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A B S T R A C T

About 17% of couples suffer from infertility conditions, worldwide. The most common reasons for female in-
fertility are ovulation disorders, fallopian-related disorders, RM, RIF, endometriosis, and unexplained infertility.
Despite advances in Assisted Reproductive Technologies, infertility has remained a serious problem. In recent
years, a considerable progress in cell therapy as an emerging approach for the treatment infertility has been
made. Cell therapy involves utilizing lymphocytes, platelet -rich plasma, PBMCs and different types of stem cells
as therapeutic agents. Stem cells are usually multipotent cells existed in embryos, fetuses, and adults that pro-
liferate and differentiate into different cell types under certain circumstances. The main types of stem cells are
embryonic stem cells, decidual stromal cells, MSCs, human amniotic epithelial cells, and induced pluripotent-
stem cells each functioning in a different way. The advantages of using stem cells as therapeutic agents are
convenient sampling, abundant sources, and avoidable ethical issues. Lymphocyte immunotherapy, a simple and
cost effective method, can be safe and useful approach if performed with proper dose of fresh lymphocytes
intradermally before and during pregnancy. Overall, cell therapy mechanism of actions are inducing the pro-
duction of cytokines, blocking antibodies and growth factors, proliferation of B10 cells, reducing the activity of
NK cells, increasingTh2 and Treg cells and decreasing Th1 and Th17 cells. Cell therapy can be an effective
strategy as it provides an interactive, dynamic, specific and individualized treatment. Although cell therapy is a
promising approach, it still needs more investigation in order to improve and make it safer.

1. Introduction

Despite recent advancements in Assisted Reproductive Technologies
(ARTs) above, 80% of couples suffer from intractable infertility. As a
global challenge, infertility affects above 15% of couples, in which male
infertility compromises 30% and female infertility affects nearly 40% of
cases [1]. It is a complicated disorder, and several factors such as pa-
tient's etiology, age, and others affect its treatment. Time-related
stresses along with physical and psycho-economic factors are usually
challenges of the treatments. Different treatments including medica-
tions and surgery would be required simultaneously depending on pa-
tients' conditions [2].

Female infertility can be caused by different disorders with the
scientists trying to treat them with different therapeutic approaches in
order to enhance fertility among. Today, modern cell therapy has

achieved good outcomes in a number of these diseases including en-
dometriosis, Recurrent Miscarriage (RM), and Recurrent Implantation
Failure (RIF). In this review, we have elaborated several therapies in-
cluding lymphocyte therapy, platelet-rich plasma, and utilizing dif-
ferent stem cells being performed on these diseases (Fig. 1). At first, a
brief overview of these diseases and cell therapy is provided:

1.1. Recurrent Pregnancy Loss (RPL) (or Recurrent Miscarriage (RM), and
Recurrent Spontaneous Abortion (RSA))

Spontaneous pregnancy loss leaves emotional and physical effects
on couples, especially when they face recurrent losses [3]. Also called
Recurrent Miscarriage (RM) or habitual abortion, Recurrent Pregnancy
Loss (RPL) is conventionally described as three successive pregnancy
losses before 20 weeks since the last menstrual period. Regarding
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sporadic occurrence of pregnancy loss, RPL incidence rate must be
approximately 1 in 300 cases [4]. However, according to epidemiologic
investigations, about 1% to 2% of women experience RPL [4]. Today, a
few etiologies have been mentioned about RPL including unrecovered
hypothyroidism, parental chromosomal disorders, certain uterine ana-
tomic abnormalities, uncontrolled diabetes, and antiphospholipid an-
tibody syndrome. Other potential or possible etiologies can be addi-
tional endocrine disorders, heritable and/or acquired thrombophilias,
immunologic abnormalities, environmental factors, and infections [5].

1.2. Repeated Implantation Failure (RIF)

In implantation process the embryo adheres itself to the en-
dometrium luminal surface, migrates through the luminal epithelium,
and exceeds into the endometrium's deepest layer to be embedded into
the deeper layer. Conventionally, it has been thought that only embryo
and the endometrium are involved in implantation process, while ac-
cording to the latest investigations it was indicated that cumulus cell
competency might play role in the process [6].

By implantation failure, we mean embryo failure in reaching to a
stage in which an intrauterine gestational sac can be recognized via
ultrasonography. It must be noted that ‘implantation failure’ clinically
suggests two different types of situation. First, the cases on which there
has never been an evidence of implantation (no detectable HCG pro-
duction) and second, the cases in which the evidence of implantation
exists (detectable HCG production) but not proceeded beyond the for-
mation of a gestational sac visible on ultrasonography. In fact, im-
plantation failure may be the outcome of embryo or endometrial factors
[7].

2. Cell therapy: current treatment for infertility therapy

As an interesting field, cell therapy can be placed in translational
medicine. It is placed in the focal point of different rapidly developing

branches of science including immunology, stem cell biology, Tissue
Engineering (TE), regenerative medicine, molecular biology, bioma-
terials, transplantation biology, and clinical research. Cell-based ap-
proaches can provide novel therapeutic platforms in treating a wide
range of clinical diseases [8,9] . Bone marrow transplantation and
blood transfusions are the epitomes of successful utilization of cell-
based therapies. However, new progressions in molecular biology and
cellular biology have extended the utilization of the strategy to other
potential applications. Despite the successfulness of recombinant ge-
netic engineering in producing different therapies (e.g. human ery-
thropoietin and insulin), these therapeutic approaches cannot com-
pletely correct or reverse disease state [10]. The reason is that nearly all
disorders processes do not appear due to the deficiency in one protein
but the changes in the complicated interactions. Cell-based therapy can
be an efficient strategy as it provides an interactive, dynamic, and in-
dividualized treatment, which answers to patient's pathophysiological
conditions in these complicated situations. Here, cells can make crea-
tive approaches in the field of immunotherapy, drug delivery of bio-
logics, and regenerative or replacement engineering of tissue [11].

2.1. Peripheral blood mononuclear cells (PBMCs)

Uterus immune microenvironment plays key role in maintenance of
pregnancy. Here, immune cells and their cytokines play as the key
regulators. It is probable that there is an association between repeated
implantation failure and immune factors [12].

In mammalian species, peripheral blood mononuclear cells (PBMC)
mainly include T lymphocytes, B-lymphocytes, and monocytes. As re-
ported, in humans, PBMCs induce several cytokines production, (e.g. IL-
1α, IL-1β, and TNF-α) and positively affect the endometrium and en-
dometrial receptivity. It also cause and controls invasion to establish
the hemochorial placentation and regulates immune tolerance for the
embryo during the implantation [13].

These effects seemingly go beyond the HCG's classical endocrine

Fig. 1. Overview of mechanisms for cell therapy approaches in women with different kinds.
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role and probably involves in the regulation of embryo implantation.
Yoshioka et al. (2006) evaluated PBMC's direct effect on the human
endometrium. It was suggested that the intrauterine application of
autologous PBMCs, cultured with HCG, after 48 h, significantly en-
hanced clinical pregnancy, implantation, and live birth rates in cases
suffering from repeated failure of IVF- ET therapy [14]. Afterwards,
according to Okitsu et al. freshly isolated PBMCs' intrauterine admin-
istration efficiently promoted embryo implantation in cases who re-
ceived frozen/thawed embryo transfer after they had experienced more
than 3 IVF failures. These enhancements can be justified by several
alterations being made in the endometrium, where human PBMC can
leave effects on implantation [15]. According to Hashii et al. PBMCs,
co-culture with luteal cells derived from pregnant cases enhanced IL-4,
IL-10, and Th-2-related cytokines production resulting in the embry-
o–maternal cross talk via systemic circulation, inducing endometrial
differentiation, and also promoting embryo implantation. It must be
emphasized that PBMC can secrete proteases. HCG could also provoke
PBMC to secrete IL-8, etc. According to different investigations che-
mokines such as IL-8 and IL-1 play key role in embryo implantation
[16]. Furthermore, Kosaka et al. indicated that utilizing an invasion
assay utilizing human choriocarcinoma-derived BeWo cell mass and
human endometrial epithelial cell culture, the attachment levels of
endometrial cell culture derived from late proliferative and early luteal
phases were severely elevated when the endometrial cells were co-
cultured with autologous PBMC untreated with HCG. It was suggested
that PBMC enhanced the receptivity of endometrial cell in vitro. We
also revealed that HCG-activated PBMCs enhanced JAR cell invasion
[17]. As suggested by Fujiwara et al., PBMC may initiate to proceed
from uterine cavity toward the endometrial stromal tissue after in-
trauterine transfer has made a main pathway for embryo stick and in-
vasion [18]. We have outlined these studies and more in Table 1.

2.2. Lymphocyte therapy

B cells are major components in humoral immunity of the acquired
immune system accounting for about 5–15% of circulating lymphocytes
[19]. The main function of B-lymphocytes is to produce antibodies
against antigens with multiple sources. Beyond this accepted role, B
cells are also able to act as antigen presenting cells (APCs) for the in-
itiation of T cell mediated immune responses [20]. Newly described B-
lymphocytes, also called B10 or regulatory B cells are proposed to po-
sitively modulate pregnancy by hindering Th1 immune responses
through producing IL-10. This cytokine serves a pivotal role in pro-
tecting the pregnancy form detrimental effects of inflammatory stress
during gestation [21].

In a study by Federico Jensen et al. it has been demonstrated that
the transfer of B10/B reg cells from normal pregnant murine into
abortion prone animals on day 0 of pregnancy prevented the fetus from
being rejected by maternal immune system [22]. This function is more
likely exerted through Dendritic Cells (DCs) which abundantly express
IL-10 receptors and are able to alter the functionality of other immune
cells [23]. Furthermore, the transfer of B-10 cells from normal murine
pregnancy to abortion prone mice resulted in decreased number of
mature DCs and increased levels of CD4+ FOXP3+ Tregs [24]. The
regulatory B10 cells residing in the spleen may keep the migratory DCs
in an immature state before leaving the organ. It has been documented
that lymphocyte immunotherapy using B10 regulatory cells is related to
a pregnancy supportive DC phenotype in the spleen. Overall, B10 cells
with their anti-inflammatory properties could be used as a new ap-
proach to treat immune-related spontaneous abortion [25].

B cells produce a population of IgG-type antibodies, so called
asymmetric antibodies, with the ability to bind to antigens with a re-
lative high affinity but are unable to initiate host defense mechanisms
mediating the destruction of foreign antigens. Since these antibodies
are more likely to participate in protection for antigens, it has been
implied that they may take part in the immunological aspects of

protecting the semi allograft fetus maternally derived antibodies in the
maternal-fetal interface [26]. The production of asymmetric antibodies
is increased significantly in maternal serum and placental tissue during
normal gestation, whereas decreased production of which has been
associated with complicated pregnancy [27]. It is postulated that these
antibodies block placental antigens to suppress the immunological at-
tack by maternal Natural Killer (NK) cells and cytotoxic lymphocytes.
The secretion of asymmetric antibodies is more likely to be hormone
regulated [28]. The results from a study by Franziska Fettke et al.
showed that addition of human chorionic gonadotropin (hCG) to in
vitro cultured B cells could boost the production of IL-10 and induce the
synthesis of asymmetric antibodies [29]. Liang P et al. found that
lymphocyte immunotherapy altered the proportion and function of
most lymphocytes subsets in the peripheral blood. Some of these al-
terations may be beneficial for the maintenance of pregnancy. They
may be also potential markers for predicting subsequent abortion [30].
It has been concluded from meta-analysis by Yang-Jiao Hua et al. that
the immunotherapy is beneficial for RSA patients with negative asym-
metric antibodies. After immunotherapy, the levels of blocking anti-
bodies increased dramatically. Following the treatment, increased
production of blocking antibodies was associated with maternal im-
mune tolerance, the survival of fetuses, and the higher pregnancy
success rates. It has also been suggested that there is still significant risk
of miscarriage following immunotherapy. Using lymphocytes form
male partner to treat the recurrent abortion in subjects with negative
BA is a simple and cost effective approach without obvious side effects
[31].

Elram T. et al. demonstrated that administration of high dose IVIg
has less risk and is beneficial to patients with RIF who shares HLA al-
leles with their male partners. Treatment protocol consists of the in-
jection of 30 g of IVIg before embryo transfer and a second similar dose
when the fetal heart rate is noticed [32]. This treatment is mainly ap-
plicable for unexplained cases of RM or as shared HLA alleles between
the parents. Immunization with IVIG, processed from a large pool of
donor containing blocking antibodies, has been reported to be an ap-
propriate treatment in RSA subjects [33]. Jablonowska B. et al. found
that the presence of blocking antibodies is not affected by IVIG treat-
ment. They infused the subjects with 20 g of IVIG as soon as pregnancy
was confirmed (6–8 weeks) followed by every 3 weeks for 5 times in-
jections. Blocking antibodies prior to pregnancy were detected in 19.7%
of women with unexplained RSA and in 30% of controls. The results of
this study indicated that the occurrence of blocking antibodies has no
prognostic and predictive value in women with unexplained RSA
[34].In line with this, other authors have demonstrated that blocking
factors are not associated with the outcome of pregnancy [35,36]. Since
it has been shown that not all women with successful pregnancy pro-
duce blocking antibodies, the deficiency in its production as a cause of
RSA is controversial [37]. The benefit of such treatment is still ques-
tionable, and the data are controversy [38,39]. Due to high costs of
both IVIg treatment and HLA testing, this approach should be con-
sidered as last option in order to treat infertility.

There are associations between different types of T cells (Th1/Th2/
Th17/Tregs) and pathogenesis of unexplained RSA. As reported, pa-
ternal or third party lymphocytes associated immunotherapy has been
considered efficient in treating URSA cases. The balance between Th1/
Th2 cells could be preserved and the promotion of Tregs can be good
after the immunotherapy [40]. Likely, this therapeutic approach en-
hanced a good immune condition for embryo implantation by forming
blocking antibodies and interference with the activity of NK cell, the
immunological response of Th1/Th2 and the balance of regulatory T
lymphocytes [41,42]. Despite controversy over Lymphocyte Im-
munotherapy (LIT), several centers, all around the world have applied
it either in single or combination form on RM women. Pandey et al.
reviewed Randomized Clinical Trials (RCTs) on LIT. It was revealed
that RM women who were treated with paternal LIT had more sa-
tisfactory results (68%) than the controls (54%, p < 0.02).
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Table 1
Types of cell therapy approach (PBMCs) in women with different kinds of miscarriage.

Type of cell therapy
(PBMCs)

Model Mechanism Result Reference

1. PBMCs were obtained from patients
themselves and were cultured with
HCG for 24 h

1. Patients who had not experienced successful
pregnancy despite three or more IVF- ET sessions.

1. Increased the production of Th-2- related cytokines,
interleukins (IL) - 4 and IL- 10, which contribute to
embryo–maternal cross talk via systemic circulation, induce
endometrial differentiation, and promote embryo implantation.

1. Clinical pregnancy rate, implantation rate, and miscarriage
rate in the PBMC treated group (46.24% and 23.66%, n=43
and 22, respectively) were significantly higher than those in
the non- treated group (20.95% and 11.43%, P< 0.05; n=22
and 12, respectively).

[13]

2. PBMCs derived from unpregnant mice
and activated by HCG

2. Pregnant mice were randomly divided into
three groups, including control group; embryo
implantation dysfunction (EID) group; EID with
PBMCs group.

2. These mouse PBMCs, activated by HCG, could induce the
secretion of several cytokines and regulate endometrial function
and differentiation, which made the endometrium a receptive
phase for implantation.

2. Results indicate that intrauterine administration of mouse
PBMCs prior to embryo implantation has a good influence
both on embryonic implantation and endometrial receptivity
in Embryo implantation dysfunction (EID) model mice.

[12]

3. patients with repeated IVF failures, RIF and
endometrial thickness patients

3. we speculate that the hCG- activated
PBMC can facilitate embryo implantation rates and live birth
rates
through an increase expression of cytokines activated by hCG
and an
increase in the Th2/Th1 cytokine ratio during pregnancy

3. These findings indicate that intrauterine administration of
hCG-activated autologous PBMC effectively
improves the IVF outcomes for RIF patients, especially for the
RIF patients with cleavage stage embryo
transfer, patients with thin endometrial thickness also benefit
from this approach

[113]

4. PBMCs were isolated from unrelated
women in the follicular phase

4. Pregnant and non- pregnant women. 4. Peripheral blood mononuclear cells stimulate progesterone
production by luteal cells derived from pregnant and non-
pregnant women.

4. Possible involvement increase secretion of interleukin- 4
and 10 in corpus luteum function and differentiation.

[16]

5. PBMCs were obtained from patients on
the day of oocyte retrieval and were
cultured with HCG

5. with repeated IVF failures 5. PBMC can secrete proteases. Various proteases and their
inhibitors have been produced by human endometrium in the
secretory phase and are proposed to regulate endometrial
function. These proteases may effectively change the function or
structure of surface molecules expressed on the endometrial
luminal epithelial cells.

5. Intrauterine administration of autologous PBMC may be an
effective approach to improve embryo implantation in
patients with repeated IVF failures.

[14]

6.PBMCs derived from healthy non-
pregnant women

6. healthy non-pregnant women 6. hCG as a major embryonal signal stimulates the secretion of
cytokines in human PBMC, which could enhance the ability of
trophoblast cells to invade the extracellular matrix in vitro,
which is accompanied by increased MMP-2, MMP-9, and VEGF
expressions and decreased TIMP-1 and TIMP-2 expressions.

6. this study demonstrated that, as a major embryonal signal,
hCG could activate PBMC to induce the secretion of several
cytokines that promote embryonic invasion

[116]
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Nevertheless, the findings of both randomized and non-randomized
researches showed that RM women (67%)from the study group who
received paternal LIT had successful pregnancy outcomes when com-
pared to 36% of control RM women (p < 0.05) [43]. Opposite to
Pandey et al., a Cochrane review of immunotherapy for RM (2006),
including 12 top prospective RCTs on this treatment, did not reported
satisfactory effects of immunotherapy over placebo. In addition, some
researcher have demonstrated that treatment with paternal leukocytes
may exert side effects to the mother and fetus due to unpredictable
immune reaction to either autologic or allogenic components [44–46].
It was concluded that further researches are needed to demonstrate
potential impacts of the therapy, predicated on an improved under-
standing of the underlying pathophysiology of miscarriages of alloim-
mune origin [47].

In a non –randomized trial by Ndukw G. the infusion of 20% in-
tralipid solution in RIF patients with elevated levels of TH1 cytokines
resulted in a 50% pregnancy rate and 46% clinical pregnancy rate.
Infusion of intralipid was applied once between days of 4 and 9 of the
ovarian stimulation, and for the second time within a week following
positive pregnancy test [48,49]. In a study by Roussev et al. the infusion
of 2–4 ml of 20% intralipid solution dilutes in 250 ml of saline was
reported to effectively suppress abnormal cytotoxic activity of natural
killer (NK) cells. This immune system modulation was achieved by
administration of a single dose and lasted for several weeks. Although
the exact mechanism of intralipid action is still unclear, but it has been
hypothesized that fatty acids within the emulsion act as ligands to
peroxisome proliferator-activated receptors (PPARs) expressed by NK
cells. Activation of PPARs has been demonstrated to decrease cytotoxic
activity of NK cells, which can consequently result in improved im-
plantation and pregnancy rates [50]. The positive effect of intralipid
administration on immune system and enhancing the implantation rate
and pregnancy maintenance is promising. However, after assessing the
available data about this treatment, it is concluded that these findings
should be considered cautiously, and this needs large scale con-
firmatory researches in order to be recommended as a routine option
[51].

After the Cochrane study, immunotherapy gained more attention by
further evidence on its effects. A nonrandomized and controlled trial by
Gharesi-Fard et al. concluded that the frequency of successful preg-
nancies was more in LIT-treated RM group (67/92, 72.8%) when
compared to the untreated cases (44/81, 54.3%). The investigation
reported miscarriage rate LIT treatment to be 20/92 (27.2%), similar to
what we reported in the treatment with LIT 24/106 (22.6%) [52].
According to Wu et al. at the post immunotherapy phase, TNF-α and
IFN-γ significantly decreased. Also at this phase, Th2-type cytokine IL-
10 was significantly elevated. Several studies focused on Lymphocyte
therapy are listed in Table 2.

By secreting pro-inflammatory cytokines such as IL-2 and INF-γ, Th1
cells enhance cytotoxicity function of NK cells, thus inhibiting embryo
implantation and its later developments.Th2 cells produced anti-in-
flammatory cytokines including IL-4 and IL-10, which protect the em-
bryo against immune system attacks by suppressing Th1 responses [53].
Studies have shown that the delicate balance between Th1/Th2 cyto-
kines profile regulated fetomaternal immune tolerance during preg-
nancy [54]. Th1 cells are associated with harmful conditions in preg-
nancy because some Th1-mediated effectors take part in acute allograft
rejection, whereas, Th2-related cytokines seemed to be a key player in
the induction and maintenance of allograft tolerance [55]. Also, CD4+
CD25+ FOXP3+ T cells (T reg) played an important role in inducing
and maintenance of tolerance to semi allergenic fetus during pregnancy
by suppressing maternal allergenic responses [56] . Studies have de-
monstrated that imbalance among Th1/Th2/T reg cells is involved in
immune pathology of unknown RM [30,57]. Immunotherapy with high
dose lymphocytes (more than 1 × 108) slightly influenced on im-
proving live birth rate in patients with uRM, while immunotherapy
using low dose (less than 1× 108) significantly improved pregnancy Ta
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success rate in subjects with uRM [56]. Also, it has been revealed that
immunotherapy with fresh lymphocytes, rather than frozen lympho-
cytes, was associated with deceased rate of miscarriage and improved
rate of live birth per embryo transfer. Moreover, performing im-
munotherapy before and during pregnancy had better outcomes in
comparison with that performed only before conception [58,59].
Menguan Liu et al. showed that low dose lymphocyte immunotherapy
before and during pregnancy could effectively decrease high levels of
Th1 cells and enhance low levels of Th2 and Tregs. They also demon-
strated that serum concentration of TGF-β1 was significantly increased
following lymphocyte immunotherapy. By inducing Tregs differentia-
tion from CD4 + CD25+T cells and inhibiting the activity of various
cytokines including IFN-g and TNF-α, TGF-β1 promotes the expression
of FOXP3. This can be beneficial for successful pregnancy and restores
the balance of Th1/Th2/T reg paradigm [60,61].

In a study by L. Goa et al. it has been reported that the percentage of
CD4 T cells and CD4:CD8 ratio was higher in uRSA patients before
immunotherapy when compared to spontaneous abortion and control
counterparts. Also, the proportion of CD8+ cells was lower in uRSA
group before LIT compared to SA and control groups. Moreover, it has
been demonstrated that following low dose therapy in uRSA group, the
percentage of CD4 cells and CD4:CD8 ratio, lymphocyte count, and the
proportion of NK cells were significantly decreased, while the percen-
tage of CD8 cells increased. Furthermore, no difference in the propor-
tion of B cells was detected before and after therapy among uSRA
subjects when compared to SA and control groups [62]. The mechanism
of actions of lymphocyte immunotherapy is the proliferation of B10
cells, production of blocking and asymmetric antibodies, reducing NK
cell activity, improving Th1/Th2/Tregs paradigm with Th2 pre-
dominance and improving T reg cell profile [63].

Overall, it has been suggested that lymphocyte immunotherapy
could be safe and optimal approach to treat immune-related infertility
conditions if performed with fresh lymphocytes, both before and during
pregnancy, with a proper dose lymphocytes and applied intradermally
to well-selected couples.

2.3. Platelet-Rich Plasma (PRP)

Well-known for its safety, autologous Platelet-Rich Plasma (PRP) is
another alternative. The utilization of these platelet products is initiated
since 1970s and becoming popular in1990s [64]. As blood components,
platelets mainly act in hemostasis. Through the recovery, cytokines,
chemokines, and growth factors are secreted from α-granules inside
platelets [65]. Different secreted proteins leave paracrine effects on
Mesenchymal Stem Cells (MSCs) with different origins (29), tendon
cells (28), myocytes (27), osteoblasts (31), chondrocytes (30), fibro-
blasts, and endothelial cells (32).

They can also stimulate cell migration, proliferation, and angio-
genesis leading to the induction of tissue regeneration. An investigation
on murine model claimed that autologous PRP intrauterine infusion
boosted damaged endometria regeneration with the fibrosis within to
be decreased [66].

Endometriosis is a disorder that affects at least 10% of cases at the
reproductive age [67,68]. The role of endometriosis in Assisted Re-
productive Techniques (ARTs) success is still a matter of dispute [69].
Nevertheless, a number of investigations have indicated that the pre-
sence of this disorder negatively affects implantation and pregnancy
even when fertilization happens extra-corporeally [69].

The initial report about the application of autologous PRP in
treating fertility discussed about its intrauterine infusion on barren
mares [70]. Inflammatory biomarkers expression of uterine biopsies
extracted from mares, vulnerable to persistent mating, caused en-
dometritis post-intrauterine PRP infusion suggesting mRNA expressions
of interleukins IL-1β, IL-6, and IL-8 to be remarkably downregulated
compared to the untreated females [71]. As a result, a significant ele-
vation on gestation rates was observed in barren mares receiving

intrauterine PRP infusion at pre-mating phase. Furthermore, Reghini
et al. found that, in mares suffering from chronic degenerative en-
dometritis, the intrauterine infusion of PRP efficiently modulated the
aggravated uterine inflammatory response to semen [72].

Other in vitro investigation utilizing a cow model of endometrial
inflammation revealed the promoted proliferation rate of PRP-treated
cells and elevated expression of some implantation-involved genes. It
was also found that progesterone receptor gene expression was elevated
in endometrial biopsies of PRP infusion-treated cows at the day 4th
post-estrus. These allowed them to propose potential in vivo treatment
of cow endometritis with PRP [73].

Platelets supposed involvement in human implantation process was
initially claimed by Sato et al. As they noticed, together with extra-
villous trophoblast cells, platelets replaced muscle layer and en-
dothelium and remodeled spiral arteries to be dilated. It resulted in a
good blood supply into the intervillous space in the placenta [74].

According to Fujiwara et al. maternal immune system recognizes
embryo in genital tract, those circulating immune cells in peripheral
system act on reproductive organs to assist implantation. All these
findings resulted in a claim that called circulating platelets as new
regulators of neovascularization and luteinization in tissue remodeling
procedure through the formation of corpus luteum [75]. The notion was
then generalized and developed to all types of peripheral blood cells.
Therefore, all components of peripheral blood such as platelets can play
role in embryo–maternal crosstalk and endometrial remodeling at the
time of implantation [76].

As suggested by Chang et al. more satisfactory outcomes on en-
dometrial growth and gestation were achieved when PRP was infused
in patients with thin endometrium (< 7 mm) [77].

It was proceeded by other investigations indicating better en-
dometrial growth and satisfactory fertility outcomes in patients who
had thin endometrium [78].

Finally, according to a case report study, pregnancy outcome was
satisfactory in a patient who was diagnosed with RIF and was treated
with the administration of autologous intrauterine PRP, before embryo
transfer [79]. Based on a more recent study, neo-angiogenesis was
promoted by PRP intrauterine infusion. According to the study, the
administration of PRP in infertile cases who underwent frozen embryo
transfer cycles with suboptimal endometrium caused remarkable ele-
vation of vascularity that were indicated by a number of vascular sig-
nals visible in Power Doppler and reaching endometrium zones 3 & 4
[80]. There was a significant increase in endometrial thickness and
chemical and clinical gestations rates after PRP treatment in these pa-
tients. No report, however, presented data on the type of uterine cell
(stromal, epithelial, vascular, blood, or glandular cells) and also on the
efficient blood preparation procedure that would improve receptivity
and pregnancy [81]. Studies that attempted to restore fertility using
PRP are summarized in Table 3.

2.4. Stem cells therapy

Among different types of cell therapy, stem cell therapy is regarded
as an efficient therapeutic approach in this field. Multipotent stem cells
and pluripotent stem cells are two main types of stem cells [82]. Great
bulk of investigations have pointed out that the utilization each of these
subgroups has its own merits and demerits [83].

According to several pieces of evidence, the utilization of stem cell
therapy can be considered as an efficient therapeutic strategy in the
field of infertility-related diseases. So far, many clinical trials have been
conducted to evaluate the efficiency of stem cell therapies on humans.
Utilizing stem cells as therapeutic agents have several advantages in-
cluding convenient sampling, abundant sources, and avoidable ethical
issues. Nevertheless, the strategy has its own challenges and finding
their solutions and utilizing them as efficient therapeutic approach in
patients who suffer from infertility disorders is necessary issue [84].
While the treatment with stem cells for various indications in
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Table 3
Types of cell therapy approaches (Platelet-Rich Plasma (PRP)) in women with different kinds of miscarriage.

Type of cell therapy Model Mechanism Result Reference

Platelet-Rich Plasma
(PRP)

1. Women with unexplained infertility 1. It could be explained by the release of cytokines and growth factors,
including vascular endothelial growth factor (VEGF), transforming growth
factor, platelet-derived growth factor, and epidermal growth factor which
can regulate cell migration, attachment, proliferation and differentiation
and promote extracellular matrix accumulation.

1. Thin endometrium and poor ovarian response could be the possible
etiologies behind unexplained infertility. Autologous platelet rich plasma (A-
PRP) is a novel technique than can treat unexplained infertility with favorable
outcomes

[123]

2. Women with thin endometrium 2. PDGF may exert positive effect on tissue regeneration through its
mitogenic activity and synergy with TGF-b1.TGF-bis the most important
growth factor released by platelets during healing and contributes to
proliferation of fibroblasts, narrow stem cells, and osteoclasts captivity

2. PRP plays a positive role in promoting endometrium proliferation,
improving embryo implantation rate and clinical pregnancy rate for women
with thin endometrium

[124]

3. Women who had a history of two or more
failed IVF cycles and refractory thin
endometrium

3. PRP that contains several growth factors and cytokines may improve
endometrial receptivity and implantation

3. The use of autologous PRP improved the implantation, pregnancy, and live
birth rates (LBR) of the patients with refractory thin endometrium.

[125]

4. Repeated implantation failure patients 4. PRP that contains several growth factors and cytokines may improve
endometrial receptivity and implantation

4. It seems that platelet-rich plasma is effective in improvement of pregnancy
outcome in RIF patients.

[126]

5. Women with thin endometrium 5. PRP that contains several growth factors and cytokines may improve
endometrial receptivity and implantation

5. Platelet-rich plasma and its biostimulation effects on the endometrial
microvasculature seems to be beneficial to patients with refractory
endometrium, providing an increase in endometrial receptivity and a
consequent increase in implantation rates

[80]

6. Women with thin endometrium 6. Inefficient expression of adhesion molecules can be replaced by PRP 6. platelet rich plasma (PRP) can improve endometrium thickness and
performance

[127]

7. Infertile women undergoing frozen
embryo transfer

7. PRP releasing cytokines and growth factors, including vascular
endothelial growth factor (VEGF), transforming growth factor, platelet-
derived growth factor, and epidermal growth factor.

7. This study suggests that the use of autologous PRP holds promise in the
treatment of women with suboptimal ET and vascularity for embryo transfer

[78]

Table 4
Types of Stem cells therapy approaches in women with different kinds of miscarriage.

Type of cell therapy
“ Stem cells”

Model Mechanism Result Reference

Mesenchymal stem cells
1. Mesenchymal stem cells derived from

Wharton jelly of the human umbilical
cord

1. Endometrial tissues were
obtained from women undergoing
hysterectomy.

1. We suppose that this mechanism of action of WJ-MSCs occurs
through promotion of VEGF production and down-regulation of
caspases 3, 8, and 9

1. The proliferation of these damaged cells was significantly increased
and apoptosis percentage decreased.

[128]

2. Syngeneic adipose derived MSCs 2. Abortion prone mice during the
implantation window

2. MSCs administration to pregnant mice modulated the Th1/Th2
cytokines balance.

2. MSCs therapy significantly reduced the abortion rate in abortion
prone mouse model.

[89]

3. Rat bone marrow-derived mesenchymal
stem cells (BM-MSCs)

3. Rat with injuries of endometrium 3. The wounded tissue adjacent to collagen/BM-MSCs constructs
expressed higher level of bFGF, IGF-1, TGFβ1 and VEGF than the
corresponding tissue in rats receiving collagen construct alone or in
spontaneous regeneration group

3. The collagen/BM-MSCs system increased proliferative abilities of
uterine endometrial and muscular cells, facilitated microvasculature
regeneration, and restored the ability of endometrium to receive the
embryo and support its development to a viable stage.

[92]

4. Rat bone marrow mesenchymal stem cell
(BMSC)

4. Endometrial thickness 4. BMSCs injection can impact on several growth factors and
cytokines secretion

4. The BMSCs have beneficial effect on thin endometrium, and may play
a role through migration and immunomodulatory of BMSCs.

[131]

Human amniotic epithelial cells
1. Human amniotic epithelial cells derived

from human placenta
1. Women with unexplained
recurrent spontaneous abortion

1. hAECs showed the ability to induce differentiation of Tregs and
production of transforming growth factor-beta1 (TGF-β1) and
interleukin-10 (IL-10).

1. Based on these findings, hAECs can be considered as one potential
candidate in immunotherapy of patients with URSA

[103]

Decidual stromal Cells (DSCs)
1. Human pre DSC lines 1. A murine model of immune-

based recurrent abortion.
1. DSCs injection can impact on several growth factors and
cytokines secretion

1. Our results confirm that preDSCs are decidual MSCs and suggest that
these cells are involved in the mechanisms of maternal-fetal immune
tolerance.

[132]
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reproductive medicine seems to be very attractive, one has to proceed
with cautious optimism and must be careful not to exaggerate the
promises of this approach. On the other hand, stem cells can activate
dormant cells and suppressor cells and also encourage them to re-enter
the cell cycle, proliferating by division. Then, this increases the number
of new cells in the body which causes malignancy, is difficult to control
and may also require many steps to differentiate into desired cell type
[85]. Types of stem cell therapy approaches in women with different
kinds of miscarriage are discussed below and listed in Table 4.

2.4.1. Mesenchymal Stem Cells (MSCs)
Umbilical cord blood, adipose tissue, amniotic fluid, endometrium,

and others are the major origins of Mesenchymal Stem Cells (MSCs).
These cells possess unique characteristics including differentiation
ability, self-renewal capability, and forming colony [86].

They can be isolated from amniotic membrane/ fluid, cord blood,
placental tissue, umbilical cord vein, and Wharton's jellies, which are
contained in the umbilical cord, sometimes referred to as umbilical cord
tissue. Moreover, these cells can secrete trophic factors including
growth factors and cytokines [87].

MSCs-included therapeutic strategies can contribute into the reg-
ulation of systemic and local Th1/Th2 cytokines production as well as
fetus protecting in abortion-prone mice. MSCs utilization in treating
different cell types is now being studied [88,89]. Premature ovarian
failure is another reason for female infertility. In rat models, in-
vestigations applying cyclophosphamide indicated the regression of
experimentally-induced premature ovarian failure. Based on the serum
levels of FSH and E2 and production of follicular and corpus luteum
responses, the intravenous injection of male rats-derived Bone Marrow
(BM)-MSCs converted the high nutritional and low estrogen status of
experimental rats in the treatment group [90]. As suggested by Johnson
et al. BM transplanted into female mice produced new oocytes and
follicles in their ovaries. Endometriosis is other main reason for in-
fertility in females [91].

Ding et al. produced BM-MSCs on a degradable collagen membrane.
In rats, BM-MSC-collagen transplantation was applied in treating acute
endometrial injuries. More particularly, MSCs migrated to the injured
zones like endometrial basement. Here, the potential process was that
MSCs secreted fibroblast growth factors in order to make local en-
dometrial fineness [92]. According to a number of investigations, MSCs
of human umbilical cord hampered endometriotic cells proliferation in
vitro while elevating apoptosis. Additionally, according to a number of
investigations, smoking leaves inhibitory effects on BM-MSCs recruit-
ment and differentiation into uterus cells [93].

The presence of “endometrial stem cells” which are the residing
stem cells that structurally cloned endometrium and function as MSCs
has been demonstrated by some investigations. As an autologous
source, the transplantation of endometrial stem cells has possible uti-
lization in the recovery of endometriosis. To scrutinize the complicated
mechanism between MSCs and its different associated disorders that
result in female infertility, more clinical experiments on MSCs must be
carried out because of the current scientific outcomes on the role of
MSCs in female infertility-related disorders are restricted to findings in
animal models [94].

Li Y et al., in their study, indicated the effects of MSCs on abortion
in LPS-induced and spontaneous pregnant mice. The mechanism was
the suppression of inflammatory responses mediated by systemic and
decidua T-cells, shifting pro-inflammatory macrophages (M1) to an
anti-inflammatory phenotype (M2) in the decidua through the inter-
action between CD200 on MSCs with CD200R on M1 that enhanced the
production of Tumor Necrosis Factor (TNF)-stimulated gene-6 (TSG-6)
by MSCs and resulting in immunosuppression and decreasing fetal loss
in these mice. As noticed by Salek Farrokhi et al. MSCs decreased
abortion rate in mice prone to abortion. In fact, by downregulation of
Th1 cytokines and induction of Th2 cytokines together with the re-
duction of lymphocyte proliferation response to paternal antigens.

Furthermore, as reported by another investigation, in RSA mouse
model, abortion rate was declined by MSCs therapy and pregnancy
outcome was improved all through the upregulation of IL-10 and TGF-b
and downregulation of TNF-a and also the expression of IFN-g mRNA
[95].

Tersoglio et al. found that the transfer of endometrial MSCs
(enMSCs) in thinned endometrium, along with the absence or hypo-
responsiveness to estrogen and Repeated Implantation Failure (RIF)
caused higher rate of In Vitro Fertilization (IVF), and also higher rates
of clinical pregnancy and live birth delivery [96].

2.4.2. Embryonic stem cells
Reproduction has a close association with Pluripotent Stem Cells

(PSCs). In 1981, the first PSCs were isolated from a blastocyst inner cell
mass named Embryonic Stem Cells (ESCs) [97].

In body, PSCs are able to differentiate into any type of cell ranging
from nerves, muscles, and skin cells to oocytes and sperm cells (but not
the placenta). Firstly established in 1998, human ESCs were utilized in
different fields of stem cells. Cultured in vitro, PSCs rapidly proliferated
and regenerated to make adequate cells to treat disease and also
modeling and drug screening [98].

Markers such as Sox2, Oct4, Nanog, and Ssea1 are expressed by
mouse ESCs pluripotent and in chimeric mouse, they could result in
both somatic and germ cells. In 1995, the initial primate ESCs were
successfully derived from rhesus monkey. Three years later, the same
scientists claimed that they derived ESCs from human embryos being
produced through IVF for reproductive aims. Human ESCs have shown
their great potentiality in establishing IVF embryos, however, they are
allogeneic in terms of potential recipients and some ethical / technical
limitations exist in terms of their derivation and application [99].

Nevertheless, there exist other types of PSCs that can be applied for
regenerative purposes. They include induced pluripotent stem cells,
homozygous ESCs derived through parthenogenesis or androgenesis,
and ESCs derived through somatic cell nuclear transfer [100].

2.4.3. Human amniotic epithelial cells
As a possible origin of stem cells, human amniotic epithelial cells

can be derived from the amniotic membrane that is the nearest layer to
the fetus and is in touch with the amniotic fluid. Beside their capability
of differentiating into different endoderm, ectoderm, and mesoderm-
originating cells including myocytes, pancreatic cells, cardiomyocytes,
hepatocytes, adipocytes, and neural cells several, investigations have
indicated that hAECs leaves immunomodulatory effects on innate and
adaptive immune cells [101].

hAECs can significantly suppress the proliferation of B cell and also
hinder the migration of macrophages and neutrophils. Moreover, they
can hamper the activation of CD4+ T cells and decrease CD4+ T cells
production of proinflammatory cytokines [102].

As reported by Motedayyen et al. hAECs inhibited cell division of
naive CD4+ T cells in a dose-dependent manner. A number of reports
have indicated that hAECs suppressed the proliferation of T cells by
producing PGE2 and TGF-β1. It was also noticed that hAECs could
produce TGF-β1. The evaluation of immunoregulatory impacts of
hAECs on Th1/Th2 cytokine profile revealed a notable decline in the
level of IFN-γ in all examined hAECs to naive T cells co-culture ratios
after 3 & 6 days. It is in parallel to the in vitro experiments carried out
on CD4+ T cells taken from healthy cases. In addition, it was noticed
that after 3 days of co-culture, the levels of IL-4 increased however, it
was not true about 6 days after co-culture, that can be due to the in-
stable nature of this cytokine and its quick degradation [103].

2.4.4. Decidual Stromal Cells (DSCs)
Human Decidual Stromal Cells (DSCs) play role in pregnancy

maintenance and development. They are key players in inducing im-
munological maternal–fetal tolerance. DSCs precursors are placed
around the vessels and according to their antigen phenotype, the former
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investigations have pointed to the linkage between pre-DSCs and me-
senchymal stromal/stem cells [104].

Pre-DSCs can be derived from both decidua and endometrium.
Munoz-Fernandez et al. explained that pre DSC are, in fact, decidual
MSCs that reduce the resorption /implantation ratio in a murine model
of immune system (DBA/2 mated CBA/J) that mediated human RSA.
Furthermore, in terms of regulatory activities, DSCs have been de-
monstrated as potentially key components of cell therapies for immune-
mediated diseases [105].

3. Future perspective of cell therapy in reproductive failures

In recent years, significant progress has been made in female in-
fertility. In the field of female infertility, stem cells can be used for
ovarian regeneration and oocyte generation. Ovarian failure is in-
evitable with age. In recent years, two germline stem cells: “female
Germ Stem Cells” (fGSC) or “Ovarian Stem Cells” (OSCs) have been
reported to induce ovarian regeneration and a sustained ovarian func-
tion. Oogonial Stem Cells (OSCs) biology is partially a novel field. As
one of the main dogmas in reproductive biology, it has been revised
only within the last 10 years. There is still controversy over the ex-
istence and importance of OSCs and whether they can promote ovarian
function, either in long or short term, or can be efficient in female
fertility. After they transplanted into mice, female germline stem cells
have been discovered to developmentally increase competent oocytes,
it can be also observed in humans [106]. Definitely, further investiga-
tions are required to demonstrate the quality and genetic integrity of
OSCs-derived oocytes prior to any clinical application. Up to the pre-
sent, there is no scientific evidence on a fertilizable OSCs or other stem
cell-derived oocyte in any animal save the mouse. Thus, further studies
must be conducted to evaluate any potential clinical role or the effect of
OSCs on female fertility treatment [107].

Furthermore, the biology and function of induced Pluripotent Stem
Cells (iPSCs) is novel field in infertility therapy. Yamanaka research
team found four transcription factors (Oct4, Klf4, Sox2, and c-Myc) in
August 2006. They were transferred into mouse fibroblasts and repro-
grammed into iPSCs. The homogenous morphology was found between
IPSCs and ESCs. They also expressed ESC markers, had normal kar-
yotypes, expressed telomerase activity, and preserved three main em-
bryonic layers differentiation potential. Accordingly, it can be said that
as adult cells, iPSCs can be genetically reprogrammed into the situation
in which they become similar to ESC by expressing factors and genes
important for preserving ESC features [108].

In fact, different kinds of somatic cells have the potentiality to be
reprogrammed into iPSCs, particularly through gene introduction
technology. It is reported that mouse iPSCs acquire the developmental
pluripotency of ESCs. Several advantages are mentioned for IPSCs over
human ESCs. For instance, utilizing them is not accompanied by im-
mune rejection or ethical problems. Also, azoospermia patients, sperms
can be taken from iPSCs cells [109]. Male-specific development needs
the early embryoid body expression of Stra-8 stimulated by retinoic
acid. RA has been utilized in some investigations to increase in vitro
differentiation of iPSCs into PGCs and SSCs. In mice treated with bu-
sulfan and after the induction, through transplanting their derived germ
cells into the seminiferous tubules iPSCs are differentiated into mature
male germ cells [110].

Transplanting stem cells or their derivatives into the corresponding
organs or tissues is one of the most hopeful therapeutic approaches for
many untreatable diseases. Nevertheless, due to the complexity and
specificity of human immune system, gaining immunocompetent cells
from any specific patient seems to be a challenging issue [111] .

iPSCs and gene-editing technologies have represented great po-
tentiality in gaining healthy autologous cells. Also, in spite of techno-
logical advancements in reprogramming, it is not still possible to
transplant iPSCs into patients, except for in-progress clinical experi-
ments. There are still rare reports on the functional and molecular

equivalence of iPSCs and human ESCs and before the clinical applica-
tion, the epigenomic and genome integrity of human iPSCs must be
fully scrutinized [112]. In summary, stem cells are seen as a new hor-
izon for improving the treatment of female infertility through their
ability to regenerate.

4. Conclusion

Development of methods to preserve and restore fertility of patients
subjected to cell-therapies has become an urgent matter in these last
few decades. Cell therapy is an expanding field seeking to alleviate
numerous diseases involving chronic inflammation, fibrosis, and wound
repair. Further characterization of individual cell products, their mode
of action, and larger clinical trials will be essential to establishing cell
therapy as a viable option for the treatment of infertility and fertility
preservation.

In developing targeted cell therapies, a stronger understanding as to
what needs to be treated, when it should be treated, how often and
what cell type would offer the most efficacious effect is essential. This
knowledge will significantly aid our development of novel cell thera-
pies for the treatment of reproductive failures with differing patho-
physiology.

Infertility is both a medical and a social problem that affects a large
female population worldwide and is undoubtedly a disease. It is asso-
ciated to a number of pathophysiological conditions and its pathogen-
esis is frequently undefined, with relative uncertainty to establish the
appropriate treatment choices. Based on the availability of novel and
potent technologies in the field of the reproductive medicine, it is de-
sirable that these emerging evidences give a contribution to the solution
of the problems related to infertility, particularly in developing coun-
tries, where the disease is largely diffused.

Authors' contributions

Ramin Pourakbari and Hamid Ahmadi wrote the manuscript and
participated in literature survey. Mehdi Yousefi participated in litera-
ture survey. Leili Aghebati-Maleki edited the final version of the
manuscript, designed and supervised the study, whole correspondence
during the paper submission. All authors read and approved the final
manuscript.

Acknowledgements

Research Vice-Chancellor, Tabriz University of Medical Sciences,
Tabriz, Iran supported this work financially (grant number: 62058).

Declaration of competing interest

The authors declare that the research was conducted in the absence
of any commercial or financial relationships that could be construed as
a potential conflict of interest.

References

[1] M. Ghaebi, et al., T cell subsets in peripheral blood of women with recurrent
implantation failure, J. Reprod. Immunol. 131 (2019) 21–29.

[2] N.C. Stentz, et al., Infertility and mortality, Am. J. Obstet. Gynecol. 222 (3) (2020)
251. e1–251. e10.

[3] G. Sheikhansari, et al., Etiology and management of recurrent implantation
failure: a focus on intra-uterine PBMC-therapy for RIF, J. Reprod. Immunol. 39
(2020) 103121.

[4] H.B. Ford, D.J. Schust, Recurrent pregnancy loss: etiology, diagnosis, and therapy,
Rev. Obstet. Gynecol. 2 (2) (2009) 76–83.

[5] Medicine, P.C.o.t.A.S.f.R, Definitions of infertility and recurrent pregnancy loss: a
committee opinion, Fertil. Steril. 99 (1) (2013) 63.

[6] S. Abdolmohammadi-Vahid, et al., The effectiveness of IVIG therapy in pregnancy
and live birth rate of women with recurrent implantation failure (RIF): a sys-
tematic review and meta-analysis, J. Reprod. Immunol. 134-135 (2019) 28–33.

[7] C. Coughlan, et al., Recurrent implantation failure: definition and management,

R. Pourakbari, et al. Life Sciences 258 (2020) 118181

9

http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0005
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0005
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0010
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0010
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0015
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0015
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0015
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0020
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0020
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0025
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0025
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0030
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0030
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0030
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0035


Reprod. BioMed. Online 28 (1) (2014) 14–38.
[8] R. Pourakbari, et al., The potential of exosomes in the therapy of the cartilage and

bone complications; emphasis on osteoarthritis, Life Sci. 236 (2019) 116861.
[9] L. Aghebati-Maleki, et al., Prospect of mesenchymal stem cells in therapy of os-

teoporosis: a review, J. Cell. Physiol. 234 (6) (2019) 8570–8578.
[10] H.D. Humes, M.S. Szczypka, Advances in cell therapy for renal failure, Transpl.

Immunol. 12 (3–4) (2004) 219–227.
[11] A.J. Leo, D.A. Grande, Mesenchymal stem cells in tissue engineering, Cells Tissues

Organs 183 (3) (2006) 112–122.
[12] N. Yu, et al., Intrauterine administration of peripheral blood mononuclear cells

(PBMCs) improves endometrial receptivity in mice with embryonic implantation
dysfunction, Am. J. Reprod. Immunol. 71 (1) (2014) 24–33.

[13] N. Yu, et al., Intrauterine administration of autologous peripheral blood mono-
nuclear cells (PBMCs) activated by HCG improves the implantation and pregnancy
rates in patients with repeated implantation failure: a prospective randomized
study, Am. J. Reprod. Immunol. 76 (3) (2016) 212–216.

[14] S. Yoshioka, et al., Intrauterine administration of autologous peripheral blood
mononuclear cells promotes implantation rates in patients with repeated failure of
IVF–embryo transfer, Hum. Reprod. 21 (12) (2006) 3290–3294.

[15] O. Okitsu, et al., Intrauterine administration of autologous peripheral blood
mononuclear cells increases clinical pregnancy rates in frozen/thawed embryo
transfer cycles of patients with repeated implantation failure, J. Reprod. Immunol.
92 (1–2) (2011) 82–87.

[16] K. Hashii, et al., Peripheral blood mononuclear cells stimulate progesterone pro-
duction by luteal cells derived from pregnant and non-pregnant women: possible
involvement of interleukin-4 and interleukin-10 in corpus luteum function and
differentiation, Human reproduction (Oxford, England) 13 (10) (1998)
2738–2744.

[17] K. Kosaka, et al., Human peripheral blood mononuclear cells enhance cell–cell
interaction between human endometrial epithelial cells and BeWo-cell spheroids,
Hum. Reprod. 18 (1) (2003) 19–25.

[18] H. Fujiwara, Do circulating blood cells contribute to maternal tissue remodeling
and embryo–maternal cross-talk around the implantation period? Mol. Hum.
Reprod. 15 (6) (2009) 335–343.

[19] S. Pathak, U. Palan, Immunology: Essential and Fundamental, Anshan, Tunbridge,
2012.

[20] C.A. Janeway Jr., J. Ron, M.E. Katz, The B cell is the initiating antigen-presenting
cell in peripheral lymph nodes, J. Immunol. 138 (4) (1987) 1051–1055.

[21] L. Brossay, et al., Mouse CD1 is mainly expressed on hemopoietic-derived cells, J.
Immunol. 159 (3) (1997) 1216–1224.

[22] F. Jensen, et al., Regulatory B10 cells restore pregnancy tolerance in a mouse
model 1, Biol. Reprod. 89 (4) (2013).

[23] P. Allavena, et al., IL-10 prevents the differentiation of monocytes to dendritic
cells but promotes their maturation to macrophages, Eur. J. Immunol. 28 (1)
(1998) 359–369.

[24] A. Schumacher, et al., Blockage of heme oxygenase-1 abrogates the protective
effect of regulatory T cells on murine pregnancy and promotes the maturation of
dendritic cells, PLoS One 7 (8) (2012) e42301.

[25] A.G. Blidner, G.A. Rabinovich, ‘Sweetening’ pregnancy: galectins at the fetoma-
ternal Interface, Am. J. Reprod. Immunol. 69 (4) (2013) 369–382.

[26] T. Gentile, et al., Preferential synthesis of asymmetric antibodies in rats im-
munized with paternal particulate antigens. Effect on pregnancy, J. Reprod.
Immunol. 22 (2) (1992) 173–183.

[27] A.C. Zenclussen, et al., Asymmetric antibodies and pregnancy, Am. J. Reprod.
Immunol. 45 (5) (2001) 289–294.

[28] A. Canellada, et al., Interleukin regulation of asymmetric antibody synthesized by
isolated placental B cells, Am. J. Reprod. Immunol. 48 (4) (2002) 275–282.

[29] F. Fettke, et al., Maternal and fetal mechanisms of B cell regulation during preg-
nancy: human chorionic gonadotropin stimulates B cells to produce IL-10while
alpha-fetoprotein drives them into apoptosis, Front. Immunol. 7 (2016) 495.

[30] P. Liang, et al., Comprehensive analysis of peripheral blood lymphocytes in 76
women with recurrent miscarriage before and after lymphocyte immunotherapy,
Am. J. Reprod. Immunol. 68 (2) (2012) 164–174.

[31] Y.-J. Hua, et al., Lymphocyte immunotherapy for recurrent spontaneous abortion
in patients with negative blocking antibody, Int. J. Clin. Exp. Med. 9 (6) (2016)
9856–9867.

[32] T. Elram, et al., Treatment of recurrent IVF failure and human leukocyte antigen
similarity by intravenous immunoglobulin, Reprod. BioMed. Online 11 (6) (2005)
745–749.

[33] G. Mueller-Eckhardt, et al., Prevention of recurrent spontaneous abortion by in-
travenous immunoglobulin, Vox Sang. 56 (3) (1989) 151–154.

[34] B. Jablonowska, et al., Blocking antibodies in blood from patients with recurrent
spontaneous abortion in relation to pregnancy outcome and intravenous im-
munoglobulin treatment, Am. J. Reprod. Immunol. 45 (4) (2001) 226–231.

[35] E.S. Park MI, J.R. Scott, D. Ware Branch, Interpretation of blocking activity in
maternal serum depends on the equation used for calculation of mixed lymphocyte
culture results, Clin. Exp. Immunol. 82 (1990) 363–368.

[36] C.A. Pena RB, J.H. Botero, G.P. Garcia, A. Gallego, O.J. MI, The production of
MLR-blocking factors after lymphocyte immunotherapy for RSA does not predict
the outcome of pregnancy, Am. J. Reprod. Immunol. 39 (1998) 120–124.

[37] I.L. Sargent, T. Wilkins, C.W. Redman, Maternal immune responses to the fetus in
early pregnancy and recurrent miscarriage, Lancet 2 (8620) (1988) 1099–1104.

[38] B. Ata, et al., A systematic review of intravenous immunoglobulin for treatment of
unexplained recurrent miscarriage, Fertil. Steril. 95 (3) (2011) p. 1080-5.e1-2.

[39] O.B. Christiansen, et al., A randomized, double-blind, placebo-controlled trial of
intravenous immunoglobulin in the prevention of recurrent miscarriage: evidence

for a therapeutic effect in women with secondary recurrent miscarriage, Hum.
Reprod. 17 (3) (2002) 809–816.

[40] L. Wu, et al., Alteration of Th17 and Treg cells in patients with unexplained re-
current spontaneous abortion before and after lymphocyte immunization therapy,
Reprod. Biol. Endocrinol. 12 (2014) 74.

[41] S. Agrawal, M.K. Pandey, A. Pandey, Prevalence of MLR blocking antibodies be-
fore and after immunotherapy, J Hematother Stem Cell Res 9 (2) (2000) 257–262.

[42] A.C. Zenclussen, et al., Abnormal T-cell reactivity against paternal antigens in
spontaneous abortion: adoptive transfer of pregnancy-induced CD4+CD25+ T
regulatory cells prevents fetal rejection in a murine abortion model, Am. J. Pathol.
166 (3) (2005) 811–822.

[43] M.K. Pandey, S. Thakur, S. Agrawal, Lymphocyte immunotherapy and its probable
mechanism in the maintenance of pregnancy in women with recurrent sponta-
neous abortion, Arch. Gynecol. Obstet. 269 (3) (2004) 161–172.

[44] H.J. Carp, V. Toder, S. Mashiach, Graft versus host or host versus graft reaction
after paternal immunization, Fertil. Steril. 58 (5) (1992) 1085–1087.

[45] S.A. Pearlman, et al., Neonatal alloimmune thrombocytopenia after maternal
immunization with paternal mononuclear cells: successful treatment with in-
travenous gamma globulin, Am. J. Perinatol. 9 (05/06) (1992) 448–451.

[46] T. Tanaka, et al., Neonatal thrombocytopenia induced by maternal anti-HLA an-
tibodies: a potential side effect of allogenic leukocyte immunization for un-
explained recurrent aborters, J. Reprod. Immunol. 46 (1) (2000) 51–57.

[47] T.F. Porter, Y. LaCoursiere, J.R. Scott, Immunotherapy for recurrent miscarriage,
Cochrane Database Syst. Rev. 2 (2006) Cd000112.

[48] M. Ahmadi, et al., NK cell frequency and cytotoxicity in correlation to pregnancy
outcome and response to IVIG therapy among women with recurrent pregnancy
loss, J Cell Physiol. 234 (6) (2019) 9428–9437.

[49] G. Ndukwe, Recurrent embryo implantation failure after in vitro fertilisation:
improved outcome following intralipid infusion in women with elevated T helper
1 response, Hum. Fertil. (Camb.) 14 (2) (2011) 1–88.

[50] R.G. Roussev, et al., Duration of intralipid’s suppressive effect on NK cell’s func-
tional activity, Am. J. Reprod. Immunol. 60 (3) (2008) 258–263.

[51] N. Shreeve, K. Sadek, Intralipid therapy for recurrent implantation failure: new
hope or false dawn? J. Reprod. Immunol. 93 (1) (2012) 38–40.

[52] B. Gharesi-Fard, J. Zolghadri, E. Kamali-Sarvestani, Effect of leukocyte therapy on
tumor necrosis factor-alpha and interferon-gamma production in patients with
recurrent spontaneous abortion, Am. J. Reprod. Immunol. 59 (3) (2008) 242–250.

[53] J. Mjösberg, et al., FOXP3+ regulatory T cells and T helper 1, T helper 2, and T
helper 17 cells in human early pregnancy decidua, Biol. Reprod. 82 (4) (2010)
698–705.

[54] G. Chaouat, Innately moving away from the Th1/Th2 paradigm in pregnancy,
Clin. Exp. Immunol. 131 (3) (2003) 393–395.

[55] X.C. Li, et al., On histocompatibility barriers, Th1 to Th2 immune deviation, and
the nature of the allograft responses, J. Immunol. 161 (5) (1998) 2241–2247.

[56] R. Raghupathy, et al., Cytokine production by maternal lymphocytes during
normal human pregnancy and in unexplained recurrent spontaneous abortion,
Hum. Reprod. 15 (3) (2000) 713–718.

[57] Z. Liu, et al., Allogenic lymphocyte immunotherapy for unexplained recurrent
spontaneous abortion: a meta-analysis, Am. J. Reprod. Immunol. 76 (6) (2016)
443–453.

[58] D.A. Clark, Immunological factors in pregnancy wastage: fact or fiction, Am. J.
Reprod. Immunol. 59 (4) (2008) 277–300.

[59] S.K. Lee, et al., An imbalance in interleukin-17-producing T and Foxp3+ reg-
ulatory T cells in women with idiopathic recurrent pregnancy loss, Hum. Reprod.
26 (11) (2011) 2964–2971.

[60] M. Liu, et al., Low-dose lymphocyte immunotherapy rebalances the peripheral
blood Th1/Th2/Treg paradigm in patients with unexplained recurrent mis-
carriage, Reprod. Biol. Endocrinol. 15 (1) (2017) 95.

[61] S.G. Zheng, et al., Generation ex vivo of TGF-beta-producing regulatory T cells
from CD4+CD25- precursors, J. Immunol. 169 (8) (2002) 4183–4189.

[62] L. Gao, et al., Characteristics of immune cell changes before and after im-
munotherapy and their clinical significance in patients with unexplained recurrent
spontaneous abortion, Genet. Mol. Res. 13 (1) (2014) 1169–1178.

[63] M.B. Cavalcante, et al., Lymphocyte immunotherapy in the treatment of recurrent
miscarriage: systematic review and meta-analysis, Arch. Gynecol. Obstet. 295 (2)
(2017) 511–518.

[64] R.E. Marx, Platelet-rich plasma (PRP): what is PRP and what is not PRP? Implant.
Dent. 10 (4) (2001) 225–228.

[65] A. Fotouhi, et al., Platelet rich plasma, stromal vascular fraction and autologous
conditioned serum in treatment of knee osteoarthritis, Biomed. Pharmacother. 104
(2018) 652–660.

[66] P.R. Amable, et al., Platelet-rich plasma preparation for regenerative medicine:
optimization and quantification of cytokines and growth factors, Stem Cell Res
Ther 4 (3) (2013) 67.

[67] D.I. Lebovic, M.D. Mueller, R.N. Taylor, Immunobiology of endometriosis, Fertil.
Steril. 75 (1) (2001) 1–10.

[68] L. Riccio, et al., Immunology of endometriosis, Best Pract Res Clin Obstet Gynaecol
50 (2018) 39–49.

[69] S. Asghari, et al., Endometriosis: perspective, lights, and shadows of etiology,
Biomed. Pharmacother. 106 (2018) 163–174.

[70] E. Metcalf, K. Scoggin, M. Troedsson, The effect of platelet-rich plasma on en-
dometrial pro-inflammatory cytokines in susceptible mares following semen de-
position, Journal of Equine Veterinary Science 32 (8) (2012) 498.

[71] E. Metcalf, The effect of platelet-rich plasma (PRP) on intraluminal fluid and
pregnancy rates in mares susceptible to persistent mating-induced endometritis
(PMIE), Journal of Equine Veterinary Science 34 (1) (2014) 128.

R. Pourakbari, et al. Life Sciences 258 (2020) 118181

10

http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0035
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0040
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0040
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0045
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0045
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0050
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0050
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0055
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0055
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0060
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0060
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0060
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0065
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0065
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0065
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0065
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0070
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0070
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0070
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0075
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0075
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0075
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0075
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0080
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0080
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0080
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0080
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0080
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0085
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0085
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0085
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0090
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0090
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0090
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0095
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0095
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0100
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0100
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0105
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0105
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0110
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0110
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0115
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0115
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0115
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0120
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0120
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0120
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0125
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0125
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0130
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0130
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0130
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0135
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0135
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0140
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0140
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0145
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0145
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0145
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0150
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0150
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0150
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0155
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0155
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0155
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0160
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0160
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0160
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0165
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0165
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0170
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0170
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0170
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0175
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0175
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0175
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0180
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0180
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0180
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0185
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0185
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0190
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0190
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0195
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0195
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0195
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0195
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0200
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0200
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0200
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0205
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0205
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0210
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0210
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0210
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0210
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0215
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0215
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0215
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0220
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0220
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0225
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0225
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0225
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0230
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0230
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0230
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0235
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0235
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf6900
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf6900
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf6900
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0245
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0245
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0245
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0250
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0250
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0255
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0255
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0260
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0260
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0260
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0265
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0265
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0265
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0270
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0270
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0275
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0275
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0280
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0280
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0280
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0285
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0285
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0285
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0290
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0290
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0295
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0295
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0295
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0300
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0300
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0300
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0305
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0305
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0310
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0310
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0310
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0315
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0315
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0315
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0320
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0320
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0325
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0325
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0325
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0330
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0330
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0330
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0335
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0335
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0340
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0340
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0345
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0345
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0350
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0350
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0350
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0355
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0355
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0355


[72] M.F.S. Reghini, et al., Inflammatory response in chronic degenerative endometritis
mares treated with platelet-rich plasma, Theriogenology 86 (2) (2016) 516–522.

[73] M.G. Marini, et al., Effects of platelet-rich plasma in a model of bovine endometrial
inflammation in vitro, Reprod. Biol. Endocrinol. 14 (1) (2016) 58.

[74] Y. Sato, et al., Platelet-derived soluble factors induce human extravillous tro-
phoblast migration and differentiation: platelets are a possible regulator of tro-
phoblast infiltration into maternal spiral arteries, Blood 106 (2) (2005) 428–435.

[75] H. Fujiwara, Immune cells contribute to systemic cross-talk between the embryo
and mother during early pregnancy in cooperation with the endocrine system,
Reprod Med Biol 5 (1) (2006) 19–29.

[76] K. Furukawa, et al., Platelets are novel regulators of neovascularization and lu-
teinization during human corpus luteum formation, Endocrinology 148 (7) (2007)
3056–3064.

[77] Y. Chang, et al., Autologous platelet-rich plasma promotes endometrial growth
and improves pregnancy outcome during in vitro fertilization, Int. J. Clin. Exp.
Med. 8 (1) (2015) 1286–1290.

[78] S.R. Tandulwadkar, et al., Autologous intrauterine platelet-rich plasma instillation
for suboptimal endometrium in frozen embryo transfer cycles: a pilot study, J Hum
Reprod Sci 10 (3) (2017) 208–212.

[79] S. Zadehmodarres, et al., Treatment of thin endometrium with autologous platelet-
rich plasma: a pilot study, JBRA Assist Reprod 21 (1) (2017) 54–56.

[80] A. Molina, et al., Platelet-rich plasma as an adjuvant in the endometrial pre-
paration of patients with refractory endometrium, JBRA Assist Reprod 22 (1)
(2018) 42–48.

[81] M. Farimani, et al., Successful pregnancy and live birth after intrauterine ad-
ministration of autologous platelet-rich plasma in a woman with recurrent im-
plantation failure: a case report, Int J Reprod Biomed (Yazd) 15 (12) (2017)
803–806.

[82] R. Azizi, et al., Stem cell therapy in Asherman syndrome and thin endometrium:
stem cell-based therapy, Biomed. Pharmacother. 102 (2018) 333–343.

[83] V.F. Segers, R.T. Lee, Stem-cell therapy for cardiac disease, Nature 451 (7181)
(2008) 937–942.

[84] Z. Fazeli, et al., Mesenchymal stem cells (MSCs) therapy for recovery of fertility: a
systematic review, Stem Cell Rev. Rep. 14 (1) (2018) 1–12.

[85] V. Volarevic, et al., Stem cells as new agents for the treatment of infertility: current
and future perspectives and challenges, Biomed. Res. Int. 2014 (2014) 507234.

[86] A. Uccelli, L. Moretta, V. Pistoia, Mesenchymal stem cells in health and disease,
Nat. Rev. Immunol. 8 (9) (2008) 726–736.

[87] A. Alhadlaq, J.J. Mao, Mesenchymal stem cells: isolation and therapeutics, Stem
Cells Dev. 13 (4) (2004) 436–448.

[88] S. Amarnath, et al., Bone marrow-derived mesenchymal stromal cells harness
purinergenic signaling to tolerize human Th1 cells in vivo, Stem Cells 33 (4)
(2015) 1200–1212.

[89] A.S. Farrokhi, A.-H. Zarnani, S.M. Moazzeni, Mesenchymal stem cells therapy
protects fetuses from resorption and induces Th2 type cytokines profile in abortion
prone mouse model, Transpl. Immunol. 47 (2018) 26–31.

[90] L. Ding, et al., Transplantation of UC-MSCs on collagen scaffold activates follicles
in dormant ovaries of POF patients with long history of infertility, Sci. China Life
Sci. 61 (12) (2018) 1554–1565.

[91] J. Johnson, et al., Oocyte generation in adult mammalian ovaries by putative germ
cells in bone marrow and peripheral blood, Cell 122 (2) (2005) 303–315.

[92] L. Ding, et al., Transplantation of bone marrow mesenchymal stem cells on col-
lagen scaffolds for the functional regeneration of injured rat uterus, Biomaterials
35 (18) (2014) 4888–4900.

[93] J.M. Greenberg, C.M. Carballosa, H.S. Cheung, Concise review: the deleterious
effects of cigarette smoking and nicotine usage and Mesenchymal stem cell
function and implications for cell-based therapies, Stem Cells Transl. Med. 6 (9)
(2017) 1815–1821.

[94] N. Tempest, A. Maclean, D.K. Hapangama, Endometrial stem cell markers: current
concepts and unresolved questions, Int. J. Mol. Sci. 19 (10) (2018) 3240.

[95] B. Sadighi-Moghaddam, et al., Mesenchymal stem cell therapy prevents abortion
in CBA/J × DBA/2 mating, Reprod. Sci. 25 (8) (2018) 1261–1269.

[96] A.E. Tersoglio, et al., Regenerative therapy by endometrial mesenchymal stem
cells in thin endometrium with repeated implantation failure. A novel strategy,
JBRA Assisted Reproduction 24 (2) (2020) 118.

[97] N. Desai, P. Rambhia, A. Gishto, Human embryonic stem cell cultivation: historical
perspective and evolution of xeno-free culture systems, Reprod. Biol. Endocrinol.
13 (2015) 9.

[98] I. Sagi, et al., Derivation and differentiation of haploid human embryonic stem
cells, Nature 532 (7597) (2016) 107–111.

[99] Y. Shi, et al., Induction of pluripotent stem cells from mouse embryonic fibroblasts
by Oct4 and Klf4 with small-molecule compounds, Cell Stem Cell 3 (5) (2008)
568–574.

[100] M. Tachibana, et al., Human embryonic stem cells derived by somatic cell nuclear
transfer, Cell 153 (6) (2013) 1228–1238.

[101] E. Resca, et al., Enrichment in c-kit improved differentiation potential of amniotic
membrane progenitor/stem cells, Placenta 36 (1) (2015) 18–26.

[102] C.A. McDonald, et al., Immunosuppressive potential of human amnion epithelial
cells in the treatment of experimental autoimmune encephalomyelitis, J.
Neuroinflammation 12 (2015) 112.

[103] H. Motedayyen, et al., Immunomodulatory effects of human amniotic epithelial
cells on naive CD4(+) T cells from women with unexplained recurrent sponta-
neous abortion, Placenta 71 (2018) 31–40.

[104] O. Blanco, et al., Human decidual stromal cells express HLA-G: effects of cytokines
and decidualization, Hum. Reprod. 23 (1) (2008) 144–152.

[105] R. Muñoz-Fernández, et al., Human decidual stromal cells secrete C-X-C motif
chemokine 13, express B cell-activating factor and rescue B lymphocytes from
apoptosis: distinctive characteristics of follicular dendritic cells, Hum. Reprod. 27
(9) (2012) 2775–2784.

[106] K.M. Grieve, et al., The controversial existence and functional potential of oogo-
nial stem cells, Maturitas 82 (3) (2015) 278–281.

[107] S. Ghazal, Oogonial stem cells: do they exist and may they have an impact on
future fertility treatment? Curr Opin Obstet Gynecol 25 (3) (2013) 223–228.

[108] F. Fang, et al., Human induced pluripotent stem cells and male infertility: an
overview of current progress and perspectives, Hum. Reprod. 33 (2) (2018)
188–195.

[109] C.A.t. Easley, C.R. Simerly, G. Schatten, Stem cell therapeutic possibilities: future
therapeutic options for male-factor and female-factor infertility? Reprod. BioMed.
Online 27 (1) (2013) 75–80.

[110] J. Lee, et al., Generation of functional cardiomyocytes from the synoviocytes of
patients with rheumatoid arthritis via induced pluripotent stem cells, Sci. Rep. 6
(2016) 32669.

[111] H. Zhou, et al., Generation of induced pluripotent stem cells using recombinant
proteins, Cell Stem Cell 4 (5) (2009) 381–384.

[112] T. Zhao, et al., Immunogenicity of induced pluripotent stem cells, Nature 474
(7350) (2011) 212–215.

[113] S. Li, et al., Intrauterine administration of hCG-activated autologous human per-
ipheral blood mononuclear cells (PBMC) promotes live birth rates in frozen/
thawed embryo transfer cycles of patients with repeated implantation failure, J.
Reprod. Immunol. 119 (2017) 15–22.

[116] N. Yu, et al., HCG-activated human peripheral blood mononuclear cells (PBMC)
promote Trophoblast cell invasion, PLoS One 10 (6) (2015) e0125589.

[117] H. Yang, et al., Proportional change of CD4+CD25+ regulatory T cells in decidua
and peripheral blood in unexplained recurrent spontaneous abortion patients,
Fertil. Steril. 89 (3) (2008) 656–661.

[118] M.B. Cavalcante, et al., Risk factors associated with a new pregnancy loss and
perinatal outcomes in cases of recurrent miscarriage treated with lymphocyte
immunotherapy, J. Matern. Fetal Neonatal Med. 28 (9) (2015) 1082–1086.

[119] S. Agrawal, et al., Outcome of pregnancy in women with recurrent spontaneous
abortion following immunotherapy with allogeneic lymphocytes, Human re-
production (Oxford, England) 10 (1995) 2280–2284.

[120] T. Nonaka, et al., Results of immunotherapy for patients with unexplained primary
recurrent abortions – prospective non-randomized cohort study, Am. J. Reprod.
Immunol. 58 (6) (2007) 530–536.

[121] T. Yokoo, et al., Alteration of TH1 and TH2 cells by intracellular cytokine detec-
tion in patients with unexplained recurrent abortion before and after im-
munotherapy with the husband’s mononuclear cells, Fertil. Steril. 85 (5) (2006)
1452–1458.

[122] L. Qiu, Q. Lin, Y. Hong, Study on changes of serum T helper cell type 1 and 2
cytokines after active immunotherapy in women with unexplained habitual
abortion, Zhonghua Fu Chan Ke Za Zhi 36 (7) (2001) 408–410.

[123] K. kochar kaur, G. Allahbadia, M. Singh, Autologous platelet rich plasma (PRP): a
possibility of becoming a revolutionary therapy in the field of gynaecology and
reproductive endocrinology and infertility-a systematic review, 1 (2019) 1–13.

[124] Y. Chang, et al., Autologous platelet-rich plasma infusion improves clinical preg-
nancy rate in frozen embryo transfer cycles for women with thin endometrium,
Medicine (Baltimore) 98 (3) (2019) e14062.

[125] H. Kim, et al., Effect of autologous platelet-rich plasma treatment on refractory
thin endometrium during the frozen embryo transfer cycle: a pilot study, Front
Endocrinol (Lausanne) 10 (2019) 61.

[126] L. Nazari, et al., Effects of autologous platelet-rich plasma on implantation and
pregnancy in repeated implantation failure: a pilot study, Int J Reprod Biomed
(Yazd) 14 (10) (2016) 625–628.

[127] G.V.L. Colombo, et al., Use of platelet rich plasma in human infertility, J. Biol.
Regul. Homeost. Agents 31 (2 Suppl. 2) (2017) 179–182.

[128] X. Yang, et al., Mesenchymal stem cells derived from Wharton jelly of the human
umbilical cord ameliorate damage to human endometrial stromal cells, Fertil.
Steril. 96 (4) (2011) 1029–1036.

[131] Z. Jing, et al., Rat bone marrow mesenchymal stem cells improve regeneration of
thin endometrium in rat, Fertil. Steril. 101 (2) (2014) 587–594.

[132] R. Muñoz-Fernández, et al., Human predecidual stromal cells are mesenchymal
stromal/stem cells and have a therapeutic effect in an immune-based mouse model
of recurrent spontaneous abortion, Stem Cell Res Ther 10 (1) (2019) 177.

R. Pourakbari, et al. Life Sciences 258 (2020) 118181

11

http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0360
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0360
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0365
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0365
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0370
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0370
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0370
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0375
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0375
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0375
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0380
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0380
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0380
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0385
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0385
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0385
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0390
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0390
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0390
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0395
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0395
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0400
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0400
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0400
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0405
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0405
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0405
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0405
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0410
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0410
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0415
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0415
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0420
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0420
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0425
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0425
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0430
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0430
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0435
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0435
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0440
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0440
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0440
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0445
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0445
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0445
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0450
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0450
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0450
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0455
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0455
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0460
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0460
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0460
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0465
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0465
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0465
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0465
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0470
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0470
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0475
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0475
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0480
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0480
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0480
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0485
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0485
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0485
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0490
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0490
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0495
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0495
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0495
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0500
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0500
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0505
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0505
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0510
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0510
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0510
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0515
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0515
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0515
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0520
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0520
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0525
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0525
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0525
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0525
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0530
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0530
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0535
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0535
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0540
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0540
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0540
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0545
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0545
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0545
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0550
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0550
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0550
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0555
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0555
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0560
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0560
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0565
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0565
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0565
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0565
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0580
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0580
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0585
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0585
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0585
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0590
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0590
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0590
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0595
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0595
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0595
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0600
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0600
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0600
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0605
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0605
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0605
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0605
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0610
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0610
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0610
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0615
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0615
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0615
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0620
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0620
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0620
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0625
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0625
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0625
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0630
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0630
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0630
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0635
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0635
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0640
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0640
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0640
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0655
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0655
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0660
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0660
http://refhub.elsevier.com/S0024-3205(20)30933-4/rf0660

	Cell therapy in female infertility-related diseases: Emphasis on recurrent miscarriage and repeated implantation failure
	Introduction
	Recurrent Pregnancy Loss (RPL) (or Recurrent Miscarriage (RM), and Recurrent Spontaneous Abortion (RSA))
	Repeated Implantation Failure (RIF)

	Cell therapy: current treatment for infertility therapy
	Peripheral blood mononuclear cells (PBMCs)
	Lymphocyte therapy
	Platelet-Rich Plasma (PRP)
	Stem cells therapy
	Mesenchymal Stem Cells (MSCs)
	Embryonic stem cells
	Human amniotic epithelial cells
	Decidual Stromal Cells (DSCs)


	Future perspective of cell therapy in reproductive failures
	Conclusion
	Authors' contributions
	Acknowledgements
	mk:H1_18
	mk:H1_19
	References




