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ABSTRACT: Neuroinflammation plays an important role in
Alzheimer’s disease and primary tauopathies. The aim of the
current study was to map [18F]GSK1482160 for imaging of
purinergic P2X7R in Alzheimer’s disease and primary tauopathy
mouse models. Small animal PET was performed using [18F]-
GSK1482160 in widely used mouse models of Alzheimer’s disease
(APP/PS1, 5×FAD, and 3×Tg), 4-repeat tauopathy (rTg4510)
mice, and age-matched wild-type mice. Increased uptake of
[18F]GSK1482160 was observed in the brains of 7-month-old
rTg4510 mice compared to wild-type mice and compared to 3-
month-old rTg4510 mice. A positive correlation between hippo-
campal tau [18F]APN-1607 and [18F]GSK1482160 uptake was
found in rTg4510 mice. No significant differences in the uptake of
[18F]GSK1482160 was observed for APP/PS1 mice, 5×FAD mice, or 3×Tg mice. Immunofluorescence staining further indicated
the distribution of P2X7Rs in the brains of 7-month-old rTg4510 mice with accumulation of tau inclusion. These findings provide in
vivo imaging evidence for an increased level of P2X7R in the brains of tauopathy mice.
KEYWORDS: Alzheimer’s disease, amyloid-β, glia, P2X7R, PET, tau

■ INTRODUCTION
Alzheimer’s disease (AD) is the most common cause of
dementia and is pathologically characterized by amyloid-β
(Aβ) plaque and tau tangle deposition. Primary tauopathies
such as frontotemporal lobar degeneration (FTLD), cortico-
basal degeneration (CBD), and progressive supranuclear palsy
(PSP) are pathologically characterized by tau inclusions.
Neuroinflammation plays an important role in AD and primary
tauopathies. Purinergic signaling is important for cognitive
disturbances, cognitive impairment, and neuropsychiatric
symptoms of AD.1 Purinergic receptors, particularly P2X7Rs,
play important roles in chronic immune and inflammatory
responses.1 In the central nervous system, P2X7R is expressed
on microglia, astrocytes2 and oligodendrocytes, but its
expression on neurons is still unclear.1 P2X7R has proin-
flammatory functions by increasing the level of adenosine
triphosphate, which activates P2X7R and leads to proin-
flammatory cytokines. Increased expression and activation of
P2X7Rs have been reported in post-mortem brains from
patients with AD, FTLD, or PSP.3 In addition, P2X7Rs are
involved in important pathological processes in the develop-
ment of AD, including Aβ production and plaque formation,
tau tangles, oxidative stress, and chronic neuroinflammation.

There is a vicious cycle between Aβ and alterations in the
levels of P2X7Rs: P2X7Rs promote proinflammatory pathways
via Aβ-mediated chemokine release,4 particularly through the
chemokine CCL3, which is associated with pathogenic CD8+
T-cell recruitment.4 In addition, P2X7R affects Aβ production
by influencing α-secretase-dependent amyloid precursor
protein processing5 and increasing plaque formation mediated
by glycogen synthase kinase-3β.6 P2X7R also influences the
aggregate burden of tau in human tauopathies and results in
distinct signaling in microglia and astrocytes.7 Upregulated
expression levels of P2X7Rs in AD mouse models have been
reported, such as in rats injected with Aβ42,

8 APP/PS1 mice,4

J20 mice,9 and tauopathy THY-Tau22 mice;3 moreover,
deficiency of the p2rx7 gene or pharmacological inhibition of
P2RX7 has been shown to improve plasticity and cognitive
ability in P301S tau transgenic mice10 and amyloidosis mice.4
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Pharmacological or genetic P2X7R blockage reversed the
proteasomal impairment induced by P301S tau in mice.11

Thus, P2X7R is a promising target for neuroinflammation
imaging and is a therapeutic target for AD and primary
tauopathies.
Several positron emission tomography (PET) tracers for

P2X7R have been developed,12 including [18F]JNJ-6441373913

(Kd = 1.0 nM), [18F]GSK1482160 (Kd = 4.3 nM),14

[11C]SWM13915 (Kd = 4.6 nM), [18F]IUR-160116 (Ki = 4.3

nM) [11C]A-74000317 (Ki = 0.1 nM), [123I]TZ601918 (Ki =
6.3 nM), [18F]PTTP19 (Kd = 12.4 nM), and [18F]FTTM20 (Kd

= 25.4 nM) (the affinities are measured on hP2X7R). Earlier
study showed that [11C]SMW139 showed a 6 times lower
affinity for the rodent P2X7R than the human P2X7R and was
rapidly metabolized in mice, with 30+% unmetabolized plasma
fraction.15,21 Increased [18F]JNJ-64413739 uptake was re-
ported in the brain and peripheral organs of animal models of
epilepsy22 and lipopolysaccharide (LPS)-injected mice.23

Figure 1. Increased regional [18F]GSK-1482160 brain uptake in 7-month-old rTg4510 mice compared to age-matched wild-type mice and
correlation with [18F]APN-1607 uptake in the brain. (a−f) Representative [18F]GSK-1482160 SUVR images of 3- and 7-month-old WT (a, b),
5×FAD (c, d), and rTg4510 (e, f) mice; SUVR scale, 0−2.2. BFS, basal forebrain system. (g) Quantification of [18F]GSK-1482160 SUVRs in WT,
5×FAD, and rTg4510 mice. (h, i) Nonparametric Spearman’s rank analysis of [18F]GSK-1482160 and [18F]APN-1607 SUVR (Cb as the reference
region) in rTg4510 mice (3 months, n = 5; 7 months, n = 6). HIP, hippocampus. Ctx, cortex. Cb, cerebellum.
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Increased uptake of [11C]GSK1482160 has also been reported
in the cortex and hippocampus of LPS-treated mice in a
blockable manner.24 Here we chose [18F]GSK1482160 for its
affinity in the rodent, suitable pharmacokinetics, and metabolic
stability based on previous detailed characterization study25

and for its availability. To date, the in vivo pattern of P2X7R in
AD models and in tauopathy models has not been elucidated,
with two studies reporting on a 12- to 13-month-old APP/PS1
mouse model using [18F]4A.26 and 5- to 14-month-old APP/
PS1-21 mice using [11C]SMW139 (no difference in cerebral
uptake compared to wild-type mice).21 An earlier auto-
radiography study using [11C]SMW139 showed comparable
binding in temporal cortex tissue from AD patients and
controls,15

The aim of the current study was to evaluate changes in the
levels of P2X7R by using [18F]GSK1482160 PET in widely
used transgenic mouse models in AD research. The use of
different animal models facilitates the understanding of the
contribution of amyloid and tau to P2X7R alterations in the
brain. The amyloidosis models APP/PS127 and 5×FAD mice28

develop cerebral amyloid plaque deposits in the cortical and

subcortical regions, with abundant deposits seen in APP/PS1
at 9 months and at a younger age (4−5 months) in 5×FAD
mice.29 In comparison 3×Tg mice develop both amyloid and
tau deposits in the brain; however, at around 10 months, only
mild accumulation mainly in the subiculum was detected in
this strain due to genetic drift.30,31 rTg4510 (P301L) tau
mice32 is one of the most widely used model of 4-repeat
tauopathy, with abundant tau pathology at 7 months in the
cortical regions, hippocampus, and gliosis.33 Recent study
showed a 4-fold upregulation in the p2rx7 level in the brain of
rTg4510 mice at 6 months compared to wild-type mice.7 We
assessed the alterations of regional P2X7R levels in response to
the amyloid and/or tau accumulation in APP/PS1 mice (5
months, 10 months), 3×Tg mice (10 months), 5×FAD mice
(3 and 7 months), rTg4510 mice (3 and 7 months), and age-
matched wild-type mice. Ex vivo staining was performed to
determine the distribution of P2X7R in the brain of the mice
that underwent in vivo imaging.

Figure 2. No difference in regional [18F]GSK-1482160 cerebral uptake between 5- or 10-month-old APP/PS1 mice or 3×Tg mice and wt mice.
(a−e) Representative [18F]GSK-1482160 SUVR images in the brain of 5- and 10-month-old WT (a, b), APP/PS1 (c, d), and 10-month-old 3×Tg
(e) mice; SUVR scale 0−2.2; BFS, basal forebrain system. (f) Quantification of [18F]GSK-1482160 SUVRs in the brain of WT, APP/PS1 mice, and
3×Tg mice.

ACS Chemical Neuroscience pubs.acs.org/chemneuro Letter

https://doi.org/10.1021/acschemneuro.4c00067
ACS Chem. Neurosci. XXXX, XXX, XXX−XXX

C

https://pubs.acs.org/doi/10.1021/acschemneuro.4c00067?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acschemneuro.4c00067?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acschemneuro.4c00067?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acschemneuro.4c00067?fig=fig2&ref=pdf
pubs.acs.org/chemneuro?ref=pdf
https://doi.org/10.1021/acschemneuro.4c00067?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


■ RESULTS AND DISCUSSION
The Regional Uptake of [18F]GSK1482160 Was Great-

er in rTg4510 Mice than in Age-Matched Wild-Type
Mice and Correlated with Tau Deposits in the Hippo-
campus. The high-performance liquid chromatography
(HPLC) and quality control results for [18F]GSK1482160
are shown in Figure S1. The dynamics of [18F]GSK1482160 in
the periphery of mouse and rat models and the in vitro and in
vivo stabilities of [18F]GSK1482160 were demonstrated in a
recent study.25 We found that [18F]GSK1482160 exhibited
relatively lower uptake inside the mouse brain than outside the
mouse brain (Figure S2). The uptake of [18F]GSK1482160 in
the brain was relatively low around 0.7 in the wild-type mice
(Figures S2 and S3). In contrast to translocator protein
(TSPO) imaging, which is known to show a high cerebellar
uptake,33,34 we found that the cerebellar uptake of [18F]-
GSK1482160 in the mouse brain was not much greater than
that of cerebral regions (Figure S3). In an earlier P2X7R
imaging study using [18F]JNJ-64413739 in a rodent model, the
cerebellum was also used as the reference region for SUVR
calculations.23 The cerebellum is suitable for use as a reference
brain region for [18F]GSK1482160. rTg4510 mice are known
to develop tau pathology at approximately 5 months of age.32

To determine whether and when alterations in the levels of
P2X7R in the brain of the rTg4510 tau mouse model are
related to tau accumulation, we assessed [18F]GSK1482160
imaging in 3- and 7-month-old (with tau pathology) rTg4510
mice. We quantified the regional [18F]GSK1482160 relative
standardized uptake value (SUVR) using the cerebellum as the
reference region. We observed that the [18F]GSK1482160
SUVR was greater in the cortex and basal forebrain system of
7-month-old rTg4510 mice than in age-matched wild-type
mice (Figure 1b,f,g) and was greater in the cortex, basal
forebrain system, striatum and amygdala of 7-month-old
rTg4510 mice than in 3-month-old rTg4510 mice (Figure
1e−g).

To understand the link between tau accumulation and
P2X7R alterations in the brain, we performed correlation
analysis between [18F]GSK1482160 and the tau tracer
[18F]APN-1607 in 11 rTg4510 mice (including five 3 months
of age and six 7 months of age). The description for
radiosynthesis and the mciroPET method for [18F]APN-1607
imaging in rTg4510 mice and wild-type mice can be found
in.35 The data for [18F]APN-1607 SUVR (with Cb as the
reference region) in the same rTg4510 mice were obtained
from our recent study.35 Nonparametric Spearman’s rank
analysis revealed a positive correlation between tau [18F]APN-
1607 uptake and [18F]GSK1482160 uptake in the hippo-
campus of rTg4510 mice (r = 0.6909, p = 0.0226, n = 11,
Figure 1i)

The Uptake of [18F]GSK1482160 Did Not Differ
between APP/PS1, 5×FAD, and 3×Tg Mice and Age-
Matched Wild-Type Mice. Next, we assessed the changes in
the level of P2X7R in the brains of mouse models of AD
amyloidosis. 5×FAD mice develop Aβ plaques at approx-
imately 5 months of age. Here, we chose 3 months and 7
months as the pre- and postpathological time points,
respectively. Here, we found that there was no difference in
the [18F]GSK1482160 SUVR in the brains of 5×FAD mice (3
and 7 months) compared to age-matched wild-type mice
(Figure 1a−d,g). APP/PS1 mice develop Aβ plaques at
approximately 6 months of age. 3×Tg mice are models of
both cerebral Aβ plaques and tau pathology; however, due to
genetic drift, recent studies from our group and other groups
have shown limited pathology at the age of 10 months.31 Here,
we chose APP/PS1 mice at 5 and 10 months of age and 3×Tg
mice at 10 months of age for [18F]GSK1482160 imaging. We
observed no difference in [18F]GSK1482160 SUVR in other
mouse models of APP/PS1 (5 and 10 months) (Figure 2) or
in 3×Tg mice (10 months) (Figure 2). There was overall
increase in regional [18F]GSK1482160 SUV in the brain from
5 month old APP/PS1 mice compared to age-matched wild-
type mice, however the regional [18F]GSK1482160 SUVR

Figure 3. Staining of tau inclusions in the brain from 7-month-old rTg4510 mice and amyloid-β deposits in the brains of 7-month-old 5×FAD mice
and 10-month-old APP/PS1 mice. (a−c) An overview and zoomed-in view of the staining of phospho-Tau (p-Tau, green) in coronal brain slices
from 7-month-old rTg4510 mice. (c) Zoomed-in view showed tau tangles in the cortex (Ctx), and hippocampus (Hip). (d−i) Overviews and a
zoomed-in view of the staining of coronal brain slices from 7-month-old 5×FAD mice and 10-month-old APP/PS1 mice. Zoomed-in views
revealing the presence of amyloid-β deposits (green) in the cortex (Ctx) of 5×FAD mice (e, f) and hippocampus (Hip) of 10-month-old APP/PS1
mice (h, i). The yellow squares in the overviews indicate the locations of the zoom-ins. The nuclei were counterstained with DAPI (white). Scale
bar = 200 μm (a, d, e, g, h) or 20 μm (b, c, f, i). Thal, thalamus.
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(cerebellum as reference region) was comparable between two
groups (Figure S3).

P2X7R Distribution in the Mouse Brain. Ex vivo
immunofluorescence staining was performed on mouse brain
tissue slices after in vivo imaging. The P2X7R signals in the
brains of APP/PS1 mice and WT mice appeared comparable.
The accumulation of tau inclusion was validated by using
phospho-Tau staining of brain tissue slices from 7-month-old
rTg4510 mice and WT mice (Figure 3a−c). Tau tangles and
were detected in the cortex and hippocampus of 7-month-old
rTg4510 mice. Amyloid-beta deposits were detected in the
cortex, hippocampus and thalamus of both 5×FAD mice at 7
months of age (Figure 3d−f) and 10-month-old APP/PS1
mice at 10 months of age (Figure 3g−i). The P2X7R signal in
the brains of the rTg4510 mice was higher in the hippocampus
than in the cortex based on the ex vivo staining, which was
slightly different from the in vivo pattern (Figure 4a−l).
Here, we found increased regional [18F]GSK1482160 uptake

in the cortical and subcortical regions of P2X7Rs in 7-month-
old rTg4510 mice compared to age-matched controls and 3-
month-old rTg4510 mice. No difference in the regional
[18F]GSK1482160 SUVR was observed in the brains of
APP/PS1 mice (5 and 10 months), 5×FAD mice (3 and 7
months), or 3×Tg mice (10 months) compared to age-
matched wild-type mice. The pharmacokinetics of [18F]-
GSK1482160 in rodents as well as test-retest of the tracer has
been reported in our studies.25,36

rTg4510 mice develop tau deposits at 4−5 months of age,
which can be detected by PET using [11C]PBB3 and [18F]PM-
PBB3 ([18F]APN-1607).33 In vivo imaging using [18F]DPA-
714 and [11C]AC-5216 has shown increases in TSPO
(representing microgliosis) along with tau accumulation.33,34

In addition, genome-wide RNaseq studies and ex vivo staining
have demonstrated increased immunoreactivity for the
astrocyte and the microglial marker in the brains of rTg4510
mice.37 Tau pathology has been shown to epigenetically
remodel neuron-glial cross-talk in AD A recent study showed

that the RNA level was increased in the brain of rTg4510 mice
at 6 months and that P2X7R influences the tau aggregate
burden in human tauopathies and induces distinct signaling in
microglia and astrocytes.7 Our observation of an increase in
P2X7R by PET using [18F]GSK1482160 in tauopathy mouse
brain is in line with the existing autoradiographic study using
[123I]TZ6019 in the brain tissue from 9-month-old PS19
(P301S tau) mice, with an approximately 35% increase
compared to age-matched wild-type mice.18

In contrast to the increase observed in tau rTg4510 mice, we
found no clear difference in [18F]GSK1482160 uptake in the
brains of 3- or 7-month-old 5×FAD mice. Similar observation
was reported in an earlier immunostaining study showing the
opposite pattern in P2X7R signaling, with an increase in the
brains of tauopathy P301S mice and a reduction in the brains
of 5×FAD mice in the same study.38 Another study revealed
that P2X7R protein expression in the frontal cortex was
approximately 150% greater in 9-month-old 5×FAD mice than
in 3-month-old 5×FAD mice and was greater than in wild-type
mice.39

For APP/PS1 mice, regional P2X7Rs in the brains of 5-
month-old and 10-month-old APP/PS1 mice were comparable
to those in age-matched wild-type mice by using [18F]-
GSK1482160. To date, only one in vivo study of [18F]4A PET
has been performed in a 12- to 13-month-old APP/PS1 mouse
model,26 with the highest binding observed in the anterior
commissure, putamen, neocortex and medulla, followed by the
cerebellum. Despite the increased area under the curve, the
SUVRs (relative to the cerebellum) were comparable between
12- to 13-month-old APP/PS1 and wild-type mice.26 An earlier
study showed that immunofluorescence staining of P2X7Rs
increased by 20% in the cortex and 30% in the hippocampus of
10-month-old APP/PS1 mice compared to wild-type mice,4

while another Western blot analysis showed that P2X7Rs were
more abundant in the cortex of 6-month-old and 12-month-old
APP/PS1 mice compared to nontransgenic littermates.40

Transcriptomic analysis of the levels of p2rx7 in 2-, 10- and

Figure 4. Representative P2X7R staining of coronal brain slices from WT, rTg4510, 5×FAD, and APP/PS1 mice. (a, d, g, j) Overview and (b, c, e,
f, h, i, k, l) zoomed-in view revealing the distribution of P2X7Rs (green) in the hippocampus (Hip) and cortex (Ctx) of 7-month-old WT (a−c), 7-
month-old rTg4510 (d−f), 7-month-old 5×FAD (g−i), and 10-month-old APP/PS1 mice. Nuclei were counterstained with DAPI (blue). Scale bar
= 1 mm (a, d, g, j), 200 μm (c, f, i, l), 100 μm (b, e, h, k).
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20-month-old 3×Tg mice did not reveal a significant
difference.41

There are several limitations in the current study. First, sex
differences in the expression of P2X7Rs in mouse brains have
not been studied. Second, this study was cross-sectional rather
than longitudinal. Further longitudinal assessments in the same
set of animal models will be informative. Third, the PET scans
are not dynamic; therefore, BPnd readouts were not available.
Moreover, P2X7R expression is highly dependent on the
activation state of microglia, and further detailed profiling of
microglia in relation to in vivo P2X7R tracer uptake is needed.
We used PMOD small animal brain atlas based analysis for
quantification. This approach is widely used in small animal
PET data analysis. SPM based analysis provides insightful
voxel-based analysis. Based on earlier publications, the
quantification using SPM and PMOD are comparable. Both
methods have shown effectiveness in analyzing animal PET
imaging data.
In conclusion, these findings provide in vivo imaging

evidence for diverse patterns of P2X7R, with increased
P2X7R in the widely used rTg4510 model of 4-repeat
tauopathy but not in the amyloidosis models 5×FAD, APP/
PS1 or 3×Tg mice. [18F]GSK1482160 imaging might be useful
for in vivo evaluation of neuroinflammation in neuro-
degenerative diseases.

■ METHODS
Animal Models. The animal models used in this study are

summarized in Table 1. Sixty mice were included in total, including

rTg4510 mice [STOCK Tg(Camk2a-tTA)1Mmay Fgf14Tg(tetO-
MAPT*P301L)4510Kha/J] (Jax Laboratory),32 APP/PS1 mice [B6.
Cg-Tg(APPswe,PSEN 1dE9)85Dbo/Mmjax],27 3×Tg mice [B6;129-
Psen1tm1MpmTg(APPSwe, tauP301L)1Lfa/Mmjax] (Jax Labora-
tory),30 and 5×FAD mice [B6. Cg-Tg(APPSwFlLon,-
PSEN1*M146L*L286V)6799Vas/Mmjax] (Jax Laboratory).42 Wild-
type C57BL6 mice were obtained from Charles River, Germany, and
Cavins Laboratory Animal Co., Ltd., of Changzhou. Mice were
housed in ventilated cages inside a temperature-controlled room
under a 12 h dark/light cycle. Pelleted food and water were provided
ad libitum. Paper tissue and red mouse house shelters were placed in
cages for environmental enrichment. The in vivo PET imaging and
experimental protocol were approved by the Institutional Animal Care
and Ethics Committee of Huashan Hospital of Fudan University and
Sun Yat-sen University and performed in accordance with the
National Research Council’s Guide for the Care and Use of

Laboratory Animals. All experiments were carried out in compliance
with national laws for animal experimentation and were approved by
the Animal Ethics Committee of Fudan University and Sun Yat-Sen
University. All of the experiments were carried out in compliance with
ARRIVE guidelines 2.0, the national laws for animal experimentation.

Radiosynthesis. [18F]GSK1482160 was synthesized and radio-
labeled based on nucleophilic aliphatic substitution according to
protocols described previously. The identities of the final products
were confirmed by comparison with the HPLC retention times of the
nonradioactive reference compounds obtained by coinjection using a
Luna 5 μm C18(2) 100 Å (250 mm × 4.6 mm) column
(Phenomenex) with acetonitrile and water (60:40) as the solvent
and a 1.0 mL/min flow rate. A radiochemical purity >95% was
achieved for [18F]GSK1482160 (molar activity, 1.48 GBq/mL)26 (the
HPLC results are shown in Figure S1).

Small Animal PET. PET experiments were performed using a
Siemens Inveon PET/computed tomography (CT) system (Siemens
Medical Solutions, Knoxville, TN, United States). Prior to the scans,
the mice were anesthetized using isoflurane (2.0−3.0%) in medical
oxygen (1 L/min) at room temperature with an isoflurane vaporizer
(Molecular Imaging Products Company, United States). The mice
were positioned in a spread-up position on the imaging bed and
subjected to inhalation of the anesthetic (1.5−2.5% isoflurane) during
the PET/CT procedure.43 A single dose of [18F]GSK1482160 (∼0.37
MBq/g body weight, 0.1−0.2 mL) was injected into the animals
through the tail vein under isoflurane anesthesia. Static PET/CT
images were obtained 10 min after intravenous administration of
[18F]GSK1482160 for 50−60 min. PET/CT images were recon-
structed using the ordered subset expectation maximization 3D
algorithm (OSEM3D), with a matrix size of 128 × 128 × 159 and a
voxel size of 0.815 mm × 0.815 mm × 0.796 mm. The data were
reviewed using Inveon Research Workplace (IRW) software (Sie-
mens, United States). Attenuation corrections derived from hybrid
CT data were applied.

Imaging Data Analysis. The images were processed and
analyzed using PMOD 4.4 software (PMOD Technologies Ltd.,
Zurich, Switzerland). The time−activity curves were deduced from
specific volumes of interest that were defined based on mouse
magnetic resonance imaging T2-weighted images and the Ma-
Benveniste-Mirrione atlas (in PMOD). Radioactivity is presented as
the standardized uptake value (SUV) (decay-corrected radioactivity
per cm3 divided by the injected dose per gram of body weight). The
brain regional SUVRs were calculated using the cerebellum (Cb) as
the reference region as described in an earlier PET study using
[18F]JNJ-64413739 in rodents.23 A mask was applied for signals
outside the brain volumes of interest for illustration. To understand
the link between tau deposits and P2X7R alterations in the brain, we
performed nonparametric Spearman’s correlation analysis between
the uptake of [18F]GSK1482160 and the tau tracer [18F]APN-1607 in
the brain of rTg4510 mice. Data for [18F]APN-1607 SUVR (with Cb
as the reference region) in the same rTg4510 mice (3 and 7 months
of age) that underwent [18F]GSK1482160 imaging were obtained
from an earlier study (detailed information in Table 1).35

Immunofluorescence Staining. After in vivo imaging, the mice
were anesthetized with tribromoethanol, perfused with ice-cold 0.1 M
phosphate buffered saline (PBS, pH 7.4) and 4% paraformaldehyde in
0.1 M PBS (pH 7.4), fixed for 36 h in 4% paraformaldehyde (pH 7.4),
and subsequently stored in 0.1 M PBS (pH 7.4) at 4 °C. The brain
was placed in 30% sucrose in PBS until it sank. The brain was
embedded in OCT gel (Tissue-Tek O.C.T., Sakura, USA). Coronal
brain sections (20 μm) were cut around the bregma 0 to −2 mm
using a Leica CM1950 cryostat (Leica Biosystems, Germany). For
P2X7R immunofluorescence labeling, sections were blocked in
blocking buffer containing 3% bovine serum albumin (BSA), 0.4%
Triton X-100, and 5% normal goat serum (NGS) in PBS for 2 h at
room temperature. After washing with PBS for 3 × 10 min, the
sections were incubated with primary antibodies in blocking buffer
overnight at 4 °C, incubated with donkey anti-rat IgG H&L (Alexa
Fluor 647) (1:500, ab150155, Abcam) in blocking buffer for 2 h at
room temperature and subsequently washed with PBS for 3 × 10 min.

Table 1. Information on the Animal Models Used in the
Studya

animal
model

age
(month)

[18F]GSK1482160
PET

[18F]APN-1607
PET

WT 3 4 M
5 5 M
7 5 M
10 5 M

rTg4510 3 6 M 5 M
7 8 M 6 M

APP/PS1 5 6 M
10 10 M

3×Tg 10 3 M
5×FAD 3 3 M/3 F

7 3 M/3 F
aM: male. F: female. Sixty mice were included. Detailed [18F]APN-
1607 PET method and data can be found in ref 35.
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For Aβ and tau staining, coronal brain sections (3 μm) were cut
using a Leica RM2016 microtome (Leica, Germany). The sections
were first washed in PBS 3 × 10 min, followed by antigen retrieval for
20 min in citrate buffer (pH 6.0) at room temperature. After antigen
retrieval in citrate buffer at room temperature, the sections were
permeabilized and blocked in 3% bovine serum albumin for 30 min at
room temperature with mild shaking. Paraffine-embedded sections
were incubated overnight at 4 °C with primary antibodies against Aβ
and phospho-Tau (Ser202, Thr205). The next day, the slices were
washed with PBS 3 × 5 min, incubated with secondary antibody for 2
h at room temperature, and washed 3 × 5 min with PBS. The sections
were incubated for 10 min in 4′,6-diamidino-2-phenylindole (DAPI)
at room temperature and mounted with antifade mounting media.
The brain sections were imaged at ×20 magnification using a
Pannoramic MIDI slide scanner (3DHISTECH) with the same
acquisition settings for all brain slices. The images were analyzed by
using ImageJ (NIH, U.S.A.). Antibodies used in the immunofluor-
escence staining were listed in Table S1.

Statistics. Two-way ANOVA with Sidak’s post hoc analysis was
used for comparisons between groups (GraphPad Prism 9.0, CA,
USA). Nonparametric Spearman’s rank correlation analysis was used
to analyze the associations between the regional SUVRs of
[18F]GSK1482160 and [18F]APN-1607. A p value less than 0.05
was considered to indicate statistical significance. The data are shown
as the mean ± standard deviation.
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■ ABBREVIATIONS
AD, Alzheimer’s disease
FTLD, frontotemporal lobar degeneration
CBD, corticobasal degeneration
PSP, progressive supranuclear palsy
P2X7R, purinergic receptor P2X7
PET, positron emission tomography
TSPO, translocator protein
HPLC, high-performance liquid chromatography
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