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INTRODUCTION 

 

A traumatic brain injury (TBI) consists of physical damage to the brain tissue and is a major global cause of 

morbidity and disability, carrying a high socioeconomic burden (1). The damage from a TBI can be either temporary or 

permanent and compromises the normal functioning of the brain. There can be different types of brain injuries and the 

course and therapy depend on the location and severity of the damage. The pathological process that occurs after TBI is 

complex and many factors are involved. In recent years, this topic has been strongly debated in the scientific literature, 

and the in-depth study of new technologies and various therapies have led to a notable improvement in managing patients 

with TBI.  

Astrocytes, which take their name for their star-like appearance, are important cells of the central nervous system 

(CNS) and spinal cord. Astrocytes constitute neuroglia and are found in both white matter and gray matter where they 

present some differences. They participate in many brain functions such as immune reactions, brain diseases, and trauma, 

with different and sometimes opposing responses. Astrocytes and macrophages are activated early by brain damage, 

resulting in the release of neurotoxic factors and the subsequent formation of scar tissue (2). After brain trauma, 

endogenous neurogenesis can occur, which contributes to spontaneous hospitalization after the damage. In this article, 

we discuss the functions of astrocytes within the CNS and their pathophysiological functions in TBI, which are important 

topics for developing new therapies. 

 

DISCUSSION 

 

TBIs can be separated into two types of injuries: “primary” injuries, which refers to the mechanical damage that 

is inflicted, and “secondary” injuries, which refers to the molecular and biological processes that occur after the initial 

damage. In the “primary” lesion, there is large-scale brain damage that triggers the “secondary” lesion, which consists of 

extensive inflammation in the CNS. This inflammatory reaction is a defensive response to the physical trauma but can 

also significantly aggravate the traumatic brain damage. In the “primary” lesion, immune cells including microglia, are 

activated. The activation of immune cells can improve the traumatic state since they synthesize helpful molecules such 

as growth factors. However, activated immune cells can also produce inflammatory cytokines and can therefore be very 
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harmful to the ongoing pathological process. For this, developing new immunological strategies could be of great help in 

tackling this serious problem which too often leads to patient death (3).  

Sterile inflammation is a process that always occurs in trauma, and results during the “secondary” injury in TBI 

(4). This is inflammation that occurs without a response to pathogens, and in which multiple types of cells participate. 

When an injury takes place, immune cells are recalled and activated by the immune system. These cells then go on to 

send signals to neurons and glia, causing them to produce inflammatory molecules such as chemokines and cytokines.  

Microglial cells are elements of the non-specific innate immune response that promptly respond to antigens that 

are foreign to the organism, although they sometimes also react against self-antigens (autoimmunity). Microglia express 

toll-like receptors (TLRs) to recognize pathogens and dangerous molecules, and activation of these receptors leads to the 

synthesis of inflammatory proteins such as chemokines and cytokines (5).  

The first lesion causes a rapid primary response, warning that the brain has suffered trauma with the release of 

molecules such as ATP and high mobility group box 1 (HGMB1) protein, effectors of the inflammatory state (6,7). These 

signals lead to the activation of TLRs, which activate myeloid cells including microglia. Furthermore, the assembly of 

the inflammasome (NALP1) leads to the synthesis of IL-1 and IL-18, two highly inflammatory cytokines, as well as 

chemokines (8) (Fig. 1). This entire reaction leads to the participation of other molecules, such as reactive oxygen species 

(ROS) and nitric oxide (NO), which further amplify the inflammatory response. 

 

 
Fig. 1. Traumatic brain injury (TBI) activates ATP, HGMB1, and antigen binding toll-like receptor on microglia cells. 

This reaction leads to the activation of a cascade involving MyD88 in the cytoplasm and NF-kB in the nucleus, with 

secretion of CCL2, CXCL1, and CXCL2 chemokines and TNF, IL-1, and IL-18 cytokines. 

 

The innate immune response is followed by a more specific adaptive response, with the activation of T and B 

lymphocytes that recognize the antigen presented by the antigen presenting cells (APC). The CD4 and CD8 T cell 

subclasses may have TBI-aggravating cytotoxic functions or may be helpful and regulatory. However, these cells also 

produce pro-inflammatory cytokines, such as TNF and IL-1, which exacerbate neuroinflammation (9). B cells participate 

in the activation of T lymphocytes by producing immunoglobulins. Among the latest cytokines discovered are IL-37 and 

IL-38 that are reported to be anti-inflammatory (10). Since pro-inflammatory cytokines exacerbate the pathological state 

of TBI, there is a potential role for these cytokines to be used in TBI therapy. 

 

CONCLUSIONS 

Following TBI, the activation of immune cells is helpful to repair damage, but on the other hand, the release of 

inflammatory cytokines and chemokines can be detrimental with neuroinflammation and aggravation to the damaged 

tissue. Modulation of the immune system that induces sterile inflammation could change the clinical-pathological course 

following TBI and therefore, more research should continue to resolve the ongoing questions. 
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