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Neurochemical Characterization of Huntingtin—Associated Protein 1 and Choline
Acetyltransferase in the Adult Mouse Forebrain.
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Huntingtin—associated protein-1 (HAP1) is a neuro—cytoplasmic protein and is involved in both
intracellular trafficking and neuroprotection. The neuronal marker Choline acetyltransferase (ChAT) is
an enzyme used to recognize the cholinergic neurons; that neuron influences attention, learning, motor
control, and emotional responses. Despite their apparent importance to neurodegenerative disorders,
little is known about the distribution and the neurochemical heterogeneity throughout the mouse
forebrain. This study implemented Western blotting and immunohistochemistry in adult mice to map
HAP1 and ChAT immunoreactive (ir) neurons throughout the BFCN, which included the brain area of the
medial septum (MS), vertical and horizontal limbs of the diagonal band of Broca (VDB, HDB), and
substantia innominata basal part (SIB). Furthermore, research was conducted across the caudate
. putamen (CPu) and habenula. Neuropeptides (CGRP, CCK), calcium-hinding proteins (calbindin,
calretinin, parvalbumin), and other markers, including neuronal nitric oxide synthase (nNOS) and
Substance P (SP), were employed to assess co—expression as an indicator of neurochemical heterogeneity.

High regionalized HAP1 expression was found in BFCN, with the highest densities found in MS
and VDB and medium to high expression in HDB and SIB. In contrast, HAP1 was sparsely distributed
over the CPu. There were numerous ChAT-ir neurens in the CPu and across the BFCN, but ChAT
neurons in CPu consistently did not co—express.with HAP1. The highest co~expression of ChAT and
HAP1 was observed in MS and VDB, indicating an enriched association in the forebrain cholinergic
populations.

There was intensive co—expression of CGRP and CCK with ChAT neurons in the basal forebrain,
particularly in the HDB and CPu. Calretinin had more selective co—expression in the VDB, SIB, and
CPu, whereas calbindin was widely distributed and had significant co—localization with ChAT-ir neurons
in both the VDB and HDB. However, parvalbumin neurons were not co-localized with ChAT.
Furthermore, HAP1 showed selective and region—specific co—expression patterns. HAP1 was found to
moderately co-localize with the CGRP and CCK in the MS, VDB, and HDB but didn’t co—express with
parvalbumin in the studied brain regions.

In the habenula, the majority of ChAT-positive neurons were found in the medial habenula (MHb),
which lacked expression. of HAP1. Conversely, HAP1 was only expressed in the lateral habenula (LHb);
specifically, it was enriched in the central and paracentral subnuclei of LHb. In LHb, HAP1 showed the
highest co-expression with CGRP-and CCK neurons, whereas HAP1 had few overlaps with nNOS neurons
and a moderate co—expression with calbindin and calretinin. Though the co-localization of HAP1 with
parvalbumin and SP neurons was absent. However, the selective expression of CCK and CGRP by ChAT
neurons in the MHb revealed unigque peptidergic pathways that are mediated by cholinergic nuclei.

These results show neurochemical distinctions between cholinergic and HAP1-expressing neurons.
The selective HAP1-ChAT interaction in MS and VDB but not in striatal cholinergic neurons suggests
a spatially diverse inherent protective potential of the HAP1 and ChAT. The regionalized and
heterogenous immunohistochemical relationships between HAP1, ChAT, neuropeptides, and calcium-
binding proteins indicate selective synaptic regulatory and protective effects against neurodegenerative
stress. Our results provide a neurochemical foundation for future functional and mechanistic research
on HAP1 and ChAT, especially in the context of different neurological diseases.
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Neurochemical Characterization of Huntingtin-Associated Protein 1 and Cholme Aoetylu'ansfemse i the Adult
Mouse Forebrain.
(B~ 7 2RI DA TF U TF VBB LR Lo LT ETFIV N T VAT = T— ORI

PR BRSO F 44
Immunohistochemical relationships of hunﬁngﬁn—associated protein 1 with choline acetyltransferase in the forebrain
cholinergic nuclei of adult mice.
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[GiscE#r B 'S ] Abstract of the Thesis

Huntingtin—associated protein-1 (HAP1) is a neuro-cytoplasmic protein and is involved in both intracellular
trafficking and neuroprotection. The neuronal marker Choline acetyltransferase (ChAT) is an enzyme used
to recognize the cholinergic neurons; that neuron influences attention, learning, motor control, and
emotional responses. Despite their apparent importance to neurodegenerative disorders, little is known about
the distribution and the neurochemical heterogeneity throughout the mouse forebrain. This study implemented
Western blotting and immunohistochemistry in adult mice to map HAP1 and ChAT immunoreactive (ir) neurons
throughout the BFCN, which included the brain area of the medial septum (MS), vertical and horizontal limbs
of the diagonal band of Broca (VDB, HDB), and substantia innominata basal part (SIB). Furthermore, research

was conducted across the caudate putamen (CPu) and habenula. Neuropeptides (CGRP, CCK), calcium-binding |

proteins (calbindin, calretinin, parvalbumin), and other markers, including neuronal nitric oxide synthase
(nNOS) and Substance P (SP), were employed to assess co—expression as an indicator of neurochemical
heterogeneity.

High regionalized HAP1 expression was found in BFCN, with the highest densities found in MS and VDB and
medium to high expression in HDB and SIB. In contrast, HAP1 was sparsely distributed over the CPu. There
were numerous ChAT—ir neurons in the CPu and across the BFCN, but ChAT neurons in CPu consistently did not
co—express with HAP1. The highest co—expression of ChAT and HAP1 was observed in MS and VDB, indicating
an enriched association in the forebrain cholinergic populations.
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There was intensive co—expression of CGRP and CCK with ChAT neurons in the basal forebrain, particularly
in the HDB and CPu. Calretinin had more selective co—expression in the VDB, SIB, and CPu, whereas calbindin
was widely distributed and had significant co—localization with ChAT-ir neurons in both the VDB and HDB.
However, parvalbumin neurons were not. co—localized with ChAT. Furthermore, HAP1 showed selective and
region—specific co—expression patterns. HAP1 was found to moderately co—localize with the CGRP and CCK in
the MS, VDB, and HDB but didn’ t co-express with parvalbumin in the studied brain regions.

In the habenula, the majority of ChAT-positive neurons were found in the medial habenula (MHb), which lack_ed
expression of HAP1. Conversely, HAP1 was only expressed in the lateral habenula (LHb); specifically, it
was enriched in the central and paracentral subnuclei of LHb. In LHb, HAP1 showed the highest co—expression
with CGRP and CCK neurons, whereas HAP1 had few overlaps with nNOS neurons and a moderate co—expression
with calbindin and calretinin. Though the co—localization of HAP1 with parvalbumin and SP neurons was absent.
However, the selective expression of CCK and CGRP by ChAT neurons in the MHb revealed unique peptidergic
pathways that are mediated by cholinergic nuclei.

These results show neurochemical distinctions between cholinergic and HAPl-expressing neurons. The
selective HAP1-ChAT interaction in MS and VDB but not in striatal cholinergic neurons suggests a spatially
diverse inherent protective potential of the HAP1 and ChAT. The regionalized and heterogencus
immunohistochemical relationships between HAP1, ChAT, neuropeptides, and calcium-binding proteins indicate
selective synaptic regulatory and protective effects against neurodegénerative stress. Our results provide
a neurochemical foundation for future functional and mechanistic research on HAP1 and ChAT, especially in
the context of different neurological diseases.
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