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Aging is a complex biological process marked by pro-
gressive cellular and molecular changes that affect all
physiological processes, especially those related to the
immune system. Amongst these, increased susceptibil-
ity to infections, decreased vaccine efficacy, and a high-
er incidence of chronic diseases are all consequences of
immunosenescence. The latter is defined as “the age-
related decline and dysregulation of immune respons-
es”. The tissue accumulation of senescent cells that re-
lease a variety of pro-inflammatory mediators is collec-
tively referred to as the senescence-associated secretory
phenotype (SASP) and is known to be capable of caus-
ing chronic low-grade inflammation / “inflammaging”.
Inflammaging is a key component of the process that
accelerates immune cell aging, reduces the efficient
clearance of senescent cells, and limits the immune re-
sponse to novel antigens. This decline of both innate
and adaptive immunity is significantly influenced by
this ongoing inflammatory state, resulting in delayed
immune responses and compromised host defence sys-
tems. This review provides an overview of the molecu-
lar drivers of immunosenescence and inflammaging,
and discusses their roles in age-related diseases and
their importance for targeted therapeutic interventions.
Immunosenescence is controlled at the molecular level
by a number of interrelated molecular signalling path-
ways. Amongst these, the nuclear factor kappa B (NF-

kB) pathway is a major cause of chronic inflammation
because it inhibits the senescent cells” ability to under-
go apoptosis and stimulates the production of immune
mediators. Similarity, immunological dysfunction, and
decreased T lymphocyte responsiveness are caused by
a dysregulation of the mammalian target of rapamycin
(mTOR) pathway, which also affects autophagy and
cellular metabolism. Furthermore, by detecting cyto-
solic DNA and by inducing type I interferons, the acti-
vation of the cyclic GMP-AMP synthase / stimulator of
interferon genes (cGAS-STING) pathway has become a
significant mediator of age-related inflammation. These
inflammatory signalling pathways are further ampli-
fied by oxidative stress and mitochondrial dysfunction.
Significant cellular changes are linked to immunose-
nescence and include telomere attrition, thymic involu-
tion, haematopoietic stem cell dysfunction, and re-
duced naive T lymphocyte production; all these impair
immune surveillance and response to novel antigens.
Reduced B lymphocyte diversity and antibody produc-
tion are also consequences of this process. Together,
these alterations play a key role in the pathophysiology
of age-related diseases (such as cancer), severe viral
infections (such as the coronavirus disease 2019), car-
diovascular diseases, neurodegenerative diseases (such
as Alzheimer’s disease), and type 2 diabetes mellitus. In
fact, immune dysregulation and chronic inflammation
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serve as common underlying mechanisms connecting
immunosenescence to the aforementioned pathologies.
Recent approaches in the field of therapeutics have
been targeting the underlying mechanisms of immune
aging. Senotherapeutics, being the use of senomorphics
in order to alter the secretory phenotype of senescent
cells and senolytics that specifically eradicate them,
have demonstrated encouraging outcomes in both pre-
clinical and clinical studies. Through the modification
of important pathways such as the mTOR and NF-«xB
ones, pharmaceutical agents like metformin and ra-
pamycin can lower inflammation and boost immunity.
Cytokine modulation, immune-based treatments, and
lifestyle modifications (including the adoption of regu-
lar physical activity, balanced nutrition, and adequate
sleep) have all been shown to exert positive effects on
immune aging. In conclusion, immunosenescence is a
multifaceted process that is forced by intricate molecu-
lar pathways and cellular changes, and that has im-
portant ramifications for the emergence of age-related
diseases. However, the development of targeted thera-
peutic interventions that are meant to improve immune
function, increase longevity, and encourage healthy
aging, requires a deeper understanding of these mech-
anisms and their clinical implications.
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