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SUMMARY
Glutamate receptors mediate most of the excitatory neurotransmission in the central nervous system, and are involved in different physiological processes. However, excessive stimulation of glutamate receptors can cause toxicity, which is defined as excitotoxicity. Excitotoxicity may be implicated in several pathological conditions, namely in ischemia. To develop specific therapeutic tools it is crucial to understand the excitotoxic signalling pathways coupled to overstimulation of glutamate receptors. 
In this study, the intracellular mechanisms involved in the excitotoxic response were initially investigated in cultured chick retina cells, which are enriched in amacrine-like neurons. The aim of the study was to investigate whether excitotoxicity induced by overstimulation of different ionotropic glutamate receptors could trigger distinct intracellular signalling cascades. 

Overstimulation of glutamate receptors decreased the viability of cultured chick retina cells, which were particularly sensitive to the toxicity mediated through -amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors. One hour stimulation with 100 M kainate or 100 M glutamate reduced cell viability, as determined by the MTT test [MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl], 20-22 hours after stimulation, by about 44 % or 26 %, respectively. Kainate-induced toxicity was mediated through AMPA receptors while toxicity induced by glutamate was mediated essentially through N-methyl-D-aspartate (NMDA) receptors. Five hours after excitotoxic stimulation cultured retina cells had an apoptotic-like nuclear morphology. 
AMPA receptor desensitization modulated glutamate-induced toxicity. One hour stimulation with 100 M glutamate in the presence of cyclotiazide (CTZ) decreased cell viability by about 49 %, as assessed by the MTT test 20-22 hours after stimulation. Under these experimental conditions, toxicity was mediated essentially through AMPA receptors and the decrease on cell viability was identical to that observed when the excitotoxic stimulation was performed with kainate.
There are evidences that activation of transcription factors sensitive to oxidative stress conditions, such as nuclear factor-B (NF-B) and activator protein -1 (AP-1), might be associated to neuronal death. Thus, we investigated the effect of excitotoxic stimulation on the activation of the transcription factors AP-1 and NF-B in cultured retina cells. One hour stimulation with 100 M glutamate or 100 M kainate, induced a calcium-dependent enhancement of the DNA-binding activity of the AP-1 transcription factor, which was maximal 2 hours after stimulation. Glutamate induced a slightly greater increase in the AP-1 DNA binding activity than did kainate. The AP-1 dimers in cultured retina cells included proteins of the Fos family, namely Fra-2, and the proteins c-Jun and Jun D from the Jun family. In this preparation, the DNA-binding activity of the NF-B transcription factor was not significantly changed upon excitotoxic stimulation with any agonist. 

Glutamatergic stimulation can activate the extracellular signal-regulated kinase (ERK), and this kinase might regulate some of the proteins which constitute the AP-1 transcription factor. In cultured retina cells, stimulation of glutamate receptors with 100 M kainate or 100 M glutamate for 2 minutes was sufficient to induce the activation of ERK. Inhibition of ERK activation with MEK inhibitors increased the toxicity induced by 1 hour stimulation with 100 M kainate but did not affect 100 M glutamate-induced toxicity. These results indicate that, although stimulation with both glutamate receptors agonists increase ERK phosphorylation, only kainate-induced ERK activation correlates with the activation of a survival signalling pathway. Our results suggest that, in cultured chick retina cells, the intracellular mechanisms that mediate excitotoxic cell death and neuroprotection are distinct when excitotoxicity arises from overstimulation of NMDA or AMPA receptors.
Since cultured retina cells are particularly sensitive to excitotoxicity mediated through AMPA receptors and because AMPA receptors in this preparation are particularly rich in the GluR4 subunit, it was investigated whether the GluR4 subunit might activate excitotoxic pathways and whether this subunit is involved in the AP-1 transcription factor activation. To this purpose, we used a human embryonic kidney cell line (HEK 293) which constitutively expresses GluR4flip-containing AMPA receptors (HEK-GluR4), to distinguish the contribution of this subunit to the excitotoxic response.

One hour stimulation of HEK-GluR4 cells with 1 mM glutamate, in the presence of CTZ, induced a reduction in cell viability of about 64 %, as determined with the MTT test 20-22 hours after stimulation. The toxic effect of glutamate was calcium and concentration dependent, and it was mediated through the GluR4-containing AMPA receptors. In the absence of CTZ, 1 hour stimulation with 1 mM glutamate did not induce toxicity, which shows that the toxicity mediated through the GluR4-containing AMPA receptors is modulated by receptors desensitization. Thirteen hours after excitotoxic stimulation the HEK-GluR4 cells had an apoptotic-like nuclear morphology. The results indicate that in HEK-GluR4 cells the GluR4 subunit of AMPA receptors mediates excitotoxicity. 

In the HEK-GluR4 cells, stimulation of AMPA receptors with glutamate enhanced the DNA-binding activity of AP-1 only under the stimulation conditions where excitotoxicity was observed, which was when 1 mM glutamate stimulation was performed in the presence of CTZ. The increase in the AP-1 activity, mediated through the GluR4-containing AMPA receptors, was calcium dependent. The AP-1 composition in HEK-GluR4 cells included proteins of the Fos family, namely Fra-2, and the c-Jun and Jun D proteins of the Jun family. These results indicate that in native AMPA receptors the GluR4 subunit might be coupled to excitotoxic signalling pathways. Furthermore, the results suggest that the AP-1 transcription factor is involved on excitotoxicity-induced signalling pathways associated to the GluR4 subunit of AMPA receptors.
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