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Objective: Recent evidence suggests that Leukemia Inhibitory Factor (LIF), a member of 
interleukin-6 family, has biological actions on preimplantation embryo development. Also 
it is established that Epidermal Growth Factor (EGF), a strong mitosis-promoting agent, 
improves the preimplantation embryo development by increasing the cell metabolism and 
proliferation. The purpose of the present study is to investigate the effects of these factors, 
alone and in combination together, on preimplantation and development of the embryo. 
Materials and Methods: Six to eight weeks old NMRI mice were super ovulated by injec-
tion of 10IU PMSG and 10IU hCG, then the mated mice were killed 46 hours later. Their 
oviducts were flushed, two-cell embryos collected and divided randomly to the four groups 
as following: Control, treatment 1 (LIF), treatment 2 (EGF), treatment 3 (LIF+EGF). In each 
group, the embryos were cultured in an incubator at 37°C with 5% CO2 and 90% humid-
ity for 72hrs. The state of embryo development was evaluated in 24,36,48,60 and 72hrs 
following the embryos cultures. By the end of the cultures, cell apoptosis was studied 
by the terminal deoxynucleotidyl transferas-mediated dUTP nick end-labeling (TUNEL) 
technique. 
Results: Significant difference was detected in the rate of hatching in the LIF and LIF+EGF 
groups. This difference was also seen in the rate of blastocyst formation after 36hrs 
(p<0.05) and in the average of the total cell number (p<0.05) after 72hrs. In comparison to 
the apoptotic index, there was no significant difference between the control and treatment 
groups. 
Conclusion: The findings in this study show a beneficial effect of LIF and EGF on the 
blastocyst formation, hatching and its total cell numbers in vitro.
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Introduction
Despite of years of experience and many technical im-
provements in human in vitro fertilization and embryo 
transfer, a low implantation rate is still one of the major 
unsolved problems in this filed (1).
One of the factors associated with poor success rates in 
assisted reproductive technique (ART) is the suboptimal 
culture condition in which fertilization and early embry-
onic growth occur.  The problems like: Embryo frag-
mentation, cell irregularity, reductions in total cell num-
bers,    retarded cleavage rate ,and blastulation observed 
in blastocysts growth in vitro attribute to suboptimal in 
vitro conditions, which in turn contribute significantly 
to reduced embryo quality and  implantation rate fol-
lowing  embryo transfer (1, 2).
The results of recent studies about the optimal condition 
for growth and development of preimplantation embryo 
demonstrate the embryo, in vivo, is exposed to a number 
of embryotrophic factors and interactions between em-
bryo and reproductive epithelial cells which are essential 

o embryo development (3-10). The secretion of human 
reproductive epithelial cells such as colony-stimulating 
factor-1, Interleukin-6 (IL-6), leukemia Inhibitory Fac-
tor (LIF), and Epidermal Growth Factor (EGF) as well 
as expression of their receptors on preimplantation em-
bryos suggest a dynamic interaction between embryo 
and reproductive epithelial cells during the first week 
of embryonic period. These dynamic interactions are 
not present in the current static in vitro culture systems 
used in ART (1).
Improved development capacity following co-culture 
of embryos using oviduct epithelial cells indirectly sug-
gests that the growth factors releases from these cells 
are responsible for the positive effects of co-culture on 
embryos (1, 11).
Supplementation of media by some of these factors 
such as EGF and LIF and their beneficial effects on em-
bryo development are reported in recent years (11-14). 
For example, higher blastocyst formation rate and in-
creased their total cell number, in media enriched with 



EGF, were demonstrated in vitro (10). EGF is a strong 
mitosis-promoting agent that stimulates the prolifera-
tion of different types of cells. This factor improves the 
preimplantation embryo development by increasing the 
cell metabolism and proliferation (15, 16)
On the other hand, it is reported that LIF plays an im-
portant role in the embryo development (17). LIF en-
hances in vitro blastosyct development in mice (18, 
19), in vitro blastocyst hatching in sheep and pregnancy 
rates for embryos cultured in vitro and transferred back 
into recipient ewes (20). It is reported that the expres-
sion of LIF in the endometrium is absolutely essential 
for mouse embryo implantation (12, 18).
In spite of positive effects in vitro, it is important to 
carefully study development of embryo before any sup-
plementation is introduced into culture media. Supple-
mentation of growth factors and cytokines to culture 
media require more caution because of their effects on 
cell proliferation and differentiation. Also, preliminary 
animal studies should be conducted to evaluate risks 
carefully and benefits of these factors before their ap-
plications to human embryo culture. The purpose of the 
present study is to investigate and compare the effects 
of EGF and LIF, alone and in combination together, on 
mouse preimplantation embryo development, cell pro-
liferation and apoptosis in vitro.

Materials and Methods
Six to eight week-old NMRI female mice were kept un-
der the controlled light and temperature conditions with 
free access to water and food. All animal experiments 
were approved by the institutional animal care and use 
committee. They were superovulated by intraperitoneal 
injections of 10IU of pregnant mare serum gonadotro-
pin (PMSG), and then followed 48hrs later with 10IU of 
hCG. On the same day of hCG injection, designated as 
day 0, the female mice were paired with male mice of 
the same strain to mate. The mated females were then 
killed 46hrs after another hCG administration and two-
cell stage embryos harvested from the oviducts in pre-
warmed HEPES-buffered/HTF medium. After washing 
several times, the obtained 2-cell embryos with the nor-
mal morphology were divided randomly into the four 
groups of 15-20 embryos, cultured in droplets of human 
tubal fluid (HTF) medium supplemented with 4mg/ml 
bovin serum albumin (BSA, fraction V, Sigma) under 
mineral oil at 37ºC in 5% CO2 for 72hrs.  The experi-
ment was repeated 7 times and totally 132-149 embryos 
were examined in each group.
In group I, the embryos were cultured in HTF+4mg/ml 
BSA as the control group. In group II (treatment1), the 
embryos were cultured in HTF+4mg/ml BSA contained 
1000IU/ml of LIF. In group III (treatment 2), the em-
bryos were cultured in HTF+4mg/ml BSA contained 
10ng/ml of EGF. In group IV (treatment 3), the embryos 
were cultured in HTF+4mg/ml contained 10ng/ml of 
EGF and 1000IU/ml of LIF. The media in all groups 
were replaced every 24hrs. Embryonic development 

was evaluated 24,36,48,60 and 72hrs after culturing by 
morphological observation under an invert microscope. 
In all groups, the following embryos’ developments 
were noticed: four cells, eight-cell, morula, blastocyst, 
expanded blastocyst and hatching blastocyst stages. At 
the end, the expanded and hatched blastocysts were col-
lected and used to analysis of apoptotic cell and total 
cell number (TCN).
Apoptosis Detection
A combined technique for simultaneous nuclear stain-
ing and TUNEL by modification of the procedures of 
Brison and Scholtz (21) was used for apoptosis detec-
tion.
Briefly, the embryos were fixed overnight at 4ºC in 
3.7% paraformaldehyde diluted in PBS. Following 
fixation, they were washed 4 times in PBS/PVP, per-
meabilized in PBS containing 0.1% Triton-X100 for 
1hr and incubated in flurescein conjugated- dutp and 
TdT (TUNEL reagents), (Boehringer Mannheim, Ger-
many) at 37ºC for 1hr. After TUNEL, the embryos were 
washed 3 times in PBS/PVP and incubated in RNAse 
(50 mg/ml incubated in PBS containing propidium io-
dide (PI, 50μg/ml)) for 1hr at the room temperature to 
label all nuclei.
Finally, they were washed 4 times in PBS/PVP, mount-
ed on a glass slide and examined for 30 days under a 
fluorescence microscope with an excitation filter of 
460-490 nm and a barrier filter of 514nm.
The number of total cells and nuclei labeled by TUNEL 
were counted and for each of the blastocyst, the inci-
dence of TUNEL positive nuclei was calculated as per-
centage of the total cell number. 

Statical analysis
The percent of embryos reaching each developmental 
stage, total cell number (TCN) and apoptotic cell in-
dices were compared by one-way analysis of variance 
(ANOVA) using SPSS version 10. All post-hoc analy-
ses corrected by the Bonferroni method for multiple 
group comparison p<0.05 was considered statistically 
significant.

Results
Table1 illustrates the effects of LIF and EGF on the 
development of 2 cell embryos (Fig.1A) after 24hrs of 
the culture. As shown in the table, there was not any 
significantly different about the mean of percentage of 
eight-cell, morula and fragmented embryos, between 
the control and treatment groups. In the case of blasto-
cyst formation (Fig 1B), the rate of blastocyst formation 
in LIF+EGF group after 36hrs culture was significantly 
higher in comparison to the other groups (p<0.05).
But after 48h, 60h and 72h, there were no significant 
difference between the groups (Fig 2).
Also, the rate of hatching in groups of LIF and 
LIF+EGF was significantly higher than the other 
groups (Fig 3).
Total cell number (TCN) in LIF and LIF+EGF (p<0.05), in 
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comparing with the other groups were significantly higher 
(Fig 4).

Table 1: The number of 8-cell, morola and fragmented em-
bryos in the study groups on 24hrs after culturing (the study 
was repeated 7 times). There is not any significant differ-
ences between the four groups (p<0.05)

fragmented 
embryo
(٪mean±SE)

Morula 
(٪mean±SE)

Eight-cell 
embryo 
(٪mean±SE)

Groups

14/144 
(9.25±3.8)

10/144
(6.9±2)

11/136
(8.31±2.2)

7/122
(5.59±4.87)

83/139 
(60.45±8)

85/144
(59/59±5.3)

82/136
(61/30±7.9)

97/122m
(73.49±12.73)

42/139 
(30.28±8.1)

49/144 
(33.45±5.1)

43/136 
(30.38±6.91)

18 /122 
(15.07±3.5)

Control 
(HTF)

Treatment 1 
(LIF)

Treatment 2 
(EGF)

Treatment 3 
(LIF+EGF)

Fig 1: Mouse embryos at two-cell (A) and blastocyst stage (B)

In comparing the apoptotic index, there was no sig-
nificant difference between the control and treatment 
groups (fig 5, 6).

Fig 2: Effects of EGF and LIF on blastocyst formation 
rate in preimplantation embryos on 36, 48, 60 and 72hrs 
after culturing. Among all groups, the LIF and LIF+EGF 
groups showed significant differences with the control 
and EGF group on 36hrs after culturing (p<0.05).There 
is not any significant differences among the groups on 
48, 60 and 72hrs after culturing (mean±SE).

Fig 3: Effects of EGF and LIF on hatching rates in pre-
implantation embryos on 60 and 72hrs after culturing. 
Among all groups, the LIF and LIF+EGF groups showed 
significant differences with the control and EGF group 
(mean± SE) (p<0.05).

Fig 4: Effects of EGF and LIF on total cell number (TCN) 
in preimplantation embryos on 72hrs after culturing. 
Among all groups, the LIF and LIF+EGF groups showed 
significant differences with the control and EGF group 
(mean±SE) (p<0.05).
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Fig 5: A blastocysts from the control group after TUNEL. 
The apoptotic nuclei that labelled by TUNEL are shown in 
green and the normal nuclei are shown in red. (This figure 
has also been printed in full-color at the end of the issue)

Fig 6: Effects of EGF and LIF on apoptosis index in preim-
plantation embryos on 72hrs after culturing. There were not 
any significant differences among the groups (mean±SE).

Discussion
In this investigation, it was demonstrated that 
the addition of LIF and EGF to the culture medium had 
no significant stimulatory and inhibitory effects on the 
development of early cleavage stage (2-cells, 4-cells, 
8-cells and morula) and apoptotic cell death in mouse 
blastocyst. But LIF and EGF in combination increased 
the rate of the blastocysts formation on 36hrs after cul-
turing as well as hatching rate and total cell number on 
72hrs after culturing. These data are comparable with 
previous reports about the effects of theses factors on 
the development of the preimplantation embryo (12, 20, 
22).  
For example, Jurisicova in 1995 have demonstrated that 
the culture medium supplemented with rhLIF in the 
concentrations of 5-20 ng/ml had no effect on human 
blastocyst formation when used in very early cleav-
age stages in vitro (23). Lavranos you have to mention 
the year!!! explained the supplementing of the embryo 
culture media with 1000 IU/ml of rhLIF increased the 

number of eight-cell mouse embryos developing be-
yond the hatched blastocyst stage (24). In the present 
investigation, we used concentration of 1000 IU/ml rh-
LIF and achieved similar results to Lavranous finding 
about the blastocysts formation and hatching. But we 
did not see any advantage for using LIF in the early 
stages of embryo development (2-cells, 4-cells,8-cells 
and morula) and it might be depends on the different 
requirements in the various stages of the embryo de-
velopment.
However the previous studies showed the use of 10 ng/
ml of EGF in the culture medium increasing the rate 
of blastocysts formation (10, 25), our study revealed a 
nonstimulatory and noninhibitory effects of LIF when 
added to the culture medium at the early cleavage stag-
es. Furthermore, this study showed the use of EGF in 
the culture medium not promoting statistically signifi-
cant improvement in the rate of blastocyst formation. 
Altogether, our results showed the use of LIF, alone or 
in combination with EGF, significantly improveed blas-
tocysts formation, hatching rate and total cell number. 
Additional synergistic effects could not be observed by 
combining LIF and EGF.    

Conclusion
The findings of this study show beneficial effect of 
LIF and EGF on the mouse blastocysts development 
in vitro. In spite of the indicated effects, it is strongly 
recommended that more animal studies should be con-
ducted to evaluate its safety with particular attention to 
its potential teratogenic effects and  long-term outcome 
of offspring before application to human-assisted re-
productive program.
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