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ABSTRACT

Reproductive failures, such as recurrent pregnancy loss (RPL) and recurrent implantation failures (RIF) are a major chal-
lenge for reproductive medicine. The current management of RPL and RIF cases identifies some causes for unsuccessful
pregnancy in up to half of patients. Several studies have suggested that immune disorders are responsible for an important
portion of unexplained cases of RPL and RIF. Moreover, the immune abnormalities responsible for reproductive failures
can be classified into disorders related to autoimmunity and changes in cellular immunity. Antiphospholipid syndrome
(APS), testing for antiphospholipid (aPL) antibodies, antinuclear antibodies, and antithyroid antibodies are identified as
biomarkers of autoimmunity that can predict reproductive failure. The cellular immune response in cases of RPL and
RIF can be investigated through the study of natural killer (NK) cells (uterine and peripheral blood) and T lymphocytes
(T helper [Th]-1, Th-2, regulatory T and Th-17 cells). Several types of laboratory assays have been used to evaluate the
endometrial immune microenvironment, such as the endometrial immune profile and decidualization score. However,
the effectiveness of the treatment of RPL and RIF with immunomodulatory drugs has not yet been confirmed. Recently,
a group of experts from the International Federation of Gynecology and Obstetrics and the European Society of Human
Reproduction and Embryology recommended the investigation of some immune factors and treatment with immunosup-
pressants in women with RPL. In conclusion, it is important to consider immune abnormalities when managing women
with RPL and RIF. The use of immunotherapies must be personalized and based on a specific diagnosis to obtain favor-
able outcomes.

(Cite this article as: Cavalcante MB, Sarno M, Barini R. Immune biomarkers in cases of recurrent pregnancy loss and recur-
rent implantation failure. Minerva Obstet Gynecol 2025;77:3-44. DOI: 10.23736/S2724-606X.24.05549-0)
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he occurrence of reproductive failures, such

as RPL and RIF, is still a major challenge for
reproductive medicine. Currently, RPL is defined
as the occurrence of two or more consecutive
spontaneous abortions.! It is estimated that up
to 3% of couples of childbearing age may have
this reproductive condition.2 Recent studies have
reported that the number of couples with RPL
is slowly increasing due to several risk factors,
such as obesity and the postponement of mother-
hood by modern women.3
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The definition for RIF has not been fully es-
tablished* and must be based on the cumulative
pregnancy rate, considering the number of eu-
ploid embryos previously transferred. Moreover,
RIF should be considered when a couple has
not had a successful implantation after a certain
number of embryo transfers and the predicted
cumulative probability of implantation associ-
ated with that number is greater than 60%.4

Routinely, the management of women with
RPL is restricted to the investigation and treat-
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ment of a limited number of causes, such as
genetic, anatomical, endocrinopathies, and an-
tiphospholipid syndrome (APS).2. 5. ¢ Based on
the recommendations from the main internation-
al guidelines, the cause of RPL is determined in
only half of the patients. Similarly, research on
couples with RIF is limited to lifestyle-related
risk factors, endometrial thickness, and testing
for antiphospholipid (aPL) antibodies or APS.4

Physiologically, the inflammatory status of preg-
nancy is characterized by three distinct moments,
two of which are eminently inflammatory (first and
third trimester) and one anti-inflammatory (sec-
ond trimester).”- 8 The immunology of pregnancy
is a complex field of reproductive medicine, with
numerous local (in the uterine environment) and
systemic (maternal allotolerance) events. From
the implantation period onward, an inadequate
maternal immune response to the embryonic/fetal
allograft contributes to unfavorable obstetric out-
comes, such as pregnancy loss and preeclampsia.’-8
Furthermore, prepregnancy maternal immune sta-
tus also interferes with fertility and pregnancy suc-
cess.”- 8 Based on the literature, it was suggested
that several autoimmune diseases have a negative
impact on female reproductive capacity.?

The association of immune disorders with
RPL and RIF has been studied in the past few
decades. Some researchers suggest that immune
disorders may be responsible for up to 20% of
RPL and RIF cases.!0 Numerous studies have al-
ready proven an increased risk of reproductive
failure in women carrying autoantibodies, such
as aPL antibodies, antinuclear antibodies (ANA),
and antithyroid antibodies (ATA), even in the
absence of autoimmune diseases. Other studies
have also observed a higher frequency of abnor-
malities in systemic and uterine cellular immu-
nity in women with RPL and RIF.10. 11 Moreover,
RPL and RIF women with autoimmune disorders
often have cellular immune disorders, such as in-
creased levels and cytotoxicity of natural killer
(NK) cells, an imbalance in the T helper (Th) 1/
Th2 immune response, and abnormalities in reg-
ulatory T (Treg) cells.10

However, the immune biomarkers in cases of
reproductive failure have not been discussed and
determined by reproductive medicine specialists.
Currently, only a consensus on the investigation
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of APS, ANA, and thyroid peroxidase antibodies
(TPO-AD) in women with RPL has been estab-
lished.2 Recently, a group of International Fed-
eration of Gynecology and Obstetrics research-
ers have suggested that immune factors, includ-
ing autoantibodies, such as ANA, TPO-Ab, and
gliadin antibodies, NK cells, and cytokine tests,
should be considered in RPL workup when the
reproductive medicine center has a specialist
with experience in reproductive immunology.!2

Autoimmunity

The relationship between autoimmune diseases
and reproductive failure has already been inves-
tigated in the literature. Patients with positive
autoantibodies, associated or not with some au-
toimmune disease, have a high risk of pregnancy
loss due to numerous pathophysiological mecha-
nisms, such as: 1) alterations in the cellular im-
mune response, with loss of maternal-fetal toler-
ance, 2) activation of inflammatory responses in
the endometrium and placenta, 3) formation of
microthrombi that reduce blood flow to the fetus,
and 4) interference in fetal nutrition and develop-
ment due to deficiency of essential nutrients.2 10
APS is the main autoimmune disorder associ-
ated with reproductive failure, especially RPL.2
Furthermore, studies have suggested that women
with positive autoantibodies and without a diag-
nosis of autoimmune disease have an increased
risk of RPL and RIF.10 ANA, ATA, anti-gliadin,
anti-transglutaminase, and anti-endomysial anti-
bodies are the most studied autoantibodies.!3-1¢

Although there is a strong association between
autoimmune disorders and increased risk of re-
productive failure, studies investigating targeted
immunomodulatory therapies that may help re-
store maternal-fetal immune tolerance and re-
duce the risk of pregnancy loss are needed. These
integrated approaches offer a promising avenue
for reducing autoimmune-related pregnancy loss
and improving reproductive outcomes in affect-
ed women. 10, 13-16

Antiphospholipid syndrome and antiphospho-
lipid antibodies

APS was first described in 1983 by Graham
Hughes.!7” APS is an autoimmune thrombophilia
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that increases the risk of obstetric complications
(e.g., RPL, fetal death, and preeclampsia) due to
impaired placental microcirculation secondary
to thrombus formation.!8 The inhibition of tro-
phoblastic proliferation and, consequently, inad-
equate placentation is another pathophysiologi-
cal mechanism of the relationship between APS
and obstetric complications.!8-20 Moreover, aPL
antibodies promote the activation of the comple-
ment system, which has a strong association with
reproductive failure.20. 2!

Currently, the Sapporo criteria, initially pro-
posed in 1999 and later updated in 2006, are
most commonly used for the diagnosis of APS.22
The Sapporo criteria emphasize the combination
of clinical manifestations with persistent labora-
tory findings to reduce the risk of false-positive
diagnoses. The criteria help differentiate APS
from other causes of thrombosis or pregnancy
complications, ensuring that only patients with
sustained autoantibody presence and associated
clinical events are diagnosed with APS. Persis-
tent levels of aPL antibodies, such as lupus anti-
coagulant (LA), anticardiolipin antibodies (i.e.,
aCL, IgG, and IgM), and B2 glycoprotein I anti-
bodies (ap2GPI, IgG, and IgM), and a history of
vascular thrombosis and/or obstetric complica-
tions are necessary conditions for the diagnosis
of APS. Traditionally, APS is confirmed when
the patient presents at least one clinical criterion
(vascular thrombosis [one or more events of ar-
terial, venous, or small-vessel thrombosis of any
organ] or pregnancy morbidity) and one labora-
tory criterion (LA, aCL IgG/IgM, and/or ap2GPI
1gG/IgM at least two aPL tests performed at least
12 weeks apart).22

Three or more consecutive spontaneous abor-
tions before the 10th week of gestation after ex-
cluding any anatomic or hormonal abnormali-
ties in the mother and parental chromosomal
causes, one or more unexplained fetal deaths
of morphologically normal fetus at or beyond
10 weeks of gestation, one or more premature
births of morphologically normal neonates be-
fore the 34th week of gestation, and prematurity
secondary to eclampsia, severe preeclampsia, or
placental insufficiency were considered obstet-
ric complications that meet the pregnancy mor-
bidity criteria.22
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The presence of RIF is not included in the
clinical criteria for APS diagnosis.22 How-
ever, numerous studies have observed a higher
prevalence of aPL antibodies in women with
RIF.10. 23, 24 Recently, a systematic review and
meta-analysis observed that aCL IgG positivity
in women with RIF is 5.02 times higher than that
in fertile women. Other aPL antibodies, which
are not included in the laboratory criteria for
APS, were also more prevalent among women
with RIF, such as af2GPI IgA (OR, 64.8 [95%
CI 9.74-431.0]), and antiphosphatidylglycerol-
IgG and IgM (OR, 10.74 [95% CI 5.25-22.0] and
OR, 4.26 [95% CI 1.76-10.31], respectively).2

Antinuclear antibodies

ANA is a class of autoantibodies that bind to cellu-
lar components in the nucleus, including proteins,
DNA, RNA, and nucleic acid-protein complex-
es.26 It was first described in 1948 and, since then,
has been considered a marker for autoimmune
connective tissue diseases, such as systemic lupus
erythematosus, Sjogren’s syndrome, and polymy-
ositis/dermatomyositis.26 Interestingly, up to 20%
of the population can have a positive ANA test in
the absence of a rheumatological disease. The re-
searchers have suggested that ANA is a biomarker
of immune dysregulation that increases the risk of
some health disorders in individuals even without
the presence of autoimmune diseases.26

The mechanisms responsible for reproductive
failures associated with positive ANA need to
be further investigated. Some researchers have
suggested that women with positive ANA have
poor oocyte quality, changes in embryonic de-
velopment, and changes in the pattern of uterine
blood flow that impair embryo implantation.27-29
Furthermore, the presence of ANA can promote
an inflammatory profile of the uterine microen-
vironment and greater activation of the comple-
ment system, along with the increased deposition
of C3 and immune complexes in the placental
tissue.30

The indirect immunofluorescence (IIF) test is
the gold standard lab test for detecting ANA.26
The positivity of the test is expressed in titers,
which represent the concentration of the auto-
antibody in the blood. Generally, the presence
of high titers is strongly related to autoimmune
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diseases. Moreover, IIF also detects the pattern
of positivity that correlates with specific ANA
subtypes.26 Anti-dsDNA, anti-histone, and anti-
nucleosome antibodies are observed in a ho-
mogeneous fluorescence pattern. The membra-
nous pattern is associated with the presence of
antibodies against membrane proteins, whereas
the speckled pattern occurs in the presence of
antibodies directed to other nuclear antigens,
and anti-Smith antibodies fluoresce in a course-
speckled pattern. Anti-SSA/Ro and anti-SSB/La
form a fine-speckled pattern. IIF with discrete
speckles suggests anti-centromere antibodies.
Moreover, nucleolar speckles are associated with
antibodies targeting DNA topoisomerase (Scl-
70). The speckled cytoplasmic pattern suggests
antibodies to aminoacyl-tRNA synthetase (Jo-1).
Furthermore, IIF titers and patterns are used in
the diagnosis of a specific immune disease.26
Women with RPL and RIF tend to have a
higher prevalence of positive ANA than the gen-
eral population, which can be detected in up to
50% of cases.!* Women with positive ANA are
at high risk for reproductive failure, even when
undergoing immunotherapy during pregnan-
cy.31 32 ANA positivity was 3.3 times higher in
patients with RPL (OR, 3.30; 95% CI 1.41-7.73;
12 = 87%, P=0.006), including all IIF titers and
patterns.!4 A recent systematic review and meta-
analysis observed that infertile women with posi-
tive ANA undergoing in vitro fertilization (IVF)/
intracytoplasmic sperm injection (ICSI) had a
lower pregnancy rate when compared with those
with negative ANA (279/908 vs. 1136/2347; OR,
0.50, CI 95% 0.38-0.67; P<0.00001; [2=58%).13
Positive ANA also increased the miscarriage
rate (48/223 vs. 109/999; OR, 3.25 95% CI,
1.57-6.76; P=0.002; 12=61%) and decreased the
implantation rate (320/1489 vs. 1437/4205; OR,
0.51; 95% CI, 0.36-0.72; P=0.0001; 12=78%).13

Antithyroid antibodies

The relationship between thyroid dysfunction
(hyper- or hypothyroidism), especially in the
presence of autoimmune thyroiditis (AIT), such
as Hashimoto’s thyroiditis, and reproductive fail-
ure has been discussed in the literature. Howev-
er, the impact of the presence of ATA in women
with normal thyroid function on the risk of RPL
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and RIF is unclear.33.34 TPO-Ab and thyroglobu-
lin antibodies (TgAb) are the two main ATA with
a negative impact on female reproduction.33.34

AIT is an immune condition generally asso-
ciated with other abnormalities of cellular and
humoral immunity that increase the risk of re-
productive failure, such as an imbalance between
the T Helper (Th)-1 and Th-2 immune responses,
increased cytotoxicity of NK cells, and the pres-
ence of other autoantibodies (aPL and other or-
gan-specific autoantibodies).10.35.36 The theory of
cross-reacting antibodies suggests that ATA bind
to other tissues (e.g., ovary, endometrium, and
trophoblast) and harm the entire female repro-
ductive process.3¢-38 Moreover, the highest prev-
alence of ATA is observed in women with low
ovarian reserve, poor oocyte and embryo quality
in IVF cycles, and reproductive failure.39-42

Women with positive ATA tend to have a
3 times higher risk of sporadic pregnancy loss
(OR, 3.90; 95% CI 2.48-6.12; P<0.001) and
2 times higher risk of RPL (OR, 2.36; 95% CI
1.71-3.25; P<0.00001).15. 4 However, research
on the negative impact of ATA on IVF/ICSI out-
comes is limited. Busnelli et al. observed that
ATA increased the miscarriage rate (OR, 1.44;
95% CI 1.06-1.95; P=0.02; 1>=35%) and de-
creased live birth rate (OR, 0.73; 95% CI 0.54-
0.99; P=0.04; 1>=41%) in women undergoing
IVF/ICSI.4 Moon et al. reported that the pres-
ence of ATA alone does not affect the clinical
outcomes in IVF/ICSI cycles.4s However, the as-
sociation of ATA and subclinical hypothyroidism
has been shown to worsen miscarriage and live
birth rates in patients undergoing IVF/ICSI.45
Other researchers have also observed that ATA
does not affect the clinical outcomes of IVF/ICSI
in euthyroid women.46

The international guidelines for managing
couples with RPL recommend assessing thyroid
function and measuring ATA levels.2: 12 More-
over, it is recommended that infertile women be
screened for serum TSH and ATA levels. Women
who desire to become pregnant should monitor
their thyroid function. Moreover, the recommen-
dation for hormone therapy is still controversial.
It has also been established that thyroid hormone
supplementation should be started when TSH
levels exceed 4.0 mIU/L.34
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Cellular immunity

The embryo is considered an allograft for the
mother. Since Medawar’s first studies, repro-
ductive immunology has sought to understand
the uterine and systemic immune mechanisms
responsible for maternal allotolerance.4’” Some
studies suggest that abnormalities in the systemic
cellular immune response and the uterine micro-
environment immune response are responsible
for obstetric complications.8: 10 Moreover, NK
cells, T lymphocytes, mast cells, macrophages,
and dendritic cells are the most important im-
mune effectors involved in the maternal immune
response, especially in cases of RPL and RIF.8. 10

Natural Killer cell

NK cells are the cells responsible for innate im-
munity. Uterine NK (uNK) cells and peripheral
blood NK (pbNK) cells are key cells in embryo
implantation. uNK and pbNK cells differ in func-
tion and characteristics. uNK cells are abundant
in the endometrium and their main characteristic
is reduced cytotoxic activity and increased pro-
duction of cytokines and growth factors. ppNK
cellsz are more cytotoxic and act mainly in de-
fense against infections and tumor cells.48. 49

They regulate trophoblastic invasion, angio-
genesis, and the remodeling of uterine spiral
arteries.48: 49 Interestingly, the concentration of
ulNK cells varies throughout the menstrual cycle,
reaching its maximum concentration in the se-
cretory phase, during the embryo implantation
window.48 This cyclical pattern of endometrial
immune cell concentrations has gained interest
in the relationship between disorders in the con-
centration and activity of uNK cells and repro-
ductive failure.4

High concentrations of uNK cells, uNK imma-
turity, and higher cytotoxicity of uNK cells have
been shown to increase the risk of reproductive
failure. However, the investigation of uNK cells
in patients with RPL and RIF has not yet been
standardized. The following studies were hetero-
geneous and used different assays (e.g., immu-
nohistochemistry and flow cytometry) and mark-
ers (e.g., CD56, CD57, CD16).48 Woon et al.
observed a higher CD56+ (endometrial tissue)
uNK level in women with RPL compared with
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controls (standardized mean difference [SMD],
0.49; CI 0.08-0.90; P=0.02; 12=88%).50 The re-
searchers also reported elevated levels of CD56+
uNK cells in the endometrium of women with
RIF compared with controls (SMD, 0.49; CI
0.01-0.98; P=0.046; 12=84%). The endometrial
CD56 + CD16-, decidual CD56+, and decidual
CD56 + CD16- were similar between the groups
(RPL vs. control).50

The number, concentration, and cytotoxicity
of'the NK cells were the most studied biomarkers
of reproductive failure.50-52 Elevated concentra-
tions of NK cells have been observed in women
with unexplained RPL and RIF.50. 51 However,
these results have not been confirmed by other
researchers.50. 51 Recently, a systematic review
and meta-analysis observed increased cytotoxic-
ity of pbNK cells both in the preconception pe-
riod (mean difference [MD], 7.99; 95% CI 6.40-
9.58; P<0.00001; 12=39%) and during pregnancy
in women with RPL (MD, 8.21; 95% CI 6.08-
10.34; P<0.00001; 12=66%).52

T helper and regulatory T cells

The balance of the pro- and anti-inflammatory
immune response is essential to achieve success-
ful pregnancy. Wegmann et al. suggested that the
dysregulation of the dichotomy of Th1 and Th2
immune responses increased the risk of repro-
ductive failure.53 Since then, several research-
ers have reported that women with RPL and RIF
had an abnormal Th1/Th2 cytokine ratio, with
a predominantly inflammatory response pat-
tern. 10, 54-57

The proportion of TNF-o Th cells and Thl/
Th2 cell ratios (TNF-o/IL-4 and TNF-o/IL-10)
were significantly higher in women with RIF
and RPL.58 The researchers suggest that rees-
tablishing a normal Th1/Th2 ratio improves
the gestational outcomes. Lymphocyte immu-
notherapy (LIT), intravenous human immuno-
globulin (IVIG), calcineurin inhibitors, and in-
travenous lipid emulsions (ILE) are therapeutic
options for cases of reproductive failure induced
by the dysregulation of the Th1/Th2 immune re-
sponse.57. 9-61

Regulatory T lymphocytes (Treg) are a sub-
population of T lymphocytes (CD4 + FOXP3 +
CD25+) that have the ability to regulate the im-
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mune response and maintain self-tolerance, limit
tissue damage, and prevent the occurrence of au-
toimmune diseases. Failure in the action of Treg
lymphocytes can trigger a breakdown in self-
tolerance and consequently result in immune
reactions against self-antigens, which is known
as autoimmunity.®?2 Histopathological analyses
have observed that the proportion of decidual
Treg cells was significantly lower in induced
spontaneous abortion samples compared with
abortion samples.®3 Moreover, an animal study
suggested that fetal antigens induce an increase
in the concentration of Treg cells during preg-
nancy, which is essential for the maternal allotol-
erance immune response in the first trimester of
pregnancy.6

Clinical studies have observed that disorders
in Treg cells and Th1/Th2 ratio have a good pre-
dictive capacity for pregnancy outcome in pa-
tients with RPL and their combined predictive
efficacy is higher.65. 66

Endometrial biomarkers

The endometrium plays a crucial role in the em-
bryo implantation process. The population of
immune system cells in the endometrium (peri-
conceptional period) and decidua (site of implan-
tation) is dynamic. In the implantation window,
the proportions of immune cells in the endome-
trium were 40% NK cells, 20% macrophages,
40% Th-1 lymphocytes, and 1.4% Th-2 lym-
phocytes.67 Subsequently, in the first trimester
of pregnancy, the percentage of immune system
cells has changed to 60% NK cells, 25% macro-
phages, 10% Th-1 lymphocytes, and 15% Th-2
lymphocytes.¢7

The Noyes criterion, which was proposed in
1975, is a valuable tool in evaluating morpho-
logical aspects that may influence endometrial
receptivity. It is based on the histological analy-
sis of the endometrium, detailing the presence of
secretory glands, edematous stroma, and inflam-
matory cells.®8 These elements indicate the phase
of the menstrual cycle and the ability of the en-
dometrium to allow successful embryo implanta-
tion.®¢ Some specific features within the Noyes
criteria appear to have predictive power for suc-
cessful embryo implantation. Key predictive fea-
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tures include adequate secretory transformation,
decidualization and predecidual cell formation,
stromal edema, and vascular changes indicating
healthy endometrial remodeling.68 Subsequently,
other endometrial biomarkers capable of predict-
ing the success of embryo implantation were
investigated, such as uNK cells, plasma cells
(CD138), mucin-1 (MUCI), and pro- and anti-
inflammatory interleukins.>!, 69-71

The growth of molecular biology assays has
allowed several tools to be proposed to evaluate
genes expressed in the endometrial tissue that
define the success of endometrial implantation.
Diaz-Gimeno et al. observed that approximately
half of the genes expressed in the implantation
window are involved in immunological mecha-
nisms in the endometrial environment.’? Endo-
metrial immune profiling (EIP) and the endome-
trial decidualization score (EDS) are the most
promising immune assessment techniques for
endometrial receptivity.’3: 74 These tests can help
diagnose and treat patients with RPL and RIF.

Endometrial immune profile

EIP, which was proposed in 2016, is used to eval-
uate the endometrial immune response through
the gene expression of five biomarkers, that is,
IL-15, IL-18, TNF-like weak inducer of apopto-
sis (TWEAK), fibroblast growth factor-inducible
molecule 14 (Fn14), and NK cells (CD56).73 The
pattern of the endometrial immune response is
classified into four categories (i.e., normal acti-
vation, local immune overactivation, local im-
mune low activation, and mixed pattern) based
on the relationship between the previously men-
tioned biomarkers, which define three variables
as follows: (1) IL-18/TWEAK, (2) IL-15/Fnl14,
and (3) CD56.73

An observational study that evaluated the pat-
tern of EIP in women with reproductive failure
has observed that 16.5% of patients did not have
endometrial immune dysregulation, 28% had lo-
cal immune low activation, 45% had local im-
mune overactivation, and 10.5% had a mixed
pattern.”> The researchers suggest that immuno-
therapy be personalized based on the EIP pattern.
Immunosuppressive drugs (e.g., corticosteroids,
heparin, and ILE), high concentration of estro-
gens in the proliferative phase, and the hormonal
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adaptation of the Iuteal phase are indicated in pa-
tients with overactivated profiles. Patients with
low immune activation should be treated with
endometrial scratching, luteal hCG supplementa-
tion, and exposure to seminal plasma. The man-
agement of patients with RPL and RIF due to im-
munological causes based on EIP increased the
pregnancy rate (57.6% vs. 25% [P=0.001] and
38.4% vs. 26.9% [P=0.002]).75

Endometrial decidualization score

Decidualization is a process that occurs in the
endometrial tissue, which involves the prepara-
tion of the uterus for embryo implantation and
successful pregnancy. The EDS evaluates the ex-
pression of six genes involved in this process.’
The FOXO1 gene promotes progesterone signal-
ing and decidualization; SGK1, SCNNI1A, and
SLC2A1 are involved in tissue and cellular ho-
meostasis; and IL-15 and GZMB are associated
with endometrial immunoregulation and tissue
remodeling.’* Of the women with reproductive
failures, 76% had an EDS of <4, and 19% had
an EDS of 0, whereas 89% and 11% of the fertile
controls had EDS scores of 5 and 4, respectively.
Furthermore, the risk of abnormal decidualiza-
tion occurs when the EDS is less than 4.74

Immunotherapies

Immunotherapies for the treatment of couples
with reproductive failures have been proposed
ever since the early 1980s.7¢ No consensus on the
routine use of these therapies in the management
of couples with RPL and RIF has yet been made.
The objective of immunotherapies is to reestab-
lish a maternal immune response that is favor-
able to embryo implantation. The vast majority
of immunotherapies that have been studied tend
to have immunosuppressive effects. The mecha-
nisms of action common to immunotherapies are
as follows: T-cell suppression, decrease in the
level of maternal IL-2 receptor, reduction in the
level of IL-6, inhibition in the level of Thl cyto-
kines, decreased cytotoxicity of pbNK cells, in-
creased levels of progesterone-induced blocking
factor, and the balance of the Th1/Th2 and Th17/
Treg (CD4+ CD25+) immune response.’7-81

The first immunotherapy proposed for the
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treatment of RPL was LIT.7¢ In the past decades,
most randomized controlled trials and meta-anal-
yses concur with the fact that LIT improves the
live birth rate in patients with RPL.82-84 Although
the literature supports the use of LIT in the treat-
ment of couples with RPL, LIT prescription is
limited in some countries only being permitted
in research protocols. Furthermore, the results of
several studies evaluating the use of LIT in cases
of RIF are still unclear.85

IVIG is a blood derivative that was developed
to treat primary immunodeficiency. IVIG was
first prescribed in the early 1950s.8¢ In 1989,
Mueller-Eckhardt et al. first proposed the use of
IVIG for the treatment of RPL.87 Studies have
suggested that RPL patients with immune disor-
ders (e.g., Th1/Th2 immune response imbalance
and elevated pbNK cytotoxicity) are potentially
the group of patients who benefit most from this
immunotherapy.84 European Society of Human
Reproduction and Embryology recognized that
IVIG may improve the live birth rate in females
with four or more unexplained RPL.2 More re-
cent studies have also suggested that IVIG also
appears to improve the clinical outcomes in [IVF/
ICSI cycles for patients with RIF.88-91

Lipid emulsion or fat emulsion is a solution
composed of fats that was developed for the nu-
tritional support of seriously ill patients. ILE was
initially approved for parenteral nutrition in 1962
in Sweden.92 Subsequently, some immunological
effects of ILE were observed, such as the inhi-
bition of pbNK cell cytotoxicity and reestablish-
ment of the Th1/Th2 cytokine balance.93 94 Thus,
several studies began to observe that the use of
ILE increases the birth rate in patients with RPL
and RIF.34 Recently, Khairy et al. published a
large prospective, quasi-randomized study, with
more than 27,000 patients, wherein they observed
an increase in live birth rates in patients with RIF
undergoing treatment with ILE alone or in com-
bination with corticosteroids and heparin.%5

Glucocorticoids, heparin, calcineurin in-
hibitors, vitamin D, recombinant granulocyte
colony-stimulating factor, tumor necrosis fac-
tor-alpha antagonists, hydroxychloroquine, and
human chorionic gonadotropin are drugs with
immunomodulatory effects that can improve ob-
stetric outcomes in women with RPL and RIF.
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Future perspectives

The investigation and treatment of immunologi-
cal causes in cases of reproductive failure (RPL
and RIF) is a matter of debate in reproductive
medicine. New laboratory tests have shown the
presence of different immune disorders that con-
tribute to reproductive failure. Recently, there
has been an advancement in reproductive failure
management guidelines that now recommend
the investigation of immune biomarkers and the
use of immunotherapies (e.g., IVIG in cases of
RPL).2. 12 Previous studies that discussed the ef-
fectiveness of some immunotherapies have been
questioned with regard to their methodological
flaws.96-101 The indication of any immune inter-
vention must be personalized based on a detailed
immune diagnosis. EIP and EDS are examples
of laboratory tests that are capable of personal-
izing the diagnosis of immune abnormalities and
directing the best treatment for each subgroup of
patients with reproductive failure.’3-75 Further-
more, it is expected that new biomarkers will
be studied and randomized clinical trials will be
performed to test the effectiveness of immuno-
therapies.

Conclusions

This review article on immune biomarkers in
RPL and RIF highlights the role of immune dys-
regulation in these reproductive failures. Key
findings show that autoantibodies, such as aPL,
ANA, and ATA antibodies, are prevalent among
patients with RPL and RIF, even without estab-
lished autoimmune diseases. Cellular immune
factors like elevated NK cell activity, Th1/Th2
imbalance, and reduced Treg cells also play sig-
nificant roles. Identifying these biomarkers can
help personalize treatments, such as the use of
immunotherapies to improve pregnancy out-
comes in affected patients.

The management of RPL and RIF is still con-
sidered a challenge in reproductive medicine.
Immune disorders are common in women with
reproductive failure. New laboratory assays that
have been developed for the investigation of im-
mune biomarkers help in the detection of immune
abnormalities in patients with RPL and RIF and
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contribute to the personalization of immunother-
apies that can improve the obstetric outcomes of
these patients. Despite recent advances in the im-
mune management of reproductive failure cases,
such as RPL and RIF, new studies with standard-
ized protocols for immunological investigation
and treatment are necessary.
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