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Summary. After brain injury, neuronal genes are 
regulated to adjust to an altered environment; however, if 
neurons are damaged then genes related apoptosis are 
activated. Glial cells, astrocytes and microglia, respond 
to neuronal death by transcribing genes to enhance the 
survival of remaining neurons and for regeneration and 
repair. AP-1 transcription factors are induced in the 
neuronal response to injury. Depending on the AP-1 
dimer combination, neuronal genes related to either 
apoptosis or survival are transcribed. A 35 kDa Fos- 
related antigen:JunD dimer is present in neurons that 
survive injury. Jun and JunD exists in neurons prior to 
undergoing apoptosis. Neuronal death activates gene 
expression in astrocytes and microglia. NFkB 
transcription factors are induced in astrocytes reacting to 
neuronal injury. In the microglial response, STATs 
appear to be activated to regulate gene transcription. 
These transcription factors that modulate the genes 
involved in the cellular processes of brain injury are 
examined in this review. 
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Introduction to mechanisms of cell death 

The homeostatic challenge of al1 cells is to constantly 
adapt to a changing environment. External stimuli cause 
the release of signaling molecules, such as hormones and 
growth factors, to communicate environmental changes 
to other cells. Binding of these extraceilular molecules to 
their respective cellular receptors activate signal 
transduction pathways composed of protein kinase and 
phosphatase cascades to adjust the intracellular 
biochemistry for both gene expression-dependent and 
-independent mechanisms. For gene expression- 
dependent events, transcription factors are the final 
target for signal transduction systems to modulate 
mRNA levels. Gene transcription is altered in response 
to these extracellular signals to enhance or repress the 
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quantity of intracellular proteins to maintain 
homeostasis. 

Injury to cells activates intracellular transduction 
pathways to produce molecules for cellular survival and 
repair. However, if cells become too compromised to 
recover then death occurs. Cell death is divided into 2 
basic categories; necrosis in which the cell dies rapidly 
and apoptosis in which cell death is a slow, orderly 
process (Buja and Eigenbrodt, 1993). 

Necrosis occurs when there is damage to the plasma 
membrane due to irreversible injury (Buja and 
Eigenbrodt, 1993). Damage to the plasma membrane 
leads to disruption of the ionic gradients and the cell 
begins to accumulate organic phosphate and hydrogen 
ions resulting in lowered pH (Farber, 1982). A decrease 
in the cellular levels of ATP results in increased 
intracellular sodium levels causing cell swelling. At this 
time, the membrane becomes non-specificaily permeable 
and calcium homeostasis is lost activating proteases and 
lipases with consequent dismantling of the cellular 
stnicture. Necrosis differs from apoptosis by causing a 
random DNA fragmentation and cytokine-mediated 
inflammatory response which magnifies the tissue 
damage (Searle et al., 1982). 

In contrast to necrosis, apoptosis proceeds in an 
orderly manner with some forms requiring de novo 
protein synthesis as demonstrated by blockade of protein 
synthesis inhibitors (Buja and Eigenbrodt, 1993). In 
these cases, cell death is delayed due to dependence on 
the activation of gene expression. The apoptotic program 
causes a time delay to allow some cells to migrate and 
proliferate followed by a death execution program. 
Genes encoding proteases and endonucleases are 
activated to degrade proteins and internucleosomal DNA 
breaks (Oberhammer, 1993). Like necrosis, calcium is a 
major player in this process. Since protein synthesis is 
required for most types of apoptosis, transcription 
factors are induced or activated to execute this genomic 
program leading to cell death. 

lnjury to CNS 

Injury to the brain involves a complex interplay 
between neurons, astroglia and microglia. N e w n s  are 
the most vulnerable cell type to darnage while glial cells 
attempt to repair the injured area. Neurons maintain a 




















