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Introduction 

    Natural Killer (NK) cells are a unique subset of lymphocytes 
belonging to the innate immune system, characterized by their 
cytotoxic capabilities and ability to produce immunoregulatory 
cytokines. Unlike T and B cells of the adaptive immune system, 
NK cells can recognize and respond to target cells without prior 
sensitization. In the context of reproduction, NK cells are critical 
players in the maternal-fetal interface, particularly in the 
endometrium and decidua, where they contribute to 
implantation, placental development and maintenance of 
pregnancy. While NK cells play a physiological role in promoting 
successful reproduction, aberrant NK cell activity either 
excessive cytotoxicity or functional impairment has been 
implicated in implantation failure, Recurrent Pregnancy Loss 
(RPL) and complications such as preeclampsia and intrauterine 
growth restriction. A deeper understanding of the role of NK 
cells in reproductive immunology is essential for improving 
diagnostic approaches and developing targeted therapies aimed 
at optimizing reproductive outcomes [1]. 

Description 

NK cells are broadly classified into two populations: Peripheral 
Blood NK (pNK) cells and Uterine or Decidual NK (uNK/dNK) 
cells. Peripheral NK cells are primarily cytotoxic, responsible for 
eliminating virally infected or malignant cells through the 
release of perforin and granzymes. In contrast, uNK cells 
constitute up to 70% of immune cells in the decidua during 
early pregnancy and exhibit a unique phenotype characterized 
by high expression of CD56 and low expression of CD16. Unlike 
pNK cells, uNK cells are less cytotoxic and are primarily involved 

in regulating angiogenesis, trophoblast invasion and remodeling 
of maternal spiral arteries, which are critical for establishing an 
adequate blood supply to the developing fetus. The specialized 
functions of uNK cells illustrate their dual role in immunity and 
reproduction, balancing maternal defense mechanisms with 
tolerance toward the semi-allogenic fetus [2]. 

uNK cells secrete a variety of cytokines and growth factors that 
orchestrate early placental development. Key molecules include 
Vascular Endothelial Growth Factor (VEGF), Placental Growth 
Factor (PlGF) and Transforming Growth Factor-Beta (TGF-β), 
which promote angiogenesis and tissue remodeling. Additionally, 
uNK cells produce Interferon-Gamma (IFN-γ), which is critical for 
spiral artery modification and proper decidualization. 
Dysregulation of these processes, whether due to altered uNK cell 
numbers, phenotype, or functional activity, can result in 
insufficient placental development, leading to adverse 
reproductive outcomes such as implantation failure, miscarriage 
and preeclampsia[1]. 

 Aberrant NK cell activity has been associated with recurrent 
implantation failure and recurrent pregnancy loss. Increased 
cytotoxicity of uNK cells or elevated pNK cell activity may lead to 
an excessive inflammatory response at the maternal-fetal 
interface, compromising trophoblast invasion and disrupting early 
placentation. Studies have reported that women with RPL often 
exhibit elevated levels of cytotoxic NK cells and altered expression 
of activating and inhibitory NK cell receptors, such as Killer 
Immunoglobulin-Like Receptors (KIRs). The interaction between 
maternal KIRs and fetal Human Leukocyte Antigen-C (HLA-C) 
molecules is crucial for immune tolerance during pregnancy and 
imbalances in this signaling axis can predispose to pregnancy loss. 
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    Similarly, excessive IFN-γ production and an inflammatory 
cytokine milieu can contribute to endothelial dysfunction, 
abnormal placentation and subsequent complications [2]. 
Conversely, insufficient NK cell activity or defects in uNK cell 
recruitment and function can also impair reproductive 
outcomes. A reduction in uNK cell numbers or a shift in their 
cytokine profile may hinder spiral artery remodeling, leading to 
placental insufficiency. Such insufficiency is associated with fetal 
growth restriction, preeclampsia and other adverse pregnancy 
outcomes. The dual role of NK cells where both excessive and 
insufficient activity can be detrimental highlights the importance 
of maintaining an optimal balance in immune regulation for 
successful reproduction. 

Conclusion 

Natural killer cells are critical regulators of reproductive success, 
orchestrating the complex balance between immune tolerance 
and defense at the maternal-fetal interface. Both uterine and 
peripheral NK cells influence implantation, placental 
development and pregnancy maintenance through cytokine 
secretion, angiogenesis regulation and interaction with 
trophoblasts. Aberrant NK cell activity whether excessive 
cytotoxicity, altered receptor signaling, or functional impairment 
has been implicated in implantation failure, recurrent pregnancy 
loss and other adverse reproductive outcomes.  

Advances in immune profiling have enhanced our understanding 

of NK cell heterogeneity, function and interaction with other 
immune and reproductive cells, enabling identification of 
biomarkers and potential therapeutic targets. 
Immunomodulatory therapies, lifestyle interventions and 
personalized approaches based on NK cell profiling offer 
promise for improving reproductive outcomes in affected 
women. Continued research into NK cell biology and its role in 
reproduction is essential for translating mechanistic insights into 
clinical interventions, ultimately supporting successful 
pregnancies and maternal-fetal health. 
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