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Human Leukemia Inhibitory Factor Improves the Viability of Cultured Ovine Embryos’
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ABSTRACT

Embryos were collected from ewes on Day 6 after estrus (Day O = estrus), placed in M2 culture medium, and assigned to
1 of 4 treatment groups. Some embryos were transferred to recipient ewes on Day 6 of their estrous cycle either in pairs (group
1) or singularly (group 2) within 3 h of collection. The remaining embryos were individually cultured for 48 h in an atmosphere
of 5% CO, in humidified air in either synthetic oviduct fluid (SOF) medium (group 3) or SOF containing 1 000 U/ml of recom-
binant human leukemia inhibitory factor (hLIF) (SOF + hLIF: group 4). These embryos were then transferred to recipient ewes
on Day 8 of their estrous cycle. The addition of hLIF to culture medium significantly improved the development of the embryos
compared with control embryos prior to transfer (blastocysts hatching from the zona pellucida: group 3 = 16% vs. group 4 =
64%, p < 0.05; those degenerative: group 3 = 27% vs. group 4 = 9%, p < 0.05) and the subsequent pregnancy rates of the
recipient ewes, receiving a single embryo, at Day 70 of pregnancy (group 3 = 16% vs. group 4 = 50%, p < 0.05). The pregnancy
rate of ewes given embryos cultured for 48 h in SOF + hLIF prior to transfer (50%; group 4) was similar to the group 2 ewes
receiving a single embryo soon after collection (52% ), but the pregnancy rate for both groups was significantly lower than that
for the group 1 ewes receiving two embryos soon after collection (89%: 53% twins, 36% singles; p < 0.05).

INTRODUCTION

Embryo transfer in the livestock industries is becoming
a more widely adopted practice as new technologies are
developed. One major constraint with embryo transfer is
the need to hold embryos in culture medium for either
relatively short periods of time—perhaps only a few hours
prior to transfer—or for longer periods of some days after
micromanipulation. Both practices substantially reduce the
development of the embryo and its chances of survival [1].

The short-term collection and maintenance of embryos
(usually morulae or blastocysts) in simple medium such as
PBS appears adequate provided that the concentration of
phosphate and potassium ions is correct [1]. Often when
the embryos are held for some hours, more complex me-
dia containing the energy substrates pyruvate, lactate, and/
or glucose are used. Other factors such as temperature, pH,
and light are important [1].

Long-term culture usually applies to the culture of ova
or early-stage embryos to the blastocyst stage of develop-
ment following in vitro fertilization (IVF), nuclear trans-
plantation, splitting or other manipulations, and assessment
of embryonic viability prior to transfer. Success rates for
the long-term culture of sheep, cattle, and goat embryos are
often in the range of 30% [2-6]; this limitation severely
compromises the application of new technologies. In sheep,
goats, and cattle, few embryos develop in either simple or
complex media through the 8-16-cell stage (1, 7], which is
when the embryonic genome is switched on [8]. Adjust-
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ment of the atmospheric O, tension appears to allow em-
bryos to pass through this block [9-11]. Furthermore, the
culture of preimplantation embryos for periods of some
days has a general debilitory effect on development, as shown
by lower cell numbers [6], morphological development [12],
and decreased pregnancy rates [3,13], compared to em-
bryos in vivo. Even the use of media formulated specifically
for the natural environment of the embryo such as Mene-
zo’s medium [14] or synthetic oviduct fluid (2] has failed to
completely overcome this problem. These data suggest that
certain factors may be missing from the media, and these
factors may vary with the changing stages of embryonic de-
velopment (1, 15]. Coculture of embryos with oviduct epi-
thelial cells [6, 13, 16] or trophoblastic vesicles [5] has been
used to increase the developmental rate of embryos, but
the active constituent(s) has yet to be defined.

Leukaemia inhibitory factor (LIF) is a glycoprotein, first
isolated in mice, that induces differentiation and inhibits
the proliferation of the M1 myeloid leukemia cell line [17, 18].
In contrast to this action, LIF can stabilize murine embry-
onic stem cells in culture, preventing them from undergo-
ing spontaneous differentiation [19, 20). LIF is produced by
mouse endometrial glands (C. Stewart, pers. comm.) and
receptors have been found on the 4-day-old mouse embryo
(L. Williams, pers. comm.). These findings suggest that LIF
may have a physiological role in the development of the
embryo. In mice, the addition of murine LIF to culture me-
dia enhances the hatching process and increases the num-
ber of embryos undergoing the developmental changes in
vitro necessary for implantation [21]. Our aim was to de-
termine if the addition of human LIF to synthetic oviduct
fluid (SOF) culture medium would improve the develop-
ment and viability of ovine embryos collected on Day 6 and
cultured for 48 h prior to transfer to recipient ewes.
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MATERIALS AND METHODS

Embryo Collection

Forty mature Merino ewes were treated for 14 days with
a controlled internal drug-releasing device (CIDR) contain-
ing 0.3 g progesterone (Riverina Artificial Breeders, NSW,
Australia) and were superovulated by the injection (i.m.) of
S mg of the pituitary follicle-stimulating hormone FSH-P
(Intervet Australia, Sydney, NSW, Australia) and 200 IU of
eCG (Pregnecol, Heriot Agvet, Melbourne, Victoria, Aus-
tralia) 48 h before CIDR withdrawal, followed by decreas-
ing doses of FSH-P (4, 3, 3, 2, and 1 mg) every 12 h after-
wards [22]. Animals also received a 50-pg injection (i.m.)
of GnRH (Auspep, Melbourne, Victoria, Australia) 24 h after
CIDR withdrawal, which coincided with the time that estrus
was detected in most ewes by vasectomized rams fitted with
marking crayons. Ewes were inseminated via a laparoscope
with approximately 100 X 10° fresh motile sperm into each
uterine horn 8-12 h after estrus. Semen was collected from
4 fertile rams, diluted 1:1 in PBS (Flow Laboratories, North
Ryde, NSW, Australia) and kept at ambient temperature prior
to insemination. Six days after estrus, the ewes were anes-
thetized with an injection (i.v.) of the barbiturate sodium
thiopentone (Intraval, May & Baker, Footscray, Victoria,
Australia) and maintained under general anesthesia by a
mixture of halothane (May & Baker) and oxygen. The uterus
was exteriorized by a mid-ventral laparotomy and each horn
was cannulated with an 8-gauge Foley catheter (Promedica,
Moorabin, Victoria, Australia) at approximately 1 cm below
the bifurcation of the uterine horns. A 20-gauge needle at-
tached to a 20-ml syringe filled with flushing medium was
passed into the lumen of the uterus near the utero-tubal
junction. Each horn of the uterus was flushed and the me-
dium plus embryos was collected into glass vessels via a
Foley catheter. Embryos were pooled in M2 holding me-
dium containing 4 mg/ml BSA (Pentex Crystalline, Fraction
V, Miles Diagnostics, Kankakee, IL) and graded according
to quality and stage of development before allocation to
treatment groups.

Culture of Embryos

Embryos (166 assessed as good quality and 17 as poor
quality) were randomly allocated to one of four treatment
groups. Embryos in treatments 1 and 2 (80 good and 5 poor
quality embryos at the morula or early blastocyst stage) were
cultured in lots of 10 for 1-2 h in 5 ml of M2 holding
medium prior to being transferred either as pairs (group
1; n = 38) or singly (group 2; n = 47) into recipient ewes
at Day 6 of the estrous cycle. Group 3 embryos (44 good
quality and 6 poor quality embryos at the morula or early
blastocyst stage) were cultured individually in SOF medium
supplemented with 32 mg/ml BSA for 48 h prior to trans-
fer. Three separate 100-pl droplets of SOF culture medium
were placed in a 35 X 10-mm plastic Petri dish and covered
with 2.5 ml paraffin oil (Labchem, Ajax Chemicals, Auburn,

NSW, Australia). One embryo was then placed in each droplet
and the Petri dishes were placed in a water-jacketed incu-
bator and were maintained at 39°C in an atmosphere con-
taining 5% CO, in humidified air. Group 4 embryos (44
good quality and 6 poor quality morulae or early blasto-
cysts) were cultured for 48 h in SOF culture medium as
for group 3, except that human recombinant LIF was added
to the medium at a rate of 1000 U/ml.

The number of good quality or poor quality (degener-
ating) embryos—those achieving morula, blastocyst or
hatching blastocyst stage of development—was recorded at
the time of embryo collection, every 12 h afterwards, and
immediately prior to transfer to recipient ewes at Day 8
after estrus.

Culture Media

The flushing medium used was Dulbecco’s PBS contain-
ing 10% fetal calf serum, Penicillin G, potassium salt (0.060
g/L), and streptomycin sulphate (0.050 g/L).

M2 holding medium [23] was a modified Krebs-Ringer
solution with some of the bicarbonate substituted with HEPES
buffer; the SOF culture medium was made according to Tervit
et al. [2].

All media were sterilized by filtration through a 0.2-um
filter (Millipore Pty. Ltd., Richmond, Victoria, Australia).

Embryo Transfer

The estrous cycles of 200 3-yr-old maiden Merino ewes
were synchronized with a 14-day CIDR treatment. An injec-
tion of 400 IU eCG was given at the time of CIDR with-
drawal. Vasectomized rams, fitted with harnesses and cra-
yons, were placed with the ewes to detect estrus. Ewes
observed in estrus were randomly allocated to one of four
recipient groups. Recipient ewes were treated with local
anesthetic (lignocaine, Lyppard Chemicals, Brighton, Vic-
toria, Australia) and laparoscopic procedures were used to
determine the number of corpora lutea on each ovary. The
uterus was located and the tip of the uterine horn ipsilat-
eral to an ovulating ovary was exteriorized through a 2-cm
mid-ventral incision. The uterus was punctured approxi-
mately 4 cm from the utero-tubal junction and the em-
bryo(s), bathed in M2 holding medium, was deposited via
a Tomcat catheter (Size 3.5 FR, Lyppard Chemicals) at-
tached to a 1-ml syringe. The uterine horn was returned
into the abdominal cavity and the incision was sutured.

All recipient ewes were released to graze with harnessed
vasectomized rams for 21 days to provide an estimate of
embryonic loss prior to or at implantation [24]. Ewes were
scanned using ultrasonics on Day 70 of pregnancy to de-
termine the number of healthy fetuses.

Analysis

Nonparametric differences between groups were deter-
mined by Chi-square analysis.
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RESULTS

Embryo Culture

The addition of 1 000 U/ml of human recombinant LIF
to SOF culture medium significantly improved the devel-
opment (more blastocysts hatching and less degenerating)
of good quality morula and blastocyst embryos cultured for
48 h in vitro (Table 1).

Both treatment groups had 6 embryos initially classified
as poor quality at the time of embryo recovery. Over the
treatment period their health did not improve so they were
discarded and not transferred to recipient ewes.

Pregnancy Rates

The pregnancy rate (as determined by real-time ultra-
sonic scanning on Day 70 of pregnancy) of ewes receiving
an embryo cultured for 48 h in SOF alone (group 3) was
significantly lower than that of ewes receiving a single em-
bryo within 3 h of collection (group 2: Table 2). In contrast,
the addition of hLIF to the. medium maintained the viability
of the embryos during 48 h of culture so that the pregnancy
rate of ewes receiving these embryos (group 4) was not
different from those ewes receiving an embryo soon after
collection (group 2). The pregnancy rates of both of these
groups (2 and 4) were lower than that of recipient ewes
that had 2 embryos transferred soon after collection (group
1). Although only 29% of transferred embryos were lost in
group 1 compared to about 50% in both groups 2 and 4,
these differences were not significant (p > 0.05).

The 21-day nonreturn to service rate (an indicator of
embryo survival to Day 12 [24]) reflected the Day 70 preg-
nancy data, indicating that the major effect of hLIF occurred
prior to implantation (Table 2).

DISCUSSION

The addition of hLIF to culture medium increased by
4-fold the number of sheep blastocysts that hatched from
the zona pellucida after culture for 48 h. Fewer embryos
became degenerative when cultured in medium containing
hLIF. These results were reflected in pregnancy rates when
the embryos were transferred to recipient ewes. Overall,

TABLE 2. Percentage of recipient ewes not returning to service by Day
21 and percentage of ewes pregnant on Day 70 after estrus.

Day 21 Day 70
Treatment n (%) (%)
Group 1: 2 embryos <3 h in M2 19 100° 89*
Group 2: 1 embryo <3 h in M2 42 68® §2°
Group 3: 1 embryo 48 h in SOF 44 41° 16°
Group 4: 1 embryo 48 h in SOF + LIF 42 64° 50°

*Means within columns differ significantly (p < 0.05).

our findings indicate that hLIF has potential as either an
embryotrophic or embryo-protective agent.

Media for culturing preimplantation embryos have been
developed to optimize embryonic growth and to maximize
the number of embryos that survive after transfer. Signifi-
cant advances have been made over the last 20 years through
formulations based on oviduct fluid [2, 14], correcting the
oxygen tension [9, 25}, and by providing the embryo’s spe-
cific metabolic requirements [26, 27]. Although embryos from
most species of mammals can now be cultured from the
one-cell stage to blastocysts, the viability of these embryos
is severely compromised (1, 29] and the development of Day
5 ovine embryos cultured for 2 days is retarded [23]. These
data indicate that one or more factors are missing from the
artificial media that are present during in vivo embryonic
development.

When hLIF was added to culture medium containing
8-cell murine embryos, there was a marked increase in the
number of embryos completing the developmental changes
associated with implantation [21]. Our results demonstrate
that the addition of human recombinant LIF to culture me-
dia will increase up to 4-fold the number of ovine blasto-
cysts that hatch from the zona pellucida and decrease the
number of embryos degenerating during their 48-h culture
in SOF in an atmosphere of 5% CO, in humidified air. In
fact, 64% of the embryos cultured in SOF + hLIF had hatched
by Day 8 after estrus, which is similar to the rate found in
vivo [29, 30]. The pregnancy rates of the recipient ewes re-
ceiving an embryo cultured in medium containing hLIF for
48 h was equal to, but not higher than, that of ewes re-
ceiving an embryo immediately after collection, indicating
that hLIF may have a role in maintaining the viability of

TABLE 1. Number and percentage of healthy embryos hatching or degénefating during 48-h culture in SOF (n =

42) or SOF + 1000 units/ml hLIF (n = 44).

Hatched Embryos

Degenerating Embryos

Time in SOF SOF + hLIF SOF SOF + hLIF
culture Number % Number % Number % Number %
0h 0 0 0 0 0 0 0 0
122 h 0 0 3 7 2 5 0 0
24 h 1 2 10* 23 2 5 1 2
36 h 6 14 19+ 43 5 1 1 2
48 h 7 16 28* 64 13+ 27 4 9

*Denotes significant differences between SOF and SOF + hLIF treatment groups p < 0.05.
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embryos under adverse conditions rather than improving
their development. Furthermore, no embryos deemed de-
generative prior to culture were rescued in the medium
containing hLIF. It is interesting to note that mLIF does not
appear to have an effect on cultured ovine embryos (RF.
Seamark, pers. comm.; R.C. Fry and RA. Parr, unpublished
results). This may be due to the higher degree of homology
between natural ovine LIF and hLIF than between ovine LIF
and murine LIF (PA. Willson and N.H. Gough, unpublished
results).

This action of hLIF on the development of ovine em-
bryos is coincidental to the period (Day 4) that murine LIF
is expressed strongly by the endometrial glands of the
pregnant and pseudopregnant mouse (C. Stewart, pers.
comm.) and receptors found on the embryo (L. Williams,
pers. comm.). LIF therefore appears to be produced be-
tween the time that the embryo enters the uterus from the
oviduct and implantation, so LIF may play a role in sup-
porting the survival of the embryo during this critical time.

Currently, in most embryo transfer programs in both hu-
mans and livestock, more than one embryo is transferred
to each recipient to ensure a viable pregnancy. One notable
exception is the cow where usually only one embryo is
transferred to avoid the possibility of freemartins. There is
a possibility that the inclusion of LIF in transfer medium
may improve the ability of the embryo to implant and make
the transfer of a single embryo to each recipient both de-
sirable and practical. Other substances that could have a
role in regulating embryo survival include ovine tropho-
blast protein [31,32], macrophage colony-stimulating fac-
tors [33), platelet-activating factor (34], and plasminogen (35).
Plasminogen has displayed similar embryotrophic effects to
LIF, although it is produced by the embryo.

LIF has very diverse effects upon cells, which are largely
determined by the target cell. For example, while LIF in-
hibits differentiation of murine embryonic stem cells [19],
it induces the differentiation of Ml myeloid leukemia cells
[18]. Medium containing LIF could be used for early ma-
nipulative procedures on the oocyte/embryo such as in vi-
tro fertilization, embryo splitting, and nuclear transplanta-
tion, where survival rates of embryos are low. LIF may also
have important applications in the growth of totipotent stem
cell lines for cloning [36], or perhaps for inclusion into the
medium used for the transport of cooled or frozen em-
bryos/semen.
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