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Abstract
Purpose The P2X7 receptor (P2X7R) is an ATP-gated ion channel predominantly expressed on activated microglia and is
important in neurodegenerative diseases including Parkinson’s disease (PD). In this first-in-human study, we investigated
[11C]JNJ54173717 ([11C]JNJ717), a selective P2X7R tracer, in healthy volunteers (HV) and PD patients. Biodistribution,
dosimetry, kinetic modelling and short-term test–retest variation (TRV), as well as possible genotype effects, were investigated.
Methods Biodistribution and radiation dosimetry studies were performed in three HV (mean age 30 ± 2 years, two women) using
whole-body PET/CT. The most appropriate kinetic model was determined in 11 HV (mean age 62 ± 10 years, six women) and 10
PD patients (mean age 64 ± 8 years, three women; mean UPDRS motor score 21 ± 8) using 90-min dynamic simultaneous PET/
MR scans. The total volume of distribution (VT) was calculated using a one-tissue and a two-tissue compartment model (1TCM,
2TCM) and Logan graphical analysis, and its time stability was assessed. Seven subjects underwent retest scans (mean age 60 ±
13 years, four HV, one woman). A group analysis was performed to compare PD patients and HV. Finally, 13 exons of P2X7R
were genotyped in all subjects included in the second part of the study.
Results The mean effective dose was 4.47 ± 0.32 μSv/MBq, with the highest absorbed doses to the gallbladder, liver and small
intestine. A reversible 2TCM was the most appropriate kinetic model with relatively homogeneous VT values in the grey and
white matter. Average VT values were 3.4 ± 0.8 in HV and 3.3 ± 0.7 in PD patients, with no significant difference between the
groups, but a possible genotype effect (rs3751143) was identified which can affect VT. Average TRV was 10–15%. The stability
of VT over time allowed a reduction in scan time to 70 min.
Conclusion [11C]JNJ717 is safe and suitable for quantifying P2X7R expression in human brain. In this pilot study, no significant
differences in P2X7R binding were found between HVand PD patients. The results also suggest that genotype effects need to be
incorporated in future P2X7R PET analyses.
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Introduction

Activated microglia are a hallmark of neuroinflammation and
are thought to play a central role in the pathogenesis and
progression of neurodegenerative diseases such as
Parkinson’s disease (PD), Alzheimer’s disease and amyotro-
phic lateral sclerosis (ALS) [1]. The purinergic P2X7 receptor
(P2X7R), an adenosine triphosphate (ATP)-gated ion channel,
is expressed mainly on activated microglia throughout the
brain and spinal cord [2, 3]. However, low P2X7R expression
is also present on neurons, astrocytes and oligodendrocytes as
17% of the P2X7R mRNA signal remained in hippocampal
slice cultures depleted of microglia [4]. Stimulation of P2X7R
initiates the release of proinflammatory cytokines such as IL-
1β and IL-18 by promoting the NLPR3 inflammasome as-
sembly [5]. Furthermore, preclinical data from a mouse model
of Alzheimer’s disease showed that P2X7R antagonism re-
duces the formation of hippocampal amyloid plaques,
resulting in reduced cognitive impairment and improved den-
dritic spine development [6, 7]. In a rat model of PD, P2X7R
antagonism increased tyrosine hydroxylase immunoreactivity
and decreased loss of nigral dopaminergic neurons such that
hemiparkinsonism was partially reversed [8, 9]. In a mouse
model of ALS, motor coordination was improved by P2X7R
antagonism while weight loss was delayed and survival in-
creased [10]. On the other hand, in P2X7R knockout mice
with toxin-induced parkinsonism, no neuroprotective effect
was observed [11]. Moreover, exacerbation of pathology
was found in mouse models of ALS [12]. Also in a post-
mortem study, the importance of P2X7R was shown as an
increase (about twofold) in P2X7R immunoreactivity in the
spinal cord of patients with ALS and multiple sclerosis com-
pared to controls, although the cause of death was not taken
into account in that study as a potential confounder [13].

Accordingly, in vivo visualization and quantification of
P2X7R in the brain is of great importance in the study of the
pathogenesis of human neurodegenerative disorders and to
allow therapeutic drug monitoring. Recently, a 18F-labelled
P2X7R compound ([18F]JNJ64413739) with acceptable
(±10%) test–retest variation (TRV) for a 90-min acquisition
protocol was developed. However, 11C compounds could be
beneficial as they would facilitate 1-day scan protocols such
as dose occupancy studies. In collaboration with Janssen
Pharmaceuticals, a promising 11C-P2X7R radiotracer
[11C]JNJ54173717 ([11C]JNJ717) was developed that shows
a nanomolar affinity for human P2X7R (KD = 1.6 nM). The
selectivity and kinetics of [11C]JNJ717 were investigated in a
rat model with local brain lentiviral overexpression of human
P2X7R and in monkeys, and negligible nonspecific binding
and good blood–brain barrier permeability were shown [14].

In this first-in-human study, we investigated the
biodistribution, dosimetry, kinetic modelling and short-term
TRVof [11C]JNJ717 in a set of healthy volunteers (HV) and
PD patients. Secondly, we investigated differences between
10 PD patients and 11 age-matched HV with regard to
P2X7R distribution and structural changes. We also examined
a possible genotype effect on binding affinity and expression
level as the human P2X7R is highly polymorphic [15].

Materials and methods

Study design and objectives

HV were recruited in response to advertisements on the
internet and departmental websites. The main exclusion
criteria included: abnormal physical or neurological ex-
amination or paraclinical investigations, history of signif-
icant medical illnesses including major internal pathology
or neurological and neuropsychiatric disorders, history of
clinically relevant drug or food allergies, and chronic or
acute use (if shortly before a scan) of antiinflammatory
medication such as nonsteroidal antiphlogistics and sys-
temic corticosteroids. Inclusion criteria for PD patients
included: older than 45 years and diagnosis of PD accord-
ing to UK Brain Bank criteria with at least two main
symptoms (resting tremor, bradykinesia or rigidity). In
total 14 HV and 10 PD patients were included in the
two parts of the study. In the first part dosimetry was
performed, and in the second part kinetic modelling was
performed, TRV was determined and the groups were
compared. Demographic data and tracer information for
each part of the study are summarized in Table 1. Short-
term test–retest scans were performed in four HV and
three PD patients. PD patients were clinically character-
ized using the unified Parkinson’s disease rating scale
(UPDRS) part 3 (motor score) and the Hoehn and Yahr
(H&Y) scale on medication. Levodopa-equivalent daily
doses were calculated as described previously [16]. The
study was approved by the local ethics committee (Ethics
Committee UZ/KU Leuven) and was performed in accor-
dance with the principles of the World Medical
Association Declaration of Helsinki. Written informed
consent was obtained from all subjects prior to the study.

Biodistribution and dosimetry studies

The biodistribution and dosimetry study was performed in
three young HV (mean age 30 ± 2 years; two women).
Consecutive whole-body (WB) PET/CT scans were obtained
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from the midfemoral position to the head (nine sequential WB
scans from tracer injection to 90 min after injection). The
mean injected activity was 189 ± 43MBq with a mean specif-
ic (molar) activity of 109 ± 83 GBq/μmol. The WB PET/CT
scans were performed on a Hirez Biograph 16 PET/CTsystem
(Siemens, Erlangen, Germany). A vacuum cushion and body
strap were used to limit patient movement during scanning.
Data were corrected for randoms, scatter and attenuation, and
reconstructed using 3D ordered subset expectation maximiza-
tion (OSEM) iterative reconstruction (five iterations and eight
subsets) with correction followed by gaussian postsmoothing
with 6-mm full-width at half-maximum (FWHM). A low-
dose CT scan was performed prior to the PET scan for atten-
uation correction.

Normalized cumulated activities (NCA) were calculated
by dividing the area under the time–activity curve (TAC)
of each source organ by the total injected activity. For the
small intestine, and upper and lower large intestine the
ICRP 30 gastrointestinal model was used. The fraction en-
tering the small intestine was used as input and set equal to
the decay-corrected plateau fraction of injected activity
encompassed by the intestinal volume of interest (VOI).
Based on the NCAs, absorbed doses were calculated using
OLINDA v. 1.1 [17], according to the ICRP 60 [18] defi-
nition, and using the Medical Internal Radiation Dose
scheme. Effective doses (ED) were calculated from the
individual organ doses based on predefined organ
weighting factors, as specified by ICRP 60 [18].

Table 1 Demographics

Subject
number

Subject
status

Sex Age
(years)

Weight
(kg)

PET tracer administered UPDRS
motor score

Hoehn and
Yahr stage

Levodopa-equivalent
daily dose (mg)

Dose
(MBq)

Mass (μg) Molar
activity
(GBq/
μmol)

Test Retest Test Retest Test Retest

Part 1: Dosimetry

1 HV F 27 70 129 – 0.2 – 226 – – – –

2 HV F 32 63 228 – 2.2 – 45 – – – –

3 HV M 30 74 210 – 1.6 – 56 – – – –

Part 2: Kinetic modelling, test–retest variation and group comparison

1 HV F 55 60 154 – 0.5 – 129 – – – –

2 HV M 73 70 161 314 2.0 3.1 34 42 – – –

3 HV F 40 68 310 230 3.9 3.1 25 42 – – –

4 HV F 53 78 187 280 0.7 0.7 107 179 – – –

5 HV M 75 70 307 258 4.8 0.9 27 119 – – –

6 HV M 63 114 236 – 0.9 – 115 – – – –

7 HV M 66 92 325 – 1.0 – 136 – – – –

8 HV F 53 75 210 – 1.6 – 53 – – – –

9 HV F 60 66 247 – 0.4 – 233 – – – –

10 HV F 68 59 302 – 0.9 – 138 – – – –

11 HV M 69 79 254 – 0.9 – 116 – – – –

12 PD M 75 83 304 – 0.8 – 165 – 22 1 660

13 PD M 46 85 134 278 1.3 2.8 44 42 13 1 615

14 PD M 59 102 216 – 3.5 – 26 – 31 2 605

15 PD M 62 80 279 222 4.2 2.0 28 46 11 1 505

16 PD M 69 76 271 211 1.0 0.6 110 211 30 2 250

17 PD F 60 63 153 – 1.2 – 54 – 13 1 400

18 PD F 66 50 304 – 0.6 – 231 – 15 1 405

19 PD F 65 65 228 – 0.4 – 218 – 19 1 205

20 PD M 73 90 175 – 0.4 – 192 – 34 2 1,840

21 PD M 58 90 244 – 0.7 – 153 – 25 2 105

HV healthy volunteer, PD Parkinson’s disease
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Tracer kinetic modelling, test–retest variation
and group comparisons

A 90-min dynamic simultaneous PET/MR scan combined
with manual ar ter ia l b lood sampl ing and t racer
radiometabolite analysis was performed in 11 HV (mean age
62 ± 10 years, six women) and 10 PD patients (mean age 64 ±
8 years, three women; UPDRS 33 ± 12; six H&Y stage 1, four
H&Y stage 2). All PD patients were on their routine dopami-
nergic medication in the “ON” state. A retest scan was ac-
quired in 7 of the 21 subjects (mean age 60 ± 13 years, two
women, four HV; interscan interval 9 ± 13 days, range 0–
28 days). The mean injected activity was 243 ± 54 MBq with
a mean specific (molar) activity of 108 ± 69 GBq/μmol.

Data acquisition

PET data were acquired using a General Electric Signa
PET/MR system in list mode. Images were reconstructed
in 26 frames (4 × 15 s, 4 × 60 s, 2 × 2.5 min, 16 × 5 min)
with correction for dead time, randoms, scatter and atten-
uation. Attenuation correction was performed using a val-
idated zero echo time approach [19]. Reconstructions were
performed using 3D OSEM (28 subsets and four itera-
tions), including time of flight information, resolution
modelling and in-plane gaussian postsmoothing with
4 mm FWHM. Motion correction was performed using a
frame-by-frame approach and rigid coregistration of each
frame with the average of the first ten frames (first 10 min
of the PET acquisition). To calculate plasma and blood
activity curves, 22 arterial blood samples were taken, and
six additional arterial blood samples were taken to deter-
mine the fraction of parent tracer in arterial plasma and to
calculate plasma to whole-blood activity ratios. The activ-
ity as determined by gamma counting of high-performance
liquid chromatography fractions from the metabolite anal-
ysis of plasma samples obtained at 40 and 60 min after
injection, showed high standard errors (13.7 ± 5.9% and
48.4 ± 210.3%, respectively). Therefore, all results are giv-
en with both individual and average metabolite-corrected
input curves. Blood and plasma activity values were fitted
to a three-exponential model curve and the plasma metab-
olite data were fitted to a sigmoid function using PMOD (v.
3.7, PMOD Technologies, Zurich, Switzerland).

At the same time as the PET acquisition, several MR se-
quences were acquired. A 3D volumetric T1-weighted
BRAVO sequence (oblique plane, TE 3.2 ms, TR 8.5 ms, TI
450 ms, flip angle 12°, receiver bandwidth 31.2, number of
excitations 1) and a 3D T2-weighted CUBE FLAIR sequence
(oblique plane, TE 136 ms, number of echoes 1, echo train
length 190, TR 8,500 ms, TI 50 ms, receiver bandwidth
31.25, number of excitations 1) were used.

Data analysis

Composite cortical regions were defined from the N30R83
Hammers atlas in PMOD (v. 3.7) to delineate frontal, tempo-
ral, parietal and occipital cortical VOIs (with all cortical re-
gions together constituting a full composite cortical VOI) as
well as the cerebellum, striatum, thalamus, hippocampus and
corpus callosum [20]. Left and right VOIs were grouped.
Subject-specific tissue probability maps for grey and white
matter and cerebrospinal fluid were determined using SPM-
based multichannel segmentation (SPM12; Wellcome Trust
Centre for Neuroimaging, University College, London, UK)
using the 3D T1 BRAVO and T2 CUBE FLAIR data. PET/
MR data were then spatially normalized to the MNI template
using the 3D T1 BRAVO data and three-tissue probability
map normalization in PMOD restricted to the subject-
specific grey matter part of the whole brain with a fixed
threshold of 0.3 (including only voxels with a high probability
of belonging to the grey matter). The tissue volumes of distri-
bution (VT) were calculated using a one-tissue and a two-
tissue compartment model (1TCM, 2TCM) and Logan graph-
ical analysis (LGA) (PMOD v. 3.7) with the blood volume
fixed to 5% and the equilibration time (t*) to 36 min. The
most appropriate kinetic model was selected using the
Akaike information criterion (AIC). This model was then used
to evaluate the stability of VT in relation to the PET ac-
quisition time and the TRV of VT. TRV was calculated as

2� Vtest
T ;i −V

retest
T ;i

� �
= Vtest

T ;i þ Vretest
T ;i

� �
as well as in an abso-

lute way (aTRV) as 2� Vtest
T ;i −V

retest
T ;i

���
���= Vtest

T ;i þ Vretest
T ;i

� �
;

for each brain VOI.
Groups were compared at a cluster level pFWE-corr value

of <0.05 and peak level pheight value of <0.001, and a
cluster extent threshold (ke) of 50 voxels. VT images were
calculated and analysed using both individual and average
metabolite-corrected input curves to assess robustness tak-
ing the late metabolite sample variation into account. As
no significant group atrophy effect was observed between
PD patients and HV in a voxel-based morphometry anal-
ysis using CAT12 software in SPM (even at a lower
threshold: cluster level puncorr < 0.001, peak level pheight
< 0.005), PET analyses were performed without partial
volume correction.

Genetics

The 13 exons of the P2X7R were all sequenced in venous
samples (white blood cells) of the subjects in the second
part of the study. Genomic DNA was extracted using a
chemagic DNA blood special 4-ml kit (Chemagen-
Perkin Elmer, Baesweiler, Germany) on a chemagic
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MSM automate (Chemagen-Perkin Elmer). DNA purity
was measured using a DropSense96 (Trinean, Ghent,
Belgium) with cDrop software and DNA concentration
using the Qubit BR assay. From each sample, 10 μl
DNA (10 ng/μl) was used for further analysis.

Molecular inversion probes (MIPs) containing end se-
quences complementary to the target DNA connected by a
30-base linker sequence were designed, ordered and
pooled at 100 μM [21]. After phosphorylation the MIPs
were added to the genomic DNA samples to capture the
genomic regions of interest. Denaturation of the DNA was
followed by hybridization of the probe ends to their com-
plementary target sequence. Complementary bases were
incorporated using a DNA polymerase in the gap between
the two probe ends containing the genomic region of in-
terest. The resulting DNA molecules were circularized by
DNA ligase. Unbound linear probes and genomic DNA
were removed using exonucleases. The captured regions

of interest were bar-coded and amplified in a PCR reac-
tion. Using SPRI bead technology primer dimers were
removed. The samples were pooled at a concentration of
2 nM. Sequencing was performed using paired-end se-
quencing on an Illumina MiSeq platform. Overlapping
paired end reads were merged using FLASH2. Merged
reads were mapped to the human genome (build hg19;
bwa 0.7.5) prior to sorting by amplicon and variant call-
ing per amplicon with GATK HaplotypeCaller (GATK
3.8). The positions in which at least one sample was poly-
morphic were used to genotype all samples together using
GATK GenotypeGVCFs (GATK 3.8). Finally, variants
were annotated using ANNOVAR (23-05-2015).

After genotyping, a relationship between polymor-
phisms and VT was sought. Therefore, we used the num-
ber of copies to create a percentage of variant allele to
allow a correlation analysis, using the formula: variant
allele (%) = number of copies of variant allele/(number
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Fig. 2 Mean fractional activities
with respect to total body
activities in subjects 1, 2 and 3
(Table 1; circles, triangles and
squares, respectively) with their
respective curve fits (lines) for the
brain, gallbladder, intestines and
liver

Fig. 1 Representative coronal PET images in subject 1 (Table 1) showing
the whole-body time–activity distribution of [11C]JNJ717. The colour
intensities are relative to the maximum colour scale indicating SUV

shown on the right side to account for physical tracer decay. The start
times of the scans (minutes after injection, p.i.) are shown below the
images
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of copies variant allele + number of copies reference
allele). The percentage of variant copies therefore ranged
from 0 (homozygote reference) to 1 (homozygote vari-
ant). A Spearman’s correlation coefficient was calculated
using the percentage of variant allele and the composite
cortical VT value – using both individual and average
metabolite-corrected input curves. When a retest scan
was performed, the average of the test and retest VT

values was used.

General statistics

Conventional statistical analysis was performed with
SPSS, version 24.0 (IBM Corp., Armonk, NY, USA)
and significance was considered for p values <0.05 after
Bonferroni correction for multiple comparisons.

Results

Biodistribution and whole-body dosimetry

Figure 1 shows coronal slices of the WB PET scan
biodistribution data over time. The normalized TACs for
brain, gallbladder, liver and intestines are shown in Fig. 2.
Predominantly hepatobiliary excretion was observed. In
Supplementary Table 1, the NCA for all source organs with
significant activity uptake are listed with individual organ
doses in all subjects with mean values and standard devia-
tions. The organ absorbed doses were the largest for the gall-
bladder (25 μGy/MBq), liver (22 μGy/MBq) and small intes-
tine (20 μGy/MBq). The average (± standard deviation) ED
was 4.47 ± 0.32 μSv/MBq (Supplementary Table 2), which is
in the typical range for 11C-radiolabelled ligands (5.7–
1.2 μSv/MBq) [22].

Tracer kinetic modelling and test–retest variation

Model selection and assessment of intersubject variation were
performed in 10 PD patients and 11 HV (Table 1). Figure 3
shows fitted TACs. Most (> 85%) of the 2TCM AIC values
were lower than the 1TCMAIC values (Fig. 3). Therefore, the
2TCMwas selected as the optimal model for [11C]JNJ717 and
the results reported relate only to the 2TCM VT values.

Intersubject variation was acceptable with an average VT of
3.4 ± 0.8 (range 2.0–6.7) in HV (coefficient of variation, CoV,

Fig. 4 Average parametric LGA VT images in healthy volunteers (HV) and Parkinson’s disease patients (PD)
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Fig. 3 a Representative 1TCM and 2TCM fits for a baseline composite
cortical TAC and corresponding arterial blood/plasma input function. b
1TCM and 2TCM AIC values for model fitting to the baseline TACs of
different brain regions in 10 Parkinson’s disease patients (PD) and
11 healthy volunteers (HV)
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23.8%) and an average VT of 3.3 ± 0.7 (range 1.8–5.3) in PD
patients (CoV 21.7%). Very similar results were obtained
using the average metabolite curve: average VT 3.2 ± 0.5

(range 2.4–4.6) in HV (CoV 15.0%), and 3.2 ± 0.8 (range
1.5–4.7) in PD patients (CoV 23.5%).

VT showed little variation across most cortical and subcor-
tical brain regions (Figs. 4 and 5), whereas the brainstem and
striatum showed slightly higher mean [11C]JNJ717 uptake
(about 10%). Regarding the stability of VT over time, the ef-
fects of reducing the acquisition time to 60, 70 and 80 min
were calculated in relation to the full 90 min acquisition. The
results are shown in Table 2 and Fig. 6. The average biases
were acceptable at around 5% for an acquisition time of 70
min: 6.9 ± 8.3% for 2TCM and 4.6 ± 4.1% for LGA for the
individual metabolite-corrected input curve, and 3.9 ± 3.7%
for 2TCM and 3.7 ± 3.7% for LGA for the average
metabolite-corrected input curve. Reducing the acquisition
time to 60 min led to individual biases of more than 25% in
both cortical and subcortical regions.

TRVwas calculated using an acquisition time of 90min for
2TCM and LGA. The results are shown in Table 3 for various
subcortical and cortical brain regions. The average TRV and
aTRV values were −4.7% and 12.6% using individual metab-
olite curves, respectively, and showed no improvement when
average metabolite curves were used (−7.7% and 10.2%, re-
spectively). In two subjects, values were higher (30–40%),
probably due to the high variation in test–retest metabolite
fraction.

[11C]JNJ717 distribution volume in PD patients
and healthy volunteers

Neither a VOI-based nor a voxel-based analysis showed sig-
nificant absolute or relative differences in [11C]JNJ717 distri-
bution volume between PD patients and HV.Whether individ-
ual or average metabolite correction input curves were used,
did not affect the results.

Genotyping

In total, seven single nucleotide polymorphisms (SNPs) in the
13 exons of the P2X7R were identified, and six were
nonsynonymous mutations and one was a synonymous muta-
tion (Table 4). In two PD patients, a lower VT (around 2 com-
pared to around 3–5) was observed (Fig. 5). One of these
patients was homozygous for the variant rs3751143 while
the other – although heterozygous – had a much higher num-
ber of copies of the variant allele, in contrast to the other
heterozygous subjects.

Additionally, Spearman’s correlation coefficient between
the seven SNPs and the VT of the composite cortical VOI
was calculated. Of these seven, only the reference SNP
rs3751143 on exon 13 showed a significant correlation after
Bonferroni correction (ρSpearman = 0–0.60, p = 0.03) using in-
dividual metabolite-corrected input curves (Fig. 7a). This cor-
relation remained significant using VT values calculated with

0

0.2

0.4

0.6

0.8

1

0 10 20 30 40 50 60

F
ra

ct
io

n 
of

 p
ar

en
t t

ra
ce

r

Time postinjection (min)

average HV average PD

a

b

c

Fig. 5 a, b VT values in Parkinson’s disease patients (PD) and healthy
volunteers (HV) (test and retest combined) using (a) individual
metabolite curves and (b) average metabolite curves. c Average
metabolite curves with standard deviations in Parkinson’s disease
patients (PD) and healthy volunteers (HV)

Eur J Nucl Med Mol Imaging (2019) 46:2051–2064 2057



Ta
bl
e
2

B
as
el
in
e
2T

C
M

an
d
L
G
A
V
T
va
lu
es

w
ith

ac
qu
is
iti
on

tim
es

of
90
,8
0,
70

an
d
60

m
in

us
in
g
in
di
vi
du
al
m
et
ab
ol
ite

cu
rv
es

an
d
av
er
ag
e
m
et
ab
ol
ite

cu
rv
es

fo
r
di
ff
er
en
tb

ra
in

re
gi
on
s

M
et
ab
ol
ite

cu
rv
es

B
ra
in

re
gi
on

B
as
el
in
e
V
T
va
lu
es

2T
C
M

L
G
A

90
m
in

80
m
in

70
m
in

60
m
in

90
m
in

80
m
in

70
m
in

60
m
in

in
di
vi
du
al

C
om

po
si
te
co
rt
ic
al

3.
5
±
0.
8
(2
.1
–5
.3
)

3.
3
±
0.
8
(2
.0
–4
.9
)

3.
2
±
0.
7
(1
.9
–4
.6
)

3.
1
±
0.
7
(1
.8
–4
.4
)

3.
4
±
0.
7
(2
.1
–4
.9
)

3.
3
±
0.
7
(2
.0
–4
.7
)

3.
2
±
0.
7
(1
.9
–4
.5
)

3.
1
±
0.
7
(1
.9
–4
.3
)

Fr
on
ta
l

3.
4
±
0.
8
(2
.1
–5
.4
)

3.
3
±
0.
8
(2
.0
–5
.0
)

3.
2
±
0.
7
(1
.9
–4
.6
)

3.
1
±
0.
7
(1
.8
–4
.2
)

3.
4
±
0.
8
(2
.0
–4
.9
)

3.
3
±
0.
7
(2
.0
–4
.7
)

3.
2
±
0.
7
(1
.9
–4
.5
)

3.
1
±
0.
7
(1
.8
–4
.3
)

Te
m
po
ra
l

3.
5
±
0.
8
(2
.3
–5
.3
)

3.
4
±
0.
7
(2
.1
–4
.9
)

3.
2
±
0.
7
(1
.9
–4
.6
)

3.
1
±
0.
6
(1
.8
–4
.5
)

3.
4
±
0.
7
(2
.1
–4
.8
)

3.
3
±
0.
7
(2
.0
–4
.7
)

3.
2
±
0.
7
(1
.9
–4
.5
)

3.
1
±
0.
6
(1
.9
–4
.3
)

Pa
ri
et
al

3.
5
±
0.
8
(2
.2
–5
.4
)

3.
4
±
0.
8
(2
.1
–5
.1
)

3.
3
±
0.
8
(1
.9
–4
.9
)

3.
2
±
0.
7
(1
.8
–4
.6
)

3.
4
±
0.
8
(2
.1
–4
.9
)

3.
3
±
0.
7
(2
.0
–4
.8
)

3.
2
±
0.
7
(1
.9
–4
.6
)

3.
1
±
0.
7
(1
.9
–4
.4
)

O
cc
ip
ita
l

3.
5
±
0.
7
(2
.3
–5
.1
)

3.
4
±
0.
7
(2
.2
–4
.7
)

3.
2
±
0.
7
(2
.0
–4
.5
)

3.
1
±
0.
7
(1
.9
–4
.6
)

3.
4
±
0.
7
(2
.2
–4
.8
)

3.
3
±
0.
7
(2
.1
–4
.6
)

3.
2
±
0.
7
(2
.0
–4
.5
)

3.
2
±
0.
7
(1
.9
–4
.4
)

C
er
eb
el
lu
m

3.
1
±
0.
7
(2
.0
–4
.5
)

2.
9
±
0.
6
(1
.8
–4
.1
)

2.
8
±
0.
6
(1
.7
–3
.9
)

2.
7
±
0.
5
(1
.6
–3
.9
)

2.
9
±
0.
6
(1
.8
–4
.1
)

2.
9
±
0.
6
(1
.7
–4
.0
)

2.
8
±
0.
5
(1
.6
–3
.9
)

2.
7
±
0.
5
(1
.6
–3
.8
)

St
ri
at
um

3.
9
±
1.
0
(2
.2
–6
.4
)

3.
7
±
0.
9
(2
.0
–5
.4
)

3.
5
±
0.
8
(1
.9
–5
.2
)

3.
4
±
0.
8
(1
.9
–4
.9
)

3.
5
±
0.
8
(2
.1
–5
.2
)

3.
5
±
0.
8
(2
.0
–5
.2
)

3.
4
±
0.
7
(1
.9
–5
.1
)

3.
3
±
0.
7
(1
.9
–4
.7
)

C
or
pu
s
ca
llo

su
m

3.
6
±
1.
0
(2
.1
–5
.7
)

3.
4
±
0.
9
(2
.0
–5
.6
)

3.
4
±
0.
9
(1
.8
–5
.4
)

3.
3
±
0.
9
(1
.8
–5
.2
)

3.
3
±
0.
8
(1
.9
–5
.2
)

3.
2
±
0.
8
(1
.9
–5
.0
)

3.
1
±
0.
7
(1
.7
–4
.6
)

3.
0
±
0.
6
(1
.7
–4
.1
)

A
ve
ra
ge

C
om

po
si
te
co
rt
ic
al

3.
3
±
0.
7
(1
.7
–4
.4
)

3.
2
±
0.
7
(1
.7
–4
.4
)

3.
1
±
0.
7
(1
.6
–4
.3
)

3.
1
±
0.
7
(1
.6
–4
.3
)

3.
3
±
0.
7
(1
.7
–4
.5
)

3.
2
±
0.
7
(1
.7
–4
.5
)

3.
1
±
0.
7
(1
.6
–4
.4
)

3.
1
±
0.
7
(1
.6
–4
.3
)

Fr
on
ta
l

3.
2
±
0.
7
(1
.7
–4
.6
)

3.
1
±
0.
7
(1
.6
–4
.5
)

3.
1
±
0.
7
(1
.6
–4
.5
)

3.
0
±
0.
7
(1
.6
–4
.3
)

3.
3
±
0.
7
(1
.7
–4
.6
)

3.
2
±
0.
7
(1
.6
–4
.6
)

3.
1
±
0.
7
(1
.6
–4
.6
)

3.
1
±
0.
7
(1
.6
–4
.4
)

Te
m
po
ra
l

3.
3
±
0.
7
(1
.7
–4
.4
)

3.
2
±
0.
6
(1
.7
–4
.3
)

3.
1
±
0.
7
(1
.6
–4
.2
)

3.
0
±
0.
6
(1
.6
–4
.2
)

3.
2
±
0.
6
(1
.7
–4
.4
)

3.
2
±
0.
6
(1
.7
–4
.3
)

3.
1
±
0.
6
(1
.6
–4
.2
)

3.
0
±
0.
6
(1
.6
–4
.1
)

Pa
ri
et
al

3.
3
±
0.
7
(1
.7
–4
.8
)

3.
2
±
0.
7
(1
.7
–4
.7
)

3.
2
±
0.
7
(1
.6
–4
.6
)

3.
1
±
0.
7
(1
.6
–4
.5
)

3.
3
±
0.
7
(1
.7
–4
.7
)

3.
2
±
0.
7
(1
.7
–4
.7
)

3.
2
±
0.
7
(1
.7
–4
.6
)

3.
1
±
0.
7
(1
.6
–4
.4
)

O
cc
ip
ita
l

3.
3
±
0.
7
(1
.8
–4
.5
)

3.
2
±
0.
7
(1
.7
–4
.5
)

3.
1
±
0.
7
(1
.7
–4
.4
)

3.
1
±
0.
7
(1
.6
–4
.4
)

3.
3
±
0.
7
(1
.8
–4
.5
)

3.
2
±
0.
7
(1
.7
–4
.5
)

3.
2
±
0.
7
(1
.7
–4
.4
)

3.
1
±
0.
7
(1
.6
–4
.4
)

C
er
eb
el
lu
m

2.
8
±
0.
5
(1
.5
–3
.7
)

2.
8
±
0.
5
(1
.4
–3
.6
)

2.
7
±
0.
5
(1
.4
–3
.6
)

2.
8
±
0.
6
(1
.4
–4
.4
)

2.
8
±
0.
5
(1
.5
–3
.7
)

2.
8
±
0.
5
(1
.4
–3
.7
)

2.
7
±
0.
5
(1
.4
–3
.6
)

2.
7
±
0.
5
(1
.4
–3
.6
)

St
ri
at
um

3.
6
±
1.
0
(1
.7
–5
.9
)

3.
5
±
1.
0
(1
.7
–6
.1
)

3.
4
±
0.
8
(1
.6
–4
.7
)

3.
3
±
0.
8
(1
.6
–4
.7
)

3.
4
±
0.
8
(1
.7
–4
.7
)

3.
4
±
0.
8
(1
.7
–4
.8
)

3.
3
±
0.
8
(1
.6
–4
.7
)

3.
3
±
0.
7
(1
.6
–4
.5
)

C
or
pu
s
ca
llo

su
m

3.
4
±
1.
0
(1
.6
–4
.9
)

3.
4
±
0.
9
(1
.6
–4
.9
)

3.
3
±
0.
9
(1
.5
–4
.8
)

3.
3
±
0.
9
(1
.5
–5
.0
)

3.
1
±
0.
8
(1
.6
–4
.6
)

3.
0
±
0.
8
(1
.5
–4
.5
)

3.
0
±
0.
7
(1
.5
–4
.2
)

2.
9
±
0.
6
(1
.4
–3
.9
)

T
he

da
ta
pr
es
en
te
d
ar
e
m
ea
n
±
st
an
da
rd

de
vi
at
io
n
(r
an
ge
)

2T
C
M

tw
o-
tis
su
e
co
m
pa
rt
m
en
tm

od
el
,L

G
A
L
og
an

gr
ap
hi
ca
la
na
ly
si
s

2058 Eur J Nucl Med Mol Imaging (2019) 46:2051–2064



the average metabolite-corrected input curves (ρSpearman =
−0.70, p < 0.01; Fig. 7b)

Discussion

[11C]JNJ717 is a promising ligand for the study of P2X7R
in vivo in the brain using PET imaging. Aside from the shorter
half-life of the 11C label that allows multiple single-day scan-
ning, it has characteristics similar to those of its 18F analogue
[18F]JNJ64413739 that was recently reported [20, 23]. As
well as these two clinically studied radioligands, several
others have been developed and studied in preclinical models
with variable results [24–32]. [11C]JNJ717 shows moderate
uptake in the brain (up to 5% of the injected dose), predomi-
nantly hepatobiliary clearance and a typical 11C tracer ED
(4.5 μSv/MBq) [22]. As with [18F]JNJ64413739, a reversible
2TCM model fitted the [11C]JNJ717 dynamic PET data

reliably, and distribution volume maps could be generated
using LGA [20]. Uptake in the grey matter was relatively
homogeneous with an acceptable TRV of around 10–15%,
again comparable to that of [18F]JNJ64413739 [20].
However, in contrast to [18F]JNJ64413739 [20], the acquisi-
tion time could be reduced to 70 min with an acceptable av-
erage bias of 5%.

This is the first microglial membrane-bound neuroin-
flammation marker other than translocator protein receptor
(TSPOR) that has been studied using PET in patients with
PD. TSPOR and P2X7R are upregulated in activated mi-
croglia [33], but P2X7R ligands may allow more specific
early detection as P2X7R drives microglial activation [5].
In this study no significant differences in P2X7R expres-
sion and distribution between PD patients and HV were
observed. A previous study investigating the TSPO ligand
[11C]DPA713 showed a significantly higher BPnd (10% to
25% increase) in the occipital, temporal and parietal regions

Fig. 6 Percentage differences in VT values with a reduction in acquisition time to 60 min in relation to the full acquisition time of 90 min in different
cortical and subcortical regions (a average metabolite curves, b individual metabolite curves)

Table 3 Percentage test–retest
variation using individual
metabolite curves assessed as 2�
Vtest

T −Vretest
T

� �
= Vtest

T þ Vretest
T

� �
(TRV) and 2� Vtest

T −Vretest
T

�� ��=
Vtest

T þ Vretest
T

� �
(aTRV),

averaged over the 7 test–retest
datasets for different brain
regions, together with the
between-subject variation of the
average test–retest VT across the
seven brain regions

Brain region VT (90 min)

Individual metabolite curves Average metabolite curves

TRV aTRV TRV aTRV

Cortical −4.7 (−35.1–32.0) 10.5 (0.0–36.9) −7.7 (−29.5–9.1) 7.5 (0.3–30.6)

Frontal cortex −3.9 (−34.4–23.7) 10.8 (0.0–34.4) −7.0 (−28.1–6.5) 8.9 (2.9–28.1)

Temporal cortex −4.3 (−35.6–32.1) 13.5 (0.0–35.6) −8.3 (−28.8–8.5) 10.7 (2.8–28.8)

Parietal cortex −4.7 (−35.8–26.2) 12.2 (0.0–35.8) −8.0 (−30.8–7.7) 10.2 (2.8–30.8)

Occipital cortex −4.0 (−34.3–31.2) 13.3 (0.0–34.3) −7.7 (−32.1–12.5) 11.3 (2.4–32.1)

Cerebellum −4.7 (−38.0–26.8) 12.8 (0.0–38.0) −7.5 (−32.4–7.2) 9.6 (0.2–32.4)

Striatum −5.9 (−36.9–16.6) 16.9 (0.0–43.8) −6.8 (−30.6–2.2) 15.3 (10.8–21.7)

Thalamus −5.5 (−40.6–21.2) 11.7 (0.0–40.6) −7.7 (−29.5–9.1) 10.3 (2.4–35.2)

The intra-class correlation coefficient is reported as measure for reliability and calculated as (between-subject −
within-subject mean sum of squares/(between-subject + within-subject mean sum of squares)
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in PD patients than in controls [34]. Similarly, microglial
activation has been observed in the pons, basal ganglia and
frontal and temporal regions in PD patients using
[11C]PK11195 [35, 36]. Furthermore, Ouchi et al. demon-
strated parallel changes in midbrain microglial activation
with dopaminergic terminal loss in the putamen [37].
Additionally, treatment with AZD3241, a myeloperoxidase
inhibitor, has been shown to reduce nigrostriatal
[11C]PBR28 binding by about 15% in PD patients [38].
On the other hand, three other previous studies in PD pa-
tients using [18F]FEPPA [39, 40] and [11C]PK11195 [41]
showed no significant differences. Although results in the
latter [11C]PK11195 study were not significant, there was a
trend towards increased microglial activation in the puta-
men and midbrain. Small sample sizes and differences in
tracer characteristics may have played a role in the

differences in the findings of the various studies
([11C]PK11195 has a low signal-to-noise-ratio) [42, 43].

Preclinical data have shown that pharmacological blockade
of P2X7R is advantageous in reversing/diminishing symptom-
atology in animal models of PD [8, 11]. Moreover, gene ex-
pression analysis has shown a small (twofold) increase in the
P2X7R gene in RNA extracted from the substantia nigra in PD
patients [44]. However, this provides only limited evidence for
upregulation of P2X7R in PD [44]. Altered receptor function of
P2X7 (e.g. more time in the pore formation stage) without a
change in expression levels might also explain the neuropro-
tective effect of P2X7R antagonism in pharmacological pre-
clinical studies in PD patients. On the other hand, radiotracer
affinity compared to the level of P2X7R overexpression may
be insufficient to detect subtle group differences, but the ex-
pression level of P2X7R under chronic neuroinflammatory
conditions in vivo is unknown. Possibly, as P2X7R is believed
to orchestrate early microglial activation, P2X7R expression
may be higher in patients with prodromal PD. A recent study
in a rat model of neuroinflammation using the 18F analogue
[18F]JNJ64413739 showed that P2X7R is involved in early
microglial activation. The highest signal was observed 2–
3 days after lipopolysaccharide injection, after which this effect
disappeared. Moreover, increased uptake of [18F]JNJ64413739
was shown to correspond with increased Iba1 staining, a
microglial marker, indicating that P2X7R radioligands are
probably able to visualize microglial activation [23]. P2X7R
function may vary over time, as shown in a mouse model of
ALS and a rat model of neuroinflammation, so upregulation
may also be transient during the course of neurodegenerative
diseases [12, 23]. Therefore, studies in prodromal patients at
different disease stages are needed to unravel the distribution of
P2X7R during the disease course. Alternatively, as microglial
activation in PD may be relatively limited compared to its
activation in multiple system atrophy (MSA) [45], future stud-
ies in other neurodegenerative diseases such as MSA may pro-
vide additional insights. This is supported by the consistent
finding of increased microglial activation in atypical parkinso-
nian syndromes [46–50].

In this study seven SNPs were observed in the subjects. Of
these seven, only one (rs3751143) was significantly correlated
with composite cortical VT (Fig. 7). Moreover, the signifi-
cance remained after accounting for metabolite variation, il-
lustrating the stability of this finding. Genotyping is required
for TSPO tracers as the rs6971 polymorphism divides the
population into high-, mixed- and low-affinity binders. Our
observation could provide preliminary evidence for a similar
genotype effect for [11C]JNJ717 binding affinity or may re-
flect differences in expression level. The rs3751143 polymor-
phism is known to cause a loss of P2X7R function under
normal conditions [51], demonstrating its functional impor-
tance. Although homozygous substitution showed a low fre-
quency of 2% and heterozygous substitution a frequency of

Fig. 7 Correlation between rs3751143 and VT of the composite cortical
VOI with the 95% confidence intervals (dashed lines). a Using the
individual metabolite curves. b Using the average metabolite curves
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20% in that study, this may have been a sample size effect.
Therefore, rs3751143 should be investigated in future studies
to confirm or reject this genotype effect. Considerable varia-
tion in microglial activation among PD patients has been ob-
served in previous studies, and this will be amplified by ge-
notype effects. Therefore, a genotype effect could partly ex-
plain the lack of increased P2X7R binding in this group
comparison.

This study had some limitations. First, all PD patients were
scanned while on medication to facilitate a 90-min scan time
because defining the optimal kinetic model was the principal
aim of the study. However, no interaction between
dopaminomimetics and P2X7R binding is to be expected.
Also, in a mouse model of schizophrenia, P2X7R depletion
did not change the downregulation of D2 receptors or
[3H]dopamine release [52]. Second, because of high observed
standard errors for the two last metabolite data points, all
analyses were performed using both an individual and an av-
erage metabolite fit, but very similar results were obtained,
indicating the robustness of the results despite this higher var-
iability in the metabolite correction curve.

Conclusion

[11C]JNJ717 is a promising PET radioligand for quantifying
P2X7R expression with sufficient brain uptake and a TRVof
10–15% using a reversible 2TCM. Acquisition time can be
reduced to 70 min, facilitating patient comfort. Additionally, a
possible genotype effect was identified in rs3751143 (exon
13) which may cause differences in binding affinity or expres-
sion level. In a first pilot study in PD patients, [11C]JNJ717
uptake was not different from uptake in HVat the voxel level.
However, this radioligand may still be valuable in the evalu-
ation of neurodegenerative and inflammatory diseases to an-
swer important questions about disease pathogenesis, neuro-
inflammation, microglial activation and prognosis.
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