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Potential Utility of Amyloid-binding Compounds in Diagnosis and Treatment of Alzheimer’s
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[ Summary ]

0 Alzheimer’s disease (AD) is a devastating disorder lead-
ing to progressive neuronal loss and cognitive deficits, and
is pathologically characterized by accumulation of brain amy-
loid including extracellular senile plaques and intracellular
neurofibrillary tangles. Since formation of amyloid lesions is
known to precede clinical onset of the disease by 10-20 years,
detection of amyloid pathology in brains of living patients
could permit prediction of disease onset at a preclinical stage.
Such a technology also facilitates assessment of emerging
therapeutic approaches to AD that are capable of modifying
pathological processes. Small-sized, amyloid-binding com-
pounds, which have recently been exploited by several in-
dependent research groups, are targeted at visualization of
brain amyloid in human subjects by radiological imaging such
as positron emission tomography. We have also generated
a fluorine-containing amyloid ligand that is applicable to fluo-
rine-magnetic resonance imaging (fluorine-MRI). Our method
does not require radioactivity from the tracer, and thus can
circumvent costly production and complex safety control of
radioactive materials. The tracer for fluorine-MRI not only has
shown its utility in detection of amyloid plaques that form in
brains of mice modeling AD, but also offers a potentially prac-
tical system for pathological screening in living humans. More-
over, amyloid-binding compounds provide a possibility of radi-
cal treatment for brain amyloidosis in AD, because they could
halt amyloid formation by interfering with self-association of
amyloidogenic molecules.
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Fig. 1 Amyloid pathology in the brain of an Alzheimer’s disease patient.

000 (A) Hippocampal section stained with FSB and DAPI, which are
markers for amyloid and nucleus, respectively. Senile plaques
(arrowhead) and neurofibrillary tangles (arrow) are abundantly
present. (B) The same section immunostained with antibodies
against AB (red) and tau (green), indicating that senile plaques and
neurofibrillary tangles are primarily composed of these
amyloidogenic molecules. Scale bar, 100 um (A and B).
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Fig. 2 Congo red derivatives known as candidate tracers for brain amyloid.
000 Radiolabeling sites for PET and SPECT are indicated by asterisks.
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Fig. 3 Non-Congo red derivatives known as candidate tracers for brain
amyloid.

000 (A) Thioflavin-T derivatives. (B) Other derivatives. Radiolabeling
sites for PET and SPECT are indicated by asterisks.
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Fig. 4 Characterization of FSB as a tracer for brain amyloid

000 (A and B) Subadjacent sections of temporal cortex from an
Alzheimer's disease patient stained with BSB (A) and FSB (B). Note
that FSB yields a higher contrast of amyloid lesions than does BSB.
(C) Fluorescence photomicrogragh of Tg2576 mouse brain after
intravenous injection of FSB. Intense signals are obtained on
amyloid plaques. (D) Vertical bore, 9.4 Tesla, Bruker microMRI
system. (E) MicroMRI probe specifically designed for mouse head.
(F) Fluorine-MR image of 1 % FSB solution in a test tube. (G) In
vivo fluorine-MR image of mouse brain after injection of 2.5 ul of
2.5 % FSB into the bilateral basal ganglia. (H) Corresponding T1-
weighted proton-MR image. Scale bars, 100 um (A and B); 100 um
(C); and 2 mm (F-H).
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Fig. 5 MRI detection of amyloid plaques in brains of living
APP transgenic mice.

000 (A) In vivo fluorine-MRI after intravenous injection
of FSB (20 mg/kg). Intense signals are found in
the cortex (arrows) and hippocampus (arrowhead).
(B) T2-weighted proton-MRI obtained after fluorine-
MR scans. Low-intensity spots are observed in the
cortex (arrows), while no overt changes are found
in the hippocampus. (C) Fluorine-MR image
superimposed on the corresponding T2-weighted
proton-MR data. (D) T1l-weighted proton-MRI
performed after fluorine-MR scans. High-intensity
areas are found in the cortex (arrows) and
hippocampus (arrowhead). (E and F) Ex vivo
examination of brain section from the same mouse
to detect FSB (E) and AB (F), demonstrating that
altered MR signals reflect presence of senile
plaques. Scale bar, 2 mm (A-F).
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Fig. 6 Correlation between MR signal changes and brain
amyloid levels.

000 (A) In vivo fluorine-MRI performed for normal and
APP transgenic mice at different ages intravenously
injected with FSB. Age-dependent increase of
amyloid plagques in transgenic mice, illustrated by
AB immunostaining, is well correlated with
alteration of fluorine-MR signals.

000 (B) Scatter plots of changes in fluorine-MR (open
squares) and T1- (open circles) and T2-weighted
(closed circles) proton-MR signals versus brain
amyloid levels in the hippocampus and entorhinal
cortex of APP transgenic mice.
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Fig. 7 Assessment of potential acute toxicity of FSB. Wild-type mice were
intravenously injected with FSB at different doses, and multiple
organs were sampled 24 hours after the administration. No
prominent changes are found in any of the tissues from mice treated
with 20 and 40 mg/kg FSB, while tubular necrosis is present in the
kidney of mice administered with 80 mg/kg FSB (arrows). Sections
are stained with hematoxylin-eosin (heart, liver and kidney) and
cresyl violet (brain).
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Fig. 3 Spectra of fluorescence filters. a, exciters and emitters for FITC.
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1 umol/l Fluo 4 (or Fluo 3), 20 mmol/l HEPES,
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