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Abstract

The rapid development and widespread application of nanoparticles (NPs) in various felds, including medicine,
industry, and consumer products, have raised concerns regarding their potential impact on the immune system. This
review aims to elucidate the complex interactions between nanoparticles and the immune system, focusing on the
mechanisms underlying immune responses to these engineered particles. Nanoparticles can interact with immune cells,
such as macrophages, dendritic cells, and lymphocytes, leading to activation or suppression of immune responses. The
physicochemical properties of nanoparticles, including size, shape, surface charge, and composition, play a crucial role
in determining their immunogenicity and biocompatibility. Understanding these interactions is essential for the safe and
efective design of nanoparticles for therapeutic and diagnostic applications. Moreover, the immunomodulatory efects
of nanoparticles can be leveraged to develop novel strategies for targeted drug delivery, vaccine development, and
immunotherapy. However, the potential adverse efects of nanoparticles on immune function, such as infammation,
autoimmunity, and hypersensitivity reactions, necessitate careful evaluation and regulation. Therefore, this review also
discusses the current methodologies for assessing the immunotoxicity of nanoparticles and proposes future directions
for research to ensure the safe and sustainable use of nanotechnology.
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innovative solutions to longstanding challenges in medicine,
electronics, environmental science, and materials engineering. One of
the most intriguing and rapidly advancing areas within nanotechnology
is the development and application of nanoparticles (NPs). ese
microscopic particles, typically ranging from 1 to 100 nanometers in
size, possess unique physical, chemical, and biological properties that
make them highly versatile and desirable for a multitude of applications
L] In the realm of medicine, nanoparticles have shown immense
promise as drug delivery vehicles, imaging agents, and therapeutic
agents due to their ability to target specic cells or tissues, enhance
drug solubility, and prolong circulation time in the bloodstream
R] Furthermore, nanoparticles are increasingly being employed in
consumer products, such as cosmetics, food additives, and textiles,
as well as in industrial processes, including pollution remediation
and energy storage B] While the potential benets of nanoparticles

are undeniable, their interaction with biological systems, particularly
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Results

e literature review revealed a diverse range of ndings concerning
the interactions between nanoparticles (NPs) and the immune system.
Assigni cant portion of the studies focused on the immunomodulatory
e ects of NPs, demonstrating their ability to in uence immune cell
activation, cytokine production, and immune responses both in vitro
and in vivo. Nanoparticles of di erent compositions, including metal-
based, polymeric, lipid-based, and silica NPs, were found to interact
with various immune cells such as macrophages, dendritic cells, and
lymphocytes. For instance, gold nanoparticles were shown to enhance
dendritic cell maturation and antigen presentation, suggesting potential
applications in vaccine development. Conversely, silver nanoparticles
were found to induce in ammatory responses and oxidative stress
in macrophages, leading to cytotoxic e ects. e physicochemical
properties of NPs, particularly size, shape, and surface charge, were
identi ed as critical determinants of their immunogenicity and
biocompatibility. Smaller nanoparticles (<100 nm) were generally found
to exhibit greater cellular uptake and higher immunogenicity compared
to larger particles. Surface modi cations, such as PEGylation or coating
with speci c ligands, were shown to enhance nanoparticle stability,
reduce immune recognition, and improve biodistribution pro les
Moreover, several studies highlighted the potential adverse e ects of
NPs on immune function, including in ammation, autoimmunity, and
hypersensitivity reactions.  ese ndings underscore the importance
of rigorous evaluation and regulation of nanoparticle-based products
to ensure their safety for human health and the environment. Overall,
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