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ABSTRACT 

 

Microglia are innate immune cells resident in the brain with phagocytic activity similar to macrophages. Microglia 

are protagonists in inflammatory brain diseases and are large producers of interleukin (IL)-1. IL-4 is a growth factor for 

hematopoietic cells, helps B cells to produce immunoglobulins, and has the ability to down-regulate and inhibit the 

production of  IL-1 generated by both macrophages and microglia. Here, we report that the anti-inflammatory cytokines, 

IL-1 receptor antagonist (IL1-Ra), IL-4, IL-37, and IL-38 can inhibit the generation of IL-1 produced by microglia in 

inflammatory brain diseases. 
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INTRODUCTION 

 

Interleukin (IL)-4 is a 20-KDa cytokine glycoprotein product produced by T helper cells that has interesting 

biological effects. It is involved in the generation of the immunoglobulins IgG1 and IgE in mice, it has growth factor 

activity for T cells, mast cells (MCs), and thymocytes, and can activate T and B cells (1). IL-4 is also a growth factor for 

hemopoietic cells as well as an activation factor for macrophages (2,3). However, we believe the most interesting 

biological effect discovered so far for IL-4 is its capacity to down-regulate and inhibit IL-1 and tumor necrosis factor 

(TNF) produced by macrophages (4). In relation to the clinical sphere, it appears that IL-4 may suppress the generation 

of fever in vivo, and more surprisingly, in cancer patients, there seems to be a return of appetite and of weight gain after 

treatment with IL-4, thus reversing undesired symptoms generally mediated by IL-1 and TNF ( ). Cytokine therapies for 

cancer patients have been shown to produce unwanted side-effects due to potent inflammation. Hypotension, 

thrombocytopenia, capillary leak syndrome, leukopenia, fever, and arachidonic acid product formation, are all involved 

in the toxic shock-like syndrome and are among the many undesired effects produced by IL-2, IL-1, TNF, IL-6, GM-

CSF, and other cytokines. This cytokine release syndrome may even lead to death by inducing toxic shock syndrome (6). 

 

DISCUSSION 

 

The interleukin-1 receptor antagonist (IL-1Ra), IL-37, and IL-38 have been seen to inhibit IL-1 (7), the master of 

inflammation which induces other inflammatory cytokines. These anti-inflammatory proteins are monokines secreted by 
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human monocytes and are structurally similar to IL-1 but with no IL-1-like activity. They dump IL-1 by binding to its 

cell surface receptor and exert their biological effects.  

It has been found that IL-1Ra is not only an IL-1 inhibitor, but that this protein can also potentiate IL-2 to activate 

natural killer (NK) cells and down-regulate DNA synthesis in mitogen stimulated lymphocytes (8); this latter phenomenon 

is most probably due to the IL-1 inhibition. However, the reason for these biological effects is not yet totally understood. 

The inhibitory effects of IL-4 and IL-1Ra on IL-1 and TNF production plays an extremely important role in 

controlling the delicate immunoregulatory balance during immunity and inflammation following cytokine 

immunotherapy. 

Microglia are macrophage-like cells that are part of the innate immune system of the central nervous system (CNS). 

Microglia can exhibit pro- or anti-inflammatory behavior in response to Th1 cytokines and Th2 cytokines, respectively 

(9). In fact, when these cells are activated, they can produce both pro-inflammatory IL-1, TNF, and IL-6 (M1 polarization) 

and anti-inflammatory IL-4 and IL-13 (M2 polarized phenotype) which reduce inflammation (10). The activation of 

microglia occurs with the consumption of mitochondrial energy which allows for cell survival, which is important for the 

intervention of microglia in neurodegenerative processes. Therefore, polarization of M1 microglia leads to the release of 

pro-inflammatory cytokines; while M2 polarization leads to the secretion of anti-inflammatory cytokines, including IL-4 

(10) (Fig. 1).  

 

 

Fig.1. Activated microglia secrete IL-1 and TNF which stimulate macrophages and T cells, respectively. Upon activation, 

macrophages release autocrine IL-1, pro-inflammatory TNF, and IL-6; while TNF secreted by microglia activates T cells 

to release IL-4. Activated macrophages can also secrete anti-inflammatory cytokines that inhibit microglia; while T cells 

release anti-inflammatory IL-4 which inhibits microglia. 

 

IL-4 has its gene located on the Th2 cytokine locus and is an epigenetic regulatory cytokine that is produced by 

various cells, including CD4+ cells, MCs, NK cells, basophils, eosinophils, and ILC2 cells. In the CNS, IL-4 is released 

by both microglia and neurons (11). IL-4 has many similarities with IL-13, of which it shares approximately 30% of the 

amino acid sequence, and the two cytokines also share the same receptor (12). The receptor for IL-13 is located on the 

Th2 cytokine locus. 

The anti-inflammatory process can also be regulated by IL-37 which suppresses the activation of IL-1 and 

stimulates the generation of IL-10, another anti-inflammatory cytokine, and T regulatory (Treg) cells (13). IL-37 is 

generated by activated macrophages. Five isoforms (a, b, c, d, e) of this cytokine have been discovered, of which the most 

active and studied form appears to be "b" (14). IL-37 may inhibit IL-1 released by microglia and may relieve inflammation 

in neurological diseases (15).  

IL-38 is also a macrophage product that can inhibit IL-1 produced by microglia and dump inflammation (16). IL-

38 is one of the most recently discovered cytokines and is part of the IL-1 family. Since IL-38 is related to IL-36, its 

function is to block the IL-36 receptor, an effect reminiscent of that of IL-1Ra (17). IL-38 is expressed by various cells 

such as those located in the tonsils, heart, placenta, and brain. This cytokine has anti-inflammatory properties and has 

been implicated in several autoimmune and CNS diseases including autism spectrum disorder (16), Alzheimer’s disease 

(18), ischemic stroke (19), systemic lupus erythematosus (20), and psoriasis (21) . In addition, IL-38 is produced by B 
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cells. Since IL-1-producing microglial cells play a fundamental role in inflammatory brain diseases, inhibition of IL-1 

with IL-38 may have a significant therapeutic effect. 

 

CONCLUSIONS 

 

In addition to the previously discovered anti-inflammatory cytokines such as IL-4, IL-13, and IL-10, new anti-

inflammatory compounds such as IL-Ra, IL-37, and IL-38 have now appeared on the scene (7,22). These cytokines may 

inhibit cerebral inflammation and could be an additional tool to utilize in therapies for inflammatory diseases that are 

mediated by IL-1.  

 

Conflict of interest  

The authors declare that they have no conflict of interest. 

 

REFERENCES 

 

1. Smiley ST, Grusby MJ. Interleukin 4. Published online January 1, 1998:1451-1453. 

doi:https://doi.org/10.1006/rwei.1999.0368 

2. Ferrajoli A, Zipf TF, Talpaz M, Felix EA, Estrov Z. Growth factors controlling interleukin-4 action on hematopoietic 

progenitors. Annals of Hematology. 1993;67(6):277-284. doi:https://doi.org/10.1007/bf01696347 

3. Luzina IG, Keegan AD, Heller NM, Rook GA, Shea-Donohue T, Atamas SP. Regulation of inflammation by interleukin-4: a 

review of “alternatives.” Journal of Leukocyte Biology. 2012;92(4):753-764. doi:https://doi.org/10.1189/jlb.0412214 

4. te Velde A, Huijbens R, Heije K, de Vries J, Figdor C. Interleukin-4 (IL-4) inhibits secretion of IL-1 beta, tumor necrosis factor 

alpha, and IL-6 by human monocytes. Blood. 1990;76(7):1392-1397. doi:https://doi.org/10.1182/blood.v76.7.1392.1392 

5. Sultani M, Stringer AM, Bowen JM, Gibson RJ. Anti-inflammatory cytokines: important immunoregulatory factors 

contributing to chemotherapy-induced gastrointestinal mucositis. Chemotherapy research and practice. 2012;2012:490804. 

doi:https://doi.org/10.1155/2012/490804 

6. Dinarello CA, Simon A, van der Meer JW. Treating inflammation by blocking interleukin-1 in a broad spectrum of diseases. 

Nature Reviews Drug Discovery. 2012;11(8):633-652. doi:https://doi.org/10.1038/nrd3800 

7. Boutet MA, Nerviani A, Pitzalis C. IL-36, IL-37, and IL-38 Cytokines in Skin and Joint Inflammation: A Comprehensive 

Review of Their Therapeutic Potential. International Journal of Molecular Sciences. 2019;20(6):1257. 

doi:https://doi.org/10.3390/ijms20061257 

8. Conti P, Dempsey RA, Reale M, et al. Activation of human natural killer cells by lipopolysaccharide and generation of 

interleukin-1 alpha, beta, tumour necrosis factor and interleukin-6. Effect of IL-1 receptor antagonist. PubMed. 

1991;73(4):450-456. 

9. Cherry JD, Olschowka JA, O’Banion M. Neuroinflammation and M2 microglia: the good, the bad, and the inflamed. Journal 

of Neuroinflammation. 2014;11(1):98. doi:https://doi.org/10.1186/1742-2094-11-98 

10. Boche D, Perry VH, Nicoll JA. Review: Activation patterns of microglia and their identification in the human brain. 

Neuropathology and Applied Neurobiology. 2013;39(1):3-18. doi:https://doi.org/10.1111/nan.12011 

11. Rossi C, Cusimano M, Zambito M, et al. Interleukin 4 modulates microglia homeostasis and attenuates the early slowly 

progressive phase of amyotrophic lateral sclerosis. Cell Death & Disease. 2018;9(2). doi:https://doi.org/10.1038/s41419-018-

0288-4 

12. Zurawski SM, Vega F, Huyghe B, Zurawski G. Receptors for interleukin-13 and interleukin-4 are complex and share a novel 

component that functions in signal transduction. The EMBO Journal. 1993;12(7):2663-2670. 

doi:https://doi.org/10.1002/j.1460-2075.1993.tb05927.x 

13. Luo Y, Cai X, Liu S, et al. Suppression of antigen-specific adaptive immunity by IL-37 via induction of tolerogenic dendritic 

cells. Proceedings of the National Academy of Sciences of the United States of America. 2014;111(42):15178-15183. 

doi:https://doi.org/10.1073/pnas.1416714111 



102 
 

European Journal of Neurodegenerative Diseases Sep-Dec 2023; 12(3):99-102                                           www.biolife-publisher.it 

 

14. Quirk S, Agrawal DK. Immunobiology of IL-37: mechanism of action and clinical perspectives. Expert Review of Clinical 

Immunology. 2014;10(12):1703-1709. doi:https://doi.org/10.1586/1744666x.2014.971014 

15. Li X, Yan B, Du JS, et al. Recent Advances in Progresses and Prospects of IL-37 in Central Nervous System Diseases. Brain 

Sciences. 2022;12(6):723-723. doi:https://doi.org/10.3390/brainsci12060723 

16. Tsilioni I, Pantazopoulos H, Conti P, Leeman SE, Theoharides TC. IL-38 inhibits microglial inflammatory mediators and is 

decreased in amygdala of children with autism spectrum disorder. Proceedings of the National Academy of Sciences. 

2020;117(28):16475-16480. doi:https://doi.org/10.1073/pnas.2004666117 

17. van de Veerdonk FL, Stoeckman AK, Wu G, et al. IL-38 binds to the IL-36 receptor and has biological effects on immune cells 

similar to IL-36 receptor antagonist. Proceedings of the National Academy of Sciences. 2012;109(8):3001-3005. 

doi:https://doi.org/10.1073/pnas.1121534109 

18. Italiani P, Puxeddu I, Napoletano S, et al. Circulating levels of IL-1 family cytokines and receptors in Alzheimer’s disease: 

new markers of disease progression? Journal of Neuroinflammation. 2018;15(1). doi:https://doi.org/10.1186/s12974-018-

1376-1 

19. Lambertsen KL, Finsen B, Clausen BH. Post-stroke inflammation—target or tool for therapy? Acta Neuropathologica. 

2018;137(5):693-714. doi:https://doi.org/10.1007/s00401-018-1930-z 

20. Rudloff I, Godsell J, Nold-Petry CA, et al. Brief Report: Interleukin-38 Exerts Antiinflammatory Functions and Is Associated 

With Disease Activity in Systemic Lupus Erythematosus. Arthritis & rheumatology. 2015;67(12):3219-3225. 

doi:https://doi.org/10.1002/art.39328 

21. Kim HJ, Kim SH, Park JY, Lee M, Kim DS, Lee MG. Up-regulation of receptor antagonist interleukin-1 family members in 

psoriasis and their regulation by pro-inflammatory cytokines. Journal of Dermatological Science. 2016;82(3):204-206. 

doi:https://doi.org/10.1016/j.jdermsci.2016.02.003 

22. Volarevic V, Al-Qahtani A, Arsenijevic N, Pajovic S, Lukic ML. Interleukin-1 receptor antagonist (IL-1Ra) and IL-1Ra 

producing mesenchymal stem cells as modulators of diabetogenesis. Autoimmunity. 2009;43(4):255-263. 

doi:https://doi.org/10.3109/08916930903305641 

 

 


