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In the preclinical studies for antisense oligonucleotide
(ASQO) targeting central nervous system (CNS),
visualizing and identifying brain regions and brain cell
types where ASO distributes are quite important. In
this study, we evaluated the biodistribution of ASO
and knockdown (KD) of Malat-1 in various CNS
regions of mice using in situ hybridization (ISH). In
addition, we developed a new panel of multiplex
immunohistechemistry (mIHC) to detect various brain
cell types where ASO distributes. ASO was
administered via three different routes, and
differences in distribution were analyzed.

ASO for Malat-1 was once administered to mice by
intracerebroventricular  (ICV), intrathecal (IT), or
subcutaneous injection (SC), and two weeks after
administration, brain and spinal cord were collected
as we reperted in the last annual meeting (Sano et al.
2023) . The distribution of ASO and KD of Malat-1 in
multiple brain regions and the spinal cord were

by in situ hybri ion (ISH). In addition,
we developed a new miHC panel, and the ASO
distribution of each cell types (neuron, astrocyte,
cligodendrocyte, microglia, and endothelial cell) in
each brain region was visualized. As a result, ASO
was widely observed in the brains of ICV and IT
groups, but slightly detected in the SC group except
for areas without blood-brain barrier (BBB).
Distribution of KD was correlated with the
biodistribution of ASO. mIHC revealed that ASQ
distributed mainly in endothelial cells in the SC group,
and in various cell types of brain in the ICV and IT
groups. Additionally in the IT group, ASO was
specifically observed in the neurons in the layer V of
parietal cortex (around motor cortex). Qur results
suggested that the new panel of mIHC which we
developed is very useful for detecting differences in
cell types depending on the administration method
when ASQ is administered to the CNS.
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Evaluation of tissue distribu
1. Biodistribution of ASO for Malat-1 by ISH

SC IcV IT Table 1. Histological evaluation of ASQ for Mafat-1
Region | SC (PBS) | SC(ASO) | ICVIASC) | IT(ASO)
" Brain
g , L2) hr Olfactory bulb ] 1 34 4
v N el > Cortex (Parietal) 0 1 3 2"
5 Cortex (Temporal-Basal) o 1 34 34
Striatum 0 1 3 2
Hippocampus o 1 4 23
Amygdala ] 1 3 3
Thalamus ] 1 4 2
Hypothalamus: ] 2 4 4
T— Midbrain (Substantia nigra) 0 1 4 4
x QR G Cerebelium ] 1 34 3
oy & Medulla oblongata Q 1 4 4
©, @+  Corpuscalosum 0 1 3 12
L s Choroid plexus (Lateral-3 ventricle) ] 4 3 1
& % Choroid plexus (47 ventricle) [ 4 3 1
5 ¥, +  Spinalcord
ik Cervical ] 1 34 4
S & Thoracic ] 1 34 4
7 . e Lumber ] | 1 34 4
0: no signal, 1: a few signals, 2: More signal than score 1, 3: Many signals were focally observed,
— 4: Many signals were diffusely obsenved
Red signal: ASO for Malat1 Uppérs whole sectian, Lower: Layer ¥ in corte [ammmeawwmmupp«mi *1: Layer V showed specifically posilive.

A smaller amount of ASO was detected in the SC group compared to the ICV and the IT groups throughout brain and spinal cord, but clearly detected in
areas without BBB which were median eminence of hypothalamus and choroid plexus. In the ICV group, ASC was widely detected especially in the brain
regions around ventricles (e.q. hippocampus, cortex, striatum, thalamus, hypothalamus and cerebellum). In the IT group, ASO was observed mainly in the
temporal to basal regions of brain (e.g. temporal to basal region of cortex, hypothalamus, basal midbrain and medulla oblongata) and in the layer V in
parietal cortex (arrow heads).

2. Distribution of KD for Malat-1 by ISH
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0: KD was not observed, 1: KD was observed in a few cells, 2. Small foci of KD calls was observed,
3: Large number of cells showed KD, 4: KO was diffusely observed
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Brown signal: Malat-1 mRNA

KD of Malat-1 was observed as a pale blue nucleus without positive signal for Malat-1 by ISH. The distribution of KD correlated with the
biodistribution of ASO. However, KD was rarely observed in the layer V of parietal cortex in the IT group.

Representative image for miHC, Upper: whole section, Lower: magnified view of the upper box

SC group : ASO (I was detected in microglia (JEE)ASO in microglia: white arrow) in the median eminence (a), and in endothelial cells (SR (ASO
in endothelial cell: white arrowhead) throughout the brain (b).

ICV group : ASO was detected in all cell types (neurons (JRS), astrocytes oligodendrocytes (YRR, microglia) throughout the brain.

IT group : ASO was detected in all cell types in the temporal to basal area (c). In the layer V of the parietal cortex (d), ASO was observed almost
exclusively in neurons (yellow arrows).

Our results indicated that it was difficult to distribute ASO across Blood-Brain Barrier by SC administration in this study, and ASO was taken up diffusely by
all cell types by ICV and IT administration. In addition, it was speculated that ASO by IT administration was delivered by retrograde transport from motor
neurons in the ventral horn of the lumber spinal cord to neurons in layer V of the parietal. Qur results also suggested that the new panel of mIHC is very
useful for detecting differences in cell types depending on the administration method when ASC is administered to the CNS.




