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Abstract

Abstract: Recurrent pregnancy loss (RPL) is a prominent reproductive disease that distresses about 2%-5% of couples. RPL
is the loss of two or more successive spontaneous pregnancies prior to 20th week of the embryo development. The commence-
ment of pregnancy necessitates implantation of the embryo into responsive maternal decidua synchronized with the process
of placentation, decidual and myometrial trophoblast incursion as well as refashioning of spiral blood arteries of uterus. The
collapse of any of the processes fundamental for accomplishment of pregnancy may result into an array of pregnancy problems
including spontaneous pregnancy loss. Human female with normally working immune system may well carry a partly-allogenic
embryo to full tenure with no apparent rejection via adjustment of the immune system so as to accept and tolerate the embryo.
The endometrium of human female manufactures an extensive range of cytokines during the proliferative and secretory stage of
menstrual cycle. These endometrial cytokines are thought as major players for making the uterus ready for embryo implantation
and placental development. Decidual cytokines regulate the invasion of trophoblast and remodeling of spiral arteries as well as
take part in immune suppression to accomplish the pregnancy. Deterrence of fetal dismissal by the mother needs a regulated
milieu, which takes place essentially at the embryo-maternal interface and the tissues of uterus. The reasons of RPL remain
anonymous in a large number of cases that leads to difficulties in management and severe trauma in couples. Further study of
novel factors is wanted to establish treatment protocols for RPL.

Introduction

The premature pregnancy failure is acknowledged to affect approximately 15% of all the pregnancies rec-
ognized clinically. Recurrent pregnancy loss (RPL) is defined as [?]2 successive pregnancy failures affecting
less than 5% of human female that belong to the reproductive age category [1, 2]. Even though the precise
cause of nearly 50% of recurrent pregnancy losses remains unclear, nevertheless maternal immunological dis-
missal may perhaps justify the majority of these unexplained cases of pregnancy loss [2, 3]. Healthy human
females having normal functioning immune system may complete a half-allogenic conceptus to full tenure
without clear refusal by modifying the immune system so as to accept and tolerate the embryo [4]. Accep-
tance and tolerance of a half-allogenic conceptus recommends the role of whole body regulatory processes
in normal pregnant women [5, 6]. The exact devices that shield the embryo from the maternal immune
assault and dismissal are poorly implicit. However, the genetically incompatible embryo escapes maternal
immune rejection perhaps as a result of communication among several vital cytokines exuded by maternal
and embryonic cells at embryo-maternal interface [2, 7]. Human female endometrium develops into decidua
receptive for implantation [7] via the hormone and growth factor driven process known as decidualization
wherein endometrial stromal cells are differentiated into decidual cells that support growing embryo [8]. The
decidual cells facilitate the early development of blastocyst [8], shields the embryo from maternal immune
cell attack [9], gives dietetic support to the budding embryo before the formation of the placenta [8, 9] and
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assist in parturition[8]. Endometrial decidualization is essential for the establishment of pregnancy [10]. The
process of decidualization involves the endometrial stromal cell reprogramming which includes the produc-
tion of diverse mediators such as cytokines and chemokines, and selective recruitment of immune cells. This
physiologic process involves alteration in endometrial stromal cell secretome that leads to the formation of
immunomodulatory factors [11]. The trophoblastic cell stimulation is also vital for the differentiation of
endometrial tissue [7].

The endometrium of human female synthesizes a broad array of cytokines during the follicular phase and
luteal phase of menstrual cycle [12, 13]. These cytokines are assumed crucial for modulating the uterine
atmosphere and making the uterus ready for implantation of the growing conceptus as well as formation of
working placenta during pregnancy. The embryo-maternal interface and uterine tissues primarily provide a
regulated atmosphere required for avoiding the maternal dismissal of the embryo. Typically, the näıve CD4+
T cells are the main cytokine manufacturers and can be classified into various subsets such as Th1, Th2,
Th17 and T regulatory cells. The cytokines produced by T helper cells are additionally manufactured in ex-
cess by various cell types including trophoblast cells, stromal cells, epithelial cells, maternal T lymphocytes,
macrophages, natural killer (NK) cells and other maternal leucocytes at the maternal-embryonic interface
[12, 14] which indicates that the development and continuation of the embryonic-placental module depends
on these cytokines (Table 1 & 2). The cytokines that are present at the interface of maternal-embryonic unit
could have an effect on uterus milieu via the regulation of embryo implantation, growth of placenta, cyto-
trophoblast production, blood vessel formation, extra-villous trophoblast cell invasion, refashioning of spiral
arteries, cell development and apoptosis as well as induction of embryonic tolerance [12, 64-68]. The success
of pregnancy essentially depends on reciprocal signaling between the mother and developing blastocyst and
decidual receptiveness all through the implantation window [12, 69].

Cytokines along with cell surface receptors are believed to act as communication mediators between tropho-
blastic and decidual cells [70]. The communication among the cells at maternal-embryonic interface modifies
the expression of the variety and amount of cytokines. The immune tolerance or immune stimulation may be
linked to the variations in the pattern of T cell cytokines [7]. Earlier the CD4+ T cells of human beings were
categorized into Th1 and Th2 cell types depending upon their pattern of cytokine production [71]. Later
a new subpopulation of CD4+ T cells termed as Th17 cells was reported that manufacture IL17 [7]. The
Th1 type of cells participate in cellular immunity via producing IL2 and IFNγ whereas Th2 type of cells
discharge IL4, IL5 and IL13 and participate in humoral immunity [22]. Th1 cytokines have been attributed
the fatal role as they are believed fundamental in the rejection of acute allograft via Th1 dependent effector
mechanisms [72, 73]. Conversely, Th2 category of cytokines appears essential for inducing and upholding
the allograft tolerance [7, 74-76]. Th1 cytokines as well have been reported necessary for the continuance of
pregnancy e.g. IFNγ is known as a key cytokine involved in remodeling of spiral blood arteries and produc-
tive outcome of pregnancy [12, 77-79]. Moreover, a study on various Th2 type of knockout mouse like IL4,
IL5, IL6 and IL13 has shown normal product of reproduction [12, 80, 81] even if dissimilar systems may be
associated with upholding of the pregnancies in mouse and human suggesting the insignificance of predomi-
nant Th2 immunity in accomplishment of the pregnancy. In case of abortion, supremacy of Th1 immunity
has been reported, however, dominance of Th2 immunity is too observed in RPL [25, 81-85]. Consequently,
an ample equilibrium for Th1/Th2 immunity with a little inclination toward Th2 kind of immunity maybe
appropriate in maintaining the pregnancy. Hyper stimulation of either type of immunity i.e., Th1 or Th2 is
thought to be destructive for normal pregnancy [81]. In addition to Th1 and Th2 type of cytokines, IL15
and IL18 have been observed at the maternal-embryonic interface [64, 86]. The expansion of the T helper
subpopulation to incorporate Th17 and Treg cells, in fact, defied the Th1/Th2 paradigm and added to its
complexity [12]. Th17 cells that produce a potent pro-inflammatory IL17 cytokine are essential players in the
induction of inflammation and rejection. The IL17 cells are reported to interact with Th1 type of cells and
associated with pathogenicity of allergy, autoimmune disorders, transplant dismissal, pregnancy disorders
and RPL [87-92]. Treg cells are recognized as participants in mediating the maternal tolerance towards the
embryo [93-95].

The materno-embryonic tolerance prevents the rejection of embryonic tissues and causes successful estab-
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lishment of pregnancy [96-101]. The proliferation in Treg cells is with associated normal pregnancy, whereas
the diminished number of Treg cells brings about the failure of pregnancy due to immune rejection of the
embryo [95, 102]. Recent research reports have shown elevated number of Th17 type of cells in the decidua
and peripheral blood of the patients that have a history of spontaneous idiopathic RPL [81, 102, 103]. The
decidual tissue in RPL women has shown over-expression of RORγ (master transcription factor) for Th17
cells and increased concentration of IL23, that participates as a vital factor in the expansion of Th17 cells
[81, 102]. In recent times, the occurrence of stromal cell derived IL17 has been reported in the first trimester
of human pregnancy that performs a constructive function in supporting the pregnancy via the recruitment
of Th17 cells and promotion of trophoblast invasion, in addition to, the inhibition of trophoblast apoptosis
[104]. On the other hand, the Th17 cells have been discovered to be infrequent and outnumbered by the
intensification of Treg cells [12]. The number of Treg cells and associated functions significantly decrease
both in decidual tissue and peripheral blood of RPL women either pregnant or non-pregnant suggesting the
important role of Treg cells in RPL pathogenesis [94]. The balance between Treg and Th17 cells as well as
the Th17/Treg ratio has been reported shifting towards Th17 cells during pregnancy-related disorders that
produce an inflammatory micro milieu at the materno-embryonic interface [91,105]. A most recent study
also reported that the frequency of Treg cell decreases while as that of Th17 cells increases in RPL patients
[106]. This suggests that pregnancy success needs a tightly regulated Th1, Th2, Th17, and Treg balance
and any deviation may collapse the pregnancy (Table 3). The change in the decidual cytokine expression
has been made known to be allied with spontaneous pregnancy loss [12]. Therefore, aberrant production of
certain cytokines might be a potential factor leading to RPL. However, the exact mechanistic mode employed
by aberrant immunological factors for causing RPL is undecided, but may involve modulation or imbalance
between different immune cells specifically the T cell subsets.

Decidualization: A preparation for pregnancy

Pregnancy triggers an intricate array of active changes that allows close approximation of genetically disso-
nant embryonic and maternal tissues [116]. The accomplishment of human pregnancy robustly relies on the
quality of the embryo in addition to the physiological condition of the uterine lining termed endometrium.
The endometrium undergoes decidualization so that the uterus is prepared for the embryo implantation
and pregnancy. During the process of decidualization the endometrial epithelium, blood vessels along with
stroma are changed into a special tissue termed decidua (Fig 1) [117-119]. The process of decidualization
begins in the midsecretory period of menstrual cycle independently of blastocyst implant due to the raised
concentration of ovarian hormones such as estrogen and progesterone [119-122]. During the reproductive
cycle in normal women CD4+ T cells are significantly altered (Table 4) and show a considerable difference
in their densities between early luteal and mid-luteal phase. They exhibit lower levels during mid-luteal and
late luteal phases as compared to early follicular phase [33]. Decidualization process plays a key part in
the regulation of invasion of trophoblasts, protection against oxidative stress and modulation of specialized
uNK cells (CD56 bright and CD16 dim) [118] uNK cellular entities on the other hand regulate angiogenesis,
remodeling of vessels and inflammation through IL11 and 1L15 [130-133].

During the process of decidualization, stromal cells of human endometrium are modified into decidual cells
[134-137] via severe inflammatory responses with subsequent anti-inflammatory condition as a result of
retinoid and corticosteroid signaling pathway reprogramming. The inflammatory responses orchestrate the
implantation window [134]. The decidualization of endometrial stromal cells is essential for the implantation
of embryo [138]. The implantation of embryo is important for normal pregnancy [136]. Decidualization has
been recognized as a vital event for facilitating embryo implantation and successful pregnancy establish-
ment [135-137]. Decidualization depends on progesterone which acts via nuclear-progesterone-receptor (PR)
[137]. A wider range of factors (Table 5) contribute for the successful decidualization. Any impairment
in the decidualization process causes failure of implantation, pregnancy loss and other pregnancy related
abnormalities in later trimesters [138]. Recently, basal decidua of RPL patients has been found containing
more vasculature (veins, lymph vessels, and arteries) compared to fertile women [154]. Conversely, the secre-
tory endometrium of non-pregnant RPL patients has reported highly dense blood vasculature [131]. Various
pathological conditions that reduce reproductive potential, such as polycystic ovarian syndrome, endometrio-
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sis, antiphospholipid syndrome, and RPL have been found showing error in the timing and state of decidual
cell differentiation [155]. During pregnancy the decidualization brings about slow but sure and intense change
in gene expression, cellular physiology as well as modification of tissue until the total development of the
placental tissue. The examination of decidual secretome and study of expression of genes reveal the details
of the changes that occur in the signaling messengers or intermediate molecules, factors of transcription,
chemokines molecules, factors of growth/hormones, cyto-skeletal organization, cytokine molecules, contents
of extracellular matrix, molecules of adhesion, receptors/ligands, water and ion transportation, mechanism
of cell cycle regulation, trafficking within the cell, migratory process and actions, formation of blood vessels,
decidual receptiveness and the process of implantation [119, 156-160].

The decidua is an ephemeral, however, a vital uterine podium that develops from the differentiation of
stromal cells of endometrium, freshly formed motherly blood and vascular cells in the interior and exterior
of the vessels. Decidual development is a strong tissue remodeling wherein the residential and employed cells
of immune system undergo humoral as well as physical modifications subsequent to blastocyst attachment
on the uterine wall [9]. During the course of decidualization mushroom like endometrial projections termed
pinopods connect with the blastocyst via tight junctions for the communication and employment of cells
of immune system. The cells of maternal immune system may communicate with the cells of embryo right
through the syncytiotrophoblast which covers up the placental villi and the implantation site where the
deciduas is invaded by extra villous trophoblasts [161]. The decidua has been recognized as a vital maternal
uterine tissue that guards the embryo from maternal immune cell attack as well as gives dietetic support
for the budding embryo preceding to the formation of the placenta [9]. Adaptive immunity is believed to be
modulated by decidual macrophages and uterine dendritic cells (DCs) by means of cytokine balancing and
promoting the production of Treg cells. The remodeling of uterine tissue and blood vessels during the process
of decidualization provides physical and nutritional support to the growing embryo [9]. The various signaling
networks are triggered between the mother and the embryo at the time of implantation due to the release
of an array of cytokine and chemokine molecules from the cells of embryo as well as the cells of decidua
[9], which are extremely large polygonal cells with pale-staining nuclei and eosinophilic granular cytoplasm
(Fig 2) [162]. A huge figure of maternal decidual immune cells is believed to establish equilibrium between
antipathogenic resistance and tolerance of embryo. The key cellular population includes the cells of innate
immunity, for instance, uNK cells and macrophages [9]. The decidual cells subsequent to the initiation of
their proliferation and differentiation go on to the process of multinuclearization, i.e. duplication of DNA
molecule without cell cleavage (endo-reduplication) that permits multiple gene expression and the discharge
of synthesized proteins with the expenditure of smaller amount of energy and this course of action is deemed
as an essential hallmark for the maturation of decidua in human beings and rodents [9, 163, 164].

IL11 is a vital cytokine associate with decidualization [119, 165] implantation [119, 166] as well as placentation
[119, 167]. It is activated either alternatively or by the convergence of signaling pathways of prokineticin-1
[119, 168] activin A [119, 169] relaxin and PGE2 (Postaglandin E2) [119, 170] which are recognized as early
inducers of decidualization. IL11 is stimulated by relaxin and PGE2 via cAMP/PKA signaling pathway [119,
170] whereas prokineticin-1 triggers it via calcineurin-NFAT signaling pathway [119, 168]. Any perturbation
in the decidualization process causes the breakdown of materno-embryonic interface and pregnancy loss [171].

Studies on knockout mouse for IL11Rα have shown that lack of IL11 signaling (mediated via IL11Rα-/-
) is responsible for impaired decidualization and decreased proliferation of uterine stromal cells [9, 172,
173] as well as causes disrupted expression of protease inhibitors [174, 175] and also interrupts invasion of
trophoblasts leading to its anarchic proliferation and finally pregnancy loss [176] and resorption of embryo
[177]. IL11 signaling is vital for enough decidualization in mouse and promoting decidualization in human
[178]. The expression of IL11 has been reported crucial for decidualization of human stromal cells and the
irregularity in its production in endometrium might be related with several infertility types [177]. The vital
role played by IL11 in in-vitro stromal cell decidualization in human endometrium supports the fact that
IL11 serves as a key factor for correct process of decidualization in human beings like in mice [177]. The
endometrial stromal cells obtained from women affected by primary infertility show defective decidualization
in comparison to cells isolated from normal women, depicting compromised IL11 production in former women
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[177]. The aberrant IL11 and IL11Rα production in decidual and placental tissue of women with an-embryonic
pregnancies emphasizes the potential significance of IL11 signaling in early placentation [179]. Nevertheless,
similar IL11Rα expression has been observed in the decidualized stromal cells of fertile and infertile women,
supporting the significance of expressional modulation of IL11 and not that of IL11Rα in regulating human
endometrial decidualization [177]. In addition, IL11 signaling plays a crucial and complex role in endometrial
preparation for embryo implantation, invasion of early trophoblasts and decidualization of stromal cells in
primates and abnormal IL11signaling or action blockade may result in diminished fertility [178]. The signaling
defects of IL11 in endometrium may well be utilized as one of potential targets for developing therapeutic
approaches in upcoming years for infertility treatment [177]. The course of preparation for implantation
and pregnancy and the possible pregnancy outcome depending on predominant cytokine milieu in uterus is
briefly depicted in Fig 3 . The imperfect development of decidua during early pregnancy may well result
in infertility or afterward produce complications such as pre-term birth, preeclampsia and RPL [9, 99, 180,
181]. However, the pregnancy outcome both in spontaneous conception or conception subsequent to in-vitro
fertilization may be improved via approaches developed after understanding different molecular signaling
networks responsible for coordinating strategies for successful implantation and decidualization [180]. IL15
has been observed to play a particular role in the development of NK cells in IL15γR knockout mouse that
lacks NK cells [182]. IL15 is considered as a key factor for stimulating in-vivo proliferation of uNK cells [183]
given that IL15 exists in glands as well as stroma [184].

Cytokine imbalance at materno-embryonic interface and RPL

The endometrium originates during early stages of development from uro-genital ridge and develops in uterus
[185]. It is composed of two main layers- the basal and functional layers. The basal layer is located adjacent
to myometrial layer and regenerates the functional layer which is shed during menstruation. On the other
hand the functional layer that forms two-third of the thickness of endometrium performs the role of secretion,
proliferation and degeneration of tissue [186]. The endometrium contains stromal and epithelial cells supplied
with a specific vasculature and this uterine lining attains maturity at the age of puberty as well as orchestrates
menstrual cycle despite the fact that it provides an immuno-protected location for embryonic allograft
implantation. However, the tissues including prostate and breasts that are proliferative and responsive to
hormones make the endometrial tissue pathology-prone [185]. The environment of endometrium has a very
important role in the embryo implantation and the placental development during early pregnancy. In case of
normal pregnancy, the partly-allogenic embryo survives due to the stimulation of maternal immune tolerance
via Treg cells along with anti-inflammatory Th2 profile [51]. A number of studies reported the imbalance of
immune cells (Table 6) and cytokine expression (Table 7 & 8) among human females that suffer from RPL
and implantation failure [187]. Imbalance in immunological reactions and deregulation in the activity of
subsets of T cells may produce reproductive failure such as miscarriage [106]. Higher Th17 cell percentage
and lower Treg cell number has been reported in the decidua of women with idiopathic RPL compared to that
of normal controls suggesting the association of alterations in Th17 and Treg cell ratio at materno-embryonic
interface with the pathogenesis of idiopathic RPL [220]. The type 1 cytokines including IFNγ, IL17, IL1β
and TNFα exert proinflammatory effects while the type 2 cytokine that produce anti-inflammatory effects
include IL4, IL10 and IL1ra [221]. The equilibrium between the proinflammatory and anti-inflammatory
is essential for implantation [222]. Prior to the blastocyst arrival, the stromal cells of endometrium release
proinflammatory cytokines such as TNFα and IL1β to trigger inflammatory activity [16] that can attain
optimum efficiency at implantation window which is the period of an immune and inflammatory reaction
[223]. The early identification of immune and inflammatory reaction initiators such as TNFα and IL1β
may act as predicators of implantation [223]. TNFα has been found linked with the process of inflammation
associated with implantation, placentation, and pregnancy outcome [224]. The uterine endometrium is always
in an active state [161] The successful implantation requires the endometrium to undergo vital alterations
[225]. The endometrium undergoes decidualization so that the uterus is prepared for the implantation of
embryo and gestation. During the event of decidualization, the epithelium, stroma and blood vessels of
the endometrium are changed into the specific tissue termed decidua [117-119]. The outcome of imperfect
decidual development during the early months of gestation might be infertility or complications of pregnancy,
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for instance, preeclampsia, recurrent pregnancy loss and pre-term birth in later months of gestation [9, 99,
180, 181].

The essential requirement for successful implantation of embryo is inflammatory reaction associated with
augmented expression of various inflammatory cytokines and chemokines in endometrial cells as well as
blastocyst [226]. This early inflammation related with the implantation of embryo is a physiologic response
that initiates during decidualization [226]. Kosova et al. reported that RPL patients show allelic difference
and variation in the expression of several cells of the immune system such as white blood cells, lymphocytes
as well as the activation of T cells [227]. The maintenance of equilibrium between the promotion and
inhibition of immunity has been proposed as an essential aspect for the development of fetus [161, 228]. The
immune homeostasis and tolerance occur at decidua which is comprised of many maternally derived cells
including decidual natural killer (dNK) cells, macrophages, T cells, dendritic cells, B cells and NKT cells
(Table 9 ) [60, 229]. The dNK cells that originate from uNK cells primarily appear in the endometrial
tissue during the luteal phase of menstrual cycle [60, 229]. These cells are mainly involved in the promotion
of trophoblastic invasion and remodeling of blood vessels in order to tremendously increase the process of
placental perfusion that seems to be under the regulation of chemokine and cytokine expression [229,230].
The main leukocytes that are present in non-pregnant stromal tissue include lymphocytes and macrophages.
Towards the end of the luteal phase of endometrial cycle, the number of pheno-typically unique uNK cells
and macrophages increases. During early phase of pregnancy the number of uNK cells further increases to
such an extent that these cells comprise 70% of cells derived from bone marrow in the first trimester decidua
of pregnancy [37]. The augmented infiltration of uNK and Foxp3+ Treg cells into the endometrium and
diminished expression of PGRMC1 has been found associated with RM [231]. The hormonally responsive
epithelial and stromal cell layers of endometrium show the expression of cytokine and steroid receptors as
well as generate cytokines [13, 232]. The alteration in the array of decidual cytokines may well lead to
spontaneous pregnancy loss [12]. The reduced IL11 expression in the endometrium of RPL patients suggests
the potential role of this very cytokine in preventing miscarriages [233]. T cell cytokines may directly influence
the growth and function of trophoblast cells as they express receptors for different factors including IFNγ,
TNFα, TGFβ, IL6, LIF, M-CSF or they may stimulate macrophages that could assault the trophoblast.
The decidual macrophages are stimulated by IFNγ and produce NO and TNFα that may cause pregnancy
loss. The functions of macrophages and Th1 type cells may be inhibited by IL4 and IL10 cytokine that
prevents the rejection of feto-allograft [234-236]. M-CSF (macrophage colony stimulating factor) acts on
the trophoblastic cells and stimulates their proliferation [237]. It also triggers the process of differentiation
among cyto-trophoblastic cells that as a result grow into syncytium [238]. LIF (Leukemia inhibitory factor)
has a vital role in embryo implantation and development [239]. LIF is usually produced by epithelial cells
of endometrium and NK cells but evidences show that this factor is additionally synthesized by certain
cells which are alike to Th2 type cells. T cells of decidua have been reported to produce deficient LIF in
RPL patients. Since cytokines have the property to act locally as a result the measurement of levels of
cytokines produced by T cells at the maternal-embryonic interface show significant results as compared to
the measurement of their levels in peripheral blood. Therefore, the examination of decidual T cells seems to
present an excellent technique for the study of pregnancy loss. The diminished generation of decidual T cell
cytokines especially IL4 and IL10 has been reported among idiopathic RPL women as compared to women
with a history of normal pregnancy [82]. However, a few studies have shown association between successful
pregnancy and the T cell factors such as IL4, IL10 and M-CSF produced at the materno-embryonic interface
[240]. IL10 expression at materno-embryonic interface has been reported in numerous studies [24, 241,242]
and this cytokine inhibits the formation and role of proinflammatory cytokines such as IL1, IL12, IFNγ etc
[243]. During normal pregnancy, the up-regulation of IL10 protein and mRNA has been found in gestational
tissues [244]. IL10 as a strong factor stimulates the production of tolerogenic dendritic cells [245] which
are key participants in inducing materno-immune tolerance to embryonic allo-antigens [122] and thus may
promote prolific pregnancy.

T regulatory lymphocytes that produce as well as develop under the influence of IL10 also play a significant
role in pregnancy success via inducing materno-immune tolerance to embryonic allo-antigens [51]. Binding of
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IL10 to IL10 receptor (IL10R) activates the IL10/JAK1/STAT3 cascade with subsequent STAT3 phosphory-
lation that results in STAT3 homo-dimer (STAT3/STAT3) production. The translocation of this homo-dimer
into nucleus stimulates the expression of the target gene that plays a part in successful pregnancy induc-
tion [246-248]. The phosphorylated STAT3 (pSTAT3) that significantly increases in decidual Treg cells of
idiopathic RPL patients inhibits Treg cell proliferation via down-regulating STAT5 and Foxp3 expression
and increases the proportion of responder T cells. In addition, pSTAT3 decreases the IL10 and TGFβ1
secretion from Treg cells. The over-expression of IL6 and IL23 stimulates the phosphorylation of STAT3
in Treg cells. STAT3 hyper-phosphorylation impairs Treg cell cytokine secretion, suppression and prolifera-
tion, while the inhibition of STAT3 phosphorylation reinstates these Treg cell functions. pSTAT3 alters the
balance of Treg/Th17 at the materno-embryonic interface [249]. Reduced production of IL10 together with
the augmented synthesis of inflammatory molecules might be a milieu that promotes preterm birth or loss
of early gestation [250]. However, the treatment of abortion-prone CBA/DBA mice with recombinant IL10
significantly abrogates the rate of spontaneous embryonic loss [251]. The human endometrial cells including
epithelial, stromal and lymphoid express TNFα along with its mRNA [252, 253]. The endometrial TNFα
level has been found dynamic during menstrual cycle but showing gradual rise at late luteal phase [254].
TNFα along with IFNγ hamper the growth of embryo and the production of trophoblastic cell lines [255]
due to their cytotoxic effect on fibroblast like embryonic cells [256]. Higher level of TNFα and IFNγ have
been reported in circulating blood of women that undergo successive pregnancy loss than those that carry
gestation successfully to full term [257, 258]. The equilibrium between IL12 and IL4 favours the response
of Th1 and Th2 respectively and ultimately decides the influence of Th1/Th2 dichotomy throughout an im-
mune reaction [259]. Furthermore, it is well understood that an earlier pregnancy loss as a result of several
other etiology might induce successive Th1 biased immune responses in mother [260].

The PGD2 (Postaglandin D2) synthesized by the placenta may work as a chemo attractant of Th2 type cells
to the maternal embryonic interface through the expression of typical Th2 receptor molecule CRTH2 (Chemo-
attractant receptor homologous molecule expressed on Th2 type cells) [261]. The cells that express CRTH2+
are decreased in number at the materno-embryonic interface among those females who experience RPL in
comparison to females that undergo elective termination of pregnancy [262]. During pregnancy, infection
mainly by intracellular parasites might be a significant factor responsible for driving the immune response
along a specific course. Strongly Th1 predominant reactions in opposition to infectious microbes compromise
gestation; for instance, the infection due to Leishmania major leads to resorption followed by simultaneous
rise in placental IFNγ level [263]. TNFα in coordination with hormones causes placental thrombosis in
pregnancy and shows augmented synthesis with the inception of labor and pregnancy loss [264]. TNFα
exhibits pleiotropic property and is chiefly produced by NK cells, mononuclear phagocytes, lymphocytes and
antigen-stimulated T cells [265]. TNFα and LTα (lymphotoxin-α) are known to produce proabortogenic effects
including the invasion of trophoblasts and placentation [266] stimulation of pro-apoptotic gene expression in
human embryonic membranes [267] that in turn hastens the degradation of membranes and their early rupture
[268]. It also assists indirect spontaneous pregnancy loss via stimulating NK cells or macrophages [269]. The
NK cells are stimulated by IFNγ produced by Th1 type of cells and their activation might be injurious to
murine conceptus [270] showing the obvious relationship of NK cells and IFNγ in pregnancy collapse. The
cytokines produced by Th2 type of cells effect NK cells in a number of ways that include inhibiting NK cell
binding and vascular endothelium cytotoxicity [271], hampering the production of NK cells [272] and biasing
of NK cell cytokine manufacture toward a Th2 phenotype [273, 274]. Generally, uNK cells promote invasion
of trophoblasts, protect the embryo from maternal immune attack, and enhances angiogenesis [275, 276] as
suggested by their close proximity with invading trophoblasts during early stage of pregnancy [275, 277] and
production of a broad spectrum of cytokines such as TNFα, TGFβ, IFNγ, IL2, GM-CSF, LIF, CXCL10,
CSF-1, and CXL12 as well as angiogenic mediators such as VEGF (vascular endothelial growth factor)
and ANG2 (angiopoietin-2) on activation [278]. Additionally, uNK/dNK cells express specific receptors for
HLAs (human leukocyte antigens) including KIR (killer immunoglobulin receptor), CD94/NKG2A, ILT2
which are exclusively expressed in trophoblasts [279, 280]. This interactive collaborative between uNK/dNK
and trophoblast specific HLAs is implicit as a vital potential factor implicated in the prevention of embryonic
rejection by maternal immune system [281- 284]. Moreover, IL15 stimulated uNK cells are believed to play
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a key role in the maintenance of homeostasis by selectively targeting and cleaning of senescent decidual
cells via granule exocytosis [285]. However, there are reports that show abnormally higher number of NK
cells among females who have experienced idiopathic RPL [286]. A recent study also reported considerably
higher pNK cells in pregnant women with RPL history patients as compared to normal pregnant females
[287]. Most recently it has been shown that pNK cytotoxicity is significantly reduced in RPL patients than
in fertile women [288]. Another most recent study depicted results contrary to previous study and reported
an elevation in NK cytotoxic activity in RPL women compared to fertile women [289]. Therefore, it seems
that pregnancy-promoting functions of NK cells are dysregulated in RPL patients.

Non-immune cells such as, the trophoblasts of the placenta furthermore promote the dominance of Th2 type
cytokines during pregnancy [290]. Trophoblast, decidua and amnion all act as contributing factors to the
Th2 type cytokine atmosphere via synthesizing IL13 [291], IL10 [292], IL4 and IL6 [293, 294]. Therefore, the
production of any of these cytokines in abnormal proportions in women affected with idiopathic RPL might
cause aberrant growth and role of placenta and subsequently leads to spontaneous pregnancy loss [7]. The
cytokine environment in the endometrium can be regulated by T lymphocytes. Th2 type cytokines have been
additionally reported in peri-implantation endometrium of human beings [295] and at the murine materno-
embryonic interface [25], where they are thought to perform a crucial part in the uterine cytokine network
of pregnancy [296] More TNF-α has been reported in the deciduas of RPL women who had miscarried [297]
however, less in their trophoblast [298]. In human female endometrium, the augmented or suppressed Th1
immunity has been observed during habitual implantation failure [299]. This augmented Th1 type immunity
might diminish the number or role of Treg cells and the decline in the Treg cell number perhaps induces
implantation failure, resulting in idiopathic infertility [7].

Jasper et al. reported that primary idiopathic infertility is linked with the diminished expression of Foxp3
mRNA in the endometrial tissue [300]. Foxp3 mRNA and protein levels have been found decreased in
RPL affected women. The selective Foxp3 expression in human trophoblasts suggests the association of
Foxp3 expression with the trophoblast proliferation and invasion behavior. The reduced expression of Foxp3
in RPL trophoblasts may provide better insight in the RPL pathology [301]. Treg cells take part in the
protection of the embryo via down-regulating inflammatory reactions. Treg cells have the potential to
inhibit the production of cytokines both in CD4+T and CD8+ cells, cytotoxicity action of NK cells, as well
as maturation and role of dendritic cells, which suppresses the activation of local inflammation [9, 302-304].
The lack of Treg cell mediated modulation may result in loss of pregnancy [9]. The decidua of women
with RPL has been reported to show the significant expression of IL23, IL17 and retinoid orphan receptor
C [89]. The impaired dynamics and expression of proinflammatory and implantation factor, such as IL33
[305] and prokineticin-1 [306] form the molecular basis of decidual dysfunction in RPL. IL33 regulates the
factors essential for decidual receptivity during the implantation window, whereas prokineticin-1 participates
in angiogenesis and regulation of decidualization and implantation processes [119]. Endometrium has been
found low receptive in idiopathic RPL women [307]. Impaired differentiation of stromal cells has been
reported in RPL [306]. Usually proinflammatory cytokines including TNFα, IL1, IL6 [70] and IFN? produced
by the recruited NK cells and Mo/Mph [308] are activated locally in the decidua nearly the occasion of embryo
implantation. These cytokines affect the decidualization of DSCs (dendritic stromal cells) and as a result
determine the crosstalk between immune and non-immune cells in the differentiating decidual environment.
Later on, anti-inflammatory factors enrich the decidual niche and support the maternal immune tolerance
towards the embryo [119]. The pregnancy outcome shows a close association with the activities of different
biological factors especially cytokines (Table 10) whose imbalance at materno-embryonic interface may cause
reproductive failure. Differences have been reported among endometrial immune cell populations of RPL
women before conception and become aggravated in women who subsequently continue to miscarry [7]. This
suggests that the immune network of RPL females in fact, might be compromised before the establishment
of pregnancy. This nature of immune negotiation is still an arena of active research.

Conclusion:

The maternal-embryonic interface is well thought-out to be immunosuppressed so that there is the healthy
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growth of the placental-embryonic unit. The profiling of decidual cytokines and diversity of decidual cells
recommends that the in vivo condition is more complicated. Cytokines are minute protein molecules that
perform multiple functions. They are often derived white blood cells and described through their immune
modulatory actions. The cytokines from decidua in addition to their immunosuppression role also participate
in the establishment of pregnancy via regulating the invasion of trophoblasts and modifying the spiral blood
arteries. Different cytokines and chemokines discharged from the decidual as well as embryonic cells at
the time of implantation trigger many signaling networks between the mother and the embryo. Errors in
the development of decidua during early gestational months result in pregnancy failure or later gestational
complications. The management of RPL in a large proportion of cases due to the ambiguity of diagnosis is
still undergoing progression. Correction of IL11 signaling in the endometrium may be one of the potential
therapeutic approach for preventing infertility and miscarriage. Further exhaustive research in reproductive
immunology is required with the aim to explore the detailed contribution of NK cells and Treg cells along
with various cytokines and antigenic proteins to the etiology of RPL. Once a broad comprehension of the
modulation of the endometrial immune atmosphere due to cytokines is developed and a molecular clue for
the etiology of unexplained RPL is acquired, new, specific and effectual therapeutic protocols for patients
with unexplained RPL may be well established.
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213. Wilczyński JR, Radwan P, Tchórzewski H, Banasik M. Immunotherapy of patients with recurrent

19



P
os

te
d

on
A

u
th

or
ea

16
J
u
l

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

49
32

18
.8

02
02

50
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

spontaneous miscarriage and idiopathic infertility: does the immunization-dependent Th2 cytokine
overbalance really matter?. Arch Immunol Ther Exper. (2012) 60(2):151-60.

214. Ismail AM, Agban MN, Hasanein AS, Rayan AA, Abbas AM. Role of Th-1 cell cytokines, leukemia
inhibitory factor and hoxA genes in women with recurrent pregnancy loss. Mid East Fertil Soc J. (2017)
22:300-4.

215. Xu L, Qiu T, Wang Y, Chen Y, Cheng W. Expression of C-type lectin receptors and Toll-like receptors
in decidua of patients with unexplained recurrent spontaneous abortion. Reprod Fertil Develop (2017)
29:1613-24.

216. Comba C, Bastu E, Dural O, Yasa C, Keskin G, Ozsurmeli M, Buyru F, Serdaroglu H. Role of Inflam-
matory Mediators in Patients with Recurrent Pregnancy Loss. Fertil Steril. (2015) 104: 1467–74

217. Jasper MJ, Tremellen KP, Robertson SA. Reduced Expression of IL-6 and IL-1alpha mRNAs in Se-
cretory Phase Endometrium of Women with Recurrent Miscarriage. J Reprod Immunol. (2007) 73:
74–84.

218. Von Wolff M, Thaler CJ, Strowitzki T, Broome J, Stolz W, Tabibzadeh S. Regulated Expression
of Cytokines in Human Endometrium Throughout the Menstrual Cycle: Dysregulation in Habitual
Abortion. Mol Hum Reprod. (2000) 6:627–34

219. Krieg SA, Fan X, Hong Y, Sang QX, Giaccia A, Westphal LM, Lathi RB, Krieg AJ, Nayak NR. Global
Alteration in Gene Expression Profiles of Deciduas from Women with Idiopathic Recurrent Pregnancy
Loss.Mol Hum Reprod. (2012) 189: 442–50.

220. Gao Y, Wang P, Zou T, Zhang Z, Liang W. Increased Th17 and reduced Treg cells in patients with
unexplained recurrent spontaneous abortion. Clin Experim Obstet Gynecol. (2019) 46:458-60.

221. Monastero RN, Pentyala S. Cytokines as biomarkers and their respective clinical cutoff levels. Int J
Inflammat. (2017) 2017.

222. Liang PY, Diao LH, Huang CY, Lian RC, Chen X, Li GG, Zhao J, Li YY, He XB, Zeng Y. The
pro-inflammatory and anti-inflammatory cytokine profile in peripheral blood of women with recurrent
implantation failure. Reprod Bomed online. (2015) 31:823-6.

223. Salama KM, Alloush MK. Are the cytokines TNF alpha and IL 1Beta early predictors of embryo
implantation? Cross sectional study. J Reprod Immunol. (2020) 137:102618

224. Alijotas-Reig J, Esteve-Valverde E, Ferrer-Oliveras R, Llurba E, Gris JM. Tumor necrosis factor-alpha
and pregnancy: focus on biologics. An updated and comprehensive review. Clin Rev Allergy Immunol
. (2017) 53:40-53.

225. Ruiz-Alonso M, Blesa D, Simon C. The genomics of the human endometrium. Biochim Biophys Acta.
(2012) 1822:1931-42.

226. Mor G, Aldo P, Alvero AB. The unique immunological and microbial aspects of pregnancy. Nat Rev
Immunol. (2017)17:469-82.

227. Kosova G, Stephenson MD, Lynch VJ, Ober C. Evolutionary forward genomics reveals novel insights
into the genes and pathways dysregulated in recurrent early pregnancy loss. Hum Reprod.(2015) 30:519-
29.

228. Beydoun H, Saftlas AF. Association of human leucocyte antigen sharing with recurrent spontaneous
abortions. Tiss Antig. (2005) 65:123–35.

229. Chau A, Markley JC, Juang J, Tsen LC. Cytokines in the perinatal period–Part I. Int J Obstet Anesth.
(2016) 26: 39-47.

230. Cartwright JE, Fraser R, Leslie K, Wallace AE, James JL. Remodelling at the maternal–fetal interface:
relevance to human pregnancy disorders. Reprod. (2010) 140:803-13.

231. Lyzikova YA, Zinovkin DA, Pranjol MZ. Increase in FoxP3, CD56 immune cells and decrease in glands
PGRMC1 expression in the endometrium are associated with recurrent miscarriages. Europ J Obstet
Gynecol Reprod Biol. (2020) 245:121-6.

232. Tabibzadeh S, Sun XZ. Cytokine expression in human endometrium throughout the menstrual cycle.
Hum Reprod. (1992) 7:1214-21.

233. Linjawi S, Li TC, Tuckerman EM, Blakemore AI, Laird SM. Expression of interleukin-11 receptor α
and interleukin-11 protein in the endometrium of normal fertile women and women with recurrent

20



P
os

te
d

on
A

u
th

or
ea

16
J
u
l

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

49
32

18
.8

02
02

50
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

miscarriage. J Reprod Immunol. (2004) 64:145-55.
234. Yui J, Garcia-Lloret M, Wegmann TG, Guilbert LJ. Cytotoxicity of tumour necrosis factor-alpha and

gamma-interferon against primary human placental trophoblasts. Placent. (1994) 15:819-35.
235. Haddad EK, Duclos AJ, Antecka E, Lapp WS, Baines MG. Role of interferon-gamma in the priming

of decidual macrophages for nitric oxide production and early pregnancy loss. Cell Immunol. (1997)
181:68-75.

236. Knofler M, Mosl B, Bauer S, Griesinger G, Husslein P.TNF-alpha/TNFRI in primary and immortalized
first trimester cytotrophoblasts.Placent. (2000) 21:525-35.

237. Jokhi PP, King A, Boocock C, Loke YW. Secretion of colony stimulating factor-1 by human first
trimester placental and decidual cell populations and the effect of this cytokine on trophoblast thymi-
dine uptake invitro. Hum Reprod . (1995) 10:2800-7.

238. Hamilton GS, Lysiak JJ, Watson AJ, Lala PK. Effects of colony stimulating factor-1 on human ex-
travillous trophoblast growth and invasion. J Endocrinol. (1998) 159: 69-77.

239. Stewart CL, Kaspar P, Brunet LJ, Bhatt H, Gadi I, Köntgen F, Abbondanzo SJ. Blastocyst implan-
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Figure Legends

Fig 1 The different types of decidua (decidua parietalis, capsularis and basalis) and the intimate association
between the developing embryo and the placental tissue. Decidua basalis develops from the endometrium
that immediately lies under the site of implantation while as decidua capsularis originate from the thin
endometrial stroma rim that covers the blastocyst. The endometrium that lines remaining part of uterine
cavity forms decidua parietalis. Decidua provides nutrition to the growing embryo before the formation of
placenta and more importantly plays a key role in shielding embryo from the maternal immune cell attack

Fig 2 Micrographic representation of stromal decidual cells. These cells are large polygonal with nuclei that
stain pale and possess eosinophilic granular cytoplasm

24



P
os

te
d

on
A

u
th

or
ea

16
J
u
l

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

49
32

18
.8

02
02

50
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Fig 3 A preparatory pathway for embryo implantation and pregnancy. Decidualization that begins during
the menstrual cycle (midsecretory phase) in response to increased estrogen and progesterone levels involves
the transformation of endometrial stromal cells into decidual cells in inflammatory and anti-inflammatory
milieu via retinoid and corticosteroid signaling pathway reprogramming as well as regulates the specific uNK
cells (CD56 bright and CD16 dim) that in turn control inflammation, angiogenesis and vascular remodeling
via IL15 and IL11. The inflammatory responses synchronize the implantation window. IL11 is stimulated by
relaxin and PGE2 via cAMP/PKA signaling pathway whereas prokineticin-1 triggers it via calcineurin-NFAT
signaling pathway and this cytokine is linked with decidualization, implantation and placentation.

Table 1 Overview of cytokines with their nature and cellular source

Signature cytokine Cytokine type Cell type References

IFNγ Inflammatory Th1 [12]
IL4, IL5, IL9, IL13 Anti-inflammatory Th2 [12]
IL17 Pro-inflammatory Th17 [12]
TGFβ, IL10 Anti-inflammatory Tregs [14]
IL35 Immunosuppressive Trophoblasts [15]
TNFα, IL1β Pro-inflammatory Endometrial stromal

cell
[16]

IL6, IL10 Anti-inflammatory Decidual stromal cells/
Endometrial stromal
cell

[17]

IL6, IL7 Anti-inflammatory Endo-cervical epithelial
cells

[18, 19]

TGFβ, TNFα, IL6, IL8,
G-CSF (Granulocyte
colony stimulating factor)

Pro-/anti-inflammatory Uterine epithelial cells [20, 21]

Type 1 (IFNγ, IL2,
TNFα)and Type 2
(IL4, IL5,IL9,
IL10,IL13)

Pro-/anti-inflammatory Maternal T
lymphocytes

[22, 23, 24, 25]

IL10, TGFβ Anti-inflammatory Decidual macrophages [26, 27]
IL1β, IL4, IL6, IL8,
IL10, IL13, IFNγ,
TNFα

Pro-/anti-inflammatory Uterine natural killer
cells

[28]

Table 2 Overview of changes in the immune cells and their role during reproductive cycle and early pregnancy

Cells Changes Functions References

T lymphocytes Decreased/unaffected
from follicular to luteal
phase

Defensive or
destructive for the
developing embryo
depending on
particular subset of
cells

[29, 30, 31, 32]
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Cells Changes Functions References

T helper cells (Th1, Th2,
Th17)

Lower levels during
mid-luteal and late luteal
phase as compared to
early follicular phase.

Th1 cells manufacture
pro-inflammatory
cytokines Th2 cells
cytokines with
anti-inflammatory effects
Th17 cells also produce
pro-inflammatory type of
cytokines

[33]

B lymphocytes Slightly increased
toward the end of
luteal phase

Still uncertain, possibly
involved in early stage
of pregnancy

[34, 35, 31]

Uterine dendritic cells
(uDCs)

Controversially
immature DCs show an
increasing trend from
follicular to luteal
phase and reach to
peak level during
menstrual phase.
However, mature DCs
remain unchanged
during reproductive
cycle

Implicated embryo
acceptance, remodeling
of uterus, angiogenesis,
invasion and
differentiation of
trophoblasts, decide
the differentiation of
progenitors of T cells
into Tregs as well as
the activation and
proliferation of Tregs

[30, 36, 37-42]

Uterine natural killer
(uNK) cells

Show gradual rise from
follicular to luteal
phase and reaches
maximum level in end
of luteal phase and
decidua of pregnancy

Remodeling of spiral
arteries, regulation of
invasion of
trophoblasts,
angiogenesis
enhancement

[9, 29, 30, 34, 43-46]

Treg cells Proliferate in
pre-implantation
endometrium,
increased at decidual
site for implantation
and during early period
of pregnancy until
mid-gestation

Treg cells are crucial
for regulating extreme
maternal inflammatory
reaction at the site of
implantation,
participate in
materno-immune
tolerance to embryonic
allograft mainly during
early stage of
pregnancy, blocking
maternal effector T
cells implicated in
regulating the
remodeling of maternal
vasculature

[32, 34, 36, 47-53]

Lymphocytes Significantly declined
from follicular to luteal
phase

Potentially toxic for
embryo and as a result
blocked during
successful gestation

[31, 32, 35, 54]
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Cells Changes Functions References

Neutrophil
granulocytes

Show remarkable
elevation during late
luteal phase

Involved in
menstruation, breaking
down and repairing of
tissue. Exert
pro-angiogenic and
tolerogenic effects in
the decidua of pregnant
women

[35, 55-57]

Macrophages Increase gradually from
follicular phase to
luteal phase and attain
peak density prior to
menses and during
pregnancy

Participate in the
maintenance of corpus
luteum, implantation
of blastocyst, spiral
artery remodeling,
regulation of invasion
of trophoblasts,
embryonic protection
against intra-uterine
infection

[27, 30, 34, 36, 58-61]

Mast cells Remain unaltered
except phenotypical
changes during
menstrual cycle and
become activated
during early and
mid-luteal phase

Involved in the
commencement of
menses, enhancing the
remodeling of tissue
and spiral arteries,
supporting the process
of implantation as well
as angiogenesis

[34, 62, 63]

Table 3 Variation in CD4+ T cells (Th1, Th2, TH17, Tregs) and their balance in RPL women and normal
women during reproductive cycle and early pregnancy

Cell type Normal RPL References

Th1 Lower Higher [107]
Th2 Higher Lower [107]
Th1/Th2 ratio Lower Higher [108, 109, 110]

Lower Higher [109, 111, 112]
Lower

Higher

[113]

Lower

Higher [114]

Th17 Lower (proliferative
and secretory phase)

Higher (proliferative
and secretory phase)

[115]

Lower Higher [106]

27



P
os

te
d

on
A

u
th

or
ea

16
J
u
l

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

49
32

18
.8

02
02

50
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Cell type Normal RPL References

Treg Higher Lower (proliferative
phase)

[115]

Higher Lower [106]
Th17/Treg Ratio Lower (proliferative and

secretory phase)
Higher (proliferative and
secretory phase)

[115]

Table 4 Overview of changes in CD4+ T cells during reproductive cycle in normal women (pregnant/non-
pregnant)

Cell-type Changes References

Th1 No significant change during
reproductive cycle

[33]

Th2 Diminished during mid-luteal
phase as compared to early
follicular phase

[33]

Th1/Th2 ratio No significant change during
reproductive cycle

[33]

Th17 Lower number in pregnancy
state compared to
non-pregnancy state

[123]

No difference in circulating
Th17 cells between all
trimesters and non-pregnancy
state

[124]

No difference in circulating
Th17 cells between certain
pregnancy period and
non-pregnancy period

[105, 125]

Higher in decidua as compared
to blood during first trimester

[124]

Tregs Density gradually increases
during proliferative phase in
peripheral blood and
endometrium

[126]

Increase progressively in
peripheral blood during first
and second trimester while as
decrease during third trimester
as well as post-partum

[5,127]

Suppressive action increased
during first and second
trimester while as weakened
during third trimester compared
to non-pregnant women

[128]

Elevated in peripheral blood
during late follicular phase
compared to luteal phase

[52]

Th17/Treg Ratio Lower in pregnancy as compared
to non-pregnancy state

[123]
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Cell-type Changes References

Reduced during second and
third trimester of pregnancy
compared to non-pregnancy
women

[129]

Factor Function References

EGR1 This transcription factor has
been predicted as key factor for
the decidualization of
endometrial stromal cells.

[10]

Atg16L1 This factor is vital for
decidualization process,
implantation, and overall mice
fertility. This factor might also
serve as potent mediator of
successful implantation in
women.

[139]

WT1 During the process of
decidualization this
transcription factor
up-regulates the expression of
VLDLR in human endometrial
cells which enhances their lipid
accumulation.

[140]

IRS2 Progesterone regulated IRS2
expression has been reported
critical for appropriate insulin
signaling for regulating the
expression of genes and
utilization of glucose that
significantly support the process
of decidualization for
facilitating pregnancy.

[137]

PRL (Prolactin) This decidualization marker
when expressed prematurely in
luteal phase has been found
linked with recurrent
implantation failure.

[141]
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Factor Function References

FIP200 This protein serves as an
essential agent for fertility,
uterine receptivity, and
decidualization suggesting
autophagy as a main cellular
pathway needed for uterine
receptivity and endometrial
stromal cell decidualization
both in humans and mice. The
lack of this protein causes
abnormal progesterone signaling
that leads to continual
proliferation of uterine
epithelium and impairs the
process of decidualization in
human endometrial stromal
cells.

[142]

HB-EGF This growth factor has been
found greatly expressed in
decidua and uterine luminal
epithelium and essential for the
implantation of embryo,
decidualization process, and
gestation.

[143-146]

MSX1 and MSX2 These genes act as main
mediators of BMP2-induced
decidualization in women as
well as mice since the reduced
expression of these genes by
little interfering RNAs highly
diminishes in-vitro human
stromal cell differentiation.

[135]

PKM2 Pyruvate kinase M2 has been
reported as a critical potential
role-player during the process of
decidualization in early
gestation.

[136]

Thrombin Thrombin causes extravasations
of leukocytes, inflammation of
endometrium, impairs the
decidualization of human
endometrial stromal cells as
well as endometrial support
during early stage of pregnancy.

[147]
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Factor Function References

CXCL16 The CXCL16/CXCR6 axis has
been found as a contributor for
the progression of
decidualization of endometrial
stromal cells via
PI3K/PDK1/AKT/Cyclin D1
pathway activation which
suggests the role of CXCL16 as
an initiator of molecular
crosstalk at maternal-fetal that
augments the endometrial
stromal cell decidualization.

[148]

OPG OPG interaction with
syndecan-1 mediates
decidualization of human
endometrial stromal cells by
reducing phosphorylation of
Akt. OPG expression has been
found significantly lesser in the
endometrium of RPL patients
compared to that of with
normal pregnancy during the
first trimester.

[149]

BMAL1 BMAL1 plays a useful role in
the process of decidualization
since its down-regulation in
RPL causes decidualization
impairment and abnormal
invasion of trophoblasts via
TIMP3 regulation and as a
result predisposes women for
RPL.

[150]

CSDC2 This protein might serve as a
regulatory factor in the
development of decidua.

[151]

MEIS1 This cofactor of HOXA10 has
been found as an essential agent
for human endometrial stromal
cell decidualization.

[152]

PoFUT1 PoFUT1 play a crucial role in the
decidualization of endometrium
via regulating Notch 1
O-fucosylation. Moreover, lower
poFUT1 levels have been reported
in the uterine endometrial tissue
of women that experienced
miscarriage compared to those
with early pregnancy.

[138]
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Factor Function References

Annexin A2 The defective expression of
Annexin A2 has been found
associated with impaired
endometrial stromal cell
decidualization and uterine
microenvironment both of
which are required for
promoting implantation of
embryo and placentation.

[153]

SMAD1 and SMAD5 These transcriptional factors
are found required for the
redundantly acting cell surface
receptors that via their
concerted action regulate the
BMP signaling
receptor-complex responsible for
the decidualization of human
endometrial stromal cells.

[8]

Prokineticin1 This factor participates in
angiogenesis and regulation of
decidualization and
implantation processes.

[119]

Table 5 Biological factors associated with the process of decidualization

Table 6 Changes and shifts observed in Immune cell/factor in normal pregnancy vs. RPL women

Cell type/factor/Action Normal pregnant women RPL women References

dNK (CD56+) cells Lower Higher [188]
Macrophages (CD68+) Lower Higher [189, 190]
Apoptosis Lower Higher [189, 190]
Decidual M1 macrophages Lower Abundant [59]
Decidual M2 macrophages Higher Lower [59]
Th17 cells Decreased Elevated [193, 194]
Treg cells Higher Decreased [102, 105, 191-193, 195-197]
DCs (CD83+) Lower Higher [198, 199]
DCs (CD1a+) Higher Lower [198, 199]
DC-SIGN+ cells Increased Reduced [200]
uNK cells Lower Higher [46, 201-209]
uNK cell IL22 Higher Lesser [210]
Pertoneal cells (CD19+ IL10+) Increased Decreased [211]

dNK (decidual natural killer), DCs (dendritic cells), Treg (T regulatory), uNK (uterine natural killer), IL
(interleukin)

Cytokines Sample Cytokine level Technique References

TNFα Serum Higher Miliplex Luminex [212]
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Cytokines Sample Cytokine level Technique References

PBL Higher Cytometric Bead Array [213]
Serum Higher ELISA [214]

IFNγ Serum Higher ELISA [215]
Serum Higher Miliplex Luminex [212]
PBL Higher Cytometric Bead Array [213]
Serum Higher ELISA [214]

TGFβ1 Serum Lower ELISA [115]
Serum Lower ELISA [215]

IL2 Serum Higher ELISA [215]
PBL Higher Cytometric Bead Array [213]
Serum Higher ELISA [214]

IL6 Serum Lower Miliplex Luminex [212]
PBL Higher qRT-PCR [194]

IL8 Serum Higher Miliplex Luminex [212]
IL10 Serum Lower ELISA [215]

PBL Lower Cytometric Bead Array [213]
Serum Lower ELISA [115]

LIF Serum Higher ELISA [214]
IL17 PBL Higher qRT-PCR [194]

Serum Higher ELISA [115]
IL23 PBL Higher qRT-PCR [194]

Table 7 Variation in cytokines levels in peripheral blood of RPL patients in comparison to normal women

TNFα (Tumor necrosis factor-α), IFNγ (Interferon-γ), TGFβ (Transforming growth factor-β1), IL (In-
terleukin), LIF (Leukemia inhibitory factor), ELISA (Enzyme-Linked Immunosorbent Assay), qRT-PCR
(Quantative real time –polymerase chain reaction), PBL (Peripheral blood lymphocytes)

Table 8 Variation in endometrial and decidual cytokine levels in RPL women vs. normal women

Cytokine Sample Cytokine level Techniques References

TNFα Decidua Elevated RT-PCR and ELISA [193]
IFNγ Decidua Elevated ELISA [215]

Endometrium Elevated ELISA [216]
TGFβ1 Decidua Declined RT-PCR and ELISA / ELISA [193, 215]
IL1α Endometrium Declined RT-PCR [217]
IL1β Endometrium Declined RNase protection assay [218]
IL2 Decidua Elevated qRT-PCR and ELISA / ELISA [114, 215]
IL4 Decidua Declined qRT-PCR and ELISA [114]
IL6 Decidua Elevated RT-PCR [193]

Endometrium Declined RT-PCR [217]
IL8 Decidua Elevated Microarray [219]
IL10 Decidua Declined qRT-PCR and ELISA / ELISA [114, 215]
IL12 Endometrium Elevated ELISA [216]
IL17 Decidua Unaltered qRT-PCR, WB, and IHC [210]
IL23 Decidua Unaltered/ Elevated qRT-PCR, WB, and IHC / qRT-PCR, and WB [102, 210]
LIF Endometrium Declined ELISA [216]

TNFα (Tumor necrosis factor-α), IFNγ (Interferon-γ), TGFβ (Transforming growth factor-β1), IL (In-
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terleukin), LIF (Leukemia inhibitory factor), ELISA (Enzyme-Linked Immunosorbent Assay), qRT-PCR
(Quantative real time-polymerase chain reaction), IHC (Immunohistochemistry), WB (Western blotting)

Table 9 Endometrial and decidual immune cells with their cytokines

Cell-Type Cell-Type

Percentage
in
Endometrium

Cytokines
Secreted

Cytokine
type
(pro-/anti-
inflammatory)

Immunity
type References

Uterine
Natural
killer (uNK)
cells (CD3-

CD56bright

CD16-)

Uterine
Natural
killer (uNK)
cells (CD3-

CD56bright

CD16-)

70% IFNγ,
TNFα, IL10,
TGFβ, IL1β,
CSF-1,
GM-CSF

Th1 & Th2 Innate [9, 29, 30,
34, 43-46]

Macrophages
(CD68+)

Macrophages
(CD68+)

20-25% IL10,
TGFβ,PGE2

Th2 Innate [27, 30, 34,
36, 58- 61]

T Lympho-
cytes
(CD45+
CD3+ )

T Lympho-
cytes
(CD45+
CD3+ )

1-28% Varies - Adaptive [29-32]

CD4+T cells Th1 3.8-21.4% IFNγ, TNFα Th1 Adaptive [31, 36, 47] [32,
34,36, 47-53]

Th2 IL4 Th2
Th17 IL8 Th17
Treg IL10, TGFβ Th2

Uterine
dendritic
cells
(Immature
DCs
(CD1α+) ;
mature DCs
(CD83+))

Uterine
dendritic
cells
(Immature
DCs
(CD1α+) ;
mature DCs
(CD83+))

1-2% TGF-β,
IL-10

Th2 Innate [30, 36,
37-42]

B
lymphocytes
(CD45+
CD19+)

B
lymphocytes
(CD45+
CD19+)

0.2-4.5% IL-10 Th2 Adaptive [ 31, 34, 35]

Table 10 Biological action. Illustrating the biological roles of different factors associated with pregnancy
outcome

Factors Biological action References

IL33 IL33 regulates the factors essential for decidual receptivity during the implantation window. [119]
IL11 It is a vital cytokine associate with decidualization, implantation as well as placentation. [119, 165-167]
dNK cells They primarily support the trophoblasts incursion and vascular modification to facilitate the maximization of the process of placental perfusion which is possibly under the control of cytokine and chemokines expression. [229, 230]
IFNγ It causes the activation of macrophages present in decidua which in turn manufacture the factors such as NO and TNFα that may well cause pregnancy loss. [234-236]
IL4 and IL10 They could impede the functions both of Th1 type of cells as well as macrophages that prevent the feto-allograft dismissal. [234-236]
IFNγ, IL4, IL6, TNFα, TGFβ, M-CSF and LIF receptors These receptors existing on the surface of trophoblastic cells could mediate the effect of cytokines produced by T cells directly on the growth and role of trophoblasts. [234-236]
M-CSF (macrophage colony stimulating factor) This factor is responsible for inciting trophoblast proliferation in addition of the formation of syncytium from cytotrophoblast via differentiation process. [237, 238]
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Factors Biological action References

LIF(Leukemia-inhibitory factor) Essential for endometrial implantation and fetal development. [239]
IL8 One of the pro-angiogenic cytokines responsible for stimulating endothelial cell proliferation and capillary tube formation. [309]
IL10 Expressed at materno-embryonic interface and inhibits the formation and role of proinflammatory cytokines such as IL1, IL12, IFNγ etc. It also stimulates the tolerogenic dendritic cell production [24, 241-243, 245]
IL15 This interleukin is considered as a key factor for stimulating in-vivo proliferation of uNK cells. [183]
TNFα and IFNγ They hamper the development of embryo and the production of trophoblasts lineages in human due to their cytotoxic effect on the embryonic fibroblast like cells. [255, 256]
TNFα During pregnancy it along with hormones brings about thrombosis in placental tissue and shows increased synthesis at the time of onset of labor and miscarriage. [286]

TNFα has been found linked with the process of inflammation associated with implantation, placentation, and pregnancy outcome. [224]
Foxp3 Mrna Diminished expression in endometrial tissue is linked with primary idiopathic infertility. [300]

The trophoblasts of RPL patients show decreased expression of Foxp3 [301]
Treg cells They down regulate the inflammatory responses and protects the developing embryo. Further, they impede the cytokine synthesis in CD4+ and CD8+ T cells, cytotoxicity of Natural killer cells and dendritic cell maturation and function as a result of which the activation of local inflammation is suppressed. In absence of the Treg cell mediated modulation there is the possibility of collapse of pregnancy. [9, 302-304]

Decreased percentage of decidual Treg cells has been associated with miscarriage pathogenesis. [310]
The materno-embryonic tolerance mediated by Treg cells has been reported critical for the establishment allogenic pregnancy. [310]

Micro-RNA (miR-155) The reduced level of immune-regulatory microRNA miR-155 has been observed in RPL which suggests the role of miR-155 in immune tolerance during pregnancy. miR-155 is a vital regulator of immune adaptation to pregnancy and is essential for adequate Treg cell to attain strong pregnancy tolerance and protect against embryonic loss. [311]
Endometrial EGR1 The decreased levels of EGR1 have been observed in women that experience recurrent implantation failure. [10]
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