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Immunohistochemical Relationship of Huntingtin-Associated Protein 1 with Serotonin

in Mouse Brainstem Raphe Nuclei and its Protective Role in Serotonergic System
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Huntingtin-associated protein 1 (HAP1) is a component of stigmoid body and is well known
as the protective interactor of proteins implicated in multiple neurodegenerative disorders
(NDs). Brain areas enriched with HAP1 tend to be relatively resistant to neurodegenerative
processes whereas areas with little or no HAPI expression tend to be preferentially
vulnerable. This "HAP1 neuroprotectivity" has been proposed to be a major determinant of
regional susceptibility of multiple NDs. Additionally, there is mounting evidence that some
NDs and neuropsychiatric diseases are caused by malfunctioning of serotonergic (5-HT)
neurons. The raphe nuclei, which are the main source of central 5-HT neurons, have not been
fully discussed in the context of the HAP1 protection hypothesis. To address this gap, we
showed that HAP1 is abundantly expressed in the entire raphe system, whereby nearly 99%
of 5-HT neurons in adult mice show strong HAP1 immunoreactivity in the caudal linear
raphe, median raphe, dorsal raphe, supralemniscal raphe, caudal part of the dorsal raphe, pre-
pontine raphe, pontine raphe, raphe magnus, raphe obscurus, raphe pallidus, and
parapyramidal raphe nuclei of rostral and caudal clusters. This suggests that there could be
a close functional relationship between serotonergic signaling and HAPI1. The better
comprehension of this association was obtained through the generation of HAPI1
homozygous knockout (HAP1-/-) pups by CRISPR/Cas9-mediated genome editing.
However, it was challenging to render a comprehensive assessment of their functioning in
adulthood as they typically died within 24 hours after birth for inexplicable causes.
Therefore, in the present study, postnatal day 0 (PO) HAP1+/+ and HAP1-/- pups were used
to investigate the neurochemical and morphological interaction between HAP1 and 5-HT
neurons at an early developmental stage. Almost 98% of 5-HT neurons co-expressed with
HAPI1 in both raphe clusters of wild pups. Despite the conserved number of 5-HT neurons
in PO knockout, HAP1-/- pups showed a significant decrease in the somatic volume of 5-HT
neurons, and profoundly reduced serotonergic fiber varicosities, throughout the raphe nuclei
and their major forebrain targets, including the cortex, hippocampus, hypothalamus, and
amygdala. Even HAPI heterozygous pups (HAP1+/-) showed an intermediate loss of
varicosities, indicating the possibility of a gene-dependent effect. Accordingly, tryptophan
hydroxylase-2, the rate-limiting enzyme for 5-HT synthesis was significantly reduced in
HAP1-/- pups. All of these results suggest that HAP1 is a crucial regulator of 5-HT synthesis
and neuronal morphology. Therefore, regulation of intracellular trafficking, synaptic
varicosity development, and neurochemical stability may be carried out by HAP1 to preserve
5-HT neuronal integrity and raise the threshold of susceptibility to neurodegeneration.
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Immunchistochemical Relationship of Huntingtin-Associated Protein 1 with Serotonin in Mouse Brainstem Raphe
Nuclei and its Protective Role in Serotonergic System"
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Neuroanatomical mapping of huntingtin—associated protein 1 across the rostral and caudal clusters of mouse raphe
nuclei and its immunohistochemical relationships with serotonin. .
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