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            Abstract
Many of the behavioral consequences of stress are mediated by the activation of the glucocorticoid receptor by stress-induced high levels of glucocorticoid hormones. To explore the molecular mechanisms of these effects, we combined in vivo and in vitro approaches. We analyzed mice carrying a brain-specific mutation (GRNesCre) in the glucocorticoid receptor gene (GR, also called Nr3c1) and cell lines that either express endogenous glucocorticoid receptor or carry a constitutively active form of the receptor (ΔGR) that can be transiently induced. In the hippocampus of the mutant mice after stress, as well as in the cell lines, activation of glucocorticoid receptors greatly increased the expression and enzymatic activity of proteins in the MAPK signaling pathway and led to an increase in the levels of both Egr-1 mRNA and protein. In parallel, inhibition of the MAPK pathway within the hippocampus abolished the increase in contextual fear conditioning induced by glucocorticoids. The present results provide a molecular mechanism for the stress-related effects of glucocorticoids on fear memories.
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                    Figure 1: Differences under basal condition in the expression of proteins in the MAPK pathway and Egr-1 in wild-type (WT) and GRNesCre mice in which the glucocorticoid receptor (GR) was selectively deleted in neurons.[image: ]


Figure 2: Stimulation of the MAPK pathway and Egr-1 after glucocorticoid receptor (GR) activation by corticosterone in AtT20 cells.[image: ]


Figure 3: Functional characterization of a constitutively active form (ΔGR) of the glucocorticoid receptor (GR).[image: ]


Figure 4: Stimulation of the MAPK pathway and Egr-1 by ΔGR in CHO-K1 Tet-ON cells.[image: ]


Figure 5: Influence of the glucocorticoid receptor (GR) on the activation of the MAPK pathway and Egr-1 induced by stress in the hippocampus.[image: ]


Figure 6: Activation of Egr-1 expression by the glucocorticoid receptor (GR) through both a MAPK-independent and a MAPK-dependent mechanism.[image: ]


Figure 7: Influence of ERK activation on glucocorticoid-mediated enhancement of contextual fear conditioning.[image: ]
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Schematic representation of the proposed molecular mechanism by which stress-activated GRs mediate some of the behavioral effects of stress. Following stress, activation of the GR by glucocorticoids rapidly increases (within 30 min) the levels of Egr-1 via a MAPK-independent pathway potentially acting on the Egr-1 promoter either directly or through the modulation of other transcription factors (grey circle). In parallel, stress-activated GR also rapidly increases the expression of proteins up-stream in MAPK pathway (Ras and Raf-1). This effect is followed by a delayed activation of Erk1/2 (maximal at 2 hours), which in turn results in sustained increased expression of Egr-1, even when the glucocorticoid signal has been turned off. This increase in Egr-1 expression can mediate some of the behavioral effects of stress, such as the enhanced memory of emotionally charged experience. (PDF 1306 kb)
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