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INTRODUCTION

Microglia are macrophage-type innate immune cells resident in the brain that perform various functions such as
maintaining neuronal health, repairing neuronal damage caused by injuries, and brain regulation and development. In
addition, microglia eliminate infectious agents, dead cells, and harmful antigens. The excessive activation of these cells
causes a high production of cytokines mediating inflammation which can even lead to the death of the individual. Here,
we discuss the current understanding of the potential signaling mechanisms and the secretion of cytokines by microglia.

DISCUSSION

Microglia are macrophage-like cells that reside in the central nervous system (CNS) and when activated with
appropriate antigens, or by pathological states such as necrotic and apoptotic cells, they produce pro-inflammatory
cytokines such as interleukin-1 (IL-1), tumor necrosis factor (TNF), and chemokines. These cytokines are produced in
defense of the organism, but when they are activated, they produce highly inflammatory products with effects that are
deleterious for neurons and for the life of the individual. Excessive production of cytokines and chemokines by microglia
activation can lead to neurological diseases including Alzheimer’s disease and Parkinson’s disease, amongst others.

IL-1 and TNF are polypeptide cytokine soluble products released by activated monocytes/macrophages with a broad
range of biological activities, most importantly of which is that they have potent regulatory effects on the immune system
(1). These two monokines are generated by a variety of cell types but are predominantly secreted by monocyte-
macrophage cells and other cells, which play an important role in different phases of the immune response to both foreign
and certain self-antigens. However, many aspects of the production and actions of IL-1 and TNF remain largely unknown
(2,3). It has been reported by many authors that the roles of microglia and other antigen-activated macrophage cells in
monokine production and T-cell activation are very critical for orchestrating the immune response by the host (4).
Antigens are known to stimulate macrophages (and microglia in the brain) to generate IL-1 and TNF, two important initial
signals for activating quiescent T cells to become antigen-specific T cells. Indeed, T cells recognize antigens displayed
on the surface of macrophages in association with major histocompatibility complex I (MHCII). Naive T cells respond
to IL-1 and TNF to become activated T cells capable of expressing the IL-2 receptor, producing soluble I1L-2, and secreting
other cytokines such as IL-4, IL-6, and gamma interferon (IFN-y) (5).
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In recent years, there has been substantial progress in the understanding of cytokine production and regulation
pathways by macrophages, even though the exact mechanisms are still an enigma. However, results reported in the
immunological literature tell us that IL-4, a growth and regulatory factor for activated B cells and T cells, and IL-6,
downregulate the production of IL-1 and TNF by human monocytes (6,7).

Moreover, immunosuppressive products of cyclooxygenase, such as inflammatory prostaglandin E2 and thromboxane
A2 cellular aggregation, are produced by macrophages after stimulation with antigen and/or some cytokines such as IL-
1 and TNF. It has been hypothesized that some cyclooxygenase products are also negative feedback signals for the
downregulation of IL-1 and TNF production by macrophages. For example, IL-4 produced by T helper cells appears to
downregulate and inhibit the generation of fever in vivo induced by IL-1 and TNF (8). The means by which IL-4 and IL-
6 downregulate the generation of IL-1 and TNF may involve the regulation of other protein syntheses, such as IL-10, IL-
1 receptor antagonist (IL-1Ra), IL-37, IL-38, and the soluble TNF receptor, molecules that are all released during immune
activation.

In addition, it is possible that IL-4 and IL-6 may mediate their downregulatory effects on IL-1 and TNF production at
the level of DNA transcriptional control. For example, IL-4 and IL-6 can influence cytokines and the cytokine receptor
gene that assist immunoregulatory molecules, such as specific enhancers and promoters of DNA binding proteins at AP-
1 and NF-xB sites. Interestingly, many side effects observed in cytokine immunotherapy appear to be mediated by IL-1
and TNF, in part through the production of arachidonic acid metabolites that can cause fever, cell aggregation, release of
cytoplasmic granules, hypotension, capillary leak, edema, and other side effects (9).

Therefore, the inhibitory effects of IL-4, IL-6, IL-10, and other cytokines on the production and activity of IL-1 and
TNF could play an extremely important role in controlling the delicate immunoregulatory balance in the brain during the
immunological response and inflammation.

CONCLUSIONS

Here we report that the IL-1 family members secreted by microglia can have dual effects as pro or anti-inflammatory
cytokines. Taken together, recent findings suggest that microglial activation with the release of pro-inflammatory
cytokines deserves interest as the target of treatment for neurodegenerative disorders.
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