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2-(2-[2-Dimethylaminothiazol-5-yl]Ethenyl)-6-
(2-[Fluoro]Ethoxy)Benzoxazole: A Novel PET
Agent for In Vivo Detection of Dense Amyloid
Plaques in Alzheimer’s Disease Patients

Yukitsuka Kudo!, Nobuyuki Okamura?, Shozo Furumoto!, Manabu Tashiro®, Katsutoshi Furukawa?,
Masahiro Maruyama®, Masatoshi Itoh?, Ren Iwata’, Kazuhiko Yanai?, and Hiroyuki Arai*

"Tohoku University Biomedical Engineering Research Organization (TUBEROQ), Sendai, Japan; 2Department of Pharmacology, Tohoku
University School of Medicine, Sendai, Japan; 3Division of Cyclotron Nuclear Medicine, Cyclotron and Radioisotope Center, Tohoku
University, Sendai, Japan; *Department of Geriatrics and Gerontology, Center for Asian Traditional Medicine, Tohoku University School
of Medicine, Sendai, Japan; and ’Division of Radiopharmaceutical Chemistry, Cyclotron and Radioisotope Center, Tohoku University,

Sendai, Japan

Extensive deposition of dense amyloid fibrils is a characteristic
neuropathologic hallmark in Alzheimer’s disease (AD). Noninva-
sive detection of these molecules is potentially useful for early
and precise detection of patients with AD. This study reports a
novel compound, 2-(2-[2-dimethylaminothiazol-5-yllethenyl)-6-
(2-[fluorolethoxy)benzoxazole (BF-227), for in vivo detection of
dense amyloid deposits using PET. Methods: The binding affin-
ity of BF-227 to amyloid-B (AB) fibrils was calculated. The binding
property of BF-227 to amyloid plaques was evaluated by neuro-
pathologic staining of AD brain sections. Brain uptake and in vivo
binding of BF-227 to AB deposits were also evaluated using
mice. For clinical evaluation of 11C-BF-227 as a PET probe, 11
normal (healthy) subjects and 10 patients with AD participated
in this study. Dynamic PET images were obtained for 60 min after
administration of 1'C-BF-227. The regional standardized uptake
value (SUV) and the ratio of regional to cerebellar SUV were cal-
culated as an index of 11C-BF-227 retention. The regional tracer
distribution in AD patients was statistically compared with that
of aged normal subjects on a voxel-by-voxel basis. Results:
BF-227 displayed high binding affinity to synthetic AB1-42 fibrils
(K [inhibition constant], 4.3 + 1.5 nM). Neuropathologic staining
has demonstrated preferential binding of this agent to dense am-
yloid deposits in AD brain. Moreover, a biodistribution study of
this agent revealed excellent brain uptake and specific labeling
of amyloid deposits in transgenic mice. The present clinical
PET study using ''C-BF-227 demonstrated the retention of this
tracer in cerebral cortices of AD patients but not in those of nor-
mal subjects. All AD patients were clearly distinguishable from
normal individuals using the temporal SUV ratio. Voxel-by-voxel
analysis of PET images revealed that cortical BF-227 retention in
AD patients is distributed primarily to the posterior association
area of the brain and corresponded well with the preferred site
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for neuritic plaque depositions containing dense A fibrils. Con-
clusion: These findings suggest that BF-227 is a promising PET
probe for in vivo detection of dense amyloid deposits in AD pa-
tients.

J Nucl Med 2007; 48:553-561
DOI: 10.2967/jnumed.106.037556

Substantial neuropathologic evidence suggests that the
deposition of senile plaques (SPs) and neurofibrillary tangles
(NFTs) represents the characteristic neuropathologic hallmark
in Alzheimer’s disease (AD) (I). Progressive accumulation
of SPs is considered fundamental to the initial development
of dementia. Extensive deposition of SPs in the brain is
present even in very mild AD and precedes the presentation
of cognitive impairment (2,3). Several antiamyloid drugs
are under development for the treatment and prevention of
AD (4). For early detection and preventive intervention for
AD, noninvasive imaging of neuropathologic lesions is a
powerful strategy.

For this purpose, several imaging techniques have been
developed that can noninvasively detect SPs in the brain
using PET, SPECT, and MRI. Among these imaging mo-
dalities, PET is the most advanced and practical method for
in vivo measurement of SP depositions. To achieve success-
ful imaging using PET, various radiolabeled agents have
been developed. Currently, 60H-BTA-1 (PIB) is the most
successful PET agent for in vivo amyloid imaging. This
tracer sensitively detects amyloid fibrils in the brain and is
proven to be useful for early diagnosis of AD (5-7).

However, amyloid-3 (AP) deposition is also frequent in
aging, even in cognitively intact individuals. Excessive
identification of AB has a potential risk to misjudge the
normal aging process with abnormal AP deposition. In the
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normal aging process, noncompact or diffuse amyloid
plaques containing less fibrillar AR are deposited primarily
in the brain. Brains from patients with AD are characterized
by an anatomically widespread process of amyloid deposi-
tion and neuritic plaque formation containing dense amy-
loid fibrils (8). A shift of brain AR from the soluble to the
fibrillar form is closely associated with the onset of AD (9).
Therefore, selective detection of dense amyloid fibrils
would be advantageous to differentiate the normal aging
process from AD with high specificity.

We have previously demonstrated a novel series of
benzoxazole derivatives as promising candidates for an in
vivo imaging probe of SPs (10-12). These derivatives showed
comparatively high blood-brain barrier (BBB) permeability,
high binding affinity for AR aggregates, and high specificity
for fibrillar AP deposits, suggesting potential merit for the
early detection of AD-related pathologies. Herein we intro-
duce an optimized derivative, 2-(2-[2-dimethylaminothiazol-
5-yllethenyl)-6-(2-[fluoro]ethoxy)benzoxazole (BF-227), as
a PET probe for in vivo detection of dense amyloid deposits
in humans.

‘MATERIALS AND METHODS

Preparation of Compounds

BF-227 (Fig. 1) and its N-desmethylated derivative (a precursor of
11C-BF-227) were custom-synthesized by Tanabe R&D Service Co.
11C-BF-227 was synthesized from the precursor by N-methylation
in dimethyl sulfoxide (Fig. 1) using !'C-methyl triflate (13, 14). After
quenching the reaction with 5% acetic acid in ethanol, 'C-BF-227
was separated from the crude mixture by semipreparative reversed-
phase high-performance liquid chromatography and then isolated
from the collected fraction by solid-phase extraction. The purified
IC-BF-227 was solubilized in isotonic saline containing 1%
polysobate-80 and 5% ascorbic acid. The saline solution was filter-
sterilized with a 0.22-um Millipore filter for clinical use. The radio-
chemical yields were >50% based on !'C-methyl triflate, and the
specific radioactivities were 119-138 GBqg/pmol at the end of
synthesis. The radiochemical purities were >95%.

In Vitro Binding Assays

Binding affinities of the compounds for synthetic AB1-42
aggregates were examined as described previously (10). Briefly,
solid-form AB1-42 (Peptide Institute) was dissolved in 10 mM
potassium phosphate buffer (pH 7.4) and incubated at 37°C for 40 h.
The binding assay was performed by mixing 100 pL of aggregated

AP1-42 with the appropriate concentration of '25I-labeled 2-(4-
methylamino)styryl-5-iodo-benzoxazole (BF-180) and 8% ethanol.
After incubation for 4 h at room temperature, the binding mixture
was filtered and filters containing bound 21 ligand were counted
using a y-counter. The dissociation constant (K4) and maximum
specific binding (B,,,x) of BF-180 were determined. For inhibition
studies, binding studies were performed using synthetic AR1-42
aggregates. A mixture containing 50 uL of BF-227, 50 uL of 0.05
nM !25I-BF-180, 100 pL of 100 nM AB1-42, and 800 wL of 8%
ethanol was incubated at room temperature for 4 h. The mixture was
then filtered through Whatman GF/B filters, and filters containing
bound 251 ligand were counted in a y-counter. Values for the half-
maximal inhibitory concentration (ICsp) were determined from
displacement curves of 3 independent experiments using Prism
software (GraphPad), and values for the inhibition constant (K;)
were determined using the Cheng—Prusoff equation.

Measurement of Octanol/Water Partition Coefficients

Phosphate-buffered saline (PBS) and 1-octanol (Wako) were
saturated with 1-octanol and PBS, respectively, before use. BF-
227 was dissolved in 1-octanol and shaken with equal amounts of
PBS for 30 min at room temperature. After centrifugation at 2,000
rpm for 15 min, absorbency of the 1-octanol layer was measured
at the peak wavelength of the absorbance spectrum of BF-227
using a Spectra Max 190 microplate reader (Molecular Devices).
Octanol/water partition coefficients were determined by compar-
ing absorbency with that before shaking with PBS. Each data
point was performed in duplicate.

BBB Permeability of BF-227 in Normal Mice

Brain uptake of BF-227 was measured using !'C-labeled com-
pound. The ''C-BF-227 (1.1-6.3 MBq) was administered into the
tail vein of male C57B6 mice (n = 23; mean weight, 28-32 g).
Mice were then sacrificed by decapitation at 2, 10, 30, and 60 min
after injection. The whole brain was removed and weighed, and
radioactivity was counted using an automatic y-counter. The per-
centage injected dose per gram of tissue (%ID/g) was calculated
by normalizing tissue counts to tissue weight. Each %ID/g value is
expressed as a mean * SD of 3 or 4 separate'cxperiments.

Neuropathologic Staining

Postmortem brain tissues from a 69-y-old man with autopsy-
confirmed AD and an 81-y-old man with autopsy-confirmed phys-
iologic aging were obtained from Fukushimura Hospital (Toyohashi,
Japan). Experiments were performed under the regulations of the
ethics committee of BF Research Institute. Serial sections (6-pm
thick) from paraffin-embedded blocks of temporal cortex, stria-
tum, and cerebellum were prepared in xylene and ethanol. Before
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