wation, &
&, e,

¥
3
“eiBoyu) O

N
)
K]
£
5
3
ES
%, ISSN: 23818727 &

Ve, »
Yoy o

Takeshi, Int J Inflam Cancer Integr Ther 2024, 11:2

International Journal of Inflammation,
Cancer and Integrative Therapy

Innate Immune Memory: Unraveling Mechanisms and Implications for

Vaccination Strategies

Takeshi Hojoa*
Department of Biotechnology and Drug Discovery, Okayama University, Japan

Introduction

Innate immune memory, once considered an exclusive trait
of the adaptive immune system, has emerged as a fascinating
phenomenon with profound implications for vaccination strategies.
This article explores the mechanisms underlying innate immune
memory, including trained immunity and the role of innate immune
cells like macrophages and natural killer cells. Understanding these
mechanisms holds promise for developing more effective vaccines and
immunotherapies [1].

The immune system's ability to remember and mount enhanced
responses upon re-encounter with pathogens has long been attributed
to the adaptive immune system, specifically memory T and B cells.
However, recent research has uncovered that innate immune cells
also possess memory-like properties, termed innate immune memory
or trained immunity. This phenomenon challenges traditional views
of immunological memory and opens new avenues for improving
vaccination strategies and immunotherapies.

The immune system is a remarkable defense mechanism evolved
by multicellular organisms to protect against pathogens, toxins, and
other foreign invaders. Traditionally, the concept of immunological
memory has been closely associated with the adaptive immune system,
where memory T and B cells mount rapid and robust responses upon
re-encounter with specific antigens. However, recent research has
unveiled a fascinating aspect of immune memory within the innate
immune system, challenging conventional paradigms and opening
new avenues of exploration in immunology [2].

Innate immune memory also known as trained immunity, refers
to the ability of innate immune cells to remember prior encounters
with pathogens or immunomodulatory signals and exhibit enhanced
responses upon subsequent challenges. This phenomenon was initially
observed in studies exploring the long-term effects of vaccines beyond
their specific adaptive immune responses. It became evident that
certain vaccines, particularly those containing adjuvants or microbial
components, could induce broad-spectrum immune protection
beyond their primary target pathogens. This led researchers to delve
deeper into the mechanisms underlying innate immune memory and
its implications for vaccination strategies and immunotherapies.

The mechanisms driving innate immune memory are multifaceted
and involve intricate cellular and molecular processes. Epigenetic
reprogramming plays a central role, where exposure to specific stimuli
induces lasting changes in chromatin structure and gene expression
within innate immune cells, such as monocytes, macrophages, and
natural killer (NK) cells. This reprogramming primes these cells for
heightened immune responses, including increased production of pro-
inflammatory cytokines, enhanced phagocytic activity, and improved
pathogen recognition and clearance [3].

Macrophages, as sentinel cells of the innate immune system,
exhibit memory-like features after exposure to stimuli like microbial
products or cytokines. Trained macrophages display a "memory”
of prior encounters, responding more vigorously and effectively to

subsequent challenges. This heightened responsiveness contributes to
host defense and immune surveillance, potentially providing protective
benefits against recurrent infections.

The concept of innate immune memory has significant implications
for vaccination strategies and immunotherapies. Traditional vaccines
primarily target adaptive immune responses, inducing long-lasting
memory T and B cells specific to particular antigens. However,
incorporating elements that induce trained immunity could augment
vaccine efficacy by enhancing early immune responses, broadening
protective immune responses against diverse pathogens, and providing
rapid defense against emerging infectious threats.

Furthermore, the potential for harnessing innate immune memory
extends beyond vaccination to immunotherapy. Modulating trained
immunity could be leveraged in cancer immunotherapy to enhance
anti-tumor immune responses or in treating chronic inflammatory
conditions by dampening excessive inflammation and promoting
immune tolerance.

Discussion

Trained immunity mechanisms: Trained immunity refers to the
enhanced responsiveness of innate immune cells following exposure
to certain stimuli, such as microbial products or cytokines. This
phenomenon is mediated by epigenetic reprogramming, metabolic
changes, and altered signaling pathways within innate immune cells,
particularly monocytes, macrophages, and natural killer (NK) cells.
For example, stimulation of toll-like receptors (TLRs) or exposure to
B-glucan can induce long-lasting changes in macrophages, priming
them for heightened immune responses upon subsequent encounters
with pathogens [4].

Role of macrophages: Macrophages are key players in trained
immunity, displaying memory-like features after exposure to specific
stimuli. Trained macrophages exhibit increased production of pro-
inflammatory cytokines, enhanced phagocytic activity, and improved
pathogen clearance compared to their naive counterparts. This
heightened responsiveness contributes to host defense and immune
surveillance, potentially offering protective benefits against recurrent
infections.
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Innate immune memory and vaccination: Harnessing the
mechanisms of innate immune memory has significant implications for
vaccination strategies. Traditional vaccines primarily target adaptive
immune responses, inducing long-lasting memory T and B cells.
However, incorporating elements that induce trained immunity, such
as adjuvants or specific microbial components, could enhance vaccine
efficacy and broaden protective immune responses. This approach may
be particularly beneficial for vaccines against intracellular pathogens or
viruses that evade adaptive immunity [5].

Potential forimmunotherapy: Beyond vaccination, understanding
innate immune memory has implications for immunotherapy.
Modulating trained immunity could be leveraged to boost immune
responses in cancer immunotherapy or treat chronic inflammatory
conditions. For instance, therapies that target innate immune cells to
induce trained immunity against tumor antigens or dampen excessive
inflammation hold promise in enhancing therapeutic outcomes [6].

Conclusion

Innate immune memory represents a paradigm shift in our
understanding of immune responses and opens new avenues
for improving vaccination strategies and immunotherapies. The
mechanisms underlying trained immunity, including epigenetic
reprogramming and metabolic changes in innate immune cells,
provide valuable insights into enhancing host defense mechanisms and
tailoring immune responses for specific pathogens or conditions. By

harnessing the potential of innate immune memory, we can develop
more effective vaccines, immunotherapies, and targeted interventions
to combat infectious diseases, cancer, and immune-related disorders.
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