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ABSTRACT 

 

In humans, mast cells (MCs) are ubiquitous in tissues and express numerous surface receptors that allow them to 

respond to various stimuli and participate in many diseases, including allergies, inflammation, infections, and autoimmune 

and brain diseases. The activation of MCs in the brain can induce neuroinflammation with release of proinflammatory 

cytokines and chemokines and activates other compounds such as histamine and serotonin (5-HT), which play an 

important role in the central nervous system (CNS). The immediate degranulation of MCs leads to the production of 

histamine and 5-HT which contributes to the inflammatory process. Activated MCs release numerous neuroinflammatory 

molecules such as the cytokines tumor necrosis factor (TNF), IL-1, IL-6, vascular endothelial growth factor (VEGF), 

transforming growth factor beta (TGF), and CXCL8, amongst others. The inflammatory effect of MCs can overlap with 

that of peripheral circulating monocytes, amplifying neuroinflammation and neurodegeneration. 
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INTRODUCTION 

 

The immune system plays an important role in brain diseases. Immune cells are ubiquitous and therefore also 

reside in the meninges where they act as guardians to protect the body against microorganisms (1). In trying to defend the 

body, immune cells produce inflammatory molecules such as cytokines, metalloproteinases, arachidonic acid products, 

and other compounds, that mediate brain pathology (2). Mast cells (MCs) are immune cells that mediate innate immunity 

and acquired immunity. They are proinflammatory effector cells, that reside in high numbers within the central nervous 

system (CNS) and can play critical roles in the development of inflammation in many disorders (3). MCs are found 

throughout the body, including the brain. When they are activated in the brain, MCs release biological mediators such as 

cytokines/chemokines, leukotrienes, prostaglandins, and stored enzymes, all which play an important role in brain 

disorders (3,4). 

Neuroinflammation is associated with neurological and cognitive effects with mechanisms that are still unclear. 

MCs can mediate CNS immune responses and play a role in neuroinflammation and in several neurological diseases such 

as Alzheimer’s disease (AD) (5), multiple sclerosis (6), and Parkinson’s disease (7).  
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DISCUSSION 

 

MCs are immune cells of bone marrow origin that are involved in the pathophysiology of many allergic and non-

allergic diseases. Moreover, they participate in many pathological processes, including brain diseases and autoimmune 

diseases. MCs mediate brain damage in stress and neuropsychiatric disorders by releasing inflammatory mediators which 

can be of two types: those secreted immediately, such as proteases, and those secreted after a few hours, such as cytokines 

and chemokines (8). 

MCs contribute to almost all aspects of neuroinflammation by releasing inflammatory mediators (9). The cytokines 

released by MCs that are the most reported to induce neuroinflammation are tumor necrosis factor (TNF), IL-1, IL-6, 

vascular endothelial growth factor (VEGF), and transforming growth factor beta (TGF) (10). The chemokines CXCL8 

and CCL2, 3, and 4 also participate in neuroinflammation (11). Some cytokines, such as IL-1, can have an autocrine effect 

by activating microglia through toll like receptor (TLR)  4 which amplifies neuroinflammation (12). Pro-inflammatory 

cytokines induce capillary permeability and leak, and vascular dilation in brain tissue, and activate several inflammatory 

genes. In diseases such as AD, MCs react to plaque formations by producing various cytokines and chemokines, 

facilitating the permeability of the blood-brain barrier (BBB) (13). 

TNF is the only cytokine stored in the granules of MCs which can be released by degranulation immediately upon 

activation. In addition, TNF can be produced and secreted after several hours of protein synthesis. MC-derived TNF 

potently mediates the inflammatory reaction and sensitization of meningeal nociceptive receptors (14).  

Microglia are immune cells that are similar to macrophages and are located in the CNS. Microglial cells are 

phagocytic immune cells that release a series of pro-inflammatory molecules, such as IL-1, TNF, and IL-6, when they are 

activated from endogenous or exogenous stimulus (15). Neuroinflammation and neurodegeneration can be amplified 

when the inflammatory effect of microglia overlaps with that of peripheral circulating monocytes.  

MCs expose the TLR on their cell surface, which is capable of binding microorganisms with consequent cellular 

activation and an inflammatory response. Activated MCs immediately release (in seconds) preformed mediators such as 

histamine, protease, and TNF, and later (after hours) they secrete inflammatory cytokines and chemokines by protein 

synthesis (Fig. 1) (8). Furthermore, MCs can also release arachidonic acid compounds, such as prostaglandin D2 (PGD2) 

and the leukotrienes C4, D4, and E4, which induce the slow reaction of anaphylaxis (SRS-A) (16). The microbial 

activation of the TLR on MCs leads to a series of cascading reactions, with the formation of NF-kB and the synthesis of 

pro-inflammatory cytokines such as IL-1 (17). MCs produce numerous vasoactive mediators and other molecules that 

induce inflammation. Many of these molecules can disrupt the BBB by promoting the passage of toxic molecules into the 

CNS (9). The release of inflammatory mediators from MC granules, such as histamine and serotonin (5-HT) (in rodents), 

occurs immediately after activation (18).  

 
Fig. 1. Disease or insult in the central nervous system (CNS) activates mast cells (MCs) to rapidly release (after seconds) 

preformed mediators such as histamine and serotonin (5-HT), and later (after hours), to secrete inflammatory cytokines 

and chemokines. This process results in a cascade of further reactions that activates microglia cells and results in 

inflammation.  
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Histamine 

Histamine is a biogenic amine that was first discovered by Windaus and Vogt in 1907 and is linked to the anaphylactic 

reaction. It is responsible for energy homeostasis, smooth muscle constriction, vasodilation, immunoregulation, and other 

functions (19). Histamine is ubiquitous in tissues and is contained in basophils, dendritic cells, T cells, platelets, neurons, 

and glial cells, and has important effects on the immune response and blood cells (20).  

In MCs, histamine is rapidly synthesized and stored in specific granules from which it is subsequently released. 

Histamine is synthesized more slowly by immune cells such as T cells and is synthesized from the amino acid L-histidine 

via the carboxylation reaction (21). It is inactivated by histamine-N-methyltransferase or diamine oxidase, which is not 

found in the brain.  

In the CNS, histamine is produced only in histaminergic neurons, has a half-life of approximately 25 minutes, and 

circulates in the body as a hormone that mediates diverse functions including vascular activity, cellular maintenance, 

metabolism, and inflammation (22). At the microglial level, histamine can be pro- or anti-inflammatory, depending on 

the homeostatic state. Histamine acts through four G-protein-coupled receptors: H1R, H2R, H3R, and H4R that are found 

in immune cells (23).  

In the brain, H1R and H2R receptors are located on neurons and glia, while the H3R receptor is exposed only by 

neurons. H1R and H2R are found in numerous quantities in inflammatory cells such as MCs. The H2R mediates the 

inhibition of basophil degranulation, the innate immune response, and the generation of cytotoxic T lymphocytes (19). In 

addition, the stimulation of H2R in neutrophils and eosinophils inhibits the release of lysosomal enzymes and modulates 

the migration of these cells (24). The cytokines IL-1, IL-3, IL-8, and GM-CSF activate MCs to produce low quantities of 

histamine (25). After stimulation of H2R in lymphocytes, the release of histamine causes a lack of maturation and 

antibody production in B cells and plasma cells.  The stimulation of H2R on T cells leads to the production of 

inflammatory cytokines. 

Through the activation of the H1 receptor, histamine is responsible for 50% of prostaglandin generation. PGD2 is a 

potent vasoconstrictor which is completely released 5 minutes after MC activation of anti-IgE (26). Antihistamines, such 

as the anti-H2R, act as analgesics, likely by blocking 5-HT through Ca2+ channels (27). 

 

Serotonin (5-HT) 

 5-HT is a neurotransmitter involved in many pathophysiological functions of the organism. It is contained in the 

granules of rodent MCs, but not in those of humans. 5-HT is involved in the gut-brain axis, a two-way interaction that 

leads to inflammation and other symptoms.  

5-HT is related to the cellular immune system; In fact, drugs used to treat the effects of 5-HT also affect the immune 

system (28). Activated immune cells in the brain can mediate neuroinflammation and psychiatric diseases and 5-HT 

modulates the immune system through the regulation of immune cells, such as T cells, macrophages, dendritic cells, 

platelets, and MCs (29). The noradrenergic system is mediated by norepinephrine, which controls brain functions related 

to negative emotions. Norepinephrine can modulate the function of the peripheral immune system through 5-HT (30). In 

fact, the 5-HT 5-HT1A receptor promotes the proliferation of T lymphocytes, and blocking this receptor leads to an 

inhibition of cellular immunity and the synthesis of cytokines produced by T cells (31).  

5-HT is found in many cells, including neurons, and the reduced expression of this neurotransmitter in the brain can 

lead to depression and other pathologies. 5-HT inhibitors can reduce the proliferation of CD4+ T lymphocytes and 

increase CD8+ suppressor cells, resulting in immunosuppression (29). These methods are useful in transplant rejection 

and autoimmunity. Furthermore, 5-HT is involved in the degranulation and migration of MCs, resulting in the secretion 

of pro-inflammatory cytokines. Thus, 5-HT mediates the immune response and inflammation, as well as CNS functions, 

mood, depression, food intake, anxiety, learning disorders, and other behavioral characteristics. 

 

CONCLUSIONS 

 

The activation of brain MCs can induce neuroinflammation with the release of proinflammatory cytokines and 

chemokines and can also activate chemical mediators such as histamine and 5-HT which play an important role in the 

CNS. However, these concepts reported here require further studies to clarify the mechanisms of action for the reactions 

involved. The inhibition of MC activation could represent an important therapeutic strategy for several 

neuroinflammatory diseases. 
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