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Abstract 

 

Trained immunity is a new concept of innate immune memory which gives enduring protection through developing adaptive 

features against foreign reinfection, through many studies, when any pathogen invades the human body a series of metabolic 

alterations occur and lead to epigenetic reprogramming of various transcriptional innate immune pathways due to different types 

of endogenous and exogenous antigens which have similar epitopes that trigger cross-protective immunity which is represented 

by the heightened trained innate immune response to various reinfections due to cross-reactivity of these similar epitopes of 

various antigens by trained innate immune cells specially (monocytes and macrophages), this concept has been used previously 

unintentionally and currently can be used as potential therapeutic strategies for immunological management of various diseases 

such as cancer, coronavirus disease 2019 (COVID-19) and other diseases by use different vaccines due to non-specific effects of 

vaccines, such as BCG vaccine effects on different diseases. 
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Introduction 

 

Trained immunity is a new concept of innate immune memory 

that gives enduring protection through developing adaptive 

features against foreign reinfection, by functional 

reprogramming epigenetics of innate immune cells by 

endogenous and exogenous stimuli which gives a heightened 

immune response to reinfections but short-term protection. 

Innate immunity is “broad spectrum” resistance, containing 

different types of barriers and inflammation-related serum 

proteins but in the issue of trained immunity, what matters to 

us is the cellular components of innate immunity, which 

consist mainly of  NK cells, monocytes, macrophages, 

antigen-presenting cells (dendritic cells), granulocytes 

(neutrophils, eosinophils and basophils) and mast cells (Daha, 

2011), these cells circulate through the blood circulation and 

reside in tissues watching for potential problems, to respond as 

well as communicate with other immune cells if an issue 

arises. Upon entrance of pathogenic microbes, the instant 

recognition of these microbes occurs by a cellular pattern and 

soluble pattern (chemokines, cytokines, pentraxins, defensins, 

the complement system, and presumably other, yet to define, 

mediator systems) of the innate immune system and could 

mount resistance to reinfection.  

 

Nowadays, microscopic pathogens, especially viruses, are 

attacking us from all sides, so we have to understand the role 

of trained innate immunity in combating such pathogens. 

Immunity is the capacity of the immune system to protect the 

human body from infectious diseases through its reaction to an 

enormous number and variety of foreign antigens, and the 

innate immune response is the first line of defense that 

immediately responded by the following components: 

 

1. Barriers such as Skin and mucosa, secrete proteins and 

enzymes. 
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2. Effector cells such as Granulocytes, 

Monocytes/macrophages, Dendritic cells and those who 

do the following; Phagocytosis, cytokine production, 

protein and enzyme secretion, destruction of pathogens), 

Natural killer (NK) cells (Lysis of infected and tumoral 

cells, activation of macrophages through cytokine 

production). Innate lymphoid cells (Mediate immune 

response and regulate tissue homeostasis and 

inflammation), Endothelial/epithelial cells (Microbial 

recognition, cytokine production). 

3. Antimicrobial peptides that destruction of invading 

pathogens such as Defensins (a major family of host 

defense peptides expressed predominantly in neutrophils 

and epithelial cells) have an essential role in innate 

immunity as a protective component against viral, 

bacterial and fungal infections (Xu and Lu, 2020). 

 

Soluble mediators 

 

Cytokines (TNF-α, IL-1, chemokines, IFN-α, IFN-γ, IL-12, 

IL-15, IL-10, TGF-β), chemokines, interferons, etc (which are 

proteins produced by innate immunity cells such as 

macrophages, neutrophils, NK cells and some endothelial and 

epithelial cells produce some cytokines) that attract and 

recruitment the innate immune cells in the blood circulation to 

support them in eliminating the inflammation in that area. 

 

Series proteins 

 

Complement system that act through opsonization, destruction 

of pathogens, and T lymphocyte activation. 

Collectins and C reactive protein which act also through the 

opsonization of pathogens and complement activation 

Coagulation system which causes a localization of damage of 

infected tissue upon exposure to a second stimulus. 

Enzymes such as lysozyme. 

 

Cellular receptors 

 

1. Toll-like receptors (TLRs): Recognize a variety of 

microbial components (Netea et al., 2020). 

 

2. Nucleotide-binding and oligomerization domain (NOD)-

like receptors (NLRs): Sense bacterial components 

present in the cytoplasm. 

 

3. C-type lectin receptors (CLRs): Recognize sugar moieties 

of bacteria and fungi 

 

4. Rig-I-like Receptors (RLRs): Sense viral RNA  

 

Innate immunity cells  

 

The innate immunity cells are classified into three groups 

 

1. Phagocytic cells (eg, neutrophils, monocytes, macrophages) 

2. Innate lymphoid cells (eg, natural killer cells; which 

constitute 5 to 15% of peripheral blood mononuclear cells lack 

antigen-specific receptors; however, recent evidence suggests 

that could develop long-lasting and antigen-specific memory 

to haptens and viruses (Peng and Tian, 2017) and Ɣ ζ T cells. 

3. Polymorphonuclear leukocytes (neutrophils, eosinophils, 

basophils). 

 

These cells are not associated with a specific tissue; therefor 

their functions are independent by identifying and eliminating 

pathogens, and cannot reproduce on their own, but are the 

products of multipotent hematopoietic stem cells in the bone 

marrow. 

 

These cells during reinfection induce increasing a subsequent 

of the protective innate immune responses to the same or 

unrelated challenges, through upregulation of genes by 

epigenetic (Epigenetic mechanisms play an essential role in 

the organization of gene expression depending on the body's 

response to environmental stimuli (Heitmueller et al., 2017) 

without changes of the original DNA sequence, through 

reprogramming myeloid cells by stable epigenetic changes 

and lead to increasing of innate immunity cell number,  which 

plays an essential and vital role in immune-mediated diseases 

(van der Valk et al., 2016), although, the innate immunity has 

the capacity to give wide immunological protection, through 

its barriers and induce its cells at this area of inflammation 

that do their work in addition to producing substances of 

certain proteins, and occur a series alterations in metabolic 

mechanisms in glycolysis, TCA cycle, and fatty acid 

metabolism, which modulate several enzymes activity that 

associated with epigenetic remodelling processes through 

methylation and acetylation of these genes that related with 

the innate immune response.    

 

Innate immune memory 

 

An increasing of evidence through epidemiological data that 

use of live vaccines such as the BCG vaccine, smallpox 

vaccine, measles vaccine, and oral polio vaccine have 

beneficial, non-specific protective effects against other 

infections by inducing trained immunity cells (Netea et al., 

2020). 

 

Innate immune memory lacking genetic information but the 

epigenetic has the effect through reprogramming of innate 

immune cells that contain special receptors known Pattern 

Recognition Receptors (PRRs) which can distinguish 

molecules frequently found in pathogens (pathogen-associated 

molecular patterns—PAMPs) or molecules released by 

damaged cells (the Damage-Associated Molecular Patterns—

DAMPs) (Amarante-Mendes et al., 2018), and the subsequent 

challenges with the same or unrelated stimuli lead to modulate 

the second protective innate immune responses and that is 

through number increasing of the innate immune cells 

especially phagocytosis cells through upregulation of genes to 

enhance the clearance of microbes  (Boraschi and Italiani 

2018), this was proven by in vivo experiments in experimental 

mice by injecting them with PAMPs such as β-glucan, 

peptidoglycan, oligodeoxynucleotides, flagellin, etc which 
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induce protection against infection with Staphylococcus 

aureus, Toxoplasma, and Escherichia coli meningitis, 

Streptococcus pneumoniae and rotavirus respectively (Netea  

et al., 2016) through recognizing the ligands of pattern 

recognition receptors in mice, and also in other studies which 

use innate immune cytokines to provide trained immune 

protection by immunometabolic changes and histone post-

translational modifications  which enhance production of pro-

inflammatory cytokines (Cavalli et al., 2021), as an example 

of injection of one dose of recombinant IL-1 before infection 

give protection against mortality by Pseudomonas aeruginosa 

to mice (Van der Meer et al., 1988; Riksen and Netea, 2021). 

 

The innate immune cells have pattern recognition receptors 

(PRRs) which sense and engage diverse pathogen-associated 

molecular patterns (PAMP) and damage-associated molecular 

patterns (DAMP), through the engagement of PRRs. Innate 

immunity gets training, knowledge and memory through 

exposure to different types of antigens, which contain epitopes 

that may be similar to the epitopes of some pathogens, in 

addition to the surrounding environmental factors lead to 

innate immunity trained with memory during future exposure 

to other pathogens (through reprogramming of innate immune 

cells by epigenetic reprogramming of transcriptional pathways 

and metabolic reprogramming),  allowing quantitatively and 

qualitatively modified innate responses cells to next time-

delayed heterologous stimulation and may cause either a 

hyper-inflammatory state or an immunological tolerance 

(Netea et al., 2020). 

 

The continuation of epigenetic modifications of innate 

immune cells leads to the training of these cells on two levels 

central innate immune memory (bone marrow precursors and 

in circulating immune cells) and peripheral innate immune 

memory (tissue macrophages) which heightened preparedness 

to non-specific re-respond to reinfection with pathogens and 

this a clear through using BCG vaccination which provides 

non-specific effects against different diseases through 

generating trained immunity (Netea et al., 2020; Divangahi et 

al., 2021) and the memory of this type of immunity is short-

duration due to the continuous regeneration of central and 

peripheral innate immune cells (Divangahi et al., 2021). 

 

The BCG vaccine consider an attenuated vaccine from 

Mycobacterium bovis and the special characteristic of 

Mycobacterium species is the  thicker wall than other bacteria,  

this wall has a complex  lipid outer layer, lipids and 

lipopeptides which are important in an invasion and virulence 

(Benedictus et al., 2020) and  these components are powerful 

modifiers of the innate immune response (Chandler and Ernst, 

2017) and adaptive immune response (Benedictus et al., 2020)  

and due to abundant hydrophobic, waxy, mycolic acids, and 

major essential lipid components, which has adjuvant activity 

(Kubota et al., 2020), so this bacteria use in this vaccine due to 

it have a good amount of different antigens such as crude 

antigens (glycolipid antigen, plasma-membrane antigen), and 

purified antigens (TPX, TRB-B, ESAT6, CFP10, 85B,  

MPB64, MPB70, MPB83, MPT63, MPT64, KatG, MPT51, 

ESAT-6, MTC28, 14kDa protein, 38kDa protein, MBP59,  

CFP-10, TbDP, LAM, and Ag85 etc. (Alito et al., 2003; 

Meikle et al., 2009; Tanner et al., 2019; Kubota et al., 2020; 

Benedictus et al., 2020) that act as PAMPs that stimulate the 

receptors of the innate immune cells and these antigens give 

cross-protection from Mycobacterium tuberculosis and other 

pathogens infection, so the BCG vaccine, which was 

mentioned in many studies that showed its broad ability to 

generate broad-spectrum immunity against different pathogens 

such as Candida albicans, Schistosomamansoni, malaria, 

leprosy, influenza A virus, respiratory syncytial virus (RSV), 

herpes simplex virus type 2, COVID-19 virus  and 

Staphylococcus aureus (Covián et al., 2019; Netea et al., 

2020; Koneru et al., 2021) while fungal ligand β-glucan give 

protection against different types of pathogenic 

microorganisms (Kim et al., 2011; Marakalala et al., 2013; 

Murphy et al. 2021). 

 

Conclusion 

 

Conclusion Trained immunity is considered an alternative 

innate response to another unrelated challenge, due to 

epigenetic reprogramming of various transcriptional innate 

immune pathways due to different types of endogenous and 

exogenous antigens which have similar epitopes that trigger 

cross-protective immunity which is represented by the 

heightened trained innate immune response to various 

reinfections due to cross-reactivity of these similar epitopes of 

various antigens by trained innate immune cells especially 

(monocytes and macrophages),  and this concept has been 

used previously unintentionally and currently can be used as 

potential therapeutic strategies for immunological 

management of various diseases such as cancer, coronavirus 

disease 2019 (COVID-19) and other diseases by use different 

vaccines due to non-specific effects of vaccines, such as BCG 

vaccine effects on different diseases.  
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Cataldi, A. (2009, September). Identification of Novel Mycobacterium 

bovis Antigens by Dissection of Crude Protein Fractions. Clinical and 

Vaccine Immunology, 16(9), 1352–1359. 
https://doi.org/10.1128/cvi.00211-09 

Murphy, D. M., Mills, K. H. G., & Basdeo, S. A. (2021, August 19). The 

Effects of Trained Innate Immunity on T Cell Responses; Clinical 
Implications and Knowledge Gaps for Future Research. Frontiers in 

Immunology, 12.  

     https://doi.org/10.3389/fimmu.2021.706583 
Netea, M. G., Domínguez-Andrés, J., Barreiro, L. B., Chavakis, T., 

Divangahi, M., Fuchs, E., Joosten, L. A. B., van der Meer, J. W. M., 

Mhlanga, M. M., Mulder, W. J. M., Riksen, N. P., Schlitzer, A., Schultze, 
J. L., Stabell Benn, C., Sun, J. C., Xavier, R. J., & Latz, E. (2020, March 

4). Defining trained immunity and its role in health and disease. Nature 

Reviews Immunology, 20(6), 375–388. 
      https://doi.org/10.1038/s41577-020-0285-6 

Netea, M. G., Joosten, L. A. B., Latz, E., Mills, K. H. G., Natoli, G., 

Stunnenberg, H. G., O’Neill, L. A. J., & Xavier, R. J. (2016, April 22). 
Trained immunity: A program of innate immune memory in health and 

disease. Science, 352(6284).  

      https://doi.org/10.1126/science.aaf1098 
Peng, H., & Tian, Z. (2017, September 13). Natural Killer Cell Memory: 

Progress and Implications. Frontiers in Immunology, 8. 

https://doi.org/10.3389/fimmu.2017.01143 
Riksen, N. P., & Netea, M. G. (2021, February). Immunometabolic control of 

trained immunity. Molecular Aspects of Medicine, 77, 100897. 
https://doi.org/10.1016/j.mam.2020.100897 

Sánchez-Ramón, S., Conejero, L., Netea, M. G., Sancho, D., Palomares, S., & 

Subiza, J. L. (2018, December 17). Trained Immunity-Based Vaccines: A 
New Paradigm for the Development of Broad-Spectrum Anti-infectious 

Formulations. Frontiers in Immunology, 9. 

https://doi.org/10.3389/fimmu.2018.02936 
Tanner, R., Villarreal-Ramos, B., Vordermeier, H. M., & McShane, H. (2019, 

June 11). The Humoral Immune Response to BCG Vaccination. Frontiers 

in Immunology, 10.  
      https://doi.org/10.3389/fimmu.2019.01317 

van der Meer, J. W., Barza, M., Wolff, S. M., & Dinarello, C. A. (1988, 

March). A low dose of recombinant interleukin 1 protects 

granulocytopenic mice from lethal gram-negative infection. Proceedings 

of the National Academy of Sciences, 85(5), 1620–1623. 

https://doi.org/10.1073/pnas.85.5.1620 
van der Valk, F. M., Bekkering, S., Kroon, J., Yeang, C., Van den Bossche, J., 

van Buul, J. D., Ravandi, A., Nederveen, A. J., Verberne, H. J., Scipione, 

C., Nieuwdorp, M., Joosten, L. A., Netea, M. G., Koschinsky, M. L., 
Witztum, J. L., Tsimikas, S., Riksen, N. P., & Stroes, E. S. (2016, August 

23). Oxidized Phospholipids on Lipoprotein(a) Elicit Arterial Wall 

Inflammation and an Inflammatory Monocyte Response in Humans. 
Circulation, 134(8), 611–624. 

https://doi.org/10.1161/circulationaha.116.020838 

Xu, D., & Lu, W. (2020, May 7). Defensins: A Double-Edged Sword in Host 
Immunity. Frontiers in Immunology, 11. 

https://doi.org/10.3389/fimmu.2020.00764 

 

How to cite this article 

Ali, A. S., Hamzah, M. A., Abed, S. M. and Alubadi, A. M. (2023). The effect of cross-reactivity on trained innate immunity. Science Archives, Vol. 4(4), 291-

294.. https://doi.org/10.47587/SA.2023.4408 

 

  

This work is licensed under a Creative Commons Attribution 4.0 International License  

Publisher’s Note: The Journal stays neutral about jurisdictional claims in published maps and institutional affiliations. 

 

 

 

http://www.sciencearchives.org/
https://doi.org/10.1016/j.celrep.2021.108955
https://doi.org/10.12688/f1000research.11388.1
https://doi.org/10.3389/fimmu.2019.02806
https://doi.org/10.3389/fimmu.2011.00016
https://doi.org/10.1038/s41590-021-00960-y
https://doi.org/10.1128/iai.00336-17
https://doi.org/10.1038/s41590-019-0583-y
https://doi.org/10.4110/in.2011.11.4.191
https://doi.org/10.2147/idr.s300162
https://doi.org/10.1016/j.heliyon.2020.e04064
https://doi.org/10.1016/j.micinf.2013.03.002
https://doi.org/10.1128/cvi.00211-09
https://doi.org/10.3389/fimmu.2021.706583
https://doi.org/10.1038/s41577-020-0285-6
https://doi.org/10.1126/science.aaf1098
https://doi.org/10.3389/fimmu.2017.01143
https://doi.org/10.1016/j.mam.2020.100897
https://doi.org/10.3389/fimmu.2018.02936
https://doi.org/10.3389/fimmu.2019.01317
https://doi.org/10.1073/pnas.85.5.1620
https://doi.org/10.1161/circulationaha.116.020838
https://doi.org/10.3389/fimmu.2020.00764
https://doi.org/10.47587/SA.2023.4408
http://creativecommons.org/licenses/by/4.0/

