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Abstract
Background: Many researchers consider implantation and endometrial receptivity as
pertinent issues in reproductive science. Although, several experiments have been
performed and their results evaluated, yet there is no confirmed evidence about the
related factors and the role of sperm in endometrial receptivity.
Objective: To investigate the effect of the sperm-endometrium interaction in regulating
genes involved in the endometrial receptivity pathway.
Materials and Methods: In this experimental study, 10 male and 30 female NMRI mice
were included, and half of the male cases were vasectomized. The subjects were
divided into two groups as follows; group 1 (case) comprised of 15 females mated with
5 non-vasectomized male mice, while group 2 (control) consisted of 15 females mated
with 5 vasectomized males. Cases were sacrificed and assessed after 36 hr and the
endometrial tissue was extracted and kept at -80°C until the next use. The expression
of the endometrial receptivity pathway genes, including VEGF, HBEGF, FGF2, EGF,
LIF, LIFR, HOXA10, MUC1, PGR, and CSF, was examined in both groups. For statistical
analysis, an independent samples test (Mean ± SD) was used.
Results: The mRNA levels of LIF (p = 0.045), LIFR (p = 0.040), MUC1 (p = 0.032), VEGF
(p = 0.022), EFG (p = 0.035), and FGF2 (p = 0.040) were significantly upregulated in the
case group compared with the control group.
Conclusion: Finally, seminal plasma was observed to be effective in expressing the
involved genes in the successful implantation pathway, including LIF, LIFR,MUC1, VEGF,
EGF, and FGF2.

Key words: Endometrial receptivity, Sperm, Gene expression, Mice.

This article extracted from Ph.D. Thesis. (Marziyeh Ajdary)

How to cite this article: Ajdary M, Zandieh Z, Amjadi FS, Keyhanfar F, Mehdizadeh M, Aflatoonian R. “Interaction of sperm with endometrium can regulate genes
involved in endometrial receptivity pathway in mice: An experimental study,” Int J Reprod BioMed 2020; 18: 815–824. https://doi.org/10.18502/ijrm.v13i10.7765 Page 815

Mehdi Mehdizadeh and Reza
Aflatoonian are co-corresponding
authors.
Corresponding Authors:

Mehdi Mehdizadeh; Department
of Anatomy, Iran University
of Medical Sciences, Hemmat
Highway, Tehran, Iran.

Postal Code: 1445613111
Tel: (+98) 2188622689
Email: mehdizadeh.m@iums.ac.ir
Reza Aflatoonian; Royan Institute
for Reproductive Biomedicine,
Bani Hashem Square, Tehran,
Iran.
Postal Code: 1665659911
Tel: (+98) 2123562726-7
Email: r.aflatoonian@gmail.com

Received 19 May 2019
Revised 4 November 2019
Accepted 30 May 2020

Production and Hosting by
Knowledge E

Ajdary et al. This article is
distributed under the terms
of the Creative Commons
Attribution License, which
permits unrestricted use and
redistribution provided that the
original author and source are
credited.

Editor-in-Chief:
Aflatoonian Abbas M.D.

http://www.knowledgee.com
http://crossmark.crossref.org/dialog/?doi=10.18502/ijrm.v13i10.7765&domain=pdf&date_stamp=2018-01-27
mailto:mehdizadeh.m@iums.ac.ir
mailto:r.aflatoonian@gmail.com
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


International Journal of Reproductive BioMedicine Ajdary et al.

1. Introduction

While several studies have been performed
to provide potential molecules, candidates
for endometrial receptivity (1-5), there is
yet no confirmed evidence about these
molecules and the role of sperm in endometrial
receptivity. During transportation, fertilization,
and development, spermatozoa interact with
the endometrial cells and create a category
of secretory molecules (6), influencing the
endometrial receptivity (7).

In a study, Berger and colleague demonstrated
that leukemia inhibitory factor (LIF), Leukemia
inhibitory factor receptor (LIFR), Homeobox gene
10 (HOXA10), Mucin 1 (MUC1), Progesterone
receptor (PGR), Colony Stimulating Factor
(CSF), Vascular endothelial growth factor
(VEGF), Heparin-binding EGF-like growth factor
(HBEGF), Epidermal growth factor (EGF), and
Fibroblast Growth Factor 2 (FGF2) are involved
in endometrial receptivity (8). In a study of
mice and pigs, Robertson and colleague found
that the seminal plasma is effective on the
cytokines and epithelial cocaine cells of the
uterus, which makes it successful in implantation
(9). Several hormones and cytokines that play
a role in endometrial receptivity have been
established by studies. HOXA10, LIF are
involved in the proliferation, differentiation,
and decidualization of the endometrium and
are highly expressed at this phase (10). While
the LIF-R gene plays a role in mediating the
action of the leukemia-inhibitory factor that finally
causes a proliferation (11), HB-EGF plays an
endometrial preparation for embryo acceptance
and is expressed in mice on the fourth day of
gestation (12). VEGF, FGF-2, EGF are involved
in angiogenesis that is important at the time

of implantation and transportation of nutrients
and oxygen to the embryo (13). MUC1 at the
surface of uterine epithelia, acts as a barrier
to microbial infection and enzymatic attack.
At the time of implantation, the expression of
MUC1 reduce PGR and PGR and MUC1 have
different expression during a natural cycle
in mice. MUC1 and PGR are upregulated at
estrous and at early pregnancy for four days
and reduced on day 4 of the pregnancy (14).
Additionally, CSF plays an important role in the
proliferation and differentiation, and starting from
the third day of gestation, its expression increases
(15).

In this study, the effects of sperm interaction
with endometrium on endometrial receptivity
gene expression (LIF, LIFR, HOXA10, MUC1,
PGR, CSF, VEGF, HBEGF, EGF, and FGF2) in
a mouse model (in-vivo) were investigated. All
of these genes fall in the path of implantation
and affect the endometrial readiness in embryo
acceptance. Because studies have shown that
both spermatozoa and semen are effective on
pinopods (1, 16), in this study, we sought to
investigate the effect of sperm on implantation
and the genes important for uterine reception.

2. Materials and Methods

2.1. Materials and equipment

Entire objective includes Ketamine (Alfasan,
Woerden- Holland), Xylazine (Alfasan, Woerden-
Holland), TRIzol reagent (Sigma, Pool, UK), cDNA
Synthesis Kit (Invitrogen, Paisley, UK), primers
(Roche, Basel, Switzerland), and SYBR Green
PCR Master Mix (Invitrogen, Paisley, UK). Entire
Apparatus includes an invertedmicroscope (Nikon
UK, Ltd.), Nanodrop ND-100 spectrophotometer
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(Thermo Fisher Scientific, USA), thermocycler-
T100 (Bio-Rad, USA), Opticon II system (Invitrogen,
Paisley, UK), Step One Plus Real-time PCR
(Applied Biosystems, Foster, USA).

2.2. Animal preparation

In this experimental study, 30 female and 10
male NMRI mice weighing 20-50 gr at 8 wk of
age were used. Half of the male animals were
subjected to vasectomy and anesthetized with
Ketamine (10 mg/kg) or Xylazine (2%). One month
after wound healing, the mice were selected to
continue the experiments.

1. Fifteen female mice were mated with the
vasectomized male mice. Two days later, they
were coupled with a sexually mature male mouse
at 05:00 in the afternoon. The next morning,
the vaginal plugs were examined, and therefore,
this day was named the first gestation day.
Female mice were sacrificed with perfusion-
fixation technique on day 1.5 post coitus. The
uterus was removed and the endometrial tissues
were collected and frozen in liquid nitrogen and
stored at -80°C for examination by quantitative
real-time PCR (Q-PCR).

2. Fifteen female mice were mated with the
non-vasectomized male mice. Two days later, they
were coupled with a sexually mature male mouse
at 05:00 in the afternoon two days later. The next
morning, the vaginal plugs were examined and
therefore, this day was named the first gestation
day. The female mice were then sacrificed with
the perfusion-fixation technique on day 1.5 post
copulation. The endometrial tissue on day 1.5 was
washed by PBS and sperms present in the uterus
were observed under a microscope (1).

The uterus was removed, washed, and the
endometrial tissues were collected and frozen in

liquid nitrogen and stored at -80°C for examination
under Q-PCR.

2.3. RNA extraction and real-time
quantitative reverse-transcription PCR

Extraction and purification of the total RNAs
from the endometrial tissue were performed
by TRIzol reagent (Sigma, Pool, UK) based
on the given instructions. A Nanodrop ND-100
spectrophotometer was applied to determine the
exact concentration of RNA. In order to evaluate
the level of gene expression, a Q-PCR was used
against HBEGF, LIF, PGR, FGF2, VEGF, HOXA10,
LIFR, CSF, EGF, and MUC1. A transcript or High-
Fidelity cDNA Synthesis Kit (Invitrogen, Paisley,
UK) was used for the reverse transcription of a
500-ng sample of RNA using oligo (dT) primers
(Roche, Basel, Switzerland). In order to amplify the
cDNA (1 μL), the SYBR Green PCR Master Mix
(Invitrogen, Paisley, UK) and the Opticon II system
(Invitrogen, Paisley, UK) were used according to
the instructions. The annealing temperature of
60°C for all tested genes were done to find the
40 PCR cycles. Further, primers were specifically
designed between two adjacent exons (Gene
Runner program). Table I presents all the used
sequences. The concentrations of mRNA for these
genes (Ct) were regulated via the reference gene
glyceraldehyde-3-phosphate dehydrogenase (β-
actin) through subtracting the Ct value of β-actin
from the Ct value of the sample (ΔCt = CtSample-
CtReference). 2-ΔΔCt was applied for quantification
of the relative expression of the target gene to the
calibrator (17, 18).

Additionally, the Primer Premier 5.0 software
was used to design primer pairs specified for each
gene. The applied primers for real-time PCR are
presented in Table I.
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Table I. The sequence of the primers used in the current study

Gene Sequence (5’->>>3’) Length Tm GC% Self-
complementarity

Self-3’
complementarity

Forward primer TAGCATCAAGTTCAGGTCAGGC 22 60.36 50.00 3.00 2.00MUC1
Reverse primer GACTTCACGTCAGAGGCACTAA 22 60.03 50.00 5.00 3.00

Forward primer ACTGGACGGTTTGCCTCTTT 20 59.82 50.00 3.00 0.00EGF
Reverse primer ATTCAGGGGTTGACAGAGCAT 21 59.36 47.62 3.00 2.00

Forward primer CCCAGAAGAGATTGAGCATCCA 22 59.83 50.00 3.00 2.00HBEGF
Reverse primer ACCCGAAGAACAGCAGGATAAG 22 60.09 50.00 2.00 0.00

Forward primer GACCCACACGTCAAACTACAAC 22 59.71 50.00 4.00 0.00FGF2
Reverse primer CTGTAACACACTTAGAAGCCAGC 23 59.57 47.83 5.00 2.00

Forward primer TGTTTAATCAGGGAGTCCAGGC 22 60.03 50.00 6.00 2.00HOXA10
Reverse primer TTTTTCAACCAGCCAGGTCAAG 22 59.57 45.45 5.00 1.00

Forward primer GGCATCATCCTAGTCTTGCTGA 22 59.90 50.00 4.00 3.00CSF1
Reverse primer AATCCAATGTCTGAGGGTCTCG 22 59.83 50.00 3.00 2.00

Forward primer TTTCCAGGTACTCACTGCACTC 22 59.96 50.00 4.00 2.00LIF
Reverse primer TCTCAGACCAACACCCTCATTG 22 59.96 50.00 5.00 3.00

Forward primer TGTCTGCTGACTTCTTCACCTC 22 59.96 50.00 6.00 0.00LIFR
Reverse primer TAACACGAGTGCTACTGGTTCC 22 60.03 50.00 6.00 2.00

Forward primer AAAACTGCCCAGCATGTCGT 20 60.82 50.00 4.00 1.00PGR
Reverse primer CAACACCGTCAAGGGTTCTCAT 22 60.81 50.00 5.00 2.00

Forward primer TGCAGATTATGCGGATCAAACC 22 59.38 45.45 5.00 2.00VEGFA
Reverse primer TGCATTCACATTTGTTGTGCTGTAG 22 61.02 40.00 4.00 2.00

Forward primer CAAGATCATTGCTCCTCCTG 20 58.4 50.00 6.00 1.00𝛽𝛽𝛽-actin
Reverse primer ATCCACATCTGCTGGAAGG 19 57.3 52.60 6.00 0.00

2.4. Ethical consideration

All experiments were done following the
National Institutes of Health Guide for the Care
and Use of Laboratory Animals (Iran University
of Medical Sciences) and were approved by the
Research and Ethics Committee of Iran University
of Medical Sciences (code: IR-IUMS.1394.94-05-
117-27524).

2.5. Statistical Analysis

All groups were analyzed using an independent
sample t test. Statistical analyses were performed

using the SPSS (version 21.0, IBM, New York,
USA) software. The results were considered
significant at p < 0.05 and are expressed as
Mean ± SD.

3. Results

3.1. Gene expression in endometrial
tissue

The mRNA levels of LIF, MUC1, VEGF, EFG

and FGF2 were all significantly higher in the
group that was mated with the non-vasectomized
males compared with the group mated with the
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vasectomized males (p < 0.05) (Figure 1, Table
II).

No significant differences were found in
the expression of PGR, CSF, HBEGF, and
HOXA10 mRNA between the group that was
mated with non-vasectomized males and the
group that was mated with vasectomized males;
however, p > 0.05 was observed (Figure 1, Table
II).

The LIF, LIFR, MUC1, and FGF2 were
mainly expressed in the cytoplasm of both
the endometrial luminal epithelial cells and

the glandular epithelial cells (Figure 1). As
shown in Figure 1, the expression levels of
LIF, LIFR, MUC1, and FGF2 in the group that
was mated with the non-vasectomized males
were higher compared with the group that
was mated with the vasectomized males
(all p < 0.05). As shown in Figure 1, the
expression levels of HOXA10 in the group
that was mated with the non-vasectomized
males were lower compared with the group
that was mated with the vasectomized
males.

Table II. The mean mRNA levels of experimental groups

Gene Groups mRNA levels P-value

Group1 1.5901 ± 0.03731LIF
Group2 1.3659 ± 0.11553

0.045

Group1 1.6069 ± 0.15460LIFR
Group2 1.5209 ± 0.13303

0.040

Group1 1.9303 ± 0.08292MUC1
Group2 1.1007 ± 0.03772

0.032

Group1 2.6990 ± 1.28129VEGFA
Group2 1.8494 ± 1.60188

0.022

Group1 2.6082 ± 0.25102EGF
Group2 2.0843 ± 0.25288

0.035

Group1 3.5839 ± 3.35855FGF2
Group2 1.3650 ± 0.14588

0.040

Group1 1.7696 ± 0.03102PGR
Group2 1.4751 ± 0.11781

0.059

Group1 0.9569 ± 0.05692CSF
Group2 0.9564 ± 0.05570

0.559

Group1 1.5736 ± 0.02025HBEGF
Group2 1.5907 ± 0.10027

0.921

Group1 0.5920 ± 0.02809HOXA10
Group2 0.6460 ± 0.00737

0.130

*Groups were analyzed using independent sample t test, Data presented as Mean ± SD, Group 1 comprised of females mated
with non-vasectomized male mice and Group 2 (control) females mated with vasectomized male
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Figure 1.Graphs showing themeanmRNA levels of experimental groups. Group 1 indicates females mated with non-vasectomized
male mice, while Group 2 indicates those mated with vasectomized male mice. Data are shown as mean ± standard error of the
mean (SD; n = 10 each group). Β-actin was used as an inner control. (A) LIF, (B) LIFR, (C) HOXA10, (D) MUC1, (E) PGR, (F) CSF, (G)
VEGF, (H) HBEGF, (I) EGF, ( J) FGF2. *< 0.05. The comparison was made between groups 1 and 2.

4. Discussion

The results of this study confirmed that
seminal plasma regulates the LIF, LIFR, HOXA10,
MUC1, PGR, CSF, VEGF, HBEGF, EGF, and FGF2

expression in the mouse endometrium in vivo.
According to our results, it can be recommended
that seminal plasma, by changing the gene
expression, can regulate the environment within
the endometrium.

During the interaction of seminal plasma-
endometrium, genes involved in proliferation,
differentiation, and decidualization are expressed
by the epithelial cell, and endometrial cells
secrete inflammatory factors, growth factor,
cytokines, including LIF, VEGF, FGF2, and EGF

(19-21). The VEGF, FGF2, and EGF increase
endometrial angiogenesis and subsequently lead
to a successful implantation (22). In addition, the
expression of the HBEGF factor at this stage
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prepares the uterus for endometrial receptivity
(23). During the interaction of the seminal plasma-
endometrium, the expression of HBEGF, CSF,

PGR increases, which plays an important role in
the proliferation and differentiation (15). At one
stage of estrus (the time of mating of the animal),
the innate immune factors in the uterus of the
female animal increase; one of the most important
of these factors is theMUC1 gene, which prevents
microbes from entering the uterus (24).

Intriguingly, numerous in vitro studies have
investigated the effects of seminal plasma on
endometrium, however, the importance of this
study compared to the in vitro investigations, is
that the in vitro studies ignore the effect of female
hormones on sperm and endometrial interaction
(19), (25-27). The results of various studies have
shown that sperm-epithelial cell interaction
creates a successful embryo implantation in three
different ways.

The first theory is to achieve a successful
fertilization. Sperm should be capacitated in
the female reproductive tract, necessitating a
sperm interaction with the female epithelial cells
(28). The first prerequisite for pregnancy in
humans and other mammals is fertilization; to
achieve this, the sperm capacitation in the female
reproductive tract is completed, whereas this
capacitation is initiated by the interaction of the
sperm with the cervix (29). A study conducted
by Reeve and Ledger showed that the Arg-Gly-
Asp (RGD) sequence in the epithelial cell of
endometrium makes a better interaction between
the sperm and the endometrium (30). This
interaction can be one of the important factors
in the embryo implantation (31). The movement
of the sperm in the uterine epithelial cell leads
to the expression of some factors from secretory
cells that provide the conditions and nutrients

for embryo implantation (32), sperm-endometrium
interaction cause the ATP secretion from the
epithelial cell of the endometrium, an essential
factor for the capacitation and the movement of
the cell to the fallopian tube (33).

The second theory is that an interaction
between sperm and the endometrium leads to
the expression of inflammatory factors involved
in the implantation pathway (32, 34). Kaczmarek
and colleague showed that seminal plasma is
effective in expressing endometrial cytokines in
rabbits, and had been led to the expression
of EGF, VEGF, and FGF2 (35). In addition,
Gutsche and colleague confirmed that seminal
plasma induces the expression of cytokines
and growth factors such as LIF and VEGF in
the endometrium (36). Previous studies have
shown that the passage of seminal plasma
from endometrium lead to genomic alteration,
such as the expression of FGF (37), which is
consistent with the present study. Carp and
colleague showed a higher implantation rate in
mice exposed to semen after embryo transfer
in their endometrium (38). The VEGF, FGF2,
and EGF increase endometrial angiogenesis and
subsequently lead to a successful implantation
(22). The LIF is also one of the cytokines that
plays a role in the pathway of proliferation,
differentiation, and decidualization (21). Artificial
insemination in sheep also benefits from cervical
spermatozoa exposure and results in an increased
percentage of pregnant ewes (39). As shown
in Bellinge and colleague’s study, exposing the
uterus to sperm during the oocyte retrieval in
an IVF cycle increases the implantation rate
(40). However, clinical studies have shown that
exposure to semen in ART during embryo transfer
increases the embryo implantation rate, but the
mechanism of this effect is yet unknown.
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The third theory is that the interaction between
seminal plasma and the endometrium is effective
on steroid hormones, prostaglandins, and
peptide hormones (41). As mentioned earlier,
the sperm-endometrium interaction causes the
secretion of inflammatory factors that affect
the steroid hormones and prostaglandins (42).
Steroid hormones play a role in the secretion
of inflammatory factors involved in innate
immunity, including cytokines (43). Cytokines
play an important role in endometrial receptivity,
which is consistent with the second theory. In
this study, the expression of genes involved
in the pathway of cytokines such as LIF was
increased.

Moreover, studies about the sperm and seminal
plasma-endometrium interaction are not sufficient
and this is an open issue. Therefore, we tried
to provide information about the potential effects
of sperm and seminal plasma-uterine epithelium
interaction in the genes involved in endometrial
receptivity-related pathways. The results of this
study have shown its use in IVF. The study also
examines the human cellular level, determines the
appropriate dose and volume of sperm seminal
fluid to influence embryo implantation, and can be
used for uterine preparation in IVF cycles.

According to the results of the present study, it
can be concluded that seminal plasma regulates
the LIF, LIFR, HOXA10, MUC1, PGR, CSF, VEGF,
HBEGF, EGF, and FGF2 expression in the mouse
endometrium in vivo model, and because these
genes play an important role in implantation and
can increase the rate of implantation by facilitating
the receptivity of the endometrium. It should be
noted that in patients undergoing IVF cycles,
the seminal plasma cannot be contacted with
endometrium and patients will avoid intercourse
before and after taking the ovum. It can be

considered that implantation failures in these
patients can be attributed to the lack of the
stimulation of endometrial cells from seminal
plasma.

5. Conclusion

Finally, it was found that the seminal plasma
is effective in expressing the involved genes in
implantation in the in vivo model. In fact, seminal
plasma increases endometrial receptivity prior to
an embryo transfer. Seminal plasma induces the
expression of LIF, LIFR, MUC1, VEGF, EGF, and
FGF2 genes that increase stromal cell survival
and endometrial tissue proliferation before an
implantation. According to the obtained results
in this study, seminal plasma can be introduced
as an auxiliary and effective factor in successful
implantation. Taken together, our findings and
those of others suggest that the effects of seminal
plasma on the endometrium and pregnancy
should be investigated in an in vivo/in vitro model
for confirmation of these results.
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