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Trained Immunity: New Strategies for Modern Immunotherapy
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Abstract  Some innate immune cells will undergo adaptive reprogramming of immune metabolism and epigen-
etic modification after being stimulated by pathogens. When the body encounters the aforementioned pathogens again in
a short time, it will produce a rapid and robust non-specific immune response called trained immunity currently. Up to
now, it is reported that cells with trained immunity properties mainly include monocytes/macrophages, dendritic cells, NK
cells and natural lymphocytes, and in a broad sense also include hematopoietic stem/progenitor cells and vascular endothe-
lial cells. As a crucial role in immune regulation and host defense, trained immunity affects the occurrence and develop-
ment of a variety of infectious diseases and inflammations. Therefore, in-depth study of trained immunity can provide an
important theoretical basis for the treatment of autoimmune diseases, atherosclerosis, neurodegenerative diseases, tumors
and infectious diseases, and the development of related vaccines. Based on the recent progress of trained immunity, this
review describes its mechanism and potential application prospects in disease treatment and vaccine development.
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Table 1 The biological model related to trained immunity

Py S S LR 5 SR
Species Experimental model Biological effect Specificity References
Nonvertebrates
Bombus terrestris Bacteria Protection against secondary infection Yes [7]
Drosophila melanogaster  S. pneumoniae Protection against S. pneumoniae Uncertain [8]
Anopheles gambiae Intestinal flora Protection against Plasmodium Yes [8]
Vertebrates
Mice BCG T/B cell-independent protection No [9-10]
Mice B-glucan Monocyte-macrophage dependent protection No [11-12]
Mice mCMV NK-dependent protection No [20]
Humans BCG Nonspecific protection No [17]
-------- Adaptive immune response

= Trained immune response
A Innate immune response

----- Immune tolerance

.........................

Immune response strength

Time /d

Primary Secondary
infection infection
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Fig.1 The differences among trained immune memory, adaptive immune memory and immune tolerance
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Table 2 Similarities and differences among innate immunity, adaptive immunity and trained immunity

el RIR G T ZRGE EE PN
Variety Innate immunity Adaptive immunity  Trained immunity References
Specificity Nil Exist Exist [5]
Immunogen Pathogen Antigen Pathogen and cytokines [5]
Immune memory  Nil Exist Exist [21]
Memory time Nil Years Weeks to months [1,21]
Effector cells Monocyte-macrophages, NK T cells Monocyte-macrophages, NK cells, DC [22]

cells, DC cells, neutrophils B cells cells, HSPCs, endothelial cells
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Fig.3 Trained immune-related cell types and the relationship between trained immunity and disease
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