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Abstract

Objective Adenosine is an endogenous modulator of
synaptic functions in the central nervous system. The
effects of adenosine are mediated by at least four adenos-
ine receptor subtypes. Decreased density of adenosine A,
receptors. which is a major sublype adenosine receptor
in the hippocampus, has been reported in vitro in
Alzheimer’s disease. We evaluated adenosine A, recep-
tor in the brain of elderly normal subjects and patients
with Alzheimer's disease (n = 8 and 6, respectively),
using positron emission lomography (PET) and 8-
dicyclopropylmethyl-1-|''Cmethyl-3-propylxanthine
(["'CIMPDX).

Methods A 60-min PET scan with ['"CJMPDX was
performed. The patients with Alzheimer’s disease also
underwent PET with ["FJfluorodeoxyglucose (FDG).
The binding potential of [""CJMPDX was quantitatively
calculated in the regions of interest (ROIs) placed on the
frontal, medial frontal, temporal, medial temporal,
parietal, and occipital cortices, striatum. thalamus,
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cercbellum, and pons. Statistical parametric mapping
(SPM2) was used for analysis of ["CJMPDX and
FDG-PET.

Results In the ROI-based analysis, the binding potential
of ["'"CIMPDX in patients with Alzheimer's disease was
significantly lower in the temporal and medial temporal
cortices and thalamus than that in elderly normal sub-
jects (P = 0.038, 0.028, and 0.039, respectively). SPM
analysis also showed significant decreased binding poten-
tial in the temporal and medial temporal cortices and
thalamus in patients with Alzheimer's disease. FDG
uptake was significantly decreased in the temporo-
parietal cortex and posterior cingulate gyrus.
Conclusions Decreased binding of ["CJMPDX in
patients with Alzheimer’s disease was detected in tempo-
ral and medial temporal cortices and thalamus. This
pattern possibly differed from the hypometabolism
pattern of FDG. ["CIMPDX PET is valuable for the
detection of degeneration in the temporal and medial
temporal cortices and corticothalamic transmission, and
may provide a different diagnostic tool from FDG-PET
in brain disorders such as Alzheimer’s disease.

Keywords [''CJMPDX - Adenosine A, receptor -
Medial temporal cortex - Positron emission tomogra-
phy - Alzheimer's disease

Introduction

Adenosine is present in large amounts in the mammalian
brain and plays a role as an endogenous modulator of
synaptic functions in the central nervous system. Prior
work has established a role for adenosine in a diverse
array of neural phenomena, which include regulation of
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sleep and the level of arousal, neuroprotection, regula-
tion of seizure susceptibility, locomotor effects, analge-
sia. mediation of the effects of ethanol, and chronic drug
use [1]. Therefore. interaction with the adenosine metab-
olism is a promising target for therapeutic intervention
in ischemic, neurological. and psychiatric disorders
[2-4].

The eftects of adenosine are mediated by at least four
adenosine receptor subtypes, namely, A,, A, Ay and
A, The two major subtypes of receptors, namely, A, and
A, receptors, have been well investigated in molecular
biology, pharmacology, and physiology [4-6]. Adenos-
ine presynaptically inhibits the release of many neu-
rotransmitters, especially excitatory ones such as the
potentially excitotoxic amino acid glutamate |7, 8]. This
effect of adenosine is mediated by presynaptic A, recep-
tors linked via G-proteins 1o both calcium and potas-
sium ion channels [9-12].

Alzheimer's disease is the most common form of age-
related dementia and one of the most serious health
problems. Dementia allects approximately 1-5% of the
population more than 65 years of age [13] and 20-40%
of the population more than 80 years of age [14. 15].
The economic and social burdens of Alzheimer’s disease
on lamilies have been documented in many studies
[16-18]. In studies on the postmortem brain with
Alzheimer’s disease, decreased density of adenosine A,
receptor in the hippocampus has been reported [19-22].
Ulas et al. [20] reported that the reduction in the ade-
nosine A,-specific ligand-receptor binding was owing
to a decrease in the density of binding sites (8,,,). but
was not owing to changes in the affinity (K,) [20].
With regard to the clinical diagnosis of Alzheimer’s
disease, positron emission tomography (PET) using
["*F]fluorodeoxyglucose (FDG) is the most popular
method, and reduction of glucose metabolism is pro-
minent in the temporo-parietal cortex and posterior
cingulate gyrus. However, hypometabolism in the
medial temporal cortex has not necessarily been detected
as a symptom of Alzheimer's disease, although mor-
phological changes are prominent in the medial tempo-
ral cortex [23-25).

Recently, we successfully performed imaging of ade-
nosine A, receptors in the human brain of normal young
volunteers using PET with 8-dicyclopropylmethyl-1-
["'C]methyl-3-propylxanthine (["CIMPDX) [26-29]. In
the present study, we investigaled the change of the
adenosine A, receptors in patients with Alzheimer's
disease with [""CJMPDX PET. We also examined the
same patients with FDG-PET for direct comparison of
the two diagnostic tools, This report is a preliminary
study of the utility of [''CJMPDX PET in the diagnosis
of patients with Alzheimer’s disease.
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Materials and methods

The study protocol was approved by the Institutional
Ethical Committee. Eight normal elderly volunteers
[men 66.9 + 6.5 (61-75) years| were enrolled together
with six Alzheimer's disease patients [men, » = 5; women,
n=1; 735 + 98 (58-83) years]. A written informed
consent was obtained from all the participants in this
study. It was confirmed that no participants received
xanthine-type drugs such as theophylline for asthma.

All the normal subjects were healthy according lo the
history, physical, neurological and psychiatric examina-
tions, and a magnetic resonance imaging (MRI) study of
the brain prior to the PET study. In the psychiatric
examination, we used the Hospital Anxiety and Depres-
sion Scale [30].

All the patients with Alzheimer’s disease showed
mild-to-moderate dementia and were diagnosed accord-
ing to the National Institute of Neurological and Com-
municative Diseases and Stroke/Alzheimer’s Disease
and Related Disorders Association (NINCDS-ADRDA)
criteria. The disease duration following the first onset of
memory disturbance was 0-4 years. We performed clini-
cal assessments, including neuropsychological testing
and exclusion of other diseases, with computed tomog-
raphy or MRI as required by the NINCDS-ADRDA
criteria. The exclusion criteria were prior episodes of
subarachnoid or intracerebral hemorrhage. intracranial
tumors, hydrocephalus, all psychoses (including major
depression), alcoholism. epilepsy, ischemic strokes, vas-
cular dementia, sleep disorders. and other forms of
dementia, anemia, and nonstabilized diabetes mellitus.
The patients who were suspected to have other diseases
with neurodegeneration from the FDG-PET findings or
who were on medications that affect the brain circula-
tion or metabolism were excluded, and especially aceth-
ylcholinesterase blockers were not given prior to the
PET study. The Mini-Mental State Examination score
was 20-24. Neither normal subjects nor patients with
Alzheimer's disease complained about their sleep
behavior.

PET measurement

Radiosynthesis of ["CJMPDX was performed as
described earlier [31, 32]. PET measurement was per-
formed with an SET-2400W system (Shimadzu, Kyoto.
Japan), which acquires 63 slices having 128 x 128 pixels
each at a transverse resolution of 4.5 mm [ull width at
hall maximum (FWHM) and at an axial resolution of
5.8 mm FWHM. Scanning took place as the subjects lay
supine. A venous catheter was inserted into the forearm
vein of the subjects for tracer injection, and an arterial
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catheter was inserted into the distal radial artery under
local anesthesia for arterial blood sampling. After posi-
tioning the subject’s head in the canthomeatal orienta-
tion and fixing the subject’s head using a band to prevent
movement during the examination, a transmission scan
was performed with a rotating [*Ga}[®Ge] line source
to correct for the photon attenuation using the attenua-
tion map. All the subjects were given ["CIMPDX [611 £
123 (300-757) MBg/14.4 £ 12.5 (2.8-47.5 nmol)] for a
period of 10s, and the PET scan and arterial blood
sampling were performed for 60 min as described earlier
[27]. We did not impose any meal restriction for
["CJMPDX PET.

In all patients with Alzheimer's disease, FDG-PET
was also done on the same day or within 3 months. The
subjects each received an intravenous injection of FDG
[128 + 13 (107-142) MBq]. Starting 45 min post-
injection, an emission scan was performed for 6 min
following a transmission scan using “Ge for attenuation
correction, In the case of one¢ of the six patients who
underwent both ['CIMPDX PET and FDG-PET on the
same day, the former was carried oul in the morning,
with FDG administered 3 h later.

Kinetic analysis

The PET images were registered and resliced to the MRI
with Ardekani’s-image registration algorithm [33] using
UNIX workstations (Silicon Graphics, Mountain View,
CA. USA) with the Dr. View image analysis software
system (AJS, Tokyo, Japan). Regions of interest (ROIs)
were placed on the frontal, medial frontal, temporal,
medial temporal, parietal, and occipital cortices, stria-
tum, thalamus, cerebellum, and pons based on MRI
(Fig. 1). The ROI on the frontal cortex had 1582 + 275
voxels and that on the pons had 85 £ 3 voxels (1 voxel
=2 mm X 2 mm X 6.25 mm). The voxel numbers on other
regions were in-between these values. Using the time-
activity curves for ¢ach ROI of the brain and the
metabolite-corrected time-activity curve of plasma, the
distribution volume (DV) of ["C|MPDX in each ROI
was calculated by graphical analysis using Logan plots
according to the method as described earlier [27, 28). The
binding potential in each ROI was then obtained as
follows [28]:

Binding potential = DV, ./DV it — 1.

The binding potential in each ROI was expressed as
mean values t standard deviations. The difTerence of the
binding potential in each ROl was respectively tested
between normal elderly subjects group and patients with
Alzheimer's disease group using Mann-Whitney U test.

fr
st

Fig. 1 Region of interest mapping of 8-dicyclopropylmethyl-1-
["Clmethyl-3-propylxanthine positron emission tomography
(I"C]MPDX PET). fr frontal cortex, mf medial frontal cortex, re
lemporal cortex, mi medial lemporal cortex, pa panietal corfex, oe
vecipital cortex, sf striatum, th thalamus, c¢ cerebellum, po pons

Statistical significance was assumed at P <0.05. In FDG-
PET, regional glucose metabolism was expressed using
standardized uptake value (SUV).

Statistical parametric mapping analysis

The PET images were analyzed using SPM2 software
{Wellcome Department of Cognitive Neurology, Insti-
tute of Neurology, London, UK), implemented using
Matlab 7.0 (MathWorks, Sherborn, MA, USA). For
this purpose, binding potential image of ['CIMPDX and
SUV image of FDG were used. Prior to statistical analy-
sis, all the images were spatially normalized into the
MNI standard space (Montreal Neurological Institute,
McGill University, Montreal, QC, Canada) using house-
made templates for ["CIMPDX and FDG-PET images.
1o remove inter-subject anatomical variability. In nor-
malization of ['"CIMPDX PET, total DV image that well
reflected brain anatomical structure including cerebel-
lum was used, Spatially normalized images were
smoothed by convolution. using an isotropic Gaussian
kernel with 16 mm FWHM. The aim of smoothing was
to increase the signal-to-noise ratio and to account for
the subtle variations in anatomical structures. The count
of each voxel in FDG-PET was normalized to the global
mean (value = 50) with proportional scaling in SPM2.
No global normalization was applied to the ['C]MPDX
PET because binding potential was quantitatively calcu-
lated. After spatial and count normalization, statistical
comparisons between groups were performed on a voxel-
by-voxel basis using ¢ statistics, generating SPM (1)
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