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Introduction

Recurrent Miscarriage (RM), defined as two or more
consecutive pregnancy losses before 20 weeks of gestation,
affects approximately 1-2% of women of reproductive age.
While genetic, anatomical, endocrine and thrombophilic causes
are well established, immunological factors are increasingly
recognized as a significant contributor to recurrent pregnancy
loss. Pregnancy represents a unique immunological state in
which the maternal immune system must tolerate the semi-
allogenic fetus while maintaining defense against infections.
Dysregulation of this delicate balance, including aberrant
function of Natural Killer (NK) cells, T lymphocytes, cytokine
profiles and autoantibodies, can disrupt implantation and early
placental development, leading to miscarriage.
Immunomodulatory therapies aim to restore this balance,
enhance maternal-fetal tolerance and improve pregnancy
outcomes. Despite growing interest, their application remains
complex, with varying degrees of clinical efficacy. This article
explores the current perspectives on immunomodulatory
strategies for RM, including their mechanisms, evidence base
and clinical considerations [1].

Description

The immunological basis of recurrent miscarriage is
multifactorial. Aberrant NK cell activity, including excessive
cytotoxicity and altered expression of activating and inhibitory
receptors, can impair trophoblast invasion and spiral artery
remodeling. Dysregulation of T cell subsets, particularly a
deficiency in regulatory T cells (Tregs) and a skewing toward Thl
or Thl7 pro-inflammatory responses, can further disrupt
maternal-fetal  tolerance.  Additionally, elevated pro-
inflammatory cytokines such as Tumor Necrosis Factor-Alpha
(TNF-a) and InterFeron-Gamma (IFN-y), along with the presence
of autoantibodies especially antiphospholipid antibodies create
an environment hostile to implantation and early embryonic
development. Understanding these immunological mechanisms

has paved the way for therapeutic interventions aimed at
modulating immune responses to support pregnancy. One of the
most widely studied immunomodulatory approaches is the use of
corticosteroids. Low-dose corticosteroids, such as prednisolone,
exert anti-inflammatory effects by reducing cytokine production,
suppressing NK cell activity and enhancing Treg function. In
women with RM associated with elevated NK cell activity or
autoimmune disorders, corticosteroids may improve implantation
and early pregnancy maintenance. However, clinical trials have
yielded mixed results and long-term use carries potential risks,
including maternal hypertension, glucose intolerance and fetal
growth restriction. Therefore, careful patient selection and
monitoring are essential when considering corticosteroid therapy

(2].

Intravenous ImmunoGlobulin  (IVIG) therapy is another
immunomodulatory strategy employed in RM. IVIG is thought to
modulate the maternal immune response by neutralizing
pathogenic autoantibodies, inhibiting NK cell cytotoxicity and
promoting Treg expansion. Several clinical studies have
investigated IVIG in women with RM, particularly those with
elevated NK cell activity or autoimmune disorders. While some
trials have demonstrated improved live birth rates, others have
reported limited benefit and meta-analyses remain inconclusive.
The high cost, intravenous administration and potential side
effects including infusion reactions and transient renal or hepatic
alterations limit its routine use [1].

Heparin and low-dose aspirin, although primarily
anticoagulant agents, also possess immunomodulatory
properties. In women with antiphospholipid syndrome (APS),
these agents prevent thrombosis and complement activation at
the maternal-fetal interface, reducing pregnancy loss. Heparin
may additionally modulate cytokine expression and NK cell
activity, contributing to its beneficial effects. Combined therapy
with aspirin and heparin is now considered standard of care for
women with APS-related RM, resulting in significant improvement
in live birth rates.
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Emerging therapies targeting specific immune pathways offer
promise for more precise interventions. Tumor necrosis factor-
alpha inhibitors, such as etanercept or infliximab, have been
investigated in experimental models and small clinical studies
for women with RM associated with elevated TNF-a. These
biologics may reduce inflammation, enhance trophoblast
survival and promote maternal-fetal tolerance. Similarly,
therapies aimed at augmenting Treg populations, such as
adoptive Treg transfer or low-dose interleukin-2 therapy, are
under exploration, with the goal of restoring immune tolerance
without broad immunosuppression. These approaches remain
largely experimental and require rigorous evaluation before
routine clinical implementation [2].

Conclusion

Immunomodulatory therapies represent a promising avenue for
managing recurrent miscarriage, particularly in cases associated
with  immunological dysregulation. Strategies such as
corticosteroids, intravenous immunoglobulin and heparin
combined with aspirin target specific immune mechanisms,
including NK cell activity, cytokine imbalances and autoantibody-
mediated injury, to enhance maternal-fetal tolerance and
improve pregnancy outcomes. Emerging biologics and cellular
therapies offer potential for more targeted interventions,
although clinical evidence remains limited.

Personalized treatment guided by detailed immune profiling,
coupled with supportive lifestyle interventions and reproductive
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technologies, provides the most comprehensive approach to
addressing RM. Ongoing research and well-designed clinical
trials are crucial to refining these therapies, improving efficacy
and ensuring safety. Understanding the immunological
underpinnings of recurrent miscarriage not only informs
therapeutic strategies but also offers insights into the broader
mechanisms  governing  maternal-fetal  tolerance  and
reproductive success.
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