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ABSTRACT

Despite numerous advances in fertility techniques, some individuals experience implantation failure. One of the
therapeutic approaches is the study of immunological aspects of the implantation process in recurrent implantation fail-
ure (RIF) patients. Peripheral blood mononuclear cell (PBMC) therapy and platelet-rich plasma are currently available
cell therapies. The aim of this study was to determine the expressions of the FGFR-2 and LIF genes that are regulat-
ed by miR-199a-5p and miR-125b-5p. These genes play a fundamental role in implantation in RIF patients treated with
PBMCs. 20 patients clinically diagnosed with RIF were randomly assigned to a RIF patient with PBMCs intrauterine
infusion group (n = 10) and RIF group (n = 10). Normal, healthy females (h = 10) comprised the control group. In order
to examine the efficacy of the PBMCs injection in the treatment group, expressions of miR-199a-5p and miR-125-5p
and FGFR-2 and LIF as their target genes, were evaluated in all three groups and were compared the results. We dis-
covered that the RIF group had higher expressions of miR-199a-5p and miR-125-5p along with decreased expressions
of their target genes. However, both FGFR-2 and LIF gene had elevated expressions in the RIF patients with PBMCs
intrauterine infusion group compared to the RIF group, with significant decrease in miR-199a-5p and miR-125b-5p
reciprocally. The treatment with PBMCs can be effective in changing the expression of microRNAs and genes associ-
ated with endometrial receptivity and by changes in the expression of them and their role during embryo development
improve this process.
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1. Introduction

Reproduction is a dynamic process and the greatest show of crea-
tion in the world and numerous factors influence the reproductive pro-

ARTICLE INFO cess. Successful implantation of an embryo is the most important step

in the reproductive processtl. Well-functioning endometrium and
ﬁig:)"tzg 20 wﬁ@rizl 0220222 high-quality embryos are two main factors for successful implantation.
Available online 22 December 2022 Many factors affect endometrial function and receptivity. Implantation
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failure is one of the major reasons for infertility, because embryo im-
plantation is an important step. Most treatment for infertility, such as
Assisted Reproductive Technology (ART), is performed with the intent
to increase the success rate of implantation. Despite numerous advances
in fertility techniques, the rate of implantation after embryo transfer has
not increased. In Vitro Fertilization (IVF) can produce blastocysts,
which can implant in the uterus; however, an estimated upper than
40%—60% of embryos produced by IVF techniques don’t implant after
transfer?®l. Some reasons for Repeated Implantation Failure or
Recurrent Implantation Failure (RIF) include decreased endome-
trial acceptance, fetal malformation, immunological factors, ge-
netics, uterine abnormalities and decreases in endometrial thick-
nessi*Sl.  Most current treatments such as hysteroscopy,
myomectomy, aspirin therapy for endometrial thickness, intrave-
nous immunoglobulin injection as immunoglobulin therapy (two
days before transfer, administration of heparin from 14 days be-
fore the start of the IVF cycle), prednisolone, and endometriosis
treatment are appropriate for stimulation®. One of the therapeutic
approaches is devoted to the study of the immunological aspects
of the implantation process in RIF patientst’). The maternal im-
mune system regulates the differentiation of endometrial cells
from a wide range of cytokines for adequate endometrial recep-
tivity and embryo implantationt®. Peripheral Blood Mononuclear
Cells (PBMCs) include lymphocytes (NK cells, T cells, B cells)
and monocytes, which can release a significant amount of bio-
logically active paracrine factors that lead to beneficial effects on
the regenerative potential of endometrial cells receptivity. Cyto-
kines, growth factors, polypeptides and proteins have specific cell
surface receptors that bind to initiate intracellular signals to regu-
late cell function and by controlling the expression of proteins
involved in Intrauterine adhesion (IUA), increase the ability en-
dometrial receptivity®®%. Therefore, it seems that PBMCs can
play an important role in increasing endometrial receptivity by
inducing the production of several cytokines. For the first time,
Fujita et al. concluded that some immune cells could affect uter-
ine differentiation™, and then, some studies have shown that
these cells impact the endometrial receptors by producing several
important cytokines in implantation such as TNF-a, IL-1a, and
IL-1B. Eftekhar et al. introduced intrauterine injections of autol-
ogous PRP and reported their efficacy in the treatment of thin
endometria*?l, Zadehmodarres et al., in a case report, successful-
ly administered PRP therapy to treat a thin endometriumt®. Hashii
et al. reported that PBMCs could stimulate progesterone produc-
tion by luteal cells!*3!4], Salamonsen et al. suggested the effect of
PBMCs on stimulating several inflammatory factors and secretion
of proteases and their inhibitors in the secretory phases to regulate
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endometrial function®®®. Yoshioka et al. reported
that injection of autologous PBMCs could dramati-
cally increase clinical pregnancy rates™®. In addi-
tion, some studies have investigated the effect of
cell secretion and its role in the treatment of RIF in
infertile patients. These cell secretions contain mi-
croRNAs, which have a major role in regulating
physiological processes such as differentiation,
apoptosis, proliferation, and development®'™, The
members of the miR-125 family (miR-125a and
miR-125b) and also miR-199a family have several
functions in human body such as directly or indi-
rectly regulation endometrial receptivity by alter in
function of target genes. Liang et al., in their study
stated that miR-199a-5p and miR-125b-5p expres-
sion reduces endometrial receptivity in embryo im-
plantation process*®l. Also according to the study of
Shi et al., miR-199a-5p expression changes
have been seen in women with history of recurrent
implantation. In their study, miR-199a-5p expres-
sion had a 2.5-fold increase in RIF patients™,

In another study, Chen et al. examined the role
of the miR-125b and its target gene (Matrix Metal-
lopeptidase 26; MMP26) in endometrial receptivity
in women undergoing IVF-ET with elevated pro-
gesterone and concluded that in successful subjects,
miR-125b expression was lower than in those with
implant failure and overexpression of miR-125b
significantly reduced the number of implantation
sites’?®,  Fibroblast growth factor receptor 2
(FGFR-2) gene is one of the most important genes
in endometrial receptivity which has high expres-
sion level during implantation window and per-
forms its biological activity through the MAPK
signaling pathway, which is regulated by
miR-125b-5p[t32122  Also Leukemia Inhibitory
Factor (LIF) gene is another important gene in the
implantation window that functions through the
JAK-STAT signaling pathway and is regulated by
miR-199a-5pi?3-261,  Although the role of these
miRNAs has been mentioned in many studies, but
there is no direct study about the function of any of
these miR-199a-5p/miR-125b-5p either individually
or as a group. Our study aims to determine the
FGFR2 and LIF genes and the miR-125b-5p and
miR-199a-5p microRNAs expressions that regulate

their expression in RIF patients treated with
PBMCs. None of the previous studies have exam-
ined the effect of PBMCs on the expression of these
two genes and their controlling microRNAs, and
this is novelty of this study.

2. Methods

In this study we have proposed a new method
to identify PBMCs effect on miRNA and their tar-
get genes expression rate that interfere in embryo
implantation. This way consists of the three steps.
First, determination the significant miRNAs and
target genes expression in RIF group and RIF pa-
tients with PBMCs intrauterine infusion group.
Second, evaluation of expression of relative pro-
teins after PBMCs therapy and finally, pro-
tein-protein interaction in to main genes.

2.1 Setting and study design

This experimental research study was con-
ducted at the Reproductive Medicine Unit,
Payambaran Hospital Tehran, Iran, from 2017 to
2019. A total of 30 women agreed to participate in
this study. From these, 20 endometrial specimens
were obtained from 20 patients clinically diagnosed
with RIF and based on physician diagnosis; they
received an IVF cycle (RIF patients with PBMCs
intrauterine infusion group which in the future is
called in the following text “RIF with PBMCS
group”) and (RIF group). In addition, we obtained
10 normal endometrial tissues from healthy women
(control group) (Figure 1).

2.2 Study groups and treatment

We studied 30 cycles in 30 individuals, from
which 20 RIF patients were randomly divided into
two groups by tossing coins. 10 patients were allo-
cated per group and also, a control group that con-
sisted of 10 healthy women. Group I (n = 10) pa-
tients had at least two episodes of RIF. These
patients received injections of autologous PBMCs
(RIF with PBMCs group). Group Il (n = 10) pa-
tients had at least two episodes of RIF without any
treatment and didn’t receive PBMCs (RIF group).
Group 11 consisted of 10 normal fertile women
who underwent IVF for gender determination
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Figure 1. Schematic diagram of study design and work flow.

Table 1. Demographic information of experimental groups

Studied groups Age Infertility duration Number of chil- Number of follicles Number of embryo
dren (MI1) (good quality)

Control group (10 pa- 30-35 - 1-3 8-11 6-8

tients)

RIF group (10 patients)  30-35  On average 5-9 years 7-10 5-7

RIF with PBMCs group  30-35  On average 5-9 years 7-10 5-7

(10 patients)

(PGD) and they had one child of each gender (con-
trol group). Instead of PBMCs, distilled water was
injected for the control group and the RIF group.
Demographic information of experimental groups
has been shown in Table 1.

2.3 Inclusion and exclusion criteria

1) Study inclusion criteria consisted of: partic-
ipants between the ages of 30-35 years and those
with a higher number of follicles that were between
5 and 10 mm. For RIF group and RIF with PBMCs
group, it was necessary that patients had at least two
episodes of RIF and in control group, all 10 women
must have normal endometrial tissues.

2) Exclusion criteria consisted of: IVF treat-
ment because of tubal, male or unexplained infertil-
ity; recurrent abortions attributed to hormonal,
chromosomal, or anatomical causes; current infec-
tions; any autoimmune, coagulation, neoplastic,

metabolic, liver, or cardiovascular diseases; pres-
ence of antiphospholipid antibodies; alcohol or
smoking histories and patients with OHSS syn-
drome, uterine pathologies (such as polyps, myo-
mas, endometriosis, adenomyosis, and congenital
anatomical anomalies, as well as chronic endome-
tritis) and status of parents.

2.4 Ethical standards

The Ethics Committee of Shahid Beheshti
University of Medical Sciences approved this study
(IR.SBMU.RETECH.REC.1396.999). After re-
ceiving a sufficient explanation about this study,
each participant signed an informed consent for
study participation. It was emphasized to them, that
they would be randomly divided into study groups.

2.5 In vitro fertilization (IVF)

Ovulation induction was performed for women
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from all three groups. According to the standard
protocol, since the third day of menstruation, Gon-
adotropin and antagonist injection was started
(Aventis Pharma Co., Tokyo, Japan) based on ul-
trasound-guided. When the diameters of at least one
of the follicles reached 20 mm, an injection of hCG
(10,000 1U) was administered. Subsequently, 36 h
after the hCG injection, follicular evacuation was
done followed by cytoplasmic sperm injection. Our
approach was to freeze embryos because of taking
an endometrial biopsy sample and uterine manipu-
lation; it was not possible to direct embryo transfer
in current cycle and after a 48 to 72 h culture, the
embryos were frozen for future transfer in all three
groups.

2.6 Isolation and intrauterine administration
of peripheral blood mononuclear cells
(PBMCs)

In the treatment group (RIF with PBMCs
group), immediately after oocyte collection in pre-
vious stage (IVF cycle), 16-20 mL of peripher-
al blood samples was taken and the PBMCs were
isolated according to Standard protocol for PBMCs
isolation. After centrifugation, PBMCs were ob-
tained from the middle layer of the samples by Fi-
coll-Hypaque gradient (Sigma-Aldrich, USA) and
after washed twice in RPMI (RPMI1640, Gibco)
medium by PBS (Gibco) plus 10% serum albumin
(serum protein substitute, SAGE). The PBMCs
were placed in an incubator with 5% CO, at 37 °C.
After 48 h, 200 pL of the cell suspensions that con-
tained 1 x 10’-2 x 107 cells were gently injected
into the uterine cavity. The RIF group and control
group didn’t receive PBMCs and instead distilled

water was injected for them to eliminate the effect
of injection as an interfering agent.

2.7 Tissue processing

At 72 h after received intrauterine injections of
PBMCs and distilled water, endometrial biopsy
samples were obtained from all of the study partic-
ipants to evaluate the miRNA and their target gene
expression. The biopsies were taken by pipelle bi-
opsy instrument (Unimar Inc., Wilton, CT, USA).
The samples were divided into two sections. One
sample was put in a formalin (10%) container for
histological studies of LIF and FGFR-2 gene ex-
pressions according to immunohistochemical tech-
niques. The second part was stored in an RNA later
vial (Qiagen, Germany) and immediately frozen at
—80 °C for molecular analysis. Endometrial sam-
pling has been performed for DNA and miRNA ex-
traction and tissue size does not matter and will not
affect test results.

2.8 Primer design for miRNA and its target
gene

In reviewing previous studies, miR-199a-5p
and miR-125b-5p were founded which are poten-
tially over expressed in RIF patients. Next, their
target genes were determined by the specific soft-
ware miRwalk (htpp://miRwalk.umm.uni-heidel
berg.de/) and target scan (htpp://www.targetscan.
org/). The design of primers used by oligo 7 soft-
ware (Molecular Biology Insights Inc., Cascade,
CO), and gene runner version 5.1 (Informer Tech-
nologies Inc., Spain). Finally validated them with
NCBI BLAST. The primers information is provided
in the table below (Table 2).

Table 2. Designed primers for gqRT-PCR reaction

Gene name Primer sequence Gene bank accession no.
FGFR2 F: CCAACTGCACCAACGAACTG NM_000141.4
R: GGTCCAAGTATTCCTCATTGGT
LIF F: CTCGCCCATCACCTCATCTC NM_002309.5
R: GCAGAGCTGTTTCACGCAAA
hsa-miR-199a F: GTATACCCCAGTGTTCAGACT NR_029586.1
R: GTGCAGGGTCCGAGGT
hsa-miR-125b F: GTATACTCCCTGAGACCCTAA NR_029671.1

R: GTGCAGGGTCCGAGGT

2.9 RNA extraction, cDNA synthesis and
guantitative real-time PCR (qRT-PCR)

Total RNA and microRNA extraction were
performed for all specimens by a kit (Gene All Bio-
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technology Co., South Korea) according to the
manufacturer’s instructions. The RNA extracted and
purified was assessed on a Nanodrop (Eppendorf,
Germany) with an optical density (OD) of 260/280
nm, from which single-strand cDNA was synthe-
sized using according (YektaTajhiz, Tehran, Iran).
Control and confirm of cDNA synthesis were
done by GAPDH gene primers using PCR tech-
nigue. Expressions of miR-125b-5p, miR-199a-5p,
and their target genes, FGFR-2 and LIF, were as-
sessed by quantitative real-time PCR (QRT-PCR) or
RT-PCR using a Rotor Gene Q instrument (Qiagen,
Valencia, CA, USA). The qRT-PCR reactions were
performed in a total volume of 13 pL, which in-
cluded DNA Master SYBR Green | Mix (7 mmol/L;
YektaTajhiz, Tehran, Iran), nuclease-free water (4
mmol/L), mixed forward and reverse primers (1
mmol/L) that were specific for each of the genes,
and synthesized cDNA (1 mmol/L). The gRT-PCR
program consisted of 40 cycles of extension for 2
min at 95 °C, 5 s at 95 °C for denaturation, 30 s at
60 °C, and 10 s at 72 °C for amplification.

2.10 Histological assessment

We performed immunohistochemical assess-
ments of the FGFR-2 and LIF proteins from the
endometrial tissues of all three groups. Sections of
endometrial tissues were de-paraffinized and dehy-
drated. Nonspecific binding was blocked by 10%
normal goat serum in PBS for 20 min. For im-
munohistochemical distinction of LIF, we used an-
ti-LIF antibody (ab113262, Abcam) at dilutions of
1:100 and for FGFR-2, we used recombinant an-
ti-FGFR-2 antibody [SP273]-N-terminal (ab227683,
Abcam) at dilutions of 1:100 too. The sections were
first incubated overnight with the antibody at 4 °C.
Then, they were washed three times with PBS and
incubated for 1 h with the second antibody, goat
anti-rabbit 1gG H&L (FITC; ab671, Abcam) for 30
min. The sections were counterstained with DAPI
according to the manufacturer’s protocol. Then,
fluorescent intensities were evaluated by Image J
software for expression proteins and the results
were analyzed.

2.11 Protein-protein interaction (PPI) net-
work analysis and classification of LIF and

FGFR-2 protein function

One of the most important ways for under-
standing of cellular processes and evolutionary
processes of protein characteristics are pro-
tein-protein interaction networks and also have an
important role in predicting the protein function in
intracellular signal transduction pathways®?-?, in
this study, both of IGF1 and LIF proteins were used
to constructing a protein-protein interaction net-
work in the String database®’. And then, to identi-
fying of each highly connected region,
KEGG/BioCarta network pathways were evaluat-
ed by ClueGO app in Cytoscape softwarel®!,

2.12 Statistical analysis

All statistical analyses were done on datasets
using SPSS version 16 software. The relative levels
of RNA were analyzed by REST software. The rel-
ative levels of RNA and intensity of proteins signals
was analyzed by Student’s t test and Analysis of
Variance (ANOVA). Normal data were written as
mean * standard deviation (SD). P-values < 0.05
were considered to be statistically significant.
GraphPad prism software was used to draw the dia-
grams.

3. Results

3.1 The results of mMiIRNA and target genes
determination

Based on previous studies, our candidate
miRNAs were miR-199a-5p and miR-125b-5p,
which were predicted by algoritms miRwalk and
Target scan. miRNAS’s target genes data browsing
showed that LIF and FGFR-2 are important target
genes which are founded in intersections of the two
algorithms, we selected them as main targets genes
for miR-199a-5p and miR-125b-5p.

3.2 Quantitative measurement of the expres-
sions of miR199a-5p and miR125b-5p and
their target genes, LIF and FGFR-2, after
peripheral blood mononuclear cell (PBMCs)
injections

According to Figure 2A, gRT-PCR assessment
of miR-199a-5p and miR-125b-5p showed
miR-199a-5p and miR-125b-5p expression levels
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increased significantly in the RIF group in compar-
ison with PBMCs + RIF and control groups. Also,
there was significant difference between the RIF
group and control group; the RIF group had a high-
est rate of miR-199a-5p and miR-125b-5p expres-
sion while the control group had a lowest rate of the
expression.

gRT-PCR analysis showed that the highest rate
of LIF and FGFR-2 genes expression was in the
control group. The expressions of LIF (3.5-fold)
and FGFR-2 (2-fold) genes after treatment with
PBMCs significantly increased in the RIF with
PBMCs group compared with the RIF group which
was similar to the control group (Figure 2B).
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Figure 2. Expression levels of the microRNAs (miRNAs) and
genes in endometrial biopsy samples. (A) miR199a-5p and
miR125b-5 expression in the RIF group compared to the RIF
with PBMCs group and control group. miR199a-5p and
miR125b-5 expression levels increased significantly in the RIF
group in comparison to the RIF with PBMCs group and control
group. (B) LIF and FGFR-2 genes expression in the RIF group
compared to the RIF with PBMCs group and the RIF with
PBMCs group compared to the control group. miR199a-5p and
miR125b-5 expression levels decreased significantly in the RIF
group in comparison to the RIF with PBMCs group and control

group.
*: Significant difference at P < 0.05.
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3.3 Histological assessment of endometrial
tissue samples

Immunohistochemical  detection of the
FGFR-2 and LIF proteins was done throughout the
implantation window in endometrial epithelial and
glandular cells of the RIF with PBMCs group and
compared with the RIF group and control group.
The RIF with PBMCs group had higher staining
intensity of FGFR-2 and LIF compared with the
RIF group (Figures 3 and 4).

A comparison of FGFR-2 protein expression
relative to the type of treatment showed that its ex-
pression increased in the RIF with PBMCs group,
which was similar to the control group. In this re-
gard, there was a significant statistical difference
with the RIF group (Figure 5).

In confirmation of the results of the histologi-
cal assessment, a comparison of the LIF protein
expression level relative to the type of treatment
showed that its expression increased in the RIF with
PBMCs group, which was similar to the control
group. There was a significant statistical difference
with the RIF group (Figure 5). Based on the results,
increased FGFR-2 and LIF proteins expressions
were accompanied by decreased expressions of
their regulatory microRNAs.

3.4 PPI network and their functional classi-
fication

Based on the available database, pro-
tein-protein interactions were predicted and vali-
dated and according to the Figure 2A, results indi-
cated that LIF protein has direct interaction with
IGF1, CTF1, IL6ST, STAT3, JAK2, LIFR, JAK1,
TYK2, IL10 and HBEGF proteins. Also, Figure 2B
indicated FGFR-2 protein has interaction with
FGF9, FGF3, FGF2, FGF10, FRS2, FGF1, FGFS8,
PLCG1, FGF7 and FGF4 straightly. Figure 2 de-
picted the whole network (Figure 6).

The results of KEGG (Kyoto Encyclopedia of
Genes and Genomes) pathway in Table 3 confirmed
that the LIF protein was enriched in JAK-STAT
signaling pathway, signaling pathways regulating
pluripotency of stem cells and Th17 cell differentia-
tion, while the FGFR2 protein was enriched in
Rapl signaling pathway, Ras signaling pathway and
Regulation of actin cytoskeleton.
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Figure 3. Immunohistochemical staining with DAPI for FGFR-2 gene and comparing its expression in the three groups studied. (A)
The control group is identified as DAPI-positive (high expression) in the endometrial tissue. (B) The RIF with PBMCs group is iden-
tified as (average expression) and (C) the RIF group is identified as (low expression). Original magnification x300.

*: Significant difference at P < 0.05.
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Figure 4. Immunohistochemical staining with DAPI for LIF gene and comparing its expression in the three groups studied. (A) The
control group is identified as DAPI-positive (high expression) in the endometrial tissue. (B) The RIF with PBMCs group is identified as
(average expression) and (C) the RIF group is identified as (low expression). Original magnification x300.
*: Significant difference at P < 0.05.
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Quantification of FGFR-2 and LIF proteins expression in the RIF with PBMCs group was significantly increased by PBMCs treatment
compared with the RIF group.
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Figure 6. The whole network of LIF and FGFR-2 proteins performed by STRING database and Cytoscape software. (A) LIF protein
and its direct interaction proteins. (B) FGFR-2 protein and its direct interaction proteins.

Table 3. KEGG pathway analysis of LIF and FGFR-2 proteins and directly interaction proteins with them

KEGG ID KEGG-Term Nr.Genes Associated genes P value

LIF

KEGG:04630 JAK-STAT signaling pathway 9 CTF1, IL10, IL6ST, JAKY, JAK2, LIF, 4.28E-14
LIFR, STAT3, TYK2

KEGG:04550 Signaling pathways regulating 7 IGF1, IL6ST, JAK1, JAK?2, LIF, LIFR, 1.98E-10

pluripotency of stem cells STAT3

KEGG:04659 Th17 cell differentiation 5 IL6ST, JAK1, JAK2, STAT3, TYK2 2.30E-07

FGFR-2

KEGG:04014 Ras signaling pathway 10 FGF1, FGF10, FGF2, FGF3, FGF4, 6.98E-15
FGF7, FGF8, FGF9, FGFR2, PLCG1

KEGG:04015 Rap1 signaling pathway 10 FGF1, FGF10, FGF2, FGF3, FGF4, 2.08E-15
FGF7, FGF8, FGF9, FGFR2, PLCG1

KEGG:04810 Regulation of actin cytoskeleton 9 FGF1, FGF10, FGF2, FGF3, FGF4, 5.48E-13

FGF7, FGF8, FGF9, FGFR2

4. Discussion progesterone, androgens, and glucocorticoids. En-
dometrial admission is self-limiting periods that,
through mediation by immune cells, cytokines,
growth factors, chemokines, and adhesive mole-

The endometrium is a multiplex tissue that
consists of several kinds of cells whose functions
are mainly regulated by steroid hormones estrogen,
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cules allow the blastocyst-stage embryos to firmly
attach to the endometrial surface. This time period
is called Window of Implantation (WOI). The im-
plantation window of human embryos into the en-
dometrium occurs from days 20-24 of the 28-day
menstrual cycle. During this process, there is mor-
phological membrane deformation of the endome-
trial epithelial cells. However, endometrial recep-
tivity may not be faithfully replicated in infertile
patients during this period. Any disruption in this
process can lead to implantation failure.

As mentioned, one of the dimensions of im-
plantation is its immunological aspect. The maternal
immune system regulates endometrial cell differen-
tiation for adequate endometrial receptivity and
embryo implantation. Successful implantation
largely depends on the immune system’s tolerance
mechanism®2, Impairment of the embryo-maternal
immune-tolerance pathways can be a cause for RIF.
There have been few studies to RIF mechanism.
The unique function of the maternal immune sys-
tem during blastocyst binding to the endometrium
and then pregnancy period is a behavior similar to
organ transplantation that is tolerated and not re-
jected by the mother’s immune system. Studies
have shown that type 2 helper T cell (Th2) cyto-
kines release in women who have normal pregnan-
cy whereas women with recurrent implantation
failure induce the production of type 1 helper T cell
(Th1) cytokinesl. Changing the position of im-
mune cells from the blood to stromal tissues will
activate them and have a regulatory role by secret-
ing chemokines and cytokines, such as LIF®, The
fundamental, genetic and molecular process of im-
plantation is complicated. Results from several
studies have indicated that in addition to mi-
croRNAs, numerous genes, molecules, and en-

zymes play an essential role in embryo implantation.

The mechanisms of the effects and interactions be-
tween these factors have not been clearly elucidated
Leukemia Inhibitory Factor (LIF) and Fibroblast
Growth Factor Receptor 2 (FGFR-2) are two im-
portant genes that affect RIF. FGFR-2 is one of the
main genes that influences endometrial receptivity
and is controlled by miR-125b-5pB4. In previous
studies, using luciferase reporter assay, it was found

that the expression of the FGFR2 gene was directly
suppressed by miR-125b-5p activity, and this gene
is the direct target of this miR-125b-5pt, The LIF
gene in the JAK-STAT pathway has a critical role in
the implantation window, and miR-199a-5p sets it
up™3%1, In 2012, one study was conducted to LIF
expression evaluation. They confirmed that
miR-199a-5p expression, interfered with endoge-
nous LIF expression?. The important, effective
gene panel for endometrial receptors and regulating
activity of microRNAs has been identified by re-
searchers. According to the results of this
study, both LIF and FGFR-2 genes were more
highly expressed in the RIF with treatment group
compared with RIF group. There appear to activity
of these cytokines can lead to release the protease
and created the suitable inflammatory response that
can change structure and function in uterine endo-
metrial epithelial cells. These processes along with
the factors alter the expression of implicated genes
in implantation process. Choi et al. assessed the
expressions of genes that affected progesterone re-
sponse to endometrial adhesion. They concluded
that mice with defective LIF gene expression had
no suitable response to embryo implantation. Their
study also showed that LIF gene expression in RIF
patients was inexplicably reduced®7. In a similar
study by Yu et al., LIF and VEGF gene expressions
were examined in mice after injection with PBMCs.
The results showed increased expressions of these
genes in the intervention group. In 2015, Yu et al.
evaluated the effect of fetal hCG on PBMC function
and its effect on LIF and IL-18 expressions. They
found significantly increased LIF and IL-1/ expres-
sions 24 h after the PBMCs injection. hCG stimu-
lated the secretion of cytokines in PBMCs, which
could stimulate trophoblast invasionf. Madkour et
al., in a study of 27 patients with recurrent abor-
tions, observed a threefold increase in clinical
pregnancy rates as a result of the PBMCs injection.
They suggested that PBMCs cells with IL8 produc-
tion played a key role in the interventive approach
for protein synthesis in the implantation
procedure®’. Nobijari et al. studied 122 couples
with RIF who had undergone IVF, treated with
PBMCs, and injected PBMCs two days before em-
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bryo transfer into RIF women who had undergone
IVF. The results confirmed that PBMCs therapy
could be an effective treatment for patients with
RIFE2. In this study, in the RIF with PBMCs group,
miRNAs were differently expressed than the RIF
group. MiR-199a-5p and miR-125b-5p expression
is dramatically reduced in the RIF with PBMCs
group which was due to the effect of injected
PBMCs on microRNA expression and genes asso-
ciated with endometrial receptivity. The miRNAs
expression in the RIF with PBMCs group and con-
trol group was similar, indicating the success of
treatment with PBMCs, which was able to provide
endometrial conditions for a normal immune re-
sponse.

There are more than 2,000 microRNAs known
to regulate multiple genes and their functionsf*7-18l,
Altmée et al. reported that a subset of microRNAs
and their target genes could play an essential role in
uterine receptivity™. The literature supports a
major function for microRNAs in human embryonic
implantation®*%, In 2008, Hu and colleagues
showed that miR-21 with its target gene (Reck) had
a higher expression at the implantation timel“ol,
Therefore, they suggested that microRNAs could
have a key role in embryonic implantation. Similar
studies have been done on the role of various mi-
croRNAs. On the other hand, Yu et al. reported
stimulation of cytokine and exosome production by
PBMCs. Exosomes contain microRNAs, which has
a necessary function in implantation in infertile pa-
tients!?l. Rouas et al. introduced the important role
of miR-31 and its target genes, FOXP3 and
CXCL12, in the embryonic implantation window(=,
These genes have an inhibitory role of Th17, which
is involved in angiogenesis. Ozcan introduced the
miR-30 family for the transformation of epithelial
to mesenchymal®®, and Li explained its role in the
regulation of the apoptotic process®®. Song intro-
duced the association of this microRNA in the dif-
ferentiation of cells during embryo development®-
431 In 2014, the role of miR-31 in the implantation
window was identified by Jesica et al. They sug-
gested that it could be used as a suitable biomarker
for uterine receptors*¥. Tochigi et al. reported that
decreased miR-542-3 expression leads to increased

expression of IGFBP-1, which plays an important
role in endometrial decaying®!. The findings of
their study are very similar to our results. Also, the
characters of many genes in endometrial receptivity
and embryonic implantation have been studied. For
example, Labarta et al. showed that 140 genes, such
as LIF and GPX3, alter various progesterone levels,
which play a role in endometrial adhesioni®!. Ac-
cording to Altmae et al., 12 genes have been intro-
duced as a panel of important genes in endometrial
receptivity. The most important were LIF, FGFR-2,
CAST, and CFTR. miR-199a-5p, miR-125-5p,
miR-30b and miR-30d regulated their functions*?l.

In this study, according to the analysis of the
PPl network, ten important genes were identified
that have direct interaction with each of LIF and
FGFR-2 proteins separately and also according to
finding of Table 2, pathway mining was done and
leading to extraction of (KEGG) pathways. This
pathway analysis shows that the LIF protein was
enriched in JAK-STAT signaling pathway, Signal-
ing pathways regulating pluripotency of stem cells
and Th17 cell differentiation, while the FGFR-2
protein was enriched in Rapl signaling pathway,
Ras signaling pathway and Regulation of actin cy-
toskeleton and confirms the results of other studies.

According to the results of this study, a signif-
icant difference existed between the RIF women
treated with PBMCs and normal fertile women
(control) compared with the RIF negative control
group. The expressions of LIF and FGFR-2 genes
increased significantly after PBMCs treatment.
These results were consistent with other previously
mentioned studies. Generally, the results showed
that both genes were more highly expressed in the
PBMCs treatment group compared with the RIF
negative control group. miR-199a-5p and
miR-125-5p were also significantly less expressed,
which was due to the effect of injected PBMCs on
microRNA expression and the genes associated
with endometrial receptivity. Therefore, it could be
concluded that PMBCs treatment can change the
expression of microRNAs and their target genes,
and lead to increased embryo implantation.

5. Conclusion
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Our study is one of the few studies that have
identified the role of PBMCs on FGFR-2 and LIF
gene expressions and their regulatory microRNAsS.
We hypothesized that increases in effective gene
expressions in the implantation period and decreas-
es in their regulatory microRNAs would provide a
suitable endometrial environment for embryo de-
velopment and attachment after PBMCs infusion.
The results of this study support our hypothesis, as
seen by the positive effect of PBMCs on elevating
the expressions of embryonic implantation related
genes and decreasing their regulatory microRNAs.
Finally, we can say there are many other genes that
may control the embryo implantation process and
have an antagonistic or synergistic effect on the
function of other genes. In this study, only the rela-
tionship between the two genes and their control-
ling molecules has been studied, which can be con-
sidered as a limitation of the study and further
research is needed on other genes and the relation-
ships between genes that control this process and
although we achieved good results in this study, our
statistical population was small due to cancellation
of IVF cycle in many patients, and this was another
limitation of this study. Therefore, in order to be
able to prove the above results conclusively in fu-
ture research, larger statistical samples are needed.
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