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Abstract

In brief:

Immune dysfunction may contribute to or cause recurrent implantation failure. This article summarizes normal and

pathologic immune responses at implantation and critically appraises currently used immunomodulatory therapies.

Abstract:

Recurrent implantation failure (RIF) may be defined as the absence of pregnancy despite the transfer of >3 good-quality

blastocysts and is unexplained in up to 50% of cases. There are currently no effective treatments for patients with
unexplained RIF. Since the maternal immune system is intricately involved in mediating endometrial receptivity and embryo
implantation, both insufficient and excessive endometrial inflammatory responses during the window of implantation are
proposed to lead to implantation failure. Recent strategies to improve conception rates in RIF patients have focused on

modulating maternal immune responses at implantation, through either promoting or suppressing inflammation.
Unfortunately, there are no validated, readily available diagnostic tests to confirm immune-mediated RIF. As such, immune
therapies are often started empirically without robust evidence as to their efficacy. Like other chronic diseases, patient
selection for immunomodulatory therapy is crucial, and personalized medicine for RIF patients is emerging. As the literature
on the subject is heterogenous and rapidly evolving, we aim to summarize the potential efficacy, mechanisms of actions and

side effects of select therapies for the practicing clinician.
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Introduction

Recurrent implantation failure (RIF) is often defined as
the absence of pregnancy despite the transfer of >3
good-quality blastocysts (Shaulov et al. 2020); however,
there is no standard or universally recognized definition.
While the definition of RIF varies widely and depends
upon maternal age, embryo quality, the presence or
absence of aneuploidy screening and the number of
embryos transferred, the incidence of RIF is estimated
to be 10% of couples undergoing in vitro fertilization
(IVF) (Bellver & Simon 2018). Like recurrent pregnancy
loss (RPL), up to 50% of patients will have unexplained

© 2023 Society for Reproduction and Fertility
ISSN 1470-1626 (paper) 1741-7899 (online)

RIF (uRIF) despite extensive investigation (Bashiri et al.
2018). In a recent retrospective cohort review of 118
women <39 vyears with uRIF, the probability of live
birth per embryo transferred was 12% (Koot et al. 2019)
compared to the 25-35% reported for unselected
women <40 years undergoing IVF (2019 CARTR report).
While embryo aneuploidy explains a large proportion
of RIF (Pirtea et al. 2021), endometrial factors cannot
be ignored especially for patients with recurrent euploid
blastocyst transfer failures or young patients with
multiple good-quality blastocyst transfer failures. uRIF
is associated with substantial physical, emotional, and
financial distress as well as high health-care resource
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utilization (Coomarasamy et al. 2016), and there are no
clearly effective therapies to improve conception rates.

Because the immune system is thought to be intricately
involved in mediating endometrial receptivity and
facilitating implantation (Fig. 1), a dysfunctional immune
response during the window of implantation (WOI) has
long been suspected to explain RIF in certain patients
(Liu et al. 2017). Both insufficient (Dekel et al. 2010) and
overactive endometrial inflammatory response (Negishi
et al. 2021) are hypothesized to lead to implantation
failure through various mechanisms (Figs. 2a and b).
However, because of the inherent difficulty and ethical
challenges imposed by studying the human endometrium
during implantation, most of the data acquired to date
is extrapolated from inbred murine studies, human
peripheral blood or decidual tissue from miscarried
pregnancies. This poses several issues. First, murine
models may not reflect human endometrial physiology
(Prabhudas et al. 2015, Fitzgerald et al. 2021). The
mechanisms of decidualization appear relatively well
conserved in both mice and humans, but the murine
decidual reaction occurs after embryo implantation,
while in humans, decidualization occurs cyclically after
ovulation (Ramathal et al. 2010). Mice and humans both
exhibit hemochorial placentation where the trophoblast
is in direct contact with maternal blood. However, the
human trophoblast invades deeper into the myometrium
and gestates for much longer, implicating the need for
more complex mechanisms to ensure maternal tolerance
(Schmidt et al. 2015). Second, many studies have noted
differences in peripheral blood inflammatory biomarkers
between patients with RIF and fertile controls; peripheral
blood immune testing for natural killer (NK) cell
number and function, pro-inflammatory cytokine to
immunoregulatory cytokine levels and T helper cell 1
(Th1) to T helper cell 2 (Th2) ratios are used as markers of
immune dysfunction. However, these tests lack diagnostic
validity (Moffett & Shreeve 2015), have not been shown to
correlate with reproductive outcomes (Thum et al. 2005,
Donoghue et al. 2019, Zhang et al. 2020) or reflect local
endometrial immune events involved in implantation
(Harrity et al. 2019). Last, some of our knowledge on the
immune network involved in trophoblast tolerance stems
from the analysis of spontaneously aborted decidua
compared to decidua isolated from voluntary pregnancy
terminations (Guo et al. 2021). Yet a miscarriage is an
inflammatory event (Ticconi et al. 2019), and it is unclear
if miscarried decidual immune cell phenotypes are the
result or the cause of the pregnancy loss and if these
results can be extrapolated to immune events occurring
during implantation.

While the field of reproductive immunology had
exploded since Sir Peter Medawar first described
the ‘immunological paradox of pregnancy’ in 1953,
our scientific community still has an incomplete
comprehension of theimmuneeventsrequired forembryo
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attachment and implantation. Therefore, the evidence
behind an aberrantimmune response contributing to RIF
is lacking and the ability to confirm immune-mediated
RIF is limited (Bashiri et al. 2018). Clinical strategies to
manipulate the immune system exist but are often started
on clinical speculation, lack alternative explanation for
RIF orarebased onunvalidated testing (Harrity etal. 2019,
Zhang et al. 2020); their use to improve reproductive
outcomes in uRIF patients remains highly controversial
(Hviid & Macklon 2017). These strategies act either by
enhancing inflammation (‘pro-inflammatory strategies’)
or by suppressing inflammation (‘anti-inflammatory
strategies’) and include medicinal compounds (aspirin
and low-molecular-weight heparin (LMWH)), hormones
(glucocorticoids and human chorionic gonadotropin),
growth factors (granulocyte colony-stimulating factor
(G-CSF)), cell extracts (peripheral blood mononuclear
cells (PBMCs) and platelet-rich plasma (PRP)), biological
compounds (intralipid and intravenous immunoglobulin
(IVIg) and medical procedures (endometrial scratching).
The goal of this review is to provide readers with a
comprehensive analysis and critical appraisal of the
current literature, reviewing the proposed mechanisms
and potential efficacy of currently used immune
modulating therapies in patients with uRIF (referred
herein as RIF).

Materials and methods

To capture enough articles for this review, we defined uRIF
as the absence of pregnancy after >2 good-quality blastocyst
transfers and the absence of identifiable causes of implantation
failure. We chose to discuss the following IVF adjunctive
therapies (endometrial scratch, PBMC therapy, low-dose
aspirin (LDA), LMWH, G-CSF, human chorionic gonadotropin,
glucocorticoids and intralipid and IVI) because they have
hypothesized effects on the immune system and are frequently
encountered in the clinical setting.

A PubMed and Embase search of the English literature
using keywords ‘recurrent implantation failure’, ‘unexplained
infertility” AND ‘immunomodulation’, ‘aspirin’, ‘heparin’, ‘low
molecular weight heparin’, ‘corticosteroids’, ‘peripheral blood
mononuclear cells’, ‘granulocyte colony stimulating factor’,
‘human chorionic gonadotropin’, ‘intralipid’ or ‘intravenous
immunoglobulin” and ‘endometrial scratch” (1950 to January
2022) was performed. For each intervention, randomized
controlled trials (RCTs) that reported live birth rate (LBR) as
the primary outcome and which recruited women with RIF
were selected. When these criteria were not fulfilled for an
intervention, controlled cohort studies and case studies
reporting at least the clinical pregnancy rate (CPR) in women
with RIF were included.

Pro-inflammatory strategies

In this section, we discuss strategies hypothesized to
enhance endometrial inflammation and improve endometrial
receptivity (Fig. 3a).
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Figure 1 Immune contribution to endometrial function during the menstrual cycle. During the follicular phase, increasing ovarian production of
estrogen acts on endometrial epithelial and stromal cells to induce the production of granulocyte macrophage colony-stimulating factor
(GM-CSF), monocyte chemo-attractant protein-1 (MCP-1) and RANTES (CCL5) (Hornung et al. 1997, Robertson et al. 1997, Shuya et al. 2011).
These chemokines initiate progressive macrophage and dendritic cell (DC) recruitment (Fig. 1-1). Endometrial DCs are phenotypically distinct
and are thought to instigate paternal alloantigen tolerance prior to implantation. They phagocytose seminal fluid proteins and present antigens to
naive maternal T cells in the uterine draining lymph nodes, inducing a specific T-regulatory (T ,) cells which home back to the endometrium
upon antigen re-exposure (Robertson et al. 2018). Endometrial DCs also secrete immunomodulatory cytokines (IL-10, TGFg, IL-6 and IL-8), thus
modulating the effector phenotype of other endometrial immune cells (Fig. 1-2) (Liu et al. 2018). Macrophages constitute 10% of the
endometrial leukocyte population by the mid-luteal phase (Russell et al. 2011). Initially thought to be skewed toward an immunoregulatory M2
phenotype, they are a heterogenous population, capable of both pro- and anti-inflammatory cytokine secretion (Chambers et al. 2020). In the
follicular phase, transitory pro-inflammatory macrophage phenotype predominates (producing IL-1, TNFa and expressing high levels of MHCII),
presumably required to support further immune cell recruitment and their phenotypic differentiation as well as to promote endometrial
regeneration and proliferation (Fig. 1-3) (Thiruchelvam et al. 2013). This phenotype is further promoted by exposure to seminal fluid (Schjenken
& Robertson 2020), which leads to endometrial epithelial cell production of pro-inflammatory cytokines IL-16, IL-6 and LIF (Gutsche et al.
2003); inflammatory changes in the endometrium are necessary to further modulate endometrial immune cell function and upregulate receptors
required for embryo attachment (Fig. 1-4) (Robertson et al. 2018). After ovulation, ovarian production of progesterone predominates, inducing
endometrial stromal cell transformation into decidual stromal cells (DSC) and the production of prostaglandin E2 (PGE2), monocyte
chemoattractant proteins (MCP), prolactin, IL-15 and leukemia inhibitory factor (LIF), amongst others (Thiruchelvam et al. 2013,
Niringiyumukiza et al. 2018, Chambers et al. 2020, Makrigiannakis et al. 2021). These cytokines and chemokines lead to further decidual
macrophage accumulation but also recruit a growing population of NK cells which represent up to 70% of decidual leukocytes by the mid-
luteal phase (Fig. 1-5) (Russell et al. 2011). Unlike inflammatory infiltrates in other tissues, neutrophils are not recruited to the normal
decidualizing endometrium (Wang et al. 2021b). Decidual NK cells, contrary to peripheral NK cells, differentiate into weakly cytotoxic
CD56"8"CD16' heterogenous subset (Zhang & Wei 2021) and have many putative functions in the decidualizing endometrium. They have
been shown to contribute to spiral artery remodeling through the secretion of pro-angiogenic factors (angiopoietins, vascular endothelial growth
factor (VEGF)) and cooperation with macrophages to produce matrix metalloproteases (MMP) required to break down the vascular smooth
muscle cell extracellular matrix (ECM) (Fig. 1-6) (Zhang et al. 2016). MMP production leads to loosening of the decidual ECM to permit
trophoblast invasion (Smith et al. 2009), while NK cell-mediated clearance of senescent decidual stromal cells ensures a functional
endometrium into which the embryo can implant (Brighton et al. 2017). Decidual NK cells may also play a role in embryo selection (Kong et al.
2021) and control trophoblast invasion during implantation (Diaz-Hernandez et al. 2021). Decidual M2 macrophages are thought to contribute
to tissue repair around the site of implantation, thus limiting inflammatory spread (Fig. 1-7) (Zenclussen & Hammerling 2015). T,,, cells home to
the decidualizing endometrium and are also thought to help resolve inflammation at the implantation site while promoting early maternal
tolerance to the implanting embryo (Fig. 1-8) (Robertson et al. 2018).
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Figure 2 Insufficient endometrial inflammatory response could lead to implantation failure. Insufficient local production of pro-inflammatory
cytokines decreases endometrial macrophage (Mac) and dendritic cell (DC) recruitment to the endometrium (Fig. 2a-1). The importance of

DC and Mac recruitment is evidenced by murine models, where depletion of endometrial Mac (Chambers et al. 2020) or DC (Blois et al. 2004)
causes implantation failure or embryo resorption. This leads to decreased endometrial stromal cell/infiltrating leukocyte production of
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Figure 2 (Continued)

pro-inflammatory cytokines (IL-6, IL-8, IL-15, GM-CSF, MIP-1 and TNFa) (Fig. 2a-2) as well as insufficient stimulus for further NK cell and Mac
recruitment and their phenotypic differentiation into implantation-specific effector cells (Fig. 2a-3) (Dekel et al. 2010). This may have a
deleterious effect on the decidual reaction (Gnainsky et al. 2010) and expression of endometrial adhesion molecules, both leading to decreased
endometrial receptivity (Gnainsky et al. 2015) (Fig. 2a-4 and -5). In addition, defective spiral artery remodeling (Zhang & Wei 2021),
extracellular matrix loosening (Smith et al. 2009), endometrial repair (Zenclussen & Hammerling 2015) and regeneration (Brighton et al. 2017)
could also contribute to decreased endometrial function during the WOI (Fig. 2a-6). Decreased NK function may also contribute to implantation
failure cell through an inability to biosense the implanting embryo (Fig. 2a-7) (Kong et al. 2021). Overactive endometrial inflammatory response
could lead to implantation failure. An overactive immune response is also hypothesized to lead to RIF. However, whether there is an instigating
event (pathogen-driven endometritis (Liu et al. 2020a), sterile inflammation (Zhu et al. 2021), metabolic disorders (Koc et al. 2017), oxidative
stress (Samimi et al. 2019)), defective ability of the endometrium to resolve inflammation (Drizi et al. 2020) or inability of the endometrium to
respond appropriately to the implanting embryo (Wang et al. 2021b) in unknown (Fig. 2b-1). Regardless, endometrial inflammation is
hypothesized to cause endometrial stromal and epithelial cells to produce pro-inflammatory cytokines, shifting DC and Mac phenotypic
differentiation away from their proposed tolerogenic roles. This has several consequences including further pro-inflammatory cytokine secretion
(Fig. 2b-2), inability to activate an appropriate early T, response (Aluvihare et al. 2004, Zenclussen et al. 2005, Li et al. 2017a) and favoring
Th1, Th17 and CD8+ T cell chemotaxis to the endometrium (Guo et al. 2021) (Fig. 2b-3). A pro-inflammatory immune environment affects NK
cell recruitment and differentiation (Diaz-Hernandez et al. 2021) (Fig. 2b-4). NK cells in patients with inflammatory RIF are postulated to exhibit
enhanced cytotoxic potential (CD16 expression) (Comins-Boo et al. 2021, Huang et al. 2021), pro-inflammatory cytokine/chemokine secretion

and attraction of an inflammatory cell infiltrate to the endometrium (Fig. 2b-5, 6) (Diaz-Hernandez et al. 2021, Comins-Boo et al. 2021,
Tersoglio et al. 2021). These NK cells exhibit altered embryo biosensing, inability to contribute to vascular remodeling or endometrial
regeneration necessary for embryo implantation (Wang et al. 2021b) (Fig. 2b-7). All these inflammatory changes are proposed to upset the
normal immune remodeling of the endometrium and contribute to implantation failure through immune ‘rejection’ of the embryo.

Endometrial scratch

Insufficient endometrial inflammation is hypothesized
to inhibit implantation through deficient recruitment or
inadequate leukocyte activation during the WOI, leading
to decreased pro-inflammatory cytokine production,
endometrial receptivity, tissue repair and angiogenesis
(Gnainsky et al. 2010, Gnainsky et al. 2015, Yu et al.
2019) (Fig. 2a). Endometrial scratch therapy (EST) prior
to embryo transfer (ET) is used as a method to augment
endometrial immune cell recruitment and activation through
a wound healing response, causing stromal cells to release
inflammatory and chemoattractant cytokines required to
promote implantation (Fig. 3a) (Gnainsky et al. 2015).
However, in vivo/in vitro confirmation of this mechanism has
not been possible thus far. While EST has not been shown to
consistently improve LBRs in subfertile women undergoing
natural conception or IUIl (Bui et al. 2021), IVF (Lensen et al.
2019, Lensen et al. 2021) or in patients with >1 previously
failed IVF attempt undergoing ET (Sar-Shalom Nahshon et al.
2019, Van Hoogenhuijze et al. 2021), it may be most useful
in patients with RIF (Dekel et al. 2014). Unfortunately, a
recent meta-analysis which included five RCTs (522 patients)
(Karimzadeh et al. 2009, Baum et al. 2012, Shohayeb
and El-Khayat 2012, Shahrokh-Tehraninejad et al. 2016,
Matsumoto et al. 2017) did not find that EST performed in
the luteal phase of the cycle preceding ET or in the follicular
phase of the ET cycle improved LBR in patients with >2
failed ET attempts (relative risk (RR): 1.22 (95% Cl: 0.52—
2.82), P=0.65) (Sar-Shalom Nahshon et al. 2019). Similarly,
a 2021 Cochrane review failed to demonstrate enhanced
LBR in patients with >2 previously failed IVF-ET attempts
undergoing EST (2 RCT, 533 patients; OR: 0.91 (95% Cl:
0.62-1.31), I* 48%), concluding that subgroup analysis was
not feasible because of high heterogeneity between studies
(Lensen et al. 2021). Looking more closely at these included
studies, Olesen et al. randomized 117 women with >3
previous good-quality blastocyst transfer failures to EST in

https://rep.bioscientifica.com

the luteal phase prior to ovarian stimulation vs no scratch
(Olesen et al. 2019). While there was a trend toward more
live births in the intervention group, this was not significant
(LBR: 26/66 (39.4%) vs 12/51 (23.5%), RR: 1.67 (0.94-2.98),
P=0.069). A larger open-label RCT study of 454 patients with
>2 previous IVF-ET failures also failed to show improved LBR
with EST performed between day 3 of the preceding cycle
and day 3 of the ET cycle compared to women with <2
previous failed ET (estimated interaction OR: 0.63; 95% ClI:
0.35-1.15; P=0.14) (Lensen et al. 2019). Last, in a meta-
analysis subgroup analysis performed by Vitagliano et al.
(7 studies, 702 patients), while patients with >2 previously
failed ET had a higher LBR with EST (RR: 1.64, 95% Cl:
1.21-2.21, P=0.001), this was likely driven by cofounding
factors such as hysteroscopy, antibiotics or prednisolone
administered to the patients randomized to EST (Vitagliano
et al. 2018). As such, EST is not currently recommended in
Canada for RIF (Shaulov et al. 2020); however, as with other
immunomodulatory therapies, the intervention may be most
useful in select patients whose characteristics are still being
identified (Ledee et al. 2020b, Rahmati & Ledee 2020).

Peripheral blood mononuclear cells

Unexplained reproductive failure has been associated with
the paucity or aberrant phenotypes of decidual immune
cells (Kofod et al. 2018, Negishi et al. 2018), leading to the
hypothesis that intrauterine administration of autologous
PBMCs prior to implantation restores normal endometrial
function. Autologous PBMCs are obtained from the patient,
cultured in the presence of human chorionic gonadotropin
(hCG) and infused into the uterus prior to implantation.
hCG-activated PBMCs are thought to enhance endometrial
receptivity and embryo attachment by several mechanisms.
These include the secretion of inflammatory cytokines and
chemokines required for trophoblast invasion, increased
production of matrix metalloproteases and VEGF required for
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Figure 3 (A) Proposed mechanisms of select immunotherapies. Endometrial scratch therapy (EST) creates local trauma which enables the
recruitment of immune cells to assist in the wound repair response. These cells secrete pro-inflammatory cytokines which promote endometrial
receptivity, endometrial regeneration and angiogenesis. Intrauterine peripheral blood mononuclear cell (PBMC) infusion is thought to stimulate
the secretion of cytokines and chemokines required for trophoblast invasion as well as enhance the production of other factors such as MMP
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and VEGF required for endometrial and vascular remodeling. Recombinant human G-CSF may aid in endometrial leukocyte recruitment and
differentiation and promote angiogenesis and possibly endometrial repair, possibly enhancing endometrial receptivity. G-CSF is also thought to
promote local immune tolerance through its effect on antigen-presenting cells and on T-regulatory cells. Human chorionic gonadotropin (hCG)
is secreted by the human embryo. HCG may contribute to decidualization and enhance endometrial receptivity though its ability to induce
endometrial cytokine and growth factor secretion. hCG may contribute to early maternal embryo tolerance by influencing the recruitment and
phenotypic differentiation of endometrial leukocytes as well as by promoting T-regulatory cell responses. (B) LDA inhibits COX, inducing the
production of anti-inflammatory and vasoactive molecules. These molecules may act on endometrial innate immune cells by decreasing their
response to inflammation and on the adaptive immune system by enhancing T-regulatory cell responses. Heparins are thought to reduce
inflammation by neutralizing pro-inflammatory molecules such as complement components, cytokines and chemokines. Heparins may also
stimulate angiogenesis and enhance tissue repair, possibly improving endometrial receptivity by aiding the decidual response. Glucocorticoids
(GCs) are broad immunosuppressants and anti-inflammatories; they act by modifying leukocyte gene expression. They can inhibit complement
activation and reduce the ability of leukocytes to produce pro-inflammatory cytokines and migrate to areas of inflammation; they have also been
shown to induce apoptosis of activated T cells. IVIg has many different effects on the immune system. It inhibits the secretion of pro-
inflammatory cytokines and chemokines, autoantibodies and complement. 1VIg may improve regulatory responses through the induction of
tolerogenic macrophages and dendritic cells and activation of T-regulatory cells.

effective endometrial and vascular remodeling (Nakayama
et al. 2002, Ideta et al. 2010, Yu et al. 2014) (Fig. 3a); the
exact mechanistic effect of PBMCs has yet to be shown in
vivo. The relative low cost and low potential for side effects
makes this procedure an attractive treatment for patients with
RIF. However, local PBMC treatment in humans has not been
shown to consistently improve IVF-ET outcomes in RIF.

In a recent meta-analysis, Yakin et al. did not find that
PBMC treatment prior to IVF-ET improved LBR. Authors
pooled data from two RCTs (Madkour et al. 2016, Yu et al.
2016) and three controlled cohort studies (Yoshioka et al.
2006, Okitsu et al. 2011, Li et al. 2017b) encompassing 1173
patients; however, only two studies included patients with RIF
(Yoshioka et al. 2006, Yu et al. 2016). Upon subgroup analysis,
PBMCs improved CPR in women with RIF (OR: 2.69, 95% Cl:
1.53-4.72; P=0.001; heterogeneity; I*: 38.3%). While PBMC
treatment did not significantly impact LBR overall (OR: 1.65,
95% Cl: 0.84-3.25; P=0.14; heterogeneity; 1*: 73.1%), there
was no LBR subgroup analysis performed for patients with RIF
(Yakin et al. 2019).

Three meta-analyses performed subgroup analyses of
LBR in patients with > 3 IVF-ET failures. Maleki-Hijiagha
et al. included data from one RCT (Yu et al. 2016) and three
controlled cohort studies (Yoshioka et al. 2006, Okitsu et al.
2011, Li et al. 2017b), totaling 504 patients 267 treated with
PBMC and 237 controls. The LBR was higher in the PBMC-
treated group (RR: 1.93, 95% Cl: 1.35-2.76; P <0.001)
(Maleki-Hajiagha et al. 2019). Similar results were published
by Yang et al. (2020) and by Pourmoghadam et al. (2020a)
after analysis of the same data. While these results seem
encouraging, several limitations must be acknowledged.
Most studies based patient selection for PBMC treatment on
personal preference, introducing a selection bias (Yoshioka
et al. 2006, Okitsu et al. 2011, Li et al. 2017b); most were
unblinded, thus eliminating the possibility of measuring the
placebo effect (Yoshioka et al. 2006, Okitsu et al. 2011, Yu
et al. 2016, Li et al. 2017b); and many did not comment on
embryo/blastocyst quality (Okitsu et al. 2011, Yu et al. 2016),
which is an important confounding factor when assessing
LBR differences between interventions. For example, Li et al.
(Li et al. 2017b) was the only prospective cohort study
that discussed endometrial preparation as well as day and
quality of embryos transferred in their prospective cohort.

https://rep.bioscientifica.com

They found that patients with >4 IVF-ET failures treated with
PBMCs had a higher LBR per embryo transfer cycle than
control patients (33.3% (16/48) vs 9.58% (2/21) P=0.038);
however, the percentage of patients receiving blastocyst
transfer was also higher in the PBMC group (25% (12/48) vs
9.52% (2/21)) but not statistically significant (Li et al. 2017b).
Furthermore, none of the above studies included a control
group. Could the ‘success’ of the PBMC treatment have
been due to local endometrial injury? Indeed, endometrial
scratching may improve CPRs in well-selected RIF patients by
creating a favorable inflammatory endometrial environment
as discussed above (Ledee et al. 2017). This was addressed by
Pourmoghadam et al. (2020b) who performed an RCT in which
100 women with >3 failed IVF-ET and low Th17/T-regulatory
cells (Treg) were randomized to receive intrauterine PBMC
(n=50) or phosphate-buffered saline (n=50) prior to embryo
transfer. Despite randomization, maternal age and BMI were
higher in the placebo group. Embryo quality, day 3 or day
5 transfer and endometrial preparation was similar in both
groups. The LBR in the PBMC-treated group was higher than
in the placebo group (38% (19/50) vs 20% (10/50), P=0.047)
(Pourmoghadam et al. 2020b), suggesting that the success
of PBMC treatment success was likely mediated by PBMC-
embryo crosstalk and promotion of the trophoblast’s invasive
potential rather than by endometrial injury.

While PBMC treatment may offer some hope for patients
with RIF, PBMC stimulation protocols, dose and timing of
administration remain to be standardized. This procedure
is relatively inexpensive (<$500 Canadian dollars) and is
associated with almost no side effects, comparable to those
observed with intrauterine insemination. It may be reasonable
to propose this type of procedure to RIF patients provided
they are appropriately counseled on the paucity of scientific
evidence, and the procedure is performed in a laboratory
experienced in this type of treatment, capable of respecting
safety standards (Table 1) (Table 2).

Of note, autologous intrauterine infusion of PRP has also
been proposed as a pro-inflammatory treatment to improve
implantation rate in patients with RIF (Maleki-Hajiagha et al.
2020, Mouanness et al. 2021). Two RCTs report significantly
better implantation and CPRs with PRP (Nazari et al. 2020,
Zamaniyan et al. 2021) but none detail LBR. PRP will not be
discussed further in this review.
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Table 1

Summary of meta-analysis and RCT studies detailing the use of immunomodulation in patients with unexplained recurrent

implantation failure (>3 failed embryo transfers (IVF-ET)). Of note, low-dose aspirin and corticosteroids are not featured in this table for

lack of RCTs.
Study Study details Intervention Outcome Comments
Endometrial scratch

Vitagliano et al. Meta-analysis Treatment: multiple LBR for scratch: No evidence that

2018 (37)

Sar-Shalom Nahshon
etal. 2019 (28)

Lensen et al. 2021 (26)

RIF >2 failed IVF-ET
treatment (n=348)
Control( n=354)
Meta-analysis

RIF >2 failed IVF-ET
treatment (n=66)
Control(n=51)
Meta-analysis

RIF >2 failed IVF-ET
Treatment (n=232)
Control(n=222)

Peripheral blood mononuclear cell (PBMC)

Maleki-Hajiagha et al.
2019 (56), Yang et al.
2020 (52)

Pourmoghadam et al.
2020a (55)

Meta-analysis

RIF >3 failed IVF-ET
Treatment (n=267)
Control (n=237)
RCT

RIF > 3 failed IVF-ET
Low Th17/Treg ratio
Treatment (n=50)
Control (n=50)

Granulocyte colony-stimulating factor (G-CSF)

Aaleyasin et al. 2015
(69)

Davari-Tanha et al.
2016 (71)

Arefi et al. 2018 (70)

Kalem et al. 2020 (72)

Multicenter RCT
RIF>3 failed IVF-ET
Treatment (n=56)
Control (n=56)

RCT

RIF>3 failed IVF-ET
Treatment (n=40)
Placebo (n=40)
Control (n=20)

RCT

RIF >3 failed IVF-ET

Treatment (n=34)

Control (n=34)

RCT

RIF >3 failed IVF-ET (>4
failed good-quality
embryos), age <40 years

Treatment (n=82)

Control (n=75)

Human chorionic gonadotropin (hCQ)

Xie et al. 2019 (96)

Huang et al. 2017 (97)

Meta-analysis
RIF>3 failed IVF-ET
Treatment: 410
Control: 460

RCT

>2 failed IVF-ET
Treatment (n=62)
Saline (n=49)
Control: n=50

Low molecular weight heparin (LMWH)

Potdar et al. 2013

Meta-analysis

different scratch timing
Control: no treatment

Treatment: luteal phase
endometrial scratch in
cycle preceding ET

Control: no treatment

Treatment: luteal phase
endometrial scratch in
cycle preceding ET

Control: no treatment

Treatment: intrauterine
infusion of PBMC prior to
ET

Control: no treatment

Treatment: intrauterine
infusion of PBMCs prior
to ET

Control: PBS equivalent

Treatment: 300 ug G-CSF
s/c Th prior to ET
Control: no G-CSF

Treatment: G-CSF 300 ug
(TmL) intrauterine at the
time of OR

Placebo: saline equivalent

Control: catheter passage
without injection

Treatment: 300 pg of G-CSF
subcutaneously 30 min
before ET

Control: no treatment

Treatment: G-CSF 30 mlU
(TmL) intrauterine on the
day of hCG trigger

Placebo: saline equivalent

Treatment: Intrauterine
hCG (500 1U) 10 min-3
days prior to ET

Control: no hCG

Treatment: Intrauterine
hCG 3 days prior to ET
(1000 IU)Placebo: saline
equivalent

Control: no intervention

Treatment: enoxaparin 1

RR 1.64, 95% CI (1.21-
2.21);

Multiple cofounders

LBR for scratch:

RR 1.22, 95% CI: 0.52-2.82,

P=0.65

LBR for scratch:

OR 0.9, 95% Cl1 0.63-1.27,

P=0.6

LBR for PBMC:
RR 1.93, 95%
Cl: 1.35-2.76; P<0.001

LBR for PBMC: 38%

LBR for control group:
20%

P=0.047

CPR: OR=2.94,
95% Cl=1.23-8.33

CPR similar
across groups

LBR
G-CSF (17/32) 53.1%
Control (7/20) 35%
P=0.09
LBR
G-CSF: (12/82)
14.6%, placebo: (13/75)
17.3% P=0.668

LBR for hCG:
RR 1.52, 95 % ClI
1.18-1.96, P=0.001

Ongoing pregnancy
hCG 32/62 (51.6%)
Placebo 22/49 (44.9%)
*NS

Control 13/50 (26%)
P<0.05

LBR for heparin:

endometrial
scratch improves
LBRs

Possibly effective
for RIF

No evidence that
s.C. or intrauterine
G-CSF prior to
IVF-ET improves
LBR

Possibly effective
for RIF

No evidence that

(124), Yang et al. 2018 RIF >3 failed IVF-ET mg/kg/day or 40 mg RR 1.36, 95% preconceptual
(125) Treatment (n=85) subcutaneous starting on Cl: 0.82-2.26, P=0.24 LMWH improves
Control (n=77) the day of OR until 12 LBRs
weeksControl: no
treatment
(Continued)
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Table 1 Continued.
Study Study details Intervention Outcome Comments
Intralipids

Al-Zebeidi et al. 2020
(165)

IVIG
Stephenson & Fluker
2000 (180)

RCT

RIF >3 failed IVF-ET cycles
Treatment (n=71)

Control (n=71)

RCT

>2 failed IVF-ET
Treatment (n= 26)
Control (n=25)

Treatment: intralipid 20%
(100 mL) on the day of ET
and on the day of
pregnancy test

Control: no intralipids

Treatment: IVIG 0.5 g/kg
within 72 h prior to
transfer,second dose 4
weeks later if viable
pregnancyPlacebo: saline
equivalent

LBR for intralipids: OR=1.37,

95% Cl1 0.55-3.36, P=0.49

LBR
IVIG: 4/26 (15%)
Placebo: 3/25 (12%)

No evidence that
intralipids improve
LBR in patients
with RIF

No evidence that
IVIG improves LBR
in patients with
unexplained RIF

CPR, clinical pregnancy rate; IVF, in vitro fertilization; IVIG, intravenous immunoglobulin; LBR, live birth rate; LMWH, low-molecular-weight

heparin;, OR, oocyte retrieval; RCT, randomized controlled trial.

Granulocyte colony-stimulating factor

During the menstrual cycle, ovarian hormones regulate the
stepwise and concerted expression of a network of cytokines
and their receptors in the endometrium. Their timely expression
is crucial for ensuring endometrial growth and receptivity for
pregnancy as well as endometrial immune cell function. Of
these cytokines, colony-stimulating factors are prominently
featured. Granulocyte macrophage colony-stimulating factor
has been implicated in endometrial regeneration after menses,
and recombinant human G-CSF has been shown to directly
enhance the endometrial expression of genes involved in
embryo adhesion, cell migration and local angiogenesis.
G-CSF possibly aids in local immunomodulation by providing
a stimulus for endometrial leukocyte recruitment and
phenotypic differentiation, promoting T, responses and by

Table 2 Summary of recommendations.

downregulating antigen presentation; however, this has not yet
clearly been shown in vivo (Mahnke & Enk 2005, Rahmati et al.
2014, Wiirfel 2015, Zhao et al. 2015, Liu et al. 2020b) (Fig. 3a).

G-CSF’s safety profile and pleiotropic roles during
implantation makes it an attractive IVF adjunct. In patients
with RIF, Wurfel et al. first reported improved pregnancy rates
after a single s.c. dose of G-CSF on the day of ET (Wiirfel
2000). Since this publication, other groups have evaluated
adjuvant G-CSF for RIF patients with conflicting results. While
three meta-analyses have reported that G-CSF improves CPRs
in patients with >2 failed IVF-ET (Zhang et al. 2019, Jiang
et al. 2020, Kamath et al. 2020), positive results were mainly
driven by unpublished conference abstract data and unblinded
studies. High study heterogeneity made comparative analysis
difficult to perform, and G-CSF’s impact on LBR was
unfortunately not recorded, limiting the clinical utility of these

Intervention Recommendations

Treatment considerations

Scratch therapy No evidence

Peripheral blood mononuclear cells

(PBMCs) failures
Granulocyte colony-stimulating No evidence
factor

Consider in patients with >3 IVF-ET

PMBC infusion must be performed in a laboratory equipped
to respect cell culture safety standards

Human chorionic gonadotropin

Low-dose aspirin (LDA)

Low-molecular-weight heparin
(LMWH)

Glucocorticoids

Intralipids
Intravenous immunoglobulin (IVIG)

Consider for patients undergoing cleavage
stage embryo transfer or in patients with
> 2 IVF-ET failures

Consider starting LDA prior to conception
for patients with >2 IVF-ET failures

Consider in patients with >3 IVF-ET
failures with age >36 or with inherited
thrombophilia

RCT currently underway
Can be considered for patients with >3
IVF-ET failures

No evidence

Can be considered patients with >3 RIF
who have failed other immunomodula-

tory treatment or with immune anomalies

Intrauterine administration >500 U within 3 days prior to
ET

LDA should not be given to patients that are at increased
risk of bleeding; LDA should be started after oocyte
retrieval in patients undergoing fresh ET

Start LMWH prior to conception but after oocyte collection
at prophylactic doses.

Screen for thrombocytopenia regularly during treatment

-Stop LMWH at 12 weeks’ gestation

Use lowest effective dose (<20 mg prednisone/day or
equivalent) for the shortest amount of time (<14 days)

Avoid in patients with metabolic risk factors (BMI >30,
diabetes, hypertension)

Viral serologies (hepatitis B and Rubella) must be obtained
prior to IVIG treatment.

Administer as a slow infusion to minimize side effects.

IVIG should be a last resort option because of possible
shortages and high costs

IVF, in vivo fertilization; RCT, randomized controlled trial; RIF, recurrent implantation failure.
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studies. Unfortunately, these meta-analyses did not distinguish
between s.c. (systemic) or intrauterine administration of G-CSF.

Looking more closely at the published RCTs evaluating
G-CSF use in patients with RIF, Aleyasin led a multicenter RCT
in which 112 well-matched patients with >3 IVF-ET failures
received either 300 ug G-CSF subcutaneously 1 h prior to ET
or no additional treatment. Clinical pregnancy with positive
fetal heartbeat was higher in the G-CSF group (OR 2.94 95%
Cl 1.23-8.3, P=0.05) (Aleyasin et al. 2016), but LBR was not
assessed. In their RCT, Arefi et al. did not find that G-CSF 300
ug administered subcutaneously 30 min before blastocyst
transfer improved LBR compared to no treatment in 52 women
with >3 IVF-ET failures (Arefi et al. 2018). Davari-Tanha et al.
randomized 100 women with >3 failed IVF-ET to receive 300
ug of intrauterine G-CSF (n=40), intrauterine saline injection
(placebo n=40) or intrauterine catheter passage alone (control
n=20) on the day of oocyte retrieval. Patients in the treatment
group had higher implantation rates than in the placebo and
control groups (12.3% vs 6.1% (saline) and 4.7% (control),
P=0.04). However, CPRs were similar (Davari-Tanha et al.
2016). In their recent RCT, Kalem et al. did not find that
intrauterine G-CSF administered on the day of hCG trigger
improved LBR over placebo in 157 patients <40 years with
failure of >4 IVF-ET (Kalem et al. 2020). There was a trend
toward more miscarriages and more early preterm births (<28
weeks) in the G-CSF group, although neither was statistically
significant (Kalem et al. 2020).

This finding raises important safety questions regarding
G-CSF use prior to oocyte collection. Indeed, in murine
studies, high doses of colony-stimulating factor have an adverse
effect on blastocyst development, raising the proportion of
mosaic/aneuploid embryos (Elaimi et al. 2012). While s.c.
or intrauterine G-SCF administered peri-conceptually is well
tolerated and does not seem to affect fetal or perinatal outcomes
(Aleyasin et al. 2016, Davari-Tanha et al. 2016, Eftekhar et al.
2016, Arefietal. 2018, Cruz et al. 2019), G-CSF administration
prior to oocyte collection has not been appropriately studied.
In a conference abstract publication, Boxer et al. found that
the miscarriage rate decreased in patients receiving G-CSF
for severe chronic neutropenia compared to those who
declined treatment during the conception and early pregnancy
phase (Boxer et al. 2010). However, as neutrophils may be
important for implantation and early pregnancy (Schumacher
& Zenclussen 2019), severe neutropenia itself may be an
independent risk factor for miscarriage. Preconceptual G-CSF
administration would likely improve pregnancy outcomes in
neutropenic patients, and these results cannot be extrapolated
to a population with normal baseline neutrophil counts (Sauss
etal. 2018).

In summary, while peri-conceptual s.c. or intrauterine
G-CSF administration is likely safe and well tolerated, it does
not seem to be effective in improving LBRs in RIF patients.
Routine use of G-CSF for RIF is not currently justified (Table 2).

Human chorionic gonadotropin

hCG is produced by the human embryo prior to implantation.
The luteal phase endometrium expresses hCG receptors, and
hCG modulates the endometrial expression of numerous
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cytokines and growth factors which directly impact endometrial
decidualization and receptivity (Licht et al. 2003, Berndt et al.
2013, Bourdiec et al. 2013, Srivastava et al. 2013) as well as
initiate early maternal-embryo crosstalk (Cameo et al. 2006).
Many authors have also described its immunomodulatory
role; hCG contributes to maternal tolerance of the embryo
by enhancing recruitment, phenotypic differentiation and
function of endometrial NK cells, dendritic cells (DCs) and
T, (Fig. 3a) (Poloski et al. 2016, Zhang et al. 2016, Diao
et al. 2017, Gong et al. 2017, Sauss et al. 2018). However, it
is unclear if hCG exerts an immunomodulatory effect during
implantation.

Recently, supplemental intrauterine application of hCG
(IU-hCQ) has been proposed to confer local endometrial
benefits effects in infertile patients undergoing IVF-ET. Indeed,
a recently published Cochrane meta-analysis summarized data
from five RCTs reporting on LBRs (Mansour et al. 2011, Singh
& Singh 2014, Aaleyasin et al. 2015, Wirleitner et al. 2015a,b),
stratifying for embryo development stage. Infertile patients
undergoing cleavage stage embryo transfer and receiving >500
U of IU-hCG prior to ET experienced a higher LBR in three
RCTs (RR 1.57, 95% Cl 1.32-1.87; N=914; I>=0%; moderate-
quality evidence). This was not observed in patients undergoing
blastocyst transfer (n=1666) (Craciunas et al. 2018).

While the use of IU-hCG is still debated in infertile patients
undergoing IVF-ET, it remains scantly studied in patients with
RIF. In their systematic review and meta-analysis, Xie et al.
extracted data from three RCTs and three cohort studies, each
evaluating the use of IlU-hCG in improving IVF-ET outcomes in
patients with >2 IVF-ET failures. The LBR was reported in three
studies (870 women) (Singh & Singh 2014, Volovsky et al.
2018, Liu et al. 2019) and was higher in the IU-hCG-treated
group than in the non-hCG group (27.8 % vs 18.0 %; RR
1.52, 95 % Cl 1.18-1.96, P= 0.001). All studies administered
hCG > 500 units within 3 days prior to ET (Xie et al. 2019).
Interestingly, Huang et al. published a prospective randomized
study where 162 patients with >2 failed IVF-ET received 1000
units of IU-hCG (n=62) or IU-saline placebo (n=49) 3 days
prior to their planned ET. Outcomes were compared to a
separate cohort which did not receive any treatment (n=50).
Ongoing pregnancy rates were similarly higher in both hCG
and saline placebo groups compared to the control group.
The authors hypothesized that local endometrial injury rather
than hCG treatment explained the higher success rates in the
treatment groups (Huang et al. 2017).

hCG plays an important role in improving endometrial
function and IVF outcomes in fresh autologous cycles.
Therefore, it is mechanistically attractive to infer that local
hCG administration may provide similar benefits for patients
with RIF, but the effectiveness of this approach remains to
be demonstrated in a randomized controlled setting using
appropriate controls. Like Huang et al., such RCTs should
incorporate a separate group receiving |lU-placebo to determine
if hCG itself or endometrial injury explains improved IVF-ET
outcomes. Pending such studies, IU-hCG (1000 U) 10-30 min
prior to embryo transfer may represent a low-risk and relatively
inexpensive approach for improving IVF-ET outcomes in RIF
patients or in patients undergoing cleavage stage embryo
transfer (Table 2).
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Anti-inflammatory strategies

In this section, we discuss strategies hypothesized to inhibit
endometrial inflammation (Fig. 3b).

Aspirin

Aspirin is a ubiquitous anti-inflammatory drug with many
clinical applications. It acts by inhibiting cyclooxygenase
(COX) and consequently the production of pro-inflammatory
cytokines, prostanoids and thromboxane. Aspirin has
been shown to decrease local recruitment of neutrophils,
monocytes and T cells, inhibit antigen presentation to DCs
and potentially enhance T, (Hussain et al. 2012). LDA has
recently been proposed to improve endometrial receptivity by
enhancing endometrial and uterine blood flow, presumably
improving endothelial function through its vasoactive and
anti-platelet properties (Zhang et al. 2022) (Fig. 3b). However,
it is unclear if LDA exerts immunomodulatory functions in the
endometrium. Despite being frequently used as an IVF adjunct
(Kumar & Mahajan 2013), the routine incorporation of pre- or
peri-conception LDA into IVF protocols has not been shown
to improve CPR) or LBRs compared to placebo in two meta-
analyses (Dentali et al. 2012, Siristatidis et al. 2016). Of note,
some cohort studies have recommended against the empiric
use of LDA, arguing that suppressing prostanoid synthesis may
hinder implantation (Check et al. 1998, Akhtar et al. 2013a);
however, this is not supported by recent RCT data (Siristatidis
et al. 2016, Madani et al. 2019).

The authors are unaware of any RCT examining the
effectiveness of LDA in patients with RIF. In a 2021 publication
by Zhang et al, 190 patients with >2 IVF-ET failures
demonstrated lower endometrial and uterine perfusion indices
compared to 105 fertile controls. While LDA administration
improved blood flow velocity in the infertile patients, this
was not clinically correlated with IVF outcomes (Zhang et al.
2022). In addition to improving endometrial perfusion, LDA
may also exert effects on the endometrial immune system. LDA
inhibits COX-1 and modifies COX-2, inducing the production
of anti-inflammatory lipoxins, resolvins and prostacyclins.
These have vasodilator, anti-inflammatory and anti-platelet
functions and may act on the innate and adaptive immune
systems by decreasing leukocyte response to inflammation and
by inducing T,.,. LDA is also thought to improve endometrial
perfusion and improve progesterone resistance and possibly
endometrial receptivity in patients undergoing IVF (Poorani
etal. 2016, Pahan & Pahan 2019) (Fig. 3b).

LDA has not been associated with increased maternal or fetal
side effects, even at doses up to 160 mg daily (Schisterman
et al. 2014, Rolnik et al. 2017, Blomqvist et al. 2018, Levine
et al. 2019). Empiric preconceptual LDA represents a low-
risk and low-cost intervention for patients with RIF, provided
LDA is started after oocyte collection to mitigate the risk of
procedural bleeding (Table 2). Interestingly, recent evidence
suggests that patients undergoing frozen embryo transfers (FET)
have an increased risk of hypertensive disorders of pregnancy,
possibly associated with the lack of corpus luteum (Singh et al.
2020, Wang et al. 2020). In the absence of contraindications,
we believe that LDA should be considered for patients with
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RIF, especially if undergoing FET. However, further studies are
needed to evaluate LDA's true clinical value for RIF.

Heparins

In addition to their anti-thrombotic role, unfractionated heparin
and LMWH are thought to exhibit anti-inflammatory properties
by preventing complement activation and neutralizing pro-
inflammatory cytokines and chemokines, thus preventing
the migration of leukocytes to areas of inflammation (Mulloy
2019, Bikdeli et al. 2020). Heparin fragments can bind to
macrophages, endothelial cells as well as pro-angiogenic
molecules VEGF and fibroblast growth factor 2) and are
thought to improve implantation by stimulating angiogenesis
(Li & Vlodavsky 2009), promoting tissue repair, enhancing
endometrial receptivity and improving local blood flow
(Tersigni et al. 2012) (Fig. 3a). However, it is unclear if heparins
exert immunomodulatory properties in the endometrium.
The benefit of LMWH would theoretically be most apparent
when started prior to conception; this is feasible in an RIF
population as time to conception is predictable. Timing LMWH
administration with [IVF-ET limits the length of LMWH usage and
lowers the risk of bleeding, heparin-induced thrombocytopenia
and thrombocytopenia (Akhtar et al. 2013b) while possibly
enhancing its immune modulatory potential (Clark 2013).

In a 2013 meta-analysis, Potdar et al. analyzed three
RCTs (Qublan et al. 2008, Urman et al. 2009, Berker et al.
2011) comparing outcomes in women with >3 failed IVF-ET
treated with enoxaparin (n=127) to those receiving either
placebo or no treatment (n=118). Enoxaparin started after
oocyte collection or on the day of IVF-ET showed improved
LBR (RR=1.79, 95% Cl: 1.10-2.90, P=0.02) and a reduced
miscarriage rate (RR= 0.22, 95% Cl: 0.06-0.78, P=0.02)
compared to control groups. However, one study (Qublan
et al. 2008) included patients with RIF and thrombophilia.
When analyzing data from women RIF without thrombophilia,
the observed treatment benefit was no longer statistically
significant (LBR: RR 1.36, 95% CI 0.82-2.26, P=0.24) (Potdar
et al. 2013). These results were confirmed in a later meta-
analysis by Yang et al. (Yang et al. 2018).

Of note, a 2011 retrospective review of patients with >2
IVF-ET failures suggested a higher LBR per cycle in patients
treated with LMWH compared to placebo (29.53% (17/57) vs
17.19% (88/512); P=0.006), the effect being more notable
in women over 36 years of age (35.71% (10/28) vs 15.53%
(50/322); P=0.007) (Lodigiani et al. 2011). However, a later
subgroup analysis of an RCT led by the same authors found
no benefit of Parnaparin 4250 1U or 6400 U started prior to
conception vs placebo in 44 patients with RIF, including those
over 36 years of age (n=31) (Lodigiani et al. 2017), but this
study was underpowered as target patient enrollment was
not reached. Unfortunately, several other studies evaluating
the use of adjuvant heparin or LMWH in patients with >2
IVF-ET failures could not be included in this analysis because
they failed to evaluate LMWH exclusively (Siristatidis et al.
2018, Sung et al. 2021), failed to report appropriate outcomes
(Hamdi et al. 2015, Tormene et al. 2015) or did not include a
control group (Grandone et al. 2014).
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Systematic preconception use of LMWH in patients with RIF
is mechanistically attractive and prophylactic doses of LMWH
have a favorable side effect profile. Unfortunately, studies have
been disappointing thus far. While it is possible that certain
RIF patient subgroups may benefit from LMWH, such as
those with thrombophilia (Qublan et al. 2008) or advanced
maternal age (Lodigiani et al. 2011), available data are scant.
Indeed, thrombophilia workup in patients with RIF remains
controversial (Clark 2013), and the effect of maternal age on the
function of the endometrium is largely unknown. Since both
thrombophilia and advanced maternal age are associated with
an increased risk of thrombosis during pregnancy (Croles et al.
2017, Sheen et al. 2018), it is conceivable that an increased
tendency to produce micro-thrombosis, defective spiral artery
remodeling or vasospasm at the site of implantation could
lead to RIF. Therefore, the clinical utility of LMWH in these
patient populations merits further investigation (Table 2).
Awaiting these studies, a prophylactic dose of LMWH started
on the day of ET and continued until 12 weeks of gestation
with monthly assessment of platelet levels can be considered
in select RIF patients, such as those with advanced maternal
age and thrombophilia.

Last, it has been hypothesized that the combination of LDA
and heparin may be more effective to improve outcomes in RIF
patients by better preventing thrombosis and inflammation of
decidual vessels, reducing oxidative stress and enhancing the
production of anti-apoptotic proteins than either intervention
alone (Johnson et al. 1997, Lea et al. 1997). While there is
no evidence that combination therapy enhances live birth in
subfertile patients having failed >1 IVF-ET (Akhtar et al. 2013a)
or in patients with RIF (>10 failed IVF-ET) and serologic
positivity for antinuclear and/or anti-phospholipid antibody
(Stern et al. 2003), the authors are unaware of appropriately
powered and controlled trials in uRIF patients.

Corticosteroids

Glucocorticoids act as broad immune suppressors and have
potent anti-inflammatory effects; as such, they have been used
to treat patients with suspected immune mediated reproductive
failure for over 25 years. They act by modifying leukocyte
gene expression and decrease leukocyte production of pro-
inflammatory cytokines as well as their ability to migrate to
areas of inflammation. GCs also have been shown to induce
apoptosis of activated CD4 T cells (Krigstein & Sacks 2012)
(Fig. 3b). However, normal implantation and decidualization
are inflammatory events, mediated by innate leucocytes which
are recruited to the endometrium during the menstrual cycle.
These leukocytes differentiate locally to aid with endometrial
receptivity, angiogenesis and embryo recognition (Negishi
et al. 2018). Thus, it is unsurprising that GC use for unselected
patients with RIF has been relatively ineffective. Furthermore,
GCs have a myriad of side effects and must be used with
caution during pregnancy. Patients need to be monitored for
the development of gestational diabetes (Leung et al. 2015)
and hypertension (Ponticelli & Moroni 2015); prolonged GC
use during pregnancy has been associated with an increased
incidence of pre-term birth (Laskin et al. 1997) and case reports
of fetal adrenal suppression (Kurtoglu et al. 2011).
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While routine pre-conception GC use is not supported for
women undergoing IVF (Boomsma et al. 2012), including
low dose (Moffitt et al. 1995, Ubaldi et al. 2002, Duvan et al.
2006, Revelli et al. 2008) or high dose GC (Polak de Fried
et al. 1993, Lee et al. 1994, Moffitt et al. 1995), small case
series have suggested that GC may improve pregnancy rates
in patients with autoantibodies undergoing IVF (Ando et al.
1996, Hasegawa et al. 1998, Zhu et al. 2013) or in patients
with a history of RIF (Lee et al. 1994, Geva et al. 2000).

In patients with RIF, several cohort and controlled cohort
studies have assessed the clinical utility of preconceptual GC.
Forges et al. studied 211 patients with >2 IVF-ET failures who
had positive anti-ovarian antibodies. Patients were treated
with prednisolone 0.5 mg/kg preconceptually, and outcomes
following GC therapy were compared to each patient’s
previous failed cycle. GC therapy resulted in a significant
increase in clinical pregnancies (38% vs 14%, P=0.0001) and
live births (26% vs 0%, P=<0.0001) vs no treatment (Forges
et al. 2006); but one must question the validity of a study
with an LBR of 0% in one arm. Mottaram et al. performed a
subgroup analysis in a large matched-case study and did not
find that adjuvant treatment with doxycycline, aspirin and
prednisolone 25 mg improved the LBR over standard treatment
in patients with >3 IVF-ET failures (57/175 (32.6%) vs 54/155
(34.8%)) (Motteram et al. 2015). Similarly, in a retrospective
cohort study, Siristadis et al. did not find that treatment with
LMWH and prednisolone (dose not specified) improved the
LBR over standard treatment in patients with >2 previous
IVF-ET failures (15/57 (26.3%) vs 9/58 (15.5%), P= 0.152)
(Siristatidis et al. 2018). Currently, a large RCT is underway to
evaluate the clinical utility of preconceptual prednisone use in
patients with RIF (Lu et al. 2020).

Preconceptual GC administration may be useful for a
subset of patients with RIF. However, appropriate patient
selection remains challenging, and there are no agreed-
upon characteristics or biomarkers to identify whom may
benefit most (Ledee et al. 2018). The administration of GCs
during pregnancy must also be weighed against the plethora
of maternal and fetal side effects associated with GC use.
Administering a low-to-moderate dose (equivalent <20 mg of
prednisone/day) prior to IVF-ET and for <14 days in women
with RIF and without metabolic risk factors may mitigate some
of the risks associated with GC therapy (Table 2). However,
there is insufficient evidence thus far that this approach
improves pregnancy outcomes.

Intralipid

Intralipid is a fat emulsion used as a lipid and calorie source
for patients requiring total parenteral nutrition (TPN). While
intralipid infusions are well tolerated, it's safety has not
been established in an obstetric population. Intralipids can
bind to peroxisome proliferator- activated receptors (PPARs)
on macrophages and DCdendritic cells, preventing pro-
inflammatory cytokine secretion and antigen presentation to
CD-1-restricted T cells respectively; intralipids are also thought
to suppress natural killer (NK) cell cytotoxicity (Ota et al. 1985,
Mayer et al. 2003, Khan & Vanden Heuvel 2003, Roussev et al.
2007, Coulam 2021). However, the immunomodulatory
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properties of intralipid are still debated, and the clinical impact
and mechanism remains to be defined (Shreeve & Sadek 2012)
and areis not further detailed in Fig. 3b. Interest in Intralipid
treatment for RIF is ex,trapolated from the recurrent pregnancy
loss (RPL) literature, where it is used as a controversial adjunct
in patients with suspected immune- mediated miscarriages
(Genest et al. 2022). As in RPL, RIF studies are mixed in terms
of intralipid efficacy (Coulam 2021).

Al-Zebeidi et al. published results of a matched RCT
comparing ilntralipid to placebo in 142 women with >3 failed
IVF—ICSlhelp_outline cycles. The LBR was similar in both
groups (13/71 (18.3%) vs 10/71 (14.1%); OR: 1.37, 95% ClI:
0.55-3.55-3.36, P=0.49). Adverse events were not recorded
(Al-Zebeidi et al. 2020). Similarly, Singh et al. randomized
105 women with secondary infertility and > 1 IVF-ET failure
to receive ilntralipids (n=52) or placebo (n=50). The LBR
was higher in the ilntralipid group (18/52 (34.6%) vs 7/50
(14%), RR: 2.5; 95% Cl: 1.13-5.13-5.4, P=0.023); however,
these patients did not meet RIF criteria, and more patients
in the intralipid group had day 5 blastocyst transfers then in
the placebo group (OR: 3.66, 95% Cl: 1.04-12.04-12.84).
Of note, one congenital anomaly (congenital diaphragmatic
hernia), 2 two cases of gestational hypertension, 2 two cases of
gestational diabetes and one patient with severe preeclampsia
were recorded in the Intralipid group. One patient in the
control group delivered twins prematurely, both of which later
died of sepsis (Singh et al. 2019).

In a recent meta-analysis of four studies including two
unpublished conference abstracts (El-Khayat & El Sadek 2015,
Gamaleldin et al. 2018, Singh et al. 2019, Al-Zebeidi et al.
2020), Zhou (Zhou et al. 2020) et al. concluded that only the
Singh et al. study (Singh et al. 2019) appeared to be of ‘adequate
quality and with low risk of bias’; however, this study did not
include women with only RIF and may not be comparable to
the three others in terms of populations studied. In the pooled
analysis of all studies, there was a significant increased LBR in
the women receiving intralipids (RR: 1.98, 95% Cl: 1.39-2.80);
however, excluding both unpublished abstracts, the LBR was
not statistically significant (RR: 1.66, 95% CI: (0.9-3.08), high
heterogeneity) (Zhou et al. 2020). Of concern, in an abstract
publication, Gamaleldin et al. randomized 97 patients with RIF
to receive intralipids or placebo, and while the LBR was similar
in both groups, three congenital malformations occurred in
the intralipid group while none were recorded in the control
group (Gamaleldin et al. 2018). Most recently, Erlich et al.
retrospectively described the outcomes of 93 women with RIF
treated with intralipids compared to an age-matched control
group of 651 women undergoing IVF. While the LBR in both
groups was similar, it is unclear if the age-matched controls
were also matched for clinical characteristics (Ehrlich et al.
2019).

Intralipid is a popular adjunct to IVF and is offered by
many clinics (Coulam 2021), but there is no convincing
evidence that it improves outcomes in patients with RIF. While
intralipid success may be contingent on patient selection (for
example, patients with high peripheral NK cell activity or with
endometrial immune activation) (Lédée et al. 2018, Coulam
2021), this remains to be validated in a well-powered RCT
using appropriate controls. Furthermore, intralipid is safe in
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patients with a legitimate medical indication for it, but its
safety during pregnancy has not been ascertained. Indeed,
one RCT (Singh et al. 2019) reported more adverse pregnancy
outcomes and congenital anomalies in the intralipid group.
These undesirable outcomes may be due to chance alone, but
before offering intralipids on a wide scale for patients with
RIF, larger studies are required to assess the safety of intralipid
treatment prior to conception and during pregnancy.

Intravenous immunoglobulin

Intravenous immunoglobulin  (IVIG is a plasma-derived
product which contains polyclonal immunoglobulin G. IVIG
acts by multiple mechanisms to dampen immune responses,
many of which could improve pregnancy outcomes in
patients with immune-mediated RIF. Indeed, IVIG exerts
direct immunomodulatory effects through the neutralization
of pro-inflammatory cytokines, chemokines, pathogenic
autoantibodies and complement. IVIG indirectly increases
the activation threshold of macrophages, possibly inducing
polarization to M2 macrophages, and induces tolerogenic
DCs which enhance T, cell responses (Gelfand 2012) (Fig.
1). However, the exact mechanism(s) by which IVIG improves
reproductive outcomes is RIF patients is unknown. [VIg is safe
and well tolerated during pregnancy, and maternal side effects
occur at the same frequency as in the general population
(Caress etal. 2010, Brinker & Silk 2012, Feldman & Whitington
2013, Katz-Agranov et al. 2015, Pacheco et al. 2016).

Unlike RPL, there are few studies evaluating the efficacy of
IVIG for RIF patients selected based on clinical criteria alone;
most RCTs have recruited patients with peripheral blood
immune anomalies. De Placido et al. randomized 39 patients
with >2 early miscarriages or >3 failed IVF-ET to receive either
IVIG (18 patients) or placebo (21 patients) prior to embryo
transfer. Patient characteristics were not detailed otherwise.
CPRs and miscarriage rates were similar between groups, but
LBR or pregnancy outcomes were not assessed (De Placido
et al. 1994). Similarly, Coulam et al. administered IVIG to 29
women with RIF, defined as no implantation after transfer of
>12 embryos. Two subgroups were compared: Group | were
effective embryo producers (>50% fertilization rate and/or
production of >3 embryos) while Group Il were not. In Group I,
9/16 (56%) women conceived and 7/16 (44%) had a live birth,
while in Group I, 1/13 (8%) of women conceived (P= 0.02)
and none had a live birth (P=0.0002). Despite there not being
an adequate control group, this study suggests that IVIG may
be effective in women with RIF and adequate ovarian reserve
with otherwise poor IVF prognosis (Coulam et al. 1994).

The largest prospective RCT to date was conducted by
Stephenson et al. In this study, 51 women with >2 failed
IVF-ET were randomized to receive IVIG 0.5g/kg within 72 h
prior to embryo transfer or normal saline. Both groups were
well matched in terms of maternal characteristics, but despite
randomization, the saline group had more unexplained
infertility (48%, 12/25) than the IVIG group (11.5%, 3/26,
P=0.004). LBRs were similar in both groups (4/26 (15%) in
the IVIG group vs 3/25 (12%) in the saline group, P=0.52).
Importantly, this study was powered to detect a large effect
of IVIG over placebo (45% live birth with IVIG vs 15%
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with placebo), and the recruitment target was not reached
(Stephenson & Fluker 2000).

Thereafter, multiple studies were published evaluating the
use of IVIG in patients with measurable peripheral immune
anomalies ranging from positive autoantibody to high NK
cell levels or abnormal Th1/Th2 ratios. Li et al. performed a
meta-analysis of 10 studies including 8207 participants. The
studies included were very heterogenous; seven were placebo
controlled, three compared IVIG to no treatment, and two
started IVIG after pregnancy diagnosis. IVIG protocols varied
widely, so did the use of other adjunctive therapies such as
tumor necrosis factor inhibitors, LMWH and LDA. Patient
selection was also very heterogenous; only four studies
recruited patients with RIF and immune anomalies (Coulam
& Goodman 2000, Heilmann et al. 2010, Moraru et al. 2012,
Virro et al. 2012), the four others recruited patients with
immune anomalies undergoing IVF without a history of RIF
(Sher et al. 1998, Winger & Reed 2008, Winger et al. 2011) and
two studies included patients with RIF without immunological
anomalies (De Placido et al. 1994, Stephenson & Fluker 2000).
Using the random effects model, Li et al. concluded that IVIG
was effective in patients with RIF. LBRs were 406/816 (49.8%)
with [VIg compared to 506/1599 (31.6%) without IVIg (pooled
RR: 1.616 (1.243-2.101), I 58.2, P=0.014). However, these
results must be interpreted with caution as study populations
were heterogenous, and IVIG dose, timing of administration
and administration with other immunomodulatory drugs
differed between studies (Li et al. 2013).

Finally, Abdolmohammadi performed a systematic review to
evaluate the effectiveness of IVIg in improving LBR in patients
with >3 failed IVF-ET and high NK cells/cytotoxicity or high
Th1/Th2 ratios. Of the four studies cited, two were retrospective
cohort studies (Moraru et al. 2012, Chernyshov et al. 2016)
and two were cross-sectional studies (Heilmann et al. 2010,
Ramos-Medina et al. 2014); all studies included a matched
control group that did not receive IVIG and all administered
IVIG prior to embryo transfer at a dose of 0.2-0.5g/kg. When
pooling data from both cohorts, the LBR was significantly
higher in the IVIG-treated patients (OR=2.17, 95% Cl=1.30-
3.61, P = 0.003); however, studies were heterogenous
(I?=90%) (Abdolmohammadi-Vahid et al. 2019).

It should be noted that IVIG is an expensive produce that is
dependent on a ready supply of plasma. Especially in the era
of COVID, where blood product shortages are a reality and
resource allocation is an important consideration, IVIg may
not be widely available for patients with RIF. With this is mind,
IVIg therapy should be used as a last resort in well-selected
RIF patients or used within a controlled research protocol. We
recommend a single dose of IVIG 0.4-0.6g/kg 3-5 days before
embryo transfer in patients <40 years old with unexplained
good-quality () blastocyst transfer failures despite adequate
endometrial preparation. Pre-1VIg serologies (hepatitis B and
C, CMV, parvovirus and toxoplasmosis) should be obtained
prior to infusion as first-trimester serologies are unreliable up
to 3 months post IVIg infusion.

Concluding remarks

uRIF is a frustrating condition to treat for clinicians,
especially when faced with a psychologically
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vulnerable population with high expectations. Immune
dysregulation at implantation likely explains a subset
of cases of uRIF, and immunomodulatory therapy
is probably effective for some patients but remains
controversial because of study heterogeneity and
patient selection. An important limitation in the field
of reproductive immunology is the inability to confirm
that immunomodulatory therapy reestablishes normal
endometrial physiology or corrects a presumed immune
anomaly when it is successful. Until this is feasible, it
will be difficult to determine which (if any) treatment is
truly clinically effective.

Rapid development is occurring in the field of
reproductive immunology, and we are progressively
overcoming traditional barriers for the study of
immunomodulatory treatments for RIF. Indeed, advances
in our understanding of molecular mechanisms
underlying immune-mediated RIF (IM-RIF) (Franasiak
et al. 2021) are leading to novel candidate diagnostic
biomarkers (Diaz-Hernandez et al. 2021, Piekarska et al.
2021) and therapeutic targets (Sadeghpour et al. 2020,
Comins-Boo et al. 2021), as well as new treatments
such as stem cell therapy (Saha et al. 2021). While
efforts are being made to harmonize the definition of
RIF (Cakiroglu & Tiras 2020), peripheral blood and
endometrial immune tests are being developed and
validated. Indeed, studies in which patients are selected
on the basis of true RIF (Wang et al. 2021a) or abnormal
peripheral blood or endometrial immune parameters
(Kolanska et al. 2021) show overall better results with
immunomodulation. Last, the immune adaptation
required for successful implantation is complex and
IM-RIF is likely multifactorial; one intervention alone
may not improve reproductive outcomes. Interestingly,
some studies propose that combination treatments,
tailored to patient’s laboratory work (Sung et al. 2021)
or endometrial immune profile (Ledee et al. 2020a),
successfully improve LBR in RIF patients. This potential
shift toward precision personalized medicine offers hope
for better diagnostic test development and better patient
selection for future studies. Ultimately, it is conceivable
that immune testing will be offered preemptively to all
patients as part of their standard infertility workup to
better tailor future treatments.

Despite the large strides made in the field in
the last two decades, further research is required
before the widespread application of individualized
immunotherapy is feasible. As a scientific community,
we must focus our energy on multicenter collaborative
studies implicating both physicians and basic scientists
to understand immune mechanisms involved in
implantation and identify interventions best suited to
a specific disease entity. Clinically, patient selection,
definition of RIF and metrics used to describe patients
must be harmonized to improve study homogeneity
for future comparative analysis; this is paramount
in our field since most RCT are small and often do
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not reach statistical significance. Ideally, all patients
receiving immunomodulatory therapy should be
included in specific registries which would permit
periodic practice audits, rapid identification of effective/
ineffective therapies as well as therapy side effects or
adverse maternal/fetal outcomes. From a basic science
perspective, characterizing the endometrium during the
WOI in both healthy and infertile patients with newly
available technologies such as mass cytometry and single-
cell RNA sequencing may shed new light onto normal
physiology or pathological decidual immune responses.
Furthermore, peripheral blood immune markers are
routinely being used to diagnose and treat patients.
These assays need to be validated and reproducible,
and correlated with reproductive outcomes in fertile
controls and in patients with ‘explained’ RIF. Further
studies are also needed to determine if peripheral blood
markers reflect endometrial immune physiology and
whether these tests are clinically useful. As clinicians,
we must remain aware of the fact that most therapies
are used off-label with very little current scientific
evidence of benefit. Patients must understand this and
be adequately counseled on, and followed for, potential
risks associated with each intervention to ensure free
and informed consent as well as patient safety during
treatment.

Declaration of interest

There is no conflict of interest that could be perceived as
prejudicing the impartiality of the research reported.

Funding

This work did not receive any specific grant from any funding
agency in the public, commercial or not-for-profit sector.

Author contribution statement

GG: Conceived the review, coordinated co-author’s
contributions, contributed to the writing and editing of each
section of the paper; SB Contributed to literature review and
writing of most sections on immunotherapy, conception of the
figures; WA: Contributed to the literature review and conception
of the figures; CB: Contributed to writing the introduction and
editing the document; JB: Contributed to unifying the definition
of recurrent implantation failure and editing of the document;
WB: Aided in the conception of the review and in the selection
of papers to include; FD: Contributed to the sections on PBMCs
and IVIg; PG: Contributed to the section of 1VIg and editing
of the document; MG: Contributed to the sections on aspirin
and heparin; WJ: Contributed to the section on intralipids; IK:
Contributed to the section on glucocorticoids; EK: Reviewed
referenced articles to ensure statistical methods were sound
for inclusion; LL: Contributed to the section on G-CSF; PM:
Contributed to the section on PBMC; TS: Conceived and

https://rep.bioscientifica.com

Immunomodulation and implantation failure  R53

contributed the summary tables; CS: Contributed to the section
on G-CSF and hCG; TT: Contributed to the section on hCG
and review and editing of the paper; BDM: Contributed to the
section on IVIg; CAL: Reviewed and edited the paper; NM:
Reviewed and edited the paper.

Acknowledgements

All figures were created with the web-based Biorender
scientific illustration software.

References

Aaleyasin A, Aghahosseini M, Rashidi M, Safdarian L, Sarvi F, Najmi Z,
Mobasseri A & Amoozgar B 2015 In vitro fertilization outcome
following embryo transfer with or without preinstillation of human
chorionic gonadotropin into the uterine cavity: a randomized controlled
trial. Gynecologic and Obstetric Investigation 79 201-205. (https:/doi.
org/10.1159/000363235)

Abdolmohammadi-Vahid S, Pashazadeh F, Pourmoghaddam Z, Aghebati-
Maleki L, Abdollahi-Fard S & Yousefi M 2019 The effectiveness of
IVIG therapy in pregnancy and live birth rate of women with recurrent
implantation failure (RIF): a systematic review and meta-analysis. Journal
of Reproductive Immunology 134-135 28-33. (https://doi.org/10.1016/j.
jri.2019.07.006)

Akhtar MA, Eljabu H, Hopkisson J, Raine-Fenning N, Quenby S &
Jayaprakasan K 2013a Aspirin and heparin as adjuvants during
IVF do not improve live birth rates in unexplained implantation
failure. Reproductive Biomedicine Online 26 586-594. (https://doi.
org/10.1016/j.rbmo.2013.02.007)

Akhtar MA, Sur S, Raine-Fenning N, Jayaprakasan K, Thornton Jg &
Quenby S 2013b Heparin for assisted reproduction. Cochrane Database
of Systematic Reviews 8 CD009452. (https://doi.org/10.1002/14651858.
CD009452.pub2)

Aleyasin A, Abediasl Z, Nazari A & Sheikh M 2016 Granulocyte
colony-stimulating factor in repeated IVF failure, a randomized trial.
Reproduction 151 637-642. (https://doi.org/10.1530/REP-16-0046)

Aluvihare Vr, Kallikourdis M & Betz AG 2004 Regulatory T cells mediate
maternal tolerance to the fetus. Nature Immunology 5 266-271. (https://
doi.org/10.1038/ni1037)

Al-Zebeidi ], Agdi M, Lary S, Al-Obaid S, Salim G & Al-Jaroudi D 2020
Effect of empiric intravenous intralipid therapy on pregnancy outcome
in women with unexplained recurrent implantation failure undergoing
intracytoplasmic sperm injection-embryo transfer cycle: a randomized
controlled trial. Gynecological Endocrinology 36 131-134. (https:/doi.
org/10.1080/09513590.2019.1631280)

Ando T, Suganuma N, Furuhashi M, Asada Y, Kondo | & Tomoda Y
1996 Successful glucocorticoid treatment for patients with abnormal
autoimmunity on in vitro fertilization and embryo transfer. Journal
of Assisted Reproduction and Genetics 13 776-781. (https://doi.
org/10.1007/BF02066497)

Arefi S, Fazeli E, Esfahani M, Borhani N, Yamini N, Hosseini A & Farifteh F
2018 Granulocyte-colony stimulating factor may improve pregnancy
outcome in patients with history of unexplained recurrent implantation
failure: an RCT. International Journal of Reproductive Biomedicine 16
299-304. (https://doi.org/10.29252/ijrm.16.5.299)

Bashiri A, Halper KI & Orvieto R 2018 Recurrent Implantation Failure-
update overview on etiology, diagnosis, treatment and future directions.
Reproductive Biology and Endocrinology: RB&E 16 121. (https:/doi.
org/10.1186/512958-018-0414-2)

Baum M, Yerushalmi GM, Maman E, Kedem A, Machtinger R, Hourvitz A
& Dor J 2012 Does local injury to the endometrium before IVF cycle
really affect treatment outcome? Results of a randomized placebo
controlled trial. Gynecological Endocrinology 28 933-936. (https://doi.
org/10.3109/09513590.2011.650750)

Bellver J & Simon C 2018 Implantation failure of endometrial origin: what
is new? Current Opinion in Obstetrics and Gynecology 30 229-236.
(https://doi.org/10.1097/GCO.0000000000000468)

Reproduction (2023) 165 R39-R60

Downloaded from Bioscientifica.com at 04/25/2023 07:51:37PM
via free access


https://rep.bioscientifica.com
https://doi.org/10.1159/000363235
https://doi.org/10.1159/000363235
https://doi.org/10.1016/j.jri.2019.07.006
https://doi.org/10.1016/j.jri.2019.07.006
https://doi.org/10.1016/j.rbmo.2013.02.007
https://doi.org/10.1016/j.rbmo.2013.02.007
https://doi.org/10.1002/14651858.CD009452.pub2
https://doi.org/10.1002/14651858.CD009452.pub2
https://doi.org/10.1530/REP-16-0046
https://doi.org/10.1038/ni1037
https://doi.org/10.1038/ni1037
https://doi.org/10.1080/09513590.2019.1631280
https://doi.org/10.1080/09513590.2019.1631280
https://doi.org/10.1007/BF02066497
https://doi.org/10.1007/BF02066497
https://doi.org/10.29252/ijrm.16.5.299
https://doi.org/10.1186/s12958-018-0414-2
https://doi.org/10.1186/s12958-018-0414-2
https://doi.org/10.3109/09513590.2011.650750
https://doi.org/10.3109/09513590.2011.650750
https://doi.org/10.1097/GCO.0000000000000468

R54 G Genest and others

Berker B, Taskin S, Kahraman K, Taskin EA, Atabekoglu C & Sonmezer M
2011 The role of low-molecular-weight heparin in recurrent implantation
failure: a prospective, quasi-randomized, controlled study. Fertility and
Sterility 95 2499-2502. (https://doi.org/10.1016/j.fertnstert.2010.12.033)

Berndt S, Blacher S, Munaut C, Detilleux ], Perrier D'hauterive S,
Huhtaniemi 1, Evain-Brion D, Noel A, Fournier T & Foidart JM
2013 Hyperglycosylated human chorionic gonadotropin stimulates
angiogenesis through TGF-beta receptor activation. FASEB Journal 27
1309-1321. (https://doi.org/10.1096/f].12-213686)

Bikdeli B, Madhavan MV, Gupta A, Jimenez D, Burton JR, Der
Nigoghossian C, Chuich T, Nouri SN, Dreyfus I, Driggin E et al. 2020
Pharmacological agents targeting thromboinflammation in COVID-19:
review and implications for future research. Thrombosis and Haemostasis
120 1004-1024. (https://doi.org/10.1055/5-0040-1713152)

Blois S, Alba Soto CD, Olmos S, Chuluyan E, Gentile T, Arck PC &
Margni RA 2004 Therapy with dendritic cells influences the spontaneous
resorption rate in the CBA/) x DBA/2) mouse model. American Journal
of Reproductive Immunology 51 40-48. (https://doi.org/10.1046/j.8755-
8920.2003.00120.x)

Blomqvist L, Hellgren M & Strandell A 2018 Acetylsalicylic acid does
not prevent first-trimester unexplained recurrent pregnancy loss:
a randomized controlled trial. Acta Obstetricia et Gynecologica
Scandinavica 97 1365-1372. (https://doi.org/10.1111/a0gs.13420)

Boomsma CM, Keay SD & Macklon NS 2012 Peri-implantation
glucocorticoid administration for assisted reproductive technology
cycles. Cochrane Database of Systematic Reviews CD005996. (https://
doi.org/10.1002/14651858.CD005996.pub3)

Bourdiec A, Calvo E, Rao CV & Akoum A 2013 Transcriptome analysis
reveals new insights into the modulation of endometrial stromal cell
receptive phenotype by embryo-derived signals interleukin-1 and
human chorionic gonadotropin: possible involvement in early embryo
implantation. PLoS One 8 e64829. (https:/doi.org/10.1371/journal.
pone.0064829)

Boxer LA, Bolyard AA, Marrero TM, Alter BP, Bonilla MA, Link D,
Newburger PE, Rosenberg PS, Shimamura A & Dale DC 2010 Outcomes
of pregnancies for women with severe chronic neutropenia with or
without G-CSF treatment. Blood 2010 116 1490.

Brighton PJ, Maruyama Y, Fishwick K, Vrljicak P, Tewary S, Fujihara R,
Muter ), Lucas ES, Yamada T, Woods L et al. 2017 Clearance of
senescent decidual cells by uterine natural killer cells in cycling human
endometrium. eLife 6. (https://doi.org/10.7554/eLife.31274)

Brinker KA & Silk H) 2012 Common variable immune deficiency
and treatment with intravenous immunoglobulin during pregnancy.
Annals of Allergy, Asthma and Immunology 108 464—465. (https://doi.
org/10.1016/j.anai.2012.04.014)

Bui BN, Lensen SF, Gibreel A, Martins WP, Torrance H & Broekmans FJ
2021 Endometrial injury for pregnancy following sexual intercourse or
intrauterine insemination. Cochrane Database of Systematic Reviews 3
CDO11424.

Cakiroglu Y & Tiras B 2020 Determining diagnostic criteria and
cause of recurrent implantation failure. Current Opinion in
Obstetrics and Gynecology 32 198-204. (https://doi.org/10.1097/
GCO0.0000000000000620)

Cameo P, Szmidt M, Strakova Z, Mavrogianis P, Sharpe-Timms KL
& Fazleabas AT 2006 Decidualization regulates the expression of
the endometrial chorionic gonadotropin receptor in the primate.
Biology of Reproduction 75 681-689. (https://doi.org/10.1095/
biolreprod.106.051805)

Caress JB, Kennedy BL & Eickman KD 2010 Safety of intravenous
immunoglobulin treatment. Expert Opinion on Drug Safety 9 971-979.
(https://doi.org/10.1517/14740338.2010.484419)

Chambers M, Rees A, Cronin JG, Nair M, Jones N & Thornton CA 2020
Macrophage plasticity in reproduction and environmental influences
on their function. Frontiers in Immunology 11 607328. (https:/doi.
0rg/10.3389/fimmu.2020.607328)

Check JH, Dietterich C, Lurie D, Nazari A & Chuong J 1998 A matched
study to determine whether low-dose aspirin without heparin improves
pregnancy rates following frozen embryo transfer and/or affects
endometrial sonographic parameters. Journal of Assisted Reproduction
and Genetics 15 579-582. (https://doi.org/10.1023/a:1020373009043)

Chernyshov VP, Dons'koi BV, Sudoma 10 & Goncharova YO 2016 Multiple
immune deviations predictive for IVF failure as possible markers for

Reproduction (2023) 165 R39-R60

IVIG therapy. Immunology Letters 176 44-50. (https:/doi.org/10.1016/j.
imlet.2015.12.010)

Clark DA 2013 Aspirin and heparin to improve live birth rate in IVF for
unexplained implantation failure? Reproductive Biomedicine Online 26
538-541. (https://doi.org/10.1016/j.rbmo.2013.03.007)

Comins-Boo A, Cristobal I, Fernandez-Arquero M, Rodriguez De Frias E,
Calvo Urrutia M, Pilar Suarez L, Gasca Escorial P, Angel Herraiz M
& Sanchez-Ramon S 2021 Functional NK surrogate biomarkers for
inflammatory recurrent pregnancy loss and recurrent implantation
failure. American Journal of Reproductive Immunology 86 e13426.
(https://doi.org/10.1111/aji.13426)

Coomarasamy A, Williams H, Truchanowicz E, Seed PT, Small R,
Quenby S, Gupta P, Dawood F, Koot YE, Atik RB 2016 PROMISE: first-
trimester progesterone therapy in women with a history of unexplained
recurrent miscarriages - a randomised, double-blind, placebo-
controlled, international multicentre trial and economic evaluation.
Health Technology Assessment 20 1-92.

Coulam CB 2021 Intralipid treatment for women with reproductive failures.
American Journal of Reproductive Immunology 85 €13290. (https:/doi.
org/10.1111/aji.13290)

Coulam CB & Goodman C 2000 Increased pregnancy rates after IVF/ET
with intravenous immunoglobulin treatment in women with elevated
circulating C56+ cells. Early Pregnancy 4 90-98.

Coulam CB, Krysa LW & Bustillo M 1994 Intravenous immunoglobulin for
in-vitro fertilization failure. Human Reproduction 9 2265-2269. (https://
doi.org/10.1093/oxfordjournals.humrep.a138435)

Craciunas L, Tsampras N, Raine-Fenning N & Coomarasamy A 2018
Intrauterine administration of human chorionic gonadotropin (hCG) for
subfertile women undergoing assisted reproduction. Cochrane Database
of Systematic Reviews 10 CDO11537.

Croles FN, Nasserinejad K, Duvekot JJ, Kruip M}, Meijer K & Leebeek FW
2017 Pregnancy, thrombophilia, and the risk of a first venous thrombosis:
systematic review and bayesian meta-analysis. BMJ 359 j4452. (https:/
doi.org/10.1136/bmj.j4452)

Cruz M, Alecsandru D, Garcia-Velasco JA & Requena A 2019 Use
of granulocyte colony-stimulating factor in ART treatment does
not increase the risk of adverse perinatal outcomes. Reproductive
Biomedicine  Online 39 976-980. (https://doi.org/10.1016/j.
rbmo.2019.09.008)

Davari-Tanha F, Shahrokh Tehraninejad E, Ghazi M & Shahraki Z 2016
The role of G-CSF in recurrent implantation failure: a randomized
double blind placebo control trial. International Journal of Reproductive
Biomedicine 14 737-742. (https://doi.org/10.29252/ijrm.14.12.737)

De Placido G, Zullo F, Mollo A, Cappiello F, Nazzaro A, Colacurci N &
Palumbo G 1994 Intravenous immunoglobulin (IVIG) in the prevention
of implantation failures. Annals of the New York Academy of Sciences
734 232-234. (https://doi.org/10.1111/j.1749-6632.1994.tb21751.X)

Dekel N, Gnainsky Y, Granot 1 & Mor G 2010 Inflammation and
implantation. American Journal of Reproductive Immunology 63 17-21.
(https://doi.org/10.1111/j.1600-0897.2009.00792.x)

Dekel N, Gnainsky Y, Granot I, Racicot K & Mor G 2014 The role of
inflammation for a successful implantation. American Journal of
Reproductive  Immunology 72 141-147. (https://doi.org/10.1111/
aji.12266)

Dentali F, Ageno W, Rezoagli E, Rancan E, Squizzato A, Middeldorp S,
Margaglione M & Grandone E 2012 Low-dose aspirin for in vitro
fertilization or intracytoplasmic sperm injection: a systematic review and
a meta-analysis of the literature. Journal of Thrombosis and Haemostasis
10 2075-2085. (https://doi.org/10.1111/j.1538-7836.2012.04886.X)

Diao LH, Li GG, Zhu YC, Tu WW, Huang CY, Lian RC, Chen X, Li YY,
Zhang T, Huang Y et al. 2017 Human chorionic gonadotropin potentially
affects pregnancy outcome in women with recurrent implantation failure
by regulating the homing preference of regulatory T cells. American Journal
of Reproductive Immunology 77. (https://doi.org/10.1111/aji.12618)

Diaz-Hernandez I, Alecsandru D, Garcia-Velasco JA & Dominguez F 2021
Uterine natural killer cells: from foe to friend in reproduction. Human
Reproduction Update 27 720-746. (https:/doi.org/10.1093/humupd/
dmaa062)

Donoghue JF, Paiva P, Teh WT, Cann LM, Nowell C, Rees H, Bittinger S,
Obers V, Bulmer N, Stern C et al. 2019 Endometrial uNK cell counts
do not predict successful implantation in an IVF population. Human
Reproduction 34 2456-2466. (https://doi.org/10.1093/humrep/dez194)

https://rep.bioscientifica.com

Downloaded from Bioscientifica.com at 04/25/2023 07:51:37PM
via free access


https://rep.bioscientifica.com
https://doi.org/10.1016/j.fertnstert.2010.12.033
https://doi.org/10.1096/fj.12-213686
https://doi.org/10.1055/s-0040-1713152
https://doi.org/10.1046/j.8755-8920.2003.00120.x
https://doi.org/10.1046/j.8755-8920.2003.00120.x
https://doi.org/10.1111/aogs.13420
https://doi.org/10.1002/14651858.CD005996.pub3
https://doi.org/10.1002/14651858.CD005996.pub3
https://doi.org/10.1371/journal.pone.0064829
https://doi.org/10.1371/journal.pone.0064829
https://doi.org/10.7554/eLife.31274
https://doi.org/10.1016/j.anai.2012.04.014
https://doi.org/10.1016/j.anai.2012.04.014
https://doi.org/10.1097/GCO.0000000000000620
https://doi.org/10.1097/GCO.0000000000000620
https://doi.org/10.1095/biolreprod.106.051805
https://doi.org/10.1095/biolreprod.106.051805
https://doi.org/10.1517/14740338.2010.484419
https://doi.org/10.3389/fimmu.2020.607328
https://doi.org/10.3389/fimmu.2020.607328
https://doi.org/10.1023/a:1020373009043
https://doi.org/10.1016/j.imlet.2015.12.010
https://doi.org/10.1016/j.imlet.2015.12.010
https://doi.org/10.1016/j.rbmo.2013.03.007
https://doi.org/10.1111/aji.13426
https://doi.org/10.1111/aji.13290
https://doi.org/10.1111/aji.13290
https://doi.org/10.1093/oxfordjournals.humrep.a138435
https://doi.org/10.1093/oxfordjournals.humrep.a138435
https://doi.org/10.1136/bmj.j4452
https://doi.org/10.1136/bmj.j4452
https://doi.org/10.1016/j.rbmo.2019.09.008
https://doi.org/10.1016/j.rbmo.2019.09.008
https://doi.org/10.29252/ijrm.14.12.737
https://doi.org/10.1111/j.1749-6632.1994.tb21751.x
https://doi.org/10.1111/j.1600-0897.2009.00792.x
https://doi.org/10.1111/aji.12266
https://doi.org/10.1111/aji.12266
https://doi.org/10.1111/j.1538-7836.2012.04886.x
https://doi.org/10.1111/aji.12618
https://doi.org/10.1093/humupd/dmaa062
https://doi.org/10.1093/humupd/dmaa062
https://doi.org/10.1093/humrep/dez194

Drizi A, Djokovic D, Lagana AS & Van Herendael B 2020 Impaired
inflammatory state of the endometrium: a multifaceted approach to
endometrial inflammation. Current insights and future directions.
Przeglad ~ Menopauzalny 19 90-100.  (https://doi.org/10.5114/
pm.2020.97863)

Duvan ClI, Ozmen B, Satiroglu H, Atabekoglu CS & Berker B 2006 Does
addition of low-dose aspirin and/or steroid as a standard treatment in
nonselected intracytoplasmic sperm injection cycles improve in vitro
fertilization success? A randomized, prospective, placebo-controlled
study. Journal of Assisted Reproduction and Genetics 23 15-21. (https:/
doi.org/10.1007/510815-005-9003-3)

Eftekhar M, Miraj S, Farid Mojtahedi M & Neghab N 2016 Efficacy of
intrauterine infusion of granulocyte colony stimulating factor on
patients with history of implantation failure: a randomized control trial.
International Journal of Reproductive Biomedicine 14 687-690. (https:/
doi.org/10.29252/ijrm.14.11.687)

Ehrlich R, Hull ML, Walkley ] & Sacks G 2019 Intralipid immunotherapy
for repeated IVF failure. Fertility & Reproduction 1 154-160. (https:/doi.
org/10.1142/52661318219500178)

Elaimi A, Gardner K, Kistnareddy K & Harper J 2012 The effect of GM-
CSF on development and aneuploidy in murine blastocysts. Human
Reproduction 27 1590-1595. (https://doi.org/10.1093/humrep/des108)

El-Khayat W & El Sadek M 2015 Intralipid for repeated implantation failure
(RIF): a randomized controlled trial. Fertility and Sterility 104 e26.
(https://doi.org/10.1016/j.fertnstert.2015.07.080)

Feldman AG & Whitington PF 2013 Neonatal hemochromatosis. Journal
of Clinical and Experimental Hepatology 3 313-320. (https:/doi.
org/10.1016/j.jceh.2013.10.004)

Fitzgerald HC, Schust D] & Spencer TE 2021 In vitro models of the
human endometrium: evolution and application for women's health.
Biology of Reproduction 104 282-293. (https://doi.org/10.1093/biolre/
ioaal83)

Forges T, Monnier-Barbarino P, Guillet-May F, Faure GC & Bene MC
2006 Corticosteroids in patients with antiovarian antibodies undergoing
in vitro fertilization: a prospective pilot study. European Journal of
Clinical Pharmacology 62 699-705. (https:/doi.org/10.1007/s00228-
006-0169-0)

Franasiak JM, Alecsandru D, Forman EJ, Gemmell LC, Goldberg JM,
Llarena N, Margolis C, Laven J, Schoenmakers S & Seli E 2021 A
review of the pathophysiology of recurrent implantation failure.
Fertility and  Sterility 116 1436-1448. (https://doi.org/10.1016/j.
fertnstert.2021.09.014)

Gamaleldin 1, Gomaa M, Shafik A & Akande V 2018 Intralipid infusion
does not improve live birth rates in women with unexplained
recurrent implantation failure and may increase the risk of congenital
malformations, a double-blinded randomised controlled trial. BJOG
2018 31-32.

Gelfand EW 2012 Intravenous immune globulin in autoimmune and
inflammatory diseases. New England Journal of Medicine 367
2015-2025. (https://doi.org/10.1056/NEJMra1009433)

Genest G, Almasri W, Banjar S, Beauchamp C, Buckett W, Dzineku F,
Demirtas E, Gold P, Dahan MH, Jamal W et al. 2022 Immunotherapy for
recurrent pregnancy loss: a reappraisal. F&S Reviews 3 24-41. (https://
doi.org/10.1016/j.xfnr.2021.11.002)

Geva E, Amit A, Lerner-Geva L, Yaron Y, Daniel Y, Schwartz T, Azem F,
Yovel | & Lessing JB 2000 Prednisone and aspirin improve pregnancy
rate in patients with reproductive failure and autoimmune antibodies:
a prospective study. American Journal of Reproductive Immunology 43
36-40. (https://doi.org/10.1111/j.8755-8920.2000.430107.x)

Gnainsky Y, Granot I, Aldo P, Barash A, Or Y, Mor G & Dekel N 2015
Biopsy-induced inflammatory  conditions improve endometrial
receptivity: the mechanism of action. Reproduction 149 75-85. (https://
doi.org/10.1530/REP-14-0395)

Gnainsky Y, Granot I, Aldo PB, Barash A, Or Y, Schechtman E, Mor G &
Dekel N 2010 Local injury of the endometrium induces an inflammatory
response that promotes successful implantation. Fertility and Sterility 94
2030-2036. (https://doi.org/10.1016/j.fertnstert.2010.02.022)

Gong H, Chen Y, Xu J, Xie X, Yu D, Yang B & Kuang H 2017 The regulation
of ovary and conceptus on the uterine natural killer cells during early
pregnancy. Reproductive Biology and Endocrinology: RB&E 15 73.
(https://doi.org/10.1186/s12958-017-0290-1)

https://rep.bioscientifica.com

Immunomodulation and implantation failure  R55

Grandone E, Villani M, Tiscia GL, Dentali F, Colaizzo D, Cappucci F,
Chinni E, Ageno W & Margaglione M 2014 Clinical Pregnancies and
Live Births in women approaching ART: a follow-up analysis of 157
women after thrombophilia screening. Thrombosis Research 133
168-172. (https://doi.org/10.1016/j.thromres.2013.11.016)

Guo C, Cai P, Jin L, Sha Q, Yu Q, Zhang W, Jiang C, Liu Q, Zong D,
Li K et al. 2021 Single-cell profiling of the human decidual immune
microenvironment in patients with recurrent pregnancy loss. Cell
Discovery 7 1. (https:/doi.org/10.1038/s41421-020-00236-2)

Gutsche S, Von Wolff M, Strowitzki T & Thaler CJ 2003 Seminal plasma
induces mRNA expression of IL-Tbeta, IL-6 and LIF in endometrial
epithelial cells in vitro. Molecular Human Reproduction 9 785-791.
(https://doi.org/10.1093/molehr/gag095)

Hamdi K, Danaii S, Farzadi L, Abdollahi S, Chalabizadeh A & Abdollahi
Sabet S 2015 The role of heparin in embryo implantation in women
with recurrent implantation failure in the cycles of assisted reproductive
techniques (without history of thrombophilia). Journal of Family and
Reproductive Health 9 59-64.

Harrity C, Bereir MM, Walsh D} & Marron KD 2019 Moving from
peripheral blood to local uterine immunophenotype analysis in patients
with poor reproductive history: pilot study of a novel technique. Irish
Journal of Medical Science 188 893-901. (https://doi.org/10.1007/
s11845-018-1933-8)

Hasegawa I, Yamanoto Y, Suzuki M, Murakawa H, Kurabayashi T,
Takakuwa K & Tanaka K 1998 Prednisolone plus low-dose aspirin
improves the implantation rate in women with autoimmune conditions
who are undergoing in vitro fertilization. Fertility and Sterility 70
1044-1048. (https://doi.org/10.1016/s0015-0282(98)00343-4)

Heilmann L, Schorsch M & Hahn T 2010 CD3-CD56+CD16+ natural
killer cells and improvement of pregnancy outcome in IVF/ICSI failure
after additional IVIG-treatment. American Journal of Reproductive
Immunology 63 263-265. (https://doi.org/10.1111/j.1600-
0897.2009.00790.x)

Hornung D, Ryan IP, Chao VA, Vigne JL, Schriock ED & Taylor RN 1997
Immunolocalization and regulation of the chemokine RANTES in human
endometrial and endometriosis tissues and cells. Journal of Clinical
Endocrinology and Metabolism 82 1621-1628. (https://doi.org/10.1210/
jcem.82.5.3919)

Huang C, Zhang Y, Xiang Z, Li Y, Lin R, Xu J, Tu W & Zeng Y 2021
Granzyme B-expressing gammadelta-T and NK cells as a predictor
of clinical pregnancy failure in patients with unexplained repeated
implantation failure. Journal of Reproductive Immunology 144 103269.
(https://doi.org/10.1016/}.jri.2020.103269)

Huang P, Wei L & Li X 2017 A study of intrauterine infusion of human
chorionic gonadotropin (hCG) before frozen-thawed embryo transfer
after two or more implantation failures. Gynecological Endocrinology 33
67-69. (https://doi.org/10.1080/09513590.2016.1207164)

Hussain M, Javeed A, Ashraf M, Zhao Y, Mukhtar MM & Rehman MU
2012 Aspirin and immune system. International Immunopharmacology
12 10-20. (https://doi.org/10.1016/j.intimp.2011.11.021)

Hviid MM & Macklon N 2017 Immune modulation treatments-where
is the evidence? Fertility and Sterility 107 1284-1293. (https://doi.
org/10.1016/j.fertnstert.2017.04.009)

Ideta A, Sakai S-I, Nakamura Y, Urakawa M, Hayama K, Tsuchiya K,
Fujiwara H & Aoyagi Y 2010 Administration of peripheral blood
mononuclear cells into the uterine horn to improve pregnancy rate
following bovine embryo transfer. Animal Reproduction Science 117
18-23. (https://doi.org/10.1016/j.anireprosci.2009.04.004)

Jiang Y, Zhao Q, Zhang Y, Zhou L, Lin J, Chen Y & Qian X 2020 Treatment
of G-CSF in unexplained, repeated implantation failure: a systematic
review and meta-analysis. Journal of Gynecology Obstetrics and Human
Reproduction 101866. (https://doi.org/10.1016/j.jogoh.2020.101866)

Johnson RD, Polakoski K, Everson WV & Nelson DM 1997 Aspirin
induces increased expression of both prostaglandin H synthase-1 and
prostaglandin H synthase-2 in cultured human placental trophoblast.
American Journal of Obstetrics and Gynecology 177 78-85. (https://doi.
org/10.1016/s0002-9378(97)70441-1)

Kalem Z, Namli Kalem M, Bakirarar B, Kent E, Makrigiannakis A
& Gurgan T 2020 Intrauterine G-CSF administration in recurrent
implantation failure (RIF): an Rct. Scientific Reports 10 5139. (https://doi.
org/10.1038/541598-020-61955-7)

Reproduction (2023) 165 R39-R60

Downloaded from Bioscientifica.com at 04/25/2023 07:51:37PM
via free access


https://rep.bioscientifica.com
https://doi.org/10.5114/pm.2020.97863
https://doi.org/10.5114/pm.2020.97863
https://doi.org/10.1007/s10815-005-9003-3
https://doi.org/10.1007/s10815-005-9003-3
https://doi.org/10.29252/ijrm.14.11.687
https://doi.org/10.29252/ijrm.14.11.687
https://doi.org/10.1142/S2661318219500178
https://doi.org/10.1142/S2661318219500178
https://doi.org/10.1093/humrep/des108
https://doi.org/10.1016/j.fertnstert.2015.07.080
https://doi.org/10.1016/j.jceh.2013.10.004
https://doi.org/10.1016/j.jceh.2013.10.004
https://doi.org/10.1093/biolre/ioaa183
https://doi.org/10.1093/biolre/ioaa183
https://doi.org/10.1007/s00228-006-0169-0
https://doi.org/10.1007/s00228-006-0169-0
https://doi.org/10.1016/j.fertnstert.2021.09.014
https://doi.org/10.1016/j.fertnstert.2021.09.014
https://doi.org/10.1056/NEJMra1009433
https://doi.org/10.1016/j.xfnr.2021.11.002
https://doi.org/10.1016/j.xfnr.2021.11.002
https://doi.org/10.1111/j.8755-8920.2000.430107.x
https://doi.org/10.1530/REP-14-0395
https://doi.org/10.1530/REP-14-0395
https://doi.org/10.1016/j.fertnstert.2010.02.022
https://doi.org/10.1186/s12958-017-0290-1
https://doi.org/10.1016/j.thromres.2013.11.016
https://doi.org/10.1038/s41421-020-00236-z
https://doi.org/10.1093/molehr/gag095
https://doi.org/10.1007/s11845-018-1933-8
https://doi.org/10.1007/s11845-018-1933-8
https://doi.org/10.1016/s0015-0282(98)00343-4
https://doi.org/10.1111/j.1600-0897.2009.00790.x
https://doi.org/10.1111/j.1600-0897.2009.00790.x
https://doi.org/10.1210/jcem.82.5.3919
https://doi.org/10.1210/jcem.82.5.3919
https://doi.org/10.1016/j.jri.2020.103269
https://doi.org/10.1080/09513590.2016.1207164
https://doi.org/10.1016/j.intimp.2011.11.021
https://doi.org/10.1016/j.fertnstert.2017.04.009
https://doi.org/10.1016/j.fertnstert.2017.04.009
https://doi.org/10.1016/j.anireprosci.2009.04.004
https://doi.org/10.1016/j.jogoh.2020.101866
https://doi.org/10.1016/s0002-9378(97)70441-1
https://doi.org/10.1016/s0002-9378(97)70441-1
https://doi.org/10.1038/s41598-020-61955-7
https://doi.org/10.1038/s41598-020-61955-7

R56 G Genest and others

Kamath MS, Kirubakaran R & Sunkara SK 2020 Granulocyte-colony
stimulating factor administration for subfertile women undergoing
assisted reproduction. Cochrane Database of Systematic Reviews 1
CDO013226. (https://doi.org/10.1002/14651858.CD013226.pub2)

Karimzadeh MA, Ayazi Rozbahani M & Tabibnejad N 2009 Endometrial
local injury improves the pregnancy rate among recurrent implantation
failure patients undergoing in vitro fertilisation/intra cytoplasmic sperm
injection: a randomised clinical trial. Australian and New Zealand
Journal of Obstetrics and Gynaecology 49 677-680. (https:/doi.
org/10.1111/j.1479-828X.2009.01076.x)

Katz-Agranov N, Khattri S & Zandman-Goddard G 2015 The role of
intravenous immunoglobulins in the treatment of rheumatoid arthritis.
Autoimmunity  Reviews 14 651-658.  (https:/doi.org/10.1016/j.
autrev.2015.04.003)

Khan SA & Vanden Heuvel JP 2003 Role of nuclear receptors in the
regulation of gene expression by dietary fatty acids (review). Journal of
Nutritional Biochemistry 14 554-567. (https://doi.org/10.1016/50955-
2863(03)00098-6)

Koc O, Ozdemirici S, Acet M, Soyturk U & Aydin S 2017 Nuclear factor-
kappaB expression in the endometrium of normal and overweight
women with polycystic ovary syndrome. Journal of Obstetrics and
Gynaecology 37 924-930. (https://doi.org/10.1080/01443615.2017.13
15563)

Kofod L, Lindhard A & Hviid TVF 2018 Implications of uterine NK
cells and regulatory T cells in the endometrium of infertile women.
Human — Immunology 79  693-701.  (https://doi.org/10.1016/j.
humimm.2018.07.003)

Kolanska K, Bendifallah S, Cohen J, Placais L, Selleret L, Johanet C, Suner L,
Delhommeau F, Chabbert-Buffet N, Darai E et al. 2021 Unexplained
recurrent implantation failures: predictive factors of pregnancy and
therapeutic management from a French multicentre study. Journal of
Reproductive  Immunology 145 103313. (https://doi.org/10.1016/j.
jri.2021.103313)

Kong CS, Ordonez AA, Turner S, Tremaine T, Muter ], Lucas ES,
Salisbury E, Vassena R, Tiscornia G, Fouladi-Nashta AA et al. 2021
Embryo biosensing by uterine natural killer cells determines endometrial
fate decisions at implantation. FASEB Journal 35 €21336. (https:/doi.
org/10.1096/f.202002217R)

Koot YEM, Hviid Saxtorph M, Goddijn M, De Bever S, Eijkemans MJC,
Wely MV, Van Der Veen F, Fauser BCJM & Macklon NS 2019 What is the
prognosis for a live birth after unexplained recurrent implantation failure
following IVF/ICSI? Human Reproduction 34 2044-2052. (https:/doi.
0org/10.1093/humrep/dez120)

Krigstein M & Sacks G 2012 Prednisolone for repeated implantation failure
associated with high natural killer cell levels. Journal of Obstetrics and
Gynaecology 32 518-519. (https://doi.org/10.3109/01443615.2012.69
3988)

Kumar P & Mahajan S 2013 Preimplantation and postimplantation
therapy for the treatment of reproductive failure. Journal of Human
Reproductive  Sciences 6 88-92. (https:/doi.org/10.4103/0974-
1208.117165)

Kurtoglu S, Sarici D, Akin Ma, Daar G, Korkmaz L & Memur $ 2011 Fetal
adrenal suppression due to maternal corticosteroid use: case report.
Journal of Clinical Research in Pediatric Endocrinology 3 160-162.
(https://doi.org/10.4274/jcrpe.v3i3.31)

Laskin CA, Bombardier C, Hannah ME, Mandel FP, Ritchie JW, Farewell V,
Farine D, Spitzer K, Fielding L, Soloninka CA et al. 1997 Prednisone
and aspirin in women with autoantibodies and unexplained recurrent
fetal loss. New England Journal of Medicine 337 148-153. (https://doi.
org/10.1056/NEJM199707173370302)

Lea RG, Al-Sharekh N, Tulppala M & Critchley HO 1997 The
immunolocalization of bcl-2 at the maternal-fetal interface in healthy
and failing pregnancies. Human Reproduction 12 153-158. (https://doi.
org/10.1093/humrep/12.1.153)

Ledee N, Petitbarat M, Prat-Ellenberg L, Dray G, Cassuto Gn, Chevrier L,
Kazhalawi A, Vezmar K & Chaouat G 2020a Endometrial immune
profiling: a method to design personalized care in assisted reproductive
medicine. Frontiers in Immunology 11 1032. (https://doi.org/10.3389/
fimmu.2020.01032)

Ledee N, Petitbarat M, Prat-Ellenberg L, Dray G, Cassuto GN, Chevrier L,
Kazhalawi A, Vezmar K & Chaouat G 2020b The uterine immune
profile: a method for individualizing the management of women who

Reproduction (2023) 165 R39-R60

have failed to implant an embryo after IVF/ICSI. Journal of Reproductive
Immunology 142 103207. (https://doi.org/10.1016/j.jri.2020.103207)

Ledee N, Prat-Ellenberg L, Chevrier L, Balet R, Simon C, Lenoble C,
Irani EE, Bouret D, Cassuto G, Vitoux D et al. 2017 Uterine immune
profiling for increasing live birth rate: a one-to-one matched cohort
study. Journal of Reproductive Immunology 119 23-30. (https://doi.
org/10.1016/}.jri.2016.11.007)

Ledee N, Prat-Ellenberg L, Petitbarat M, Chevrier L, Simon C, Irani Ee,
Vitoux D, Bensussan A & Chaouat G 2018 Impact of prednisone in
patients with repeated embryo implantation failures: beneficial or
deleterious? Journal of Reproductive Immunology 127 11-15. (https:/
doi.org/10.1016/j.jri.2018.03.003)

Lédée N, Vasseur C, Petitbarat M, Chevrier L, Vezmar K, Dray G,
Cheniére S, Lobersztajn A, Vitoux D, Cassuto GN et al. 2018 Intralipid®
may represent a new hope for patients with reproductive failures and
simultaneously an over-immune endometrial activation. Journal of
Reproductive  Immunology 130 18-22. (https://doi.org/10.1016/j.
jri.2018.09.050)

Lee Ka, Koo Jj, Yoon TK, Do BR, Ko JJ & Cha KY 1994 Immunosuppression
by corticosteroid has no effect on the pregnancy rate in routine in-
vitro fertilization/embryo transfer patients. Human Reproduction 9
1832-1835. (https://doi.org/10.1093/oxfordjournals.humrep.a138343)

Lensen S, Osavlyuk D, Armstrong S, Stadelmann C, Hennes A, Napier E,
Wilkinson J, Sadler L, Gupta D, Strandell A et al. 2019 A randomized
trial of endometrial scratching before in vitro fertilization. New
England Journal of Medicine 380 325-334. (https://doi.org/10.1056/
NE/JMoa1808737)

Lensen Sf, Armstrong S, Gibreel A, Nastri Co, Raine-Fenning N &
Martins WP 2021 Endometrial injury in women undergoing in
vitro fertilisation (IVF). Cochrane Database of Systematic Reviews 6
CD009517. (https://doi.org/10.1002/14651858.CD009517.pub4)

Leung YP, Kaplan GG, Coward S, Tanyingoh D, Kaplan BJ, Johnston DW,
Barkema HW, Ghosh S, Panaccione R, Seow CH et al. 2015 Intrapartum
corticosteroid use significantly increases the risk of gestational diabetes
in women with inflammatory bowel disease. Journal of Crohn’s and
Colitis 9 223-230. (https://doi.org/10.1093/ecco-jcc/jjv006)

Levine LD, Holland TL, Kim K, Sjaarda LA, Mumford SL & Schisterman EF
2019 The role of aspirin and inflammation on reproduction: the EAGeR
trial (1). Canadian Journal of Physiology and Pharmacology 97 187-192.
(https://doi.org/10.1139/cjpp-2018-0368)

Li J, Chen Y, Liu C, Hu Y & Li L 2013 Intravenous immunoglobulin
treatment for repeated IVF/ICSI failure and unexplained infertility: a
systematic review and a meta-analysis. American Journal of Reproductive
Immunology 70 434-447. (https://doi.org/10.1111/aji.12170)

Li JP & Vlodavsky 1 2009 Heparin, heparan sulfate and heparanase in
inflammatory reactions. Thrombosis and Haemostasis 102 823-828.
(https://doi.org/10.1160/TH09-02-0091)

Li L, Tu J, Jiang Y, Zhou J & Schust DJ 2017a Regulatory T cells decrease
invariant natural killer T cell-mediated pregnancy loss in mice. Mucosal
Immunology 10 613-623. (https://doi.org/10.1038/mi.2016.84)

Li S, Wang J, Cheng Y, Zhou D, Yin T, Xu W, Yu N & Yang ] 2017b
Intrauterine  administration of hCG-activated autologous human
peripheral blood mononuclear cells (PBMC) promotes live birth rates
in frozen/thawed embryo transfer cycles of patients with repeated
implantation failure. Journal of Reproductive Immunology 119 15-22.
(https://doi.org/10.1016/}.jri.2016.11.006)

Licht P, Russu V, Lehmeyer S, Wissentheit T, Siebzehnrubl E & Wildt L
2003 Cycle dependency of intrauterine vascular endothelial growth
factor levels is correlated with decidualization and corpus luteum
function. Fertility and Sterility 80 1228-1233. (https:/doi.org/10.1016/
s0015-0282(03)02165-4)

Liu J, Guo S, Jiang K, Zhang T, Zhiming W, Yaping Y, Jing Y, Shaukat A
& Deng G 2020a miR-488 mediates negative regulation of the AKT/
NF-kappaB pathway by targeting Racl in LPS-induced inflammation.
Journal of Cellular Physiology 235 4766-4777. (https://doi.org/10.1002/
jcp.29354)

LiuJ,Ying Y, WangS, Li}, Xu}J, Lv P, Chen}, Zhou C, Liu Y, Wu Y et al. 2020b
The effects and mechanisms of GM-CSF on endometrial regeneration.
Cytokine 125 154850. (https://doi.org/10.1016/j.cyt0.2019.154850)

Liu S, Diao L, Huang C, Li Y, Zeng Y & Kwak-Kim JYH 2017 The role of
decidual immune cells on human pregnancy. Journal of Reproductive
Immunology 124 44-53. (https://doi.org/10.1016/j.jri.2017.10.045)

https://rep.bioscientifica.com

Downloaded from Bioscientifica.com at 04/25/2023 07:51:37PM
via free access


https://rep.bioscientifica.com
https://doi.org/10.1002/14651858.CD013226.pub2
https://doi.org/10.1111/j.1479-828X.2009.01076.x
https://doi.org/10.1111/j.1479-828X.2009.01076.x
https://doi.org/10.1016/j.autrev.2015.04.003
https://doi.org/10.1016/j.autrev.2015.04.003
https://doi.org/10.1016/s0955-2863(03)00098-6
https://doi.org/10.1016/s0955-2863(03)00098-6
https://doi.org/10.1080/01443615.2017.1315563
https://doi.org/10.1080/01443615.2017.1315563
https://doi.org/10.1016/j.humimm.2018.07.003
https://doi.org/10.1016/j.humimm.2018.07.003
https://doi.org/10.1016/j.jri.2021.103313
https://doi.org/10.1016/j.jri.2021.103313
https://doi.org/10.1096/fj.202002217R
https://doi.org/10.1096/fj.202002217R
https://doi.org/10.1093/humrep/dez120
https://doi.org/10.1093/humrep/dez120
https://doi.org/10.3109/01443615.2012.693988
https://doi.org/10.3109/01443615.2012.693988
https://doi.org/10.4103/0974-1208.117165
https://doi.org/10.4103/0974-1208.117165
https://doi.org/10.4274/jcrpe.v3i3.31
https://doi.org/10.1056/NEJM199707173370302
https://doi.org/10.1056/NEJM199707173370302
https://doi.org/10.1093/humrep/12.1.153
https://doi.org/10.1093/humrep/12.1.153
https://doi.org/10.3389/fimmu.2020.01032
https://doi.org/10.3389/fimmu.2020.01032
https://doi.org/10.1016/j.jri.2020.103207
https://doi.org/10.1016/j.jri.2016.11.007
https://doi.org/10.1016/j.jri.2016.11.007
https://doi.org/10.1016/j.jri.2018.03.003
https://doi.org/10.1016/j.jri.2018.03.003
https://doi.org/10.1016/j.jri.2018.09.050
https://doi.org/10.1016/j.jri.2018.09.050
https://doi.org/10.1093/oxfordjournals.humrep.a138343
https://doi.org/10.1056/NEJMoa1808737
https://doi.org/10.1056/NEJMoa1808737
https://doi.org/10.1002/14651858.CD009517.pub4
https://doi.org/10.1093/ecco-jcc/jjv006
https://doi.org/10.1139/cjpp-2018-0368
https://doi.org/10.1111/aji.12170
https://doi.org/10.1160/TH09-02-0091
https://doi.org/10.1038/mi.2016.84
https://doi.org/10.1016/j.jri.2016.11.006
https://doi.org/10.1016/s0015-0282(03)02165-4
https://doi.org/10.1016/s0015-0282(03)02165-4
https://doi.org/10.1002/jcp.29354
https://doi.org/10.1002/jcp.29354
https://doi.org/10.1016/j.cyto.2019.154850
https://doi.org/10.1016/j.jri.2017.10.045

Liu S, Wei H, Li Y, Huang C, Lian R, Xu J, Chen L & Zeng Y 2018
Downregulation of ILT4(+) dendritic cells in recurrent miscarriage
and recurrent implantation failure. American journal of Reproductive
Immunology 80 e12998. (https://doi.org/10.1111/aji.12998)

Liu X, Ma D, Wang W, Qu Q, Zhang N, Wang X, Fang ], Ma Z & Hao C
2019 Intrauterine administration of human chorionic gonadotropin
improves the live birth rates of patients with repeated implantation failure
in frozen-thawed blastocyst transfer cycles by increasing the percentage
of peripheral regulatory T cells. Archives of Gynecology and Obstetrics
299 1165-1172. (https://doi.org/10.1007/s00404-019-05047-6)

Lodigiani C, Dentali F, Banfi E, Ferrazzi P, Libre L, Quaglia 1, Cafaro L,
Morenghi E, Pacetti V, Zannoni E et al. 2017 The effect of parnaparin
sodium on in vitro fertilization outcome: a prospective randomized
controlled trial. Thrombosis Research 159 116-121. (https://doi.
0rg/10.1016/j.thromres.2017.08.006)

Lodigiani C, Di Micco P, Ferrazzi P, Libre L, Arfuso V & Polatti F 2011.
Low-molecular-weight heparin in women with repeated implantation
failure. Womens Health (Lond) 7 425-431.

Lu Y, Yan J, Liu J, Tan J, Hong Y, Wei D, Chen Zj & Sun Y 2020 Prednisone
for patients with recurrent implantation failure: study protocol for a
double-blind, multicenter, randomized, placebo-controlled trial. Trials
21 719. (https://doi.org/10.1186/s13063-020-04630-6)

Madani T, Ahmadi F, Jahangiri N, Bahmanabadi A & Bagheri Lankarani N
2019 Does low-dose aspirin improve pregnancy rate in women
undergoing frozen-thawed embryo transfer cycle? A pilot double-
blind, randomized placebo-controlled trial. Journal of Obstetrics and
Gynaecology Research 45 156-163. (https://doi.org/10.1111/jog.13802)

Madkour A, Bouamoud N, Louanijli N, Kaarouch I, Copin H, Benkhalifa M
& Sefrioui O 2016 Intrauterine insemination of cultured peripheral
blood mononuclear cells prior to embryo transfer improves clinical
outcome for patients with repeated implantation failures. Zygote 24
58-69. (https:/doi.org/10.1017/50967199414000719)

Mahnke K & Enk AH 2005 Dendritic cells: key cells for the induction of
regulatory T cells? Current Topics in Microbiology and Immunology 293
133-150. (https://doi.org/10.1007/3-540-27702-1_7)

Makrigiannakis A, Makrygiannakis F & Vrekoussis T 2021 Approaches
to improve endometrial receptivity in case of repeated implantation
failures. Frontiers in Cell and Developmental Biology 9 613277. (https://
doi.org/10.3389/fcell.2021.613277)

Maleki-Hajiagha A, Razavi M, Rezaeinejad M, Rouholamin S, Almasi-
Hashiani A, Pirjani R & Sepidarkish M 2019 Intrauterine administration
of autologous peripheral blood mononuclear cells in patients with
recurrent implantation failure: a systematic review and meta-analysis.
Journal of Reproductive Immunology 131 50-56. (https:/doi.
org/10.1016/}.jri.2019.01.001)

Maleki-Hajiagha A, Razavi M, Rouholamin S, Rezaeinejad M,
Maroufizadeh S & Sepidarkish M 2020 Intrauterine infusion of
autologous platelet-rich  plasma in women undergoing assisted
reproduction: a systematic review and meta-analysis. Journal of
Reproductive  Immunology 137 103078. (https://doi.org/10.1016/j.
jri.2019.103078)

Mansour R, Tawab N, Kamal O, El-Faissal Y, Serour A, Aboulghar M &
Serour G 2011 Intrauterine injection of human chorionic gonadotropin
before embryo transfer significantly improves the implantation and
pregnancy rates in in vitro fertilization/intracytoplasmic sperm injection:
a prospective randomized study. Fertility and Sterility 96 1370-1374.e1.
(https://doi.org/10.1016/j.fertnstert.2011.09.044)

Matsumoto Y, Kokeguchi S & Shiotani M 2017 Effects of endometrial
injury on frozen-thawed blastocyst transfer in hormone replacement
cycles. Reproductive Medicine and Biology 16 196-199. (https://doi.
org/10.1002/rmb2.12031)

Mayer K, Meyer S, Reinholz-Muhly M, Maus U, Merfels M, Lohmeyer },
Grimminger F & Seeger W 2003 Short-time infusion of fish oil-based
lipid emulsions, approved for parenteral nutrition, reduces monocyte
proinflammatory cytokine generation and adhesive interaction with
endothelium in humans. Journal of Immunology 171 4837-4843.
(https://doi.org/10.4049/jimmunol.171.9.4837)

Moffett A & Shreeve N 2015 First do no harm: uterine natural killer (NK)
cells in assisted reproduction. Human Reproduction 30 1519-1525.
(https://doi.org/10.1093/humrep/dev098)

Moffitt D, Queenan JT, Veeck LL, Schoolcraft W, Miller CE & Muasher S)
1995 Low-dose glucocorticoids after in vitro fertilization and embryo

https://rep.bioscientifica.com

Immunomodulation and implantation failure  R57

transfer have no significant effect on pregnancy rate. Fertility and Sterility
63 571-577. (https://doi.org/10.1016/s0015-0282(16)57428-7)

Moraru M, Carbone J, Alecsandru D, Castillo-Rama M, Garcia-Segovia A,
Gil J, Alonso B, Aguaron A, Ramos-Medina R, Martinez De Maria ) et al.
2012 Intravenous immunoglobulin treatment increased live birth rate
in a Spanish cohort of women with recurrent reproductive failure and
expanded CD56(+) cells. American Journal of Reproductive Immunology
68 75-84. (https://doi.org/10.1111/j.1600-0897.2012.01135.x)

Motteram C, Vollenhoven B, Hope N, Osianlis T & Rombauts L} 2015
Live birth rates after combined adjuvant therapy in IVF-ICSI cycles: a
matched case-control study. Reproductive Biomedicine Online 30
340-348. (https://doi.org/10.1016/j.rbmo.2014.12.004)

Mouanness M, Ali-Bynom S, Jackman J, Seckin S & Merhi Z 2021 Use
of intra-uterine injection of platelet-rich plasma (PRP) for endometrial
receptivity and thickness: a literature review of the mechanisms of
action. Reproductive Sciences 28 1659-1670. (https://doi.org/10.1007/
$43032-021-00579-2)

Mulloy B 2019 The non-anticoagulant promise of heparin and its mimetics.
Current Opinion in Pharmacology 46 50-54. (https:/doi.org/10.1016/j.
coph.2019.03.009)

Nakayama T, Fujiwara H, Maeda M, Inoue T, Yoshioka S, Mori T & Fujii S
2002 Human peripheral blood mononuclear cells (PBMC) in early
pregnancy promote embryo invasion in vitro: HCG enhances the effects
of PBMC. Human Reproduction 17 207-212. (https://doi.org/10.1093/
humrep/17.1.207)

Nazari L, Salehpour S, Hosseini MS & Hashemi Moghanjoughi P 2020
The effects of autologous platelet-rich plasma in repeated implantation
failure: a randomized controlled trial. Human Fertility 23 209-213.
(https:/doi.org/10.1080/14647273.2019.1569268)

Negishi Y, Shima Y, Takeshita T & Morita R 2021 Harmful and beneficial
effects of inflammatory response on reproduction: sterile and pathogen-
associated inflammation. Immunological Medicine 44 98-115. (https:/
doi.org/10.1080/25785826.2020.1809951)

Negishi Y, Takahashi H, Kuwabara Y & Takeshita T 2018 Innate immune
cells in reproduction. Journal of Obstetrics and Gynaecology Research
44 2025-2036. (https://doi.org/10.1111/j0g.13759)

Niringiyumukiza D, Cai H & Xiang W 2018 Prostaglandin E2 involvement in
mammalian female fertility: ovulation, fertilization, embryo development
and early implantation. Reproductive Biology and Endocrinology: RB&E
16 43. (https://doi.org/10.1186/s12958-018-0359-5)

Okitsu O, Kiyokawa M, Oda T, Miyake K, Sato Y & Fujiwara H 2011
Intrauterine administration of autologous peripheral blood mononuclear
cells increases clinical pregnancy rates in frozen/thawed embryo
transfer cycles of patients with repeated implantation failure. Journal
of Reproductive Immunology 92 82-87. (https://doi.org/10.1016/j.
jri.2011.07.001)

Olesen MS, Hauge B, Ohrt L, Olesen TN, Roskar ], Bk V, Elbak HO,
Nghr B, Nyegaard M, Overgaard MT et al. 2019 Therapeutic endometrial
scratching and implantation after in vitro fertilization: a multicenter
randomized controlled trial. Fertility and Sterility 112 1015-1021.
(https://doi.org/10.1016/j.fertnstert.2019.08.010)

Ota DM, Jessup JM, Babcock GF, Kirschbaum L, Mountain CF,
Mcmurtrey M) & Copeland EM, 3RD 1985 Immune function
during intravenous administration of a soybean oil emulsion. JPEN.
Journal of Parenteral and Enteral Nutrition 9 23-27. (https:/doi.
org/10.1177/014860718500900123)

Pacheco LD, Saad AF, Hankins GDV, Chiosi G & Saade G 2016 Guillain-
barre syndrome in pregnancy. Obstetrics and Cynecology 128
1105-1110. (https://doi.org/10.1097/AO0G.0000000000001716)

Pahan S & Pahan K 2019 Mode of action of aspirin in experimental
autoimmune encephalomyelitis. DNA and Cell Biology 38 593-596.
(https://doi.org/10.1089/dna.2019.4814)

Piekarska K, Radwan P, Tarnowska A, Wisniewski A, Radwan M,
Wilczynski JR, Malinowski A & Nowak 1 2021 ERAP, KIR, and HLA-C
profile in recurrent implantation failure. Frontiers in Immunology 12
755624. (https:/doi.org/10.3389/fimmu.2021.755624)

Pirtea P, De Ziegler D, Tao X, Sun L, Zhan Y, Ayoubi JM, Seli E, Franasiak JM
& Scott RT 2021 Rate of true recurrent implantation failure is low: results
of three successive frozen euploid single embryo transfers. Fertility and
Sterility 115 45-53. (https://doi.org/10.1016/j.fertnstert.2020.07.002)

Polak de Fried E, Blanco L, Lancuba S & Asch RH 1993 Improvement of
clinical pregnancy rate and implantation rate of in-vitro fertilization-

Reproduction (2023) 165 R39-R60

Downloaded from Bioscientifica.com at 04/25/2023 07:51:37PM
via free access


https://rep.bioscientifica.com
https://doi.org/10.1111/aji.12998
https://doi.org/10.1007/s00404-019-05047-6
https://doi.org/10.1016/j.thromres.2017.08.006
https://doi.org/10.1016/j.thromres.2017.08.006
https://doi.org/10.1186/s13063-020-04630-6
https://doi.org/10.1111/jog.13802
https://doi.org/10.1017/S0967199414000719
https://doi.org/10.1007/3-540-27702-1_7
https://doi.org/10.3389/fcell.2021.613277
https://doi.org/10.3389/fcell.2021.613277
https://doi.org/10.1016/j.jri.2019.01.001
https://doi.org/10.1016/j.jri.2019.01.001
https://doi.org/10.1016/j.jri.2019.103078
https://doi.org/10.1016/j.jri.2019.103078
https://doi.org/10.1016/j.fertnstert.2011.09.044
https://doi.org/10.1002/rmb2.12031
https://doi.org/10.1002/rmb2.12031
https://doi.org/10.4049/jimmunol.171.9.4837
https://doi.org/10.1093/humrep/dev098
https://doi.org/10.1016/s0015-0282(16)57428-7
https://doi.org/10.1111/j.1600-0897.2012.01135.x
https://doi.org/10.1016/j.rbmo.2014.12.004
https://doi.org/10.1007/s43032-021-00579-2
https://doi.org/10.1007/s43032-021-00579-2
https://doi.org/10.1016/j.coph.2019.03.009
https://doi.org/10.1016/j.coph.2019.03.009
https://doi.org/10.1093/humrep/17.1.207
https://doi.org/10.1093/humrep/17.1.207
https://doi.org/10.1080/14647273.2019.1569268
https://doi.org/10.1080/25785826.2020.1809951
https://doi.org/10.1080/25785826.2020.1809951
https://doi.org/10.1111/jog.13759
https://doi.org/10.1186/s12958-018-0359-5
https://doi.org/10.1016/j.jri.2011.07.001
https://doi.org/10.1016/j.jri.2011.07.001
https://doi.org/10.1016/j.fertnstert.2019.08.010
https://doi.org/10.1177/014860718500900123
https://doi.org/10.1177/014860718500900123
https://doi.org/10.1097/AOG.0000000000001716
https://doi.org/10.1089/dna.2019.4814
https://doi.org/10.3389/fimmu.2021.755624
https://doi.org/10.1016/j.fertnstert.2020.07.002

R58 G Genest and others

embryo transfer patients by using methylprednisone. Human
Reproduction 8 393-395. (https://doi.org/10.1093/oxfordjournals.
humrep.a138058)

Poloski E, Oettel A, Ehrentraut S, Luley L, Costa SD, Zenclussen AC
& Schumacher A 2016 JEG-3 trophoblast cells producing human
chorionic gonadotropin promote conversion of human CD4+FOXP3- T
cells into CD4+FOXP3+ regulatory T cells and foster T cell suppressive
activity. Biology of Reproduction 94 106. (https:/doi.org/10.1095/
biolreprod.115.135541)

Ponticelli C & Moroni G 2015 Immunosuppression in pregnant women with
systemic lupus erythematosus. Expert Review of Clinical Immunology 11
549-552. (https://doi.org/10.1586/1744666X.2015.1033404)

Poorani R, Bhatt AN, Dwarakanath BS & Das UN 2016 COX-2, aspirin
and metabolism of arachidonic, eicosapentaenoic and docosahexaenoic
acids and their physiological and clinical significance. European
Journal of Pharmacology 785 116-132. (https://doi.org/10.1016/j.
ejphar.2015.08.049)

Potdar N, Gelbaya TA, Konje JC & Nardo LG 2013 Adjunct low-molecular-
weight heparin to improve live birth rate after recurrent implantation
failure: a systematic review and meta-analysis. Human Reproduction
Update 19 674-684. (https://doi.org/10.1093/humupd/dmt032)

Pourmoghadam Z, Abdolmohammadi-Vahid S, Pashazadeh F, Aghebati-
Maleki L, Ansari F & Yousefi M 2020a Efficacy of intrauterine
administration of autologous peripheral blood mononuclear cells
on the pregnancy outcomes in patients with recurrent implantation
failure: a systematic review and meta-analysis. Journal of Reproductive
Immunology 137 103077. (https:/doi.org/10.1016/}.jri.2019.103077)

Pourmoghadam Z, Soltani-Zangbar MS, Sheikhansari G, Azizi R, Eghbal-
Fard S, Mohammadi H, Siahmansouri H, Aghebati-Maleki L, Danaii S,
Mehdizadeh A et al. 2020b Intrauterine administration of autologous
hCG- activated peripheral blood mononuclear cells improves pregnancy
outcomes in patients with recurrent implantation failure: a double-blind,
randomized control trial study. Journal of Reproductive Immunology 142
103182. (https://doi.org/10.1016/}.jri.2020.103182)

Prabhudas M, Bonney E, Caron K, Dey S, Erlebacher A, Fazleabas A,
Fisher S, Golos T, Matzuk M, Mccune JM et al. 2015 Immune
mechanisms at the maternal-fetal interface: perspectives and
challenges. Nature Immunology 16 328-334. (https://doi.org/10.1038/
ni.3131)

Qublan H, Amarin Z, Dabbas M, Farraj AE, Beni-Merei Z, Al-Akash H,
Bdoor AN, Nawasreh M, Malkawi S, Diab F et al. 2008 Low-molecular-
weight heparin in the treatment of recurrent IVF-ET failure and
thrombophilia: aprospectiverandomized placebo-controlledtrial. Human
Fertility 11 246-253. (https://doi.org/10.1080/14647270801995431)

Rahmati M & Ledee N 2020 Targeted endometrial scratching: an example
of endometrial diagnosis usage in reproductive medicine. Frontiers in
Immunology 11 589677 . (https:/doi.org/10.3389/fimmu.2020.589677)

Rahmati M, Petitbarat M, Dubanchet S, Bensussan A, Chaouat G &
Ledee N 2014 Granulocyte-colony stimulating factor related pathways
tested on an endometrial ex-vivo model. PLoS One 9 €102286. (https://
doi.org/10.1371/journal.pone.0102286)

Ramathal CY, Bagchi IC, Taylor RN & Bagchi MK 2010 Endometrial
decidualization: of mice and men. Seminars in Reproductive Medicine
28 17-26.

Ramos-Medina R, Garcia-Segovia A, Gil ], Carbone ], Aguaron de La
Cruz A, Seyfferth A, Alonso B, Alonso J, Leon JA, Alecsandru D et al.
2014 Experience in 1VIg therapy for selected women with recurrent
reproductive failure and NK cell expansion. American Journal of
Reproductive  Immunology 71 458-466. (https://doi.org/10.1111/
aji.12217)

Revelli A, Dolfin E, Gennarelli G, Lantieri T, Massobrio M, Holte JG &
Tur-Kaspa | 2008 Low-dose acetylsalicylic acid plus prednisolone as an
adjuvant treatment in IVF: a prospective, randomized study. Fertility and
Sterility 90 1685-1691. (https://doi.org/10.1016/j.fertnstert.2007.08.037)

Robertson SA, Care AS & Moldenhauer LM 2018 Regulatory T cells in
embryo implantation and the immune response to pregnancy. Journal
of Clinical Investigation 128 4224-4235. (https://doi.org/10.1172/
JC1122182)

Robertson SA, Mau VJ, Hudson SN & Tremellen KP 1997 Cytokine-
leukocyte networks and the establishment of pregnancy. American
Journal of Reproductive Immunology 37 438-442. (https:/doi.
org/10.1111/j.1600-0897.1997.tb00257 .x)

Reproduction (2023) 165 R39-R60

Rolnik DL, Wright D, Poon LC, O'gorman N, Syngelaki A, De Paco
Matallana C, Akolekar R, Cicero S, Janga D, Singh M et al. 2017 Aspirin
versus Placebo in Pregnancies at high risk for preterm preeclampsia. New
England Journal of Medicine 377 613-622. (https://doi.org/10.1056/
NEJMoa1704559)

Roussev RG, Ng SC & Coulam CB 2007 Natural killer cell functional
activity suppression by intravenous immunoglobulin, intralipid
and soluble human leukocyte antigen-G. American Journal of
Reproductive Immunology 57 262-269. (https:/doi.org/10.1111/j.1600-
0897.2007.00473.x)

Russell P, Anderson L, Lieberman D, Tremellen K, Yilmaz H, Cheerala B
& Sacks G 2011 The distribution of immune cells and macrophages
in the endometrium of women with recurrent reproductive failure I:
techniques. Journal of Reproductive Immunology 91 90-102. (https://
doi.org/10.1016/j.jri.2011.03.013)

Sadeghpour S, Ghasemnejad Berenji M, Nazarian H, Ghasemnejad T,
Nematollahi MH, Abroon S, Paktinat S, Heidari Khoei H, Ghasemnejad
Berenji H & Ghaffari Novin M 2020 Effects of treatment with
hydroxychloroquine on the modulation of Th17/Treg ratio and pregnancy
outcomes in women with recurrent implantation failure: clinical trial.
Immunopharmacology and Immunotoxicology 42 632-642. (https://doi.
org/10.1080/08923973.2020.1835951)

Saha S, Roy P, Corbitt C & Kakar SS 2021 Application of stem cell therapy
for infertility. Cells 10. (https://doi.org/10.3390/cells10071613)

Samimi M, Pourhanifeh MH, Mehdizadehkashi A, Eftekhar T & Asemi Z
2019 The role of inflammation, oxidative stress, angiogenesis, and
apoptosis in the pathophysiology of endometriosis: basic science and
new insights based on gene expression. Journal of Cellular Physiology
234 19384-19392. (https://doi.org/10.1002/jcp.28666)

Sar-Shalom Nahshon C, Sagi-Dain L, Wiener-Megnazi Z & Dirnfeld M
2019 The impact of intentional endometrial injury on reproductive
outcomes: a systematic review and meta-analysis. Human Reproduction
Update 25 95-113. (https://doi.org/10.1093/humupd/dmy034)

Sauss K, Ehrentraut S, Zenclussen AC & Schumacher A 2018 The
pregnancy hormone human chorionic gonadotropin differentially
regulates plasmacytoid and myeloid blood dendritic cell subsets.
American Journal of Reproductive Immunology 79 €12837. (https:/doi.
org/10.1111/aji.12837)

Schisterman EF, Silver RM, Lesher LL, Faraggi D, Wactawski-Wende }J,
Townsend JM, Lynch AM, Perkins NJ, Mumford SL & Galai N 2014
Preconception low-dose aspirin and pregnancy outcomes: results from
the EAGeR randomised trial. Lancet 384 29-36. (https:/doi.org/10.1016/
S0140-6736(14)60157-4)

Schjenken JE & Robertson SA 2020 The female response to seminal
fluid. Physiological Reviews 100 1077-1117. (https://doi.org/10.1152/
physrev.00013.2018)

Schmidt A, Morales-Prieto DM, Pastuschek J, Frohlich K & Markert UR
2015 Only humans have human placentas: molecular differences
between mice and humans. Journal of Reproductive Immunology 108
65-71. (https:/doi.org/10.1016/}.jri.2015.03.001)

Schumacher A & Zenclussen AC 2019 Human chorionic gonadotropin-
mediated immune responses that facilitate embryo implantation and
placentation. Frontiers in Immunology 10 2896. (https://doi.org/10.3389/
fimmu.2019.02896)

Shahrokh-Tehraninejad E, Dashti M, Hossein-Rashidi B, Azimi-Nekoo E,
Haghollahi F & Kalantari V 2016 A randomized trial to evaluate the
effect of local endometrial injury on the clinical pregnancy rate of frozen
embryo transfer cycles in patients With repeated implantation failure.
Journal of Family and Reproductive Health 10 108-114.

Shaulov T, Sierra S & Sylvestre C 2020 Recurrent implantation failure
in IVF: a Canadian Fertility and Andrology Society Clinical Practice
Guideline. Reproductive Biomedicine Online 41 819-833. (https://doi.
org/10.1016/j.rbmo.2020.08.007)

Sheen JJ, Wright JD, Goffman D, Kern-Goldberger AR, Booker W,
Siddiq Z, D'alton ME & Friedman AM 2018 Maternal age and risk for
adverse outcomes. American Journal of Obstetrics and Gynecology 219
390.e1-390.e15. (https://doi.org/10.1016/j.aj0g.2018.08.034)

Sher G, Maassarani G, Zouves C, Feinman M, Sohn S, Matzner W, Chong P &
Ching W 1998 The use of combined heparin/aspirin and immunoglobulin
G therapy in the treatment of in vitro fertilization patients with antithyroid
antibodies. American Journal of Reproductive Immunology 39 223-225.
(https://doi.org/10.1111/}.1600-0897.1998.tb00357.x)

https://rep.bioscientifica.com

Downloaded from Bioscientifica.com at 04/25/2023 07:51:37PM
via free access


https://rep.bioscientifica.com
https://doi.org/10.1093/oxfordjournals.humrep.a138058
https://doi.org/10.1093/oxfordjournals.humrep.a138058
https://doi.org/10.1095/biolreprod.115.135541
https://doi.org/10.1095/biolreprod.115.135541
https://doi.org/10.1586/1744666X.2015.1033404
https://doi.org/10.1016/j.ejphar.2015.08.049
https://doi.org/10.1016/j.ejphar.2015.08.049
https://doi.org/10.1093/humupd/dmt032
https://doi.org/10.1016/j.jri.2019.103077
https://doi.org/10.1016/j.jri.2020.103182
https://doi.org/10.1038/ni.3131
https://doi.org/10.1038/ni.3131
https://doi.org/10.1080/14647270801995431
https://doi.org/10.3389/fimmu.2020.589677
https://doi.org/10.1371/journal.pone.0102286
https://doi.org/10.1371/journal.pone.0102286
https://doi.org/10.1111/aji.12217
https://doi.org/10.1111/aji.12217
https://doi.org/10.1016/j.fertnstert.2007.08.037
https://doi.org/10.1172/JCI122182
https://doi.org/10.1172/JCI122182
https://doi.org/10.1111/j.1600-0897.1997.tb00257.x
https://doi.org/10.1111/j.1600-0897.1997.tb00257.x
https://doi.org/10.1056/NEJMoa1704559
https://doi.org/10.1056/NEJMoa1704559
https://doi.org/10.1111/j.1600-0897.2007.00473.x
https://doi.org/10.1111/j.1600-0897.2007.00473.x
https://doi.org/10.1016/j.jri.2011.03.013
https://doi.org/10.1016/j.jri.2011.03.013
https://doi.org/10.1080/08923973.2020.1835951
https://doi.org/10.1080/08923973.2020.1835951
https://doi.org/10.3390/cells10071613
https://doi.org/10.1002/jcp.28666
https://doi.org/10.1093/humupd/dmy034
https://doi.org/10.1111/aji.12837
https://doi.org/10.1111/aji.12837
https://doi.org/10.1016/S0140-6736(14)60157-4
https://doi.org/10.1016/S0140-6736(14)60157-4
https://doi.org/10.1152/physrev.00013.2018
https://doi.org/10.1152/physrev.00013.2018
https://doi.org/10.1016/j.jri.2015.03.001
https://doi.org/10.3389/fimmu.2019.02896
https://doi.org/10.3389/fimmu.2019.02896
https://doi.org/10.1016/j.rbmo.2020.08.007
https://doi.org/10.1016/j.rbmo.2020.08.007
https://doi.org/10.1016/j.ajog.2018.08.034
https://doi.org/10.1111/j.1600-0897.1998.tb00357.x

Shohayeb A & El-Khayat W 2012 Does a single endometrial biopsy regimen
(S-EBR) improve ICSI outcome in patients with repeated implantation
failure? A randomised controlled trial. European Journal of Obstetrics,
Gynecology, and Reproductive Biology 164 176-179. (https:/doi.
0rg/10.1016/j.¢jogrb.2012.06.029)

Shreeve N & Sadek K 2012 Intralipid therapy for recurrent implantation
failure: new hope or false dawn? Journal of Reproductive Immunology
93 38-40. (https://doi.org/10.1016/}.jri.2011.11.003)

Shuya LL, Menkhorst EM, Yap J, Li P, Lane N & Dimitriadis E2011 Leukemia
inhibitory factor enhances endometrial stromal cell decidualization in
humans and mice. PLoS One 6 €25288. (https://doi.org/10.1371/journal.
pone.0025288)

Singh B, Reschke L, Segars ] & Baker VL 2020 Frozen-thawed embryo
transfer: the potential importance of the corpus luteum in preventing
obstetrical complications. Fertility and Sterility 113 252-257. (https://
doi.org/10.1016/j.fertnstert.2019.12.007)

Singh N, Davis AA, Kumar S & Kriplani A 2019 The effect of administration
of intravenous intralipid on pregnancy outcomes in women with
implantation failure after IVF/ICSI with non-donor oocytes: a
randomised controlled trial. European Journal of Obstetrics, Gynecology,
and Reproductive Biology 240 45-51. (https://doi.org/10.1016/j.
ejogrb.2019.06.007)

Singh R & Singh M 2014 Intra-uterine administration of human chorionic
gonadotrophin (hCG) before embryo transfer in recurrent implantation
failure (RIF) patients improves implantation and pregnancy rates in IVF-
ICSI cycles. Human Reproduction. Great Clarendon St, Oxford: Oxford
University Press: 79-79.

Siristatidis C, Dafopoulos K, El-Khayat W, Salamalekis G, Anifandis G,
Vrantza T, Elsadek M & Papantoniou N 2018 Administration of
prednisolone and low molecular weight heparin in patients with repeated
implantation failures: a cohort study. Gynecological Endocrinology 34
136-139. (https://doi.org/10.1080/09513590.2017.1380182)

Siristatidis CS, Basios G, Pergialiotis V & Vogiatzi P 2016 Aspirin for in vitro
fertilisation. Cochrane Database of Systematic Reviews 11 CD004832.
(https://doi.org/10.1002/14651858.CD004832.pub4)

Smith SD, Dunk CE, Aplin JD, Harris LK & Jones RL 2009 Evidence for
immune cell involvement in decidual spiral arteriole remodeling in
early human pregnancy. American Journal of Pathology 174 1959-1971.
(https://doi.org/10.2353/ajpath.2009.080995)

Srivastava A, Sengupta J, Kriplani A, Roy KK & Ghosh D 2013 Profiles
of cytokines secreted by isolated human endometrial cells under the
influence of chorionic gonadotropin during the window of embryo
implantation. Reproductive Biology and Endocrinology: RB&E 11 116.
(https://doi.org/10.1186/1477-7827-11-116)

Stephenson MD & Fluker MR 2000 Treatment of repeated unexplained
in vitro fertilization failure with intravenous immunoglobulin: a
randomized, placebo-controlled Canadian trial. Fertility and Sterility 74
1108-1113. (https://doi.org/10.1016/s0015-0282(00)01622-8)

Stern C, Chamley L, Norris H, Hale L & Baker HW 2003 A randomized,
double-blind, placebo-controlled trial of heparin and aspirin for women
with in vitro fertilization implantation failure and antiphospholipid or
antinuclear antibodies. Fertility and Sterility 80 376-383. (https://doi.
org/10.1016/s0015-0282(03)00610-1)

Sung N, Khan SA, Yiu ME, Jubiz G, Salazar MD, Skariah A, Dambaeva S
& Kwak-Kim ] 2021 Reproductive outcomes of women with recurrent
pregnancy losses and repeated implantation failures are significantly
improved with immunomodulatory treatment. Journal of Reproductive
Immunology 148 103369. (https://doi.org/10.1016/j.jri.2021.103369)

Tersigni C, Marana R, Santamaria A, Castellani R, Scambia G & Simone ND
2012 In vitro evidences of heparin's effects on embryo implantation and
trophoblast development. Reproductive Sciences 19 454-462. (https://
doi.org/10.1177/1933719111430994)

Tersoglio AE, Salatino DR, Tersoglio S, Castro M & Gonzalez A 2021
Normalization of endometrial histopathology and endometrial
NK' cells concentration predict successful pregnancy in repeated
implantation failure. JBRA Assisted Reproduction 25 59-70. (https://doi.
org/10.5935/1518-0557.20200049)

Thiruchelvam U, Dransfield 1, Saunders PT & Critchley HO 2013 The
importance of the macrophage within the human endometrium. journal
of Leukocyte Biology 93 217-225. (https://doi.org/10.1189/j1b.0712327)

Thum MY, Bhaskaran S, Bansal AS, Shehata H, Ford B, Sumar N &
Abdalla HI 2005 Simple enumerations of peripheral blood natural killer

https://rep.bioscientifica.com

Immunomodulation and implantation failure  R59

(CD56+ NK) cells, B cells and T cells have no predictive value in IVF
treatment outcome. Human Reproduction 20 1272-1276. (https:/doi.
0rg/10.1093/humrep/deh774)

Ticconi C, Pietropolli A, Di Simone N, Piccione E & Fazleabas A 2019
Endometrial immune dysfunction in recurrent pregnancy loss.
International Journal of Molecular Sciences 20. (https://doi.org/10.3390/
ijms20215332)

Tormene D, Esposito F, Falcone L, Vigano F, Gangemi M, Nardelli G &
Simioni P 2015 Effect of prophylaxis with LMWH on implantation in
women undergoing assisted reproductive procedures (IVF or ICSI): a
prospective randomized study: PO515-MON. Journal of Thrombosis and
Haemostasis 13 448-448.

Ubaldi F, Rienzi L, Ferrero S, Anniballo R, lacobelli M, Cobellis L & Greco E
2002 Low dose prednisolone administration in routine ICSI patients does
not improve pregnancy and implantation rates. Human Reproduction 17
1544-1547. (https://doi.org/10.1093/humrep/17.6.1544)

Urman B, Ata B, Yakin K, Alatas C, Aksoy S, Mercan R & Balaban B 2009
Luteal phase empirical low molecular weight heparin administration in
patients with failed ICSI embryo transfer cycles: a randomized open-
labeled pilot trial. Human Reproduction 24 1640-1647. (https://doi.
org/10.1093/humrep/dep086)

Van Hoogenhuijze NE, Mol F, Laven JSE, Groenewoud ER, Traas MAF,
Janssen CAH, Teklenburg G, De Bruin JP, Van Oppenraaij Rhf,
Maas JWM et al. 2021. Endometrial scratching in women with one failed
IVF/ICSI cycle-outcomes of a randomised controlled trial (SCRaTCH).
Human Reproduction 36 87-98.

Virro MR, Winger EE & Reed JL 2012 Intravenous immunoglobulin for
repeated IVF failure and unexplained infertility. American Journal of
Reproductive Immunology 68 218-225. (https://doi.org/10.1111/j.1600-
0897.2012.01169.x)

Vitagliano A, Di Spiezio Sardo A, Saccone G, Valenti G, Sapia F,
Kamath MS, Blaganje M, Andrisani A & Ambrosini G 2018 Endometrial
scratch injury for women with one or more previous failed embryo
transfers: a systematic review and meta-analysis of randomized
controlled trials. Fertility and Sterility 110 687-702.e2. (https:/doi.
org/10.1016/j.fertnstert.2018.04.040)

Volovsky M, Healey M, Maclachlan V & Vollenhoven B] 2018 Should
intrauterine human chorionic gonadotropin infusions ever be used prior
to embryo transfer? Journal of Assisted Reproduction and Genetics 35
273-278. (https://doi.org/10.1007/s10815-017-1049-5)

Wang C, Guan D, Li R, Bing Z, Yang Y & Yang K 202 1a Comparative efficacies
of different immunotherapy regimens in recurrent implantation failure: a
systematic review and network meta-analysis. Journal of Reproductive
Immunology 148 103429. (https://doi.org/10.1016/j.jri.2021.103429)

Wang F, Qualls AE, Marques-Fernandez L & Colucci F 2021b Biology
and pathology of the uterine microenvironment and its natural killer
cells. Cellular and Molecular Immunology 18 2101-2113. (https:/doi.
org/10.1038/541423-021-00739-2)

Wang Z, Liu H, Song H, Li X, Jiang J, Sheng Y & Shi Y 2020 Increased risk
of pre-eclampsia after frozen-thawed embryo transfer in programming
cycles.  Frontiers in  Medicine 7 104. (https://doi.org/10.3389/
fmed.2020.00104)

Winger EE & Reed JL 2008 Treatment with tumor necrosis factor
inhibitors and intravenous immunoglobulin improves live birth rates
in women with recurrent spontaneous abortion. American journal of
Reproductive Immunology 60 8-16. (https://doi.org/10.1111/j.1600-
0897.2008.00585.x)

Winger EE, Reed JL, Ashoush S, El-Toukhy T, Ahuja S & Taranissi M
2011 Degree of TNF-alpha/IL-10 cytokine elevation correlates with
IVF success rates in women undergoing treatment with adalimumab
(Humira) and IVIG. American Journal of Reproductive Immunology 65
610-618. (https://doi.org/10.1111/j.1600-0897.2010.00946.x)

Wirleitner B, Schuff M, Vanderzwalmen P, Stecher A, Hradeck L,
Kohoutek T & Zech N 2015a The usefulness of intrauterine hCG
administration prior to blastocyst transfer in IVF-patients>= 38 years.
Human Reproduction. Great Clarendon St, Oxford: Oxford University
Press 79-80.

Wirleitner B, Schuff M, Vanderzwalmen P, Stecher A, Okhowat },
Hradecky L, Kohoutek T, Kralickova M, Spitzer D & Zech NH
2015b Intrauterine administration of human chorionic gonadotropin
does not improve pregnancy and life birth rates independently of
blastocyst quality: a randomised prospective study. Reproductive Biology

Reproduction (2023) 165 R39-R60

Downloaded from Bioscientifica.com at 04/25/2023 07:51:37PM
via free access


https://rep.bioscientifica.com
https://doi.org/10.1016/j.ejogrb.2012.06.029
https://doi.org/10.1016/j.ejogrb.2012.06.029
https://doi.org/10.1016/j.jri.2011.11.003
https://doi.org/10.1371/journal.pone.0025288
https://doi.org/10.1371/journal.pone.0025288
https://doi.org/10.1016/j.fertnstert.2019.12.007
https://doi.org/10.1016/j.fertnstert.2019.12.007
https://doi.org/10.1016/j.ejogrb.2019.06.007
https://doi.org/10.1016/j.ejogrb.2019.06.007
https://doi.org/10.1080/09513590.2017.1380182
https://doi.org/10.1002/14651858.CD004832.pub4
https://doi.org/10.2353/ajpath.2009.080995
https://doi.org/10.1186/1477-7827-11-116
https://doi.org/10.1016/s0015-0282(00)01622-8
https://doi.org/10.1016/s0015-0282(03)00610-1
https://doi.org/10.1016/s0015-0282(03)00610-1
https://doi.org/10.1016/j.jri.2021.103369
https://doi.org/10.1177/1933719111430994
https://doi.org/10.1177/1933719111430994
https://doi.org/10.5935/1518-0557.20200049
https://doi.org/10.5935/1518-0557.20200049
https://doi.org/10.1189/jlb.0712327
https://doi.org/10.1093/humrep/deh774
https://doi.org/10.1093/humrep/deh774
https://doi.org/10.3390/ijms20215332
https://doi.org/10.3390/ijms20215332
https://doi.org/10.1093/humrep/17.6.1544
https://doi.org/10.1093/humrep/dep086
https://doi.org/10.1093/humrep/dep086
https://doi.org/10.1111/j.1600-0897.2012.01169.x
https://doi.org/10.1111/j.1600-0897.2012.01169.x
https://doi.org/10.1016/j.fertnstert.2018.04.040
https://doi.org/10.1016/j.fertnstert.2018.04.040
https://doi.org/10.1007/s10815-017-1049-5
https://doi.org/10.1016/j.jri.2021.103429
https://doi.org/10.1038/s41423-021-00739-z
https://doi.org/10.1038/s41423-021-00739-z
https://doi.org/10.3389/fmed.2020.00104
https://doi.org/10.3389/fmed.2020.00104
https://doi.org/10.1111/j.1600-0897.2008.00585.x
https://doi.org/10.1111/j.1600-0897.2008.00585.x
https://doi.org/10.1111/j.1600-0897.2010.00946.x

R60 G Genest and others

and Endocrinology: RB&E 13 70. (https://doi.org/10.1186/512958-
015-0069-1)

Wiirfel W 2000 Approaches to a better implantation. Journal of Assisted
Reproduction and Genetics 17 473.

Wiirfel W 2015 Treatment with granulocyte colony-stimulating factor
in patients with repetitive implantation failures and/or recurrent
spontaneous abortions. Journal of Reproductive Immunology 108
123-135. (https://doi.org/10.1016/}.jri.2015.01.010)

Xie H, Zeng H, He D & Liu N 2019 Effect of intrauterine perfusion of
human chorionic gonadotropin before embryo transfer after two or more
implantation failures: a systematic review and meta-analysis. European
Journal of Obstetrics, Gynecology, and Reproductive Biology 243
133-138. (https://doi.org/10.1016/j.ejogrb.2019.10.039)

Yakin K, Oktem O & Urman B 2019 Intrauterine administration of peripheral
mononuclear cells in recurrent implantation failure: a systematic review
and meta-analysis. Scientific Reports 9 3897. (https:/doi.org/10.1038/
541598-019-40521-w)

Yang DN, Wu JH, Geng L, Cao L}, Zhang QJ, Luo JQ, Kallen A, Hou ZH,
Qian WP, Shi Y et al. 2020 Efficacy of intrauterine perfusion of peripheral
blood mononuclear cells (PBMC) for infertile women before embryo
transfer: meta-analysis. Journal of Obstetrics and Gynaecology 40
961-968. (https://doi.org/10.1080/01443615.2019.1673711)

Yang XL, Chen F, Yang XY, Du GH & Xu Y 2018 Efficacy of low-molecular-
weight heparin on the outcomes of in vitro fertilization/intracytoplasmic
sperm injection pregnancy in non-thrombophilic women: a meta-
analysis. Acta Obstetricia et Gynecologica Scandinavica 97 1061-1072.
(https://doi.org/10.1111/aogs.13359)

Yoshioka S, Fujiwara H, Nakayama T, Kosaka K, Mori T & Fujii S 2006
Intrauterine administration of autologous peripheral blood mononuclear
cells promotes implantation rates in patients with repeated failure of
IVF-embryo transfer. Human Reproduction 21 3290-3294. (https:/doi.
org/10.1093/humrep/del312)

Yu N, Yang J, Guo Y, Fang J, Yin T, Luo J, Li X, Li W, Zhao Q, Zou Y et al.
2014 Intrauterine administration of peripheral blood mononuclear cells
(PBMCs) improves endometrial receptivity in mice with embryonic
implantation dysfunction. American Journal of Reproductive Immunology
71 24-33. (https://doi.org/10.1111/aji.12150)

Yu N, Zhang B, Xu M, Wang S, Liu R, Wu J, Yang ] & Feng L 2016 Intrauterine
administration of autologous peripheral blood mononuclear cells
(PBMCs) activated by HCG improves the implantation and pregnancy
rates in patients with repeated implantation failure: a prospective
randomized study. American Journal of Reproductive Immunology 76
212-216. (https://doi.org/10.1 111/aji.12542)

Yu X, Gao C, Dai C, Yang F & Deng X 2019 Endometrial injury
increases expression of hypoxia-inducible factor and angiogenesis
in the endometrium of women with recurrent implantation failure.
Reproductive  Biomedicine  Online 38 761-767.  (https:/doi.
org/10.1016/j.rbmo.2018.12.027)

Zamaniyan M, Peyvandi S, Heidaryan Gorji H, Moradi S, Jamal J, Yahya
Poor Aghmashhadi F & Hossein Mohammadi M 2021 Effect of platelet-
rich plasma on pregnancy outcomes in infertile women with recurrent
implantation failure: a randomized controlled trial. Cynecological
Endocrinology 37 141-145. (https://doi.org/10.1080/09513590.2020.1
756247)

Zenclussen AC, Gerlof K, Zenclussen ML, Sollwedel A, Bertoja AZ,
Ritter T, Kotsch K, Leber J & Volk HD 2005 Abnormal T-cell reactivity
against paternal antigens in spontaneous abortion: adoptive transfer

Reproduction (2023) 165 R39-R60

of pregnancy-induced CD4+CD25+ T regulatory cells prevents fetal
rejection in a murine abortion model. American Journal of Pathology
166 811-822. (https://doi.org/10.1016/S0002-9440(10)62302-4)

Zenclussen AC & Hammerling G) 2015 Cellular regulation of the uterine
microenvironment that enables embryo implantation. Frontiers in
Immunology 6 321. (https://doi.org/10.3389/fimmu.2015.00321)

Zhang H, Huang C, Chen X, Li L, Liu S, Li Y, Zhang Y, Zeng Y & Hu L
2020 The number and cytotoxicity and the expression of cytotoxicity-
related molecules in peripheral natural killer (NK) cells do not predict
the repeated implantation failure (RIF) for the in vitro fertilization
patients. Genes and Diseases 7 283-289. (https://doi.org/10.1016/j.
gendis.2019.03.005)

Zhang J, Dunk C, Croy AB & Lye SJ 2016 To serve and to protect: the role
of decidual innate immune cells on human pregnancy. Cell and Tissue
Research 363 249-265. (https://doi.org/10.1007/s00441-015-2315-4)

Zhang T, Chen X, Wang CC, Li TC & Kwak-Kim J 2019 Intrauterine infusion
of human chorionic gonadotropin before embryo transfer in IVF/ET
cycle: the critical review. American Journal of Reproductive Immunology
81 e13077. (https://doi.org/10.1111/aji.13077)

Zhang X, Guo F, Wang Q, Bai W & Zhao A 2022 Low-dose aspirin treatment
improves endometrial receptivity in the midluteal phase in unexplained
recurrent implantation failure. International Journal of Cynaecology and
Obstetrics 156 225-230. (https:/doi.org/10.1002/ijgo.13699)

Zhang X & Wei H 2021 Role of decidual natural killer cells in human
pregnancy and related pregnancy complications. Frontiers in
Immunology 12 728291. (https://doi.org/10.3389/fimmu.2021.728291)

Zhao XY, Wang YT, Mo XD, Zhao XS, Wang YZ, Chang Y] & Huang X]
2015 Higher frequency of regulatory T cells in granulocyte colony-
stimulating factor (G-CSF)-primed bone marrow grafts compared with
G-CSF-primed peripheral blood grafts. Journal of Translational Medicine
13 145. (https://doi.org/10.1186/512967-015-0507-2)

Zhou P, Wu H, Lin X, Wang S & Zhang S 2020 The effect of intralipid on
pregnancy outcomes in women with previous implantation failure in in
vitro fertilization/intracytoplasmic sperm injection cycles: a systematic
review and meta-analysis. European Journal of Obstetrics, Gynecology,
and Reproductive Biology 252 187-192. (https://doi.org/10.1016/j.
ejogrb.2020.06.057)

Zhu Q, Wu L, Xu B, Hu MH, Tong XH, Ji JJ & Liu YS 2013 A retrospective
study on IVF/ICSI outcome in patients with anti-nuclear antibodies:
the effects of prednisone plus low-dose aspirin adjuvant treatment.
Reproductive Biology and Endocrinology: RB&E 11 98. (https:/doi.
org/10.1186/1477-7827-11-98)

Zhu YY, Wu Y, Chen ST, Kang JW, Pan JM, Liu XZ, Li SY, Yan GJ, Liu AX,
Huang QT et al. 2021 In situ Synthesized monosodium urate Crystal
Enhances Endometrium decidualization via sterile inflammation during
pregnancy. frontiers in Cell and Developmental Biology 9 702590.
(https://doi.org/10.3389/fcell.2021.702590)

Received 30 April 2022

First decision 23 June 2022

Revised Manuscript received 23 September 2022
Accepted 2 November 2022

https://rep.bioscientifica.com

Downloaded from Bioscientifica.com at 04/25/2023 07:51:37PM
via free access


https://rep.bioscientifica.com
https://doi.org/10.1186/s12958-015-0069-1
https://doi.org/10.1186/s12958-015-0069-1
https://doi.org/10.1016/j.jri.2015.01.010
https://doi.org/10.1016/j.ejogrb.2019.10.039
https://doi.org/10.1038/s41598-019-40521-w
https://doi.org/10.1038/s41598-019-40521-w
https://doi.org/10.1080/01443615.2019.1673711
https://doi.org/10.1111/aogs.13359
https://doi.org/10.1093/humrep/del312
https://doi.org/10.1093/humrep/del312
https://doi.org/10.1111/aji.12150
https://doi.org/10.1111/aji.12542
https://doi.org/10.1016/j.rbmo.2018.12.027
https://doi.org/10.1016/j.rbmo.2018.12.027
https://doi.org/10.1080/09513590.2020.1756247
https://doi.org/10.1080/09513590.2020.1756247
https://doi.org/10.1016/S0002-9440(10)62302-4
https://doi.org/10.3389/fimmu.2015.00321
https://doi.org/10.1016/j.gendis.2019.03.005
https://doi.org/10.1016/j.gendis.2019.03.005
https://doi.org/10.1007/s00441-015-2315-4
https://doi.org/10.1111/aji.13077
https://doi.org/10.1002/ijgo.13699
https://doi.org/10.3389/fimmu.2021.728291
https://doi.org/10.1186/s12967-015-0507-z
https://doi.org/10.1016/j.ejogrb.2020.06.057
https://doi.org/10.1016/j.ejogrb.2020.06.057
https://doi.org/10.1186/1477-7827-11-98
https://doi.org/10.1186/1477-7827-11-98
https://doi.org/10.3389/fcell.2021.702590

	Abstract
	Introduction
	Materials and methods
	Pro-inflammatory strategies
	Endometrial scratch
	Peripheral blood mononuclear cells
	Granulocyte colony-stimulating factor
	Human chorionic gonadotropin
	Anti-inflammatory strategies
	Aspirin
	Heparins
	Corticosteroids
	Intralipid
	Intravenous immunoglobulin

	Concluding remarks
	Declaration of interest
	Funding
	Author contribution statement
	Acknowledgements
	References

