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Adenosine acts as an important modulator on neuronal activity. Adenosine 

signaling via adenosine A2A receptors (A2ARs) regulates dopaminergic and 

glutamatergic neuronal transmission in the central nervous system. Nowadays, 

A2AR attracts a lot of attention as a potential pharmacological target in brain 

disorders associated with disturbed dopaminergic/glutamatergic pathways, such as 

Parkinson’s disease (PD), Alzheimer’s disease, Huntington’s disease, drug 

addiction, and schizophrenia, because changes of A2AR expression were found in 

post-mortem brain of patients with these diseases. Moreover, biochemical 

techniques revealed alterations in A2AR-related signaling in brain disease models, 

linking abnormal receptor expression with clinical symptoms. These findings 

support the importance of A2AR in brain functioning, justifying comprehensive 

investigation on A2AR function in various pathological conditions.  

Positron-emission tomography (PET) with a suitable radioligand enables in vivo 

mapping and quantification of A2AR. This technique could be applied to study the 

changes in the availability and distribution of A2AR during the course of diseases 

and in response to drug intervention. PET could also help to establish 

pharmacokinetic-pharmacodynamic models to identify the key properties of A2AR-

targeting drugs in vivo. These applications offer opportunities to unravel the role of 

A2AR in both physiological and pathological conditions and to explore the potential 

of A2AR as therapeutic and diagnostic target in various brain disorders. 

The use of currently available PET radiopharmaceuticals for imaging of A2AR is 

limited because of several unsatisfactory properties of these tracers, such as low 

target-to-non-target ratio and slow kinetics, resulting in troublesome quantification 

of tracer uptake. Therefore, our work aimed at the development of a suitable 

radiopharmaceutical for A2AR and at the validation of this tracer in translational 

preclinical studies to enable human PET imaging of this receptor. This validation 

of the new radiopharmaceutical included a study to explore the feasibility of 

monitoring A2AR availability during disease progression in an animal model of PD 

using PET.  

The thesis starts with an overview of the biochemical properties of A2AR and the 

potential of this receptor as a therapeutic and diagnostic biomarker in several brain 

diseases (Chapter 1). In addition, the basics of PET imaging and the requirements 

for radiopharmaceutical development were briefly introduced. Finally, the 

principles of tracer uptake quantification, which is an important aspect in brain 

PET imaging studies, were discussed.  
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In Chapter 2, we reported the synthesis of a novel A2AR-radioligand, 

[11C]preladenant, together with the in vitro/in vivo evaluation of this tracer in rats. 

This study demonstrated that [11C]preladenant can be easily produced with high 

chemical/radiochemical purity. In vitro and in vivo evaluation point to favourable 

properties of our novel tracer in terms of high target-to-background ratio 

(maximum striatum-to-cerebellum ratio of 6.5, PET imaging), high receptor 

mediated binding to A2AR (determined by blocking experiments with A2AR specific 

antagonist KW-6002), and favourable pharmacokinetics (tracer uptake peaked at 

22.5 min post injection, striatum-to-cerebellum ratio stabilized at 45 min post 

injection). These results imply that [11C]preladenant potentially has suitable 

properties for the quantification of A2AR in vivo with PET.  

Encouraged by the promising results from the first in vivo study, we further studied 

the kinetics of [11C]preladenant in the rat brain (Chapter 3), using pharmacokinetic 

modeling. Dynamic PET imaging for 60-min with arterial blood sampling or for 

90-min without blood sampling was performed. We found that the tracer kinetics 

were well described by both the 2-tissue compartment model (2TCM) and Logan 

graphical analysis with 60-min acquisition. Total distribution volume (VT) in target 

region (i.e., striatum) as well as non-displaceable distribution volume (VND) in 

regions devoid of A2AR binding sites (e.g., cerebellum, midbrain, occipital cortex) 

can be reliably estimated by both methods. Midbrain and occipital cortex proved to 

be the best reference regions for quantification of A2AR with the simplified 

reference tissue model (SRTM). Striatal binding potential (BPND) estimated from 

the SRTM was ~5.5, which was comparable with distribution volume ratio (DVR)-

1 (VT, striatum/VND, reference-1) derived from the 2TCM. The SRTM yielded robust BPND 

(10% coefficient of variation) with a low test-retest variability of ~5.5%, 

suggesting that an acquisition procedure without blood sampling can be used for 

quantification of BPND.  

In A2AR-occupancy experiments, pretreatment with the A2AR specific antagonist 

KW-6002 decreased tracer uptake in striatum in a dose-dependent manner. BPND 

obtained from SRTM was used to calculate ED50 of KW-6002. We found that BPND 

and ED50 values derived from analysis of the first 60 min or the full 90 min of the 

acquisition data were comparable, indicating that a 60-min acquisition is sufficient 

to quantify tracer kinetics with BPND in rats.  

Furthermore, an excellent correlation between the relative standardized uptake 

value of striatum compared to a reference region and the striatal BPND obtained 
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from kinetic modeling was observed, suggesting that the scan procedure may be 

further simplified to a static scan in rats.  

The results from the tracer quantification study suggest that [11C]preladenant-PET 

is suitable to quantify A2ARs and assess A2AR occupancy in striatum. To further 

explore the feasibility of [11C]preladenant-PET, we continued our studies with this 

tracer in a Parkinson’s rat model to investigate the feasibility of our tracer to detect 

changes of A2AR availability during the course of disease (Chapter 4), as previous 

studies have shown an elevated level of A2AR in post-mortem brains of patients 

with PD. In this study, dynamic [11C]preladenant-PET imaging for 60 min was 

done in rats with a unilateral lesion induced by injection of 6-hydroxydopamine 

(PD rats) or saline (shame operated rats) in the substantia nigra. In addition, PD 

rats with and without levodopa-induced dyskinesia (LID) were compared. BPND 

was used as the pharmacokinetic outcome parameter. In parallel, dopamine type 2 

receptor (D2R) imaging with [11C]raclopride was also performed, because the D2R 

interplays with A2AR in PD. In addition, behavioral testing for motor and cognitive 

function was performed.  

At the behavioral level, the PD rats developed forepaw akinesia contralateral to the 

lesioned hemisphere of the brain. These rats also showed decreased spatial memory 

and explorative behavior. Besides these behavioral alterations, PD rats showed an 

increase in D2R availability and a tendency towards a decrease in A2AR availability 

in the ipsilateral striatum as compared with sham operated control rats. When the 

PD rats were treated with levodopa for 15 days, they exhibited increased A2AR 

availability compared with saline treated PD rats. We also observed positive 

correlations between D2R and A2AR BPND values in the ipsilateral striatum, and 

between the abnormal involuntary movement (AIM) score and the D2R BPND in the 

contralateral striatum. These results suggest that A2AR availability is dependent on 

the stage of PD progression, as A2AR level changed adversely in drug naïve and in 

dyskinetic PD rats. Furthermore, the observed correlations between A2AR and AIM 

score with striatal D2R availability may provide new possibilities to further unravel 

the functions of these targets in the pathophysiology of LID. 

Our rat experiments have shown the suitability of [11C]preladenant-PET to quantify 

A2AR in striatum and to monitor changes of A2AR availability in pathological 

conditions. In order to apply our new tracer in human studies, in Chapter 5, we 

took the next step to validate our tracer in a species closer to humans. In 

collaboration with our Japanese partners, 18 dynamic [11C] preladenant-PET scans 
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with scan duration of 91 min were performed on 4 rhesus monkeys in a conscious 

state. This study shows that the regional uptake of [11C]preladenant was consistent 

with the distribution of A2ARs in the monkey brain, with the highest uptake in 

putamen, followed by caudate, and the lowest uptake in cerebellum. Tracer kinetics 

in the monkey brain was well described by the 2TCM. However, a constraint on k4 

was necessary to stabilize fits in regions with negligible A2AR binding sites. The 

plasma to tissue rate constant (K1) was much smaller in the monkey brain than in 

the rat brain (0.19 ± 0.06 mL/cm3/min vs. ~1 mL/cm3/min), resulting in slower 

tissue kinetics in monkeys. Unlike rats, in which a satisfactory estimate of VND can 

be obtained within 60-min acquisition, a scan duration of 91 min was still not 

sufficient to reliably estimate VND in the monkey brain. We think that the difficulty 

in VND estimation might be due to the presence of a small and slow third 

compartment with very small k4 values (or k6 for 3TCM). This compartment is 

masked by the big specific compartment in regions with high A2AR density. 

However, in regions lacking specific binding sites or when the binding sites are 

substantially blocked, this third compartment is no longer obscured by the specific 

compartment. We found that small k4 values (e.g., k4≤0.005 min-1) tended to result 

in unrealistically high VND. Therefore, k4 was constrained to above 0.01 min-1 to 

provide more comparable VND across scans.  

With stabilized VND (~1.3) by constraining k4, we calculated BPND in the target 

region, striatum, obtained from the SRTM and compared it with DVR-1 (=VT, 

striatum/VND, cerebellum-1, ~4.3-5.3 in A2AR-rich regions). A good correlation was found 

between DVR-1 and BPND in striatum using either 61-min or 91-min acquisition 

for analysis, suggesting that striatal BPND can be quantified with SRTM with 61-

min acquisition. 

Furthermore, we found that caffeine pretreatment resulted in dose-dependent A2AR-

occupancy in striatum. Similar to the rat study, 61- and 91-min acquisition for 

analysis provided comparable A2AR-occupancy values in the target region, with a 

difference between methods of only 1%. These results confirm that a 61-min 

acquisition is sufficient to obtain BPND in striatum with SRTM and thus to calculate 

striatal A2AR-occupancy in the monkey brain. The kinetics of our tracer is faster 

than a recently reported 18F-labeled preladenant analogue [18F]MNI-444, as a 120 

min acquisition is necessary for quantification of [18F]MNI-444 in the monkey 

brain 58. 
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Taken together, our tracer displayed excellent target-to-background ratios as well 

as favourable pharmacokinetic profiles in both rats and monkeys. Furthermore, 

[11C]preladenant-PET was able to show the changes of A2AR availability in both 

disease and drug occupancy-induced conditions, justifying the application of our 

novel tracer in human studies.  

In case of [11C]preladenant, toxicity studies are not required because phase I/II 

clinical studies conducted by Merck have already shown that unlabeled preladenant 

can be applied safely in humans. Before starting a clinical trial, however, a 

radiation dosimetry estimation is required to determine the dose limit of a new 

radiopharmaceutical (EMA Guideline for radiopharmaceuticals in early phase 

clinical trials in the EU). Therefore, in Chapter 6, we performed a radiation 

dosimetry study in rats to estimate the dose limit of [11C]preladenant for human 

subjects. In this study, dynamic PET/computed tomography (CT) imaging was 

performed to determine the activity distribution in various organs. The PET/CT 

imaging was compared with ex vivo biodistribution, using the latter as the gold 

standard. The aim of this study was thus to determine the radiation dosimetry of 

[11C]preladenant and to investigate whether dosimetry estimation based on 

conventional organ harvesting can be replaced by PET/CT in rats. Our data show 

that PET-imaging and organ-harvesting estimated comparable tissue activity 

concentrations provided that the volumes of interest were delineated well inside the 

organs on PET/CT images and the content of hollow organs was taken into 

account. Here we proved that estimation of radiation dosimetry in rats with 

PET/CT imaging is feasible. Therefore, the number of laboratory animals required 

in dosimetry studies can be greatly reduced. Furthermore, an effective dose (ED) of 

5.5 µSv/MBq was calculated for [11C]preladenant in a standard human. This value 

is comparable with the ED of other 11C-labeled radiopharmaceuticals, indicating 

that [11C]preladenant can be safely administered to human subjects at a standard 

dose of 370 MBq (10 mCi).  

Taken together, the studies described in this thesis indicate that [11C]preladenant is 

a suitable tracer for in vivo measuring A2AR in striatum by PET and provide the 

data required for translation of this PET tracer to applications in humans. First in-

human studies with [11C]preladenant have just been started by our Japanese 

collaborators. 

 




