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SUMMARY

Human Prourokinase (proUK) offers potential as a novel agent with improved fibrin specificity
and, as such, may offer advantages as an attractive alternative to urokinase that is associated
with clinical benefits in patients with acute peripheral arterial occlusion. For production of
transgenic cow as human proUK bioreacotor, we conducted this study to establish efficient
production system for bovine transgenic embryos by somatic cell nuclear transfer (NT) using
human prourokinase gene transfected donor cell. An expression plasmid for human prourokinase
was constructed by inserting a bovine beta-casein promoter, a green fluorescent protein (GFP)
marker gene, and human prourokinase target gene into a pcDNA3 plasmid. Cumulus cells were
used as donor cell and transfected with the expression plasmid using the Fugene 6 as a carrier.
To increase the efficiency for the production of transgenic NT, development rates were
compared between non-transfected and transfected cell in experiment 1, and in experiment 2,
development rates were compared according to level of GFP expression in donor cells. In
experiment 1, development rates of non-transgenic NT embryos were significantly higher than
transgenic NT embryos (43.3 vs. 28.4%). In experiment 2, there were no significant differences
in fusion rates (85.4 vs. 78.9%) and cleavage rates (78.7 vs. 84.4%) between low and high
expressed cells. However, development rates to blastocyst were higher in low expressed cells
(17.0 vs. 33.3%), and GFP expression rates in blastocyst were higher in high expressed cells
(75.0 vs. 43.3%), significantly.

(Key words : bovine, transgenic, somatic cell nuclear transfer, human prourokinase, GFP)

o] AP 2001d HREAE F3 IMT-2000 297 71&MEX A 5 AEFZEE 7[d7le LAY "(IMT
2000-C1-1) 2 Mgty F43ths ¥4 Fozstdgi A8 Adel ojste ATHAE.

' ety wAash whag 38kl 3 2)(Schoo! of Agricultural Biotechnology, Seoul National University, Suwon
441-744, Korea)

t Correspondence : E-mail: firstlee@snu.ac.kr

-101 -



INTRODUCTION

Transgenic animals are useful tools for the mass
production of human therapeutic proteins (Houde-
bine, 2000; Petters and Sommer, 2000). Up to date,
many human proteins were produced from trans-
genic animals including lactoferrin (Platenburg et
al., 1994), human protein C (Van Cott et al., 2001),
alphal-antitrypsin (Archibald et al., 1990), erythro-
poietin (Aguirre et al., 1998) and serum albumin
(Shani et al., 1992) by method of pronuclear
injection (PI). However, transgenic efficacy of PI
was low (Chan, 1999; Schnieke et al., 1997).
Therefore, for alternative of PI, nuclear transfer has
been used for its high transgenic efficiency and
ease of genetic manipulation (Chan, 1999; Cibelli
et al., 1998).

For production of transgenic animal by somatic
cell nuclear transfer (NT), donor cells must undergo
transfection and selection procedures resulting in
extended culture in vitro. And then, for susccesful
production of transgenic NT embryos, investigation
of developmental abnormalities of transgenic NT
embryos caused by transfection, drug and ultravio-
let were needed. In sheep, there were no differ-
ences in development rates between non-transgenic
and transgenic NT embryos, indicating the absence
of chromosomal instability during trasnfection and
selection procedure (Schineke et al., 1997). However,
in bovine transgenic NT, controversial results on
the development rates of non-transgenic vs. transgenic
NT embryos were
Zachartchenko et al. (2001) development rates of

reported. In study of

transgenic NT embryos were lower than non
-transgenic NT embryos. However, in study of Arat
et al. (2001) there were no differences in develop-
ment rates between non-transgenic and transgenic
NT embryos. Discrepancies of results between
these studies were might caused by several factors

including transfected gene, donor cell type, trans-

fection method, however it remains unclear.

In addition, expression level of reporter gene is
another important factor for susccessful production
of transgenic NT embryos. We used green fluo-
rescent protein (GFP) as reporter gene, however
there were no reports about effect of GFP expres-
sion level on development rates of transgenic NT
embryos. Although GFP is thought to be a non
-toxic biological marker, Hanazono et al. (1997)
reported that high expressing cells died within a
matter of days after transfection. And in study of
Arat et al. (2001) low level expressing cells grew
faster and dominated the culture while the highest
expressing cells died in 3~4 days after trans-
fection. Therefore systemic examination for toxicity
of reporter gene is needed.

We conducted this study for production of
transgenic cow as human prourokinase (proUK)
bioreactor by somatic cell NT. Human prourokinase
offers potential as a novel agent with improved
fibrin specificity and, as such, may offer advan-
tages as an attractive alternative to urokinase that is
associated with clinical benefits in patients with
acute peripheral arterial occlusion (Tanahashi and
Fukuuchi, 2002). In this study, for intermediate
procedure of production of transgenic cow, devel-
opmental competence of transgenic NT embryos
wase examined comapared with non-transgenic NT
embryos and effects of expression level of reporter

gene were invesitgated.

MATERIALS AND METHODS

1. Donor Cells

We collected cumulus cells as donor cell from
cumulus oocyte complexes (COCs) by a follicle aspi-
ration guided with ultrasonography (Lee et al., 1994).
We washed cumulus cells once by centrifugation
and subsequently seeded them into 100 mm Falcon
plastic culture dishes (Becton Dickinson, Lincoln
Park, NJ). We cultured seeded cells for 3~4 days

-102 -



in DMEM supplemented with 10% (v/v) fetal
bovine serum (FBS; Life Technologies, Grand
Island, NY), 1 mM sodium pyruvate (Sigma, St.
Louis, MO), 1% (w/v) non-essential amino acids
(Life Technologies) and 10 zg/ml penicillin strepto-
mycin solution (Sigma), then we removed the
explants. Dissociated cells were sequentially plated
in new petridishes containing the same culture
medium. We maintained cell lines for at least
seven passages and collected each donor cell at
three to five passages for DNA transfection. And
then, cumulus cells were transfected through lipid
-mediated gene transfer. The pGFP-proU plasmid
contained the enhanced green fluorescent protein
reporter gene driven by the cytomegalovirus pro-
moter, and human prourokinase gene driven by the
bovine beta casein promoter. This plasmid was
delivered into the cells using FuGene6® (Roche
Molecular Biochemicals, IN, USA) according to
the manufacturer's instructions. Two days after
transfection, transfection of DNA into cell was
examined under ultraviolet light using a standard
fluorescein (FITC;
wavelength: 450~490 nm; B-mode filter, Nikon,

isothiocyanate excitation
Japan) filter set. Before injection of donor cell, we
collected transfected cells by trypsinization of the
monolayer and resuspended the pellets of collected
cells after centrifugation in PBS supplemented with
0.5% FBS until NT.

2. Preparation of Recipient Qocytes

We collected ovaries at a slaughterhouse and
transported them to the laboratory in 0.9% (v/v)
NaCl solution at 30°C. We retrieved COCs from
antral follicles of 2~8 mm in diameter with an
18-gauge needle attached to a 10 ml syringe. We
selected COCs with evenly granulated cytoplasm
and encompassing compact cumulus cells of more
than three layers, and washed them three times in
HEPES-buffered tissue culture medium-199 (TCM
-199; Life Technologies). Then we cultured COCs

for IVM in bicarbonate-buffered TCM-199 sup-
plemented with 10% (v/v) FBS, 0.005 IU/ml FSH
(Antrin, Teikoku, Tokyo, Japan), 1 xg/ml estradiol
(Sigma) at 39C in 5% CO, in humidified air
atmosphere.

At 22 h after IVM, we removed expanded
cumulus cells of COCs by repeated pipetting and
0.1% (w/v) hyaluronidase (Sigma), and oocytes
with a first polar body were selected. Then we
enucleated oocytes by our standard procedure,
using HEPES-buffered calcium-free CRaa medium
(Rosenkrans et al., 1991) supplemented with 10%
FBS and 5 ug/ml cytochalasin B (Sigma) under an
inverted microscope (Diaphot, Nikon, Tokyo,
Japan) equipped with Normarski optics and flu-

orescent bulb at 200x magnification.

3. Oocyte Reconstruction and Subsequent Culture

Recipient cytoplast oocytes were washed 3 times
in handling medium and placed in 4 ul drop of
handling medium in micromanipulation chamber
containing donor cells. Only GFP expressed donor
cells under DIC microscopy equipped with FITC
filter were aspirated into injection pipette and
introduced through the same slit in the zona
pellucida as made during enucleation. The cell was
wedged between the zona and the cytoplast
membrane to facilitate close membrane contact for
a subsequent fusion process. We then performed
fusion using double DC pulses of 1.75 kV/cm for
15 s in an electro cell manipulator (BTX 2001,
San Diego, CA) and transferred reconstructed
oocytes to mSOF medium (Takahashi et al., 1992).
At 4 h after fusion, we chemically activated fused
oocytes by treatment with 5 M ionomycin for 4
min and subsequently treated with 1.9 mM 6-dime-
thylaminopurine (DMAP, Sigma) for 4 h. We
cultured 5~10 recontructed transgenic embryos
treated with DMAP in a droplet of 25 ul mSOF
supplemented with 0.8% (w/v) BSA. On Day 7

post fusion, the development of reconstructed
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embryos to blastocyst was recorded, and GFP
expression rates in blastocysts were examined
under FITC filter.

4. Experimental Design

1) Experiment 1. Transgenic vs. Non-transgenic

In experiment ‘1, development rates of non
-transgenic and transgenic NT embryos were com-
pared. Passages of all donor cells were 3~5 when
used for transfection. Randomly mixed populations
of non-transfected and transfected donor cells were

chosen and used for somatic cell NT.

2) Experiment 2. Expression Level of Reporter Gene

In experiment 2, developmental competence of
transgenic NT embryos was compared according to
the expression level of GFP in donor cell. Trans-
fected cumulus cells were divided into 2 categories
by level of GFP expression (high and low expres-

sion) as shown in Fig. 1 and were used in NT as

a donor cell.

5. Statistical Analysis

We subjected all values in each parameter to
ANOVA using a general linear model (PROC
-GLM) in a SAS 8.12 program. When we detected
the significance of main effects in each exper-
imental parameter, we subsequently compared by
the least square method. We determined signif-
icance among the treatments, for which the

P-values were less than 0.05.

RESULTS

1. Experiment 1. Transgenic vs. Non-transgenic

The developmental competence of control and
transgenic NT embryos is summarized in Table 1.
There was no significant difference (P<0.05) in
fusion rates between control NT embryos and
transgenic NT embryos (69.0% vs. 78.4%). However,

there were significant differences in cleavage rates

Fig. 1. Green fluorescent protein (GFP) expression level of donor cell under normal and ultraviolet (UV) light.
a) Donor cell expressing a high level of GFP; b) Donor cell expressing a low level of GFP; c) Nuclear
transfer embryos after fusion under normat light; ¢') Nuclear transfer embryos after fusion under UV light.
High expressing NT embryos (close arrow) derived from high expressing cell, and low expressing NT
embryos (open arrow) derived from low expressing cell {100x).
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Table 1. Development rates of nuclear transfer embryos derived from non-transfected and transfected cumulus

cells : T
No. of embryos
Transfection - - .
Injectgd Fused (%) Cleaved (%)" Develop to bl*(%)°
Non-transfected 455 314 (69.0) 279 (61.3)° 136 (43.3)°
Transfected 426 334 (78.4) 245 (73.4)° 96 (28.7)"

Model effect of transfection on the number.of embryos fused, cleaved, and developed to the blastocysts, which was
indicated as a P value, was ‘0.1238, 0.0001, and 0.0001, respectively.

* Blastocyst B
® Percentage of the number of embryos injected.

b Percentage of the number of embryos fused.

“ Within a parameter in the same treatment, values with different superscripts differed significantly, P<0.05.

and development rates to blastocyst between both
NT groups (61.3% vs. 73.4%; 43.3% vs. 28.7%;
P<0.05).

2) Experiment 2. Expression Level of Reporter Gene

The experiment was conducted to compare the
developmental competence and expression rates of
transgenic NT embryos according to level of GFP
expression in donor cell. There were no significant
differences in fusion and cleavage rates between
two groups, where as there were significant dif-
ferences in development rates to blastocyst and
expression rates (Table 2). Development rates were

higher in low level group, where as expression rates

were higher in high level group (Table 2).

DISCUSSION

In the present study, the efficiency of NT was
significantly higher with non-transfected than with
transfected cumulus cells. And development rates
were higher in transgenic NT embryos using low
expressing cells, however expression rates were
higher in high expressing cells group.

There are many reports about embryonic/fetal/
neonatal abnormalities after somatic cell NT (Cho
et al., 2002; Zakhartchenko et al., 2001; Hills et
al., 2000; Wells et al., 1999; Cibelli et al., 1998;

Table 2. Comparison of development rates of bovine transgenic nuclear transfer embryos derived from transfected
cumulus cells with different level of green fluorescent protein expression

No. of embryos

Level of
. . Fused Cleaved Develop to bl*  Expressed in bl*
expression Injected . R b
(%) (%) (%) (%)
High 110 94 (85.4) 74 (78.7) 16 (17.0° 12 (75.08
Low 114 90 (78.9) 55 (84.4) 30 (33.3)° 13 (43.3)°

Model effect of the expression level on the number of embryos fused, cleaved, developed to the blastocysts and
expressed, which was indicated as a P value, was 0.2054, 0.3203, 0.0164 and 0.0408, respectively.

* Blastocyst

* Percentage of the number of embryos injected.

b Percentage of the number of embryos fused.

* Within a parameter, values with different superscripts differed significantly, P<0.05.
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Wilmut et al., 1997). These abnormalities might be
caused by both the NT procedure itself, leading to
incomplete nuclear reprogramming of donor cells
or the in vitro maturation and embryo culture sys-
tem used (Zakhartchenko et al., 2001). Deficiencies
in any or in all of these systems, singly or in
combination, may lead to inappropriate patterns of
gene expression in embryos, fetuses, or in extra
embryonic tissue contributing to the failure of nor-
mal development. In addition, the use of trans-
fected cells as donors for NT might also cause
some problem in the development of NT embryos.
Both the transgene used and the procedures of cell
transfection, drug selection, and culture may, in
part, affect the developmental potential of NT
embryosd derived from transfected cells. Results of
the present study suggest that transgenic manipula-
tion of donor cells prior to culture might affect
their viability resulting decrease of development
rates of transgenic NT embryos.

In experiment 2, development rates to blastocyst
and expression rates in blastocyst were affected by
expression level of reporter gene. There is limited
study about expression level of GFP in transgenic
NT because presentation of objective values of
GFP expression level is so difficult. In study of
Arat et al. (2001) they used high expressing cells,
and Zakhartchenko et al. (2001) used randomly
independent of expression level. In this study, we
divided donor cell into 2 categories according to
GFP expression level to provide new data for
clarifying effect of expression level on the
development and expression rates of NT embryos.
In development rates of reconstructed embryos to
blastocyst, low development rates in high expres-
sing cell group explains the deletrious effect of
GFP transfection into donor cell. Although GFP is
thought to be a non-toxic biological marker, there
were several reports about detrimental effect of
GFP (Hadjantonakis et al., 1998; Hanazono et al.,

1997). However, in expression rates in blastocyst

stage, reconstructed embryos using high expressing
cells significantly higher than low expressing
group. After fusion, GFP expression of 1-cell stage
was resulted from donor cells introduced with
injection of the nuclei. GFP protein in donor cell
was dispersed into the cytoplasm of recipient and
mRNA in donor cell also produced GFP protein in
the oocyte cytoplasm (Kono, 1997). However, for
expression of GFP in the embryos after 8~16 cell
stage (bovine maternal to zygotic transcript tran-
sition), new transcripts from the NT embryo should
be derived from zygotic transition (Bondioli et al.,
1990). In the present study, low expression rates in
low expressing group was might be that trans-
fection of gene is transient by incomplete integra-
tion compared with high expressing cells.

In conclusion, development rates of transgenic
NT embryos were lower than non-transgenc NT
embryos and development rates were decreased in
case of using high expressing cells. More studies
are needed for decrease of detrimental effect of
transfected cell and stronger expression vectors
might result in a higher and more consistent level

of gene expression.
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