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Abstract

Imaging of cerebrovascular 3-amyloid (cerebral amyloid angiopathy, CAA) is complicated by this
pathology’s nearly universal overlap with Alzheimer pathology. We performed PET imaging with
Pittsburgh Compound B (PiB) on 42-year old man with early manifestations of lowa-type
hereditary CAA, a form of the disorder with little or no plaque deposits of fibrillar B-amyloid. The
results demonstrated elevated PiB retention selectively in occipital cortex, sparing regions
typically labeled in Alzheimer disease. These results offer compelling evidence that PiB-PET can
noninvasively detect isolated CAA prior to overt signs of tissue damage such as hemorrhage or
white matter lesions.
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Cerebrovascular deposition of the g-amyloid (Ap) peptide (cerebral amyloid angiopathy,
CAA) is a prevalent age-associated pathology linked to spontaneous intracerebral
hemorrhage, vascular cognitive impairment, and adverse responses to anti-amyloid
immunotherapies.1~3 Although criteria have been validated for diagnosis of CAA during
life,4 these rely on detecting the late manifestations of CAA-related vascular damage such
as hemorrhage and microbleeding rather than the vascular amyloid itself. Most CAA is
therefore undetectable during life. Developing noninvasive methods for determining the
presence and severity of CAA would be an important step towards identifying therapies for
this currently untreatable condition.
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A promising imaging agent for CAA detection is the recently described lipophilic compound
Pittsburgh Compound B (PiB). PiB retention in the brain has been detected by positron
emission tomography (PET) in patients with Alzheimer disease (AD) in a spatial pattern
(particularly frontal, temporal, cignulate, and precuneus cortex) similar to the
neuropathologic distribution of AB-containing senile plaques.5' 6 Data from transgenic
mice7 and human subjects8~10 suggest that PiB also labels vascular as well as plaque Ap.
As these two A pathologies frequently co-exist, however, teasing apart the PiB signal due
to CAA from that due to accompanying plaques is difficult.

To test the ability of PiB-PET to detect CAA in isolation, we imaged a subject with early
manifestations of a hereditary form of CAA. lowa-type hereditary CAA,11 like the
previously described Dutch-type form,12 is characterized by severe cerebrovascular
amyloid, occasional diffuse or early plaques, but few or none of the mature fibrillar plaques
known to bind PiB. PiB retention in this disorder should therefore reflect strictly vascular
amyloid. We investigated whether PiB would be retained in the brain of a subject with early
hereditary CAA and whether the distribution of signal would demonstrate the occipital lobe
predominance noted in nondemented subjects with sporadic CAA.10

All studies were performed with informed consent from the subject and with approval from
the Partners Human Research Committee. Exon 17 of the gene for the amyloid precursor
protein (APP) and parts of its flanking introns were amplified and sequenced from genomic
DNA as described.11 Conventional CT and MRI imaging (including fast-spin echo T2-
weighted, pre-and post-gadolinium T1-weighted, FLAIR-weighted, and gradient-echo
sequences on a 1.5T scanner) was performed according to standard clinical protocols.

N-methyl-[11C]2-(4-methylaminophenyl)-6-hydroxybenzothiazole (PiB; 7mCi) was
administered intravenously and PET images acquired dynamically over 60 minutes as
described.10 Briefly, the subject was positioned in a Siemens/CTI ECAT HR+ scanner
(three dimensional mode; 63 image planes; 15.2cm axial field of view; 5.6mm transaxial
resolution and 2.4mm slice interval; 69 frames: 12 x 15 seconds, 57 x 60 seconds,
Knoxville, TN). PET data were reconstructed with ordered set expectation maximization,
corrected for attenuation, and each frame evaluated to verify adequate count statistics and
absence of head motion. PiB retention was expressed as distribution volume ratio (DVR)
over the 40-60 minute interval, using the cerebellum as tissue input function. PET data were
brought into registration with x-ray computed tomographic (CT) and magnetic resonance
(MR) images using SPM2.

To explore the histologic pattern of PiB binding in lowa-type hereditary CAA, we labeled
post-mortem brain tissue from a previously described11 family member diagnosed with this
disorder. Paraffin-embedded sections of frontal, parietal, and hippocampal cortex were
deparaffinized, incubated with 10 uM PIB (gift from W.E. Klunk, University of Pittsburgh)
in 0.001%DMSO and PBS for 45 minutes, rinsed in PBS and coverslipped with GVA
mounting solution (Invitrogen). Fluorescent images were taken at 10 and 20X amplification
with an Olympus BX51 microscope.

The subject was a 42 year-old man with first-degree relative diagnosed by genetic testing
and post-mortem brain examination as having advanced CAA due to the lowa APP
mutation.11 He initially presented for neurologic evaluation at age 32 with positional
tremor, migraine headaches with visual aura, and memory and word-finding complaints.
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Serial cognitive examinations at ages 32, 33, 34, 36, 40, and 42 showed a pattern of gradual
decline across multiple domains consistent with a diagnosis of mild cognitive impairment,
multiple domain type.13 Progressive impairments were evident on tests of anterograde
memory, naming of common objects, visuoperceptual discrimination, and attention. Serial
neurologic evaluations found no substantial change in the tremor or headaches and no other
focal deficits.

Genetic analysis showed apolipoprotein E £3/e4 genotype. Sequencing of APP exon 17
demonstrated the heterozygous lowa-type G—A transition associated with substitution of
asparagine for aspartic acid at APP position 694 (or Ap position 23). Serial CT and MRI
scans disclosed no areas of ischemic or hemorrhagic stroke, scant FLAIR hyperintensity
posterior to the occipital horns of the lateral ventricles, and a symmetric gyral pattern of
hyperdensity in the bilateral occipitotemporal cortex (Fig. 1) absent on CT scans at ages 32
and 35 but present at age 42. The gyral hyperdensities closely resembled those previously
observed in lowa-type hereditary CAA patients11 and identified pathologically as
calcifications of amyloid-laden occipitotemporal leptomeningeal and cortical vessels.
Gradient-echo MRI detected no microbleeds (Fig. 1).

Imaging of fibrillar A by PiB-PET demonstrated elevated PiB retention (DVR > 1.6) in
bilateral occipital cortex anterior to the gyral CT hyperdensities (Fig. 2). Areas prominently
labeled by PiB in patients with AD such as frontal, temporal, cingulate, and precuneus
cortex were largely spared (DVR < 1.2). To define further whether PiB signal in this subject
was due strictly to vascular rather than plague amyloid, we used PiB to label brain sections
from a related patient with lowa-type CAA (Fig. 3). These images demonstrated exclusively
vascular labeling, without evidence of plaque-associated PiB.

Discussion

The primary finding from this study is positive PiB-PET imaging in a young subject with
early lowa-type hereditary CAA. As the fibrillar amyloid deposits in lowa-type CAA appear
to be entirely vascular (Fig. 3), this study offers a unique opportunity to image CAA in
isolation and thus provides compelling evidence that PiB-PET detects CAA as well as AD
plaque pathology. This possibility had previously been suggested by studies showing robust
PiB signal in vessels as well as plaques of transgenic mice,7 the observation of vascular PiB
staining in human brain tissue,8' 9 and the finding of increased PiB retention in an occipital-
predominant pattern in 6 nondemented subjects diagnosed with advanced sporadic CAA.10
Previous PiB-PET studies have shown a striatal-predominant pattern in 10 subjects with pre-
symptomatic or early symptomatic mutations of presenilin-1,14 striatal-and posterior
cingulate-predominant PiB retention in 2 subjects with symptomatic APP locus duplication,
15 and an AD-like pattern in a subset of nondemented (presumably pre-symptomatic)
sporadic elderly.6 The current case differs from these previous reports by offering a
situation of isolated CAA that allows the independent contribution of vascular amyloid to be
delineated.

A second notable finding is that vascular deposition of AB at a level sufficient to produce
elevated PiB-PET signal appears to be a relatively early step in the pathogenesis of CAA.
Radiographic findings such as extensive microbleeding and white matter hyperintensities
that appear in members of the same family with advanced symptoms11 were not present in
the current subject, suggesting that PiB retention precedes these radiographic signs of
vascular disease. This subject did demonstrate two other sets of findings: occipital gyral CT
hyperdensities (likely representing calcification of amyloid-laden vessels in the
leptomeninges and superficial cortex11: 12) and mild cognitive impairment. The mild
cognitive deficits in this subject appeared not to be driven by either widespread amyloid
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deposition or radiographically visible tissue damage, and might instead relate to other non-
visualized processes associated with the lowa APP mutation. Migraine headaches with
visual aura, another element of this individual’s presentation, have not previously been
reported as characteristic of Ap-related CAA.

The observation of PiB retention apparently preceding radiographically evident tissue
lesions supports the idea that the brain injury associated with CAA is a secondary
consequence of vascular Ap deposition. The pathogenic role of AB deposition in CAA
contrasts somewhat with the situation in AD, where soluble oligomeric species of AR may
be a primary pathogenic agent.16 Previous studies have found extent of vascular amyloid
deposition to correlate with risk of intracerebral hemorrhagel7 and with impaired
cerebrovascular reactivity in a transgenic animal model.18

A false-positive increase in PiB retention in this subject, though impossible to exclude, is
highly unlikely. Studies have shown very high correlation between PiB retention and
reduced cerebrospinal Ap4219 or regional plaque Ap,20 indicating high specificity of PiB-
PET for cerebral amyloid deposition. Although only small numbers of PiB-PET scans have
been reported for healthy younger subjects, all have been negative for PiB retention,
including 8 of 8 subjects under age 55 scanned at University of Pittsburgh21 and 16 of 16
under age 60 at Washington University.6 Another distinctive feature of the PiB signal in the
current subject is its striking localization to occipital cortex. This feature is consistent with
the known occipital predilection of CAA22 and the increased relative occipital PiB found in
nondemented subjects with sporadic CAA compared to those with AD.10

These data highlight the intriguing possibility that vascular amyloid can be noninvasively
detected before it triggers intracerebral hemorrhage or other overt small vessel brain injury.
If sensitive and specific methods for early detection of CAA could be established, they
theoretically be applied to areas such as the decision of whether to anticoagulate or the
design of future therapeutic trials aimed at primary prevention of CAA-related hemorrhage.
Noninvasive measurement of CAA also raises the prospect of defining CAA’s contribution
to such key issues as a patient’s risk of vascular cognitive impairmentl and response to anti-
amyloid immunotherapy.2: 3
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Gradient-echo

Figure 1.

Neuroimaging of early lowa-type hereditary CAA. Representative axial CT (top) and MRI
(bottom) images are notable for occipital gyral hyperdensities (arrows), very mild
periventricular FLAIR hyperintensities, and no microbleeds on gradient-echo imaging.
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Figure 2.

PiB-PET in lowa-type hereditary CAA. Serial axial PET images are overlaid on co-
registered CT images (right column) to illustrate the relationship between PiB retention and
occipital calcification. DVR = distribution volume ratio
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Figure 3.
PiB staining in lowa-type hereditary CAA. A representative image is shown of PiB staining

in a section of hippocampal cortex from an affected member of the subject’s pedigree. PiB
signal (blue) is exclusively localized to thickened vessel walls. Scale bar=100pm and 20pum
(inset).
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