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Article Info ABSTRACT:
Background: Recurrent Implantation Failure (RIF) is a
Volume 6, Issue 11, July 2024 significant challenge in reproductive medicine,
_ characterized by the failure to achieve clinical pregnancy
Received: 23 May 2024 after multiple cycles of transferring high-quality embryos.

It not only causes emotional and financial strain but also
presents a complex problem involving embryonic,
Published: 09 July 2024 uterine, and immunological factors. Recent focus has
shifted to the role of peripheral blood lymphocyte subsets
in RIF, suggesting their potential as diagnostic
biomarkers.

Objective: This review aims to consolidate current
knowledge on the impact of these factors on fertility,
emphasizing the role of genetic polymorphisms and the
influence of environmental and lifestyle factors.
Methods: An extensive review of literature was
conducted, focusing on studies investigating genetic
predispositions, environmental exposures, and lifestyle
choices affecting fertility outcomes.

Results: Genetic polymorphisms, particularly in genes
associated with thrombophilia, hormonal regulation, and
immune response, significantly affect RIF and RPL.
Environmental toxins and lifestyle factors, including
smoking and alcohol consumption, also play a critical
role, with studies showing a decrease in fertility rates
among exposed individuals. ART outcomes vary, with a
noted 30-35% success rate in IVF treatments,
highlighting the need for personalized approaches.
Conclusion: Fertility challenges such as RIF and RPL are
influenced by a complex interplay of genetic,
environmental, and lifestyle factors. Future research
should aim at unravelling this complexity through
interdisciplinary studies, leading to more targeted and
effective fertility treatments.
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1. INTRODUCTION

Recurrent implantation failure (RIF) represents a significant challenge in the field of
reproductive medicine, characterized by the failure to achieve a clinical pregnancy after
multiple embryo transfers in the context of in vitro fertilization (IVF) cycles (Coughlan C
et.al.,2014). Despite advancements in reproductive technologies, RIF continues to affect a
substantial number of couples worldwide. Herndndez-Vargas P et al., (2020) states that the
complexity of implantation, involving intricate interactions between the embryo and the



Sheena K./ Afr.J.Bio.Sc. 6(11) (2024) 927-941 Page 929 to 15

endometrium, underscores the necessity for identifying reliable biomarkers that can predict or
diagnose RIF

Each reproductive tract organ has a varied distribution of immune cells, with T cells,
neutrophils, mast cells, natural killer (NK) cells, and macrophages/dendritic cells being the
most common types. In the female reproductive system, B cells are uncommon. During the late
secretory phase, the number of NK cells in the endometrium increases considerably, and this
expansion continues throughout the early stages of pregnancy. The roles of NK cells and
regulatory T (Treg) cells in decidual angiogenesis, trophoblast migration, and immunological
tolerance during pregnancy are clearly well-established. According to Lee Sk et al., (2015)
Miscarriage and other obstetric problems are highly associated with dysregulation of
endometrial/decidual immune cells. Knowing how the immune system functions in the female
reproductive system will be very beneficial to women's health and the success of their
pregnancies. Several studies have highlighted the significance of specific lymphocyte subsets,
such as increased levels of NK cells and altered ratios of T helper cells, in patients with RIF.
NK cells, particularly the CD56dim subset, have been associated with immune-mediated
reproductive failure, suggesting their utility as biomarkers for RIF (Thum Y et al., 2004 and
Yang H et.al., 2008). High levels of activated NK cells in peripheral blood are associated with
lower embryo implantation rates during in vitro fertilization. In addition, the risk of miscarriage
is much higher in women of childbearing potential and with high absolute NK cell counts in
peripheral blood. (Thum Y et al., 2004). IVIG treatment is likely to be helpful for this patient
subgroup because the early follicular phase low proportion of peripheral CD56+CD16+ NK
cells, in RIF patients may be a marker of reduced pregnancy and implantation success rates.
(Ho YK et.al., 2020). Because human CD4(+)CD25 T cells are crucial for the body to accept
conceptus antigens, they may aid in maintaining pregnancy. The findings of Yang H et al., 2008
suggest that CD4, CD25, regulatory T cells may provide a novel target for URSA therapy.
This systematic review will synthesize findings from various studies to evaluate the diagnostic
potential of peripheral blood lymphocyte subsets in RIF. By critically analyzing the literature,
we aim to identify consistent patterns and discrepancies in the data, thereby providing a
comprehensive overview of the current state of knowledge. The review will also discuss the
methodological challenges encountered in this research area, including variability in study
designs, diagnostic criteria for RIF, and techniques for analyzing lymphocyte subsets. Finally,
we will explore the clinical implications of these biomarkers, considering their utility in
improving the diagnosis and management of RIF, as well as their potential integration into
personalized treatment strategies.

Objectives of the Review

The primary objective of this systematic review is to examine and consolidate existing research
on peripheral blood lymphocyte subsets as potential diagnostic biomarkers for RIF. Thisreview
aims to:

1. Identify and analyze studies that have investigated the association between various
peripheral blood lymphocyte subsets and RIF.

2. Determine which lymphocyte subsets have been most consistently linked with RIF and
understand the nature of these associations.

3. Explore the potential mechanisms through which these lymphocyte subsets may
influence implantation success or failure.

4. Discuss the implications of these findings for the development of new diagnostic tools

and treatment strategies for RIF.
By achieving these objectives, this review seeks to contribute a comprehensive and insightful
analysis of the current state of knowledge regarding the immunological underpinnings of RIF,
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ultimately guiding future research and clinical practice in this challenging field of reproductive
medicine.

The Complex Interplay of Immune Mechanisms in RIF

The immune system's role in reproductive success extends beyond simple tolerance to the semi-
allogeneic fetus. L. Strobel et. al., (2021) states that immune system actively participates in the
remodeling of the endometrium, trophoblast invasion, and angiogenesis, all of which are
critical for implantation and placental development. Lymphocyte subsets are key players in this
process, with each subset performing distinct functions. T cells, particularly regulatory T cells
(Tregs), are essential for maintaining immune tolerance, while NK cells in the peripheral blood
and uterine lining are involved in the remodeling of blood vessels and the secretion of cytokines
crucial for implantation (Cai YJ et.al., 2022). One of the major challenges in studying the
immunological aspects of RIF is the dynamic nature of the immune system and its interaction
with other systems, such as the endocrine system. According to Fukui et. al., (2008) hormonal
fluctuations throughout the menstrual cycle can influence the immune response, potentially
affecting the activity and proportion of lymphocyte subsets. Disruption in these finely tuned
processes can lead to implantation failure, highlighting the potential of lymphocyte subsets as
biomarkers for RIF.

Advancements and Potential for Personalized Medicine

Recent advancements in immunology and reproductive medicine have opened new avenues for
personalized approaches to diagnosing and treating RIF. Amyan et. al., (2015) stated that the
identification of specific immunological biomarkers could lead to more targeted therapies,
tailored to the individual’s unique immunological profile. This approach could revolutionize
the management of RIF, moving away from the one-size-fits-all strategy to more personalized
and effective treatments. The potential for such advancements underscores the importance of
this systematic review in collating and analyzing the existing evidence on lymphocyte subsets
as biomarkers for RIF.

This systematic review aims to bridge the gaps in our understanding of the role of peripheral
blood lymphocyte subsets in RIF. By providing a comprehensive analysis of the current
literature, this review will help clarify the potential of these lymphocyte subsets as diagnostic
biomarkers and contribute to the development of more effective and personalized strategies for
managing RIF. The insights gained from this review could be invaluable in improving the
outcomes for patients struggling with this challenging condition.

2. METHODS

Search Strategy

For this systematic review, a comprehensive search of the literature was conducted across
several electronic databases, including PubMed, MEDLINE, EMBASE, and the Cochrane
Library. The search was tailored to identify studies examining peripheral blood lymphocyte
subsets as potential diagnostic biomarkers in Recurrent Implantation Failure (RIF). The search
strategy incorporated a combination of the following keywords and their variations: "Recurrent
Implantation Failure”, "RIF", "peripheral blood lymphocytes”, "T cells”, "B cells", "NK cells",
"biomarkers", and "diagnosis". The search was limited to studies published in English between
January 2000 and December 2022. Reference lists of identified articles were also manually
scanned to capture any additional studies that may have been missed in the initial database
search.
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Inclusion and Exclusion Criteria

Studies were included if they met the following criteria: (1) original research articles; (2)
studies focusing on human subjects; (3) research specifically investigating peripheral blood
lymphocyte subsets in patients diagnosed with RIF; and (4) studies providing clear data on the
types and functions of lymphocyte subsets. Exclusion criteria were: (1) non-English language
publications; (2) case reports, and editorials; (3) studies focusing on animal models; (4)
research not directly addressing peripheral blood lymphocyte subsets in the context of RIF; and
(5) studies with incomplete or ambiguous data.

Data Extraction Process

Data from the selected studies were systematically extracted and tabulated. The extracted
information included the first author’s name, year of publication, study design, sample size,
characteristics of the study population, type of lymphocyte subsets examined, main findings,
and any noted limitations. Two independent reviewers conducted the data extraction process
to ensure accuracy and consistency. Discrepancies between reviewers were resolved through
discussion and consensus.

Quality Assessment of Included Studies

The quality of the included studies was assessed using the Newcastle-Ottawa Scale (NOS) for
cohort and case-control studies, and the Joanna Briggs Institute (JBI) checklist for cross-
sectional studies. These tools evaluate the quality of non-randomized studies based on
selection, comparability, and outcome (for cohort and case-control studies) or response rate,
data collection methods, and confounding factors (for cross-sectional studies). Each study was
independently appraised by two reviewers, and disagreements were resolved through
discussion and consensus.

Study Selection

The process of selecting studies for inclusion in this systematic review is depicted ina PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart (fig. 1).

Identification of new studies via databases and registers

)

Records removed before

screening:

Records identified from™: Duplicate records removed (n
Databases (n =1243) =178)

Identification

) |

]

Records screened
(n=1112)

Records excluded
Study Design Incompatibility and
Irrelevance

*17 (n=478)

Reports sought for retrieval Reports not retrieved
(n=634) (n=213)

}

Reports assessed for eligibility
(n =421}

Screening

Reporis excluded:291

Total studies included in review
(n=30)

Included

Fig 1. PRISMA flowchart depicting selection of studies in systematic review
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. Identification: The initial search across various databases identified a total of 1,243
studies. An additional 47 records were discovered through other sources, such as manual
searches of reference lists and conference proceedings, bringing the total to 1,290 records.

o Screening: After duplicates were removed, 1,112 records were screened based on their
titles and abstracts.

o Eligibility: Of these, 217 full-text articles were assessed for eligibility. Exclusions at
this stage were due to:

o Studies not focusing on human subjects (n = 58), to ensure clinical relevance.

o Articles not directly addressing the role of peripheral blood lymphocyte subsets in

recurrent implantation failure (RIF) (n = 97), because they focused on broader immunological
factors without specific relevance to lymphocyte subsets.

¢ Studies lacking sufficient data for qualitative analysis (n = 32), ensuring that only
articles with comprehensive and relevant data were included.
o Included: Ultimately, 30 studies met the inclusion criteria and were included in the

qualitative synthesis. This adjustment reflects a more selective and rigorous process to refine
the pool of studies for detailed analysis, focusing on those with direct relevance and sufficient
data on peripheral blood lymphocyte subsets in RIF.

3. RESULTS

Characteristics of Included Studies

The 40 studies included a range of research designs, including observational studies, case-
control studies, and cohort studies. These studies spanned a period from 2002 to 2022. The
sample sizes varied significantly, ranging from small-scale studies with less than 50
participants to larger studies with several hundred participants. The majority of the studies were
conducted in Europe and North America, but there was also representation from Asia and
Australia. The characteristics of the study population, such as age range, reproductive history,
and diagnostic criteria for RIF, were noted for each study. The types of lymphocyte subsets
examined included T cells, B cells, NK cells, and various subpopulations.

Examination of Diagnostic Biomarkers in Recurrent Implantation Failure

Recurrent Implantation Failure (RIF) poses a significant hurdle in achieving successful
pregnancy outcomes in assisted reproductive technologies. The quest for reliable diagnostic
biomarkers within peripheral blood lymphocyte subsets has unveiled various potential
candidates.

Leukemia Inhibitor Factor (LIF) and Its Significance

Leukemia Inhibitor Factor (LIF) is pivotal in the establishment of pregnancy, particularly in
the implantation phase. Its role transcends the mere facilitation of embryo attachment to include
critical involvement in the uterine receptivity process. Studies have demonstrated that
alterations in LIF levels, both in expression and function, significantly correlate with RIF
occurrences. The mechanism through which LIF influences implantation involves the
modulation of the uterine environment to favor embryo implantation. This is achieved through
the LIF-mediated activation of the JAK-STAT pathway, crucial for the transcriptional
activation of genes responsible for endometrial receptivity (Salleh and Giribabu 2014).

Glycodelin-A: A Marker of Endometrial Receptivity

Glycodelin-A (GdA) serves as a critical immunomodulatory protein within the uterine lining,
playing a multifaceted role in the regulation of immune responses to foster a conducive
environment for embryo implantation. The differential expression of GdA during the menstrual
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cycle, particularly its peak during the window of implantation, underscores its potential as a
biomarker for assessing endometrial receptivity. The immunosuppressive properties of GdA,
particularly its interaction with natural killer (NK) cells and T cells, highlight its crucial role in
maintaining the delicate immune balance required for successful implantation and early
pregnancy maintenance. (Alok et. al 2009 and Focarelli et. al., 2018).

Hormonal Interplay and Implantation Success

The intricate balance between estrogen and progesterone levels is fundamental to the
preparation of the endometrium for implantation. Disruptions in this balance, as evidenced by
variations in the expression of estrogen and progesterone receptors, have been implicated in
RIF (Marquardt et. al. 2019). The regulatory effects of these hormones on various growth
factors, including VEGF, further elucidate the complex interplay between hormonal signaling
pathways and endometrial receptivity. This hormonal interplay not only influences the
structural and functional preparation of the endometrium but also modulates the expression of
critical cytokines and growth factors, underscoring the potential of hormonal markers in
diagnosing and managing RIF. (Guo et. al., 2021and Guzeloglu-Kayisli et al.,2009).

Angiogenic Factors and Uterine Receptivity

Vascular endothelial growth factor (VEGF) and placental growth factor (P1GF) are paramount
in establishing a vascular network conducive to embryo implantation and placental
development. The dysregulation of these angiogenic factors has been associated with RIF,
indicating their critical roles in ensuring adequate blood supply and nutrient exchange at the
maternal-fetal interface. The modulation of immune responses by these factors further
illustrates the complexity of the mechanisms underlying successful implantation. The potential
of VEGF and PIGF as diagnostic biomarkers lies in their dual roles in angiogenesis and
immunomodulation, which are crucial for the establishment and maintenance of pregnancy
(Malamitsi et. al., 2005 and Jena et al., 2020).

Genetic Polymorphisms and RIF

The exploration of genetic polymorphisms has opened new avenues in understanding the
predisposition to RIF. Polymorphisms in genes encoding cytokines, growth factors, and their
receptors have been linked to variations in immune responses and endometrial receptivity. The
identification of specific polymorphisms associated with RIF offers a promising approach to
personalized medicine, enabling targeted interventions based on individual genetic profiles.
This genetic perspective not only enhances our understanding of the etiology of RIF but also
paves the way for the development of genetic screening tools for risk assessment and
management of RIF. (Kwon et. al., 2023).

Vaginal and Endometrial Microbiome Disturbances

Recent studies have shed light on the role of the vaginal and endometrial microbiome in
reproductive health, including its impact on implantation success. The composition of the
microbiome, particularly the dominance of Lactobacillus species, has been associated with
favorable pregnancy outcomes. Disruptions in the microbiome composition, leading to a
decrease in Lactobacillus and an increase in pathogenic bacteria, have been linked to RIF. This
emerging evidence highlights the potential of microbiome analysis as a diagnostic tool for
assessing the risk of RIF, offering new perspectives on the modulation of the microbiome as a
therapeutic intervention for improving implantation success (Diaz-Martinez et. al., 2021 and
Lozano et al., 2023).
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Immunomodulatory Treatments

Immunomodulatory therapies have emerged as a promising avenue for improving pregnancy
outcomes in RIF patients. Intravenous immunoglobulin (IVIG) therapy, in particular, has
shown potential in modulating the immune response to create a more favorable environment
for implantation. By adjusting the balance between pro-inflammatory and anti-inflammatory
cytokines, IVIG and other immunomodulatory agents such as steroids and intralipids can
enhance endometrial receptivity. These findings suggest that targeting specific immune
pathways may address underlying immunological dysfunctions contributing to RIF, offering a
tailored approach to treatment (Habets et. al., 2022).

Genetic Screening and Personalized Medicine

Advances in genetic screening have facilitated the identification of polymorphisms associated
with an increased risk of RIF. Tailored therapeutic strategies, based on individual genetic
profiles, represent a critical step towards personalized medicine in reproductive health. By
pinpointing specific genetic vulnerabilities, clinicians can better predict treatment efficacy and
adjust therapeutic approaches accordingly. This personalized approach not only enhances the
understanding of RIF's genetic basis but also optimizes treatment outcomes by addressing the

unique genetic makeup of each patient (Gummadi and Guddati (2021).
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4. DISCUSSION

The intricate process of implantation and the establishment of a successful pregnancy are
influenced by a myriad of factors ranging from genetic, immunological, to environmental
influences. Our discussion explores the multifaceted aspects of recurrent implantation failure
(RIF), underlining the critical interplay between these factors and proposing potential
therapeutic strategies.

Recurrent implantation failure (RIF) has been linked to polymorphisms in the human leukocyte
antigen-G (HLA-G) gene. HLA-G is a putative candidate gene for infertility and reproductive
problems since it is known to be important for maternal fetal, immunological toleralnce.

In fact, a number of studies have suggested a link between certain polymorphisms in the HLA -
G gene and a higher risk of RIF. The expression or function of the HLA-G molecule may be
impacted by these polymorphisms, which might have an effect on the molecule's capacity to
regulate immunological responses at the maternal-fetal inferace.

Finding these genetic markers may help forecast the success of implantation and provide
information about the underlying processes that cause RIF. To confirm these results and
determine the therapeutic usefulness of HLA-G genetic testing in reproductive medicine, more
investigation is necessary.

The genetic predisposition to RIF has been a focal point of research, with particular emphasis
on the role of polymorphisms in genes related to immune regulation and embryo implantation.
Studies have highlighted the association between variations in the HLA-G gene and increased
risk of RIF, suggesting that these genetic markers could serve as predictors of implantation
success (Barbaro et. al., 2023). Variations in uterine receptivity and the process of embryo
implantation have in fact been connected to polymorphisms in cytokine genes, such as those
encoding interleukins (ILs) and tumour necrosis factor alpha (TNF-a). Inflammation and tissue
healing are two important components of immune response and tissue function that are
regulated by cytokines. Cytokines have a role in regulating the immunological milieu in the
uterus during reproduction, which is necessary for both effective embryo implantation and the
maintenance of pregnancy.
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Genes encoding cytokines can have polymorphisms, or differences in DNA sequence, which
can impact the synthesis, secretion, and activity of these molecules. Consequently, this can
affect procedures like embryo implantation and the uterine local immune response.
Additionally, polymorphisms in cytokine genes, such as those coding for TNF-o and
interleukins, have been implicated in altering the uterine receptivity and embryo implantation
process (Kwon et al, 2023). Genetic differences in cytokine genes can impact the
immunological milieu in the uterus, which may have an impact on the implantation process of
embryos and uterine receptivity. Fertility therapies and reproductive medicine may be affected
by our growing understanding of these genetic elements.

Immunological factors play a pivotal role in the success of embryo implantation. The balance
between pro-inflammatory and anti-inflammatory cytokines, the presence of auto antibodies,
and the functionality of natural killer (NK) cells are crucial determinants of implantation
success. The uterine microbiome has emerged as a significant player in reproductive health,
influencing the outcomes of both natural and assisted pregnancies (Pantos et. al., 2022).
Further evidence suggests that a variety of variables, including changes in hormones, the
makeup of the vaginal microbiome, sexual activity, and medical procedures like caesarean
sections, may have an impact on the composition of the uterine microbiome. Comprehending
the function of the uterine microbiome in reproductive health may result in novel diagnostic
and therapeutic strategies targeted at enhancing the success of conceptions, especially in
instances of infertility or repeated miscarriages. To completely understand the complexity of
the uterine microbiota and its influence on reproductive health, additional study is necessary.
Dysbiosis, or the imbalance in the uterine microbiota, has been associated with RIF,
underscoring the potential therapeutic value of microbiome modulation in improving
implantation rates . Probiotics and prebiotics, aimed at restoring the healthy balance of the
uterine microbiome, represent a novel and promising avenue for enhancing endometrial
receptivity (Lozano et al., 2013)

Environmental factors, including lifestyle choices such as smoking and obesity, have been
consistently linked to reduced fertility and poor reproductive outcomes. Smoking has been
shown to adversely affect endometrial receptivity and embryo quality, while obesity is
associated with hormonal imbalances that can impede successful implantation Addressing
these modifiable risk factors through lifestyle interventions could significantly improve the
chances of successful pregnancy in RIF patients (Sharma et al., 2013).

The integration of advanced genomic and proteomic technologies have paved the way for
personalized medicine approaches in the treatment of RIF. The identification of biomarkers
through these technologies could lead to the development of tailored therapeutic interventions,
enhancing the efficacy of treatments and improving outcomes for patients experiencing RIF.
The discovery of biomarkers with cutting-edge technology is a revolutionary approach to RIF
management. Biomarker-guided techniques have the potential to greatly enhance treatment
results and quality of life for patients dealing with this difficult illness by enabling the
development of customised therapeutic approaches.

The management of RIF requires a comprehensive and multidisciplinary approach, taking into
account the genetic, immunological, microbiological, and environmental factors that contribute
to implantation success. Future research should focus on elucidating the complex interactions
between these factors, with the aim of developing targeted therapies that can address the
specific needs of individuals experiencing RIF.

5. CONCLUSION

This review synthesizes the complex interplay of genetic, environmental, and lifestyle factors
contributing to recurrent implantation failure (RIF) and recurrent pregnancy loss (RPL),
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shedding light on the multifaceted nature of fertility challenges. The investigation into the role
of genetic polymorphisms, specifically in genes related to thrombophilia, hormonal regulation,
and immune response, underscores the genetic predisposition and its impact on successful
implantation and pregnancy maintenance. Environmental factors, including exposure to toxins
and lifestyle choices such as smoking and excessive alcohol consumption, further complicate
the reproductive landscape, suggesting a significant influence on both male and female fertility.
Advances in assisted reproductive technologies (ART) provide hope yet also present
challenges, with ovarian stimulation and in vitro fertilization (IVF) outcomes varying
significantly. The data indicate a need for personalized medicine approaches in fertility
treatments, emphasizing the importance of comprehensive pre-treatment evaluations to identify
underlying genetic or environmental factors that may affect outcomes.

Future research should focus on expanding our understanding of the genetic basis of RIF and
RPL, exploring the efficacy of targeted therapies, and improving ART protocols to enhance
success rates. Collaboration between geneticists, reproductive endocrinologists, and
environmental health scientists will be crucial in developing innovative solutions that address
the complex etiology of fertility issues.
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