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ABSTRACT

Inhibitors of histone deacetylases (iHDACs) are promising drugs for neurodegenerative
diseases. We have evaluated the therapeutic potential of the new iHDAC6 LASSBio-1911
in AP oligomer (ABO) toxicity models and astrocytes, key players in neuroinflammation and
Alzheimer's disease (AD). Astrocyte phenotype and synapse density were evaluated by flow
cytometry, Western blotting, immunofluorescence and qPCR, in vitro and in mice. Cognitive
function was evaluated by behavioural assays using a mouse model of
intracerebroventricular infusion of APO. LASSBio-1911 modulates reactivity and
synaptogenic potential of cultured astrocytes and improves synaptic markers in cultured
neurons and in mice. It prevents ABO-triggered astrocytic reactivity in mice and enhances
the neuroprotective potential of astrocytes. LASSBio-1911 improves behavioural
performance and rescues synaptic and memory function in ABO-infused mice. These results
contribute to unveiling the mechanisms underlying astrocyte role in AD and provide the

rationale for using astrocytes as targets to new drugs for AD.
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1. INTRODUCTION

Histone acetylation/deacetylation is a key epigenetic modification that controls gene
expression by modifying the chromatin structure. The histone deacetylase (HDAC) family
of enzymes controls the acetylation status of several cytosolic and nuclear proteins by
removing acetyl groups from the acetylated e-amino groups of lysine residues [1]. Levels of
acetylation have been reported to play a major role in the pathogenesis of several
neurodegenerative diseases, such as Alzheimer's, Parkinson's, and Huntington's disease.
Recently, inhibitors of HDAC (iHDACs) have emerged as promising targets for
neurodegenerative diseases [2-4]. Epigenetic modifications caused by the inhibition of
HDAC have been associated with memory restoration and reduced cognitive deficits in
several amyloidosis animal models [5, 6]. HDAC6 plays an important role in the clearance
of misfolded proteins [7], control of axonal transport of mitochondria [8] and acetylation of
tau [9]. While paninhibition of HDAC may affect a range of cellular functions, resulting in
a nonspecific effect, selective inhibitors of HDAC6 have proven to be more specific in their
actions, thus emerging as a promising candidate for therapy of neurodegenerative diseases
(Simdes-Pires et al. 2013; Rodrigues et al., 2020).

Alzheimer's disease (AD) is the most prevalent form of dementia in elderly
individuals, marked by progressive synaptic and cognitive dysfunction. Brain accumulation
of both insoluble and soluble amyloid-f species, brain inflammation, impaired axonal
transport, increased formation of neuronal reactive oxygen species, increased tau
phosphorylation and formation of neurofibrillary tangles, and mitochondrial damage are all
characteristic of AD pathologies [10, 11]. There is no effective treatment for AD, which may
be attributed in part to a lack of a clear understanding of the underlying molecular

mechanisms of disease progression. We and others have shown that defective astroglial


https://doi.org/10.1101/2023.10.25.564038
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.10.25.564038; this version posted October 30, 2023. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

function and reactivity significantly contribute to the development of AD [12-16] and aged-
related brain dysfunction [17, 18]. Data from different mouse models of AD and single-cell
seq analysis experiments in humans and mice suggest that astrocyte reactivity is highly
heterogeneous and may depend, in addition to other factors, on the proximity of the -
amyloid plaques and the stage of the disease [19-21]. We previously showed atrophy of
astrocyte processes and impaired synaptogenic and neuroprotective function in astrocytes
after exposure to soluble amyloid-f oligomers (ABO) [14]. Rescue of these properties
mitigates synaptic and memory loss induced by ABOs in mice [14], supporting the
association between astrocyte reactivity and brain dysfunction induced by ABO. Recently, a
neurotoxic astrocyte phenotype has also been shown to play a role in different pathological
models of AD [22].

Within this context, the modulation of astrocyte reactivity emerges as an important
alternative mechanism for the treatment of neurodegenerative diseases. Activation of
HDAC:s triggers inflammatory pathways and reorganization of the astrocytic cytoskeleton,
contributing to neuroinflammation [23, 24], while HDAC inhibition improves astrocyte
neurotrophic and neuroprotective capacity [25]. Despite those data, there is no clear evidence
on the mechanisms underlying the effects of these inhibitors on astrocytes. Therefore, the
aim of this study was to evaluate the therapeutic potential of the HDACG6 inhibitor LASSBio-
1911 in vitro and in vivo in an ABO toxicity model and to investigate the cellular mechanisms

underlying these events, with a particular focus on astrocyte biology.
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2. METHODS

2.1 Synthesis of the drugs

LASSBio-1911, (E)-N'-(4-(hydroxycarbamoyl)benzylidene)-4-(dimethylamino)
benzohydrazide, was synthesized according to the methodology previously described by
Rodrigues et al., 2016 [20]. After purification by column chromatography and complete
characterization by using different spectrometric and spectroscopic techniques, the obtained

samples were subjected to reversed-phase HPLC analysis, which indicated a purity > 95%.

2.2. Methodology of docking analysis

The protein data bank high-resolution crystal structure SEEN (1.86 A) of HDAC6 catalytic
domain 2 in complex with belinostat (DOI: 10.1038/nchembio.2134) was selected for the
docking studies. The analyses were performed using the GOLD v.2021.2 program (CCDC).
The four fitness functions available in the program, namely, ASP, [26] ChemPLP, [27, 28]
ChemScore and GoldScore, [29] were evaluated in the redocking analysis of the
cocrystallized ligand to identify the most adequate fitness function. Crystallographic water
molecules were removed during the docking runs, and the binding site was determined
within a 10 A distance from the native ligand. In this way, the obtained root-mean square
deviation (RMSD) values between the best result for each fitness function and the
crystallographic structure indicated ChemScore as the best function to proceed with. The
higher performance of the ChemScore function was related to the correct identification of
the chelating interaction between the ligand’s hydroxamic acid moiety and the zinc ion in a
bidentate pattern. ChemScore was used for the docking study of LASSBio-1911 into

HDACS6 catalytic domain 2 (SEEN).
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2.3 Preparation and characterization of AP oligomers (ABO)

ABO were prepared weekly from synthetic ABi-42 (American Peptide Company, Sunnyvale,
CA) and were routinely characterized by size-exclusion chromatography and, occasionally,
by western immunoblots, as previously described [30-32] ABO ranged from dimers (~9 kDa)
to higher molecular weight oligomers (~50-100 kDa) [33]. Oligomer preparations were

aliquoted and kept at -70 °C until use.

2.4 Animals

Newborn (P0) Swiss mice were used for astrocyte cultures, and embryonic 14-day-old mice
(E14) were used for neuronal cultures. For in vivo experiments, we used 2- to 3-month-old
male Swiss mice. All animals were housed under standard conditions with ad libitum access
to food and water. Animal handling and experimental procedures were previously approved
by the Animal Use Ethics Committee of the Federal University of Rio de Janeiro (CEUA-
UFRIJ, approval protocol 006/18). Experiments were performed according to Brazilian
Guidelines on Care and Use of Animals for Scientific and Teaching Purposes (DBCA).
Animals used in this study were derived from the animal facility of the Instituto de Ciéncias

Biomédicas (ICB/UFRJ) and Faculdade de Farmacia (UFRJ).

2.5 Neural cell cultures and treatments

Primary astrocyte cultures were derived from the hippocampus of newborn Swiss mice as
previously described [34]. Briefly, the hippocampus was removed, and the meninges were
carefully stripped off. Tissues were maintained in Dulbecco’s minimum essential medium
(DMEM) and nutrient mixture F12 (DMEM/F12, Invitrogen) supplemented with 10% foetal
bovine serum (FBS, Invitrogen). Cultures were incubated at 37 °C in a humidified 5% CO»,

95% air chamber for approximately 7-10 days in vitro (DIV) until confluence.
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Neuronal cultures were prepared from embryonic Day 15-16 Swiss mice. Briefly,
the hippocampus was removed, meninges were carefully removed, neural tissue was
dissociated in neurobasal medium (Invitrogen), and the cells were plated at a density of
75,000 per well of 13 mm diameter onto glass coverslips previously coated with poly-L-
lysine (10 pg/mL, Sigma). Cultures were maintained in neurobasal medium supplemented
with B-27, penicillin, streptomycin, fungizone, L-glutamine, and cytosine arabinoside (0.65
uM, Sigma) at 37 °C in a humidified 5% CO., 95% air atmosphere for 12 DIV. Purified
cultures of neurons and astrocytes were treated with 1 uM LASSBio-1911 for 24 hours, after

which the cells were processed for morphological or biochemical assays.

2.6 Astrocyte conditioned medium preparation and neuronal treatment

To obtain conditioned medium from LASSBio-1911-exposed astrocytes (CM 1911),
confluent astrocyte cultures were kept for 4 hours in serum-free medium, after which they
were exposed to 1 uM LASSBio-1911 or vehicle for 24 hours (for CM 1911 or CM,
respectively). Cells were washed three times to eliminate drug, and fresh serum-free
DMEM/F12 medium was added. The medium was collected after 24 hours and centrifuged
at 1,500 x g for 10 min to remove cellular debris. To test the effect of astrocyte-conditioned
medium, neuronal cultures were previously treated at 37 °C for 30 min with CM or CM 1911
and then exposed to 500 nM ABO or an equivalent volume of vehicle (2% DMSO in PBS)

for 3 hours.

2. 7TMTT
After 24 hours of treatment, the cultures had their media collected for subsequent assays,

and the cells were incubated at 37 °C in a humidified oven for 2 hours with MTT (Sigma—

Aldrich, 5 pg/ml). The medium was removed, and 100% DMSO (Sigma—Aldrich) was added
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to each well to dissolve the formazan salts. The plates were read at 540 nm in a plate reader

(Molecular Devices).

2.8 Nitrite level measurement

Nitric oxide (NO) production was determined indirectly through a nitrite (NO) assay. NO»
is stable metabolite of NO, according to the Griess reaction [35]. Briefly, a 50 puL aliquot of
media was mixed with an equal volume of Griess reagent [0.1% N-(1-naphthyl)
ethylenediamine dihydrochloride, 1% sulfanilamide, and 2.5% phosphoric acid] and
incubated at 22 °C for 10 min, followed by absorbance measurement at 540 nm. Based on a
standard curve of NaNO: (Sigma—Aldrich) ranging from 0 to 100 puM, the nitrite
concentration was calculated. Background NO;™ was subtracted from each experimental

value.

2.9 Immunocytochemistry

Astrocyte and neuronal cultures were fixed with 4% PFA in PBS (pH 7.4) for 15 min, and
nonspecific sites were blocked with 3% bovine serum albumin (BSA; Sigma—Aldrich), 5%
normal goat serum (Sigma—Aldrich) and 0.2% Triton X-100 diluted in PBS for 1 h before
incubation with the following antibodies: mouse anti-GFAP (1:1,000; Millipore, Cat.
MAB360), rabbit anti-LCN-2 (1:200; Millipore, Cat. AB2267), rabbit anti-GFAP (1:1,000;
DAKO Cytomation, Cat. Z0334), rabbit anti-Spinophilin (1:500; Abcam, Cat. Ab18561),
mouse anti-Synaptophysin (1:1,000; Millipore, Cat. MABN1193), mouse anti-Histone H3
(1:200-1:400; Cell Signalling, Cat. #14269), rabbit anti-acetyl histone H3 (1:500; Cell
Signalling, Cat. #9677), rabbit anti-C3 (1:200; Abcam, Cat. ab11887), mouse anti-S100a10
(1:500; Abcam, Cat. ab232524) at 4 °C overnight. Subsequently, the cells were thoroughly

washed with PBS and incubated with secondary antibodies at room temperature (RT) for 2
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h. Secondary antibodies were Alexa Fluor 546-conjugated goat anti-rabbit IgG, goat anti-
mouse IgG, goat anti-rat IgG (1:1,000; Invitrogen), Alexa Fluor 488-conjugated goat anti-
rabbit IgG or goat anti-mouse IgG (1:300; Invitrogen), and Alexa Fluor 594-conjugated goat
anti-rabbit IgG or goat anti-mouse IgG (1:1,000; Invitrogen). Nuclei were counterstained

with DAPI (Sigma—Aldrich), and cells were observed with a TE2000 Nikon microscope.

2.10 Immunohistochemistry of mouse brain tissue

The animals were anaesthetized with ketamine/xylazine (100 mg/kg and 10 mg/kg,
respectively) and then transcardially perfused with saline. Brains were removed and fixed
with 4% paraformaldehyde at 4 °C for 24 h and then kept in PBS at 4 °C. Forty-micron-thick
sagittal sections were obtained using a vibratome (Leica) and subjected to
immunohistochemistry. The brain sections were permeabilized with 1% Triton X-100 for
30 min at 25 °C. Nonspecific sites were blocked with 3% serum bovine albumin (Sigma—
Aldrich) and 5% normal goat serum (Sigma—Aldrich) diluted in PBS for 1h before
immunoreaction with the following antibodies: mouse anti-GFAP (1:1,000; Millipore, Cat.
MAB360), rabbit anti-GFAP (1:1,000; DakoCytomation, Cat. Z0334), rabbit anti-Homer1
(1:500; Abcam, Cat. ab184955), synaptophysin (1:1000; Millipore, Cat. MABN1193)
mouse anti-EGR1/Zif268 (1:200; Santa Cruz Biotechnology, Cat. Sc101033), rat anti-C3
(1:300, Abcam, Cat. ab11862), rabbit anti-S100a10 (1:1,000, Abcam, Cat. ab232524) at 4
°C for 24 h. The sections were then washed with PBS and incubated with secondary
antibodies at RT for 2 h. The secondary antibodies were Alexa Fluor 594-conjugated goat
anti-rabbit IgG, Alexa Fluor 594-conjugated goat anti-mouse IgG, (1:1,000; Molecular
Probes), and Alexa Fluor 488-conjugated goat anti-rabbit IgG (1:300; Molecular Probes).
The nuclei were counterstained with DAPI. The sections were mounted with mounting

medium (DakoCytomation) and imaged under a confocal microscope (Leica TCS SPE).
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2.11 ABO intracerebroventricular (i.c.v.) injections and drug treatment

Three-month-old Swiss mice were kept in groups of five animals per cage in standard
housing conditions (12 h light/dark cycle with controlled room temperature and humidity)
with ad libitum access to food and water. All mouse experiments were performed in
accordance with the Principles of Laboratory Animal Care from the National Institutes of
Health and were approved by the Institutional Animal Care and Use Committee of the
Federal University of Rio de Janeiro. L.c.v. injections were performed as previously
described [33]. Briefly, mice were anaesthetized using isoflurane 2.5% (Cristélia, Sdo Paulo,
Brazil) in a vaporizer system (Norwell, MA) and were gently restrained during the i.c.v.
procedure. Mice received i.c.v. injections of 10 pmol ABO or vehicle (final volume, 3 pL)
through a 2.5 mm-long needle. The needle was inserted unilaterally 1 mm to the right of the
midline point equidistant from each eye and 1 mm posterior to a line drawn through the
anterior base of the eye, as previously described [33]. LASSBio-1911 was dissolved in
dimethyl sulfoxide (DMSO) and diluted with a mixture of saline and PEG-400 (40%); mice
received daily treatment with vehicle or LASSBio-1911 (50 mg/kg) by the intraperitoneal
route for ten days prior to biochemistry and toxicological analysis. In another experimental
set, animals received ABO i.c.v. infusion one hour prior to vehicle or LASSBio-1911 (i.p.)

treatment for 7-10 days followed by behavioural and molecular tests.

2.12 Toxicological analysis

The body weights of mice treated with LASSBio-1911 (50 mg/kg) or vehicle by
intraperitoneal (i.p.) route were assessed daily for 10 days. Parameters indicative of toxicity,
such as abdominal constriction, ptosis, piloerection, tremors, paralysis, tremor, reduction of
body tonus, convulsions (seizures), corneal reflex, touch response, tail grip, and mortality,

were randomly observed during animal manipulations [36]. On the 8th day of observation,

10
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animals were anaesthetized and sacrificed by cervical displacement and subjected to
laparotomy, which allowed blood collection and macroscopic observation (general aspect,
colour and weight) of organs and/or glands, such as the heart, lung, liver, kidney, spleen and
pancreas. The levels of urea, creatinine, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), cholesterol, triglycerides and low-density lipoprotein (LDL) were
determined. All biochemical analyses were validated and performed via spectrophotometry
in a semiautomatic biochemical analyser (Bioplus-2000) using commercial kits (Vida

Biotecnologia Ltda. - BRASIL).

2.13 Novel object recognition test

The behavioural analyses were performed according to a previously described protocol [33].
Mice were initially placed in an open field arena and subjected to a 5-min habituation
session. The number of crossings and rearings was determined. Mice were then exposed to
a training phase in which animals explored two identical objects for 5 min, and the time
spent exploring each object was determined. One hour after the training session, mice were
again placed in the arena for the test session, and one of the two familiar objects used in the
training session was replaced by a novel one. Again, the time spent exploring familiar and
novel objects was determined, and all data were analysed. The arena and objects were
thoroughly cleaned between trials with 40% ethanol to eliminate olfactory cues. The results
were expressed as the percentage of time exploring each object during the training or test
session and were analysed using a one-sample Student’s t test comparing the mean
exploration time for each object with the fixed value of 50%. Animals that recognize the

familiar object as such (i.e., learn the task) spend more time exploring the novel object.

11
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2.14 Passive avoidance behaviour

The step-down apparatus consisted of a barred floor box (40 x 25 % 35 cm) with a platform
(9.5 x 7 x 3 cm) in the centre. During the training session, the animals were placed on the
platform, and the time to descend from the platform was recorded. As soon as the animals
placed their four paws on the metal grid, an electric shock of 0.5 mA was administered for
2 s. The animals were then placed on the platform. The test session took place 24 h after
training, when the animals were again placed on the platform and the latency to descend
from the platform was measured. Data are presented as retention values (descent latency in

the training session subtracted from latency in the test session for each animal).

2.15 Flow cytometry

Cell dissociation for flow cytometry was adapted from a previously described protocol [37].
Mice were anaesthetized with ketamine/xylazine (100 mg/kg and 10 mg/kg, respectively)
and then transcardially perfused with saline. Brains were removed, dissected, and rinsed in
PBS. After removing the meninges, the hippocampus was cut into small pieces using a sterile
scalpel and centrifuged at 300 xg for 2 min at RT, and the supernatant was carefully
removed. Enzymatic cell dissociation was performed using 20 U/ml papain in Gey’s buffer
for 20 min at 37 °C under agitation. Papain activity was stopped with 10% FBS in Gey’s
buffer at 4 °C. Tissue was mechanically dissociated with the aid of a pipette and filtered (70
uM nylon mesh strainer) to remove tissue pieces. Cell suspensions were centrifuged at 300
xg for 10 min at 4 °C and fixed with 2% paraformaldehyde at 4 °C for 2 h. Suspensions were
washed 3 times with PBS followed by centrifugation and then kept in PBS at 4 °C. Cell
suspensions were centrifuged and permeabilized with saponin (0.1% in PBS) for 15 min at
RT, centrifuged and washed 3 times with PBS and incubated with glycine (1.5 mg/ml) for

15 min at RT. Cells were washed 3 times with PBS and incubated with blocking solution

12
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(PBS/BSA 1%) for 1 h at 37 °C and then with the following primary antibodies: mouse anti-
GFAP (1:500; Millipore, Cat. MAB360), rabbit anti-C3 (1:25; Invitrogen, Cat. MAI1-
40046), rabbit anti-S100a10 (1:20; Abcam, Cat. ab232524) at 4 °C for 24 h. The cell
suspension was centrifuged at 300xg for 5 min at 4 °C, washed 3 times with PBS and
incubated with the following secondary antibodies at RT for 2 h: Alexa Fluor 488-conjugated
goat anti-mouse IgG (1:200; Molecular Probes) and Alexa Fluor 633-conjugated goat anti-
rabbit IgG (1:1,000; Molecular Probes). After 2 hours, the cell suspension was centrifuged
and washed as previously described, and the cells were resuspended in 500 pl of PBS.
Background staining for antibodies was determined in antibody nonconjugated cells and
fluorochrome-conjugated isotype control cells. Cells were analysed on a FACS Canto II flow

cytometry system (BD Biosciences). Data were analysed with FlowJo vX software.

2.16 Quantitative RT-PCR (qPCR)

The cortical astrocytes were lysed with TRIzol® (Invitrogen), and total RNA was isolated
and purified with Direct-zol™ MiniPrep Plus (Zymo Research, Irvine, CA, USA) according
to the manufacturer's protocol. The RNA was quantified using a NanoDrop ND-1000
spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). Total RNA (1-2 ng)
was reverse transcribed with a GoScript™ Reverse Transcriptase ¢DNA reverse
transcription kit according to the manufacturer's instructions (Promega Corporation, an
affiliate of Promega Biotecnologia do Brasil, Ltda). Primers were designed and synthesized
by IDT-DNA (San Diego, CA, USA). The specific forwards and reverse oligonucleotides
were as follows: S100a10 (F) GCT TAC GTT TCA CAG GTT TG; (R) CCT GCC ACT
AGT GAT AGA AAG and GAPDH (F) AAG AAG GTG GTG AAG CAG GCA TCT, (R)
ACC CTG TTG CTG TAG CCG TAT TCA. Quantitative real-time PCR was performed

using Fast SYBR Green Master Mix qPCR Master Mix (Applied Biosystem™); the cycling
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conditions were 95 °C for 20 sec and 40 cycles of 95 °C for 1 sec and 60 °C for 20 sec in
the QuantStudio 7 Flex System (Applied Biosystem™). The relative expression levels of the

genes were calculated using the 2 24T method [38].

2.17 Measurement of HDAC activity
The assay was performed according to the manufacturer’s recommendations (Histone
Deacetylase Assay kit, Sigma—Aldrich, Cat. CS1010) using cell culture extract (in vitro

analysis) or hippocampal extract (in vivo analysis).

2.18 Mouse cytokine proteome profiler

The cytokine profile was analysed according to the manufacturer's instructions (Mouse
Cytokine Array Panel A Kit, R&D Systems, Catalogue #: ARY006). In these assays, 300
ug of hippocampal protein extract from animals in each experimental group was used. The
samples were combined with a cocktail of biotinylated detection antibodies, followed by
incubation with a membrane containing capture antibodies that are specific to the target
proteins. The bound proteins were then detected using chemiluminescent reagents, and the
signal strength was directly proportional to the amount of analyte bound. The inflammatory
factors that appeared to be labelled in all membranes used for the assay were used to generate
the heatmap. Analysis was performed only on cytokines that produced a signal in both

experiments.

2.19 Western blotting
The cell extract protein concentration was measured by a BCA Protein Assay Kit (Cole-
Parmer). Forty micrograms protein/lane was electrophoretically separated on a 10% SDS

polyacrylamide gel and electrically transferred onto a Hybond-P PVDF transfer membrane
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(Millipore) for 1.5 h. Membranes were blocked in PBS-milk 5% at RT for 1 h. Next,
membranes were incubated in block solution overnight with the following primary
antibodies: mouse anti-Histone H3 (1:200; Cell Signalling, Cat. #14269), rabbit anti-acetyl
histone H3 (1:1,500; Cell Signalling, Cat. #9677), rabbit anti-GFAP (1:1000; DAKO
Cytomation, Cat. Z0334), mouse anti-Synaptophysin (1:1,000; Millipore, Cat. MABN1193),
rabbit anti-PSD-95 (1:1,000; Abcam, Cat. ab18258), rabbit anti-P65 (1:1,000; Abcam, Cat.
ab16502) and rabbit anti-B-actin (1:5,000; Abcam, Cat. ab8227). Membranes were incubated
for 1 h with IRDye 680CW goat anti-mouse antibody and IRDye 800CW goat anti-rabbit
antibody (LI-COR, 1:15,000) and then scanned and analysed using Un-Scan-It gel version

6.1 (Silk Scientific).

2.20 Densitometric analysis of immunofluorescence

Densitometries for the immunohistochemistry and immunocytochemistry images were
performed using integrated density values generated with the Imagel] program (National
Institutes of Health, USA, RRID: SCR_003070) or through analysis of the intensity in Leica
Application Suite X software (RRID: SCR 013673). Immunocytochemistry data were
collected from at least 10 fields per coverslip. The integrated density value was divided by
the number of cells in each field. Analyses were performed in duplicate, and the graphs
represent the average from at least 3 independent experiments. Immunohistochemistry
analyses were performed with at least 2-3 sections from each animal, and 3 images per

section at 40X or 63X magnification in the striatum were analysed.

2.21 Synaptic puncta analysis
In vitro synapse analysis was performed as previously described [39]. Briefly, neurons were

randomly identified and selected if nuclei staining (DAPI staining) was at least two
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diameters away from the neighbouring neuronal nucleus. Neuronal cultures were analysed
by immunostaining for the pre- and postsynaptic markers synaptophysin and spinophilin,
respectively. The green and red channels were merged and quantified using the Puncta
Analyser plugin from Imagel software (NIH, USA). Approximately 10-35 images were
analysed per experimental condition, and the exact number of neuronal cultures per

experimental group is indicated in the figure legends.

In vivo synapse analysis was performed using two to three images of at least 2 sections (of
approximately 40 pum each) derived from the hippocampal CA1 region of each animal. /n
vivo quantification of excitatory synaptic density was analysed by immunostaining for the
pre- and postsynaptic markers synaptophysin and homer, respectively. Analysis of the
colocalization rate of those markers was measured by Leica Application Suite X software

(RRID:SCR_013673).

2.22 Statistical analysis

GraphPad software, version 8.0 (GraphPad Software, La Jolla, CA, RRID:SCR _002798),
was used for statistical analysis. Because all statistical tests involved multiple conditions,
analysis of variance was applied in all comparisons, followed by Tukey’s posttest when
statistical significance was achieved. A confidence interval of 95% was used, and a p value
< 0.05 was considered statistically significant. Densitometry of blotted gels was performed
using Un-Scan-It gel version 6.1 (Silk Scientific, Inc., Orem, UT). Data are reported as the

mean + SEM, and error bars in the graphs represent the SEM.
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3. RESULTS

3.1 LASSBio-1911 modulates astrocyte reactivity and improves synaptic density

LASSBio-1911 (Figure 1A) is a novel N-acylhydrazone derivative previously
designed from isosteric changes in the structure of the natural product trichostatin A (TSA),
a well-known nonselective HDAC inhibitor [40]. However, unlike TSA, LASSBio-1911
was characterized as a highly potent inhibitor of HDAC6 (ICso = 15 nM) with 15-fold
selectivity over HDACS (ICso = 230 nM) and no significant activity on other class | HDAC
isoforms (Rodrigues et al. 2016). Molecular docking studies allowed us to identify the main
interactions involved in the molecular recognition of LASSBio-1911 by HDAC6, which
consisted of a bidentate coordination of the hydroxamate group with the zinc ion, stabilized
by additional hydrogen bond interactions with His-573, His-574 and Tyr-745 (Figure 1B-
C). In addition, n-n stacking interactions of the phenyl group attached to the hydroxamate
of LASSBi0-1911 with Phe-583 and Phe-643 and a hydrogen bond interaction of the N-H
group of the N-acylhydrazone moiety with Ser-531 in the entrance of the active site were
observed (Figure 1B-C).

To address LASSBio0-1911 toxicity, we first evaluated its impact on the viability of
astrocytes and neuronal cultures derived from the murine hippocampus (Figure 1D-K).
Cultures were treated with 1 uM LASSBi0-1911 for 24 hours followed by assessment of
MTT assays and nitrite production. The concentration of LASSBio-1911 used in this work
was determined by the maximum concentration that had no impact on astrocyte viability.
Treatment of astrocytes with LASSBio-1911 did not impact the morphology of astrocytes,
which presented a protoplasmic morphology with GFAP-labelled filaments throughout the
cytoplasm, characteristic of those cells (Figure 1D, E). Similarly, LASSBio-1911 induced

no change in neuronal morphology, as exhibited by the presence of long synaptophysin-
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labelled processes (Figure 1H, I). Additionally, adult Swiss mice treated with LASSBio-
1911 (50 mg/kg, 1.p., for one week) showed no changes in body weight, relative weight of
several vital organs or in biochemical markers of renal and hepatic function. Altogether,
these data showed that the novel HDAC inhibitor LASSBio-1911 presented no toxicity in
the in vitro and in vivo assays performed in this work.

Phenotypic heterogeneity of astrocytes is mediated by different pathological stimuli
[15, 41]. To evaluate the impact of LASSBi0-1911 on the astrocytic phenotype, we used
flow cytometry and immunohistochemistry of hippocampal cell suspensions and tissues,
respectively. (Figure 2). Using suspensions of hippocampal cells from LASSBio-1911-
treated mice, we found a decreased number of GFAP/C3-positive cells (Figure 2D-F), a
neurotoxic astrocytic profile, and an increased number of GFAP/S100al0-positive cells
(Figure 2G-I), a neuroprotective astrocytic phenotype. Corroborating these data, we also
found that the hippocampus of animals treated with LASSBio-1911 showed decreased
colocalization between GFAP/C3 and increased colocalization between GFAP/S100a10
(Figure 2A-C).

Synapse damage is an important feature of memory-related diseases [10]. To assess
the effect of LASSBio-1911 on neuronal synapse density, we evaluated the levels and
distribution of pre(synaptophysin) and post (spinophilin, PSD-95 or Homer-1) synaptic
proteins in hippocampal neuronal cultures (Figure 3A-F) and in the CAl region of the
mouse hippocampus (Figure 3G-L). LASSBio-1911 increased the number of colocalized
synaptic puncta by 30 and 77% in vitro (Figure 3A-C) and in vivo (Figure 3G-I),
respectively. Western blotting assays of the hippocampal tissue of LASSBio-1911-injected
mice also showed increased levels of the presynaptic protein synaptophysin (Figure 3L).

To determine whether LASSBio-1911 modulates the synaptogenic potential of

astrocytes, purified neuronal cultures were treated with conditioned medium from control
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astrocytes (CM Control) or with conditioned medium from astrocytes treated with
LASSBio-1911 (CM 1911), and synapse density was further evaluated. We found that
compared to nontreated astrocytes, astrocytes treated with LASSBio-1911 exhibited a
twofold increase in synaptogenic potential (Figure 3D-F).

Altogether, these data suggest that LASSBi0-1911 has neuroprotective potential
since it modulates astrocyte reactivity, enhances astrocytic synaptogenic properties, and

improves synaptic density both in cultured neural cells and in the mouse brain.

3.2 LASSBio-1911 modulates histone acetylation in healthy and ABO-exposed mouse
brains

The HDAC inhibitory activity of LASSBio-1911 was previously determined by
Eurofins Discovery (https://www.eurofinsdiscovery.com/) using recombinant human
HDAC isoforms [20]. To characterize HDAC activity in brain tissue, we measured HDAC
activity in hippocampal extracts from vehicle- or LASSBio-1911-treated mice (Figure 4A).
We found that hippocampal tissue of mice treated with LASSBio-1911 showed a 32%
decrease in HDAC activity (Figure 4B) and a 58.5% increase in the levels of H3 acetylated
histones (Figure 4C). These data support the previous demonstration that LASSBio-1911 is
an HDAC inhibitor and demonstrate for the first time its effect on brain HDACs.

Inhibitors of HDAC have emerged as promising targets for the treatment of
neurodegenerative diseases [42]. In addition, evidence has demonstrated that reduced levels
of HDACG6 in the mouse brain resulted in memory and learning restoration in a mouse model
of AD [43]. Considering this finding, we evaluated the efficacy of LASSBio-1911 in
modulating acetylation in AD using an experimental model of ABO toxicity [14, 33]. ABO
accumulate in the brains of AD patients and are increasingly considered major toxins leading

to AD-associated neuronal dysfunction.
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We found that i.c.v. infusion of 10 pmol APO in mice increased HDAC activity in
the hippocampal tissue by approximately 20%, whereas systemic treatment with LASSBio-
1911 resulted in a decrease in enzyme activity (Figure 4E). Similarly, Western blotting
analyses further showed that LASSBi0-1911 treatment not only restored but also improved
the hippocampal levels of H3 acetylated histone (Figure 4F).

Altogether, these results show that LASSBio-1911 controls acetylation levels in the

brain and mitigates ABO-induced effects in the hippocampus.

3.3 LASSBio-1911 mitigates the astrocytic reactivity profile triggered by ABO in mice

Astrocyte dysfunction and reactivity have been considered important players in AD.
Efforts to manipulate the astrocytic reactivity phenotype have emerged as a potential
alternative to AD therapy [19, 44]. Here, we found that exposure of astrocytes to ABO led
to a 36% decrease in the levels of acetylated histones, suggesting that epigenetic control in
astrocytes may play an important role in AD and thus be a target for LASSBio-1911.

We then asked whether LASSBio-1911 would rescue the effects of ABO on
astrocytes. We previously demonstrated that ABO induce morphological and functional
alterations in astrocytes, such as astrocyte process atrophy and decreased production of
synaptogenic cytokines, leading to decreased synaptogenesis properties of those cells (Diniz
et al. 2017). Here, we extended this evaluation by showing that hippocampal tissue from
APO-infused mice exhibited a range of modifications in the level of several cytokines, such
as ILs (IL-1a, IL-1p, IL-13), TNF-a and others. Interestingly, LASSBio-1911 systemic
treatment rescued the cytokine profile induced by ABO in mice (Figure SA-C).

To correlate such profiles with the astrocyte reactivity phenotype, we addressed the
levels of the astrocytic neurotoxic marker C3 and the astrocytic neuroprotector marker

S100a10 in the hippocampus of ABO-injected and LASSBio-1911-treated mice. LASSBio-
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1911 reduced the colocalization rate of C3/GFAP-positive cells by 90% in the hippocampus
of APO-injected mice (Figure SD, E, F) but increased the colocalization rate of
S100a10/GFAP cells by 34% (Figure 5D, E, G). The upregulated expression of S100a10 in
the hippocampus of the animals was also confirmed by qPCR (Figure SH). Flow cytometry
assays revealed that not only the number of S100a10-GFAP cells but also the intensity of
S100a10 per cell was increased by LASSBi0-1911 (Figure SI-K).

To correlate the effects of LASSBi0-1911 on astrocytes on synaptic deficits induced
by ABO, cultured hippocampal astrocytes were treated with vehicle or LASSBio-1911, and
the conditioned media from these cultures were collected. We thus evaluated the ability of
these CMs to protect neurons against ABO cytotoxicity. As observed in Figure 6, the
conditioned medium from astrocytes treated with LASSBio-1911 was more efficient in
protecting neurons against ABO synaptic toxicity (Figure 6B-E).

Altogether, these data show that ABO triggers an astrocytic reactivity phenotype

profile in mice that can be mitigated by LASSBio-1911.

3.4 LASSBio-1911 improves behavioural performance and mitigates synaptic and
memory function loss in APO-injected mice

Synapse and memory loss is well characterized in several animal models of AD [45].
We and others have previously shown that ABO injection elicits memory deficits in mice
[14, 33]. We thus used the APO toxicity animal model to evaluate whether LASSBio-1911
might prevent AD-associated cognitive dysfunction. Then, we carried out behavioural tests
in vehicle- or LASSBio-1911-treated animals. Hippocampal-dependent perirhinal cortex-
dependent recognition memory was assessed using the novel object recognition task (Figure

7).
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For these experiments, LASSBio-1911 was intraperitoneally administered 30 min
before the infusion of 10 pmol ABO (i.c.v.). As expected, vehicle-infused mice learned the
novel object recognition (NOR) memory task, as demonstrated by longer exploration of the
novel object over the familiar object (Figure 7B, white bars). In contrast, ABO-infused mice
failed the NOR task (Figure 7B, red bars). Remarkably, treatment with LASSBio-1911
mitigated APO-induced cognitive impairment in mice (Figure 7A-C). Confirming this
result, compared to control mice, mice infused with ABO (10 pmol/site, i.c.v.) showed a
higher latency to find the submerged platform in sessions of MWM training (Figure 7D).
Additionally, ABO-infused mice showed reduced memory retention, as indicated by the
decreased time spent by these animals in the target quadrant during the probe trial compared
to controls (Figure 7E). These results demonstrate that LASSBio-1911 improves the
learning parameters and memory performance of ABO-injured mice.

Synapse loss is an important hallmark of several memory dysfunction diseases. We
thus investigated whether the effect of LASSBi0-1911 on memory recovery was associated
with morphological synaptic changes. As expected, we first observed decreased
colocalization between the presynaptic marker synaptophysin and the postsynaptic marker
Homer-1 in the hippocampus of ABO-infused mice (Figure 8B-D). These data were
corroborated by Western blotting assays that showed decreased levels of the post- and
presynaptic proteins PSD-95 and synaptophysin, respectively, in hippocampal lysates of
APBO-infused mice (Figure 8H-J). Interestingly, the reduction in the number of colocalized
Homer-1/Synaptophysin synaptic puncta (Figure 8D) and in the levels of PSD-95 and
synaptophysin (Figure 8H-J) induced by ABO was prevented by LASSBio-1911 systemic
treatment.

To investigate the ability of LASSBio-1911 to modulate synaptic activity, we

evaluated the distribution of early growth response transcription factor 1 (EGR1; also known
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as Zif268/EGFR1) in neurons of the molecular layer of the hippocampal region CA1 (Figure
8E-G; Zif268). Zif268/EGR1 is associated with mechanisms underlying neurotransmission
and neuronal plasticity, including those related to neuronal activity associated with learning
and memory [46]. To do that, tissues were immunolabelled against the Zif268/EGR1 protein.
It is worth mentioning that Zif268/EGFR1 staining was strongly observed in blood vessels
(data not shown). The levels of Zif268/EGR1 staining were evaluated specifically in the
molecular layer of CA1, where most of the hippocampal neuronal nuclei are located. As
observed in Figure 8E-G, treatment with LASSBio-1911 elicited a 40% increase in
Zif268/EGFR1 staining in the CA1 of the ABO-injected animals compared to animals in the
control group. Altogether, these data demonstrated that LASSBio-1911 treatment improves
behavioural performance and rescues synaptic loss induced by ABO in mice.

In summary, these data suggest that LASSBio-1911 mitigates synapse and memory

loss induced by ABO and modulates the neuroprotective potential of astrocytes.
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4. DISCUSSION

In this study, we provided evidence that LASSBio-1911, a novel HDAC6-selective
inhibitor, modulates astrocyte reactivity, improves astrocyte synaptogenic properties and
rescues synaptic loss and memory function in an animal model of Alzheimer’s disease.
Together, the results presented here revealed a new HDAC inhibitor that mitigates ABO
toxicity by modulating astrocyte phenotype and function.

Alzheimer’s disease is one of the biggest public health concerns worldwide. AD is a
multifactorial disease that includes a series of cellular and tissue alterations, such as
oxidative stress, synaptic dysfunction, glial reactivity, and neuroinflammation, which can
result in neuronal death and memory loss [47]. Although numerous clinical and preclinical
studies have been conducted to identify an effective treatment for AD, only a very limited
number of drugs have been clinically applied thus far. In this scenario, drugs such as
inhibitors of HDACs, with multiple intracellular targets, have emerged as alternative
treatments for multifactorial diseases. However, the development and use of such drugs is
still a major challenge due to their diverse responses and toxicity [48]. Although the
cytotoxic effect of LASSBi0-1911 has been previously shown for a prostate cancer cell line
[49], we did not observe LASSBio-1911 toxicity in cultured primary neural hippocampal
cells or in mice.

A decrease in the levels of histone acetylation [50] has been associated with
decreased memory performance in aged mice, although there is still no consensus in the
literature about the pattern of histone acetylation in AD models [51]. In the present work,
we found that cultured astrocytes and animals i.c.v infused with ABO showed a decrease in
the level of acetylated histones, indicating epigenetic dysfunction in this model. This finding

corroborates previous studies that indicated a decrease in histone acetylation and gene
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expression levels in AD models [52-54]. Consistent with previous studies [55, 56], we also
found an increase in the levels or overall activity of HDACsS in in vitro and in vivo models
of ABO toxicity. As expected, LASSBio-1911 decreased HDAC activity and increased the
levels of histone acetylation in vitro and in vivo. These data support the previous
demonstration that LASSBi0-1911 is an HDACS6 inhibitor and demonstrate, for the first
time, its effect on HDAC activity in the brain.

Inhibition of HDACs ameliorates synaptic loss and neuroinflammation and reverses
cognitive deficits in AD models [51, 57-59], which broadens the impact of LASSBio-1911
in the brain. HDAC6 has been reported to be involved in many cellular events controlled by
deacetylation of histone and nonhistone proteins, such as microtubule dynamics and axonal
transport, apoptotic cell death, misfolded protein clearance, cellular stress prevention [60-
62] and chaperone expression [63]. It remains to be investigated whether LASSBio-1911
exerts its action by affecting these events.

In the present study, we have shown that LASSBi0-1911 regulates synaptic protein
expression and synapse formation through the modulation of astrocytic phenotype and
function. However, the specific role of HDACs in astrocytes, mainly in AD astrocytes,
remains largely unexplored. Only in the last decade has it been found that astrocytes and
microglia express HDACs [64-66]. Treatment with HDAC paninhibitors, such as SAHA and
ITF2357, increases histone acetylation in glial cells, in addition to inhibiting LPS-induced
expression of glial proinflammatory markers [67]. This evidence demonstrates that the
modulation of nuclear histone acetylation levels in glial cells plays an important role in
modulating inflammation. In agreement with this, we found that LASSBi0-1911 reduced the
levels of several inflammation markers in the hippocampus of ABO-injected mice, including
TNF-a, IFN-y, and many interleukins, suggesting that not only the global inhibition of

HDAC has a beneficial effect on inflammation but also the selective inhibition of HDACS.
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In pathological models, astrocytes may show a molecular signature associated with
altered morphology and physiological properties, a condition known as astrocytic reactivity
[66]. Although those subpopulations of astrocytes may considerably vary, two of them have
been recognized as Al and A2 reactive astrocytes, which are characterized by the
upregulated expression of C3 and S100al0, respectively. Al astrocytes produce large
amounts of inflammatory molecules, such as several cytokines and complement system
cascade proteins, which have previously been shown to be destructive to synapses [15]. In
contrast, A2 astrocytes are highly capable of releasing neurotrophic factors to support
neuronal survival [68].

The modulation of astrocytic reactivity has led to contradictory results in the
literature. Suppression of the JAK2-STAT3 pathway, which is required for the induction and
maintenance of the reactive phenotype, ameliorated synaptic and memory deficits in mouse
models of AD [44]. In contrast, the ablation of reactive astrocytes exacerbated disease
pathology in a model of AD due to impaired amyloid clearance and increased
neuroinflammation [69]. In AD specifically, studies have shown altered levels of
synaptogenic molecules released by astrocytes, such as thrombospondin (TSP-1) [70] and
TGF-B1 [14], and an increased proportion of Al astrocytes, causing neuroinflammation and
loss of synaptic properties [15].

Within this context, the search for new therapeutic strategies focused on the
manipulation of astrocytic phenotypes may be conducted with two objectives: 1) to mitigate
neuroinflammation and 2) to restore astrocytic synaptogenic and neuroprotective properties
[71]. Here, we showed that while ABO induces a neurotoxic astrocytic profile, LASSBio-
1911 rescues the neuroprotective phenotype and mitigates the levels of inflammation. Within
a similar approach, glucagon-like peptide-1 receptor (GLP-R1) agonists have recently been

shown to block microglia-mediated A1l astrocyte formation, prolong life and reduce
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behavioural deficits and neuropathological abnormalities in animal models of PD [72] and
AD [73], indicating an effect of these drugs via microglia. Here, we found a reduction in the
C3-positive astrocytic population and an increase in the S100al0-positive astrocytic
population, suggesting a conversion from the Al to A2 phenotype induced by LASSBio-
1911. These results suggest that this compound can induce a shift in the astrocytic
phenotype, which impacts the levels of inflammation. Although we cannot completely rule
out an effect of LASSBio-1911 via microglia, our in vitro findings using microglia-free
cultures indicate that the drug exerts a direct effect on astrocytes. Our data are in agreement
with recent evidence that inhibition of HDAC6 blocks inflammatory signalling and
decreases the levels of inflammatory cytokines, such as IL-13 and TNF-a., in other systems
[74, 75]. Our work is, however, the first to show that inhibition of HDACS6 in the brain has
a major therapeutic impact on inflammatory control in a neurodegenerative animal model.
Here, we verified that LASSBi0-1911, in addition to rescuing the astrocytic reactivity
phenotype, improves astrocytic synaptogenic and synaptoprotective properties. Several
studies support the role of astrocytes as modulators of excitatory and inhibitory neural
circuits in the brain [18, 34, 76-78]. In brain ageing and in AD in particular, studies have
shown altered levels of synaptogenic molecules released by astrocytes, such as
thrombospondin (TSP-1) and TGF-B1 (Jayakumar et al. 2014; Diniz et al. 2017; Matias et
al. 2022). Histone deacetylase inhibitors have previously been shown to upregulate
astrocytic GDNF and BDNF gene transcription and to protect dopaminergic neurons [25].
Although further studies are needed to identify the exact mechanisms by which LASSBio-
1911 enhances synapse formation, the fact that conditioned medium derived from LASSBio-
1911-treated astrocytes induces synapse formation suggests that LASSBi0-1911 may induce

the production of synaptogenic factors by astrocytes.
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Altogether, our results suggest that the new iHDAC6 compound LASSBio-1911
induces synapse formation and protects against APO-induced synapse loss through
mitigation of inflammation and by inducing a shift in the astrocytic phenotype. Therefore,
this study indicates that the modulation of acetylation through selective inhibition of HDAC6
in astrocytes may provide new insights and targets for the treatment of AD or other
neurodegenerative diseases characterized by neuroinflammation, cognitive loss, and

astrocyte reactivity.
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FIGURE LEGENDS

Figure 1: LASSBio-1911 is not toxic to neural cells in vitro. Chemical structure of N-
acylhydrazone derivative LASSBi0-1911 (A) and interaction mode of LASSBio-1911 (carbons
in green) in HDAC6 (carbons in white) (B). The three-dimensional interaction mode of LASSBio-
1911 can be visualized in B (generated by PyMol v. 1.5.0.5) and its schematic representation in
C (generated by LigPlot" [79, 80]. D, E, H, I: Representative images of astrocytes and neuronal
cultures treated with 1 pM LASSBi0-1911 (1911) and vehicle (Control) for 24 hours and stained
with anti-GFAP (D, E) and anti-synaptophysin (H, I). Toxicity was evaluated by measurement of
cell viability (MTT assays) and nitrite levels. F, G: Quantification of cell viability and nitrite
levels in astrocyte cultures (n=4); J, K: Quantification of cell viability and nitrite levels in

neuronal cultures (n=4). Student's ¢ test. analysis. Scale bars: 20 um (E); 20 um (I).

Figure 2: LASSBio-1911 decreases astrocyte reactivity markers in mice. A, B: Representative
images of GFAP, C3 and S100a10 immunostaining hippocampal sections of Swiss adult mice
treated with vehicle (Control) or LASSBio-1911 (1911). C: Quantification of the colocalization
rate of C3/GFAP and S100a10/GFAP in the hippocampus of different groups (n=5 animals per
group); D-I: FACS profile quantification of GFAP/C3 (D-F) and GFAP/S100a10 (G-I) cells
isolated from hippocampal tissues from vehicle- and LASSBio-1911-treated mice (n=4 animals

per group). Student's 7 test, *P < 0.050; ****P < (0.0001; ***P < 0.001. Scale bar: 20 um (B).

Figure 3: LASSBio-1911 increases synaptic protein levels and distribution in cultured neurons
and in mice. A, B: Representative images of synaptophysin/spinophilin immunostaining of
hippocampal neuronal cultures treated with vehicle (Control) or LASSBio-1911 (1911). C:

Quantification of the colocalization rate of synaptophysin/spinophilin puncta (n=3 cultures); D,
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E: Representative images of synaptophysin/spinophilin immunostaining of hippocampal neuronal
cultures treated with conditioned medium from nontreated astrocytes (CM Control) or from
astrocytes treated with LASSBi0-1911 (CM 1911); F: Quantification of the colocalization rate of
synaptophysin/spinophilin puncta (n=3 cultures); G-H: Representative images of
synaptophysin/hommer immunostaining of hippocampal sections of Swiss adult mice treated with
vehicle (Control) or LASSBio-1911 (1911). I: Quantification of the colocalization rate of
synaptophysin/hommer puncta (n=3 animals per group). J: Representative images and
quantification of Western blotting gels of hippocampal tissues isolated from Swiss adult mice
injected with vehicle (Control) or LASSBi0-1911 (1911) and stained with anti-PSD-95 (K) and
anti-synaptophysin (L) (n=9 animals per group). B-Actin was used as a loading control for
Western blotting. LASSBio-1911 increased synaptic protein colocalization puncta in mice.

Student's ¢ test, *P < 0.050; ***P < (0.001. Scale bars: 20 um (B); 20 um (E); 20 um (H).

Figure 4: LASSBio-1911 rescues the effect of AO on HDAC activity and histone acetylation
in the brain. A: Schematic of LASSBi0-1911 treatment of Swiss adult mice; B: Quantification
of HDAC activity of hippocampal tissues derived from Swiss adult mice injected with vehicle
(Control) or LASSBio-1911 (1911) (n=4 animals per group); C: Representative images and
quantification of Western blotting gels of hippocampal tissues isolated from Swiss adult mice
injected with vehicle (Control) or LASSBi0-1911 (1911) and stained with anti-acetylated histone.
Total histones were used as a loading control for Western blotting. The ratio of acetylated histones
to total histones was used to evaluate the level of acetylated histones (n=5 animals per group).
Student's ¢ test, *P < 0.05; **P < 0.01. D: Schematic of ABO injection and LASSBio-1911
treatment of Swiss adult mice; E: Quantification of HDAC activity of hippocampal tissues

derived from Swiss adult mice injected with vehicle (Control), ABO (ABO) or LASSBio-1911

and ABO (ABO +1911) (n=4 animals per group); F: Representative images and quantification of
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Western blotting gels of hippocampal tissues isolated from Swiss adult mice injected with vehicle
(Control), ABO (ABO) or LASSBio-1911 and ABO (ABO+1911) and stained with anti-
acetylated histone. Total histone was used as a loading control for Western blotting. The ratio of
acetylated histones to total histones was used to evaluate the level of acetylated histones (n=6
animals per group). Comparisons between multiple groups were analysed using one-way ANOVA

followed by Tukey's post hoc tests *P < 0.05; **P < 0.01.

Figure 5: LASSBio-1911 rescues the astrocytic reactivity profile triggered by ASO in mice. A-
C: Proteomic profile of hippocampal tissues of Swiss adult mice injected with vehicle (Control),
ABO (ABO) or LASSBio-1911 and ABO (ABO+1911); D, E: Representative images of GFAP,
C3 and S100a10 immunostaining hippocampal sections of Swiss adult mice treated with ABO and
ABO + 19113 F, G: Quantification of the colocalization rate of C3/GFAP (F) and S100a10/GFAP
(G) in the hippocampus of different groups (n=5 animals per group). The dashed lines refer to
control values. H: qPCR assays of the levels of S100al0 in the hippocampus of ABO- and
ABO+LASSBio-1911-injected mice (n=4 animals per group); I-K: FACS profile quantification
of S100a10/GFAP cells isolated from hippocampal tissues from ABO- and ABO+LASSBi0-1911-
injected mice (n=5 animals per group). K shows the intensity of S100al10 staining per GFPA+

cell. Student's 7 test *P < 0.05; **P < 0.01; ****P <(0.0001 Scale bar: 20 pum (E).

Figure 6: LASSBio-1911 enhances the neuroprotective potential of astrocytes against ABO. A:
Schematic of astrocyte conditioned media preparation and neuroprotection assay against ABO.
Purified neuron cultures were treated with APO in the presence of serum-free medium,
conditioned medium from control astrocytes (CM Control), and conditioned medium from

astrocytes treated with LASSBio-1911 (CM 1911), and the density of glutamatergic synapses
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was determined by immunocytochemistry after 3 hours. B-D: Representative images of
synaptophysin/spinophilin immunostaining of hippocampal neuronal cultures maintained in the
presence of ABO and serum-free medium (ABO), conditioned medium from control astrocytes
(CM Control+ABQO), and conditioned medium from astrocytes treated with LASSBio-1911 (CM
1911+ABO). E: Quantification of the colocalization rate of synaptophysin/spinophilin puncta
(n=4 cultures). Comparisons between multiple groups were analysed using one-way ANOVA

followed by Tukey's post hoc tests *P < 0.050. Scale bar: 20 pum.

Figure 7. LASSBio-1911 rescues memory deficits induced by APO. A: Schematic of ABO
injection and LASSBio-1911 treatment of Swiss adult mice. Mice were infused with ABO (10
pmol/site) and treated with LASSBio-1911 (50 mg/kg, once a day) for 7-10 days. Forty-eight
hours after LASSBio-1911 treatment, animals were exposed to three different tasks to evaluate
cognitive function. B: Mice were tested in the NOR test. One-sample Student’s t test compared
with the chance level of 50% (n=7-9 mice per group, *p < 0.05). C: Retention score (sec) of mice
in the step-down inhibitory avoidance; Student’s t test; n =9 mice per group). D: Escape latency
across 5 consecutive training trials (F) and time spent in the target quadrant during the probe trial
(E) of the MWM test. Repeated measures ANOVA followed by Tukey’s test (n=19 mice per

group, *P <0.05).

Figure 8: LASSBio-1911 rescues synaptic and memory deficits induced by ABO. A: Schematic
of ABO injection and LASSBio-1911 treatment of Swiss adult mice; B, C: Representative images
of synaptophysin/hommer immunostaining of hippocampal sections of Swiss adult mice treated
with ABO (ABO) or LASSBio-1911 and ABO (APO+1911). D: Quantification of the

colocalization rate of synaptophysin/hommer puncta (n=3 animals per group). Dashed lines
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represent control values; E, F: Representative images of Zif268/EGR1 immunostaining of
hippocampal sections of Swiss adult mice treated with ABO (ABO) or LASSBio-1911 and ABO
(ABO+1911). G: Quantification of the Zif268/EGRI1 intensity (n=5 animals per group); H-J:
Representative images and quantification of Western blotting gels of hippocampal tissues isolated
from Swiss adult mice injected with ABO (ABO) or LASSBio-1911 and ABO (ABO+1911) and
staining for PSD-95 and synaptophysin (n=9 animals per group). Student's ¢ test *P < 0.05; **P <

0.01 ***P <0.001. Scale bar: 20 um.
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