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Abstract : The detrimental effects of gene transfection on embryo development and the molecular mechanism behind
the differential expression of genes related to early embryo development were assessed in the production of transgenic
cow embryos through somatic cell nuclear transfer (NT). Parthenogenetic, TVF, and transgenic NT embryos derived
from o,-antitrypsin transfected ear fibroblast cells was produced. To investigate the molecular mechanism behind lower
developmental competence of transgenic NT embryos, the differential mRNA expression of three genes (IFN-t, Oct4,
Fgf4) in the 3 types of embryo (Parthenogenetic, IVF, transgenic NT) was examined. RNA was extracted from ten
blastocysts derived from 3 types of embryos and reverse-transcripted for synthesis of the first cDNA. The quantification
of 3 gene transcripts (IFN-t, Oct4, and Fgf4) was carried out in three replicate by quantitative real-time reverse
transcriptase PCR. Expression level of IFN-t mRNA was significantly higher in transgenic NT embryos than
parthenogenetic and IVF embryos (P< 0.05). However, expression level of Oct4 and Fgf4 of transgenic NT embryos

was significantly lower than IVF embryos (P<0.05). Altered levels of these three mRNA transcripts may explain
some of the embryonic/fetal/neonatal abnormalities observed in offspring from transgenic NT embryos.
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Introduction

Cloning of bovine embryos via nuclear transfer (NT) from
fetal or adult somatic donor cells has made great progress

during the past few years (11,2,8,18,20,21,7,1). However, a high -

rate of embryonic, fetal, and neonatal abnormalities has been
consistently observed, all of which are described by the term
large offspring syndrome (2,8,1,18,21). The production of viable
transgenic offspring using NT depends upon the successful
combination of many factors, including oocyte quality and
age, activation, reconstruction process, culture conditions, type
of donor cell, donor cell transfection methods, cell cycle
stage of both donor and recipient cells, and the viability of
the transfected donor cell.

Normal expression of genes related to embryo develop-
ment is required for reprogramming after NT. The molecular
mechanisms underlying reprogramming are still largely unknown
(10,24). Likely candidates include genetic imprinting (17)
and epigenetic DNA modifications such as DNA methylation
(13) and changes in chromatin configuration (9). Endogenous
genes such as the transcription factor Oct-4, fibroblast
growth factor (Fgf), and gp130 are expressed in a similar
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manner throughout the development of bovine NT embryos,
while transcript levels are altered for several other growth
factor and cytokine genes (3). The abnormal expression of
developmentally important genes is suspected to have detrimen-
tal effects on embryonic development. The expression pattern of
a set of marker genes in bovine NT-derived embryos has not yet
been correlated with targeted modifications of the NT procedure.
In this study, the expression of genes related to embryo
development, transcription of interferon-t (IFN-t), Octamer-
binding transcription factor (Oct4), and fibroblast growth factor 4
(Fgf4) were compared in parthenogenetic, in vitro fertilization
(IVF), and transgenic NT embryos for investigation of abnormal
development competence of transgenic NT embryos. IFN-t is
associated with early differentiation and trophoblastic function
(16), Oct4 is associated with pluripotent cell lineages in mam-
mals and is expressed in the early embryonic stages of devel-
opment and primordial germ cells (12), and Fgf4 transcription is
associated with early development and natural inducer of limb
mesenchyme proliferation (5). The identification of genes with
predictable abnormal expression in transgenic NT embryos
may provide genetic markers that can be used to assess trans-
genic embryo viability prior to transfer to recipient animals.
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Materials and Methods

Generation of transfected cell lines

In order to isolate ovine ear fibrobalst cells, high-perfor-
mance Holstein cow was selected for donor cow. The exter-
nal surface of ear was shaved and cleaned aseptically. A
piece of skin tissue with about 100 mm’ wide and 1 mm
thick was biopsied and immediately immersed in sterile PBS
(Life Technologies, Rockville, MD). The biopsied specimen
was transferred into 3 rinsing baths of sterile PBS, and pieced
tissue specimen was dispersed by exposure to 0.1% trypsin-
EDTA for 1-2 hrs. The cell suspension was transferred into
culture dish in Dulbecco’s modified Eagle’s medium (DMEM;
Life Technologies) in a humidified atmosphere of 5% CO,
and 95% air. An expression plasmid for human o,-antitrypsin
(pGFP-aAT) was constructed by inserting a bovine beta-casein
promoter (accession number : M55158.1), a green fluorescent
protein (GFP) marker gene, and human oAT target gene
(accession number : X01683) into a pcDNA3 plasmid (Life
Technologies). For transfection, ear fibroblast cells were cul-
tured to 50% confluency in a 35-mm culture dish and trans-
fected with the plasmid using FuGene6® (Roche Molecular
Biochemicals, Indianapolis, IN) according to the manufac-
turer’s instructions. The transfected cells were cultured for
another 4 days to induce chromosomal integration of the
transgene. Before injection of the donor cells, transfected
cells were collected by trypsinization. After centrifugation,
the pellets were resuspended in PBS supplemented with
0.5% fetal bovine serum (FBS). GFP-expressing cells were
selected under ultraviolet (UV) light using a standard fluorescein
isothiocyanate filter set (FITC; excitation wavelength : 450-
490 nm;, B-mode filter, Nikon, Japan) and used for microinjection.

Preparation of recipient oocytes

Bovine ovaries were collected at a local slaughterhouse
and transported to the laboratory in 0.9% (v/v) NaCl solu-
tion at 30 to 35°C. Follicular fluid and COCs from follicles 2
to 8 mm in diameter were aspirated using an 18-gauge needle
attached to a 10-m] disposable syringe. COCs with evenly gran-
ulated cytoplasm and enclosed by compact cumulus cells of
more than three layers were selected, washed three times in
HEPES-buffered tissue culture medium-199 (TCM-199; Life
Technologies), and cultured for in vitro maturation IVM) in
bicarbonate-buffered TCM-199 supplemented with 10% (v/v)
FBS, 0.005 IU/ml FSH (Antrin, Teikoku, Tokyo, Japan), and
1 g/ml estradiol (Sigma Co., St. Louis, MO) in a humidified
atmosphere of 5% CO, in air.

Production of embryos

Parthenogenetic embryos: After 24h of maturation,
oocytes were denuded by mouth pipetting. Next, mature
oocytes were selected by the presence of the first polar body
under a stereomicroscope. After 4 h of culture, mature oocytes
were activated by incubation in handling medium containing
5 um ionomyein (Sigma) for 4 min. Embryos were then exten-

sively washed in TCM199-washing medium for 5 min before
culture for 4 h in 2-mM 6-DMAP (Sigma) in mSOF for post-
activation. Culture of parthenogenetic embryos was performed
in 25 pl drops of mSOF overlaid with mineral oil at 39°C in a
humidified atmosphere of 5% CO,, 5% O,, and 90% N..

IVF embryos : The medium used for oocyte washing, sperm

penctration, and [VF was TALP containing 3 or 6 mg/m/
BSA, as described by Fukui (6). After maturation, mature
oocytes were subsequently rinsed three times in 2-3 ml wash-
ing-TALP medium and rinsed once in IVF-TALP (Fukui).
Five to seven oocytes were transferred into a 43 p/ droplet of
IVF-TALP under mineral oil. Frozen-thawed sperm were
subjected to a swim-up procedure for 1 h in capacitation-TALP
to recover the motile spermatozoa. The supernatant was cen-
trifuged at 500 X g for 6 min and a 5 p/ aliquot of the sperm
pellet was added to the IVF-TALP (approximately 1 X 10%ml)
droplets containing the oocytes. Fertilization was allowed to
take place at 39°C in a humidified atmosphere of 5% CO, in
air for 18-20 h. After culture, fertilized oocytes were denuded by
gentle pipetiing in a TCM-washing medium. Embryos were cul-
tured in 25 p/ drops of mSOF overlaid with mineral oil at 39°C
in a humidified atmosphere of 5% CO,, 5% O,, and 90% N,.
" Transgenic NT embryos: Production of transgenic NT
embryos was performed as described by Cho et al. (1). Briefly,
after 18 h of maturation, oocytes were denuded and mature
oocytes with a first polar body were selected for enucleation.
Oocytes were enucleated by a squeezing method. Nuclear
transfer was performed using transfected ear fibrobalst cells
that expressed the GFP under UV light as donor cells, and
then fused by an electric method. Reconstructed embryos
were cultured for reprogramming followed by activation by a
chemical method. At 4 h postactivation, embryos were cul-
tured in 25 p/ drops of mSOF overlaid with mineral oil at
39°C in a humidified atmosphere of 5% CO,, 5% O, and N,
in air atmosphere.

mRNA Extraction, cDNA Synthesis and Real-time PCR

These procedures were performed as described in the pre-
vious study (19). Briefly, ten blastocysts of the 3 groups were
pooled in 1 p/ of PVA-PBS and immediately stored in liquid
nitrogen until RNA isolation. Poly(A) mRNAs were extracted
following the manufacturer’s instructions using the Dyna-
beads mRNA Direct Kit (Dynal). After thawing, the samples
were lysed in 50 p/ of lysis/binding buffer (Dynal) at room
temperature for 10 min. Then, 10 p/ of Dynabeads oligo(dT),s
were added to each sample. The beads were hybridized for 5
min and separated from the binding buffer using the Dynal
magnetic separator. Poly(A) mRNAs and beads were washed
in buffers A and B (Dynal), and were separated by adding
11 pl of diethyl pyrocarbonate-treated water. Poly(A) mRNAs
were reverse transcribed in a total volume of 20 p/ contain-
ing using 2.5 pw/ random hexamer primer, 1 Xreverse tran-
scription buffer, 20 TU of RNase inhibitor, 50 IU Moloney
murine leukemia virus reverse transcriptase enzyme (Promega,
Madrid, Spain), 5 mM MgCl,, and 1 mM of each dNTP.
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Table 1. Primers used for polymerase chain reaction

Genes Primer sequences

Annealing
T. (°C)

Fragment

size (bp) Genebank

5’ = GGTAAGGCTGGGAAGGACTC

Histone H2a 3’ = CGGIGAGGTACTCCAGGATG

60 181 NM174809

5' = GAGCCCTCTCTTCATCAACCA
IFN-t

3' = TACGAAGGTGATGTGGCATCT

60 109 AF238612

Octd 5' = CGAGTATCGAGAACCGAGTG
C

3' = CAGGGTTCTCTCCCTAGCTC

60 441 NM 174580

5' = CGAGTGCAGGTTCAGAGAGA

F
gf 3 = GAGGAAGTGGGTGACCTTCA

60 151 NM001040605

After denaturation of the secondary RNA structure at 70°C
for 5 min, the cDNA was complete by the following conditions
at room temperature for 10 min, at 42°C for 60 min to allow
the reverse transcription of RNA, and at 93°C for 1 min to
denature the enzyme. The quantification of 3 gene transcripts
(IFN-1, Oct4, and Fgf4) was carried out in three replicate by
quantitative real-time reverse transcriptase PCR on the 7500
real-time PCR SYSTEM (Applied Biosystems, USA) using
SYBR Green, a double-stranded DNA-specific fluorescent dye.
The primer sequences for each gene was as Table 1. The
reaction mixture of the total 20 p/ volume consisted of 10 p/
of 2 Xbuffer (containing modified DyNAmo hot start DNA
polymerase, SYBR Green I, optimerase PCR buffer, 5 mM
MgCl2 and ANTP mixture including dUTP; Molecular Probes),
2 ul of each primer (0.2 uM), 4 W/ of double distilled water,
and 2 W of cDNA template. The PCR was conducted in an
initial step of 94°C for 15 min, 40 cycles of 94°C for 30 s,
60°C for 30 s, and 72°C for 30 s. The fluorescence values were
determined after each elongation step. The dissociation curve
was analyzed following the final cycle to determine the spec-

ificity of amplification. The melting protocol consisted of holding:

at 40°C for 60 s and then heating from 65 to 95°C, holding at
each temperature for 0.1 s while monitoring fluorescence. To
identify specific amplification of a single PCR product, the
product was confirmed by 2% agarose gel electrophoresis.
The comparative C; method was used for quantification of
expression levels.

Statistical analysis

All data wre analyzed by analysis of variance using the SAS
package. Significant differences of relative expression for IFN-1,
Oct4 and Fgf4 genes were evaluated by using the Duncan test.

Results

Expression levels of IFN-t, Oct4 and Fgf4 genes at blastocyst
stage were comparatively evaluated between parthenogenetic,
IVF, and transgenic NT embryos using quantitative real-time
PCR. In comparison with expression level of IFN-t gene,
expression level of transgenic NT embryos was highy enhanced
compared with parthenogenetic and IVF embryos (Fig 1).
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Fig 1. Comparative exrepssion levels of the IFN-t gene between
parthenogenetic, IVF and transgenic NT blstocysts. Quantifica-
tion of gene expression levels is displayed as the mean£S. E.
a, b superscripts denote significant differences between parthe-
nogenetic, IVF and transgenic NT embryos, repectively (P<0.05)
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Fig 2. Comparative exrepssion levels of the Oct4 gene
between parthenogenetic, IVF and transgenic NT bistocysts.
Quantification of gene expression levels is displayed as the
mean=* S.E. a, b superscripts denote significant differences
between parthenogenetic, IVF and transgenic NT embryos,
repectively (P<0.05)

Expression level of IFN-t gene in the parthenogenetic embryos
was significantly lower that other 2 embryos (P <0.05). In the
expression level of Oct4 gene, that of transgenic NT embryos
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Fig 3. Comparative exrepssion levels of the Fgf4 gene between
parthenogenetic, IVF and transgenic NT blstocysts. Quantifica-
tion of gene expression levels is displayed as the meant S.E. a,
b superscripts denote significant differences between partheno-
genetic, IVF and transgenic NT embryos, repectively (P<0.05)

was significantly fower than other 2 embryos (Fig 2; P <0.05).
Expression level of Fgf4 gene was significantly higher in the
IVF embryos than trasngesnic NT embryos (Fig 3; P <0.05).

Discussion

In this study, in order to determine the possible genetic
causes of the low efficiency of animal production with trans-
genic NT, transcription of three genes (IFN-t, Octd, and Fgfd)
was evaluated in bovine preimplantation embryos derived
from parthenogenetic activation, IVF, and transgenic NT pro-
cedures. These genes are known to have important functions
during pre-implantation, early postimplantation development
or both in mammals and, hence, have the potential to be used
as genetic markers of embryo viability.

We found that the transcription of genes was different in
blastocysts derived from parthenogenetic, TVF, and transgenic
NT methods. IFN-1 is responsible for maternal recognition of
pregnancy and plays a crucial role in placentation (14, 22).
[FN-t mRNA was found in blastocysts not in morulae and it
is commonly believed that a higher amount of IFN-t mRNA
is an indicator of poor-quality blastocysts (23). Significantly
higher expression level of IFN-1 in the transgenic NT embryos
was associated with abnormal development of transgenic NT
embryos.

Oct4 is a2 mammalian POU transcription factor expressed
by early embryo cells and activity of Oct4 is essential for the
identity of the pluripotent founder cell population in the
mammalian embryo (12). Octd expression pattern suggests
that QOct4 is associated with the status of totipotency, both in
the preimplantation embryo and in in vitro culture (15). In
this study, significantly lower expression of Oct4 gene in the
transgenic NT cmbryos suggests that totipoency of trans-
genic NT embryos are not enough for normal development.

In the present study, expression of Fgf4 was detected with

a high level in IVF embryos, similar with previous studies (3,4).
Additionally, lower expression levels in both parthenoge-
netic and transgenic NT embryos also similar with previous
studies {4). Higher expression of Fgfd gene in the IVF embryos
and somatic cells (4} and lower expression in the transgenic
NT embryos showed that efficient reprogramming is needed
for normal development of transgenic NT.

In conclusion, we observed relatively lower development
rates and different mRNA expression patterns of develop-
mentally important genes in transgenic NT embryos compared
to non-transgenic NT embryos. Such early deviations in gene
expression pattems in transgenic NT-derived embryos war-
rant further investigation, including following the embryos
through postimplantation and neonatal development, to improve
our understanding of the causative mechanism behind abnor-
malities and elevated mortality after transfer of transgenic
NT embryos. mRNA phenotyping provides a useful tool to
unravel the effects of NT at the molecular level. These findings
should help reduce the incidence of large offspring syn-
drome and increase the proportion of viable calves.
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