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Objective: This study aimed to assess whether the addition of LIF (leukemia inhibitory factor) into a specific culture 
medium  will  increase  the  embryo  quality  susceptible  to   enhance  pregnancy   rate  following  embryo  transfer.  
Methods: This is a blind prospective study, conducted on 2,192 oocytes received the day of ovum pick-up from 326 
women undergoing the ICSI program. In each microdroplet of embryo culture medium containing an oocyte 
microinjected, LIF was randomly added on day 0 or on day 1 after the microinjection, and the microinjected oocytes 
were incubated individually. The embryo quality on day 2 and day 3 (blastomere number, blastomere regularity and 
fragmentation rate) was compared. Results: The number of four-cell embryos (on day 2), eight-cell embryos (on day 
3) and embryos with regular blastomeres in both days were higher with LIF. The adjunction of LIF just after the 
microinjection provided better results than 24 hours after the microinjection. A statistically significant improvement 
was observed in embryos with a low fragmentation rate on both days 2 and 3. LIF also seems to improve pregnancy, 
implantation and live birth rates, but with no significant difference. Conclusion:  Addition of LIF to embryo culture 
media after ICSI program has a beneficial effect on human embryos. 
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INTRODUCTION 
 

The early stages of embryonic development are regulated by 
an array of cytokines and growth factors which play a 
fundamental role in the synchronization of the development of 
the conceptus and the endometrium throughout the 
implantation period. The expression of most of these factors 
and their receptors occurs both in the embryo and in the 
woman’s reproductive tract making an expression in mirror; but 
the mechanisms of action of these factors are not well known 
yet. 

LIF is a member of interleukin-6 family and one of the most 
important cytokines essential for successful implantation. LIF is 
expressed in both the embryo and the endometrium. Mutation 
of the LIF gene in female mice prevents embryo implantation 
(Stewart and al., 1992; Cheng and al., 2002) and the uterus 
shows little evidence of decidualization (Chen and al., 2000). 
LIF has potential biological effects on several cell types in the 
early embryo and on the trophectoderm cells and it also 
influences the early events of implantation by acting on the 
luminal epithelium, glandular epithelium and even on the 
stroma (Fry, 1992).  

Furthermore, a correlation has been suggested between 
LIF and LIF-receptors levels and pinopod formation 

(Agadjanova and al., 2003). In LIF-null animals, pinopods do 
not develop over the apical cell membranes, which remain 
microvillous (Fouladi-Nashta and al., 2005). The precise level 
needed for the effective action of LIF is controversial; first, the 
levels of LIF in uterine flushings were suggested to be lower in 
women with unexplained infertility compared with control fertile 
women (Laird and al., 1997); but a few years later, another 
study reported that lower levels of LIF are predictive of 
implantation success and higher levels are indicative of 
inflammation (Ledee-Bataille and al., 2002). 

In this prospective randomized study, we have introduced 
LIF into a specific culture medium of microinjected oocytes to 
explore its possible role in early embryonic development by 
analysis of the embryo quality on day 2 and 3 after 
microinjection. 
 
MATERIAL AND METHODS 
 

This is a blind prospective study, conducted from March 2012 
to February 2014, on 2,192 oocytes received the day of ovum 
pick-up from 326 women undergoing the ICSI program. A fully 
informed written consent was taken from all the patients. The 
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study protocol was in accordance with the guidelines of the 
Declaration of Helsinki and was approved by the Institutional 
Ethics Committee. 
 
Criteria for inclusion in this study: 
 

1- a normal ovarian function 
2- a history of ≤ 3 attempts at IVF or ICSI 
3- serum FSH on day 2 or 3 ≤ 15 IU/ml 
4- estradiol  ≤ 60 pg/ml 
5- number of mature collected oocytes ≥ 6 

 
The women’s age ranges from 21 to 41 years. 
The oocyte cohort of each woman was randomly divided into 
two groups:  
 

 Group 1 (n = 1122): Oocytes exposed to LIF after 
microinjection. 

 Group 2 (n = 1070): Oocytes not exposed to LIF after 
microinjection. 

 Group 1 (exposed to LIF) was composed of two sub-
groups: 

 Subgroup 1a (n = 748): Oocytes exposed to LIF, just 
after microinjection (LIF day 0). 

 Subgroup 1b (n = 374): Oocytes exposed to LIF, 24 
hours after microinjection (LIF day 1). 

 
In each microdroplet of embryo culture medium  G-1

TM
 Plus, 

Vitrolife (Sweden) containing an oocyte microinjected, 
lyophilized recombinant human LIF Invitrogen, GIBCO (USA) 
was added at a concentration of 2.5μg/ml. LIF was randomly 
introduced on day 0 or on day 1 after the microinjection, and 
the microinjected oocytes were incubated individually for 2 to 3 
days. 

For each group (exposed and non exposed embryos to 
LIF) and subgroup (exposed on day 0 and exposed at day 1), 
we compared the embryo quality on day 2 and day 3 
(blastomere number, blastomere regularity and fragmentation 
rate). The biologist, who observed the embryonic grade, was 
blinded to oocytes groups.  
 
STATISTICAL ANALYSIS 
 

For both groups and subgroups, the results were expressed as 
frequencies. To make them comparable, these results were 
transformed into a logarithmic version then analyzed according 
to the method of ANOVA using SPSS 17.0 software. Statistical 
significance was assigned at P <0.05. 
 
RESULTS 

 
The present study showed an improvement in embryo quality 
on day 2 and especially on day 3 after exposure to LIF during 
early stages of embryonic development. The use of LIF 
significantly increased the number of embryos with a low 
fragmentation rate on day 3 (60.4% vs 50.3%, p<0.05). It also 
improved the number of four-cell and eight-cell embryos on 
day 2 and 3, respectively, and the number of embryos with 
regular blastomeres on both days, but the difference was not 
significant (Table 1). 

Group 1 (exposed to LIF) was composed of two sub-
groups: Subgroup 1a: Oocytes exposed to LIF just after 
microinjection (LIF day 0) and Subgroup 1b: Oocytes exposed 
to LIF 24 hours after microinjection (LIF day 1). The adjunction 
of LIF just after the microinjection provided better results than 

24 hours after the microinjection. Indeed, a statistically 
significant improvement was observed in embryos with a low 
fragmentation rate on day 2 (71.3% vs 49.6%, p=0.001) and 
also on day 3 (70.9% vs 31%, p=0.001).  

In the subgroup LIF day 0, better results were observed on 
day 3 concerning the blastomere number and regularity, 
although this difference failed to reach statistical significance 
(Table 2). LIF also seems to improve pregnancy, implantation 
and live birth rates, but with no significant difference (Table 3). 
 
DISCUSSION 
 

Implantation is a very intricate process, which is controlled by a 
number of complex molecules like hormones, cytokines, and 
growth factors and their cross talk (Singh and al., 2011). They 
act and are produced on both sides of the fence (Bischof & 
Cohen, 2010); but their mechanisms of action are very 
complex and not completely understood at present. 

LIF is one of the most important cytokines interfering with 
implantation. It is a polyfunctional highly glycosylated 
glycoprotein that occurs naturally in a range of molecular 
weights from 38 to 67 KDa, it influences a wide range of cell 
types in different ways. This pleiotropic cytokine can be 
produced in many or perhaps all body tissues (Metcalf, 2003). 
In the endometrium, its expression depends on the phase of 
the menstrual cycle, with a striking increase in the mid and late 
secretory phase coinciding with the window of implantation; so, 
LIF is the best example of how hormones act through 
cytokines. Thus, LIF has been proposed as a molecular marker 
of receptive endometrium. LIF mRNA and protein are localized 
in the luminal and glandular epithelium and in the stroma cells 
(Cullinan and al., 1996; Vogiagis and al., 1996) 

As to current knowledge, LIF binds with LIF receptor (LIFR) 
of a plasma membrane with gp 130 glycoprotein (the common 
signaling receptor for IL-6 family cytokines) to form a high 
affinity receptor through which LIF signaling is triggered 
(Heinrich and al., 2003). The LIFR activates several signaling 

pathways in diverse cells types, including the Jak/STAT, MAP 
kinase (MAPK), and PI3-kinase (PIPK) pathways (Duval and 
al., 2000). LIFR is expressed both in the luminal epithelium of 
the endometrium and in the blastocyst. Thus, LIF may signal to 
both uterine and embryonic cells during implantation (Laird and 
al., 1997). In the mouse blastocyst, LIF is expressed by 
extraembryonic membranes (from early to fully expanded 
blastocoel cavity).  

Most authors report that only at the blastocyst stage the 
embryo can express LIF and LIFR (Sun & Shi, 1998), and that 
LIF can improve embryo development in vitro only at this 
stage; so they consider that LIF can be beneficial exclusively 
for preimplantation embryos however it does not affect early 
embryonic development (Hsieh and al, 2000; Sargent and al, 
1998). Authors indicate that there is no interest to supplement 
the culture media with LIF at the earlier stage of the embryo 
development (Lavranos and al, 1995). 

The present study is the first one to demonstrate that the 
exposure to LIF during early stages of embryonic development 
shows an improvement in embryo quality especially on day 3. 
LIF increased the number of embryos with low fragmentation 
rate, with a statistically significant difference on day 3. The 
number of four-cell embryos (on day 2), eight-cell embryos (on 
day 3) and embryos with regular blastomeres on both days 
were also higher with LIF.  

This action can be explained by the possibility of direct 
effects of this cytokine on properties of biological membranes.  
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EMBRYO QUALITY 

 
GROUP 1 (LIF+) 

(n=1122) 

 
GROUP 2 (LIF -) 

(n=1070) 

 
P value 

 
 
 

Day 2 
 
 
 

4-Cell  embryos 47.7% 46.8% NS 

Regular blastomeres 73.2% 68.6% NS 

Low fragmentation rate 63.5% 58.9% NS 

 
 

Day 3 
 
 
 

8-Cell  embryos 20.5% 17.3% NS 

Regular blastomeres 71.3% 62.7% 0.069 

Low fragmentation rate 60.4% 50.3% 0.047 

 
 

 

 
 

EMBRYO QUALITY 

 
SUBGROUP 1a (LIF 

day 0) 
(n=748) 

 
SUBGROUP 1b (LIF 

day 1) 
(n=374) 

 
P value 

 

 
 

Day 2 
 
 
 

4-Cell  embryos 46.8% 59.3% NS 

Regular blastomeres 74.1% 71.7% NS 

Low fragmentation rate 71.3% 49.6% 0.001 

 
 

Day 3 
 
 
 

8-Cell  embryos 23.1% 13.6% NS 

Regular blastomeres 73.5% 65.1% NS 

Low fragmentation rate 70.9% 31% 0.001 

                            NS: not significant 

 
 
 

Table 3: Pregnancy outcomes of the three groups of patients LIF+ embryos, LIF- embryos and LIF+ embryos with LIF- embryos. 
 

 
 

GroupA (LIF+) 
(n=140) 

GroupeB (LIF-) 
(n=136) 

Groupe C (LIF+/LIF-) 
(n=50) 

 
P value 

 

Age range 
(years; mean ± SD) 

 
32,1±3,2 

 
33,2±4,5 

 
31,4±3,7 

 
NS 

Clinical pregnancies (%) 38,5 (54/140) 29,4 (40/136) 32 (16/50) NS 

Implantations (%) 20,4 (58/284) 16 (44/274) 21,2 (20/94) NS 

Live births (%) 32,8 (46/140) 23,5 (32/136) 28 (14/50) NS 

                 NS: not significant 

 
 

As a matter of fact, LIF is known to have three isoforms, one of 
which (tLIF) does not require a membrane receptor to act on 
the target cell (Mezhevikina and al., 2011). The recombinant 
LIF acts in the same way. The electrophysiological studies of 
Mezhevikina and al., 2011) demonstrated that recombinant LIF 
acts as a membranotropic agent: it affects the viscosity of 
membrane lipids (lipid bilayer), increases the positive charge 
and conductivity of cell membranes. This change of the 
cytoplasm membrane structure requires signals into cell 
susceptible to cause functional changes (Mezhevikina and al., 

2011). Another main result of our study is that the action of LIF 
seems better if it is introduced precociously in the embryo 
culture medium.  

The addiction of LIF just after the microinjection provided 
better results than 24 hours after the microinjection. Indeed, if 
the oocytes were in contact with LIF on day 0 just after 
microinjection a statistically significant improvement was 
observed in embryos with a low fragmentation rate; the number 
and regularity of blastomeres were also improved, although 
this difference failed to reach statistical significance. LIF also 

     Table 1: Embryo quality in the 2 groups: (LIF+)/(LIF-) 

                           NS: not significant  

          Table 2: Embryo quality in the 2 subgroups: (LIF day 0)/(LIF day 1) 
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seems to improve pregnancy, implantation and live birth rates, 
but with no significant difference. The absence of significance 
can be explained by the smaller number of patients. Group A is 
composed of patients who had had a homogenous transfer 
(LIF+ embryos); Group B (LIF- embryos) and group C (LIF+ 
and LIF- embryos) (Table 3). 

In conclusion, LIF was demonstrated to be able to improve 
the embryo quality, thus it can be interesting in embryonic 
culture media as a medium supplement. The use of LIF in 
order to improve the rates of pregnancy and live birth should 
be further investigated in ICSI cycles. 
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