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EDITORIAL

Immuno toxicity can be induced by NMs interacting with
immunocompetent cells. NMs cause apoptosis and necrosis in
immune cells, while their interactions with the immune response
alter immune-specific signalling pathways, resulting in alterations
in immune cell function as evaluated by surface marker expression,
cytokine generation, cell differentiation, and immunological
activation. The duration and dysregulation of the inflaimmatory
response are important factors in identifying NM-induced
Immunotoxicity.

As a result, reliable testing necessitates the use of relevant in vitro
and in vivo models that can differentiate between normal and
abnormal responses. Because of their small size, NMs can elude
particle-clearing defence mechanisms, and hence many do not
cause an inflaimmatory reaction. The enhanced aggregation that
occurs when the skin comes into contact with the Immune cells
that selectively identify bigger particles may be able to remove
or sequester them in the biological environment. Furthermore,
adsorbed on the NMs

inflammation. Autoimmune reactions can be triggered by self-

bacterial components may cause

protein interactions with NMs and their persistence in the body

(1].

The failure of scavenger phagocytes to remove apoptotic cells is
another mechanism that contributes to autoimmunity. Activation
of inflammasomes can occur via several mechanisms. Activation
of mast cells can lead to production of histamines and other
substances causing airway inflammation. One factor suspected to
contribute to the recent dramatic increase in incidence of allergies,
lung diseases and asthma is environmental pollution and inhalation
of ultrafine particles for the safe use of NMs, it is necessary to assess
immunotoxicity, which necessitates the development of appropriate
in vitro tests and cellular models. Although not specifically designed
to evaluate NMs, OECD chemical testing methodologies, EFSA
recommendations, and industry guidance can all aid in identifying
potential immune system impacts [2]. Non-clinical testing for
immunotoxicity caused by human medications is restricted to
unexpected immunosuppression and immunoenhancement, with
allergenicity and drugspecific autoimmunity ruled out. There are

several immunotoxicity tests available, both in vivo and in vitro [3].

For human risk assessment, immunotoxicity can be studied in vivo
in experimental animal models. In vivo models have the advantage
of allowing researchers to completely investigate NM adsorption,
distribution, metabolism, and excretion, all of which are important
in the immune response. Alternative in vitro testing procedures
must be developed to meet the 3Rs criterion and to boost
efficiency. In order to validate an in vitro approach for detecting
immunotoxicity, high-quality in vivo data is required. A sufficient
number of positive and negative reference chemicals, comprising
both medicines Food and Chemical Toxicology, are required in
this regard and chemicals are put to the test [4].

The validity of several in vitro immunotoxicity approaches for
assessing NM-induced immunotoxicity is a hot topic of debate.
Immunosuppression, an unspecific immune response that can be
produced by a variety of events, is detected by the majority of in
vitro immunotoxicity models. Some in vitro models, on the other
hand, incorporate innate and adaptive immune system cells, as well
as biological indicators of immune function such gene expression,
protein synthesis, and proliferation. The selection of appropriate
cell models for in vitro immunotoxicity assessment is critical [5].
The European Union Reference Laboratory for Alternatives to
Animal Testing advocates using human cells in all in vitro test
systems to maximize human relevance.

Primary human cells will have the greatest clinical utility. With
the exception of bone marrow assays, peripheral blood leukocytes
should be used as a source of cells because they are readily available
from donors [6]. Blood is a surrogate target model for other routes
of exposure and a primary target model for intravenous delivery
of NMs used in medical diagnostics and therapy. The blood cell
model is applicable to environmental and industrial pollutants
and provides information on the entire body response to NMs.
Furthermore, the complexity of human peripheral blood cells as an
in vitro testing model, with multiple cell components present in a
relatively intact environment, is its main strength [7].

When compared to continuous cell lines, primary cells are often
more sensitive and have a qualitatively distinct reaction [8]. The
considerable inter-individual variability between real blood donors
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and the comparatively short life time of primary blood cells in
culture are both challenges for this cell model. In addition to
original cells, well-characterized and validated cell lines can be
utilised to investigate NM immunotoxicity. Several research groups
have recently published alternative approaches using a variety of
cell lines, including the human Jurkat T-cell, human lymphoid
T-cell, human acute myeloid leukaemia HL-60 cell, murine T-cell
CTLL-2, and THP-1 human monocytic cell line derived from a
patient with acute monocytic leukaemia [9]. Tissue slices that have
been precisely sliced are likewise being used. To test for detrimental
effects of substances on immune cells, an in vitro tiered approach
was first developed. Evaluation of myelotoxicity should be done
in the first tier. Lymphoma toxicity testing should be done in the
second tier [10].
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