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Cloning of a calf from fetal fibroblasts

Production of a cloned calf from a fetal
fibroblast cell line
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Abstract

The present study examined the in vitro and in vivo development of
bovine nuclear-transferred embryos. A bovine fetal fibroblast culture
was established and used as nucleus donor. Slaughterhouse oocytes
were matured in vitro for 18 h before enucleation. Enucleated oocytes
were fused with fetal fibroblasts with an electric stimulus and treated
with cytochalasin D and cycloheximide for 1 h followed by cyclohex-
imide alone for 4 h. Reconstructed embryos were cultured for 7-9 days
and those which developed to blastocysts were transferred to recipient
cows. Of 191 enucleated oocytes, 83 (43.5%) were successfully fused
and 24 (28.9%) developed to blastocysts. Eighteen freshly cloned
blastocysts were transferred to 14 recipients, 5 (27.8%) of which were
pregnant on day 35 and 3 (16.7%) on day 90. Of the three cows that
reached the third trimester, one recipient died of hydrallantois 2
months before term, one aborted fetus was recovered at 8 months of
gestation, and one delivered by cesarian section a healthy cloned calf.
Today, the cloned calf is 15 months old and presents normal body
development (378 kg) and sexual behavior (libido and semen charac-
teristics).
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Embryo reconstruction by transfer of a
donor nucleus to an enucleated oocyte was
first proposed by Spemann in 1938 (1) using
a two-cell salamander embryo. Briggs and
King in 1952 (2) demonstrated that in Leop-
ard frogs (Rana pipiens) certain nuclei could
direct development to a sexually mature adult.
These experiments used embryonic blas-
tomeres as nucleus donors because they were

thought to be undifferentiated and conse-
quently ready to be reprogrammed (3).

Recently, the development of somatic cell
nuclear transfer has become more successful
in producing cloned animals (4-8). The abil-
ity to produce cloned offspring from a cell
population that can be maintained in culture
offers numerous advantages in the fields of
research, agriculture and biotechnology (8).
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Propagation in culture provides many mil-
lions of cells that can be used either to pro-
duce large numbers of identical offspring or
for genetic modification and production of
transgenic animals (9). Uhm et al. (10) dem-
onstrated expression of enhanced green fluo-
rescent protein (EGFP) gene in porcine em-
bryos following nuclear transfer. Pregnan-
cies have been reported in cattle after the
transfer of cloned embryos derived from
serum-starved fetal fibroblasts (11) or muscle
and skin fibroblast cells (12).

Therefore, the aim of the present study
was to examine the in vitro and in vivo
development of transferred bovine nuclear
embryos reconstructed with serum-starved
fetal fibroblasts.

Establishment of a fetal fibroblast cell line

A 45-day-old male bovine fetus was ob-
tained from a slaughterhouse and transported
to the laboratory in saline solution at 30ºC.
After washing with Dulbecco’s phosphate-
buffered saline (DPBS), the head and inter-
nal organs were removed and the remaining
tissue was cut into small pieces with scis-
sors. Tissue pieces were rinsed twice in DPBS
and seeded in flask containing Dulbecco’s
modified Eagle’s medium (DMEM) supple-
mented with 10% fetal calf serum (FCS) and
50 µg/ml gentamicin for 24 h. Next, the
flasks were rinsed with DPBS in order to
remove the pieces of tissue and the remain-
ing attached fibroblasts were cultured until
reaching confluence (1 week). After conflu-
ence, fibroblast cells were harvested using
0.05% trypsin and 0.5 mM EDTA solution.
Part of the cells were reseeded onto 60-mm
tissue culture plates and the remaining cells
were frozen in DMEM with 20% FCS and
10% dimethylsulfoxide.

Oocyte maturation

Ovaries were obtained from a slaughter-
house and maintained at 30ºC during trans-

port to the laboratory. Cumulus oocyte com-
plexes (COCs) were aspirated from follicles
measuring 2-8 mm in diameter using a sy-
ringe with a 21-G needle. COCs were as-
sessed morphologically and only oocytes that
showed compact cumulus cells and homoge-
neous ooplasm were selected for in vitro
maturation. The COCs were matured for 16-
18 h in TCM199 plus 10% FCS supple-
mented with 0.5 µg/ml FSH (Folltropin;
Vetrepharm, Belleville, Ontario, Canada),
50 µg/ml LH (Chorulon; Intervet, Boxmeer,
Holland), 1 µg/ml estradiol (Sigma, St. Louis,
MO, USA), 22 µg/ml pyruvate, and 50 µg/ml
gentamicin. After the maturation period, cu-
mulus cells were totally removed by incubat-
ing COCs in 0.1% hyaluronidase solution
for 10 min and by gentle pipetting with a
stripping pipette of the same diameter as the
oocytes.

Oocyte enucleation

The micromanipulation medium used was
DPBS + 20% FCS. After fitting the microma-
nipulators (Narishige, Tokyo, Japan) with the
holding and enucleating pipette, cumulus-free
oocytes with the first polar body were selected
for enucleation. This procedure was carried
out by cutting the zona pellucida close to the
first polar body using a glass needle and push-
ing out by compression a very small amount of
cytoplasm beneath the polar body. Successful
enucleation was confirmed by visualizing the
karyoplast that had been pushed out and stained
with 5 µg/ml Hoechst 33342 (St. Louis, MO,
USA) under ultraviolet light. In this way, the
recipient oocytes were not exposed to ultra-
violet light.

Fibroblast preparation

The fibroblasts used as nuclear donors
were synchronized at presumptive G0/G1 by
serum starvation. Two to three days before
nuclear transfer, the culture medium was
replaced with fresh medium containing 0.5%
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FCS (serum starvation). Thirty minutes be-
fore nuclear transfer, a cell suspension of
fetal fibroblasts was prepared by standard
trypsinization.

Nuclear transfer and activation

The medium used was the same as that
employed for enucleation (DPBS + 20% FCS).
An individual fibroblast was introduced into
an enucleated oocyte through a slit in the zona
pellucida (Figure 1A) and the enucleated oo-
cyte-nucleus donor cell complexes were trans-
ferred to the fusion medium (0.3 M mannitol).
After 5 min, the complexes were aligned in the
electrode chamber and fused and activated
with one DC pulse of 4.0 kV/cm for 20 µs.
After fusion, reconstructed embryos were
chemically activated with cytochalasin D (2.5
µg/ml) and cycloheximide (10 µg/ml) for 1 h
and cycloheximide alone for a further 4 h. The
fusion rate was determined 1 h after electrofu-
sion by microscopic examination before in
vitro culture.

In vitro culture

Nuclear-transferred embryos were co-
cultured with a granulosa cell layer in a 50-
µl drop of tissue culture medium 199 + 10%
FCS overlaid with mineral oil. Embryos were
cultured in an incubator chamber at 38.5ºC
with 5% CO2 in air and high humidity. From
day 7 to 9 after fusion, embryo quality was
recorded and some transferable blastocysts
were transferred to recipients.

Embryo transfer

To assess the in vivo developmental po-
tential of nuclear-transferred embryos, some
blastocysts were transferred nonsurgically
to the uterine horn of recipient cows. One or
two embryos were transferred on day 7 or 8
after natural or prostaglandin 2α-induced
estrus. Pregnancy was diagnosed by ultra-
sound on day 35.

Figure 1. A, Reconstruction of
an enucleated oocyte with a G0/
G1 fetal fibroblast. Bar = 120
µm. B, Cloned calf (1 month old
and 51 kg).

Microsatellite analyses

In order to certify the genetic identity
between the fetal fibroblast cell line and the
cloned calf, genomic DNA was purified from
calf peripheral blood cells and from one
sample of the fetal fibroblast cell line as
described by Sambrook et al. (13). To con-
firm the exclusion of the recipient cow as the
cloned calf’s mother, genomic DNA of the
recipient was also purified from peripheral
blood cells.

DNA samples were analyzed for 11 bo-
vine microsatellite DNA regions (BM2113,
TGLA122, BM1818, RM067, ETH10,
INRA023, TGLA126, SPS115, ETH225,
BM1824, and RM006). Briefly, two multi-
plex PCR assays were performed: multiplex 1
(ETH10, TGLA126, RM067, SPS115,
INRA023, and ETH225) and multiplex 2
(RM006, TGLA122, BM1824, BM1818, and
BM2113). Each PCR consisted of 10X
AmpliTaq Gold PCR buffer (Applied Bio-
systems®, Foster City, CA, USA), 2.5 mM
MgCl2, 2.5 mM each dNTP, 10 ng DNA,
1 IU AmpliTaq Gold, 10 pmol of each primer

A

B
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(for each primer pair, one of them was la-
beled with fluorescent dye, 6-FAM, HEX
and TAMRA, depending on the size of the
expected amplicon, in order to permit elec-
trophoretic analysis in a single run). DNA
amplification was performed in a thermo-
cycler (PTC 100 MJ Research®, Waltham,
MA, USA). After the first denaturing step at
95ºC for 5 min followed by 85ºC for 10 min,
5 cycles of denaturing (94ºC/1 min), annealing
(58ºC/30 s) and polymerization (72ºC/30 s)
and 26 cycles of denaturing (94ºC/45 s), an-
nealing (58ºC/30 s) and polymerization (72ºC/
30 s) were performed. A last step at 72ºC for
10 min was performed in order to guarantee
the final extension of DNA molecules.

One microliter of each multiplex reac-
tion was pooled and supplemented with 12
µl formamide and 1 µl DNA molecular weight
marker (ROX 500, Applied Biosystems®),
and loaded onto an automated DNA frag-
ment analyzer (ABI Prism 310, Applied Bio-
systems®).

Of 664 oocytes selected for in vitro matu-
ration, 444 (66.9%) reached metaphase II
and only 224 (50.5%) were successfully
enucleated.

The fusion rate of enucleated oocytes
reconstructed with fetal fibroblasts and the
in vitro developmental ability of these em-
bryos were evaluated. Of 191 oocytes recon-
stituted by nuclear transfer using fetal fibro-
blasts, 83 (43.5%) were fused and 24 (28.9%)

developed to the blastocyst stage.
After transferring 18 blastocysts to 14

recipients, we confirmed pregnancy in five
(27.8%) on day 35. Although some recipi-
ents had received two embryos, all five preg-
nancies consisted of only a single fetus. On
day 90, only three recipients (16.7%) were
pregnant. One pregnancy resulted in the birth
of one male weighing 34 kg and apparently
normal and healthy (Figure 1B). One recipi-
ent died of hydrallantois 2 months before
term. The placenta was edematous and the
umbilical vessels of the fetus were of wider
diameter than expected for a neonate. One
aborted fetus was recovered at 8 months of
gestation. Some gross observations of the
pathology of the aborted fetuses were subcu-
taneous edema and mandible malformation.

Genetic identity between the fibroblast
cell line and cloned calf was determined by
microsatellite analysis, which also permitted
the exclusion of the recipient as the genetic
mother of the cloned calf (Table 1).

Examination of the in vitro and in vivo
development of the bovine nuclear-trans-
ferred embryos showed that the proportion
of matured oocytes after 16-18 h of in vitro
maturation was relatively low (66.9%). The
low maturation rate may have been due to
the poor quality of the oocytes from the
slaughterhouse and to the short time of in
vitro maturation (16-18 h). However, at this
time the enucleation rate is higher than after
24 h of maturation (Marques MG, Mello
MRB and Visintin JA, unpublished results).

The stage of the donor cell cycle is a
major factor in the success of nuclear trans-
fer in mammals. Quiescent donor cells ar-
rested in the G1 or G0 stage of the cell cycle
have been used to produce cloned offspring
(14). Serum starvation is often used as a
donor cell treatment prior to nuclear transfer
for arresting cells in this phase of the cycle.
An acceptable rate of development to the
blastocyst stage (28.9%) was achieved with
serum starvation of fetal fibroblast cultures,
indicating that this treatment is beneficial for

Table 1. Analysis of 11 bovine microsatellite regions in DNA samples from fetal
fibroblasts, cloned calf and recipient cows.

Locus/allele Fetal fibroblast Cloned calf Recipient

BM2113 129/135 129/135 123/131
TGLA122 145/154 145/154 138/138
BM1818 259/259 259/259 261/261
RM067 83/83 83/83 83/95
ETH10 211/211 211/211 207/219
INRA023 203/211 203/211 207/211
TGLA126 117/121 117/121 115/115
SPS115 243/245 243/245 241/245
ETH225 138/154 138/154 154/154
BM1824 177/179 177/179 177/181
RM006 106/112 106/112 112/118
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nuclear reprogramming. Zakhartchenko et
al. (8), in a study of the effect of serum
starvation on the efficiency of nuclear trans-
fer using bovine fetal fibroblasts, also ob-
served that the nuclei of starved fibroblasts
supported in vitro development better than
those of non-starved fibroblasts (39% versus
20%). Arat et al. (15), using genetically ma-
nipulated adult fibroblasts, obtained a lower
in vitro development rate (11.4%).

Studies on bovine nuclear transfer using
blastomeres as the nucleus donors have shown
a high incidence of pregnancy losses and also
of placental abnormalities (8). Hill et al. (16)
investigated the possible causes of high preg-
nancy losses in fetuses from embryos recon-
structed with fetal and adult fibroblasts and
observed that the gross vascularity of the pla-
centa was much reduced and the maternal
caruncles were small and underdeveloped. In
our study, two of five established pregnancies
were aborted before day 90. Among the re-

maining three recipients, one male was deliv-
ered by Cesarean section on day 290 of gesta-
tion weighing 34 kg. This calf is apparently
normal and healthy. The placenta was col-
lected and its morphological characteristics
are currently under investigation. One recipi-
ent died of hydrallantois 2 months before term
and one aborted fetus was recovered at 8
months of gestation.

The present study shows that bovine fetal
fibroblasts can be used in nuclear transfer
procedures resulting in acceptable rates of in
vitro development and are also capable of
supporting full development.
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