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The P2X7 receptor is an adenosine triphosphate–gated ion channel,

which is abundantly expressed in glial cells within the central ner-
vous system and in the periphery. P2X7 receptor activation leads to

the release of the proinflammatory cytokine IL-1β in the brain, and

antagonism of the P2X7 receptor is a novel therapeutic strategy to
dampen adenosine triphosphate–dependent IL-1β signaling. PET

ligands for the P2X7 receptor will not only be valuable to assess

central target engagement of drug candidates but also hold promise

as surrogate markers of central neuroinflammation. Herein we de-
scribe the in vitro and in vivo evaluation of 18F-JNJ-64413739, an
18F-labeled PET ligand for imaging the P2X7 receptor in the brain.

Methods: P2X7 receptor affinity and specificity, pharmacokinetics,

metabolic stability, blood–brain barrier permeability, and off-target
binding of JNJ-64413739 were evaluated in a series of in vitro,

ex vivo, and in vivo assays. 18F-JNJ-64413739 was radiolabeled

via a one-step nucleophilic aromatic substitution. The tracer was also
studied in rhesus macaques, and PET images were analyzed with

an arterial plasma input function–based Logan graphical analysis.

Results: The potency (half-maximal inhibitory concentration) of the

P2X7 receptor antagonist JNJ-64413739 is 1.0 ± 0.2 nM and 2.0 ±
0.6 nM at the recombinant human and rat P2X7 receptor, respec-

tively, and the binding affinity is 2.7 nM (rat cortex binding assay)

and 15.9 nM (human P2X7 receptor). In nonhuman primate PET

imaging studies, dose-dependent receptor occupancy of JNJ-
54175446 was observed in 2 rhesus monkeys. At a 0.1 mg/kg dose

(intravenous) of JNJ-54175446, the receptor occupancy was calcu-

lated to be 17% by Logan graphical analysis, whereas a dose of 2.5

mg/kg yielded a receptor occupancy of 60%. Conclusion: The pre-
clinical evaluation of 18F-JNJ-64413739 demonstrates that the

tracer engages the P2X7 receptor. Reproducible and dose-depen-

dent receptor occupancy studies with the P2X7 receptor antagonist
JNJ-54175446 were obtained in rhesus monkeys. This novel PET

tracer exhibits in vitro and in vivo characteristics suitable for imaging

the P2X7 receptor in the brain and warrants further studies in humans.
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The P2X7 receptor belongs to the P2X family of trimeric
ligand-gated cation channels, and its activation by adenosine tri-
phosphate (ATP) allows for the flux of several cations, including

Ca21, Na1, and K1 (1,2). The ATP-gated purinergic P2X7 re-
ceptor is abundantly expressed in central nervous system (CNS)
microglia (3). In the brain, the P2X7 receptor is expressed ubiq-

uitously as demonstrated by immunohistochemistry, autoradio-
graphy and PET imaging (4–6). At a functional level, the P2X7
receptor is activated by high concentrations of ATP. Under normal

physiologic conditions, extracellular ATP concentrations are gen-
erally below the threshold required for P2X7 receptor activation,
and P2X7 receptor signaling is believed to be silent. However,

during CNS pathology extracellular ATP levels can reach suffi-
ciently high concentrations to activate the receptor, as has been
demonstrated with P2X7 receptor antagonists in models of disease

(7). Hence, whereas P2X7 receptor expression levels are detectable
or high in normal CNS tissues, their ion channel activity might be
low or inactive. Although expression levels may or may not be up-

regulated during a neuroinflammatory response, the ion channel
activity will most likely be engaged in a disease state, making a
case for targeting the P2X7 receptor as an attractive drug target

for CNS therapeutics (8).
One of the features of the P2X7 receptor activation is NLRP3

inflammasome activation followed by release of proinflammatory

cytokines IL-1b and IL-18 (9), which is dependent on 2 critical
steps working in concert: a priming of toll-like receptors by lipo-
polysaccharide and a subsequent activation of the P2X7 receptor

by ATP, such that each one on its own will be unable to trigger
P2X7 receptor mediated IL-1b/IL-18 release. The release of these
cytokines triggers a cascade of downstream events leading to

microglial activation, astrogliosis, and ultimately neuroinflamma-
tion. Once the P2X7 receptor is activated, it also serves as a
conduit for further intracellular ATP release (10), leading to a
self-propelled increase of an inflammatory response. In animal

models of neuroinflammation, such as ones induced by lipopoly-
saccharide, polyI:C, BCG, IFN-a, or kainic acid, it is critical to
model the priming step and generate sufficient extracellular ATP

to engage P2X7 receptor dependent IL-1b release in the brain.
This was elegantly demonstrated by Territo et al. (11), who used a
high-dose lipopolysaccharide (5 mg/kg) model of neuroinflamma-

tion to show enhanced brain uptake of 11C-GSK1482160, a P2X7
receptor PET ligand. Likewise, in a model of multiple sclerosis,
the same PET ligand was shown to have higher retention in the

spinal cord (12), suggesting P2X7 receptor upregulation in these
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extreme conditions in rodents. Due to the intricate link of P2X7
receptor activation with IL-1b release and neuroinflammation,
there is a lot of interest in developing clinical candidates that
are both P2X7 receptor antagonists and PET ligands. Although
the former class of molecules may be useful to treat CNS disorders
with a neuroinflammatory component, PET ligands for the P2X7
receptor may serve a dual purpose: for use in the clinic as a bio-
marker to support central target engagement of the P2X7 receptor
and for use as tools to study neuroinflammation.
We have published several classes of brain-penetrant P2X7 receptor

antagonists, including our clinical compound JNJ-54175446. Our
team has disclosed a 11C-labeled P2X7 receptor PET ligand, JNJ-
54173717 (13), which was successfully used to detect basally over-
expressed P2X7 receptors in rat brains. In these models, the PET
signal was blocked by competition with cold P2X7 receptor ligands
in a dose-dependent manner. Similarly, the 11C-GSK1482160 PET
signal in the brain of lipopolysaccharide-challenged rats was also
blocked by a cold P2X7 antagonist, demonstrating specificity of the
PET signal to P2X7 receptors. In addition to 11C-JNJ-54173717 and
11C-GSK1482160, 2 other groups have disclosed P2X7 receptor PET
ligands (11C-A-7400003 and 18F-EFB), albeit with no data to support
target specificity of these tracers (14,15). Most recently, 11C-SMW139
was described as a brain-permeable and selective P2X7 receptor li-
gand by Janssen et al., with promising results obtained in a rat model
overexpressing human P2X7 receptor (16)
Here, we report a new P2X7 receptor PET ligand, 18F-JNJ-

64413739, to support our clinical therapeutic candidate, JNJ-
54175446, with occupancy studies. In addition, this ligand will
be used to study conditions of neuroinflammation. This article
describes the radiochemistry, preclinical pharmacology, and non-
human primate PET data in support of 18F-JNJ-64413739 as a best-
in-class CNS-penetrant P2X7 receptor PET ligand.

MATERIALS AND METHODS

Synthesis of precursor and standard are provided in the supplemental

data (supplemental materials are available at http://jnm.snmjournals.
org).

Radiochemistry

The radiotracer used in this study is a sterile, nonpyrogenic solution

of no-carrier-added 18F-JNJ-64413739 in a formulation solution. The
radiotracer was prepared by reaction of the corresponding chloro precur-

sor, (S)-(3-chloro-2-(trifluoromethyl)pyridin-4-yl)(6-methyl-1-(pyrimidin-
2-yl)-6,7-dihydro-1H-[1,2,3]triazolo[4,5-c]pyridin-5(4H)-yl)methanone

(JNJ-64410047), with 18F fluoride in the presence of potassium carbon-
ate and Kryptofix-222 (Fig. 1) using a commercial synthesizer, GE

Healthcare TRACERlab FX-FN.
Purification was performed by reverse-phase high-performance liquid

chromatography using a Phenomenex Luna C18(2) column (10 mm, 10 ·
250 mm) eluted with a mixture of acetonitrile/water/trifluoroacetic acid

(40/60/0.1, v/v/v) at a flow rate of 4 mL/min. The product fraction

was collected in a flask containing 20 mL of diluted sodium ascor-
bic in water for injection. The diluted product mixture was passed

through a solid-phase extraction cartridge (Sep-Pak C18 Light),
and the cartridge was rinsed with 10 mL of diluted sodium ascorbic

in water for injection. The radiolabeled product was eluted from
the solid-phase extraction cartridge with 1.0 mL of 200-proof U.S.

Pharmacopeia grade ethanol into the formulation flask, preloaded with
10 mL of formulation base (diluted sodium ascorbate containing poly-

sorbate-80). The Sep-Pak cartridge was rinsed with 4 mL of formulation
base, and the rinse was mixed with the contents of the formulation flask.

The resulting solution was passed through a sterilizing 0.2-mm mem-
brane filter into a sterile, filter-vented final product vial.

Quality control testing included visual inspection of appearance.
Identity, chemical, and radiochemical purity were determined by high-

performance liquid chromatography. Strength was measured by g-
assay. Filter integrity, pyrogen content, and sterility were determined

by compendial tests per the U.S. Pharmacopeia. Residual solvents were
determined by gas chromatography. pH was measured using pH paper.

A total of 7 preparations with an average tracer purity of 99.8% 6
0.3% were used during this study. The average decay-corrected radio-
chemical yield was 3.1% 6 2.0%, and the average molar activity at

the end of synthesis was 48.3 6 22.3 GBq/mmol.

In Vitro Pharmacology: Binding Affinity, Half-Maximal

Inhibitory Concentration in Humans and Rats

For in vitro functional assays on 1321N cell lines expressing either

the rat or human P2X7 receptor, the agonist 2 (3)-O-(4-benzoyl-
benzoyl)adenosine 5-triphosphate (Bz-ATP) was used for channel ac-

tivation, and JNJ-41857660 as the reference compound (pIC50, 6.3 6
0.5). Radioligand binding experiments were conducted using 3H-

A804598 and 1321N1 cells expressing the recombinant human and rat
P2X7 receptor. Experimental details are provided in the supplemental

materials.

Microdosing Experiments in Rodents

Animals/Rodents. Animal studies were conducted in the United
States in accordance with the Guide for the Care and Use of Labora-

tory Animals (17). Studies performed in Europe were in accordance
with the European Communities Council Directive 2010/63/EU (18)

and local legislation on animal experimentation. Facilities were
accredited by the Association for the Assessment and Accreditation

of Laboratory Animal Care. Animals were allowed to acclimate for
5 d after receipt. They were housed in accordance with institutional

standards, received food and water ad libitum, and were maintained
on a 12-h light/dark cycle.

To evaluate the brain biodistribution of JNJ-64413739 in rodents at
a microdose level, rats (n 5 3 per group) were administered a single

intravenous dose of 0.03 mg/kg of JNJ-64413739 formulated in 20%
(w/v) HP-b-cyclodextrin in ddH2O, pH 7.4. A blocking experiment

was performed by oral administration of the P2X7 antagonist JNJ-
55308942 (19) (5 mg/kg) 1 h before microdosing of JNJ-64413739. At

2 time points (15 and 30 min) after micro-
dosing, the cerebrums were collected and ho-

mogenized to analyze JNJ-64413739 levels
by liquid chromatography with tandem mass

spectrometry (LC-MS/MS).
P2X7 receptor knockout (KO) mice were

used to measure nonspecific binding of JNJ-

64413739 (20). The KO strain was a mixed
genetic background of 129/Ola_C57BL/6_DBA/

2 and was obtained under a license from JAX
(catalog no. 005576). KO and strain-matched

wild-type mice (n 5 4 each) were dosedFIGURE 1. Radiosynthesis of 18F-JNJ-64413739.

18F-JNJ-64413739 P2X7 PET TRACER • Kolb et al. 1155

http://jnm.snmjournals.org/
http://jnm.snmjournals.org/


intravenously with JNJ-64413739 (0.1 mg/kg of body weight). Cere-

brums were harvested after 30 min for LC-MS/MS analysis.
LC-MS/MS Analysis. JNJ-64413739 brain homogenate samples were

extracted using a protein precipitation method and analyzed on an
API4000 Q-Trap MS/MS System (Applied Biosystems, Concord,

Ontario, Canada) interfaced with a Shimadzu LC high-performance
liquid chromatographer. Samples were loaded onto a 2.1 · 50-mm

Gemini, NX-C18, 3 mm 110A column (Phenomenex) under a flow
rate of 0.5 mL/min using water (0.1% formic acid) as mobile phase A

and acetonitrile (0.1% formic acid) as mobile phase B. Starting with
85% mobile phase A for 0.5 min, mobile phase B was increased from

15% to 98% using a linear gradient for 1.1 min, held at 98% B for
0.6 min, and equilibrated at 15% B for 0.4 min for an overall run time

of 2.5 min. JNJ-64413739 was quantified by MS/MS in the positive
ion mode by monitoring the transition of 408 to 172 m/z.

Nonhuman Primate Brain PET Imaging Studies

(at MNI/Invicro)

Animals. All experiments were conducted in accordance with the

U.S. Public Health Service’s Policy on Humane Care and Use of Lab-
oratory Animals and with institutional approval. Adult rhesus ma-

caques (Macaca mulatta, 1 female and 1 male, 10.3 6 2.3 kg) were
used. An intravenous catheter was used for administration of fluids for

hydration. Body temperature was maintained by a heated water blan-
ket and monitored with a rectal thermometer. Vital signs were mon-

itored continuously and recorded every 10–20 min during the study.
Vehicle and Blocking Agent. JNJ-54175446 was formulated in a

vehicle of acetate buffer (100 mM, pH 4.5) containing 20% PEG400
and 20% HP-b-CD. The concentration of the solution was determined

by high-performance liquid chromatography (Xbridge C18, methanol/
ammonium acetate 5 mM, 70/30, 1 mL/min, 254 nm) by comparison

with a 1 mg/mL standard solution in dimethyl sulfoxide. Vehicle only
or JNJ-54175446 at doses of 0.1, 0.4, 2.5 (duplicate) and 5.3 mg/kg

were administered intravenously over 3 min, starting 10 min before

tracer injection. Blood samples were taken at25 (predose), 10, 20, 40,
70, 100, and 130 min relative to the start of JNJ-54175446 injection to

measure its plasma levels during PET imaging.
PET Acquisition. PET scans (n 5 7) were performed on a Focus

220 small-animal PET camera (Siemens Healthcare Molecular Imag-
ing) after intravenous administration of 179.8 6 9.9 MBq of 18F-JNJ-

64413739: 2 scans with vehicle only and 5 scans after blocking with
JNJ-54175446. PET images were acquired over a period of 2 h. The

dynamic series was reconstructed using filtered backprojection with
corrections for randoms, scatter, and attenuation.

Arterial Input Function. Arterial blood samples were collected over
2 h after tracer administration. Radioactivity in whole blood and

plasma were measured in all samples. A subset of plasma samples
was processed by acetonitrile denaturation, and radiometabolites and

parent fractions were measured by reverse-phase high-performance
liquid chromatography performed on a Phenomenex Luna C18(2) (10 ·
250 mm, 10 mm) column eluted with a mobile phase consisting of a
mixture of methanol/water with 0.2% triethylamine in a 65/35 ratio at

a flow rate of 4 mL/min. Plasma radioactivity and parent fraction
curves were used to generate the metabolite-corrected arterial input

function. The plasma protein binding free fraction was measured by
ultrafiltration (Centrifree; Millipore).

Image Processing. PET images were analyzed in PMOD 3.6
(PMOD Technologies) and were motion-corrected when necessary.

The first postvehicle image of each primate was normalized to an MR
rhesus brain template (21). Subsequent images of the same primate

were coregistered to their corresponding vehicle image, thus trans-
forming each image to a standard space. A volume-of-interest atlas

template including multiple brain regions with variable tracer uptake
was applied to the PET images, and time–activity curves of the

average activity concentration over time within each region were gen-

erated. Time–activity curves were expressed in SUV units (g/mL) by
normalizing by the weight of the animal and the injected dose.

Kinetic Modeling and Analysis. All kinetic analyses were per-
formed using PMOD 3.6. The plasma-based Logan graphical analysis

(22), with a cutoff t* fixed at 20 min, was applied to the regional time–
activity curves using the arterial plasma input function corrected for

radiometabolites to determine the total volume of distribution VT for
each brain region (23). No region in the brain devoid of P2X7 receptor

could be identified, and the occupancy at each JNJ-54175446 dose was
estimated using the global occupancy plot (24), with VT

Baseline -

VT
JNJ446 on the y-axis and VT

Baseline on the x-axis, where VT
Baseline is

the VT at baseline, and VT
JNJ446 is the VT after JNJ-54175446 admin-

istration. The occupancy is given by the slope of the linear regression,
and the nondisplaceable distribution volume, VND, is given by the

x-intercept.

RESULTS

In Vitro Pharmacology

The potency (half-maximal inhibitory concentration) of JNJ-
64413739 is 1.0 6 0.2 nM (n 5 3, recombinant human P2X7
receptor) and 2.0 6 0.6 nM (n 5 3, recombinant rat P2X7 re-
ceptor), and the binding affinity is 2.7 nM (1.7, 3.8) in a rat cortex
binding assay and 15.9 nM (14, 18) for the human P2X7 receptor
(Table 1). In vitro microsomal stability testing suggested excellent

FIGURE 2. Rat intravenous pharmacokinetics profile: time vs. plasma

concentration of JNJ-64413739 (n 5 3).

TABLE 1
IC50 and Ki Values for JNJ-64413739 (Mean ± SD)

Assay JNJ-64413739

IC50 P2X7 human (nM) 1.0 ± 0.2

IC50 P2X7 rat (nM) 2.0 ± 0.6

Ki P2X7 human (nM) 15.9 ± 2.0

Ki P2X7 rat (nM) 2.7 ± 1.1

IC50 5 half-maximal inhibitory concentration; Ki 5 binding

affinity.
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metabolic stability in humans (half-life5 180 min) and rats (half-life
. 60 min). Human plasma protein binding was determined to be
63% (free fraction), and the free fraction in rat brain tissue was
19%, which are in an acceptable range for a PET ligand (25).

Pharmacokinetics and Metabolism in Rats

Absorption and Pharmacokinetics. An MDR1-MDCK perme-
ability assay (P-glycoprotein substrate identification) was performed
to assess CNS permeability of the compound and to characterize
whether it is a P-glycoprotein substrate. The efflux ratio was deter-
mined to be 13.8. To determine the pharmacokinetic profile of this
antagonist, a single intravenous dose of JNJ-64413739 at 1 mg/kg
was administered to male SD rats (n 5 3). Plasma levels were de-
termined at different time-points for 4 h after dosing (Fig. 2).
A maximum plasma concentration of 1,107 ng/mL was reached at 2

min after injection. The area under the curve to infinity was determined
to be 459 h�ng/mL with a clearance of 36.6 mL/min/kg (Table 2).
The blood–brain barrier permeability of JNJ-64413739 was

assessed by administering the compound intravenously at 1 mg/kg
to male SD rats. The concentrations of JNJ-64413739 in plasma and
brain homogenate were measured at different time points after dosing
(Fig. 3). The brain-to-plasma ratio was 0.8 at 5 min, 0.91 at 30 min,
0.92 at 60 min, and 1.08 at 120 min after injection, respectively.
Microdosing Experiments. For microdosing/blocking experi-

ments with JNJ-64413739 (0.03 mg/kg, intravenous dosing) in

rats, all animals (n 5 3 per group) were pretreated orally with the
P2X7 antagonist JNJ-55308942 (5 mg/kg or vehicle) 1 h before
administration of JNJ-64413739. Brain uptake of JNJ-64413739 in
the pretreatment group decreased by 42.3% (15 min) and 43.7%
(30 min) compared with the control group (vehicle only, n 5 3)
(Fig. 4). In a microdosing experiment with JNJ-64413739 (0.1 mg/kg,
intravenous dosing) in wild-type and P2X7 receptor KO mice,
compound levels in the brains of KO mice (n 5 4) after 30 min
were 38% lower than that in wild-type mice (Fig. 5).
PET Imaging in Rhesus Monkeys. In vivo PET studies in rhesus

macaque monkeys confirmed rapid brain uptake peaking within
10 min (up to 1.5 to 2 SUVs in cortical and subcortical regions,
and cerebellar cortex), slowly clearing from the brain over the next
2 h (Fig. 6). The diffuse distribution of the signal in the brain was
consistent with the known wide-spread distribution of the P2X7
receptor in astrocytes and microglia, which also precluded identi-
fication of a reference region for modeling and quantifying the
tracer uptake using brain tissue activity alone. The VT of the signal
could be readily estimated from graphical analysis of the tissue
curves using the arterial input function, and arterial sampling is
planned in the initial studies in humans.

18F-JNJ-64413739 was stable in blood ex vivo and showed good
metabolic stability in vivo, with 40% and 20% of parent tracer
remaining at 30 and 120 min after injection, respectively, with a
high protein-binding free fraction in plasma of 72.3% 6 2.5%

TABLE 2
Rat Intravenous Pharmacokinetics Parameters of JNJ-64413739

Rat no. CL (mL/min/kg) CL (L/h/kg) Vd (L/kg) Vss (L/kg) AUCINF (h*ng/mL) C0 (ng/mL) C0 (μM) Half-life, terminal (h)

4 33.6 2.0 1.6 1.3 497 1660 4.1 0.6

5 34.8 2.1 1.5 1.3 479 2119 5.2 0.5

6 41.6 2.5 1.8 1.6 401 921 2.3 0.5

Mean 36.6 2.2 1.7 1.4 459 1567 3.8 0.5

SD 4.3 0.3 0.2 0.1 51 604 1.5 0.0

%CV 12 12 9 11 11 39 39 5

CL 5 clearance; Vd 5 volume of distribution; Vss 5 apparent volume of distribution at steady state; AUCINF 5 area under the curve

extrapolated to infinite time; C0 5 extrapolated plasma concentration at time 0; %CV 5 percentage coefficient of variation.

FIGURE 3. Brain vs. plasma concentration of JNJ-64413739 in rats

(n 5 3) over time.

FIGURE 4. Microdosing blocking of retention of JNJ-64413739 in rat brain

pretreated with JNJ-55308942 or vehicle (n 5 3 each). *P , 0.01 vs. control.
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(n 5 7). 18F-JNJ-64413739 metabolism was not altered by the
presence of JNJ-54175446. Signal accumulation in bone was not
observed (no defluorination), suggesting this will not confound
quantitation of the 18F-JNJ-64413739 brain signal. 18F-JNJ-
64413739 VT values computed with Logan graphical analysis after
vehicle ranged from about 1.7 in the cerebellar cortex to about
2.4–2.7 in the thalamus. The global brain distribution of 18F-JNJ-
64413739 was reduced in a dose-dependent manner by pretreat-
ment with 0.1 (;18% occupancy) to 5 mg/kg (.50% occupancy)
JNJ-54175446 intravenously in rhesus monkey (Table 3). Dose
dependency of 18F-JNJ-64413739 binding to the P2X7 receptor

is demonstrated in Figure 6 by comparing the time–activity curves
acquired in the vehicle study with the JNJ-54175446 pretreatment
studies at different doses.
Occupancy estimates for both monkeys plateaued at around 55%.

At highest doses, VTwas reduced and ranged from about 1.5 in the
cerebellar cortex to about 1.8 in the thalamus, whereas from the
occupancy plots, the VND was estimated at 1.26 0.1. This indicates
a certain level of nonspecific binding of 18F-JNJ-64413739.

DISCUSSION

The study characterizes a novel 18F-fluorinated P2X7 receptor
antagonist PET ligand, JNJ-64413739. P2X7 receptors are abun-
dantly expressed in brain microglia and are a potential drug target
for neuroinflammatory disorders. The Janssen team has recently
disclosed 2 clinical candidates, JNJ-54175446 (4) and JNJ-
55308942 (18), both of which are CNS-penetrant P2X7 receptor antag-
onists. In CNS drug development, unequivocal demonstration of
central target engagement in both human subjects (phase 1) and
patients (phase 2) are critical in dose selection during pivotal
proof-of-concept studies. The preclinical studies described here in detail
demonstrate that 18F-JNJ-64413739 is a PET ligand that binds to the
P2X7 receptor at the same site as JNJ-54175446 and JNJ-55308942
and will be a critical tool in demonstrating human brain binding of our
P2X7 receptor clinical compounds.
JNJ-64413739 is a potent (half-maximal inhibitory concen-

tration, 1 nM; binding affinity, 16 nM human P2X7 receptor)
antagonist. Brain uptake and selectivity of the cold compound
were assessed by MS/MS analysis of brain tissues in rats in
blocking experiments and in a KO mouse model. Brain-to-plasma

ratios in rats are close to 1 and brain uptake
is moderate. Microdosing blocking experi-
ments and residual binding in the KO
mouse model suggest a certain degree
of nonspecific binding of this tracer in brain
tissue. However, since the animals used in
these experiments had no neuroinflammatory
pathology, baseline levels and activity of the
target can also be expected to be generally
low. The evaluation of 18F-JNJ-64413739 in
neuroinflammatory models will be reported
in due course elsewhere. Occupancy studies
in rhesus monkeys plateaued at 55%–60% at
the highest doses, which agrees with the
findings in rodents. However, the PET signal
was blocked in a dose-dependent manner
and the tracer showed excellent metabolic
stability with little protein binding. No bone
uptake was observed. The findings encour-
age us to move forward with 18F-JNJ-64413739
to measure occupancies of the therapeutic
JNJ-54175446 in the clinic.
PET displacement data shown in monkeys

usually closely mirror human data, providing
confidence that data obtained from monkey
brain using PET imaging can be used with
a high degree of translational validity. In
addition to using 18F-JNJ-64413739 as a clinical
imaging agent to aid in P2X7 receptor drug
development efforts, P2X7 receptor PET li-
gands may also offer new hope in probing

FIGURE 5. Brain uptake/retention of JNJ-64413739 in wild-type and

KO mice (n 5 4 each). *P , 0.05 vs. wild-type.

FIGURE 6. 18F-JNJ-64413739 NHP PET: blocking with P2X7 inhibitor JNJ-54175446. Summed

images at 30–120 min normalized to SUV acquired after either vehicle or JNJ-54175446 at

different dose levels are shown for monkey 1 (A) and monkey 2 (C). Corresponding time–activity

curves of thalamus expressed as SUV are shown for monkey 1 (B) and monkey 2 (D). JNJ-739 5
JNJ-64413739; JNJ-446 5 JNJ-54175446.
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CNS microglial activation. TSPO remains the only marker of
microglial activation so far, and there have been numerous reports
and reviews of TSPO PET ligands (26). P2X7 receptor PET im-
aging may offer a unique opportunity to compare TSPO PET
signals from patients with neurodegeneration and neuropsychiatric
illnesses. Based on the role of P2X7 receptors in neuroinflamma-
tion, there is hope that P2X7 receptor PET may complement, if not
replace, TSPO PET ligands, which have shown limitations in the
clinic due to polymorphism and high signal-to-noise ratios (27).
P2X7 receptor upregulation in neuroinflammation is subtle and thereby
high-affinity PET ligands may be useful for patient stratification.

CONCLUSION

18F-JNJ-64413739 behaves as a suitable PET ligand for the P2X7
receptor and has shown dose-dependent competitive binding with
JNJ-54175446 in monkey PET studies in vivo. It therefore could
be a useful PET ligand for receptor occupancy studies in humans.
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TABLE 3
Target Occupancy of JNJ-54175446 in Nonhuman Primates

Dose (mg/kg)

AUC

(ng/mL · min)

Receptor

occupancy (%) Monkey

5.3 132470 51.7 2

2.5 46991 60.4 1

2.5 42353 55.1 2

0.4 5764 52.1 2

0.1 2102 17.6 1

AUC 5 area under the curve.
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