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Roles of angiotensin type 1 receptor signaling in neuroprotection
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Chapter 1: Angiotensin receptor type 1 blockers (ARBSs) protected against neuronal injury induced by oxygen-glucose

depletion (OGD).

Several clinical trials and in vivo animal experiments have suggested that blockade of angiotensin type 1 receptor (AT1)

improves ischemic outcomes. In the present study, we investigated the molecular mechanism of the protective effect of

AT1 blockade against ischemia. 48 hours of pre-treatment with ARBs, losartan or telmisartan, protected neuronal cells

against ischemic insult in vitro. Pre-treatment with AT2 agonist (CGP48933) did not show any neuroprotective effects.

AT?2 antagonist (PD123319) did not abolish the protective effect of ARBs. Blockade of AT1-mediated signaling, rather

than AT2 stimulation, is involved in the ARB-induced protection. OGD-induced extracellular glutamate release, reactive

oxygen species (ROS) production, and nitric oxide (NO) generation were all significantly suppressed by ARBs.

Furthermore, glutamate transporter 1 (GLT1) expression and glutamate uptake in neuron-astrocyte co-cultures were

significantly enhanced by ARBs, and impaired by AT1 agonist (L162313). In postnatal rat brains, P1 to P21 showed an

inverse correlation between the protein levels of GLT1 and AT1. These results suggest AT1 receptor-mediated signaling

might be involved in GLT1 regulation, and ARBs protect cells against ischemia via GLT1 upregulation.

Chapter 2: AT1 stimulation impaired GLT1 expression in astrocyte-defined medium (ADM) cultured astrocytes:

involvement of PISK/Akt/mTOR signaling reqgulation and the possibility of calcium oscillation.

Using pure astrocytes, we confirmed that AT1 stimulation with L162313 suppressed ADM-induced GLT1 expression in a

concentration-dependent manner. In addition, the GLT1 mRNA level was significantly reduced. AT1b knock-down using

SiRNA significantly enhanced ADM-induced GLT1 expression. Mammalian target of rapamycin (mTOR) was

significantly phosphorylated in ADM-cultured astrocytes. PI3K inhibitor or Akt inhibitor VIII treatment, which

decreased GLT1 upregulation in ADM culture, also abolished mTOR phosphorylation. mTOR inhibitor rapamycin

decreased both GLT1 mRNA, protein level and glutamate uptake, however, Akt phosphorylation level was not affected.




It indicates that mTOR is one of the targets of PI3K/Akt signaling, and phosphorylation of mTOR upregulates GLT1 in
ADM-cultured astrocytes. L162313 treatment significantly attenuated this PISK/Akt/mTOR signaling by facilitating
receptor tyrosine kinase (RTK) endocytosis, which, as a result, decreased its activity. It suggests that a negative
cross-talking exists between G protein-coupled receptor (GPCR) and RTK signaling. AT1 stimulation also elicited a
robust calcium oscillation in astrocytes. We investigated whether calcium wave affect GLT1 expression, using calcium
chelator (BAPTA-AM and BAPTA) and ionophore (ionomycin). BAPTA-AM and BAPTA treatment significantly
increased GLT1 expression and glutamate uptake in ADM-cultured astrocytes, while ionomycin treatment brought an
opposite effect. Although the underlying mechanism needs to be clarified, our data implied a possible inverse correlation

between intracellular calcium level and GLT1 expression in astrocytes.

Conclusion: the present study revealed a new mechanism of neuronal protective effects of AT1 blockade via astrocytic

GLT1 regulation, and PI3K/Akt/mTOR signaling and calcium wave might be involved.
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