Generation and characterization of conditional GRIM-19 knockout mice: implications for depression
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Introduction. Gene associated with retinoid-interferon-induced mortality-19 (GRIM-19) is a subunit of the mitochondrial respiratory chain complex I, required for mitochondrial ATP production. In a previous study, we showed that GRIM-19 was highly expressed in the immature and mature neurons in the granular cell layer, but weakly expressed in the subgranular layer of the hippocampus, which is rich in neural stem and progenitor cells.
Aims. We generated conditional GRIM-19 knockout mice to investigate the effect of GRIM-19 deficiency on the brain.
Methods. We conditionally knocked out GRIM-19 in mature granule cells in the dentate gyrus of the hippocampus using the calcium/calmodulin-dependent protein kinase II alpha-Cre (Camk2α-Cre) system. The offspring of the Camk2α-Cre+;GRIM-19fl/+ x Camk2α-Cre-;GRIM-19fl/fl combinations were divided into three groups based on the genotypic analysis results: control group (Camk2α-Cre-;GRIM-19fl/fl, Camk2α-Cre-;GRIM-19fl/+), heterozygous GRIM-19 knockout group (Camk2α-Cre+;GRIM-19fl/+), and homozygous GRIM-19 knockout group (Camk2α-Cre+;GRIM-19fl/fl). When the mice were 5 weeks old, tamoxifen (100 mg/kg, 0.05 ml/10 g) was administered intraperitoneally to the three experimental groups for 5 days. The mice were sacrificed at 10 weeks of age and the experiments were performed.
Results. Western blot analysis revealed a significant decrease in GRIM-19 protein expression in the homozygous group compared to the control group. Fluorescent immunohistochemical staining of the dentate gyrus revealed a significant decrease in the expression of both GRIM-19 and calbindin, an adult neuronal marker, in the homozygous group. In the open-field test, the homozygous group showed a significant decrease in the time spent in the inner zone and the distance traveled compared to the control group, whereas these decreases were not observed in the heterozygous group, suggesting that the homozygous group exhibited depressive behavior.
Discussion. In this study, we demonstrated that Camk2a-specific GRIM-19 conditional knockout mice exhibited reduced calbindin expression in the dentate gyrus as well as depression-related behaviors in adult mice, suggesting the possible involvement of GRIM-19 in the maturation of dentate granule cells and depression-related disorders.
