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Abstract
Objective: Given the prevalence of fertility problems in couples and the defect in embryo implantation as well as the low
success rate of assisted reproductive techniques, it is necessary to investigate the causes of this phenomenon. Type
2 diabetes mellitus (T2DM) is a metabolic disease with multiple effects on various organs as well as the endometrium.
In this study, the effects of endometrial cell culture on the expression of a3 and 871 integrin genes and protein in type 2
diabetic rats were investigated.

Materials and Methods: In this experimental study, 35 female rats were divided into five groups: control, sham,
diabetic, Pioglitazone-treated and Metformin-treated groups. First, rats were maintained in diabetic condition for 4
weeks. Then, treatment was performed for the next four weeks. Four weeks after induction of diabetes, rats were
sacrificed at the time of embryo implantation. The uterus was removed. Endometrial cells were isolated and cultured for
7 days. Immunocytochemistry staining was used to confirm endometrial cells. Expression of a3 and 1 integrin genes
was determined by real-time polymerase chain reaction (PCR) technique and the a3p1 protein content measured using
Western blot both before and after endometrial cell culture.

Result: The expression level of a3 integrin gene in the Pioglitazone-treated group compared with metformin-treated
group was significantly decreased (P<0.001). The same result was observed in 87 integrin gene expression (P=0.004).
Also, the a3B1 protein level increased in all diabetic groups, but its reduction was significantly greater in pioglitazone-

treated group (P=0.004).

Conclusion: T2DM altered the expression of a3 and B17 integrin genes and related proteins, which endometrial cell
culture regulated this disorder. According to these results, may be the endometrial cell culture can reduce the adverse

effects of diabetes on a3 and B17 integrin expression at the level of gene and protein, in endometrial cells.
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Introduction

Diabetes mellitus can be associated with infertility
problems so that fertility rates in women with diabetes
are lower than in healthy women (1). In diabetic rats,
the uterus is become atrophied, sexual activity reduced
and the function of hypothalamic-pituitary-ovarian axis
weakened. In addition, ovarian function is impaired and
ovulation rates decreased (2). According to statistics, the
rate of abortion and fetal loss at the window of embryo
implantation in diabetic women is 9 times higher than
healthy and non-diabetic women (3).

Adhesion molecules play an important role in the
embryo implantation process in the endometrium (4).
The expression of endometrial integrins at the level of
gene and protein is varied in different species of animals,
and not even one species itself have the same cycle at
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different times. The expression of these heterodimeric
glycoproteins is closely related to the tissue maturation
(5). For example, in humans and primates, it has been
shown that the expression of integrin genes such as
o3p1, avp3, o4pl and alpfl during the reproductive
cycle is affected by ovarian hormones (6). In patients
with infertility problems integrins genes and proteins
expression significantly changed during implantation (7).
Lacking B1 integrins in mice lead to implantation failure
in the uterine wall and the blastocysts cannot attach to
the uterine endometrial cells and penetrate the underlying
tissue (8). Despite advances in various techniques of
infertility treatment in recent years, the rate of implantation
and pregnancy following assisted reproductive technique
(ART) is very low (9). The co-culture method is one of the
most important techniques for optimizing the conditions
of culture in order to obtain embryos with better quality



(10). There is ample evidence to suggest that the use of
co-culture system versus conventional and traditional
embryo culture systems results in the production of high
quality embryos as well as higher pregnancy rates (11).
Various cells, such as oviduct, endometrial and granulosa
cells have been used to co-culture with the embryo (12).
Several studies have pointed to the efficacy of employing
one’s own endometrial cells in the co-culture system
improves fetal quality as well as increases implantation
rates in individuals with recurrent failure after in vitro
fertilization (IVF) techniques (13).

Among different blood glucose regulatory drugs that
are used in Type 2 diabetes mellitus (T2DM) treatment,
Metformin is the most frequent. The primary function
of this drug is reduction of hepatic glucose production
(14). Also, Pioglitazone is an insulin-sensitizing agent
regulator which can reduce insulin resistance in liver,
muscle and adipose tissue and improve glucose and lipid
metabolism (15).

The result of our previous work revealed that a3 and
B1 integrin protein will be changed in diabetic condition
which could affect the fertility status. Treatment with
Pioglitazone and Metformin improved the level of a3 and
B1 integrin protein while Pioglitazone was more effective
(16).

The hypothesis is this: in women with recurrent IVF
failure and diabetic condition, cytokines such as tumour
necrosis factor a (TNFa), various molecules including
adhesion proteins and the large family of integrins
were affected (17, 18). Follow our previous work, we
investigated the impression of diabetes on the fetal
implantation in uterine endometrium. In this study, we
evaluated genes and protein expression of intergrin a31
and also, the effect of two common drugs in the treatment
of diabetes (Metformin and Pioglitazone) in this regard.

Material and Methods

This experimental study was performed at the
Central Laboratory of Isfahan University of Medical
Sciences under Ethical Committee permission (IR.MUIL
REC.1394.1.184). In this study, 35 adult female Wistar
rats weighing 175 to 225 g and 6 to 8 weeks old were
randomly divided into five groups of 7 rats in each
group). The first group was the control group, with no
intervention, the second group was the sham group which
received only drugs solvent (normal saline) by orogastric
gavage, the third group was type 2 diabetic model rats
(T2DM rats), the fourth group was Metformin-treated
(100 mg/kg/day by orogastric gavage) T2DM rats and the
fifth group was Pioglitazone-treated (20 mg/kg/day by
orogastric gavage T2DM rats.

T2DM was induced by nicotine amide (NA) at a dose
of 200 mg/kg and streptozotocin (STZ, Sigma-Aldrich,
Germany) at a dose of 65 mg/kg. Three days later, fasting
blood sugar (FBS) was measured using a glucometer
(HemoCue Glucose 201+, Sweden). Also, blood glucose
levels above 250 mg/dl were considered as a T2DM
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model. The animals in all groups were kept in diabetic
condition for four weeks. Treatment begun during the
next 4 weeks. On 3™ day of the eighth week, animals were
mated with male rats. In the next morning all rats were
checked. Observation of sperm in the vaginal smears was
the indication for the first gestational day and 4 days later
it was implantation time (19), in which the endometrial
biopsy was also performed (Fig.1).

l 4 weeks l 4 weeks

0 Treatment with Metformin or Pioglitazone

Fig. 1: This study performance: from diabetes induction till tissue sampling
and cell culture. The total study time was 9 weeks: diabetic condition=4
weeks, drugs treatment=4 weeks and cell culture=one week. Genes and
protein expression was studied at days zero and 7 of the cell culture.

Endometrial cell isolation

Validated method was used for endometrial cells isolation
of rat uterus (20). At the end of the eighth week (56™ day)
of the study and 4 days after the observation of sperm
in the vaginal smears, rats in all groups were sacrificed
by intraperitoneal injection of ketamine hydrochloride
(50 mg/kg, Alfasan, Woerden, Netherlands) and xylazine
hydrochloride (Alfasan, Woerden, Netherlands, 7 mg/
kg, Fig.1). Their uterine horns were dissected and the
endometrium was removed in a sterile condition. The
endometrial samples were washed with Hanks’ balanced
salt solution (Sigma-Aldrich, St. Louis, MO, USA), then
chopped into several fragments and kept in the sterile
micro tubes. The endometrium of one uterine horn was
used directly for molecular experiments, and another was
used for cell isolation and culture, followed by molecular
experiments on day 7.

The isolated cells in the all groups were maintained in
DMEM F-12 (1:1, Sigma-Aldrich, St. Louis, MO, USA)
containing fetal calf serum (FCS, 10%, Sigma-Aldrich,
St. Louis, MO, USA), penicillin (-Aldrich, St. Louis, MO,
USA) and streptomycin (Sigma-Aldrich, St. Louis, MO,
USA). The cells were then transferred to special culture
flasks. Initial incubation was carried out for 2 hours at
37°C with 5% carbon dioxide concentration. Then, every
three days, the cell culture medium changed.

Immunocytochemistry assay

Using immunocytochemistry  staining, isolated
epithelial cells were identified based on response to the
Cytokeratin-19 antigen, a marker of epithelial cells.
After centrifugation and removing the culture medium,
paraformaldehyde 4% (Sigma-Aldrich, St. Louis, MO,
USA) was used to fix the cells and then, kept at room
temperature for 30-60 minutes. Primary antibody, anti-
Cytokeratin-19 (1:300; Abcam, Cambridge, MA, USA)
was added to the cell (1: 300), incubated for 2 hours at
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4°C and then, at room temperature overnight. Secondary
antibody FITC-conjugated (1:500; Abcam, Cambridge,
MA, USA) was added to the cells at a concentration of
1: 1000 and kept at room temperature for 2 hours. DAPI
(1:1000, Sigma, USA), at a concentration of 1: 1000 for 2
min, was used to stain the nuclei. Finally, the cells were
examined by fluorescent microscopy.

Real-time polymerase chain reaction technique

Gene expression was evaluated on days 0 and 7
of the cell culture. RNA extraction from endometrial
cells was performed according to the manufacturer’s
guideline of RNX solution (Qiagen, Germany) (17).
NCBI and Ensembl sites and Gene Runner software
(http://www.generunner.net) were used to design
primers (Table 1). These primers were then blasted to
ensure their specificity. Finally, expression of the target
genes was measured using real time polymerase chain
reaction (PCR) technique. The expression level of
each target gene was calculated as 2744, as previously
described.

Table 1: Sequences of the real time-polymerase chain reaction primer
sets

Gene Primer sequence (5°-3")
P-actin F: GCCTTCCTTCCTGGGTATG
R: AGGAGCCAGGGCAGTAATC
Itg a3 F: AGCAGCCTCAGCAGATAATC
R: GGAGGATATTGATGACAGGTC
Itg pl1 F: TACTTCAGACTTCCGCATTG
R: GCTGCTGACCAACAAGTTC
Western blot

The western blot technique was performed to measure
the amount of o3 and Pl integrin proteins. After
electrophoresis, the separated proteins were blotted onto
a nitrocellulose membrane (AR0135-02, Boster, USA)
Incubation was then performed with a primary antibody
solution against rabbit anti-rat a3 and 1 integrin antibody
(Bs-1057R, Bioss, London) in appropriate dilution for 2
hours. at room temperature with gentle shaking. Then,
incubation in the secondary antibody solution against the
primary antibody (mouse anti-rabbit IgG -HRP secondary
antibody) (P1308; Applygen Technologies, China) with
1:1000 dilution for 1.5 hours at room temperature with
gentle shaking was done.

According to the Bio-Rad kit protocol (170-5060, Bio
Rad, USA), the nitrocellulose membrane was coated
with an Emission Chemo luminescence (ECL) solution
(solution 1 and 2 at a ratio of 1:1) (sc-2048, Santa Cruz
Biotechnology, USA), which is actually a substrate of
horseradish peroxidase (HRP) enzyme (P8375, Sigma-
Aldrich, Germany) for 1 minute. Finally, the western blot
bands were evaluated and analyzed by device software.
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Statistical analysis of data

Statistical analysis was carried out with SPSS 20
software (University of Stanford, USA). Using one-way
analysis of variance (ANOVA), the results were analyzed.
And also, the Bonferroni post hoc test was applied for
multiple comparisons. The results were presented as
mean £ SEM and the level less than 0.05 was considered
significant.

Results
Immunocytochemistry assay

More than 80% of the isolated cells were endometrial
cells (Fig.2).

A

Fig.2: Immunocytochemistry before treatment. A. Cell nuclei that are blue
with DAPI. B. The cell wall appears bright green by antibody conjugated
with FITC. C. The merged images of A and B represent cells expressing the
cytokeratin 19 marker (scale bar: 100 um).

a3 integrin gene expression

On day zero (Fig.3, black columns) the rate of the



expression of the a3 integrin gene in the diabetic
group showed a significant increase in comparison
with the control group (P<0.001). After treatment
with Metformin, a3 integrin gene’s expression
increased and was significant compared to the diabetic
group (P=0.009). However, the expression of this
gene decreased significantly after treatment with
Pioglitazone compared to the diabetic group (P<0.001)
and also Metformin treated group (P<0.001). Also, a3
integrin gene expression on day 7 after endometrial
culture (Fig.3, white columns) had a similar pattern
to the day zero although, it was so close. And also,
there was no significant difference between any of the
groups (P>0.05). In comparing a3 gene expression
between days zero and seven, it was observed that
diabetic group (P=0.006) and Metformin-treated
group (P<0.001) had a significant decrease on day 7
while, Pioglitazone-treated group showed a significant
increase (P=0.022).
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Fig.3: The level of a3 integrin gene expression in the isolated endometrial
cells on days 0 and 7t after cell culture at the time of embryo implantation.
*; P<0.05.

Pl integrin gene expression

The expression of f1 integrin gene on the day zero
(Fig.4, black columns) showed a significant increase
rate in the diabetic group in comparison with the control
group (P<0.001). The expression of this gene decreased
significantly after treatment with Metformin (P=0.008) and
Pioglitazone (P<0.001) compared to the diabetic group.
Moreover, the reduction rate was significantly higher in
the Pioglitazone-treated group than in the Metformin-
treated group (P=0.004). SI integrin gene expression
on the day 7 after culture (Fig.4, white columns) had a
similar pattern to the day zero. There was no significant
difference among all groups (P>0.05) except the diabetic
group, that this group had a significant difference with
the control (P<0.001), Metformin-treated (P=0.008) and
Pioglitazone-treated (P<0.001) groups. In comparing S1
gene expression between days zero and seven, the diabetic
group (P=0.006), Metformin-treated group (P<0.001) and
Pioglitazone-treated group had a significant decrease on
day 7.
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Fig.4: The level of B1 integrin gene expression in the isolated endometrial
cells on days 0 and 7 after cell culture at the time of embryo implantation.
*; P<0.05.

03 and B1 integrin protein expression

At the time of the implantation (day zero) (Fig.5, black
columns), the amount of a3pl integrin protein in the
diabetes group increased significantly compared with the
control group (P<0.001). However, the amount of this
protein in the treatment groups with Metformin (P=0.026)
and Pioglitazone (P<0.001) has been significantly reduced.
In addition, there was a significant difference between the
two treatment groups (P=0.033) and the protein content
of a3 and B1 integrin in the Pioglitazone treatment group
was lower than in the Metformin treatment group. After
7 days endometrial culture (Fig.5, white columns), there
was no significant difference between any of the groups
(P>0.05) in a3 and B1 integrin protein expression, but,
protein expression in the different groups, including
diabetic  (P<0.001), Metformin-treated (P=0.003)
and Pioglitazone-treated (P=0.024) was significantly
decreased in comparison with the day of implantation.
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Fig.5: Comparison of a3 and B1 integrin protein levels in isolated
endometrial cells on days 0 and 7 after cell culture at the time of embryo
implantation. *; P<0.05.

Discussion

Nowadays, in developed countries, 7% of all births
are due to assisted reproductive methods (21). Despite
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advances in the modern infertility therapies, their success
rate is still low. Also, in some patients the infertility
cause is unknown (22). Increased blood glucose level
(hyperglycemia) could have a detrimental effect on
oocyte, embryo and the mother’s endometrium at the
time of embryo implantation. The complications of type
2 diabetes on the fetus are similar to the complications
of type 1 diabetes, which can increase the rate of
miscarriage and the rate of fetal abnormalities (23).
Maternal hyperglycemia affects the integrins molecules
that are involved in the process of apoptosis, proliferation,
migration, differentiation of embryonic cells and leads to
several complications, although the exact mechanism of
hyperglycemic effect on the embryo at implantation is still
unclear (24).

In the present study, we worked on the effect of
diabetes on the expression of genes and protein of a3p1
integrin. Our results revealed that the expression rate
increased significantly in diabetic rats. After 7 days of
endometrial cell culture in the laboratory, we encountered
with a decrease expression even in the diabetic group.
The significant reduction was observed in the treated
groups, Metformin and Pioglitazone, in comparison with
the control group. Briefly, this rate was higher in the
Pioglitazone treated group.

Adhesion molecules, specially the integrin family,
play an important role in the endometrial receptivity and
pregnancy onset (25). Alteration in the endometrium
expression of some integrins, were observed by Bakhteyari
et al. (17) in the implantation failure cases. Bakhteyari et
al. (18) showed that diabetes mellitus may alter integrin
gene expression in the many tissues and organs such as
reproductive system. Here, our study showed diabetes
associated with an increase in the expression of a3 and £1
integrin genes and protein in endometrial cells.

Due to the location of a3 and B1 integrin protein in the
basolateral part of the endometrial cells, it is likely that
increasing the expression will increase the connection of
these cells to each other, which can prevent the embryo from
penetrating and implanting in the uterine endometrium. In
addition, increased expression of integrins in other cells,
such as platelets, causes plaque buildup and clots at the
site of embryo implantation, which can impede embryo
implantation and prevent blood flow between the placenta
and mother tissue, leading to disruption in implantation
process (16).

In a study in 2000 scientist showed that integrins
expression increases during the endometrial receptivity
phase (26). They proved that the pattern of endometrial
integrins expression, indicates their hormonal regulation
(27). Also, they revealed integrins in the endometrium
play an essential role in the process of pregnancy and
implantation and are known as a means of attaching
the fetus to the mother tissue (28). Numerous studies of
integrins in various tissues have shown that diabetes and
hyperglycemia alter the expression of integrins (28) which
in the present study it was proved too. Also, Rutherford et
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al. (29) showed that changes in the integrins expression
can reduce the female fertility rate, which in various
ways probably result from a decrease in the uterine
endometrium ability to accept blastocyst. The results of
the both studies are in line with our study that diabetes
causes significant changes in the expression of a3 and
B1 integrin protein and genes. Moreover, by keeping
endometrial cells for 7 days in an environment outside
the body of diabetic animals, we observed that even in
rats who did not receive drug treatment, the expression of
these integrins decreased significantly.

So far, little research has been done on the diabetes
effects on the integrins expression in the endometrial
tissue. On the other hand, there is no study about the
effects of anti-diabetic drugs, such Metformin, and
specially Pioglitazone. Although, there are studies on
organs other than the reproductive system, particularly,
endometrium (30, 31). Also, there is no study on diabetes
and endometrial cell culture.

The results of the present study showed that the
separation and culture of endometrial cells in diabetic
rats by itself could reduce the expression of genes and
proteinofa3 and B1 integrin, which had increased during
diabetic condition. Therefore, there was no significant
difference between the level of the expression in the
diabetes group and the control group. So, if diabetic
patients had several embryo implantation failures in the
assisted reproductive techniques, it could be assumed
this culturing procedure will improve the success rate
of implantation and pregnancy. However, in order
to graft these cells to the maternal endometrium, the
endometrial cell culture needs biological scaffolds i.e.,
fibrin, alginate and etc. Eventually, the embryo along
with the endometrial cells and scaffold will be located
and grafted to the mother’s uterus. During the present
study, we have taken the first step in this direction.
And certainly, obtain the favorable outcomes requires
further studies and follow-up.

Conclusion

Based on the results of this study, diabetes can
increase the expression of genes and protein of a3 and
B1 integrin during implantation of blastocyst in the
uterus endometrial tissue. This protein can increase
the connection among endometrial cells. This strong
connection does not allow the complete and perfect
blastocystinvasion into the endometrial tissue. Between
two drugs which were tried in this study, Pioglitazone
had a more beneficial and further regulating effect on
the expression of a3 and B1 integrin genes and protein
compared with Metformin.
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