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Roles of the aryl hydrocarbon receptor in the NMDA receptor-mediated neuronal survival and death
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Mental illness, especially depression and Alzheimer’s disease (AD), has affected the quality of life in patients at broad spectrum
of age, and in their family members. The incidence rate of these depression and AD has been increasing over the past decade
worldwide. Depression is the major cause of suicide, which has become one of the leading causes of death in Taiwan. Ample
evidence indicates that neurotransmitter homeostasis as well as neurotrophic support are disrupted in the diseased brains. Recent
advances regarding the drug development for depression and AD therapies have converged upon a common strategy, i.e.
regulation of the excitatory NMDA (Nmethyl- D-aspartic acid) receptor activity and elevation of brain-derived neurotrophic
factor (BDNF) levels. NMDA receptors, a glutamate receptor subfamily that broadly involve in brain function, mediate
intracellular signaling for both neuronal survival and death. The mechanisms regarding the paradoxal role of NMDA receptors
are attributed to their synaptic and extrasynaptic localization which give rise to beneficial and detrimental effects on the neuronal
viability, respectively. However, lack of association between the genetic variation of NMDA receptor subunits or BDNF genes
and these diseases makes the etiological mechanism remains unknown. In our previous study, we have demonstrated that



2,3,7,8-TCDD, the most potent aryl hydrocarbon receptor (AhR) agonist derived from environmental pollutant, induced neuronal
death in primary cultured cortical neurons in a NMDA receptor- dependent manner via calcium/calmodulindependent protein
kinase [V(CaMK-IV)/CBP signaling (Lin et al., 2008). The AhR, also known as the dioxin receptor, is an evolutionarily
conserved ligand-activated transcription factor that mediates xenobiotic enzyme expression for detoxification. However, the
physiological role of AhR in mammalian brain function remains unclear. AhR ligands are present in both human body and
external environment, and the well-characterized ones are mostly found in the environmental organic pollutants such as dioxins,
polyaromatic hydrocarbons (PAHs), and polychlorinated biphenyls (PCBs). Recent studies revealed that prenatal exposure to the
environmental AhR ligands is associated with delayed neural development in animal models and cognitive deficits in humans.
Our current study further found that AhR ligand upregulates NMDA receptor expression in both cortical neurons and microglia
and enhances NMDA excitotoxicity. Moreover, knockdown of AhR expression with siRNA diminishes the NMDA-induced
excitotoxicity, and enhances NMDA-induced activation of cAMP response element binding protein (CREB) and downstream
BDNF gene expression. To our knowledge, this is the first time that AhR has been linked to the regulation of NMDA receptor
activities. Therefore, the aim of this project is to decipher the role of AhR in mental health with special focus on its involvement
of NMDA receptor expression, synaptic localization, and NMDA-dependent microglial-neuron interaction for neuronal survival
and death, neurochemical features, and psychomotor behavior. Our central hypothesis is that AhR is a key transcription factor for
the expression of NMDA receptor subunits, at least NR2A, and a key regulator for CREB activity, thereby differentially regulates
the NMDA receptor-mediated excitotoxicity, microglial activation, and BDNF neurotrophism. In the first year, we will examine
the genomic mechanism and regional distribution of AhR-mediated NMDA receptor subunit gene expressions in vitro and in
vivo. In the second year, we will examine the role of AhR in the NMDA receptor-mediated BDNF gene expression, with special
focus on the AhR-CREB-CBP cross talk. The CREB/BDNF-related psychomotor behavior that is often reduced in depression
will also be examined. In the third year, we will examine the role of AhR in the NMDA receptor-mediated neuronal death with
special focus on the microglia-neuron interaction. The ultimate goal of this project is to delineate the new role of AhR as a key
mediator of NMDA receptor activity. The obtained information will not only shed new light on our understanding of the AhR
function in the brain, but also provide important clues for the etiology and therapeutic strategies of depression and AD
considering AhR-related environmental toxins as potential risk factors for mental diseases.



