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Abstract: Although evidence of dysregulation in central serotonergic signaling is widespread in Alzheimer’s
disease (AD), relatively little is known about the specific involvement of the serotonin-2B receptor (5-HT28R)
subtype. Here, we assessed 5-HT2R expression and binding in brain tissue from APPsw/PS1aes transgenic
(TG) mice and AD patients. 5-HT22R mRNA was measured by RT-qPCR in 3- to >18-month-old TG and wild-
type (WT) littermate mice (n=3-8), and in middle frontal gyrus samples from female, AD and control subjects
(n=7-10). The density of 5-HT28Rs was measured by autoradiography using 1 nM [*(H]RS127445 and 1 uM
LY266097. In both mouse and human samples, 5-HT28R mRNA was detectable after 33 amplification cycles.
Levels in WT mice, not TG mice, increased with age, and were higher in AD patients compared to control
subjects. [PH]RS127445 binding was low in the mouse brain, detected after 3 months of age. 5-HT2sR density
was overall lower in the hippocampus of TG compared to WT mice. Specific binding was too low to be
reliably quantified in the human samples. These data provide evidence of a different 5-HT28R expression and
binding in the APPsw./PS1aes TG model of AD and AD patients. Studies investigating the functional involve-
ment of the 5-HT2sR in AD are warranted.
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1. Introduction

The serotonin-2B receptor (5-HT28R) was the last member of the serotonin receptor-2 family to be sequenced
and characterized [1], [2]. It is primarily known for its involvement in peripheral physiological processes,
particularly those related to the cardiovascular system and the gastrointestinal tract [1]-[3]. The presence
and function of 5-HT28Rs within the central nervous system (CNS), however, have not been thoroughly in-
vestigated [4]. Evidence suggests that 5-HT28Rs are present throughout several mammalian brain regions,
albeit at relatively low abundance. Their presence has been confirmed in different areas such as the cerebral
cortex, dorsal raphe nuclei [5], and amygdala in multiple species, including humans [6]-[8], mice [9], and

rats [10]. In addition to neuronal cells, the receptors are known to be expressed by non-neuronal, glial cell
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populations. Notably, human cortical microglial cells demonstrate a high level of 5-HT28R mRNA expression

compared to other cortical cell types [11], [12].

Despite being expressed at low levels in the brain, 5-HT28Rs are considered to play important roles in the
regulation of complex emotional behaviors and disease states. For example, the receptors have been impli-
cated in the development of mood and anxiety disorders [13], [14]. In mice, genetically removing or phar-
macologically blocking 5-HT28Rs has been reported to increase impulsive behavior and activity, as evidenced
in the open field test. Moreover, 5-HT2sR knockout mice exhibit schizophrenic negative-, positive- and cog-
nitive-like symptoms, as measured using the social interaction, locomotor response to novelty and novel

object recognition tests [14]-[16].

Alzheimer’s disease (AD) is a complex, multifaceted neurodegenerative condition marked by cognitive de-
cline and an array of non-cognitive symptoms [17]. Alterations in serotonergic signaling are a prominent
feature of the disorder. Specifically, AD is associated with a pronounced depletion of serotonin levels in
several brain regions, including the neocortex and hippocampus [18]-[22]. This serotonergic deficiency is
believed to contribute to the cognitive impairment and mood disturbance that are characteristic of the dis-
ease. Furthermore, post-mortem examinations of brains from AD patients, as well as of animal models of the
condition, have demonstrated changes in the expression patterns and/or reductions in the expression of sev-
eral serotonin receptors [23], [24], including the 5-HT1a [25], 5-HT2a [26]-[29], and 5-HTs receptors [29] and

the serotonin transporter [30], [31].

Given the diverse cell types expressing 5-HT28Rs and their extensive and rather under-characterized distri-
bution within the brain, it is plausible that these receptors may influence a range of pathological features in
AD, from neuroinflammatory responses to neuronal integrity and function. Here, we employed quantitative
polymerase chain reaction (qQPCR) and autoradiography to investigate age-related changes in the mRNA
expression and binding levels of 5-HT2sRs within the APPsw/PS1ies mouse model of AD and in brain tissue
from AD patients. Examining the regulation of 5-HT28Rs in AD may shed light on the serotonergic mecha-

nisms that contribute to disease progression.

2. Results
2.1 5-HT28R mRNA levels in mouse and human brain sections

The mRNA levels of the 5-HT28R were measured in brain sections from age-matched APPsw/PS1ars TG and

WT animals and in frontal cortex tissue (Brodmann area 46) obtained from confirmed AD patients and
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control subjects. Alzheimer’s amyloid plaque pathology was confirmed by immunohistochemistry for amy-

loid-b (AP) peptides, using the 6E10 antibody (Figure 1).
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Figure 1. Representative images of AP pathology in (A) ageing APPswe/PS1ies mice and (B) human AD subjects. Abbreviations: NCx:
Neocortex; HIP: Hippocampus; GM: Gray matter; WM: White matter. Scale bars: 1.5 mm (A), 2 mm (B).

PCR products of undiluted cDNA from mouse and human samples were determined after 33.1+0.1 and
33.8+0.4 cycles, respectively. In all cases, a single peak was obtained by melt-curve analysis, and no signal
was detected in the genomic DNA and buffer controls. In mice (Figure 2A), there was a significant age x
genotype interaction effect [F, 29 = 5.6; P=0.003] on the brain mRNA levels of 5-HTzsRs, which were two-
three-fold lower in TG vs. WT mice at >18 months of age (P=0.02; Bonferroni post-hoc tests). No main effects
of age [Fe 29 = 1.28; P=0.29] and genotype were detected by two-way ANOVA [Fq, 2) = 0.03; P=0.95]. In WT
mice only, one-way ANOVA revealed an effect of age on the expression level of 5-HT28R mRNA [Fg,15=5.69;
P=0.01], which was two-three-fold higher in 18-month-old WT mice vs. 3- (P=0.03) and 6-month-old animals
(P=0.03; Bonferroni post-hoc tests). In human samples (Figure 2B), 5-HT28R mRNA was significantly elevated

in AD compared to controls subjects [ta4=2.60, P=0.02; two-tailed t-test].
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Figure 2. 5-HT28R mRNA expression levels in ageing APPswe/ PS1ar transgenic mice and in human AD subjects. (A) The expression
of 5-HT28R mRNA was lower in transgenic (TG) vs. wild-type (WT) mice at >18 months of age. (B) The mRNA expression of 5-HT2sRs

was significantly elevated in the AD group compared to the control group. All data are presented as mean + SEM and normalized
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to the HPRT-1 reference gene and to the values of 3-month-old WT mice (A), and human control samples (B). Each circle on the plots

represents a single data point. Statistical analysis was performed using GraphPad Prism software (ver. 8.2).

2.2 [’HIRS-127445 autoradiography

The 5-HT2R selective ligands [(H]RS-127445 and LY-266097 were used to evaluate the density of 5-HT2sRs
in sections obtained from TG and WT mice, AD subjects and non-demented controls. In WT mice, specific
[PH]RS-127445 binding amounted to ~15-25% of total binding values in both heart and brain tissue. Levels of
specific binding were up to 4-fold higher in the mouse heart, included as a positive control, compared to
mouse brain. In human brain sections, levels of specific binding in the gray and white matter were 2.9% and
5.4%, respectively, of total binding, precluding the possibility of accurately quantifying the density of 5-
HT2sRs (Figure 3 A-C).
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Figure 3. Representative autoradiograms of 1 nM [PH]JRS127445 binding to (A) mouse heart and (B) mouse brain tissue, and (C)
frontal cortex from AD and control cases. Specific binding was defined in the presence of the selective 5-HT28R ligand LY-266097
and amounted to ~15-25% of total binding values in mouse tissue, and <3% of total binding values in human tissue. Note the high
expression of 5HT2sR in mouse heart compared to brain tissue. Abbreviations: NCx: Neocortex; HIP: Hippocampus; GM: Gray
matter; WM: White matter; NSB: Non-specific binding. Scale bars: 1.25 mm (A), 1.5 mm (B), and 2 mm (C).

No specific binding was detected in the neocortex and the hippocampus of 3-month-old WT and TG animals.
In 6-, 12- and >18-month-old mice, specific [*(H]RS-127445 binding was rather low (<5 cpm/mm?). There was
no effect of age [F 25 = 0.59; P=0.56] and genotype [Fq, 25 = 2.0; P=0.17], and no genotype x age interaction

4


https://doi.org/10.1101/2024.05.30.596651
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.05.30.596651; this version posted June 1, 2024. 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.

effect [Fe, 25 = 0.11; P=0.90] on the binding levels of [*H]RS-127445 in the neocortex (Figure 4A). In the
hippocampus, the binding of [*(H]RS-127445 was overall lower in TG vs. WT mice. Two way-ANOVA
showed an effect of genotype on the density of 5-HT2Rs [Fq, 25 = 5.60; P=0.03], with no age [F 25 = 0.065;
P=0.94] or age x genotype interaction effects [Fe 25 = 0.49; P=0.62]. In line with the post-hoc comparisons,

showing no differences in the density of 5-HT28Rs between TG and WT mice (Figure 4B), the genotype effect

was small.
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Figure 4. Digital real-time autoradiography of 5-HT2sR binding sites in mouse brain tissue. Quantification of [FH]RS127445 bind-
ing in the neocortex and the hippocampus of ageing WT and APPsw/PS1aes TG mice. Values represent the mean specific binding of
[PH]RS127445 + SEM in 4-8 animals/group. For each animal, specific binding was determined in five-six consecutive sections. There
was an overall effect of genotype on the binding levels of [PH]RS127445 in the hippocampus, which were lower in APPswe/PS1ie9 TG

vs. WT mice. Specific binding was not detected in 3-month-old mice.

In the cerebellum, low levels of specific binding were first observed by 3 months of age (Supplementary
Figure S1). There were no effects of age [Fe 29 = 1.71; P=0.19] and genotype [Fq, 209 = 2.36; P=0.14], and no
genotype x region interaction effects [F, 29 = 1.20; P=0.33] on the binding levels of [PH]RS-127445 in the cere-

bellum.

3. Discussion

This study was designed to examine the expression of the 5-HT28R subtype within the context of AD patho-
physiology. By using the APPsw./PS1irs mouse model of AD and human tissue and employing autoradiog-
raphy and PCR analyses, we present evidence that 5-HT28R mRNA expression is regulated by normal ageing
and 5-HT2sR binding by Ab plaque pathology. In addition, we report on elevated expression of 5-HT2sR

mRNA in human AD compared to control subjects.

Early studies on the brain expression levels of the 5-HT2sR reported discrepant findings. While some studies
documented the presence of 5-HT28R mRNA in mice [9], [32], [33] and rats [3], [5], [34], others failed to detect
5HT2sR expression in either species [35]-[38]. To date, the consensus in the scientific literature is that the 5-

HT2R mRNA and protein is expressed in the brain of several species, including humans [2], [3], [39],


https://doi.org/10.1101/2024.05.30.596651
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.05.30.596651; this version posted June 1, 2024. 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.

monkeys, cats [37] and dogs [40], albeit at low levels compared to the periphery. The results of our study are
consistent with this literature, as they demonstrate low levels of mRNA expression in the human frontal

cortex and the brain of C57BL/6] mice.

At the protein level, detection of the 5-HT2sR in brain tissue has typically relied on immunoreactivity assays,
with studies reporting distribution of the 5-HT28R in the rat and mouse cerebellum, as well as in the rat
amygdala, hypothalamus, lateral septum and the frontal cortex [10], [33]. Our study confirms and extends
these findings, demonstrating the presence of 5-HTzsR protein in the murine neocortex, hippocampus and
cerebellum by means of quantitative autoradiography, using the 5-HT2sR-selective ligand [PH]RS127445. The
binding levels of 5-HT28Rs in the mouse brain are low, which aligns well with previously reported low levels
of mRNA expression in rats and mice, as well as with our PCR data. Of note, 5-HT2sR binding was almost
four-fold lower in the mouse brain compared to cardiac tissue, which aligns with the known distribution of

the 5-HT2sR in the CNS compared to the periphery.

Our study further reveals an age-related modulation of 5-HT2sR expression and binding in WT mice, with
reliable detection of receptor protein in the rodent neocortex and hippocampus (but not the cerebellum)
manifesting only after three months of age. This age-dependent, and perhaps region-specific, regulation
might indicate a developmental or physiological adaptation that could influence 5-HT2sR availability during
a rodent’s lifetime. While the literature on the age-dependent regulation of 5-HTzsRs is sparse, one study
reported age-induced increases in the mRNA and protein levels of 5-HT2sRs in 3-30-month-old wild-type
mice [41], an observation in line with our PCR analyses and autoradiography results in WT mice. The pur-
ported age-dependency in the regulation of 5-HT28Rs might contribute to the inconsistencies in detecting
these receptors across different studies within the same species, as previously discussed. Notably, the liter-
ature identifies microglia as a major source of 5-HT28Rs in both murine and human neocortex [11], [12], [42],
[43]. Additionally, microglia exhibits a several-fold increase in 5-HT28R mRNA levels in response to focal
cerebral ischemia [42], compared to other brain cell types, including astrocytes. These findings underscore
that microglial 5-HT2sR mRNA expression can be regulated by pathological stimuli. Therefore, itis intriguing
to speculate that alterations in the mRNA and protein levels of 5-HT28Rs in the cerebral cortex of ageing mice

might mirror microglial activation state, both in the context of physiological ageing and AD.

Despite the detection of 5-HT28R mRNA in both mouse and human cerebral cortex, the quantification of
specific 5-HT2sR binding in the human sections proved difficult. This difficulty may primarily arise from the
low levels of 5-HT2sR [44]. Technical challenges may stem from the longer post-mortem interval and the

lower overall quality of the human-derived tissue, which may undermine the integrity of the 5-HT28Rs and
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the reliability of the binding assay. Moreover, despite the similarities between mouse and human 5-HTzsRs,
potential species-specific differences in receptor expression, and pharmacology/binding properties, may
have prevented the successful application of [FH]RS127445 autoradiography to the human samples [8], [45].
In addition, the density of 5-HT28Rs might be lower in human than in mouse brain sections, which would
require optimised protocols to discern specific binding signals from background noise levels. It is thus likely
that several different factors have contributed to the difficulties we encountered in quantifying specific 5-

HT2sR binding in the human neocortex.

The pathophysiology of AD is marked by several important alterations in the serotonergic system. AD and
mouse models of Ab plaque pathology are both characterized by loss of serotonergic neurons [46], decreased
serotonin synthesis and release [18], serotonin transporter dysfunction [31], as well as altered 5-HT receptor
expression and function [23], [24]. While research into the involvement of 5-HT in AD is extensive, the spe-
cific role of the 5-HT2sR subtype is unknown. Here, we show that the expression of the 5-HT28R mRNA is
lower in the brain of aged, >18-month-old TG compared to WT mice, indicating that the effect of Ab plaque
pathology on the serotonergic system extends to involve 5SHT28R mRINA or the cells expressing the 5SHT28R
mRNA, which for both mouse and human neocortex are mainly the microglial cells [11], [12], [47]. Addition-
ally, at the protein level, we observed a subtle yet significant overall decrease in the binding levels of 5-HT2sR
in the hippocampus of TG mice, a finding that further implicates this receptor subtype in Ab pathology,

although this trend was observed also at younger ages.

It is noteworthy that PCR analysis of the 5SHT2sR mRNA in the human frontal cortex showed elevated, rather
than lower levels of these receptors in AD. However, the histopathology in Braak stage VI patients is con-
siderably more complex compared to >18-month-old APPsw./PS1as TG mice, which may explain the discrep-
ancy. The elevated 5SHT28R mRNA expression in the AD subjects may besides Ab plaque pathology, reflect
the pronounced tau pathology and neurodegeneration among other leading to cortical atrophy, which is not
observed in the APPsw/PS1aes TG mice [48], [49]. Another plausible explanation for the observed differences
in the expression of 5-HT28R mRNA between AD subjects and aged TG mice could be interspecies variations
in the function and characteristics of microglia, which are major expressors of 5-HT2sRs in both species [11],
[12], [43]. It is conceivable that the density, morphology and activation state of the microglial cells may differ
significantly between AD subjects and TG mice, contingent upon the disease state. Such disparities in micro-
glial functional characteristics could contribute to the observed differences in 5HT28R mRNA expression be-
tween the two species. Clearly, further research is needed to elucidate the regulation of 5HT28R mRNA ex-

pression and 5HT2sR binding observed in this study.
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One limitation of the present investigation is the relatively small sample size, emphasizing the importance
of validating our findings in a larger cohort, to increase statistical robustness and enhance the generalizabil-
ity of our results. The low levels of specific binding in the autoradiography assay present another significant
challenge, making it difficult to distinguish the signal of interest from background noise, and thus limiting
the sensitivity of our assay to quantify receptors with low expression levels, like the 5-HTz8R. Despite these
limitations, the specificity of the 5-HT2sR signal detected in this study is substantiated by the instrument’s
sensitivity threshold and the utilization of two chemically distinct and highly selective ligands to define

specific binding, thereby reinforcing the validity of our observations.

In conclusion, this study provides evidence of dysregulated 5-HT28R expression and binding in AD. Given
that recent data implicate 5-HT2sRs in modulating neurotransmitter release, synaptic plasticity and neuroin-
flammation [50]-[54] — processes dysregulated in AD — it is possible that these receptors are involved in the
pathogenesis and progression of the disorder. Further investigation into the regulation and function of the

5-HT28R in APPswe/PS14e9 TG mice and in AD is warranted.

4. Materials and Methods

4.1 Animals and housing conditions

APPswe/PS1aks transgenic (TG) [55] and wild-type (WT) littermate control mice were used at 3, 6, 12 and >18
months of age (n=3-8/group; total number of mice: 38; male: 2, female: 36). The mice were bred and
maintained in the Biomedical Laboratory of the University of Southern Denmark, on a C57BL/6] background.
The animals were group-housed with same-sex siblings within a controlled environment, at a temperature
of 21 + 1 °C and humidity between 45% and 65%. The mice adhered to a 12/12-hour light/dark cycle, with
lights on at 7 am, and were provided access to food and water ad libitum. Animals were euthanised by cervical
dislocation and the brains were promptly extracted, placed on petri dish filled with ice and longitudinally
bisected. The right hemisphere was immediately frozen by immersion in isopentane on dry ice (-30°C) and
kept at -80°C until used in autoradiography and PCR experiments. The hearts from 2-3 control mice were

also obtained and used in autoradiography for positive control purposes.

4.2 Human brain sections

To study the binding and expression of 5-HT28R in human brain sections, frozen samples from the middle
frontal gyrus (Brodmann area 46) of female AD patients (n=10) and sex- and age-matched non-demented

controls (n=7) were obtained from the Netherlands Brain Bank (NBB), Amsterdam, the Netherlands. All AD
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samples met the criteria outlined in the Braak staging for a definitive diagnosis of AD. Subject characteristics

are shown in Table 1.

No Age (years) PMI (h) Braak Stage Study Group
1 57 5.1 0
2 94 4.1 I
3 51 54 I
4 79 10.3 I Control
5 75 53 I
6 86 7.1 I
7 59 7.1 0
Mean = SEM 71.6+6.1 6.3+0.8 Median Braak Stage: 1
84 72 A%
9 82 44 v
10 84 4.1 VI
11 74 53 v
12 82 53 VI
AD
13 73 53 VI
14 80 4.2 VI
15 75 5.0 \%
16 77 6.1 VI
17 84 4.5 VI
Mean + SEM 79.5+1.4 5.1+0.3 Median Braak Stage: VI

Table 1. Subject characteristics. Braak's scheme typically consists of six stages, ranging from Stage I (minimal pathology) to Stage
VI (severe pathology), which correspond to progressively advanced levels of Alzheimer's disease tau pathology in the brain. PMI:

Post-mortem interval.

4.3 AB immunohistochemistry

The biotinylated 6E10 antibody (SIG-39340, Nordic BioSite) was used to investigate A3 pathology in TG
mouse and human AD tissue. Clone 6E10 is raised against amino acids 1-16 of human A, recognizing
multiple A peptides and precursor forms (manufacturer information). The sections were immersed in 70%
formic acid for 30 min, rinsed for 10 min in 50 mM Tris-buffered saline (TBS, pH 7.4), and further
washed/permeabilised in TBS containing 1% Triton X-100 (3 x 15 min). Sections were subsequently blocked
for 30 min in TBS, containing 10% fetal bovine serum (FBS). Incubation with the 6E10 anti-B-amyloid
antibody was carried out overnight at 4°C, in TBS containing 10% FBS (1:500 dilution of stock). Adjacent
sections were incubated with biotin-labelled mouse isotype (IgGl) control (MGI115, Thermo Fisher

Scientific), diluted to the same protein concentration as the primary 6E10 antibody. Following incubation
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with 6E10, the sections were adjusted to room temperature (RT) for 30 min and washed in TBS+1% Triton X-
100 (3 x 15 min). Endogenous peroxidase activity was quenched for 20 min in a solution of
TBS/methanol/H:20: (8:1:1). After washing in TBS+1% Triton X-100 (3 x 15 min), sections were incubated for
3 h with HRP-streptavidin in TBS/10% FBS (1:200; GE Healthcare Life Sciences). After a final wash in TBS (3
x 10 min), peroxidase activity was visualised with 0.05% 3,3'diaminobenzidine (DAB) in TBS bulffer,
containing 0.01% H20: (Sigma Aldrich Co.). The developed sections were thoroughly washed in dH20,
dehydrated in graded alcohols, cleared in xylene, and cover-slipped with PERTEX® (Histolab Products AB).

4.4 5-HT28R mRNA real-time-qgPCR

RNA was isolated from human, WT and TG mouse brain sections using Trizol®. Two pug RNA were
converted to cDNA using the Applied BiosystemsTM high-capacity cDNA transcription kit (Thermo Fisher
Scientific). Triplicate 20 uL samples were subjected to analysis on a StepOne-PlusTM Real-Time PCR system
(Applied BiosystemsTM, Thermo Fisher Scientific). Each sample included nuclease-free H2O (Thermo Fisher
Scientific), 1x Maxima SYBR™ green/probe master mix (Thermo Fisher Scientific), 500 nM forward and
reverse primers (TAG Copenhagen A/S), undiluted cDNA for 5-HT2sR, and 10x diluted cDNA for
hypoxanthine phosphoribosyl-transferase (Hprt), utilized as a reference gene. Primer sequences were as
follows: (mouse) mHPRT-1 Forward 5-GTTAAGCAGTACAGCCCCAAAATG-3, Reverse 5'-
AAATCCAACAAAGTCTGGCCTGTA-3’; (human) hHPRT-1 Forward 5 CCCTGGCGTCGTGATTAGTG-
3, Reverse TCGCGAGCAAGACGTTCAGTCC-3; (human) h5-HT2R Forward 5
CTGGTTGGATTGTTTGTGATG-3, Reverse 5-CCCTTTAATAGGGACTGGAATG-3’; (mouse) m5-HT28R
Forward 5-CTGATACTCGCGGTGATAATAC-3, Reverse 5-TATAGCGGTCCAGGGAAAT-3’; Relative
quantification was performed by calculating differences in Ct values between the 5-HT2sR and the reference
gene across all samples, followed by normalization to the appropriate control group using the 2-*4¢t method.

Nuclease-free H20 and genomic DNA instead of cDNA were used to control for contamination.

4.5 [FHIRS127445 autoradiography

Sagittal mouse brain and coronal mouse heart sections, 20 pm in thickness, were collected at 300 um intervals
on ice-cold Superfrost™ slides using a Leica CM3050S cryostat (Nussloch, Germany). The sections were air-

dried overnight at 4 °C within a silica gel-containing box and stored at -80 °C until further use.

The 5-HTzs-selective ligand [PH]RS127445 [56] was used to assess the density of 5-HTzR by real-time
autoradiography. Upon thawing at room temperature (RT), the sections were washed in 50-mM Tris-HCl
buffer (pH 7.4), containing 150 mM NaCl, 5 mM KCI 1.5 mM MgCl: and 1.5 mM CaCl: (3 x 15 min).

Subsequently, the sections were incubated for 3 h in the same buffer, containing 1 nM [*H]RS127445 (specific
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activity 98 Ci/mmol; NT1137 Novandi Chemistry AB). Non-specific binding (NSB) was determined by
radiolabelling adjacent sections with 1 nM [?H]RS127445 in the presence of 1 uM LY266097 hydrochloride
(4081; Tocris). Incubations were terminated by three 1-min washes in ice-cold 50-mM Tris-HCL buffer (pH
7.4), followed by a swift rinse in ice-cold deionized H20 (dH2O, Ultra-Clear; Siemens). Sections were then
dried under a cold stream of air for 2 h and stored at RT overnight. Autoradiography acquisition was
performed for ~15 h, by using the digital real-time autoradiography system BeaQuant (ai4r, France).
Autoradiograms were analysed in a blinded manner by using Beamage software (version 2.1.8, ai4r, France),
and a pixel size of 100 pm. The cortex and the hippocampus were manually delineated in 2-6 sections spaced
300 pum apart from each mouse, by reference to the Allen Mouse Brain Atlas for sagittal sections [57]. The
gray and white matter of each human neocortical sample was delineated by reference to adjacent, toluidine-
blue stained sections. To calculate the mean specific binding (cp/min/mm?) of each biological sample, the

mean NSB was subtracted from the mean total binding values of all sections analysed.

4.6 Statistics

Outliers were identified and removed using the ROUT method. The effects of age and genotype on the
specific binding levels of [PH]RS127445 and the expression levels of 5-HTzs receptor mRNA were investigated
in ageing APPsw./PSlisy TG and WT control mice by two-way ANOVA. When significant effects were
observed, between-group differences were further explored using Bonferroni multiple comparison post hoc
tests. Unpaired, two-tailed Student t-test was employed to compare levels of 5-HT:8R mRNA in AD
compared to control samples. Results are presented as mean + SEM and considered significant when P<0.05.

All analyses were conducted using GraphPad Prism software (ver. 8.2).

Supplementary Materials: Figure S1: Digital real-time autoradiography of 5-HT2R binding sites in the cerebellum.
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Supplementary Fig. S1. Digital real-time autoradiography of 5-HT2sR binding sites in the
cerebellum. (A) Quantification of [?H]RS127445 binding in the cerebellum of ageing WT and
APPg,./PS14e0 TG mice. Values represent the mean specific binding of [?H]RS127445 + SEM in
3-8 animals/group, determined in five-six sections from each animal. (B) Representative
autoradiograms of 5-HT2gR binding sites. In 3-month-old mice, specific binding was detected in
the cerebellum, but not the neocortex or the hippocampus. Abbreviations: NCx: Neocortex; HIP:

Hippocampus; CB: Cerebellum.
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