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Miscarriage- A Narrative Review

Abstract

Immune Cells are necessary regarding endometrial receptivity for embryo implantation
along with placental generation. They influence tissue remodeling and immunocontrolling
parts- working for facilitating capability of epithelial attachment, control the differentiation
of decidual cells, remodeling of uterine vasculature, regulate and cause resolution of inflam-
matory activation along with repressionof damaging immunity for paternal heritability
of alloantigens. Taking into account biological aspect, endometrial immune reactions im-
pact kind of quality regulation-it facilitates succesfull implantation once there are promising
circumstances;however restricts receptivity once physiological situations are not optimal.
Women, presenting with Recurrent Implantation Failure (RIF) and recurrent miscarriage
might display changed numbers or disrupted working of some uterine immune cell popula-
tions- maximum noticeably Uterine Natural Killer cells (uNK cells) and regulatory T cells
(Tregs) .Both preclinical and animal studies have suggested insufficient or abnormal acti-
vation states of such cells might result in pathophysiological mechanistic modes of infertil-
ity .Thereby immune cells are targets regarding diagnostic investigations and therapeutic
management. Nevertheless, present diagnostic methodologies are substantially on simpler
side and possess restricted use. For imparting greater information the total complicated na-
ture have to be considered to portray the variety of disturbances that might takes place in
uterine immune cell phenotype and networks. Additionally, interventions which are safe and
efficacious for manipulating such cells have far to go being in budding stage with how indi-
vidualized strategies need to be pursued that are matched to the diagnostic criteria. Thereby
here a narrative reviewis presented using the pubmed, Web of Science , Medline, Embase,
Cochrane reviews, and Google Scholar, Search engine with the MeSH Terms; endometrial
receptivity ;implantation ;uNK cells;Treg cells; RIF;pregnancy in reference to present in-
sight into isolating deficiencies in knowledge which need resolution prior to favourable

therapies of targeting uterine immune cells can be brought to clinical scenario.

Keywords: Implantation; Immune Reactions; Immune Tolerance; Unk Cells; Tregs

Introduction

The event of embryo implantation involves a cascade that starts with blastocyst apposition,
attachment, adhesions whichare stable with the uterine embryo epithelium followed by
trophoblastic differentiation as well as invasion along with finally morphogenesis of a
placenta. The success rate of implantation is based on adequate receptivity in addition to
capacity of endometrial lining of the uterus in responding as well as a blastocyst having
generational capability [1,2]. Variation of receptivity from one cycle to the subsequent is

probably physiological in addition to a normal along with plausibly a significant characteristic
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of human reproduction as well as is responsible for the main exposition in reference to failure of 50%
embryos from implanting in case of women who were fertile as well [3]. The thought in reference to
such biological probability is that it is working in the form of “’quality regulation” which guarantees by
working at level of implantation that propagation of pregnancy only takes place once there are appropriate
maternal physiological situations, in addition to quality of embryo along with genetic harmony.
Nevertheless, a constant lack of endometrial receptivity portrays a crucial characteristic of unexplained
infertility in various women in addition to results in recurrent implantation failure(RIF) subsequent to in
vitro fertilization(IVF) . Imperiled implantation in view of dysfunctional receptivity further buttresses
recurrent miscarriage as well as escalates the susceptibility of the initiation of obstetric conditions having
the properties of bad placentation. Thereby it is essential to gain insight in reference to molecular along
with cellular determinants of endometrial receptivity in addition to physiological mechanistic modes as

well as its biological importance of differences within in addition to amongst women.

A robust corroboration in reference to immune reaction is a significant modulator of endometrial
receptivity, Thereby might be an amenable target regarding clinical modulation. The significance of
immune cells is emphasized by recent sequencing studies where assessment of gene transcription motifs
which are correlated with achieving uterine receptivity . In case of women plethora of genes have
differential expression from the early to midsecretory phases are immune or inflammatory controllers
[4] as well as single cell sequencing studies demonstrated that uterine immune cells go via dynamic
transcriptional changes in the midsecretory phase [5]. Mice studies validated this posit that immune cells
along with immune controlling genes are involved in maximum transcriptional alterations amongst the
parallel prereceptive in addition to receptive phases [6]. Additionally, considerable plasticity in immune
cells along with phenotype in addition to capacity of immune system responding to environmental
signals point that the uterine immune reaction is in a substantially great position for modulating quality
regulation at the time of implantation.

Immune cells - mainly uterine natural killer cells (uNK cells), T cells, macrophages, along with
dendritic cells(DC) enrichment is existent in uterine endometrium. Crosstalking takes place amongst
each ;non immune cells of the epithelium, stroma in addition to vasculature; as well as trophoblast
cells of the conceptus to intensely impact every constituent of implantation cascade. The manner they
aid in generating receptivity in addition to pregnancy originating , their plethora of factors inclusive
of modulating i) embryo epithelium attachment,ii)decidual conversion,iii) trophoblast invasion iv)
adaptation of uterine vasculature v) inflammatory activation as well as resolution of immune tolerance
[7]. Immune processes at implantation in turn influence placental morphogenesis which influences in
case a viable pregnancy gets generated or not along with impacting fetal generation as well as perinatal
results [8,9]. Minimal disturbance in the placental generational programming might finally lead to latter
abortion or set a, direction towards faulty placentation, which might predispose to preeclampsia as well
as intrauterine growth restriction (IUGR) [8-11].

A plethora of studies have pointed to that the variations in the numbers along with molecular
characteristics of various immune cells in the endometrium of women with presentation of recurrent
Implantation failure (RIF)/ recurrent miscarriage. This has imparted insight regarding evaluation of
immune cells in the uterus or peripheral blood might impart knowledge over infertility diagnosis in
addition to interpretation regarding treatment by repression of immune cells might be of clinical utility.
Nevertheless,in maximum women wide acting immunorepressants(corticosteroids) work in repressing
certain parts of immune reactions which aid healthy implantation normally , thereby are not proper,
other than in women having in autoimmune/auto inflammatory disorders [12]. Othertherapies for
instance intravenous immunoglobulins(IgG) along with targeted biological agents(for instance tumor
necrosis factor alpha(TNF-o) hampering agents) might be of use in a particular subset of infertile women,

however do not reveal effectiveness on application to nonselected cohorts in study [13]. Taking into
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account biological aspect ,this might not be Intriguing, considering the complicated nature of fertility
immunocontrolling in addition to the broader variety of etiopathogenesis of immune dependent infertility
which are probably existent. For the formation of robust validating ground in reference to matching
separate women with targeted clinical therapies, a germane fashion of clinical trials in proper patients is
essential . Nevertheless, currently inadequate diagnostic tools are there for isolating patient subgroups
categorized earlier. This might be secondary to absence of full insight into the causative immunobiology.

Previously we reviewed in detail in RIF in association with chronic endometritis (CE) with use of
antibiotics ortheir disadvantages ,use of cargo from extra cellular vesicles as a biomarker for endometrial
receptivity(ER),a Model for anticipating successful pregnancy in recurrent pregnancy loss (RPL), Using
Endometrial Mesenchymal Stem Cells for RIF in cases of resistant endometrium ,in RPL associated with
antiphospholipid syndrome [14-19].

Here an overview of our existent insight regarding wide in addition to particular properties of immune
cells implicated in implantation which offers in contributing as well as problems encountered by REI
personnel. All this data is collected from preclinical in addition to clinical studies impart knowledge
regarding physiological along with pathophysiological mechanistic modes at work. The deficiency in
our insight are isolated which gives the requirement for us in building future corroboration dependent

personalized treatments to infertility patients.
Uterine Receptivity: The Manner Immune Cells Aid

At the time of midsecretory phase of a fertile cycle, the endometrial lining of the uterus which did
not offer receptivity earlier gains transitory capacity of attachment of embryo as well as invasion [1].
Initiation of implantation takes place subsequent to a week of conceiving,the moment blastocyst stage
embryo gets rid off zona pellucida(ZP), along with gains attachment with the epithelial lining of the
lumen of uterus. Originally a superficial crosstalking amongst epithelial cells in addition to blastocyst
trophectoderm(TE),proceeds to intricate interstitial engaging once trophoblastic cells deeply gain
entry into uterine stroma leading to stimulation of propagation of decidual conversion [2]. With the
continuation of trophoblastic invasion, proliferation in addition to differentiation waves an intricately
regulated generational program gets unraveled which finally is implicated in formation of a mature
placenta that possess the capacity of sustenance of a generating fetus till birth [20]. Once placental
trophoblastic proliferation as well as differentiation takes place to generate placental villous structures,
extravillous trophoblast invasion occurs in deep uterine tissue in reference to remodeling of maternal
spiral arteries [20]. Such conversion has to start with in the earlier phase of placenta formation for aiding
adequate blood flow in reference to sustenance of idealization of the placental working in addition to fetal
growth in latter part of gestation [8].

Placement of enrichment of immune cells in the decidua takes place intricately with the trophoblasts
which are infiltrating. The maximum invasive extravillous trophoblast displays expression of a paternally
inherited alloantigen alias human leukocyte antigen-C (HLA-C ) that possess the capacity of invoking
an immune reactions implicaing innate in addition to adaptive immune chambers. In healthy pregnancy
continuation of trophoblasts take place as well as generate in the decidua,not in view of immune evasion,
the manner it was believed previously tobe [21], since maternal immune cells crosstalk with such antigens
followed by adaptation regarding active tolerance along with the sustenance of placental generation.
In reference to such adaptation there is requirement of a cascade of trophoblast obtained signals for
guaranteeing guiding that once immune cells react to fetal antigens [22], their differentiation takes place
to generate cells which permit sustenance of implantation in contrast to cells which are repressing as well

as result in pregnancy terminating [7].

The critical characteristics which aid in a permissive reaction are io mitigate trophoblast expression
of polymorphic HLA molecule as well as HLA-C [23; trophoblast liberation of anti-inflammatory in
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addition to protolerogenic hormones, cytokines along with immunomodulatory molecules [24], liberation
of progesterone from the corpus luteum in addition to in latter stage from trophoblasts; along with from
the specialized decidual controlling of immune cells entry in addition to exit [25], [more described in
Robertsonetal. [7], Townsdale J,&Betz AG [26], MoffettA,LokeC [27], along with Erlbacher A [28]).
Overall, such signals convince immune cells toattain a state alias ‘’tolerogenic” profile which aids in
generating as well as sustenance of pregnancy . Nevertheless,i) in case trophoblast or decidual signals are
not adequate,ii) in case antigenic signals are weak or not in agreement with the maternal immune reaction
or iii) in case immune cells are scanty,iv) illustrate aberrant working expertise v)are refractory to such
environmental signals vi) failure of proper adaptation vii) full implantation might be repressed or there

might be full absence of implantation.
3. Initiation of Immune Adaptation takes place in Preconception Phase

The generation of immune tolerance at the time of implantation is intensely influenced by processes
in the previous part in the menstrual cycle as well as is based on the maternal, paternal along with
conceptus obtained signals crosstalking with the ovarian hormone in addition to specialized parts of
the reproductive tissues [29]. By guaranteeing this placement of adequate immune cell numbers are
resident in the endometrium once decidualization initiation takes place . Innate immune cells specifically
macrophages [30], DCs [31], as well as a distinct population of NK cells having a CD56hi CD5710
phenotype (uNK cells) [32], accrual takes place at the time period of proliferative along with preovulatory
phase. All such cells impact variable perspectives of endometrial receptivity along with trophoblast
invasion via providing growth factors, facilitating adaptations in the uterine vasculature in addition to

immune controlling.

Furthermore, adaptive immune reactions are further key in reference to immune tolerance in pregnancy
[33]( greater detailed in Erlbacher A [28]) along with Guerin et al. [34] . Specialized regulatory T
cells(Tregs) are essential for the successful implantation in addition to dysequilibrium amongst such
permissive Treg cells as well as hampering effector T cells(Teff cells) is responsible for implantation
failure [35, 36] . Regulatory T cells possess robust influence for instance antiinflammatory, immune
repressive along with vasocontrolling working [37], imperative for pregnancy generation. They possess
robust capability via liberation of cytokines for instance Interleukin-10, in addition to transforming
growth factor beta(TGF-p for restricting as well as resolving inflammation along with sustenance of
tissue homeostasis. They further modulate uNK cells, macrophages, DCs, along with other innate
immune cells as well as repress Teff cells activation liberation of proinflammatory cytokines for instance
tumor necrosis factor alpha (TNF-a), interleukin (IL-6), as well as IL-17 [38].

Asufficient decidual reaction where endometrial stromal fibroblasts cause an activation of programmed
stress reaction along with achieving a canonically escalated epithelioid phenotype, is key for successfull
implantation [39]. Subsequent to an ovulatory menstrual cycle, decidualization takes place, following
each proliferative phase, to start with in upper 2/3rd of endometrium autonomous of the existence of an
embryo. For achieving a potent implantation, there is requirement of apart from adequate immune cells,
acquisition of correct phenotypes for propagation of decidual cells conversion in addition to guiding
remodeling of vascular bed [40]. Immune cells impact the quality as well as magnitude of decidual
reaction, with the reciprocal crosstalking amongst DCs, uNK cells in addition to trophoblast whose
invasion is occuring [41], reacting to hormonal [10,11,42]. Considerable intricacy is existent amongst
trophoblasts as well as immune cells in the decidua which is frequent in all mammals [41], however
maximum prominent in hemochorial placentas, the manner observed in mice as well as humans [27].

A controlled set of immune cells enrolment takes place during the menstrual cycle, possessing the
characteristics of a regulated inflammatory reaction. There might be requirement of a threshold quantities

of inflammatory activation for promoting decidualization in addition to endometrial receptivity [43].
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Nevertheless, subsequent to conception inflammatory reaction has got to be kept in check along with
modulated for aiding propagation of implantation [10]. Evolution of capability of resolution of decidual
inflammation might have taken place in the form of a crucial assigning buttressing in viviparous mammals
[44], along with disruption of the equilibrium amongst proinflammatory in addition to anti-inflammatory
modulators is an emblem of dysfunctional implantation [36,45]. Via their robust antiinflammatory effects
Tregs apparently possess maximum key part in restricting inflammation in earlier pregnancy as well as

generating a receptive decidual milieu [29,46].

Seminal plasma from the male counterpart probably aids in female immune adaptation buttressing
endometrial receptivity. Having a touch with the epithelial female lining of the reproductive tract, seminal
fluid administers alloantigen which is destined to get expressed by trophoblasts as well as facilitates
cytokines induction that bolster immune reactions in addition to facilitates embryo generation [47].
Seminal plasma factor further facilitate decidual conversion of endometrial stromal fibroblasts via an IL-
11 based pathway [48]. This yields a mechanistic mode by which seminal plasma constituents results in
priming of uterine immune milieu- as well as once permissive reaction gets stimulated- it facilitates the
probability of successfull implantation as well as healthy pregnancy . once there is changed constituents
of seminal plasma [49], for instance in contrast to sexually transmitted disease( STD) results in liberation
of cytokine interferon-y (IFN-y) with their quantities, resulting in dysfunctional Tregs forming which
leads to lesser permissive milieu for embryo generation to take place [50]. Insufficient or aberrant
seminal plasma might aid in bad priming leading to bad endometrial receptivity in certain couples with

presentation of unexplained infertility.
4. Immune Cells along With Quality Regulation

Akin to immune cells in case of other mucosal surfaces of the body endometrial immune cells are
substantially pleiotropic in addition to possess the flexibility in their phenotypes as well as working
actions . The germane enrichment along with phenotypic status of immune cells having placement
in as well as getting smuggled into uterus estimate their capability of achieving proinflammatory or
antiinflammatory working along with perform their immune controlling in addition to tissue remodeling
parts. Their phenotypic plasticity aids them in reacting to local microenvironmental signals for taking part
in the cascade of the processes of implantation as well as placentation. Additionally, in some situations
they possess the capacity of switching from impacting permissive or trophic actions which validated
implantation along with trophoblast invasion for the modulation of inimical or cytotoxic actions that

might restrict or cause pregnancy termination in addition to placental generation.

Widely T cells, DCs, uNK cells as well as macrophages have to definitely attain immune controlling
in addition to anti-inflammatory phenotypes for corroborating endometrial receptivity (Figure 1) [rev in
refno -51].

A B
regulatory T cells (Treg cells)

appropriately activated uNK cells

M2 (anti-inflammatory) macrophages

effector T cells (Teff cells)
underactivated/overactivated uNK cells
M1 (pro-inflammatory) macrophages

]

tolerogenic dendritic cells immunogenic dendritic cells

receptive endometrium non-receptive endometrium
v v
implantation success implantation failure
v v
FERTILITY INFERTILITY
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Legend for Figure 1

Courtesy ref no 51-Immune cells—including uterine natural killer (uNK) cells, T cells, macrophages,
and dendritic cells (DCs)—are critical for endometrial receptivity. They modulate epithelial-embryo
attachment, decidual transformation, trophoblast invasion, uterine vascular adaptation, inflammatory
activation and resolution, and immune tolerance. The balance of phenotypes within each population
must be finely tuned to allow endometrial receptivity for implantation. Receptivity requires a bias
toward regulatory T cells, appropriately activated uNK cells, M2 (anti-inflammatory) macrophages,
and tolerogenic DCs (4). Implantation failure is often accompanied by a shift in the phenotypes of
uterine immune cells, with a bias toward effector T cells, overactivated or underactivated uNK cells,
M1 (proinflammatory) macrophages, and immunogenic DCs (B). In a healthy endometrium, plasticity in
immune cell phenotypes underpins an immune-mediated quality control function. However, a consistent
shift in aberrant immune cell phenotypes can lead to recurrent implantation failure and infertility.

Created with BioRender. com. uNK = uterine natural killer.

Immune cells might be resistant to treatment or reactive to phenotypic switches or based on variation
of factors. Variation of stability of their phenotypic status might take place based on generational
programming along with extrinsic as well as intrinsic microenvironmental signals, pointing to nutritional
along with metabolic status, tissue as well as organismal stress, getting exposed to toxicants, infection
along with microbial dysbiosis. In reference to cells of the adaptive immune reaction(T cells) as well as
uNK cells their intricate with the foreign histocompatibility proteins as well as peptides( alloantigen)is

further key in estimating activation status along with phenotype.

T cells in addition to uNK cells perceive, get activated, as well as generate memory in reaction to
alloantigens correlated with seminal fluid, male along with female gametes in addition to conceptus. Such
impute plausibly helps the female immune reaction to separate as well as differentially react to separate
male partners along with conceptus processes. In all probability this is a significant factor aiding in the
working displayed for the decidua [52], where decidual cells possess the capacity of selective sustenance
of or remove their reinforcing for the variable embryos based on their chromosomal intactness in addition
to immunologic harmony [52,53]. Via incorporating environmental signals in addition to discriminating
reactiveness to variable antigens immune cells aid in the generation of a kind of reproductive quality
controller which determines in addition to depletes certain of embryos in the periimplantation phase.
This kind of mechanistic modes would be guaranteeing that propagation to the viability of pregnancy
just takes place once adequately promising situations with harmonized embryos as well as is looked as
a significant preservation of evolutionary characteristics in case of mammalian reproduction [54]. The
complicated nature as well as considerable overenrichment amongst the signaling networks regulating
immune cells are properties of immune reaction in addition to in a reproductive clinical scenario might
be aiding in the problems encountered in categorization of a restricted number of genes which anticipate

endometrial receptivity [55].
5. Key Immune Cells for Endometrial Receptivity

Uterine epithelial cells possess the attachment capability, stromal cells decidualization, trophoblast
differentiation in addition to invasion as well as uterine vascular adaptation,all portray processes which
get impacted directly as well as indirectly by local uNK cells,Treg cells, DCs, in addition to macrophages.
[56]. In human mouse models it has been illustrated in the most appropriate manner, where experimental
elimination or disruption of personalized immune cell kinds displayed robust sequelae for decidualization,
implantation in addition to placentation. In vitro studies point to akin actions in human tissues along with
the evaluation of clinical samples from patients with recurrent miscarriage is in agreement with changes
in such endometrial leukocyte populations.

5. 1. uNK Cells
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The cells which possess maximum prevalence in the human decidua at the time of implantation are
innate lymphoid cells, mainly constituted of the heterogenous population of uNK [57]. Uterine NK
cells work in the form of key active regulators of trophoblast invasion in addition to maternal vascular
adaptation which are the requirement for buttressing placenta gaining accessibility to the maternal blood
[58] (Figure 2).

; Treg cell immunogenic o effector T cell
tolerogenic 2 dendritic cell
dendritic cell =
; y decidual
g:.’:;ad'uai blood
TGFB vessel
IL10 . vessel M1
M2 i macrophage L1z
macrophage HO-1 \
\ IL15 TNF
TGFB s IL6
Lo £ .
: *
— LIFNy
TIFNy ulNK cell

uNK cell

adequate decidual vascular remodelling inadequate decidual vascular remodelling

¥ v
strong implantation ‘shallow’ implantation
v

healthy p’negnancy miscarriage

Legend for Figure 2

Courtesy ref no 51-Events during implantation and early placental development require immune
cells in the decidua to suppress inflammation, prevent generation of effector immunity, and support
transformation of decidual spiral arteries. Regulatory T (Treg) cells interact with uterine natural killer
(uNK) cells, M2 macrophages, and tolerogenic dendritic cells through release of secretory factors
(transforming growth factor beta, interleukin (IL)-10, interferon-gamma, and nitric oxide) that induce
changes in endothelial cells and surrounding smooth muscle to promote vascular transformation and
facilitate extravillous trophoblast invasion. Implantation failure and recurrent miscarriage can be
accompanied by insufficient Treg cells and/or altered activation states in uNK cells, both of which
contribute through immune cell networks to induce vascular adaptations required for robust placental
development (A). When Treg cells are insufficient or uNK cells are aberrantly activated, there is a shift
in the number and phenotype of the other immune cells, causing a shift to M1 macrophages and elevated
release of proinflammatory cytokines (tumor necrosis factor, IL-6, and IL-17) that are associated with
infertility and pregnancy loss (B). Created with BioRender. com. IFN = interferon; IL = interleukin,
HO-1 = heme oxygenase-1; TGF = transforming growth factor; TNF = tumor necrosis factor; uNK =

uterine natural killer.

This gets attained by connection with other uterine immune cell subsets with the aim of modifications
of the perivascular microenvironment as well as liberation of cytokines that aid in vascular generation in
addition to remodeling inclusive of granulocyte macrophages -colony —stimulating factor, IL-8 vascular
endothelial growth factor-A(VEGFA), TNF-a ,IFN-y, along with the placental growth factor [59]. They
further possess necessary part in controlling endometrial bleeding [60], in addition to clearance of

senescent decidual cells at the time of menstrual cycle termination [61].

Additionally, remarkable attraction has been evoked by determination of these regarding their
diagnostic capability in women with recurrent implantation failure or miscarriage [62]. To start with
earlier it was believed that escalated numbers of uNK cells as well as /or lesser proportion of canonical
CD 56bright/CD16- phenotype, with escalated CD 56dim/ CD16+ cells were pointers of women having
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escalated risk of influence on recurrent miscarriage [63], along with bad IVF results [64]. Subsequent
performed studies did not possess the capability of corroborating an association amoongstRIF following
IVF [65], as well as variability of normal reference ranges at the time of luteal phase was the main
exposition in reference to variations amongst studies [66]. Currently it is well acknowledged that
evaluating or estimating are not warranted since their phenotypes as well as capability of liberating
cytokines in addition to angiogenic factors possessing greater importance in contrast to absolute numbers

in addition to the manner such characteristics correlated with fertility is uncharted as yet [56,67].

Furthermore peripheral blood NK cells have been evaluated in women with subfertility or women
presenting with history of RIF in the form of a plausible indicator in the endometrium [68]. This strategy
is bothersome since i) Uterine NK cell are phenotypically separate from the ones in the peripheral blood
in addition to any existent robust association amongst them ii)2nd the proportion of CD 56+ NK cells
in the healthy persons is considerably variable; thereby thresholds regarding ‘’abberant” quantities are
decided randomly. A meta-analysis conducted recently corroborated an absence of potent validation that
buttresses estimating uNK cells in peripheral blood or uterus in the form of their clinical utility for
anticipating infertility or recurrent miscarriage [69]. In a recent study it was displayed scanty uterine
tissue —resident NK cells are apparent in menstrual blood obtained from healthy donor women [70].
Thereby determination of NK cells in the in menstrual blood is a viable option for noninvasive knowledge
of endometrial status.

NK cells possess the features which contribute to their capability in facilitating or restricting
earlier placentation via determining the ‘rapport’ of conceptus alloantigens . Akin to other NK cells,
ulNK cells catry on continued surveillance of their milieu utility KIR of surface molecules alias killer
immunoglobulin-like receptors(KIR), whose binding takes place with their respective HLA ligands.
Such crosstalking of KIR portrays a considerably significant factor which estimates the magnitude to
which uNK cells activation takes place as well as liberation of cytokines which facilitates placentation
[56]. The 16 are considerably polymorphic [71], along with might be grouped in the form of “’activating”
or “’hampering”. Binding of these activating KIRs with their HLA ligands result in activation of the NK
cells along with cytotoxicity, while that with the hampering KIR causes repression of NK cells working
[72]. at the time of pregnancy uNK cells that express KIRs crosstalking directly with extravillous
trophoblasts that express HLA-C which invade maternal decidua [73].

Usually heritability of the KIR genes is in the form of haplotype A possessing hampering KIR genes
or haplotypeB possessing greater activating KIR genes [74]. In view of considerable variability of the
KIR in addition to HLA-C genes amongst persons, each pregnancy possesses distinct combination of
maternal KIR along with fetal HLA-C resulting in either correct uNK cells activation at the time of
pregnancy or incorrect uNK cell reactions which might result in dysfunctional implantation as well as
placentation. Thereby,in some KIR -HLA-C combinations there might be insufficient activation causing
failure of cytokines liberation or vascular adaptation plausibly recurrent miscarriage [57]. Whereas, in
other women various KIR HLA-C combinations might result in overactivation in addition to probability
of cytotoxicity in uNK cells which might restrict trophoblast invasion leading to placental inadequacy.

Nevertheless, studies influencing in reference to categorization of specific combinations which might
be inimical to pregnancy are debatable. The prevalence of maternal activating KIR2DS1 combined
with HLA-C1+ fetus is escalated in women with recurrent miscarriage [75], parallel to that observed
in KIR2DS1 combined with HLA-C2 [76]. Pregnancies that get started by embryo transfer(ET) possess
greater probability of resulting in a miscarriage once women that possess activating haplotypeB are
pregnant with HLA-C1+ fetus [77]. Such studies validate that overactivation of KIR HLA-C combinations

is an etiological factor of pregnancy termination in certain women.

Certain other studies have illustrated that overhampering of uNK cells escalated the chances

Submit your Manuscript | https://rscope.org/journals Collect J Gynecol Obstet - ART0018 - Page - 08



rRscope

Kulvinder Kochar Kaur
https:/ /doi.org/10.70107/ collectjgynecolobstet-art0018

of early pregnancy elimination. Earlier work illustrated that that hampering KIR- AA haplotype had
greater frequency in women presenting with recurrent miscarriage [78], which got corroborated in a
following study regarding combinations of KIR- AA haplotype with a HLA-C2 fetus were more
common in pregnancies impacted by recurrent miscarriage, while once activating KIR2DS1 got paired
with a HLA-C2 it conferred protection [79]. Greater validation was provided by 2 studies performed by
Alecsandruetal. [80,81], in subjects who had ET. Women that possessed KIR- AA haplotype revealed
observations of greater miscarriage rates in addition to diminished live birth rates(( LBR) in contrast to
women possessing activating haplotype B. The negative influence of KIR- AA haplotype gets further
aggravated on utilization of donor oocytes [80] or existence of hampering HLA-C2 ligand [81].

Overall, such corroboration confirmed that KIR HLA-C combinations distort the uNK cells into
overactivation along with plausibly cytotoxic phenotype/or on the other hand, overhampering as well
as repression of cytokines liberation, might cause dysfunctional pregnancy propagation . A regulated as
well as correct activation of uNK cells status is ideal for controlling of trophoblast invasion in addition
to maternal vascular adaptation. However such observations do not allow in giving guidelines for routine
determination of KIR along with HLA-C genotypes in reproductive medicine. Uptill genetics, molecular
working in addition to pregnancy results can get correlated it becomes tough to support along with
evaluate KIR HLA-C genotyping results. Nevertheless,it is germane regarding their applicability is in
clinical scenario donor oocytes. Taking into account the harmony of KIR HLA-C combinations might
aid plausibly inimical combinations to get prevented specifically in women having history of earlier

miscarriages [82].
5.2 Regulatory T Cells (Tregs)

T cells are lesser constitutents of decidual leukocytes in contrast to uNK cells ; however their part is
significant for implantation as well as placentation. They constitute about 10-20% of decidual immune
cells in the implantation phase [83]. Plethora are CD8+T cells CD8+T cells inclusive of regulatory
subsets [84,85]. Of the CD4+T cells about10-30% expression of Treg signatures transcription factor
FOXP3 occurs that is considerably greater in contrast to peripheral blood [86]. Classification of Teff
might be done dependent on their working phenotypes for instance T helper1(Th)1, Th17 portray 2
inflammatory Teff subsets, which once escalated prove to be inimical regarding pregnancy success
rate. Furthermore, moderate enrichment of decidual Th 1 cells takes place at implantation in contrast
to peripheral blood, while the percentage Th17 cells as well as Th 2 cells are akin. This points to the
presence of mild inflammatory milieu in the uterus which is kept in check by Treg cells [56,87,88]. There
is presence of 2 kinds of uterine Treg cells. Presence of thymic obtained in addition to peripheral Tregs
are there, with both of them displaying heterogeneity as per phase of cycle along with pregnancy [89].
Enrollment of Treg cells in the uterus gets initiated in proliferative phase of each cycle with an estrogen
guided escalated peak taking place at the time of ovulation [90]. Conversely to uNK cells , peripheral
blood Treg cells works in the form of resource of uterine Treg cells as well as they follow an akin design
[90]. Thereby evaluation of peripheral blood Treg cells is germane to uterine Treg cells populations.

Development of adequate Treg cells in reference to butressing implantation needs an active event of
antigen presentation in addition to T cell activation in the lymph nodes implicated in draining the female
reproductive tract. Mice studies have illustrated that its initiation takes place in the proinflammatory
periconception phase with it coming in intricacy with seminal plasma in addition to is dependent on the
tolerogenic DCs [34]. In women subsequent to intercourse the findings are in agreement with a priming
part of seminal plasma in activating T cells prior to embryoimplantation [91]. This might offer exposition
in reference to donor oocytes where earlier priming to fetal alloantigens has not taken place, illustrate
changed immunocontrolling [92].

In reproductive conditions, inadequate Treg cells or dysfunctional working is a frequent characteristics
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[35], along with is commonly correlated with a reciprocal escalated numbers of Teff cells [36]. Unexplained
infertility along with recurrent miscarriage have been correlated with dysfunctional development of
enrollment of Treg cells [93]. The conflict over T cells are crucial for fertility gets corroborated by
findings pointing that immune memory is implicated in pathophysyiology of implantation failure as
well as pregnancy conditions. For instance previous sexual along with reproductive history [94], along
with couple particular, HLA correlated characters to reproductive disorders [95], are in agreement with

protection conferred by adaptive immune” memory” for partners histocompatibility antigen.

Considerable phenotypic plasticity is illustrated by regulatory T cells, where some environmental
signals result them into transdifferentiating into inimical Th17 cells [96]. This shifting from one
kind to other imparts a mechanistic mode for immune modulated quality regulation of reproductive
expenditure [67]. Powerful corroboration regarding T cells insufficiency , dysfunctional working or
instability is etiological in recurrent pregnancy elimination gets yielded from animal models [97-99].
Studies where pregnant mice have eliminated Treg cells have illustrated that these cells are maximum
crucial in preimplantation as well as periimplantation phases [97,100]. Nevertheless, the actions of
these insufficiencies in the periimplantation phases might not be displayed till latter half of pregnancy.
Eliminating Treg cells at the time of placentation leads to fetal elimination in early as well as midgestation
[34,98], whereas midgestation elimination led to greater inimical actions [39]. Mouse models that have
greater rate of spontaneous abortions buttress the crucial significance of Treg cells for implantation [100].
Adoptive transfer cell therapy(ACT) of Treg cells possess the capacity of restoration of fetal viability
[100], however just if this ACT of Treg cells gets performed prior to embryo implantation [100]. Such
findings validate that Treg cells possess an imperative part in the uterus specifically in the periimplantation
phase, which is parallel of management in the antiinflammatory transition which is the requirement for
embryo receptivity. Nevertheless, it further points for its efficacy, treatments for targeting Treg cells

would have to make diagnosis along with do treatment of Treg impairment in very early gestation.

A minimum of 3 mechanistic modes are existent by which Treg cells promote implantation in
addition to placental generation(Fig2). i) firstly they avoid damaging Teff cells reaction to fetal
alloantigens [33,101],by liberating cytokines as well as immune controlling factors which repressed
Teff cells development [86,102]. Paternal reactive CD8+Teff cells originating in uterus draining the
lymph nodes in early pregnancy, however normally do not illustrate cytotoxic actions [22,103].
Nevertheless, once inflammatory cytokines quantities are escalated at conception,it facilitates the
development of cytotoxic CD8+T cells which in latter pregnancy results in fetal elimination [104]or
placental injury [105]. ii)2nd Treg cells control other leukocytes in addition to trophoblasts to impact
decidual buttressing of implantation [34]. Specifically they facilitate anti-inflammatory phenotypes in
alternatively activated (M2) macrophages as well as tolerogenic DCs via liberating cytokines TGF-§
in addition to IL-10 in addition to contact based mechanistic modes [106]. In turn such M2 as well
as tolerogenic DC phenotypes facilitate further Treg cells formation [107]. Regulatory T cells further
might be significant controllers of uNK cells phenotype along with working [106],in view of Treg cells
regulating DCs liberating uNK cells trophic factors IL-15 [108], in addition to repressing uNK cytolytic
actions [109]. Trophoblasts undergoing invasion talk with Treg cells in a reciprocal crosstalking [110],
for restaining along with restricting inflammatory injury in addition to Oxidative stress( OS) correlated
with trophoblast invasion [111]. iii)3rd Treg cells are getting acknowledged in the form of significant
controllers of the maternal vascular alteration which are necessary for normal placental generation by
manipulating cardiovascular working along with vascular homeostasis [112]. Regulatory T cells further
possess the capacity of crosstalking with uNK cells for impacting maternal haemodynamic reaction
to pregnancy [113], in addition to inimical sequelae correlated with uNK insufficiency over decidual
vessel remodeling get aggravated in case T cells are insufficient [114]. Mice having regulatory T cells
deficiency displayed dysfunctional uterine spiral arteries modifications, placental blood flow as well as
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fetal growth restriction [33,98,115]. Acute elimination of Treg cells in early pregnancy led to uterine
artery dysfunction in latter part of pregnancy correlated with escalated transformation of inactive big
endothelin-1 to the vasoconstrictor endothelin-1 [98]. Macrophages regulation.

5. 3 Macrophages along with Dendritic Cells

DCs are necessary for embryo implantation via immunocontrolling in addition to tissue remodeling
actions. In the periconception phase , enrollment of DCs takes place into the decidual tissue as well
as reside around the implantation region, which get constituted by 5-10% of full uterine leukocytes.
Noticeably, they are imperative for the decidual conversion reaction [38,39]. In the form of antigen
presenting cell(APC) ,they control quality in addition to robustness of T cell reaction as well as it is
essential for them to display tolerogenic phenotype for guaranteeing adequate Treg cells instead of
Teff cells get formed. Indoleamine 2,3-dioxygenase (IDO) portrays a crucial substance generated by

tolerogenic DCs which facilitates the Treg cells as well as hampers Th1 cells survival [116].

Macrophages comprise 20-30% of decidual cells in addition to aid with DCs in controlling adaptive
immune reaction along with angiogenesis as well as tissue remodeling at implantation region. Decidual
macrophages possess M2 polarization associated with tissue healing, inflammation resolution in
addition to immunrepression. In endometrium it is involved in remodeling as well as healing subsequent
to menstruation [117], buttressing implantation as well as placental morphogenesis in addition to
maintainance of immune tolerance towards fetal antigen [118]. At the time of periconception phase,
cytokines liberated by macrophages crosstalk with epithelial cells for stimulating alterations for
glycosylated surface structures,a requirement for embryo attachment [119]. During the time period of
pregnancy continuation of extensive enrichment of macrophages takes place in gestational tissue with
part in restructuring of tissue as well as fast clearance of apoptotic cells for avoidance of abnormal

immune activation against fetal alloantigens [120].

DCs along with activating T cells take part in tissue remodeling in addition to vascular alterations
essential for buttressing invasion of trophoblast cells [39]. Macrophages possess key part in promoting
implantation via generation of the corpus luteum along with progesterone liberation [121]. Macrophages
as well as DCs well acknowledged to display phenotypic plasticity with a variety of plausible activation
states along with working based on the environmental signals they get [122]. Significantly macrophages
along with DCs possess a key part in recognition of imminent danger signals correlated with infection
as well as are extensively reactive to local cytokines microenvironment, generating a plausibly inimical
proinflammatory molecules in reaction to microbial constituents or endogenous alarmins . Their activation
phenotype is impacted by factors for instance nutrients accessibility , metabolic status along with stress
[123]. This is pointing that they possess a great place in reference to recognition of environmental signals
in reproductive tissues as well as bring around quality control for repressing implantation if there exists
infections that is chronic or has not been resolved, microbial dysbiosis , nutritional insufficiency,or other
physiological stresors are present.

6. Future Regarding Intervening Clinically

Acknowledged that robust validating key part exists for the uterine immune reaction ,a robust crucial
part for isolating therapeutic intervention that efficaciously target the immune reaction for facilitating
endometrial receptivity in the . crosstalk amongst genetic, epigenetic along with environmental factors
with the probability of aid in differences in the quality of immune receptivity [ 124]. Widely 2 kinds of the
intervening might be anticipated i) life style in addition to health suggestions at the time of periconception
planning regarding aiding immune adaptation of pregnancy as well as nutraceutical, pharmacologic or
other strategies for bolstering of immune functions. Cell therapy strategies implicating ex vivo formation
along with /or expansion of Treg cells in a substantially personalized events might be attractive in future;
However currently are inappropriate regarding clinical utility.
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6. 1 Diagnostic evaluation

A manner of stratification of women with various kinds of immune impairment would substantially aid
in germane fashion of clinical trials,a requirement for targeted therapies. thereby it is getting imperative
to have efficacious diagnostic modalities which determine knowledgeable immune guidelines which give
definition proficiency for healthy pregnancy are generated along with corroborated. Whereas maximum
information is imparted by endometrial biopsies, considering the restriction of present knowledge in
reference to practical as well as wide application along with uptake idealization of further investigations
need to be in peripheral blood in addition to prepregnancy planning or earlier subsequent to conception for
aiding earlier intervention. A step regarding clinical utility would be generating a definition in agreement
of minimally necessary markers for promoting orchesteration over studies in addition to estimate the
maximal appropriate stage in early pregnancy for evaluation [125]. Generating immunologic, genetic,
or microbiomics diagnostics for the variation of disturbances in uNK cells, Treg cells, DCs as well as
macrophages in addition to basic factors which influence such cells would aid in generation of targeted

therapies as well as asssessment of particular patient subgroups.
6. 1A. Life Style in Addition to Prior Existent Health Situations

The immune reaction gets robustly impacted by metabolic along with nutritional guidelines,
inflammatory exposure, autoimmune situations as well as age [126,127]. Inflammatory health situations
inclusive of microbial dysbiosis, hyperglycemia, metabolic impairment, dietary insufficiencies
particularly vitamins A along with D might disturb innate in addition to adaptive immune system as
well as generate with ease amenable targets for infertility treatment [128]. Women who are at high risk
with prior reproductive along with pregnancy situations portray clearcut targets for the preconception
buttressing of immune working. Tackling such in addition to correlated clinical ,nutritional as well as life

style factors have to be crucial in reference to pregnancy planning.

Metabolic impairment for instance insulin resistance(IR) along with hyperglycemia have the
capability of distorting the energy resource guiding the T cells pool, leading to reduction of Treg cells
numbers in addition to escalated proinflammatory Thl7cells resulting in escalated proinflammatory
cytokines generation [129]. Metabolic alteration have been illustrated to be switching the Treg/ Th17
harmony in in patients with type2 diabetes mellitus( T2DM)or IR [130]. Microbiome abnormalities as
well as vitamins along with micronutrients insufficiencies specifically influence Treg cells in addition to
their treatment would be anticipated to improvement of uterine immune working the manner observed
in other peripheral immune situations [128]. Sunlight [131], exercise [132], have been illustrated to

efficacious in modulating Treg cells homeostasis for escalating Treg cells populations.

Autoimmune situations correlated with reproductive impairment possess the probability of shared
basic cause in addition to treatment of some autoimmune conditions with corroborated strategies have the
probability of being of advantages for reproductive health [ 133]. Nevertheless, obstetrical antiphospholipid
syndrome(APS) hyperinsulinism, endometritis comprise of heterogenous conditions which illustrate
intraassay variability in addition to debatable in clinical utility in RIF along with recurrent miscarriage
Although such factors have been acknowledged to be correlated with early pregnancy elimination [13].
Experimentally therapy of a presumed diagnosis is usually given a clinical trial; however this might result
in untargeted inimical sequelae, might have a negative influence over early pregnancy. For instance once
diagnosis of hyperinsulinism or endometritis has not been made the pragmatic utility of prednisolone
a presumed diagnosis of autoimmune condition might aggravate a glucose intolerance or endometritis

respectively in addition to result in reduction of prospects of achieving successful pregnancy.

Life style factors in addition to prior existent health situations might further be significance in
male partners where they impact the quality of seminal plasma as well as invoking a healthy female
reaction [134]. Factors inherent to couples for instance inadequate HLA imbalance in partners with
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HLA disproportion part leading to lesser immunogenicity of male alloantigens might result in uNK cells
overactivation or overhampering or disrupt priming or expansion of T cells pool . In nulliparous women
without conflict problems an amenable strategy justifying evaluation is counselling for seminal plasma
priming in preconception planning .

6. 1B. Pharmacologic Therapies

A myriad of robust immunotherapeutic agents have been generated for particular autoimmune
or autoinflammatory conditions in other clinical scenarios. Certain of these for instance intravenous
immuoglobulins [135], TNF-a hampering agents [136], as well as prednisolone [137] might work
in the form of candidates for particular application in some defined group of patients in reproductive
medicine who have history of RIF as well as recurrent miscarriage have been evaluated; nevertheless
clinical outcomes corroborating effectiveness are practically negligible ;thereby their utility needs to
be taken into account as empirical till validating grounds get built [13]. Although, positive outcomes
have been displayed from the smaller clinical studies that have been well powered did not demonstrate
to be efficacious usually in case of non selected group of patients [13,138]. In a reasonable manner
this portrays differential appropriateness for variable patient subgroups possessing separate immune
properties in addition to currently no clearcut biological reasoning which matches particular intervention
for particular clinical characteristics. In view of diagnostic modalities for stratification of reproductive
immune status continuously are in generation stage, various women might be delivered agents which
are unsuitable or inimical as well [61]. For instance TNF-o hampering agents might be efficacious in
repressing immune milieu- revealing escalated inflammatory activation, nevertheless repress the immune
reaction which escalates risk of infection [138]. Prednisolone might be efficacious in diminishing the
numbers or actions of uNK cells, nevertheless possess the capacity of repressing Treg cells formation,
in addition to might be correlated with inimical pregnancy results [15,139]. Utilization of cytokines
have been tried in implantation as well as placentation are granulocyte colony —stimulating factor(G-
CSF) [140], granulocyte macrophages colony —stimulating factor(GM-CSF) [141],work on myeloid
immune cells along with facilitate in addition to enrollment of tolerogenic DCs in the reproductive tract
mucosa [142], as well as thereby might be underpinning the improvement in addition to quality of T cells
reactions in women where there is insufficient Treg cells formation. Nevertheless in view of their actions
on myeloid hemopoiesis such cytokines might possess actionsthat had not been meant / anticipated

actions in women having escalated inflammatory activity.

Other agents utilized presently in reproductive medicine might impact immune reactions. Studies
performed in mice pointed that progesterone represses Teff cells reactions,which impact CD4+T cell
in addition to Treg cells phenotype [143]. Progesterone represses Thl as well as Th17cells in addition
to stimulates Treg cells differentiation [144], along with there is validation that progesterone escalated
uterine Treg cells population in mice as well as humans [88,145]. A Cochrane meta-analysis displayed
advantageous actions in diminishing the risk of recurrent miscarriage in women [146]; nevertheless if
it gets impacted via actions on Treg cells is uncharted. Moreover, the results in such scenarios might
be compounded by a percentage of such miscarriages is correlated with chromosomal aberrations in

embryos instead of immune impairment in the endometrium [147].

Intravenous immuoglobulins along with Intralipid have been utilized in assisted reproductive
technology(ART) scenarios to escalate implantation as well as recurrent miscarriage centres for avoid
of miscarriage rates [148]. Nevertheless, Intravenous immuoglobulins failed to reveal any escalated live
birth rates( LBR) in 8 smaller studies conducted in 303 cases of recurrent miscarriage [149]. Despite
certain corroboration,indicating advantageous actions of intralipid infusion being correlated with
immunorepression as well as change uNK cells action [150], a recent study displayed no influence on
Treg cells in patients undergoing IVF [151].
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Various agents meant for autoimmune conditions are in pipeline which might target Treg cells in a
selective manner [152]. Strategies which utilized cytokines particular antibodies for facilitating Treg
cells inclusive of protolerogenic cytokines for instance TGF-f as well as IL-10 [127],to capitalize
on successfull TNF-a hampering agents that display clinical efficaciousness in Rheumatoid arthritis(
RA), in addition to Crohn’s disease(CD). Agents targetingcheckpoint controllers Calcitoningene
relatedpeptide(CGRP), along with PD-L1 yield considerable plausible advantages as well as preclinical
model studies impart stimulation regarding clinical assessment. Regarding eg rats treatment with PD-
L1-Fc protein was efficacious in reverting Treg/Th17 imbalance in addition to attenuating placental
injury [153]. Considerable attractiveness have been revealed for a CD28 superagonist in a rat model
of preeclampsia with induction by overexpressionof angiotensinogen. Remarkable effectiveness was
observed once CD28 superagonist was delivered in escalating Treg cell numbers in addition to fetal
growth enhancement, specifically on applicationin preconception phase [154]. In various situations
utility of lesser dosages of IL-2 has been done inclusive of in mice that have susceptibility to abortion
got protection against fetal elimination [155]. agents taken into account humanized antibodies against T
cell marker for instance anti CD-3 anti CD-52 anti CD-45 RO /RA that cause regeneration of immune
tolerance by selective elimination of Teff cells while keeping Treg cells [127].

The oil-soluble contrast medium used Additionally,we all have observed that on performing
hysterosalpingography a fertility escalating actions have been illustrated, however the underlying
mechanistic modes are uncharted, particularly regarding the part of window of implantation (WOI).
Huang et al. [ 156] in a recent descriptive study illustrated how Oil-soluble contrast medium bathing
ameliorated endometrial inflammation along with caused improvement of endometrial receptivity in
women withRIF. They showed the median numbers of CD138-positive cells diminished in endometrium
subsequent to bathing. Bothexpression of avp-3 and HOXA10 in endometrium escalated including ET.
[156] (Figure 3).

Oil-soluble contrast bathing

Endometrial biopsy ﬂ Endometrial biopsy Frozen-thawed embryo transfer

1 1 1 1
LRIy antiIsy Satitley Py .
e o, ...qoo °q LK TR e..ﬁ-... c..ﬂooo

Menstrual cyclel Menstrual cyele 2 Menstrual cycle 3 Menstrual cycle 4-6

Legend for Figure 3

Courtesy ref no 156-Flow of the study. Endometrial biopsy was carried out in the luteal phase of
menstrual cycle 1. Uterine bathing with ethiodized poppyseed oil was carried out 3—7 days after the
cessation of menstrual bleeding in the menstrual cycle 2, an endometrial biopsy was carried out once
more in the menstrual cycle 3. Freeze-thaw embryo transfer was performed during the menstrual cycle
4-6.

Furthermore ,Seleset et al. [157], in women having KIR AA genotype patients showed enhanced

pregnancy rates in contrast to controls with immunomodulatory drugs [157].
7. Conclusions

Uterine immune cells portray a necessary as well as crucial part of endometrial biology. The
complicated dynamics of their crosstalking networks as well as control of working in reference to
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separateissues of implantation in addition to variations in enrichment along with phenotypes from one
cycle toother cycle amongst persons makes them responsible in the form of central watchdogsof for the
embryos implantation. In women who are fertile this aids a in significant physiological quality regulator
of events that guarantee that reproductive resources have full investment . Incase of patients of RIF in
addition to other pregnancy pathologies taking place fromaberrant implantation result in Clinical scenario
demanding therapeutic intervention. Despite considerable pressure of both REI’s as well as commercial
side on use of pharmacologic therapies, generated in reference to autoimmune or autoinflammatory
conditions;however they are not efficacious in non selected patients groups along with cause inimical

sequelae if not used suitably.

Recently European Society of Human Reproduction and Embryology (ESHRE) gave guidelines to
diagnose,investigate and interventions as shownin figure4-6 so that no untoward incidents take place
taking into account the expenses of these investigations as well as treatment besides chances of inimical

sequelae s if not used suitably [reviewed in ref 158].

Courtesy ref no 158 Figure 4

ART TREATMENT

following basic fertility work-up

\/

At least 2 embryo transfers failed to result in pregnancy

v

Counsel patients

Consider the cumulative chance of having achieved an on their chances
implantation to date: ___ of pregnancy and
What was the cumulative chance of implantation/pregnancy the relevance of
over the course of ETs performed so far? further testing and
treatments

Cumulative chance of Cumulative chance of

implantation/pregnancy implantation/pregnancy
<60% >60%

PROCEED WITH ART RIF is suspected
in the couple
NOT
SUCCESSFUL SUCCESSFUL
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NOT RECOMMENDED

Courtesy ref no 158 Figure 5

Interventions for RIF

Intentional endometrial injury

"G-NCSF aa.mimstratiom

.Emtravmc)us intralipid infusion

Intravenous immunoglobulin (IVIG)
Intrauterine autologous PBMC infusion
Intrauterine PRP infusion

.mtrauterine hCG injection

Low molecular weight heparin (LMWH)

GnRHa and Aromatase inhibitor pre-treatment

Assisted hatching

For all patients :

Recognise the woman/couple as an individual

Provide time for questions, information and discussion

Listen to the facts and the feelings of the patient/couple

Show respect for the patient/couple and their wishes and choices
Use clear and sensitive language

Be honest about processes, outcomes, and prognoses

Apply shared treatment planning in a partnership approach.

Be kind, show concern, empathy, and compassion

Treat vitamin D deficiency, if diagnosed during investigations
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Courtesy ref no 158 Figure-6

If RIF is suspected in the couple

Follow up with RIF-specific investigations

Vitamin D testing
Microbiome profiling
Peripheral NK cell testing

Uterine NK cell testing

Uterine T lymphocytes assessment

Assessment of blood cytokine levels

NOT RECOMMENDED

Assessment of mtDNA content :&J
Sperm DNA fragmentation/ FISH analysis g
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