From receptor heterogeneity to translational therapy: signaling-biased 5-HT6R modulation rescues cognition.
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Introduction. The 5-HT6 receptor (5-HT6R) is closely implicated in cognitive function. Antagonists targeting 5-HT6R have shown therapeutic efficacy against cognitive deficits. However, preclinical studies indicate that 5-HT6R antagonists carry a risk of inducing anxiety-like behaviors. This may reflect region-specific functional heterogeneity of 5-HT6R, but the biological basis of this heterogeneity remains unclear. 
Aims. Here we investigated the receptor’s physiological functions and elucidated their mechanistic underpinnings to conduct a screen for signaling-selective 5-HT6R antagonist.
Methods. By manipulating 5-HT6R expression in cognition-associated, receptor-enriched brain areas, we revealed regionally distinct, function-specific heterogeneity of 5-HT6R.
Results. In disease models of Alzheimer’s disease and schizophrenia, 5-HT6R mRNA and protein are elevated in the medial prefrontal cortex (mPFC) and dorsal CA1 (dCA1). Region-targeted neuronal overexpression of 5-HT6R in the mPFC, but not in dCA1, precipitates cognitive deficits. Mechanistically, supraphysiological 5-HT6R expression in mPFC neurons disrupts primary cilium morphology and function via a ciliary cAMP-PKA signaling axis, culminating in dysregulation of brain-derived neurotrophic factor (BDNF) expression. By contrast, the nucleus accumbens (NAc), which likewise exhibits abundant 5-HT6R, appears to influence anxiety-related phenotypes through cAMP-PKA-independent mechanisms. We therefore posit that selective antagonism of the 5-HT6R-cAMP-PKA signaling axis may ameliorate cognitive impairment while minimizing anxiogenic liability.
Discussion. This study aims to delineate the regionally discrete, function-specific roles of 5-HT6R and to elucidate the underlying signaling -biased signaling mechanisms. We further aim to identify signaling -selective 5-HT6R antagonists and to evaluate their therapeutic efficacy in preclinical models of cognitive impairment, alongside comprehensive assessments of long-term safety. By establishing a mechanistic framework for precision modulation of 5-HT6R — shifting from broad receptor blockade to signaling -selective antagonism — we intend to inform the rational development and clinical translation of safer, more effective 5-HT6R-targeted therapies.
