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ABSTRACT

The reverse transcription-polymerase chain reaction (RT.PCR) was used to determine the patterns of expression for several
growth factor ligand and receptor genes during ovine preimplantation development. Transcripts for insulin-like growth factor
(IGF)-I, IGF-II, and the receptors for insulin and IGF-I were detected throughout ovine preimplantation development from the
1-cell to the blastocyst stage. Transforming growth factor x (TGFa) transcripts were also detected throughout ovine preim-
plantation development. The mRNAs encoding basic fibroblast growth factor (bFGF) were detected in all stages of the ovine
preimplantation embryo, although the relative abundance of this transcript consistently decreased from the 1-cell to the blastocyst
stage, suggesting that it may represent a maternal transcript in early sheep embryos. Transcripts encoding ovine trophoblast
protein (oTP) were detected only within blastocyst-stage embryos. Primary ovine oviduct cell cultures express the transcripts
for IGF-II, IGF-I, TGFot, bFGF, TGFI1, and the receptors for insulin and IGF-I, suggesting that paracrine growth factor circuits
may exist between the oviduct epithelium and the early ovine embryo. Transcripts for insulin, epidermal growth factor (EGF),
and nerve growth factor (NGF) were not detected in any stage of the ovine preimplantation embryo or within the oviduct cell
preparations. The expression of growth factor transcripts very early in mammalian development would predict that these mol-
ecules fulfil a necessary role(s) in supporting the progression of early embryos through the preimplantation interval. Our future
efforts will be directed to understanding the nature of these putative regulatory pathways.

INTRODUCTION
It is possible to culture large proportions of mouse

preimplantation embryos through to the blastocyst stage in
relatively simple, defined salt solutions [1]. Similar culture
environments have not been fully characterized for em-
bryos of other species (e.g., rabbit, hamster, cow, sheep,
pig), including the human [2, 3]. In these examples, culture
media are still commonly supplemented with poorly de-
fined constituents from conditioned medium or serum [3-
18]. Some preimplantation embryos require the additional
step of employing coculture on primary oviduct epithelial
cell monolayers [9-12,16-21]. However, in all cases, cul-
tured mammalian embryos can be distinguished from their
in vivo counterparts by their morphology, reduced cell
number, impaired developmental rates, or lower preg-
nancy rates after embryo transfer (ET).

Recent efforts to characterize the appropriate molecular
milieu required to successfully support development through
the preimplantation interval in these species have focused
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upon the role(s) of growth factors in early development
(for review see [22]). Growth factors play important roles
in modulating embryonic and fetal growth and develop-
ment [22-44]. This influence can be demonstrated as early
as during the preimplantation interval, since physiological
levels of several growth factors have been shown to affect
murine development through increased protein and RNA
synthetic rates, increased rates of cell division, increased
cell number, and elevated blastocyst expansion and zona
hatching rates [25, 26, 28-40].

Much less is known about the possible role(s) of growth
factors in modulating early development in other, non-
murine, mammalian species [41-44]. We have demon-
strated that bovine preimplantation embryos express a pool
of growth factor mRNAs similar to those present in the
mouse, but the stage-specific timing of expression for these
transcripts varies between these species [45, 46].

The present study extends our investigation of the pat-
terns of expression for these growth factors to include ovine
preimplantation development. As in previous studies, the
method of mRNA phenotyping by the reverse transcription-
polymerase chain reaction (RT-PCR) was employed to ex-
amine whether transcripts for the insulin-like growth factor
(IGF), epidermal growth factor (EGF), and transforming
growth factor (TGF) families were detectable during ovine
preimplantation development. The sheep represents an im-
portant model for the investigation of fetal development,
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and extensive research has shown that growth factors such
IGF-I and IGF-II play an essential role in regulating ovine

fetal growth (for review see [47]). It is therefore of interest
to investigate whether this growth factor-mediated influ-
ence is initiated during the preimplantation period. Our

analysis also characterizes the expression of these tran-

scripts within primary oviduct epithelial cells to identify pu-

tative paracrine regulatory circuits between the oviduct and

the early embryo.

MATERIALS AND METHODS

In Vitro Maturation (IM) and In Vitro Fertilization (IVF)

of Ovine Oocyte Cumulus Complexes (OCC)

The methods outlined in Watson et al. [48] were em-
ployed in the production of preimplantation ovine em-

bryos from follicular aspirates obtained from slaughter-
house ovaries. Ovarian follicles (2-8 mm) were aspirated

from slaughterhouse ovaries within 4 h of removal from
the animal. The OCC were pooled and washed a minimum
of six times with collection medium (TCM-199 medium

[Gibco, Grand Island, NY] + 2% [v/v] fetal bovine serum
[FBS; Gibco] and 100 IU/ml heparin [Sigma, St. Louis, MO]).
OCC were then placed into maturation medium (TCM-199
containing 10% [v/v] FBS supplemented with sodium py-

ruvate [35 Fpg/ml; Sigma], 5 ,ug/ml FSH [Follitropin; Vetre-

pharm, London, ON, Canada], 5 [ig/ml LH [Vetrepharm],
and 1 jig/ml estradiol-17[ [Sigma]) for 24 h at 38.6°C in a

humidified atmosphere containing 5% CO2 in air [12].
For each insemination, frozen semen pellets were thawed

and processed for "swim-up" procedures by layering the

semen under 1 ml of prewarmed (38.6°C) Hepes-buffered
modified Tyrode's solution (without BSA [49]) supple-

mented with 2% (v/v) heat-inactivated sheep serum for 2

h at 38.60C. The OCC were removed from the maturation

medium and washed through 100-lI drops of Hepes-buff-

ered modified Tyrode's solution (without BSA) supple-
mented with 2% (v/v) heat-inactivated sheep serum. OCC

were then allocated to pre-equilibrated fertilization drops

(50 OCC/300-,lA drop) consisting of modified bicarbonate-
buffered Tyrode's medium supplemented with 2% (v/v)

sheep serum under light paraffin oil (BDH Inc., Toronto,

ON, Canada). After "swim-up," approximately 50 ,al (or 50-
75 x 103 motile spermatozoa) of sperm solution was added

per each fertilization drop. The sperm/OCC droplets were
incubated for 24 h at 38.6°C in a humidified 5% CO 2 at-

mosphere in air before removal of the remaining cumulus

cell investment; the zygotes were then placed on primary
ovine oviduct cell monolayers.

Oviduct Cell Monolayer Formation

All of the embryos utilized in the present study were
produced through use of embryo coculture on primary ovi-

duct epithelial cell cultures. The methods employed in the

establishment of these cultures were as previously de-
scribed [12,48]. Briefly, oviducts were trimmed of connec-
tive tissue prior to trypsin digestion (0.05% trypsin solution
in Ca2+-, Mg2+-free Hanks' balanced salt solution [HBSS;

Gibco]) at 38.6°C for 20 min. The contents of the lumen
were then squeezed into a small Petri dish (35 mm) with
a pair of forceps. The cells were washed four times with
HBSS and then resuspended in TCM-199 + 10% (v/v) FBS

before being plated into 24-well plates containing 1 ml of
TCM-199 + 10% FBS/well, at an approximate density of 1
x 106 cells per well.

Embryo coculture was maintained for a maximum of 8
days at 38.6C in a humidified atmosphere of 5% CO 2 in
air to allow for blastocyst formation to occur. The embryos
were moved to fresh primary 48-h oviduct epithelial cell
cultures every 48 h to optimize their developmental prog-
ress. In total, over 6000 preimplantation ovine embryos
representing a developmental series from 1-cell zygotes to
hatched blastocysts were utilized in the study.

RNA Extraction

Ovine zygotes (60-125) were pooled into one of the fol-

lowing groups: 1) zygotes; 2) 2-cell to 8-cell, early cleavage

stage embryos; 3) morulae (embryos with a minimum of
30 cells); and 4) blastocysts (early cavitation to fully ex-

panded blastocysts). Total RNA was extracted from embryo

pools in the presence of 10 jIg of Escherichia coli transfer
RNA (Sigma) as previously described [27,45]. Embryos were
placed into 100 u1l of extraction buffer (0.2 M NaCl, 1 mM

EDTA, 25 mM Tris HCl, pH 7.4) and were vortexed with

equal volumes of phenol and chloroform:isoamyl alcohol.

After phase separation by centrifugation, the aqueous phase
was re-extracted with chloroform:isoamyl alcohol, centri-

fuged, and then precipitated with 95% ethanol. RNA pellets
were washed with 70% ethanol and suspended in 11 u1l of

sterile distilled water prior to reverse transcription into cDNA.
Total RNA was extracted from 48-h primary oviduct epithe-
lial cell monolayers by lysis in guanidinium isothiocyanate
(Pharmacia, Quebec, PQ, Canada) followed by ultracentri-

fugation through CsTFA [50].

RT-PCR

RNA from embryos was reverse transcribed into cDNA

according to the protocol provided with the SUPER-

SCRIPT® RNase H-Reverse transcriptase kit (Gibco BRL,

Gaithersburg, MD). Briefly, 0.5 jig of oligo(dT)12_18 primer
(Gibco BRL) was added to each suspended embryo RNA

sample prior to a 10-min incubation at 700C. After this in-

cubation, the RNA was reverse transcribed by combining
200 U of SUPERSCRIPT® (Gibco BRL) with 5-strength re-
action buffer (250 mM Tris HCl [pH 8.3], 375 mM KCI, and
15 mM MgCI2), 10 mM dithiothreitol (DTT; Gibco BRL), and
0.5 mM each of dATP, dCTP, dGTP, and dTTP (Pharmacia)
for an incubation at 43°C for 1 h. The reaction was termi-
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nated by heating at 92°C for 5 min and quickly cooling on
ice. The cDNA sample was further diluted by the addition
of 30 1 of sterile distilled water before storage at -20°C
or immediate amplification by PCR

PCR [51] was performed as described previously
[23, 31, 45]. Aliquots of embryo cDNA (5 .l1) were amplified
with 1 U of Taq DNA Polymerase (Bresatec, Adelaide, Aus-
tralia) in a final volume of 50 l1 containing 10-strength Taq
reaction buffer (670 mM Tris HCI [pH 8.8], 166 mM
(NH4)2SO4 , 2 mg/ml gelatin, and 4.5% Triton X-100; Bre-
satec), 2 mm MgCI 2, 0.2 mM of each dNTP, and 1 M of
each sequence-specific primer. The mixture was overlaid
with mineral oil and then amplified by PCR for up to 40
cycles in a DNA thermal cycler (BioQuest DNA Thermal Cy-
cler, Sydney, Australia); each cycle consisted of denatura-
tion at 94°C for 1 min, re-annealing of primers to target
sequences at 55-60°C for 2 min, and primer extension at
72°C for 2 min. An aliquot of the PCR products was run on
2% agarose gels containing 0.5 g/ml of ethidium bro-
mide, and the resulting amplified DNA fragments were
photographed.

PCR Primers

Primer pairs were obtained from the regional DNA syn-
thesis Laboratory, University of Calgary with the exception
of the ovine IGF-I and IGF-II (oIGF-I; oIGF-II) primer pairs,
which were synthesized by the Department of Microbiol-
ogy, University of Adelaide, Adelaide, South Australia. The
sequences of the primers used and the sizes of the ex-
pected PCR fragments were exactly as reported previously
[45] with the exception of the oIGF-I and oIGF-II primer
sets. The oIGF-I primer sequences target a region of the
oIGF-I cDNA near the 3' end of the molecule, result in an
amplified fragment of 261 bp, and represent the following
sequences: 1) 5'-CACATCCTCCTCGCATCTCTT-3' for the
upstream primer and 2) 5'-TTGAGAGGCGCACAGTACATC-
3' for the downstream primer [52]. The oIGF-II primer se-
quences target a region of the oIGF-II cDNA also near the
3' end of the molecule and result in an amplified fragment
of 318 bp. The sequences are 1) 5'-CTTCTACTT-
CAGCCGACCATC-3' for the upstream primer and 2) 5'-
TGACTCTTGGCCTCTCTGAGC-3' for the downstream primer
[53]. All of our PCR experiments included a control reaction
utilizing a set of primers designed to bracket an intron/
exon border of the rodent 0-actin gene [45,54]. This primer
pair can be used to detect the presence of both -actin
mRNA (cDNA) via the predicted 243-bp PCR fragment and
contaminating genomic DNA (if genomic DNA is present a
second fragment, larger than the one expected, will appear
due to the inclusion of the intervening sequences). Also,
the target sequence bracketed by these -actin primers is
2000 bp from the 3' end of the cDNA. Thus, detection of
a 3-actin PCR fragment also indicated that the reverse tran-
scription of this transcript was virtually complete and that
it produced cDNAs of at least 2 kb in length.

To confirm the identity of the PCR products, the ampli-
fied DNA fragments either were cut with an appropriate
diagnostic restriction enzyme (RE) according to the sup-
plier's instructions or were transferred to a nylon mem-
brane and probed with the appropriate sequence as pre-
viously described [31,45]. Probes were labeled in the
presence of -32P-dCTP (3000 Ci/mmol) to specific activi-
ties of approximately 5 x 109 cpm/pi-g by means of the PCR
reaction [55]. The mouse TGFa and TGFP1 DNA fragments
for amplification and labeling were derived from an RT-PCR
clone originally generated from 11.5-day mouse embryo RNA.
The insulin and IGF-I receptor cDNA clones used for probe
preparation have been described by Ullrich et al. [56] and
Telford et al. [31], respectively.

RESULTS

The sensitive technique of mRNA phenotyping by RT-PCR
was applied to total RNA samples isolated from pools of
staged in vitro-matured, in vitro-fertilized, and in vitro-co-
cultured (IVMFC) ovine preimplantation embryos. In this
manner we have searched for detectable levels of the tran-
scripts encoding insulin, IGF-I, IGF-II, EGF, TGFa, basic fi-
broblast growth factor (bFGF), TGF031, ovine trophoblast
protein (oTP), and nerve growth factor (NGF) and also for
the insulin, IGF-I, and IGF-II receptor mRNAs during
preimplantation ovine development. The assays were re-
peated a minimum of six times with different pools of staged
embryos representing a total of 6000 embryos. Each re-
verse-transcribed embryo cDNA sample was tested with the
13-actin primers for the presence of contaminating genomic
DNA. Genomic actin sequences give rise to a PCR DNA band
larger (approximately 400 bp) than the expected 243-bp
band that is derived from f-actin mRNA (cDNA). No PCR
product for actin genomic DNA was detected in any of the
growth factor phenotyping RT-PCR assays.

Examples of PCR results are summarized in Figure 1,
*hich displays the typical pattern of expression for these
growth factor transcripts during preimplantation develop-
ment. The expression pattern within 48-h primary oviduct
epithelial cell cultures is shown in Figure 2. Transcripts for
13-actin were detected within all of the embryo stages and
oviduct cell cultures. IGF-II expression was observed
throughout ovine preimplantation development and also
within oviduct cell cultures. The identity of the expected
318-bp PCR fragment was confirmed by subjecting the PCR
fragment to a diagnostic RE digest with the restriction en-
zyme Hpa II (Fig. 3A), which resulted in the cleavage of
the oIGF-II PCR fragment, as expected, into two equal halves
(158 and 160 bp). The expression of IGF-II receptor mRNA
was not detected within ovine preimplantation embryos or
within the 48-h oviduct epithelial cell RNA preparations. A
strong 186-bp IGF-II receptor fragment was amplified in
mouse ovary RNA preparations, suggesting that our PCR
primers were capable of amplifying the homologous IGF-
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WATSON ET AL.

FIG. 1. Detection of growth factor transcripts within ovine preimplantation embryo RNA transcription products. Each lane represents the growth factor
PCR products derived from the equivalent of 10 preimplantation embryos: (A) one-cell zygotes; (B) early cleavage stage embryos (2-cell to 8-cell stage);
(C) morulae (> 30 cell embryos); and (D) blastocysts (from early to fully expanded blastocoel cavities). Part of the total PCR product (20 tLI) was resolved
on 2% agarose gels along with 2 Lg of 1-kb DNA ladder (Gibco BRL; lanes marked M). The expected PCR fragments are: 1) 3-actin (243 bp), 2) olGF-II
(318 bp), 3) IGF-II-R (186 bp), 4) insulin (301 bp), 5) insulin-R (324 bp), 6) olGF-I (261 bp), 7) IGF-I-R (354 bp), 8) EGF (247 bp), 9) TGF(x (239 bp), 10) bFGF
(282 bp), 11) bTP (358 bp), and 12) NGF (401 bp).
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FIG. 2. Detection of growth factor transcripts within 48-h ovine oviduct epithelial cell cultures. Each lane represents the PCR product derived from
amplifying the cDNA aliquot produced from 100 ng of purified oviduct epithelial cell RNA. The PCR product (20 i1I) was resolved on 2% agarose gels along
with 2 pg of 1-kb DNA ladder (lane M). The PCR products are as follows: 1) -actin, 2) olGF-II, 3) IGF-II-R, 4) insulin, 5) insulin-R, 6) olGF-I, 7) IGF-I-R, 8)
EGF, 9) TGFa, 10) bFGF, 11) TGFp1 (244 bp), 12) bTP, and 13) NGF.

II receptor sequences. Insulin ligand expression was also
not detected within any of these ovine embryo stages or in
the oviduct cell preparations. It was, however, possible to
detect the expected 301-bp insulin DNA fragment in ovine
pancreatic cell RNA preparations (data not shown). The PCR
product corresponding to the 324-bp insulin receptor was
detected in all preimplantation embryo stages and also within
the 48-h oviduct cell cultures. The identity of this PCR frag-
ment was confirmed by Southern blot analysis (Fig. 3B),
which consisted of transferring the PCR fragment to a nylon
membrane and then probing the blot by hybridization with
a radiolabeled human insulin receptor cDNA clone [56]. The
probe hybridizes to the insulin receptor PCR fragment and,
because of sequence similarity to the IGF-I receptor, also
cross-hybridizes with the latter product even at high-strin-
gency washes. The hybridization is, however, specific for
these two products. IGF-I ligand mRNAs were detected from
the 1-cell stage to the blastocyst stage and also within the
oviduct cell cultures. The identity of the expected 261-bp
DNA fragment was confirmed by conducting an RE digest
of the PCR fragment with Hpa II; this resulted in the cleav-
age of the IGF-I PCR product, as expected, into two frag-
ments of 214 bp and 47 bp (Fig. 3C). Transcripts for the
IGF-I receptor were also amplified from the 1-cell stage
through to the blastocyst stages of preimplantation devel-
opment. Similarly, this transcript was also localized within
oviduct epithelial cell RNA preparations. The identity of this
354-bp DNA fragment was confirmed by blotting and hy-
bridization with a mouse IGF-I receptor cDNA ([31]; Fig.
3D). In this case, the hybridization of the radiolabeled IGF-
I receptor probe was specific for the IGF-I receptor PCR
product when the blots were washed at high stringency (0.1-

strength saline-sodium citrate [SSC], 700C). Cross-hybridiza-
tion with the insulin receptor PCR product was observed
as expected when washes were carried out under less strin-
gent conditions.

The expression of EGF transcripts was not observed dur-
ing early development or within the 48-h oviduct cell cul-
tures, although the expected 247-bp DNA fragment was de-
tected within murine and ovine ovary RNA preparations (data
not shown). The expression of TGFu was detected through-
out ovine preimplantation development and also within
oviduct epithelial cell cultures. The PCR product was iden-
tified as a TGFot DNA fragment by blotting and hybridizing
with a radiolabeled mouse TGFot DNA probe (Fig. 3E).

Expression of bFGF was detected throughout ovine
preimplantation development and within the oviduct cell
RNA preparations. It was, however, observed to consistently
decline in its apparent abundance from the 1-cell to the
blastocyst stage. That the PCR fragment represented the bFGF
transcript was confirmed by subjecting a sample of the am-
plified product to an RE digest with Hinfl that resulted in
the cleavage of the bFGF fragment into the expected 138-
and 144-bp DNA cleavage products (Fig. 3F). The tran-
scripts for TGF1 were detected throughout early devel-
opment, although the product was very difficult to resolve
by RT-PCR (data not shown). It was however, clearly ex-
pressed within the 48-h epithelial cell cultures. The identity
of this PCR product was confirmed by specific hybridization
with a radiolabeled mouse TGF31 cDNA probe after mem-
brane transfer (Fig. 3G).

As was expected, the transcripts for oTP were detected
only within the ovine blastocyst embryo cDNA preparations
and were never apparent within samples of embryos at ear-
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FIG. 3. Verification of growth factor RT-PCR products. PCR fragments for identification purposes were produced from ovine oviduct and preimplan-
tation embryo cDNA preparations. In all cases (with the exception of the olGF-II and oIGF-I primer pairs, which are unique to this study), the PCR product
sizes were identical to those observed within murine and bovine preimplantation embryos [31, 451. A) The 318-bp olGF-II PCR product (small arrowhead)
was cleaved with Hpa II, which produced the expected 160- and 158-bp DNA fragments (large arrowhead) when run on a 2% agarose gel. M, markers; U,
uncut; C, cut. B) The 324-bp insulin receptor fragment (lane 1) was run together with the PCR products from the murine IGF-II-R (lane 2) and ovine IGF-
I-R (lane 3) before blotting and hybridization with, a radiolabeled insulin receptor cDNA clone [62]. The autoradiogram is shown next to the ethidium
bromide-stained gel and demonstrates that only the insulin receptor PCR product and the IGF-I receptor PCR product (which have similar sequences)
hybridize with the labeled probe. C) The 261-bp olGF-I DNA fragment (small arrowhead) was cleaved with Hpa II, producing the expected 214-bp (large
arrowhead) and 47-bp (not visible in figure) fragments when run on a 2% agarose gel. M, markers; U, uncut; C, cut. D) The 354-bp IGF-I receptor PCR
product (lane 1) was run along with the PCR products for IGF-II ligand (lane 2) and the insulin receptor (lane 3), blotted, and hybridized with a 32P-labeled
IGF-I receptor clone. The autoradiogram (adjacent to the ethidium bromide-stained gel) shows that the radiolabeled probe hybridizes specifically to the
IGF-I receptor lane. E) The 239-bp TGFa PCR fragment (lane 1) was run together with the TGFP1 (lane 2) and bFGF (lane 3) PCR products before blotting
and hybridization with a radiolabeled partial human TGFa cDNA clone. The autoradiogram (next to the ethidium bromide-stained gel) clearly shows that
only the TGFa lane is capable of hybridizing to the cDNA probe. F) The 282-bp bFGF PCR DNA fragment (small arrowhead) was cleaved with Hinf 1,
resulting in the expected 144- and 138-bp fragments (large arrowhead) when resolved on a 2% agarose gel. M, markers; U, uncut; C, cut. G) The 244-bp
TGF31 PCR product (lane 1) was resolved on an ethidium bromide-stained agarose gel along with the PCR products for bFGF (lane 2) and TGFt (lane 3)
before blotting and hybridization with a radiolabeled mouse TGFP1 cDNA probe. The autoradiogram (to the right of the gel) shows that only the TGF31
PCR product is capable of hybridizing to the cDNA probe. H) The 358-bp bTP PCR fragment (small arrowhead) was cleaved with Apa I, yielding the expected
190- and 168-bp DNA fragments (large arrowhead). M, markers; U, uncut; C, cut.

730



GROWTH FACTOR EXPRESSION IN EARLY SHEEP EMBRYOS

lier stages or within the oviduct cell cDNA samples. The
identity of the oTP transcript was confirmed by cleaving the
oTP PCR product with the restriction enzyme Apa I to yield
the expected 190- and 168-bp products (Fig. 3H). The ex-
pected 401-bp DNA fragment for NGF was not detected
within any ovine embryo stage or within the oviduct cell
cultures. The primers did, however, successfully amplify the
appropriate NGF PCR product within liver and ovary RNA
preparations (data not shown).

DISCUSSION

In the study reported here, we detected the expression
of eight different growth factor ligand and receptor genes
during ovine preimplantation development and in primary
ovine oviduct epithelial cell cultures. These include IGF-II,
IGF-I, TGFt, bFGF, TGF31, oTP, insulin receptor, and IGF-
I receptor. With the exception of the oIGF-I, oIGF-II, and
oTP primer pairs, the oligonucleotide primers were de-
signed through use of mouse or human cDNA sequences
[45]. Their effectiveness in amplifying specific ovine em-
bryo cDNAs was assured in all cases by observing the ex-
pected size of the amplified DNA fragment and then either
cleaving with a diagnostic RE at a known sequence at the
correct site or blotting and hybridizing with the comple-
mentary mouse or human cDNA probe.

The expression patterns of growth factor mRNAs in early
ovine embryos are similar to those reported for other spe-
cies. For example, transcripts for IGF-I ligand were de-
tected throughout ovine preimplantation development just
as reported previously for oocytes and preimplantation em-
bryos for both the rat [57] and cow [45]. Although IGF-I
transcripts were not observed in early studies on preim-
plantation mouse embryos [24], reexamination of IGF-I
expression in murine embryos has established that tran-
scripts are detectable by RT-PCR from oocyte to blastocyst
stages in this species as well (R. Schultz, personal com-
munication). IGF-I is an essential, direct regulator of ovine
fetal growth [47, 58]. It exerts this influence by a variety of
actions in many fetal cell types and tissues in vitro, includ-
ing stimulation of cell proliferation, protein synthesis, gly-
cogen synthesis, and differentiation (for review see [47]).

Basic FGF mRNAs were also detected within preimplan-
tation ovine embryos. Although bFGF transcripts have not
been detected in preimplantation mouse embryos, kFGF
transcripts are present in early mouse embryos [24]. The
apparent accumulation of bFGF mRNA within both ovine
and bovine [45] 1- to 8-cell embryos would predict a pos-
sible maternal origin for these transcripts. However, even
when growth factor transcripts are expressed in common
between ovine and murine preimplantation embryos (as has
been observed for IGF-II, insulin receptor, IGF-I receptor,
and TGFfi1), there are differences in the stage-specific tim-
ing of appearance and thus possibly the origin (maternal
or embryonic) of the growth factor transcript [22-24, 45].

The switch from maternal to embryonic control of preim-
plantation development (as measured by the onset of em-
bryonic transcriptional activity) varies markedly among the
mammalian species, with a very early onset in the mouse
embryo at the 2-cell stage and a delayed initiation at the 8-
16-cell stage in both the ovine and bovine embryo (for re-
view see [59]). If we predict that a particular transcript is
likely to be of embryonic origin if it is not expressed prior
to the 2-cell stage in the mouse embryo, then the mRNAs
for IGF-II, insulin receptor, IGF-I receptor, and TGFPI1 would
all be products of the embryonic genome in the mouse but
would be products of both the maternal and embryonic
genomes in ovine and bovine embryos [45]. As in the mouse
and bovine preimplantation embryos, TGFoL expression was
detected throughout ovine preimplantation development
[23,45]. The mRNAs encoding EGF, NGF, and insulin have
not been detected during preimplantation development
within any of these mammalian species [22-24, 35, 45].

The apparent lack of expression for the IGF-II receptor
during ovine preimplantation development should be in-
terpreted with caution: it was not pQssible to determine the
extent of homology of our murine primers with the oIGF-
II receptor sequences since the oIGF-II receptor has not to
our knowledge been clofied and sequenced. Therefore, it
was not possible to redesign new oIGF-II receptor oligo-
deoxynucleotide primer pairs and determine whether the
absence of expression was simply due to the use of non-
homologous primer pairs and thus poor efficiency in the
PCR reaction. This is the most probable explanation, since
transcripts for IGF-II receptor have been reported through-
out bovine preimplantation development [45] and also in
the early mouse embryo as an embryonic transcript [24-
27]. Clarification of the ovine expression pattern for IGF-II
receptor must await the publication of the oIGF-II receptor
cDNA sequences.

Bovine and ovine trophoblast proteins (bTP; oTP) are
both classed as trophoblast interferons and play an impor-
tant role in facilitating maternal recognition of pregnancy
[60-62]. The cDNAs for these molecules show a high de-
gree of homology (> 85% identical), particularly in the 3'
untranslated regions (> 90%) [60]; thus it appears certain
that our bTP PCR primers have amplified an identical re-
gion of the oTP within the ovine blastocysts [62]. We in-
vestigated the expression of bTP/oTP within ovine preim-
plantation development to provide evidence that our in vitro
ovine blastocysts were capable of expressing this important
early molecular signal for the establishment of pregnancy.
In addition, failure to detect oTP transcripts until the blas-
tocyst stage is precisely as expected, and this result con-
tributes to the validity of these assays.

The expression of growth factor transcripts very early in
mammalian development would predict that these mole-
cules fulfil a necessary role(s) in supporting the progres-
sion of early embryos throughout the preimplantation
interval. It is now clear that members of the IGF family
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(IGF-I, IGF-II, insulin), EGF family (EGF, TGFo), and TGF3
family collectively are involved in influencing a number of
events during early murine development; among these events
are RNA and protein synthesis, cleavage rates and embryo
cell number, and blastocoel expansion and proportion of
blastocysts hatching from the zona pellucida in vitro [25-
30, 32-39].

Growth factors also certainly play a role in facilitating
the early development of other mammalian species. When
TGF[ and bFGF are added to bovine embryo culture, up
to 38.8% of in vitro-fertilized zygotes progress beyond the
16-cell stage with 24.6% continuing on to the blastocyst stage
[41]. Furthermore, 39.1% of cleaved bovine zygotes can
progress beyond the 16-cell stage in medium supple-
mented with platelet-derived growth factor (PDGF), while
TGFot is effective in increasing the proportion of bovine
zygotes capable of undergoing blastocyst formation [42].
Similar studies have not yet been carried out on preim-
plantation ovine development, but the detection of growth
factor transcripts in early ovine embryos should support
such investigations.

The expression of transcripts for IGF-II, IGF-I, TGFa, bFGF,
and TGF[1 within 48-h ovine oviduct epithelial cell cul-
tures extends our previous observations within bovine ovi-
duct cell cultures [45] and further supports a role for the
oviduct in facilitating early mammalian development by the
establishment of paracrine growth factor circuits. Our fu-
ture efforts will be directed to identifying the nature of these
putative regulatory pathways.

ACKNOWLEDGMENTS

Appreciation is extended to Vicky Tregenza and Jane Lang for all their assistance
with the culture procedures and to Ms. Barbara Lowery for preparing the final manu-
script.

REFERENCES

1. Chatot CL, Lewis JL, Torres I, Ziomek CA. Development of 1-cell embryos from
different strains of mice in CZB medium. Biol Reprod 1990; 42:432-440.

2. Pinyopummintr T, Bavister BD. In vitro-matured/in vitro fertilized bovine oo-
cytes can develop into morulae/blastocysts in chemically defined, protein-free
culture media. Biol Reprod 1991; 45:736-742.

3. Rose TA, Bavister BD. Effect of oocyte maturation medium on in vitro devel-
opment of in vitro fertilized bovine oocytes. Mol Reprod Dev 1992; 31:72-77.

4. Bavister BD, Leibfried ML, Leiberman G. Development of preimplantation em-
bryos of the golden hamster in a defined culture medium. Biol Reprod 1983;
28:235-247.

5. Seshagiri PB, Bavister BD. Glucose inhibits development of hamster 8-cell em-
bryos in vitro. Biol Reprod 1989; 40:599-606.

6. Seshagiri PB, Bavister BD. Relative developmental abilities of hamster 2- and 8-
cell embryos cultured in hamster embryo culture medium 1 and 2. J Exp Zool
1991; 257:51-57.

7. Keefer CL, Fayrer-Hosken RA, Brown LM, Brackett BG. Culture of in vitro fertil-
ized rabbit ova. Gamete Res 1988; 20:431-436.

8. Kane MT. In vitro growth of preimplantation rabbit embryos. In: Bavister BD
(ed.), The mammalian preimplantation embryo. New York: Plenum Press; 1987:
193-217.

9. Sirard MA, Parrish J, Ware CB, Leibfried-Rutledge ML, First NL. The culture of
bovine oocytes to obtain developmentally competent embryos. Biol Reprod 1988;
39:546-552.

10. Younis Al, Brackett BG, Frayrer-Hosken RA. Influence of serum and hormones
on bovine oocyte maturation and fertilization in vitro. Gamete Res 1989; 23:189-
201.

11. Ellington JE, Carney EW, Farrell PB, Simkin ME, Foote RH. Bovine 1-2-cell em-
bryo development using a simple medium in three oviduct epithelial cell co-
culture systems. Biol Reprod 1990; 43:97-104.

12. Wiemer KE, Watson AJ, Polanski V, McKenna Al, Fick GH, Schultz GA Effects of
maturation and co-culture treatments on the developmental capacity of early bo-
vine embryos. Mol Reprod Dev 1991; 30:330-338.

13. Pugh PA, Fukui Y, Tervit HR, Thompson JG. Developmental ability of in vitro
matured sheep oocytes collected during the nonbreeding season and fertilized
in vitro with frozen ram semen. Theriogenology 1991; 36:771-778.

14. Thompson JG, Simpson AC, Pugh PA, Tervit HR. Requirement for glucose during
in vitro culture of sheep preimplantation embryos. Mol Reprod Dev 1992; 31:253-
257.

15. Walker SK, Seamark RF, Quinn P, Wames GM, Ashman RJ, Smith DH, Ancell P.
Culture of pronuclear embryos of sheep in a simple medium. Proc 11th Int Congr
Anim Reprod and Artif Insemin 1988; 4:483.

16. Yoshida M, Ishizaki Y, Kawagishi H. Blastocyst formation by pig embryos result-
ing from in vitro fertilization of oocytes matured in vitro. J Reprod Fertil 1990;
88:1-8.

17. Menezo YJR, Guerin, J-F, Czyba J-C. Improvement of human early embryo de-
velopment in vitro by coculture on monolayers of vero cells. Biol Reprod 1990;
42:301-306.

18. Weimer KE, Cohen J, Wiker SR, Malter HE, Wright G, Godke RA Coculture of
human zygotes on fetal bovine uterine fibroblast: embryonic morphology and
implantation. Fertil Steril 1989; 52:503-508.

19. Carney EW, Tobback C, Ellington JE, Foote RH. Coculture of rabbit 2-cell em-
bryos with rabbit oviduct epithelial cells and other somatic cells. Mol Reprod
Dev 1990; 27:209-215.

20. Eyestone WH, First NL. Co-culture of early cattle embryos to the blastocyst stage
with oviductal tissue or in conditioned medium. J Reprod Fertil 1989; 85:715-
720.

21. Xu KP, Yadav, BR, Rorie RW, Plante L, Betteridge KJ, King WA Development and
viability of bovine embryos derived from oocytes matured and fertilized in vitro
and co-cultured with bovine oviducal epithelial cells. J Reprod Fertil 1992; 94:33-
43.

22. Schultz GA, Heyner S. Growth factors in preimplantation embryos. Milligan S
(ed.), Oxf Rev Reprod Biol 1993; 15:43-81.

23. Rappolee DA, Brenner CA, Schultz R, Mark D, Werb Z. Developmental expression
of PDGF, TGF-a and TGF-P genes in preimplantation mouse embryos. Science
1988; 241:1823-1825.

24. Rappolee DA, Strum KS, Schultz GA, Pedersen RA, Werb Z. The expression of
growth factor ligand and receptors in preimplantation mouse embryos. In: Hey-
ner S, Wiley C (eds.), Early Embryo Development and Paracrine Relationships.
UCLA Symposium on Molecular and Cellular Biology, New Series 117. New York:
AR Liss; 1990: 11-25.

25. Mattson BA, Rosenblum IY, Smith RM, Heyner S. Autoradiographic evidence for
insulin and insulin-like growth factor binding to early mouse embryos. Diabetes
1988; 37:585-589.

26. Heyner S, Smith RM, Schultz GA Temporally regulated expression of insulin and
insulin-like growth factors and their receptors in early mammalian development.
Bioessays 1989; 11:171-178.

27. Schultz GA, Dean W, Hahnel A, Telford N, Rappolee D, Werb Z, Pedersen R
Changes in RNA and protein synthesis during the development of the preim-
plantation mouse embryo. In: Heyner S, Wiley L (eds.), Early Embryo Devel-
opment and Paracrine Relationships. UCLA Symposium on Molecular and Cel-
lular Biology, New Series 117. New York: AR Liss; 1990: 27-46.

28. Paria BC, Dey SK Preimplantation embryo development in vitro: cooperative
interactions among embryos and role of growth factors. Proc Natl Acad Sci USA
1990; 87:4756-4760.

29. Paria BC, Jones KJ, Flanders KC, Dey SK. Localization and binding of transforming
growth factor-" isoforms in mouse preimplantation embryos and in delayed and
activated blastocysts. Dev Biol 1992; 151:91-104.

30. Rappolee DA, Sturm KS, Behrendtsen O, Schultz GA, Pedersen RA Insulin-like
growth factor II acts through an endogenous growth pathway regulated by im-
printing in early mouse embryos. Genes Dev 1992; 6:939-952.

31. Telford NA, Hogan A, Franz CR, Schultz GA Expression of genes for insulin and
insulin-like growth factors and receptors in early postimplantation mouse em-
bryos and embryonal carcinoma cells. Mol Reprod Dev 1990; 27:81-92.

32. Dardik A, Schultz RM. Blastocoel expansion in the preimplantation mouse em-
bryo:stimulatory effect of TGF-a and EGF. Development 1991; 113:919-930.

732



GROWTH FACTOR EXPRESSION IN EARLY SHEEP EMBRYOS

33. Dardik A, Smith RM, Schultz RM. Colocalization of transforming growth factor
alpha and a functional epidermal growth factor receptor (EGFR) to the inner
cell mass and preferential localization of the EGFR on the basolateral surface of
the trophectoderm in the mouse blastocyst. Dev Biol 1992; 154:396-409.

34. Paria BC, Tsukamura H, Dey SK. Epidermal growth factor-specific protein tyro-
sine phosphorylation in preimplantation embryo development. Biol Reprod 1991;
45:711-718.

35. Wiley LM, WU J-X, Harari I, Adamson ED. Epidermal growth factor receptor mRNA
and protein increase after the four-cell preimplantation stage in murine devel-
opment. Dev Biol 1992; 149:247-260.

36. Harvey MB, Kaye PL. Insulin stimulates protein synthesis in compacted mouse
embryos. Endocrinology 1988; 116:262-263.

37. Harvey MB, Kaye FL. Visualization of insulin receptors on mouse pre-embryos.
Reprod Fertil Dev 1991; 3:9-15.

38. Harvey MB, Kaye PL. IGF-2 receptors are first expressed at the 2-cell stage of
mouse development. Development 1991; 111:1057-1060.

39. Harvey MB, Kaye PL. Mouse blastocysts respond metabolically to short-term stim-
ulation by insulin and IGF-1 through the insulin receptor. Mol Reprod Dev 1991;
29:253-258.

40. Kaye PL, Bell KL, Beebe LF, Dunglison GF, Gardner HG, Harvey MB. Insulin and
insulin-like growth factors (IGFs) in preimplantation development. Reprod Fertil
Dev 1992; 4:373-386.

41. Larson RC, Ignotz GG, Currie WB. Transforming growth factor i and basic fi-
broblast growth factor synergistically promote early bovine embryo development
during the fourth cell cycle. Mol Reprod Dev 1992; 33:432-435.

42. Larson RC, Ignotz GG, Currie WB. Platelet derived growth factor (PDGF) stim-
ulates development of bovine embryos during the fourth cell cycle. Develop-
ment 1992; 115:821-826.

43. Herrler A, Lucas-Hahn A, Niemann H. Effects of insulin-like growth factor-I on
in vitro production of bovine embryos. Theriogenology 1992; 37:1213-1224.

44. Hemmings R, Langlais J, Falcone T, Granger L, Miron P, Guyda H. Human em-
bryos produce transforming growth factors-e activity and insulin-like growth fac-
tor II. Fertil Steril 1992; 58:101-104.

45. Watson AJ, Hogan A, Hahnel A, Weimer KE, Schultz GA. Expression of growth
factor ligand and receptor genes in the preimplantation bovine embryo. Mol
Reprod Dev 1992; 31:87-95.

46. Schultz GA, Hogan A, Watson AJ, Smith RM, Heyner S. Insulin, insulin-like growth
factors and glucose transporters: temporal patterns of gene expression in early
mouse and cow embryos. Reprod Fertil Dev 1992; 4:361-371.

47. Owens JA Endocrine and substrate control of fetal growth: placental and ma-
ternal influences and insulin-like growth factors. Reprod Fertil Dev 1991; 3:501-
517.

48. Watson AJl, Watson PH, Warnes D, Walker SK, Armstrong DT, Seamark RF. Preim-
plantation development of in vitro matured and fertilized ovine zygotes: a com-
parison between embryo coculture on oviduct epithelial cell monolayers and
embryo culture under low 02 atmosphere. Biol Reprod 1994; (in press).

49. Parrish J, Susko-Parrish JL, Leibfried-Rutledge ML, Crister ES, Eyestone WH, First
NL. Bovine in vitro fertilization with frozen thawed sperm. Theriogenology 1986;
25:591-600.

50. Berger SL, Kimmel AR Guide to molecular cloning techniques. Methods En-
zymol 1987; 152:219-227.

51. Saiki RK, Gelfand DH, Stoffel S, Scharf SJ, Higuchi R, Horn GT, Mullis KB, Erlich
HA. Primer-directed enzymatic amplification of DNA with a thermostable DNA
polymerase. Science 1988; 239:487-491.

52. Wong EA, Ohlsen SM, Godfredson JA, Dean DM, Wheaton JE. Cloning of ovine
insulin-like growth factor-I cDNAs: heterogeneity in the mRNA population. DNA
1989; 8:649-657.

53. O'Mahonney JV, Adams TE. Nucleotide sequence of an ovine insulin-like growth
factor-II cDNA Nucleic Acids Res 1989; 17:5392.

54. Nudel U, Zakut R, Shani M, Neuman S, Levy Z, Yaffe D. The nucleotide sequence
of the rat cytoplasmic I3-actin gene. Nucleic Acids Res 1983; 11:1759-1771

55. Schowalter DB, Sommer S. The generation of radiolabelled DNA and RNA probes
with polymerase chain reaction. Anal Biochem 1989; 177:90-94.

56. Ullrich A, Bell JR, Chen EY, Herrera R, Petruzzelli LM, Dull TJ, Gray A, Coussens
L, Liao Y-C, Tsubokawa M, Mason A, Seeburg PH, Grunfeld C, Rosen OM, Ra-
machandranJ. Human insulin receptor and its relationship to the tyrosine kinase
family of oncogenes. Nature 1985; 313:756-761.

57. Zhang X, Rutledge J, Watson AJ, Schultz GA, Armstrong DT. Gene expression for
insulin-like growth factor-I (IGF-I) and the receptors for IGF-I and insulin during
the preimplantation period in the rat. Biol Reprod 1992; 46(suppl 1):79.

58. Gluckman PD, Morel PCH, Ambler GR, Breier BH, Blair HT, McCutcheon SN.
Elevating maternal insulin-like growth factor-I alters the pattern of fetal growth
by removing maternal constraint. J Endocrinol 1992; 134:R1-R3.

59. Telford NA, Watson AJ, Schultz GA. Transition from maternal to embryonic con-
trol in early mammalian development: a comparison of several species. Mol Re-
prod Dev 1990; 26:90-100.

60. Roberts RM. Conceptus interferons and maternal recognition of pregnancy. Biol
Reprod 1989; 40:449-452.

61. Imakawa K, Hansen TR, Malathy PV, Anthony RV, Polites HG, Marotti KR, Roberts
RM. Molecular cloning and characterization of complementary deoxyribonuce-
lotide acids corresponding to bovine trophoblast protein-1: a comparison with
ovine trophoblast protein-1 and bovine interferon-a". Mol Endocrinol 1989; 3:127-
139.

62. Hernandez-Ledezma, Sikes JD, Murphy CN, Watson AJ, Schultz GA, Roberts RM.
Expression of bovine trophoblast interferon in conceptuses derived by in vitro
techniques. Biol Reprod 1992; 47:374-380.

733


	Western University
	Scholarship@Western
	4-1-1994

	A growth factor phenotype map for ovine preimplantation development.
	A J Watson
	P H Watson
	M Arcellana-Panlilio
	D Warnes
	S K Walker
	See next page for additional authors
	Citation of this paper:
	Authors


	tmp.1472500956.pdf.sT8ZU

