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Abstract

Couple infertility is a multifactorial condition that involves, among other factors, immuno-
logical alterations of the endometrium. CD138+ plasma cells and uterine Natural Killer
(NK) cells have been associated with implantation failures and recurrent pregnancy loss, al-
though the literature presents considerable heterogeneity in findings. This narrative review
aims to synthesize current evidence on the role of these two immunological biomarkers
in the pathophysiology of infertility. According to the current literature, the presence
of CD138+ plasma cells was strongly associated with chronic endometritis and adverse
reproductive outcomes, with improvement following targeted antibiotic therapy. NK cells,
particularly in their hyperactive peripheral form, were elevated in infertile women, al-
though data on uterine NK cells remain controversial. Recent studies suggest a possible
interaction between chronic inflammation and NK dysfunction. A combined evaluation
of CD138+ and NK cells may represent an integrated diagnostic approach in idiopathic
infertility. Prospective studies are needed to standardize cut-off values and validate these
markers in clinical practice.

Keywords: infertility; chronic endometritis; CD138+ plasma cells; natural killer cells;
implantation failure

1. Introduction
Infertility is a clinical condition defined as the inability to achieve pregnancy after

at least 12 months of regular, unprotected sexual intercourse [1]. According to the World
Health Organization (WHO), it affects approximately 10–15% of couples of reproductive
ages, with a significant impact on quality of life, psychological well-being, and social
and family dynamics [2,3]. The causes of infertility may be male, female, combined, or
idiopathic, with the latter accounting for up to 30% of cases [4]. Idiopathic infertility
represents a relevant clinical challenge, suggesting the existence of pathophysiological
mechanisms that are not yet fully understood or are underdiagnosed [5].

In recent years, growing attention to the role of the immune system in regulating repro-
ductive function has opened new perspectives in understanding the causes of unexplained
infertility [6]. Specifically, the importance of the uterine immunological environment has

Biomedicines 2025, 13, 2248 https://doi.org/10.3390/biomedicines13092248

https://doi.org/10.3390/biomedicines13092248
https://doi.org/10.3390/biomedicines13092248
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com
https://orcid.org/0000-0002-6868-036X
https://orcid.org/0000-0001-8478-5471
https://orcid.org/0009-0000-1162-3447
https://orcid.org/0000-0002-3452-0608
https://orcid.org/0000-0002-5043-6676
https://orcid.org/0000-0001-5243-0940
https://orcid.org/0000-0001-5597-3035
https://doi.org/10.3390/biomedicines13092248
https://www.mdpi.com/article/10.3390/biomedicines13092248?type=check_update&version=1


Biomedicines 2025, 13, 2248 2 of 16

emerged, since the endometrium is not merely a receptive tissue but a dynamic microen-
vironment modulated by complex interactions among stromal, epithelial, and immune
cells [7]. These include dendritic cells, T lymphocytes, Natural Killer (NK) cells, and plasma
cells, each with specific roles in regulating maternal–fetal immune tolerance, embryo
implantation, and placental development [8,9].

Two immune cell populations have received significant attention for their potential im-
pact on reproductive outcomes: CD138+ plasma cells and uterine Natural Killer (uNK) cells.
CD138+ plasma cells, identified via immunohistochemistry as markers of the syndecan-1
antigen, are the main diagnostic component of chronic endometritis (CE), a subclinical in-
flammatory condition that is often asymptomatic but strongly associated with implantation
failure, recurrent pregnancy loss (RPL), and unsuccessful assisted reproductive technology
(ART) outcomes [10,11]. Chronic endometritis may alter endometrial gene expression,
compromising the implantation window and embryo acceptance by the uterus [12].

Among the immune cell populations present in the endometrium, two have emerged
as particularly relevant in the context of reproductive failure: CD138+ plasma cells and
uterine Natural Killer (uNK) cells [7].

CD138+ plasma cells, identified by the syndecan-1 surface marker (CD138) through im-
munohistochemistry, are terminally differentiated B cells involved in chronic inflammation.
In the endometrial environment, their accumulation is the hallmark of chronic endometritis
(CE)—a low-grade, often asymptomatic inflammatory condition that alters endometrial re-
ceptivity [3,9]. Mechanistically, CE impairs the uterine environment by disrupting cytokine
networks, downregulating implantation-related genes (e.g., LIF, HOXA10), and promoting
stromal fibrosis [5]. These alterations can interfere with embryo implantation and placental
development, contributing to recurrent implantation failure (RIF), recurrent miscarriage,
and unexplained infertility [11]. The presence of CD138+ plasma cells in endometrial tissue
has thus become a central diagnostic criterion for CE, with evidence suggesting improved
pregnancy outcomes following targeted antibiotic treatment [4,7,11–14].

In parallel, uterine NK (uNK) cells—distinct from peripheral NK cells—constitute the
most abundant lymphocyte population in the endometrium during the secretory phase.
They exhibit a unique CD56bright CD16− phenotype and possess limited cytotoxicity under
physiological conditions [10,15]. Their main functions include secreting angiogenic factors
(e.g., VEGF), supporting decidualization, and modulating maternal–fetal immune tolerance.
However, dysregulation of uNK cells—either in number, receptor profile (e.g., altered KIR-
HLA-C interactions), or cytokine secretion—has been implicated in impaired implantation
and early pregnancy loss. Abnormal activation or overexpression of cytotoxic mediators
such as perforin and granzyme B may create a hostile endometrial environment, leading to
embryo rejection [6,14,16,17].

While both cell types independently affect endometrial receptivity, emerging evidence
suggests they may also interact within the inflammatory milieu. For example, chronic
endometritis marked by CD138+ cells may indirectly modulate NK cell activity, further
compounding implantation failure. Understanding the mechanistic interplay between
these two immune populations is essential for advancing personalized diagnostic and
therapeutic strategies in infertility [9].

Despite increasing evidence of immune involvement in fertility, there is still a lack of an
updated synthesis that integrates the combined roles of CD138+ plasma cells and NK cells
in the diagnosis and treatment of infertility [18]. A deeper understanding of endometrial
immunodynamics could clarify the pathophysiological basis of idiopathic infertility and
guide the development of personalized diagnostic and therapeutic strategies, including the
use of antibiotics, corticosteroids, immunomodulators, or cellular therapies [19].
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Considering these, the aim of this narrative review is to critically analyze the current
scientific literature regarding the role of CD138+ plasma cells and Natural Killer cells in
couple infertility, with particular attention to clinical, diagnostic, and therapeutic implica-
tions. Through an analysis of the published studies, we aim to understand whether these
immune markers may serve as reliable biomarkers and therapeutic targets to improve
reproductive outcomes in infertile couples [20].

Historically, the hypothesis of immune dysregulation in infertility stems from analo-
gies with transplant immunology, where maternal immune tolerance toward the embryo
resembles graft acceptance. Early histological findings of lymphocytic infiltrates in women
with repeated implantation failure initiated a wave of investigations into endometrial
immunobiology [8,12,19].

Moreover, recent studies highlight that the local immune milieu is not static but
dynamically modulated throughout the menstrual cycle and embryo implantation window.
The cyclical recruitment and activation of immune cells—especially NK cells and plasma
cells—are tightly regulated by sex hormones. Disruption in this balance may lead to
pathological conditions such as chronic endometritis or aberrant uNK cell activation.

Technological advancements in endometrial sampling, immunohistochemistry, and
flow cytometry have improved our ability to profile these immune populations. Nonethe-
less, the lack of uniform diagnostic thresholds and the heterogeneity of clinical prac-
tices continue to hinder widespread implementation of immune testing in infertility
workups [8,12,19].

2. Materials and Methods
2.1. Study Design

Although a systematic approach has been adopted to retrieve the study to analyze,
the formula of a narrative review has been chosen for this study, due to the nature of
the topic. This narrative review was conducted anyway in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines [21] to
ensure a rigorous and transparent approach to the selection, evaluation, and synthesis of
included studies. The objective of the review was to summarize and critically assess the
available literature regarding the role of CD138+ plasma cells and Natural Killer cells in the
pathophysiology of couple infertility.

2.2. Sources and Search Strategy

A literature search was performed using the PubMed/MEDLINE database, covering
publications up to June 2025. The search strategy combined Medical Subject Headings
(MeSH) with free-text keywords in English to capture the widest range of relevant publica-
tions [22]. The following search string was used:

• (“Infertility”[MeSH Terms] OR “Infertility, Female”[MeSH Terms] OR infertility[Title/
Abstract])

• AND (“CD138”[Title/Abstract] OR “syndecan-1”[Title/Abstract] OR “plasma cells”[MeSH
Terms])

• AND (“Natural Killer Cells”[MeSH Terms] OR “NK cells”[Title/Abstract])
• AND (“Endometrium”[MeSH Terms] OR endometrium[Title/

Abstract] OR uterus[Title/Abstract])
• The search was further refined to include only:
• Articles published in English.
• Full-text available studies.
• Studies conducted on human subjects.
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Additionally, the references of the included articles were manually screened to identify
further relevant sources not captured in the initial search [23].

2.3. Inclusion and Exclusion Criteria

Inclusion criteria:

• Observational studies (cohort, case–control, cross-sectional) and clinical trials (ran-
domized or not) that evaluated the role of CD138+ plasma cells and/or NK cells in
patients with infertility, recurrent implantation failure (RIF), or recurrent spontaneous
abortion (RSA) [24].

• Studies that included either quantitative or qualitative assessment of CD138+ plasma
cells (via immunohistochemistry) or NK cells (either peripheral or uterine, using flow
cytometry, immunohistochemistry, or endometrial biopsy).

• Comparative studies with fertile control groups or pre-/post-treatment designs.

Exclusion criteria:

• Preclinical studies on animal models or in vitro cell lines.
• Abstracts without full-text availability.
• Case reports, editorials, letters to the editor, and narrative reviews (except when used

as secondary references).
• Studies not directly related to infertility (e.g., oncology, systemic autoimmunity)

2.4. Study Selection Process

Two independent reviewers (R1 and R2) screened the titles and abstracts of all identified
articles. Studies considered potentially relevant were retrieved in full text and assessed for
eligibility. Disagreements between reviewers were resolved by discussion and, if needed,
consultation with a third reviewer (R3). The entire selection process was summarized in
a PRISMA flow diagram (Figure 1), illustrating the number of records identified, screened,
excluded, and ultimately included in the review [25]. Figure 1 represents the PRISMA flowchart.

Figure 1. PRISMA flowchart.

3. Results
A total of 312 articles were initially identified through the search of the PubMed

database. After removing duplicates and screening titles and abstracts, 42 articles were
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selected for full-text assessment. Of these, 18 met all inclusion criteria and were included
in this narrative review. The studies span the period from 2012 to 2024 and include both
observational studies and meta-analyses.

3.1. CD138+ Plasma Cells and Chronic Endometritis: Reproductive Implications

Several studies have demonstrated a significant association between the presence
of CD138+ plasma cells in the endometrium and infertility [10,11,24,26–28]. In particular,
chronic endometritis (CE), diagnosed via immunohistochemistry for CD138, has frequently
been observed in women with recurrent implantation failure (RIF) and recurrent sponta-
neous abortion (RSA) [11,25–28].

A retrospective cohort study by Li et al. (2024) involving 664 women undergoing IVF
showed that the presence of ≥3 CD138+ lesions (with a threshold of ≥5 cells per high-power
field) was significantly associated with reduced clinical pregnancy and live birth rates [29].
Endometrial biopsies were performed during the proliferative phase, highlighting that the
diagnostic sensitivity for CE may vary depending on the phase of the menstrual cycle [30].
Previous studies had already suggested that the follicular phase is optimal for detecting
plasma cells, as the luteal phase may show physiologic inflammatory infiltration, leading
to false positives [31].

Other studies have reported improved reproductive outcomes following targeted
antibiotic treatment of CE, with subsequent immunohistochemical confirmation of CD138+

clearance [12,32]. These findings support the hypothesis that CE is a reversible condition
with significant clinical implications [32].

Moreover, longitudinal studies measuring NK cell profiles before and after im-
munomodulatory therapy suggest that dynamic changes—rather than static levels—may
better predict clinical outcomes. For instance, normalization of NK cytotoxic markers (e.g.,
CD69, NKG2D) after corticosteroid therapy correlated with increased implantation rates in
selected patient groups [12,31,32].

3.2. Natural Killer Cells and Fertility: A Dual Role of Support and Cytotoxicity

NK cells, especially uterine NK (uNK) cells (CD56bright CD16−), are the dominant
immune population in the endometrium during the secretory phase. They contribute to
angiogenesis, implantation support, and fetal immune tolerance [13]. However, elevated
numbers or altered cytotoxic activity of these cells may be detrimental [14,16].

A meta-analysis by Tang et al. (2013), including 22 observational studies, reported that
infertile women had significantly higher absolute numbers of peripheral NK cells compared
to fertile controls [16]. However, findings related to uNK cells were more conflicting: some
studies reported no significant differences in uNK percentages between fertile and infertile
women, suggesting that not only quantity but also functional profiles (e.g., granzyme B,
perforin, KIR expression) may influence outcomes [17,33].

There was notable heterogeneity in the methods used to quantify NK cells, with some
studies using peripheral blood flow cytometry and others using endometrial biopsy and
immunohistochemistry [17]. The lack of methodological standardization is a recurrent
limitation in current research [17].

Preliminary clinical trials suggest that immunomodulatory treatments (e.g., corti-
costeroids, intralipids, intravenous immunoglobulins) may reduce NK cytotoxicity and
improve implantation rates, although the efficacy of such approaches remains debated [34].

Interestingly, some studies have observed a paradoxical association between normal
uNK cell counts and poor reproductive outcomes, leading to hypotheses about functional
exhaustion or inappropriate receptor–ligand interactions. Specific killer immunoglobulin-
like receptor (KIR) genotypes and their interactions with HLA-C ligands on trophoblasts
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may determine the immunological “compatibility” between mother and embryo, poten-
tially affecting implantation success [16,19,34].

3.3. Immune Interaction: CD138+ and NK Cells as Combined Biomarkers

Few studies have simultaneously assessed the presence of CD138+ plasma cells and
NK cells in the endometrium. However, emerging hypotheses suggest that the interaction
between these two cell populations may reflect a broader immune imbalance, in which
latent chronic inflammation (mediated by CD138+) is coupled with dysregulated innate
immune activity (mediated by NK cells) [15].

A prospective study by Kitaya et al. (2036) analyzed endometrial biopsies in women
with RIF and unexplained infertility, evaluating combined expression of CD138, CD56,
and BCL-6. The concomitant presence of these three markers was associated with signifi-
cantly lower clinical pregnancy rates after embryo transfer, indicating that an integrated
immunological evaluation of the endometrium may have predictive value [20,35].

Moreover, chronic endometrial inflammation may alter NK cell distribution and
function, creating a hostile endometrial microenvironment for embryo implantation [13,19].
Thus, the combined use of CD138+ and NK markers may provide a more accurate diagnostic
approach than evaluating each parameter in isolation [35,36].

Additional insight comes from gene expression studies showing that pro-inflammatory
transcription factors (e.g., NF-κB) are upregulated in endometria with dual positivity for
CD138+ and NK markers. This suggests that chronic inflammation may create a pro-
rejection environment unfavorable to embryo implantation [13,19].

These findings also raise the possibility of therapeutic synergy. Some pilot trials have
explored sequential therapy with antibiotics followed by corticosteroids in women with
mixed CE and uNK abnormalities, reporting modest improvements in pregnancy rates.
However, robust data from randomized controlled trials are lacking [13,19].

4. Discussion
This narrative review highlights the growing interest in the use of endometrial im-

munological biomarkers, particularly CD138+ plasma cells and Natural Killer cells, to
understand the pathogenesis of couple infertility [8,13,20]. Available data suggest that both
cell types can negatively influence the uterine environment and impair embryo implanta-
tion, especially in cases of unexplained infertility, RIF, and RSA [10,14,24]. However, the
strength of the evidence varies, and substantial gaps remain regarding the standardization
of definitions, diagnostic methods, and treatment criteria [17,31].

4.1. Role of CD138+ Plasma Cells in Chronic Endometritis

The presence of CD138+ plasma cells is widely recognized as a reliable histological
marker of CE, a clinically relevant condition that is often asymptomatic [10,24]. Studies,
particularly that of Li et al. (2024) [29], have shown that CE is associated with reduced
clinical pregnancy and live birth rates, and that targeted antibiotic therapy can significantly
improve reproductive outcomes [12,29,32]. However, there is still no universal standard
for diagnosing CE: cutoff values for plasma cell counts vary (≥1 to ≥5 per HPF), as does
the timing of the biopsy within the menstrual cycle [30,31].

The lack of standardized diagnostic protocols may partly explain the heterogeneity
of study findings. In particular, the luteal phase may physiologically present transient
lymphoplasmacytic infiltration, increasing the risk of false positives [31]. A consensus-
based diagnostic definition supported by international guidelines is needed to unify CE
criteria in both clinical and research settings [27].
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Emerging studies are also investigating how CE may influence endometrial receptivity
at the transcriptomic level. Downregulation of genes associated with implantation, such
as LIF and HOXA10, has been observed in CE-positive samples, suggesting a mechanistic
link between inflammation and endometrial dysfunction. These molecular changes may
not be reversed immediately with antibiotic treatment, highlighting the importance of
post-treatment reevaluation [30,31].

In addition, some data suggest a potential link between CE and dysregulation of
the endometrial microbiome. It remains unclear whether microbial dysbiosis drives the
inflammatory process or is a consequence of immune dysfunction. This opens future
avenues for investigating the use of probiotics or microbiota-targeted therapies in infertility
management [30,31].

Recent transcriptomic analyses of endometrial tissue with histologically confirmed CE
have revealed downregulation of genes critical for implantation, such as LIF, HOXA10, and
IGFBP1. Concurrently, there is upregulation of pro-inflammatory pathways, including NF-
κB signaling and chemokines like CXCL13 and CCL20. Proteomic studies further support
these findings, showing increased expression of inflammatory proteins (e.g., TNF-α, IL-
1β) and altered extracellular matrix remodeling enzymes. These molecular disruptions
contribute to an endometrial microenvironment that is non-receptive and chronically
inflamed [30,31].

4.2. NK Cells: Ambiguous Regulators of Embryo Implantation

uNK cells are essential components of the receptive endometrium, supporting decid-
ualization, vascular remodeling, and maternal–fetal tolerance [13]. However, excessive
uNK presence or pro-inflammatory functional profiles (e.g., increased granzyme B, per-
forin, or activating KIR receptors) have been linked to implantation failure and recurrent
miscarriage [14,33].

Tang et al.’s meta-analysis clarified the role of peripheral NK cells, revealing elevated
circulating levels in women with reproductive disorders [16]. The role of uNK cells re-
mains controversial; some studies found no significant differences between fertile and
infertile women, emphasizing the need to assess NK functionality, not just quantity [17,33].
Moreover, inconsistent detection methods (flow cytometry vs. immunohistochemistry)
and a lack of uniform markers (CD56, CD16, CD69) contribute to the inconsistency of
findings [17].

Recent studies have attempted to subclassify uNK cells beyond CD56 and CD16
markers, incorporating CD57, CD94, and KIR profiles to differentiate between regulatory
and cytotoxic subsets. Understanding these distinctions may help explain the heterogeneity
in clinical outcomes and guide future targeted therapies [14,19,33].

Another important aspect is the potential for immunogenetic mismatches between
partners. Certain maternal KIR haplotypes (e.g., AA) in combination with fetal HLA-C2
alleles have been associated with increased risk of preeclampsia and miscarriage, raising
questions about immune compatibility as a factor in infertility [14,19,33].

Functional profiling of uNK cells at the transcriptomic level reveals a dual phenotype:
while CD56bright uNK cells express angiogenic factors (VEGF, Ang-2), aberrant populations
display increased transcripts for cytotoxic mediators (PRF1, GZMB, IFNG). Studies using
single-cell RNA sequencing have identified uNK subpopulations with divergent roles in
either supporting implantation or mediating immune rejection. At the proteomic level,
excessive activation correlates with secretion of granzyme B, perforin, and IFN-γ, which
may disrupt trophoblast invasion and endometrial vascular remodeling [14,19,33].
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4.3. CD138+–NK Interaction: Towards an Integrated Immunological Evaluation

An emerging and particularly interesting area involves the interaction between CD138+

plasma cells and NK cells in the endometrium. Although the literature is limited, some
studies (e.g., Kitaya et al., 2019 [15]) suggest that chronic inflammation and dysregulated
innate immune responses may jointly create an unfavorable uterine environment.

This integrated model supports the idea of “immune-mediated infertility,” in which
multiple immune components synergistically (or antagonistically) influence reproductive
success [19,35]. This hypothesis opens promising avenues for personalized diagnostics: an
immunological panel including CD138, CD56, BCL-6, and NK functional markers may serve
as a predictive tool in clinical settings, particularly in ART contexts [35,36]. However, current
evidence is still preliminary and requires confirmation in prospective controlled studies [37].

In this context, immunophenotyping of the endometrium using multi-marker panels—
integrating CD138, CD56, BCL-6, and Ki-67—could offer a composite risk profile for
implantation failure. Some centers have started implementing such panels, albeit with
limited consensus on interpretation criteria. Standardization of these approaches may allow
for broader clinical utility and comparison across studies [15].

Ultimately, the integration of endometrial immune profiling into ART protocols must
be guided by prospective evidence. Randomized trials evaluating personalized treatment
algorithms based on CD138 and NK cell status could serve as the next crucial step toward
individualized reproductive care [15].

An additional frontier of exploration involves the use of non-invasive diagnostic tools
to evaluate endometrial immune status. Recent studies have investigated the potential of
uterine fluid aspiration (“endometrial flushing”) as a less invasive alternative to biopsy
for detecting immune markers. Pilot data suggest that soluble forms of CD138 and NK-
associated cytokines (e.g., IL-15, IFN-γ) can be quantified in endometrial secretions and
may correlate with intra-tissue findings [15].

This technique could enable repeated monitoring of immune profiles over time or
in response to treatment, which is particularly useful in ART protocols. However, stan-
dardization of collection methods, assay validation, and correlation with histological data
remain necessary steps before clinical implementation [19,35].

Such innovations may facilitate broader application of immune profiling, offering
valuable insights while minimizing procedural discomfort and risk for patients undergoing
fertility evaluation [19,35].

The interaction between chronic inflammation (CD138+) and innate immune hy-
peractivity (NK cells) may reflect a shared dysregulation at the metabolomic level [35].
Preliminary findings suggest altered levels of metabolites involved in oxidative stress and
immune cell metabolism (e.g., glutamine, tryptophan–kynurenine pathway), which may
affect local cytokine production and immune tolerance. Such changes may modulate NK
cytotoxic thresholds and plasma cell survival, further impairing implantation. Integration
of transcriptomic and proteomic signatures into multivariate models could eventually
support composite immune diagnostics in clinical settings [19,35].

This integrated model supports the idea of “immune-mediated infertility,” in which
multiple immune components synergistically (or antagonistically) influence reproductive
success [19,35]. In ART settings, CD138+ plasma cells and NK cell abnormalities have
shown particular relevance in frozen embryo transfer (FET) cycles under hormone replace-
ment therapy (HRT), where the lack of endogenous immunomodulation by the corpus
luteum may increase susceptibility to immune dysfunction. For instance, studies have
shown that antibiotic treatment of chronic endometritis prior to IVF-FET significantly
improved clinical pregnancy and live birth rates [32,37]. Similarly, in women with elevated
peripheral NK cytotoxicity undergoing ICSI, the use of corticosteroids or intralipids prior to
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embryo transfer has been associated with increased implantation rates [34]. These findings
suggest that immunological markers such as CD138 and NK cell activity may help guide
pre-treatment decisions in ART candidates, particularly those with repeated implantation
failure or unexplained infertility. An integrated immunological evaluation may also sup-
port individualized embryo transfer timing and the use of adjunctive therapies, such as
corticosteroids, IVIG, or antibiotics, depending on the patient’s immune profile.

As endometrial immune profiling becomes increasingly complex, the integration of
artificial intelligence (AI) and machine learning (ML) offers promising tools for interpret-
ing multidimensional data. Preliminary studies have applied AI algorithms to datasets
containing CD138+ cell counts, NK cell activity, cytokine profiles, and clinical variables
(e.g., age, endometrial thickness, prior ART cycles) to predict implantation outcomes with
encouraging accuracy. Such approaches may help identify patient subgroups that could
benefit most from immunomodulatory therapy or altered ART timing. While these models
remain in early development, they underscore the potential of computational tools in
personalizing fertility care and enhancing clinical decision-making.

While the integration of artificial intelligence, machine learning, and metabolomics into
reproductive immunology presents exciting opportunities, it is important to note that these
approaches are still in early exploratory phases. To date, only a limited number of empirical
studies have applied AI algorithms to predict implantation outcomes using immunological
and clinical data, and these studies often involve small cohorts or pilot datasets. Similarly,
research on metabolomic profiling of the endometrial immune environment is nascent, with
preliminary findings suggesting possible associations between metabolic dysregulation
and immune cell activity but lacking large-scale validation. As such, these tools should
currently be viewed as promising adjuncts rather than established components of clinical
practice. Future studies with robust designs and larger sample sizes are necessary to
confirm their diagnostic and prognostic utility in the context of infertility.

4.4. Strengths and Limitations of the Literature

Unlike previous reviews that have focused on either CD138+ plasma cells or NK cells
in isolation, this review presents an integrated perspective on how chronic endometrial
inflammation and innate immune dysregulation may jointly compromise reproductive
outcomes. By examining their interaction, we propose a composite immunological frame-
work that may guide more nuanced diagnostic strategies and support the use of sequential
or combined immunomodulatory therapies. This dual-marker approach represents an
emerging paradigm in the investigation of idiopathic infertility, offering a more tailored
and potentially effective clinical pathway.

Strengths:

• Growing number of studies examining endometrial immunology in infertility [8,20,24].
• Use of specific techniques (e.g., immunohistochemistry, flow cytometry) for cell identi-

fication [7,13,17].
• Initial evidence supporting the effectiveness of targeted therapies (e.g., antibiotics,

immunotherapy) in improving reproductive outcomes in patients with immune ab-
normalities [32,34].

Limitations:

• High methodological heterogeneity across included studies [17,31].
• Lack of large-scale randomized controlled trials (RCTs) [38].
• Absence of standardized cut-offs for interpreting immune markers [26,31].
• Limited exploration of interactions between immune cell types and underlying molec-

ular mechanisms [19,37].
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Another significant limitation of the current literature is the underrepresentation
of male factor infertility in studies examining immune-mediated infertility. While this
review focuses on endometrial immunity, the interplay between paternal antigens, seminal
fluid, and maternal immune modulation remains poorly understood. Seminal plasma
contains immunomodulatory factors that influence the uterine environment post-coitus.
An altered seminal profile—due to infection, inflammation, or dysbiosis—might shape
maternal immunity in a way that predisposes to CE or abnormal NK cell activation.

Furthermore, racial and ethnic disparities in immune marker expression are rarely
addressed. Genetic polymorphisms in KIR and HLA-C genes vary across populations,
which may influence the generalizability of findings. Most included studies are conducted
in East Asian or European populations, limiting extrapolation to diverse clinical contexts.

Finally, patient heterogeneity—including different ART protocols, stimulation regi-
mens, embryo stages, and biopsy timing—complicates interpretation and comparison of
outcomes. Future studies should aim for harmonization of clinical protocols and incorpo-
rate multi-omics approaches (e.g., transcriptomics, microbiomics, proteomics) to clarify
molecular underpinnings.

In summary, this review supports a significant association between endometrial im-
mune alterations and couple infertility [8,10,14]. However, translating these findings into
clinical practice will require greater methodological rigor, diagnostic standardization, and
validation in future studies [37–41].

In addition to the biological and clinical implications, the psychological impact of
immunological infertility diagnostics warrants careful consideration. For many couples,
receiving a diagnosis involving chronic endometritis or abnormal NK cell activity can
provide a sense of relief, replacing uncertainty with a tangible explanation and pathway
for treatment. However, such diagnoses may also provoke anxiety, particularly when the
therapeutic evidence is still evolving or when treatment involves prolonged or off-label
immunomodulatory strategies. Unclear prognostic value or ambiguous immune profiles
(e.g., borderline CD138+ counts or fluctuating NK cell activity) can further compound
emotional distress [39–41]. Studies in reproductive psychology have shown that diagnostic
labeling in infertility—especially when it involves the immune system—can alter patients’
self-perception and expectations toward ART outcomes. As such, the introduction of
immune profiling into fertility care should be paired with psychological counseling and
transparent communication regarding diagnostic uncertainty, therapeutic options, and
realistic outcome expectations. Addressing this psychosocial dimension is essential to
ensure that the benefits of personalized medicine do not inadvertently increase emotional
burden [40–42].

A significant limitation highlighted by our review is the absence of unified reference
values for both CD138+ plasma cells and uterine NK cells. Cutoff thresholds, diagnostic
methods (e.g., immunohistochemistry vs. flow cytometry), and biopsy timing vary consid-
erably across studies, leading to substantial methodological heterogeneity. This variability
hampers direct comparisons and limits the ability to draw firm conclusions or develop
standardized clinical recommendations. Until consensus is reached on diagnostic criteria
and quantification techniques, the interpretation and clinical applicability of these immune
biomarkers will remain constrained.

Another methodological limitation of this review is the exclusive reliance on the
PubMed/MEDLINE database. While PubMed provides broad access to peer-reviewed
biomedical literature, the omission of additional databases such as Scopus, Web of Science,
and Embase may have led to selection bias or exclusion of relevant studies not indexed
in PubMed. We also acknowledge that grey literature, including conference abstracts and
unpublished studies, was not explored, potentially limiting comprehensiveness.
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Furthermore, although our search and selection strategy was informed by PRISMA
principles, we did not conduct a formal risk-of-bias assessment using tools such as the
Cochrane Risk of Bias tool or the Newcastle–Ottawa Scale. This choice reflects the narrative
design of the review, which aimed to generate a broad, integrative synthesis rather than a
quantitative meta-analysis. The lack of standardized outcome measures, diagnostic thresh-
olds (e.g., for CD138+, CD56, and BCL-6 expression), and methodological heterogeneity
among included studies further limits the feasibility of formal quality grading.

Additionally, we recognize substantial heterogeneity in the definition, detection meth-
ods, and clinical interpretation of immunological biomarkers. Diagnostic thresholds for
CD138+ plasma cells vary from ≥1 to ≥5 cells per high-power field, while NK cell quan-
tification methods differ across studies (e.g., flow cytometry vs. immunohistochemistry).
BCL-6, proposed as a marker of endometrial progesterone resistance, also lacks standard-
ized reference ranges, complicating comparisons.

Despite these limitations, emerging data support the potential value of a composite
immune panel—including CD138+, CD56, and BCL-6—as the foundation for an “immune-
mediated infertility” model. This integrated approach may help identify women with
subtle but clinically relevant endometrial immune dysregulation, particularly in cases of
unexplained infertility, recurrent implantation failure (RIF), or recurrent pregnancy loss.
Such panels, when applied within well-characterized clinical protocols, could facilitate
individualized ART decision-making—e.g., determining the timing of embryo transfer, the
need for endometrial immunomodulation (e.g., antibiotics, corticosteroids, or IVIG), or the
appropriateness of frozen vs. fresh cycles.

However, until robust prospective studies validate the predictive value and cost-
effectiveness of these panels, their use should remain investigational. Future systematic
reviews on this topic should prioritize the use of multi-database search strategies, incor-
porate formal quality appraisal, and aim to stratify results by assay type, immune marker
thresholds, and patient phenotype. This will be essential to transition from exploratory
immune profiling to clinically actionable reproductive immunology.

4.5. Psychological Considerations and Counseling Needs

An important but often underappreciated limitation in the clinical implementation
of immunological infertility diagnostics is the psychological burden they may impose on
patients. Ambiguous or borderline findings—such as equivocal CD138+ plasma cell counts,
variable NK cell profiles, or inconclusive BCL-6 expression—can lead to increased anxiety,
confusion about prognosis, and emotional distress. For many patients, the absence of
standardized thresholds or validated treatment pathways may undermine confidence in
the diagnosis and raise concerns about overtreatment or uncertain benefit. To mitigate these
effects, we recommend that immune profiling be accompanied by structured psychological
counseling, particularly in individuals with a history of unsuccessful ART or unexplained
infertility. Transparent communication about the evolving nature of immune testing, its
limitations, and the current level of evidence is essential to preserve informed decision-
making and patient well-being.

4.6. Future Perspectives

Despite significant advances, key challenges remain regarding diagnostic standard-
ization, patient selection, and study quality. Future research should promote prospective,
multicenter randomized studies to validate the routine clinical use of these immune mark-
ers and to develop shared interpretation guidelines [40–42]. Incorporating endometrial
immunology into reproductive medicine requires close collaboration between gynecol-
ogists, immunologists, pathologists, and reproductive endocrinologists. Only through
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multidisciplinary efforts and well-designed prospective studies can we establish validated
protocols that translate immune knowledge into improved fertility outcomes. Identifying
and modulating endometrial immune profiles through analysis of CD138+ plasma cells and
NK cells represents a promising frontier in infertility management. A multidisciplinary ap-
proach involving gynecologists, immunologists, and fertility specialists will be essential to
improve diagnostic accuracy and therapeutic efficacy for infertile couples. Future directions
should include the development of clinical algorithms that incorporate immune biomark-
ers alongside hormonal, anatomical, and genetic assessments. The cost-effectiveness and
practicality of integrating such diagnostics into routine fertility care remain to be validated,
but initial models suggest potential benefits in reducing ART failure rates [40–42].

Additionally, patient selection is crucial. Immunological assessments may be most
useful in those with idiopathic infertility, repeated IVF failure, or unexplained miscarriage.
Expanding our understanding of immunological fertility profiles in these subgroups may
allow for more nuanced risk stratification and targeted interventions.

The integration of endometrial immune biomarkers into clinical infertility practice
could benefit from adopting a tiered diagnostic strategy. In such an approach, initial
screening using hysteroscopy or ultrasound could identify structural anomalies, followed
by targeted immunohistochemical evaluation for CD138+ cells and NK markers in patients
with unexplained infertility, RIF, or RSA.

Moreover, combining immunological data with clinical and biochemical markers—
such as progesterone levels, uterine artery Doppler flow, and anti-endometrial antibodies—
could offer a more holistic assessment of endometrial receptivity. In ART settings, such
stratification may help personalize embryo transfer timing or identify candidates for
immune-modulating therapies [40–42].

Pharmacologic modulation of uterine immunity remains an area of active research.
While antibiotics are standard for CE, immunosuppressive strategies (e.g., corticosteroids,
tacrolimus) and immunostimulatory agents (e.g., G-CSF) are being explored for NK-related
dysfunction. The challenge lies in selecting the appropriate intervention based on a reliable,
reproducible immune profile.

Artificial intelligence and machine learning models also hold promise in interpreting
complex immunological data and predicting implantation outcomes. Preliminary algo-
rithms using combined clinical and immunohistochemical inputs have shown reasonable
predictive power for ART success. However, such tools require robust external validation.

From a public health perspective, widespread immune screening in infertility patients
raises questions of cost-effectiveness, especially in resource-limited settings. Efforts should
focus on defining high-yield populations for testing, such as those with multiple failed
ART cycles, recurrent loss, or long-standing idiopathic infertility.

Another consideration is the psychological impact of immune-based diagnoses on
infertile couples. The recognition of an “immunological cause” for infertility can provide
relief and validation but also introduce anxiety regarding treatment complexity and prog-
nosis. Therefore, counseling should accompany diagnostic disclosure, helping patients
navigate therapeutic options with realistic expectations.

As immune diagnostics become more sophisticated, clinicians must also be cautious
of over-medicalization. Not every immune abnormality warrants intervention, and clear
thresholds for defining pathological vs. physiological immune states are urgently needed
to avoid overtreatment [40–42].

Finally, policy frameworks and insurance systems must adapt to support these evolv-
ing diagnostic models. Funding for immunological assessments, and reimbursement for
tailored therapies, will be essential to avoid inequalities in access and to truly integrate
personalized medicine into reproductive care.
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Together, these considerations highlight that translating immune research into clinical
benefit requires not just scientific validation but also thoughtful ethical, psychological, and
policy-level integration [40–42].

5. Conclusions
Couple infertility is a multifactorial clinical condition in which the immune system,

though often overlooked in routine care, is increasingly recognized as a key player in
regulating the endometrial environment and embryo implantation. This narrative review
shows that CD138+ plasma cells and Natural Killer cells—particularly their uterine subtype
(uNK)—play significant roles in mechanisms that may hinder conception and pregnancy
maintenance.

The integrated assessment of multiple endometrial immune markers—such as CD138,
CD56, and BCL-6—holds promise for a more complete immunological profile and for a
personalized diagnostic approach. This combined strategy may underpin a more precise,
individualized reproductive medicine model.

This narrative review highlights that both CD138+ plasma cells and uterine Natural
Killer cells play significant and potentially synergistic roles in the pathophysiology of couple
infertility, particularly in cases of unexplained infertility, recurrent implantation failure
(RIF), and recurrent miscarriage. CD138+ plasma cells are strongly associated with chronic
endometritis, a treatable condition that, when diagnosed through immunohistochemistry,
can lead to improved ART outcomes following targeted antibiotic therapy.

Similarly, while NK cells are essential for a healthy endometrial environment, excessive
numbers or cytotoxic activity—especially in the absence of clear diagnostic thresholds—
have been linked to impaired implantation and pregnancy maintenance. Our synthesis
underscores the potential benefit of a combined immunological assessment of CD138+ and
NK cells, which may provide a more comprehensive diagnostic and therapeutic framework
for managing idiopathic infertility.

Future clinical protocols should prioritize the development of standardized diag-
nostic criteria, clarify therapeutic indications, and integrate psychosocial support. These
efforts are essential to translate immunological findings into actionable tools that improve
reproductive outcomes.

The novelty of this review lies in its emphasis on the interplay between CD138+ plasma
cells and uterine NK cells, advocating for a combined immunological assessment in women
with unexplained infertility or repeated ART failure. This integrated approach may allow
for improved diagnostic precision and personalized treatment, setting the stage for future
research and the development of standardized clinical protocols.

In conclusion, the immune landscape of the endometrium—particularly the interplay
between CD138+ plasma cells and NK cells—represents a compelling domain for innovation
in reproductive medicine. Ongoing advances in diagnostics, therapeutics, and technology
are poised to transform this emerging field from exploratory to actionable in routine clinical
care. Multidisciplinary collaboration and patient-centered approaches will be pivotal in
harnessing this potential for improving fertility outcomes.
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