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Development of Benzofuran Derivatives as Molecular Probes for in vivo Imaging of
B-Amyloid Plaques in Alzheimer’s Disease Brains
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Alzheimer’s disease (AD) is an age-related brain disorder with the symptoms of memory loss and
dementia. Since postmortem brains of AD patients show the presence of senile plaques containing
B-amyloid peptides (ApB) as a neuropathological feature and the formation of f-amyloid plaques is
considered to be an initial neurodegenerative event in AD brains, quantitative evaluation of
B-amyloid plaques in the brain with noninvasive techniques, such as positron emission tomography
(PET) and single photon emission computed tomography (SPECT), would allow a presymptomatic
diagnosis and the monitoring of putative effects of neuroprotective treatments. In the present study, |
planned to develop novel PET and SPECT imaging probes based on benzofuran scaffold for
detection of B-amyloid plaques in AD brains.

Chapter 1: Development of PET imaging probes for in vivo imaging of B-amyloid plaques in
Alzheimer’s disease brains.

To define an acceptable imaging probe for 3-amyloid plaques in vivo, some common criteria are
applied, such as 1) a sufficient amount of the agent to enter the brain; 2) the agent should have
sufficient affinity for AB; 3) the non-specifically bound agent should be cleared from the brain.
From the viewpoint of the criteria, based on the structure of the amyloid-staining dye, thioflavin T, a
novel series of fluorinated benzofuran derivatives were synthesized and evaluated as potential
tracers for PET targeting 3-amyloid plaques in the brains of patients with AD. The formation of
benzofuran scaffold was carried out using Suzuki coupling reaction. In experiments in vitro, all
derivatives displayed high affinity for AP(1-42) aggregates with K; values in the nanomolar range.
In biodistribution experiments using normal mice, *®F-labeled benzofuran derivatives displayed good
initial uptake in the brain. A pyridyl benzofuran derivative [*°F]FPYBF-2, in particular, showed a
high initial uptake and a reasonable washout from the brain, which is highly desirable for -amyloid
imaging probes. In experiments in vivo, [®®*FJFPYBF-2 showed extensive labeling of p-amyloid
plaques in the Tg2576 transgenic mice, which are specifically engineered to overproduce B-amyloid
plaques in the brain, but not in the age-matched controls. Furthermore, the specific labeling of
B-amyloid plaques by [**F]JFPYBF-2 was observed in autoradiographs of sections of autopsied AD
brain. The results suggest that ['**FJFPYBF-2 may be a promising PET probe for imaging cerebral
B-amyloid plaques.

Chapter 2: Development of SPECT imaging probes for in vivo imaging of -amyloid plaques in
Alzheimer’s disease brains.

In consideration of routine clinical use such as longer half-lives and lower costs, based on the
positive results in chapter 1, *’I- and **™Tc-labeled tracers with the backbone of pyridyl benzofuran
were designed and tested for imaging p-amyloid plagues using SPECT. In this study, *°I was used
instead of *?*| for experimental convenience.

Firstly, 1 had planed that *?I, which is the congener of *®F and also a radionuclide for SPECT
imaging, is introduced into the backbone of pyridyl benzofuran. Similar to fluorinated pyridyl




benzofuran derivatives, the iodinated pyridyl benzofuran derivatives also displayed affinity for
APB(1-42) aggregates and “I-labeled compounds showed specific labeling of -amyloid plaques in
sections of autopsied AD brain. In biodistribution experiments using normal mice, Labeled
compounds with *°l showed good initial uptake in the brain and fast washout from the brain, which
is more favorable for in vivo imaging of p-amyloid plaques than *®F-labeled pyridyl benzofuran
derivatives. The preliminary study showed promise for imaging cerebral -amyloid plaques with
SPECT.

Among medical radioisotopes, 9mTe (Ty2 = 6.01 h, 141 keV) has been most commonly used in
nuclear medical diagnostic field because of favorable radiophysical characteristics for in vivo
imaging by SPECT. Thus, *™Tc-labeled pyridyl benzofuran derivatives were designed as potential
probes for imaging B-amyloid plaques. Different from ‘*F and '#I, a chelating structure is necessary
for the transition of metal *™Tc to an organic molecule. In consideration of the permeability of the
blood-brain barrier, bisaminoethanethiol (BAT) was chosen as a chelating ligand to form a neutral
and compact complex with *™Tc. As there is no stable technetium isotope, rhenium, the congener of
technetium, has been widely used as a non-radioactive surrogate for the structural identification of
technetium complexes. Then, | synthesized the Re complexes. In experiments in vitro, all the Re
complexes showed high affinity for Ap(1-42) aggregates. Biodistribution experiments in normal
mice revealed that the *™Tc-labeled derivatives displayed sufficient uptake in the brain. Among the
compounds tested, [*"Tc]BAT-Bp-2 displayed substantial labeling of p-amyloid plaques in the ex
vivo autoradiography in sections of brain tissue from Tg2576 transgenic mice but not in the
age-matched controls, indicating that [**"Tc]BAT-Bp-2 shows specific binding to p-amyloid plaques
in vivo. Gathered data demonstrated that [*™Tc]BAT-Bp-2 may be a potential SPECT probe for
imaging B-amyloid plaques in the brain with Alzheimer's patients.

In conclusion, | designed, synthesized and tested a novel series of benzofuran derivatives as
potential PET and SPECT imaging probes for B-amyloid plaques in the brain. Among them, |
successfully developed [**F]JFPYBF-2 and [*"Tc]BAT-Bp-2 which not only displayed the high
initial uptake into and reasonable washout from the brain, but also showed extensive labeling of
-amyloid plaques in vivo. Further investigation in living animals and humans with these imaging
probes developed will provide useful information on the development of diagnostic method for AD
and the drug development for treatment of AD in the future.
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