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Abstract

The appropriate interaction between a blastocyst and the endometrium is essential 
for successful implantation. Numerous factors, including hormone receptors (progesterone re-
ceptor), cytokines [leukemia inhibitory factors (LIF)], and adherence molecules such as E-cad-
herin are involved in the cross-talk that occurs between the embryo and endometrium. Studies 
show that a lack of these genes impact endometrial receptivity. In this study, we compare the 
expression levels of E-cadherin, LIF, and progesterone receptor (PgR) genes in blastocysts 
that have been obtained from superovulated mice to those obtained from natural cycles.

 In this experimental study, for the experimental group, a total of 17 
virgin female NMRI mice (6- 8 weeks old) were injected with 7.5 IU pregnant mare serum gon-

following administration of human chorionic gonadotropin (hCG). The control group consisted of 
blastocysts from 62 female mice that were mated with male mice. The natural cycle blastocysts 

E-

cadherin, LIF, t PgR genes were examined by quantitative real-time reverse-transcriptase poly-
merase chain reaction (RT-PCR). Data were analyzed by the student’s t-test (one sample t-test).   

treated group compared to the natural cycle blastocysts (p<0.05). 

Although ovarian stimulation is utilized to obtain more oocytes in ART cy-
cles, it seems that this could disadvantageous to implantation because of the decrease 
in expression levels of certain genes. Because of the important roles of E-cadherin, LIF, 
and progesterone receptor in the implantation process, we have shown lower expression 
levels of these genes in mouse blastocysts obtained from ovarian-stimulated mice than 
those derived from the natural cycle. The results observed in this study have shown the 
possibility of an unfavorable effect on implantation and pregnancy rate. 
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Introduction

Appropriate interaction between a blastocyst and 
the endometrium is essential for successful im-
plantation. Numerous factors are involved in the 

-
tion is used to obtain many oocytes, it seems that 
ovulation induction has some disadvantages for 
embryo growth and uterine receptivity, resulting 
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in a decreased implantation rate (1, 2). 

It has been presumed that the failure of embryo 
implantation and retarded fetal growth after super-
ovulation is due to endometrial dysfunction, as the 
endometrial receptivity is sensitive to changes in 
the serum levels of sex steroids. The effects of ex-

Ovarian stimulation also results in a delay in 
embryo development and an increase in post-

associated with a reduction in fetal growth and 
a shift in the window of receptivity in in vitro

that different ovarian stimulation approaches, 
can increase the chromosomal aneuploidies and 

-
-

tive impact of gonadotropin stimulation on em-
bryo development.

Steroid hormones play an important role in the 
development and implantation of pre-implanta-

to whether these hormones act directly on the 
embryos or not (7). In a comparison study by 

 method, the expression level of 92 
genes in the blastocysts of control and supero-
vulated mice have been assessed. The results 

in experimental group although these results 

A gene expression analysis was performed on 
blastocysts which failed to implant in a uterus 
model in vitro. The expressions of some genes 
(B3gnt5) were  lower than implanted blastocysts 

-
rectly correlate with successful implantation and 
pregnancy rate.

in expression of the estrogen receptor, proges-

(LIF) during different ovarian stimulation pro-
tocols in the endometrium, and that they may 
have an adverse effect on the endometrial re-
ceptivity in mice (10).

LIF
for the successful implantation of porcine, sheep, 

-
LIF (–/– ) mice 

mice in LIF) and do not implant. It seems that 
LIF plays an important role during the invasion 
and implantation of mammalian embryos, and 
its mRNA expression might be directly or indi-
rectly dependant on the interaction of proges-
terone with its receptor (12).

Initial adhesion is mediated by molecules 
that contribute specific carbohydrate ligand 

of the cadherin superfamily mediate cell-cell 
interaction by calcium-dependent homotypic 

located at the lateral epithelial plasma mem-
-

cadherin is found on luminal epithelium (LE) 
and also on the trophoectoderm, it has been 
suggested that it may be involved in the ini-

junction proteins, for example it is has been 
proven that progesterone elicits transient de-
creases in tight and adherens junctions in the 
endometrial LE between  days 10-12 in ewes 
(17).

It would appear that a considerable portion 
of implantation failure is attributed to the blas-

treatments such as ovarian stimulation on mo-
lecular pathways involved in the blastocyst-

implantation failure and early pregnancy loss. 
The objective of this study is to compare the 
expression levels of E-cadherin, LIF, and pro-
gesterone receptor (PgR) genes in blastocysts 
from superovulated mice to those from a natu-
ral cycle.

Materials and Methods

Embryo collection

In this experimental study, 17 virgin female 

-

(hCG) at  
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with male mice and were inspected for a vaginal 
plug the next morning. About 120 blastocysts 

later and were considered to be the experimen-

mated with males and 120 natural cycle blasto-

after mating.

All animal experiments were performed out ac-
cording to the guidelines of the Iranian Council for 

to the Royan Institute).

RNA extraction and reverse transcription

Total RNA was extracted from blastocysts 

 in accordance 

. After treatment with RNase-free 

was reverse transcribed using random hexamer 
primers (Fermentas, 
transcriptase (Fermentas, -

used as the template for polymerase chain reaction 

Real-time reverse transcriptase polymerase chain 
reaction (RT-PCR)

expression pattern of E-cadherin, LIF, and 
PgR GADPH 
was used as an internal control. Real-time 

-
-

tems, Foster City, CA) was performed using 

instructions. After 10 minutes incubation at 

1 minute. Next a dissociation stage was per-

-

contained water was included in each reac-
tion. Expression changes were calculated us-
ing the ddCt method and the following prim-

shown in table 1.

Statistical analysis

t test (one sample t test) and Kolmogorov-
-

spss.com). 

Table 1:Sequence of primers used in the quantitative analysis of mRNA by real-time RT–PCR

Primer (reverse 5'-3')Primer (forward 5'-3')Gene

GGCACTTGACCCTGATACGGCTGGACCGAGAGAGTTACE-cadherin

AACTTGGTCTTCTCTGTCCTGCTCTCTTCATTTCCTATTACACLIF

AATTGTGTTAAGAAGTAGTAAGACCTAATCCTAAATGAGCAGAGPgR

TCCACCACCCTGTTGGACTTCAACAGCAACTCCCACGAPDH
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Results

The number of embryos obtained from each 
mouse in experimental group had a wide range 
in comparison with control group. The variable 
number of blastocysts is because of different re-
sponses of mice to hormonal treatment. For this 

-
perimental group was late blastocyst but in con-

-

stimulation.

Expressions of E-cadherin, LIF, and PgR
genes in mice blastocyst samples were evaluated 

decrease in expression of E-cadherin and LIF

stimulated mice compared with control blasto-
cysts.  The largest decrease in expression levels 
was seen in LIF and E-cadherin compared to 

stimulation and normal groups showed no differ-
ence in their appearances.

Normal blastocyst 

Superovulated blastocyst

1

a

a

b

relative expression of E-cadherin (Edh), leukemia inhibi-
tory factor (LIF), and progesterone receptor (PgR) mRNA 
calculated as percentage of expression of housekeeping 
gene (GAPDH) mRNA. (a: p<0.001, b: p<0.05). 

Discussion

Ovulation induction triggers the release of oo-
cytes from already developed follicles. In ART 

maturation of the oocytes and proper timing of egg 

It has been reported that excessive ovarian stim-

pregnancy rate and results in a shift of the recep-
tivity window in IVF cycles. Ovarian hyperstimu-
lation causes low endometrial receptivity and pos-

two-cell embryos, but are present in the blastocyst 
stage (19). This pattern of expression is strongly 
suggestive of a paracrine action of LIF between 
the embryo and the uterus during the implantation 
window. Endometrial aspirations from infertile 
women contain less LIF than those obtained from 
fertile patients (20).

Some studies show that ovarian stimulation de-
creases LIF expression in the human endometrium 

gonadotropins on the endometrium during early 

resulted in decreased expression of endometrial 

of pregnancy (22).

The E-cadherin-null mice show defective pre-
implantation embryo development and failure to 

-
onstrated decreasing of E-cadherin protein in the 

-
tone, a modulator of progestin and glucocorticoid 
action) until day 12 after the onset of estrus (17).

An investigation of endometrial steroid recep-
-

tion treatment study showed satisfactory response 

reduction in the nuclear receptor level in both pro-

-

about its effect on blastocysts.
studies have shown that the administration of ex-
ogenous gonadotropin does not affect cleavage 
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, ovarian 
stimulation impaired embryo development to the 
blastocyst, reduced implantation rate, increased 
post-implantation fetal mortality, and decreased 

There are not many studies about the effect of 
hormones on gene expression in blastocyst and 
its relationship with implantation rate. Ghaemi et 
al. have evaluated the effects of progesterone and 
ovarian stimulation on development and implan-
tation rate of mouse embryos. They demonstrated 
that cultured embryos in the presence of different 
concentrations of progesterone did not improve 
the negative effects of superovulation on the im-

In our study, LIF down-regulated in blastocysts 
of ovarian-stimulated mice. Our study  agreed 

down-regulated the LIF gene and endometrial 
LIF secretion (27).

shown that different ovarian stimulation protocols 
in mice decreased the expression of estrogen and 
progesterone receptors on the endometrium (10). 

controlled ovarian hyperstimulation caused the 
early expression of endometrial estrogen and pro-

-
lial cells and for the integrity of epithelial cell lay-

ovarian stimulation on decreasing E-cadherin gene 
expression support the results of a study by Revel 
et al., which has shown that E-cadherin expression 
was disrupted by repeated IVF failures. They con-
cluded that endometrial-disrupted E-cadherin reg-
ulation might be the basis for repeated IVF failure 
in patients (29).

In the present study, no morphological assess-
ment was carried out on blastocysts of the control 

have shown that ovarian stimulation impaired the 

-

Conclusion

This study proposes that ovarian stimulation can 
result in down-regulation of some critical genes in 
blastocyst implantation. This may be the reason for 
low implantation rates in ART cycles.  The com-
plete molecular dialogue and the order of events 
leading to the attachment of a competent blasto-
cyst to a receptive uterine LE, in particular the role 
of the blastocyst, is still not fully understood.
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