TALDO1 links pentose phosphate pathway impairment to cognitive decline in Alzheimer's disease
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Introduction. Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by cognitive decline and synaptic dysfunction. Increasing evidence suggests that impaired glucose utilization is a major contributor to AD pathogenesis. Neurons preferentially use glucose through the pentose phosphate pathway (PPP). In AD, the flux through the PPP is significantly reduced, however, the underlying mechanism is still elusive.
Aims. This study aims to elucidate how PPP was affected in AD and whether it contributed to the AD pathogenesis.
Methods. Proteomic analyses of temporal cortex synaptosomes from AD patients and controls were conducted to identify dysregulated pathways and significantly affected proteins. Functional studies were performed by knockdown or restoration of protein expression in primary cultured neurons, as well as in wild-type and 5×FAD mice. Untargeted metabolomics and biochemical, electrophysiological and behavioral assessments were performed.
Results. Proteomic analysis of synaptic compartments identified glucose metabolism as the most significantly dysregulated functional network in AD. Further, transaldolase 1 (TALDO1), a rate-limiting enzyme in the PPP, is identified as a key enzyme affected in AD. TALDO1 is markedly downregulated in the early-stage of AD. Downregulation of TALDO1 reduced glucose metabolism by inhibiting the PPP, TCA cycle and oxidative phosphorylation, causing broad metabolic collapse. Further analysis demonstrated that downregulation of TALDO1 depleted nicotinamide adenine dinucleotide phosphate and glutathione pools to weaken antioxidant defense, thus impairing mitochondria and reducing energy supply, which collectively drive synaptic dysfunction and cognitive decline. Conversely, restoration of TALDO1 expression in 5×FAD mice improves glucose uptake, mitigates oxidative stress, restores metabolic homeostasis, and rescues neuronal and cognitive functions.
Discussion. Downregulation of TALDO1, a critical enzyme for the PPP, could be a key driver of neuronal glucose metabolic dysfunction in AD. Our findings position TALDO1 as a primary pathogenic factor responsible for the impaired PPP observed in AD.
