integration and Expression of Goat A-Casein/hGH Hybrid Gene
in a Transgenic Goat

Chul-Sang Leeu, Doo Soo Leez, Nan-Zhu Fang3’§, Keon Bong Oh3, Sang-Tae Shin* and Kyung-Kwang Lee™

'Department of Biological Science, Kunsan National University, Kunsan 573-701
*Hanmi Research Center, Hwaseong 443-813
*Korea Research Institute of Bioscience and Biotechnology, Daejon 305-600
‘College of Veterinary Medicine, Chungnam National University, Daejon 305-764

ABSTRACT

In order to generate transgenic goats expressing human growth hormone (hGH) in their mammary glands, goat
B -casein/hGH hybrid gene was introduced into goat zygotes by pronuclear microinjection. DNA-injected embryos
were transferred to the oviduct of recipients at 2-cell stage or to the uterus at morula/blastocyst stage after
cultivation in glutathione-supplemented mSOF medium in vitro. Pregnancy and survival rate were not significantly
different between 2-cell embryos and morula/blastocysts transferred to oviduct and uterus, respectively. One
transgenic female goat was generated from 153 embryos survived from DNA injection. Southern blot analysis
revealed that the transgenic goat harbored single-copy transgene with a partial deletion in its sequences. Despite
of the partial sequence deletion, the transgene was successfully expressed hGH at the level of 72.1+15.1 pg/ml in
milk throughout lactation period, suggesting that the sequence deletion had occurred in non-essential part of the
transgene for the transgene expression. Unfortunately, however, the transgene was not transmitted to her offspring
during three successive breeding seasons. These results demonstrated that goat S-casein/hGH gene was integrated
into the transgenic goat genome in a mosaic fashion with a partial sequence deletion, which could result in a low

level expression of hGH and a failure of transgene transmission.
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INTRODUCTION

Human growth hormone (hGH) is one of the prin-
cipal hormones required for postnatal growth and is
absolutely essential for attainment of normal body size
(Underwood, 1988). It is well established that exoge-
nous hGH is an effective treatment of hypopituitary
dwarfism in children and a variety of other disorders
(Laron et al, 1987). Thus hGH is an important thera-
peutic protein and a good candidate for the large-scale
production in milk of transgenic animals. However, the
presence of high level of hGH in the blood of trans-
genic animals is known to cause a variety of metabolic,
growth and reproductive abnormalities (Furuhata et al,
2000). Thus, strict temporal- and spatial-specific regula-
tion of hGH expression without its systemic effects on

animal physiology has been considered as an essential
prerequisite for the large-scale production of hGH in
transgenic animals.

The feasibility of tissue-specific and large-scale pro-
duction of hGH has been evaluated in transgenic ani-
mals including mice (Devinoy et al, 1994; Lee ef al,
1996), rats (Ninomiya et al, 1994; Takahashi and Ueda
2001), rabbits (Limonta et al, 1995; Lipinski ef al, 2003),
and pigs (Aigner et al, 1999) using several milk protein
promoters. In those studies, the expression level and
tissue specificity of hGH expression were highly vari-
able depending on fusion gene constructs and their
chromosomal integration sites, which led to a systemic
effects of hGH on the animal physiology including
reproductive fajlure. (Devinoy et al, 1994; Ninomiya ef
al, 1994; Lee et al, 1996).

In our previous study (Lee, 2006), the expression of
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goat B-casein/hGH hybrid gene was examined inten-
sively in a significant number of independent transge-
nic mouse lines. Most transgenic mice produced high-
level hGH up to 13 mg/ml in their milk without a
reproductive failure. Moreover their hGH expression
was highly specific to the mammary gland and their
lactation phase, suggesting the goat S -casein/hGH gene
construct is useful for the large-scale production of
hGH in domestic animals. In this study, therefore, we
designed to generate transgenic goats harboring goat 2
-casein/hnGH hybrid gene using Korean native black
goats, which have been readily used for transgenic
animal program in Korea for a large-scale production
of human therapeutic proteins (Ko et al, 2000; Lee et
al, 2000a,b). There were other reports on the produc-
tion of transgenic goats (Ebert ef al, 1994; Gootwine et
al, 1997) and the feasibility of large-scale production of
human proteins in the milk of transgenic goats for an
industrial application has been confirmed (Edmunds et
al, 1998; Parker et al, 2004; Baruah et al, 2006). A
typical example of transgenic therapeutic proteins, anti-
thrombin II is now in clinical trial by GTC Biothera-
peutics (Drugs in R&D, 2004).

In this report, we described a feasible procedure for
the generation of transgenic Korean black goats using
pronuclear microinjection protocol. In addition, integra-
tion, expression, and transmission of the goat g -case-
in/hGH transgene in the transgenic goat were studied
in detail.

MATERIALS AND METHODS

Generation of Transgenic Animals

Detailed experimental procedure for the production
of transgenic animals from Korean native black goats
(Capra hircus coreanae) have been described in our
previous reports (Lee et al, 2000ab). In brief, donors
were synchronized by norgestomet implants for 14
days and their ovulation was induced by a combined
injecion of FSH and hCG. Zygotes were recovered
surgically through the oviduct flushing 40 hr following
hCG injection. Zygotes were briefly centrifuged (12,000
xg, 7 min) to visualize pronuclei in order to confirm
fertilization and inject DNA. DNA-injected zygotes
were cultured for 1 day or 6 days until transfer in a
glutathione (GSH)-supplemented mSOF medium, which
has been shown to readily support in wvitro-develop-
ment of goat zygotes to morula/blatocyst stage (Lee ef
al, 2000b). Two or three embryos at the 2-cell or mo-
rula/blastocyst stage were surgically transferred into the
oviduct or uterus, respectively, of the synchronized
recipients. Pregnancies were diagnosed by transabdomi-
nal ultrasound scanning about 45 days following em-

bryo transfer.

Screening and Analysis of Transgene

An hGH expression vector, pGbc5.5hGH, was cons-
tructed by placing 2.1 kb hGH gene under the control
of 5.5 kb goat S-casein promoter (Lee, 2006). For scree-
ning transgenic goats among the offspring, their geno-
mic DNA was isolated from their ear tissues and app-
lied to PCR and Southern blot hybridization. PCR
analysis was carried out using a primer set (5-ATTCC
GACACCCTCCAACAG and 5-CATCGTGCAGTGCCG
CTCTG), which amplified a portion (730 bp) of the
hGH gene (Fig. 1). The integrity and copy number of
the transgene in the transgenic goat was investigated
by Southern blot hybridization with *P-labeled DNA
fragments of hGH gene (1.1 kb). Genomic DNA sample
(20 ng) was digested with Hindlll or BamHI/Bgl and
fractionated on 1% agarose gel together with 20 pg
of injection DNA, which corresponds to approximate
amount of single-copy transgene in the mammalian di-
ploid genome.

Hormonal Induction of Lactation

For an early analysis of hGH expression in the trans-
genic female, lactation was hormonally induced at th-
ree months of age (Ryot et al, 1989). The goat recei-
ved seven injections of stilbesterol diproprionate (0.25
mg/kg body weight, Sigma) and progesterone (0.75 mg/
kg body weight, Sigma) subcutaneously on alternate
days. One day after the last injection, prednisolone (0.4
mg/kg body weight, Sigma) was daily injected intra-
muscularly for 3 days. At the end of treatment, milk
samples were collected daily for 8 days, stored in the
freezer (— 20C) until analysis. To test the feasibility of
early analysis for the transgene expression, Milk hGH
concentration was also measured during natural lacta-
tion period after parturition and compared to that of
milk collected by hormonal induction.

Analysis of Milk Samples

Concentrations of hGH in milk were measured by
radioimmunoassay (RIA) kit specific for hGH according
to manufacturer's instruction (Daichii, Japan). For wes-
tern analysis, milk samples were defatted by a brief
centrifugation, fractionated on 13% SDS-polyacrylamide
gel, and then transferred onto nitrocellulose membrane
(Schleicher & Schuell, Germany). hGH was detected by
a combination of rabbit anti-hGH polyclonal antibody
(Chemicon International, CA) and anti-rabbit IgG conju-
gated to alkaline phosphatase (Sigma, MO), and visua-
lized by BCIP/NPT (Sigma, MO).

Statistical Analysis

The pregnancy rate and the term-development of DNA-
injected embryos were compared between different em-
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bryo-transfer procedure (oviduct vs. uterus) with Chi-
square analysis. The P value used to determine signi-
ficance in all tests was 0.05.

RESULTS

Generation of Transgenic Goat

In the course of this study, a total of 626 embryos/
ova were collected from 23 donor animals, which were
used at least twice for superovulation. DNA solution
was successfully introduced into the pronuclei of 30%
(188 embryos) of them, showing two pronuclei clearly.
Of the injected embryos, 81.4% (153 embryos) survived
and cleaved to 2-cell in a day after microinjection
(Table 1).

One half (79 embryos) of the survived 2-cell embryos
were transferred into the oviduct of synchronized
recipients and the other half (74 embryos) were cul-
tured to morula/blastocyst for uterine transfer. For the
development to morula/blastocyst stage, the DNA-injec-
ted embryos were cultured for 6 days in GSH-supple-
mented medium without somatic cell support (Lee ef
al, 2000b). Cultured embryos developed to 41 morula
(65.4%) and 23 blastocysts (31.1%). which were surgi-
cally transferred into the uteri of the synchronized
recipients (Table 2).

There was no significant difference in the pregnancy
rate between the oviduct- and uterus-transferred reci-
pients (34.5% vs 38.5%). Overall pregnancy rate (36.4%)
in this report was comparable to the results of other
report (Gootwine ef al, 1997). The survival rate of the
embryos to term was not significantly different be-
tween oviductal and uterine transfer (15.2% vs 20.3%).
These results demonstrate that GSH-supplemented me-

Table 1. Summary of egg collection and embryo microinjection

dium can support normal development of DNA-injec-
ted zygotes to morula and blastocyst stages. Overall, 25
offspring developed to term from a total of 153 viable
microinjected embryos, of which one female was identi-
fied as transgenic by PCR. Transgene-specific PCR pro-
duct (730 bp) was detected in one of goat genomic
DNA samples (Fig. 1).

Genomic Analysis of Transgene

In order to characterize the integration pattern of the
transgene in the transgenic goat, the genomic DNA
samples of the goats, together with one transgenic
mouse sample, which was obtained from one of the
transgenic mouse lines described preciously (line #15 in
Lee, 2006), were subjected to Southern blot hybridiza-
tion after digestion with specific combinations of res-
tricion enzymes, specifying the unique restriction sites
in the gene construct (Fig. 1). Single digestion with
Hindlll produced one weak band in the transgenic goat
sample (TG), two band signals in the transgenic mouse
DNA (TM), and no signals in the non-transgenic goat
samples (NG-1 and NG-2). One of the mouse signals
was much stronger than the other one and showed the
same electrophoretic mobility with the intact injection
DNA, representing a typical integration pattern of
multiple-copy transgene in transgenic animals. How-
ever, the transgenic goat sample showed only one
band, although it was smeared a little, of a similar
intensity to the single-copy positive control. These re-
sults demonstrates that the transgenic goat might con-
tain a single-copy transgene. In case of double diges-
tion with BamHl and Bgll, transgenic goat signal was
much smaller (approx. 5 kb) than the expected 6.3
kb-band (Fig. 1A) shown in the transgenic mouse sam-
ple, demonstrating that there could be a sequence
deletion in the goat transgene. Collectively Southern blot

No. of donors used
(Total no. of operation®)

No. of eggs collected
(per animal, per operation)

No. of embryos injected
(% collected)

No. of embryos survived
(% injected)

23 (55) 626 (11.4) 188 (30.0) 153 (81.4)
* 23 does were used at least twice for superovulation
Table 2. Embryo transfer for the generation of transgenic goats
Transfer No. of efmbryos No. of embryos Nf)' .of No. (%) of No. (%) of No. (%) .of
survived transferred recipient pregnant offspring* transgenic*
Oviduct 79 79 10(34.5) 12(15.2) 1
Uterus 74 64** 10(38.5) 13(20.3)
Total 153 143 20(36.4) 25(17.5) 1(0.7)

* Based on the number of transferred embryos.

** Morula/blastocysts developed from 2-cell embryos were subjected to uterine transfer.
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Fig. 1. Screening and characterization of goat 8-casein/hGH transgene in transgenic goat. A. Structure of goat /A -casein/hGH hybrid gene
and strategy for PCR and Southern blot analysis. Microinjection DNA was composed of 5.5 kb goat S-casein promoter and 2.1 kb hGH
gene. Expected size of hybridization signals was shown on each arrowed line. The region corresponding to PCR products and hybridization
probes were represented. The diagram is not shown to scale. B. Examples of PCR results for the identification of transgenic goat. PCR
products amplified from goat genomic DNA samples (lane 1, 2, 3, and 4) were analyzed on 1.2% agarose gel along with positive control
(+). A 730 bp of hGH gene-specific signal was detected only in a positive control (+) and a transgenic sample (lane 4). C. Determination
of integrity and copy number of the transgene by Southern blot analysis. Genomic DNA samples (20 pg) of transgenic (TG) and
non-transgenic (NG1 and NG2) goats and a transgenic mouse (TM) were digested with indicated enzymes and then hybridized to 2p_labeled
hGH probe. Purified injection DNA (20 pg) was used as a single-copy positive control (+). Hybridization signals for the transgenic goat (a,

d) and transgenic mouse (b, ¢, €) were indicated as small arrows.

analysis revealed that the transgenic goat harbored a
single-copy transgene including a partial sequence dele-
tion.

Expression and Transmission of Transgene

In order to examine the functional integrity of the
transgene, hGH expression was examined by measuring
hGH concentration in the milk of the transgenic goat.
For an early analysis, female transgenic goat was in-
duced to lactation with hormones at three months-age.
Milk samples were obtained daily for 8 days and hGH
concentration and its gel-mobility was determined by
hGH radioimmunoassay and western blot analysis,
respectively. Despite of partial sequence deletion, the
transgene expressed hGH successfully at the level of
33.06.1 pg/ml and its molecular weight was the same
as a known recombinant hGH (Hanmi Pharmaceuticals
Co., Korea) and hGH protein in the transgenic mouse
milk (Fig. 2A). Therefore, these results showed that the
partial sequence deletion had occurred in non-essential
sequences of the transgene for hGH gene expression.
To test transmission of the transgene to the progeny,
the transgenic goat bred and 5 offspring were obtained

for three successive breeding seasons, but all they were
identified as non-transgenic. Unsuccessful transmission
of the transgene suggested a possibility that transgene
in the transgenic goat could be integrated into the host
genome in a mosaic fashion. During the first breeding
season, milk was collected from the lactating transgenic
goat and its hGH concentration was measured. The
mean hGH concentration during 46 days-sampling pe-
riod was 72.1+15.1 ug/ml, ranged from 44.0 to 91.1 n
g/ml, which was 2-fold higher than that of the milk
obtained by induced lactation.

DISCUSSION

In this report, we successfully generated a transgenic
female from Korean black goat harboring goat S
-casein/human growth hormone (hGH) hybrid gene by
pronuclear injection and analyzed the integration, ex-
pression, and transmission of the transgene.

For the efficient production of transgenic animals by
pronuclear injection, simple and efficient embryo cul-
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Fig. 2. hGH production in milk of transgenic goat. Milk samples were analyzed by radicimmunoassay and western blot analysis. hGH
concentration in milk obtained at indicated days of induced (A) and natural (B) lactation was determined by hGH radicimmunoassay. Mean
(+SD) hGH concentration in each lactation procedure was boxed. A photograph of western blot analysis using 1 #1 of goat milk at 2, 4, and
6 days of induced lactation, non-transgenic goat milk (- ) and transgenic mouse milk (TM) was shown in panel A, together with protein size

markers (M) and recombinant hGH (100 ng, +).

ture and transfer procedures are essential. To test the
feasibility of our culture method (Lee et al, 2000b) for
an application to the generation of transgenic goat, mo-
rula/blastocyst embryos cultured in a glutathione (GSH)-
supplemented mSOF medium were subjected to uterine
transfer. In the previous reports (Gootwine et al, 1997;
Edmunds et al, 1998), most of the DNA-injected early
embryos have been surgically transferred to the ovi-
ducts because there were no simple culture methods to
support normal development of goat zygotes to mo-
rula/blastocyst stage. In our previous report (Lee et al,
2000b), however, we showed that a simple addition of
an antioxidant, glutathione, into culture medium was
sufficient for in vitro development of goat early em-
bryos to blastocysts with a comparable cell number to
that of in vivo-developed blastocysts. In this report,
DNA-injected embryos developed efficiently to morula/
blastocysts in the same culture medium and finally de-
veloped to term by uterine transfer in spite of a po-
ssible detrimental effect of the microinjection proce-
dure on embryo development in vifro. This means that
culture of microinjected embryos and following their
uterine transfer could be promising procedures for the
production of transgenic goats.

Pronuclear injection procedure has been a successful
method for the generation of transgenic livestock.
Although, however, this procedure worked reliably, the
efficiency was very low. Only 0.5~3% of microinjected
embryos gave rise to transgenic offspring (Niemann
and Kues, 2000; Behboodi et al, 2004). Moreover the
pronuclear injection procedure has been known to
result in a random integration of transgenes into the
host genome, which evidenced highly variable expre-
ssion of transgenes due to the position effects by geno-
mic sequences flanked to the transgenes (Baldassarre ef
al, 2004). We generated only one transgenic female

goat with a low efficiency of 0.7% of microinjected
embryos in this study. Nevertheless, we had expected a
high-level hGH expression from the transgenic goat
because the same goat £ -casein/hGH hybrid gene ex-
pressed hGH consistently at a high level in the mice
(Lee, 2006). In our transgenic mice, hGH was expressed
at a high level ranging from 0.1 to 13 mg/ml in the
milk and furthermore the expression level was more
than 1 mg/ml hGH in most of the mouse lines (9 out
of 16 lines). Contrary to our expectation, however, the
actual expression level in the goat milk was much
lower than that in the transgenic mouse milks. The
hGH level in the milk of the transgenic goat was 33.0
pg/ml in the induced lactation and 72.1 pg/ml in the
natural lactation. Poor expression of our transgenic
goat could be ascribed to the mosaic integration of the
transgene. Mosaicism in transgenic animals produced
by pronuclear injection has been reported in many
studies (Cousens et al, 1994; Evans et al, 1994). Mo-
saicism has been known to result in uneven distri-
bution and expression of the transgene and low trans-
mission rate of transgene to the offspring (Evans et al,
1994). A possible mosaic integration of transgene in
our transgenic goat was suggested by showing that all
five offspring born during three successive breeding
seasons were non-transgenic, although we haven't yet
determined the mosaic integration of the transgene
cytochemically.

The poor expression of our transgenic goat could be
also explained by the partial sequence deletion of the
goat [-casein gene promoter. In this report, we found
a partial sequence deletion in the transgene and could
speculate that the deleted sequence might be in non-
essential elements of transgene expression, such as
distal promoter sequence of the goat B-casein gene,
because hGH gene was successfully amplified by PCR
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for the transgenic screening and normal hGH protein
was successfully expressed in the milk of the trans-
genic goat. Partial sequence deletion in the distal re-
gion of the promoter can lower the transgene expre-
ssion by weakening the promoter strength or increasing
the influence of position effects on the transgene ex-
pression. An hGH expression driven by shorter 2
-casein promoters of bovine or rat [-casein gene was
highly variable (Ninomiya et al, 1994; Lee et al, 1996).
Those transgenes showed high expression in some
transgenic mice but low-level expression or even no
expression in other animal lines. Thus, it can be spe-
culated that the deleted sequences in the distal promo-
ter region of goat [ -casein/hGH hybrid gene may be
crucial for a consistent high-level expression by streng-
thening promoter activity and/or insulating the position
effect from the integration site of host chromosome.
Together, it is conceivable that low hGH expression in
our transgenic goat resulted from transgenic mosaicism
and/or partial sequence deletion of the transgene. But
these explanations cannot rule out a possible position
effect of host genomic sequences on the transgene ex-
pression in its integration site.

This study demonstrates that random mosaic integra-
tion and low integration efficiency could be principal
impediments to the application of pronuclear injection
procedure for the generation of transgenic livestock.
Recently somatic cell nuclear transfer was developed
and successfully used for the expansion and production
of transgenic goats (Baldassarre ef al, 2004; Behboodi ef
al, 2004). This procedure is waiting for replacing the
pronuclear microinjection, a traditional standard techni-
que for the production of transgenic livestock (Nie-
mann ef al, 2005, Salamone et al, 2006).
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