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Abstract
Traumatic brain injury (TBI) initiates a complex cascade of events, including primary mechanical damage and 

subsequent secondary injury processes. Neuroinflammation is a critical component of this secondary injury response, 
playing a dual role in both promoting recovery and exacerbating neuronal damage. This review examines the intricate 
neuroimmune mechanisms involved in TBI, highlighting key discoveries in this rapidly evolving field. We discuss the 
roles of resident immune cells (microglia and astrocytes), infiltrating peripheral immune cells, cytokines, chemokines, 
and other inflammatory mediators in the acute and chronic phases of TBI. Furthermore, we explore the implications 
of these findings for developing novel therapeutic strategies aimed at modulating the neuroimmune response and 
improving outcomes after TBI.
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Introduction
Traumatic brain injury (TBI), a significant cause of disability 

and mortality, results from an external mechanical force to the head. 
The pathophysiology of TBI involves primary brain damage from 
the initial impact (e.g., contusions, axonal shearing) and secondary 
injury processes that unfold over time [1]. Neuroinflammation is a 
central element of these secondary injury mechanisms. While the 
inflammatory response is initially aimed at clearing debris and initiating 
repair, dysregulated or prolonged inflammation contributes to further 
neuronal damage and long-term deficits. This review examines the key 
neuroimmune mechanisms involved in TBI, focusing on the roles of 
various immune cells, signaling molecules, and pathways in acute and 
chronic injury phases, and exploring potential immunomodulatory 
therapies.

Neuroimmune Response After TBI

The neuroimmune response following TBI is a complex process 
involving various cellular and molecular components. Microglia, the 
resident immune cells of the CNS, are rapidly activated after TBI, 
undergoing morphological changes and releasing inflammatory 
mediators . They can adopt different activation states: pro-
inflammatory (M1) and anti-inflammatory/pro-resolving (M2). In the 
acute phase, microglia typically exhibit an M1 phenotype, contributing 
to inflammation. Later, a shift towards M2 can promote repair. 
Astrocytes also play a crucial role. Reactive astrogliosis, characterized 
by hypertrophy and increased GFAP expression, occurs in response to 
injury [2-5]. Activated astrocytes release pro- and anti-inflammatory 
mediators and contribute to scar formation. Disruption of the 
blood-brain barrier (BBB) after TBI allows peripheral immune cells 
(neutrophils, monocytes, lymphocytes) to infiltrate the brain . These 
infiltrating cells further contribute to the inflammatory response. 
Neutrophils are among the first to arrive, releasing cytotoxic molecules. 
Monocytes differentiate into macrophages, modulating inflammation. 
Lymphocytes can contribute to chronic inflammation and 
autoimmunity. Cytokines and chemokines mediate communication 
between immune cells. Pro-inflammatory cytokines (TNF-α, IL-1β, 
IL-6) are upregulated after TBI, contributing to neuronal damage 
. Chemokines (CCL2, CXCL10) attract immune cells to the injury 
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site. Anti-inflammatory cytokines (IL-10, TGF-β) can counteract 
pro-inflammatory effects. The complement system, a part of innate 
immunity, is also activated after TBI . While complement activation 
can aid in clearing debris and recruiting immune cells, excessive 
activation can contribute to neuronal damage. Oxidative stress, with 
increased production of reactive oxygen species (ROS) and reactive 
nitrogen species (RNS), accompanies the inflammatory response [6-
8]. Oxidative stress damages cellular components and contributes to 
neuronal dysfunction. The neuroimmune response interacts with 
other secondary injury mechanisms, such as excitotoxicity, edema, and 
ischemia, amplifying the overall damage. For instance, inflammation 
can exacerbate excitotoxicity by increasing glutamate release.

Phases of Neuroinflammation and Therapeutic Strategies

The neuroinflammatory response can be divided into distinct 
phases: acute (hours to days), subacute (days to weeks), and chronic 
(weeks to months and beyond). The acute phase involves rapid 
microglial activation, pro-inflammatory cytokine release, and peripheral 
immune cell infiltration. The subacute phase sees continued immune 
cell activation, with the balance between pro- and anti-inflammatory 
processes determining recovery. Chronic neuroinflammation can 
persist long-term, contributing to ongoing deficits and potentially 
increasing the risk of neurodegenerative diseases. Given the role of 
neuroinflammation, modulating the immune response is a promising 
therapeutic strategy. Targeting microglial activation to inhibit pro-
inflammatory responses or promote M2 polarization is being explored. 
Cytokine modulation, by blocking pro-inflammatory or enhancing 
anti-inflammatory cytokines, is another approach. Strategies to 
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reduce BBB disruption and limit immune cell infiltration are under 
investigation. Anti-inflammatory drugs like corticosteroids have 
limited efficacy and side effects. Immunomodulatory agents like 
minocycline and statins are being studied [9]. Mesenchymal stem cell 
(MSC) therapy has shown promise in preclinical studies, potentially 
through immunomodulatory and neurotrophic effects . Targeting the 
complement system is also being explored.

Long-Term Consequences and Future Directions

Persistent neuroinflammation after TBI has been linked to 
long-term consequences, including cognitive impairment (memory 
problems, attention deficits), increased risk of neurodegenerative 
diseases (Alzheimer's, Parkinson's), post-traumatic epilepsy, and 
psychiatric disorders (depression, anxiety) . Key discoveries include 
recognizing the dual role of microglia, identifying key inflammatory 
mediators, understanding the interaction between neuroinflammation 
and other secondary injury mechanisms, and developing new imaging 
techniques. Future research should focus on identifying biomarkers 
of neuroinflammation, developing targeted immunomodulatory 
therapies, investigating long-term consequences, and exploring 
combination therapies.

Conclusion
Neuroinflammation plays a crucial role in the pathophysiology 

of TBI, contributing to both secondary injury and repair processes. 
Understanding the complex interplay of immune cells, signaling 
molecules, and pathways involved is essential for developing effective 
therapeutic strategies. Targeting specific aspects of the neuroimmune 

response holds promise for improving outcomes after TBI and 
mitigating long-term consequences.
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