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Abstract

Background—A decreased concentration of beta amyloid (1-42) (Ap42) has consistently been
found in the cerebrospinal fluid (CSF) of patients with Alzheimer’s disease (AD) and is considered
a diagnostic biomarker. However, it is not clear to which extent CSF AB42 levels are reflective of
cerebral pathology in AD. The aim of the study was to determine the association between cerebral
amyloid plaque load, as measured by means of the positron emission tomography (PET) tracer
carbon-11-labeled Pittsburgh Compound B ([11C]JPiB) and CSF Ap42 in AD.

Methods—A group of 30 patients with probable AD, as defined by established clinical criteria and
by an AD-typical pattern of tracer uptake in fluorine-18-labeled fluorodeoxyglucose ([8F]FDG)
PET, were included. In all patients, [1C]PiB PET and CSF analysis were performed. The association
between amyloid load and CSF AB42 levels was examined in three different ways: by linear
regression analysis using an overall [11C]PiB value for the entire cerebrum, by correlation analyses
using [11C]PiB measurements in anatomically defined regions of interest, and by voxel-based
regression analyses.

Results—All patients showed a positive [11C]PiB scan demonstrating amyloid deposition. Linear
regression analysis revealed a significant inverse correlation between the overall [11C]PiB uptake
and CSF AB42 levels. Voxel-based regression and regional correlation analyses did not attain
statistical significance after correction for multiple comparisons. Numerically, correlation
coefficients were higher in brain regions adjacent to CSF spaces.
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Conclusions—The study demonstrates a moderate linear negative association between cerebral
amyloid plaque load and CSF AB42 levels in AD patients in vivo and suggests possible regional
differences of the association.
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The characteristic neuropathological features of Alzheimer’s disease (AD) are senile plaques
(SP) and neurofibrillary tangles (NFT) in conjunction with loss of neurons and synapses (1,
2). The major constituent of SP is amyloid beta protein (AB), particularly the rapidly
aggregating 42 amino acid variant (Ap42) (3). A decreased concentration of Ap42 has
consistently been found in the cerebrospinal fluid (CSF) of AD patients as compared with
cognitively unimpaired age-matched subjects. The observation that decreased levels of AB42
are already present at very early clinical (4,5) and even presymptomatic (6) stages of AD is
consistent with the neuropathological finding that amyloid deposition represents an early event
in the course of AD that may precede the onset of symptoms by decades (1). Consequently,
CSF AP42 levels are regarded as a diagnostic biomarker (7-10) for early and reliable diagnosis
of AD.

However, the mechanisms leading to reduced levels of CSF AB42 in AD are unclear. It has
been hypothesized that low levels are a result of sequestration of the peptide in the brain and
reduced clearance into the CSF (11). Evidence supporting this view is provided by the
postmortem finding that higher SP counts are associated with significantly lower AB42 levels
(12) and by longitudinal studies demonstrating a significant decrease of CSF Ap42 over time
(13). However, since low CSF AB42 concentrations are also found in other dementias that do
not show plaque formation, such as Creutzfeldt-Jakob disease, amyotrophic lateral sclerosis,
and multiple system atrophy (14), and since recent evidence suggests that soluble AB42
oligomers may reduce y-secretase activity (15), reduced neuronal production of Ap42 is
another possibility (16). An in vivo marker of amyloid deposition measured in close temporal
relationship to CSF AB42 assessments might be helpful to obtain additional information on the
association between amyloid in the brain and in the CSF.

Recently, the tracer carbon-11-labeled Pittsburgh Compound B ([11C]PiB) has become
available for the in vivo imaging of cerebral amyloid plaques using positron emission
tomography (PET) (17). In vitro studies have demonstrated that Pittsburgh Compound B (PiB)
binds to different kinds of cerebral A, including plague and nonplaque deposits as well as
vascular A, while binding to other types of protein aggregations such as neurofibrillary tangles
or Lewy bodies is minimal (18-20). Accordingly, in vivo studies of patients with AD have
consistently demonstrated an increased cerebral uptake of [11C]PiB (17,21-23). In a recent
study, an analysis of cerebral [11C]PiB binding and CSF Ap42 levels has been performed in a
small group of healthy subjects and patients with dementia (21). In this study, all of four AD
patients showed positive [11C]PiB binding and low CSF AB42 levels, whereas 15 out of 18
healthy individuals exhibited negative [11C]PiB binding and high CSF Ap42 levels. The
quantitative association between [11C]PiB binding and CSF Ap42 concentration within AD
was not examined.

The primary aim of the present study was to determine the association between cerebral
amyloid plaque load as measured by [11C]PiB-PET and Ap42 in the CSF within a larger group
of patients with probable AD as defined by established clinical criteria and by an AD-typical
pattern in fluorine-18-labeled fluorodeoxyglucose ([18F]FDG) PET. The secondary aim was
to explore possible regional differences of the association pattern.
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Methods and Materials

Patient Recruitment, Inclusion and Exclusion Criteria

Patients were recruited from the research outpatient unit for cognitive disorders at the
Department of Psychiatry, Klinikum rechts der Isar, Technische Universitaet Muenchen,
Munich, Germany. They had been referred for the diagnostic evaluation of cognitive
impairment by general practitioners, neurologists, psychiatrists, or other institutions, and
underwent a standardized diagnostic procedure.

The diagnostic work-up included an interview with the patient and an informant; medical,
psychiatric, and neurological examinations; neuropsychological evaluation including the Mini
Mental State Examination (MMSE) (24); a routine laboratory screen; and apolipoprotein E
(APOE) genotyping. The severity of cognitive impairment was rated on the Clinical Dementia
Rating (CDR) scale, and the CDR sum of boxes (CDR SOB) (25) was calculated. Cranial
magnetic resonance imaging (MRI) was performed to assess structural brain abnormalities.
Cranial [18F]JFDG PET was used to measure cerebral metabolism, and [11C]PiB PET was used
to assess amyloid plaque burden.

The study protocol was approved by the institutional review board (IRB) and by radiation
protection authorities.

All study participants met National Institute of Neurological and Communicative Diseases and
Stroke-Alzheimer’s Disease and Related Disorders Association (NINCDS-ADRDA)
diagnostic criteria for probable Alzheimer’s disease (26). Patients with mild to moderate
dementia were included. Furthermore, [*8F]JFDG PET findings typical for AD were required
for inclusion, i.e., hypometabolism in the temporoparietal and posterior cingulate cortex with
relative sparing of the primary sensomotor cortex on visual inspection (27).

Patients were not included if they met diagnostic criteria for other neurological or psychiatric
disorders, including Parkinson’s disease, normal pressure hydrocephalus, progressive nuclear
palsy, or major depression. Patients were also excluded if they showed any major abnormalities
on MR, such as brain infarcts or extensive leucoencephalopathy. Moreover, patients with
[18F]FDG PET findings not typical for AD were excluded. National Institute of Neurological
Disorders and Stroke-Association Internationale pour la Recherché et I’Enseignement en
Neurosciences (NINDS-AIREN) criteria were used to exclude vascular dementia (28).
Furthermore, patients with other possible causes of cognitive impairment such as psychotropic
medication (e.g., antidepressants, antipsychotics), substance misuse, or major abnormalities in
routine blood testing were not enrolled.

Laboratory Screen and APOE Genotyping

Routine blood screening included a standard serologic chemistry group, full blood cell count,
blood glucose, vitamin B12 and folic acid levels, and thyroid hormone levels, as well as
serological tests for syphilis and Lyme borreliosis. Apolipoprotein E genotype was determined
following a standardized protocol using a polymerase chain reaction (PCR)-based assay that
simultaneously utilizes two distinct restriction enzymes (29).

Lumbar Puncture

Cerebrospinal fluid (5 to 8 mL) was collected in sterile polypropylene tubes and gently mixed
to avoid gradient effects. In native CSF, routine chemical parameters were determined. These
parameters included cell count, as well as glucose and lactate measurement, total protein

content, CSF/serum ratio of albumin and immunoglobulin G, and a screening for oligoclonal
bands. The remaining CSF was centrifuged for 10 minutes at 4000g, and aliquots were stored
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at —80°C for subsequent AB42 measurement. Cerebrospinal fluid AB42 concentrations were
measured in duplicate by enzyme-linked immunosorbent assay (ELISA) (Innogenetics,
Zwijndrecht, Belgium) (30). Beta amyloid [1-42] concentrations above 643 ng/L were
considered as normal (7).

Brain Imaging

Three imaging procedures were performed in each patient within 1 month of the initial visit.

MRI—~Patients underwent examination on a Siemens 1.5 Tesla Magnetom Symphony
(Siemens AG, Erlangen, Germany) using a standardized imaging protocol that consisted of a
three-dimensional (3-D) T1 dataset (repetition time [TR] 1520 msec, echo time [TE] 3.93 msec,
256 x 256 matrix, flip angle 15°, 1 mm slices), axial T2-weighted turbo spin-echo images (TR
4510 msec, TE 104 msec, 19 slices, voxel dimensions .6 x .5 x 6.0 mm), coronal T1-weighted
spin-echo images (TR 527 msec, TE 17 msec, 19 slices, voxel dimensions .9 x .9 x 6.0 mm),
and T2-weighted gradient-echo images (TR 725 msec, TE 29 msec, 19 slices, voxel
dimensions .7 x .7 x 6.0 mm). In addition to visual assessment, MRI data of each patient were
automatically spatially normalized to the MRI Montreal Neurological Institute (MNI) template
in SPM2 (Wellcome Trust, London, United Kingdom) (31) to obtain warping parameters for
later normalization of individual [11C]PiB data.

[18F]FDG PET—Subjects received 370 MBq [18F]FDG at rest with eyes closed. Patients were
positioned with the head parallel to the canthomeatal line within the gantry. Thirty minutes
after injection, PET imaging was performed under standard resting condition (eyes closed in
dimmed ambient light) using a Siemens ECAT HR+ PET scanner (CTI, Knoxville, Tennesse),
as published previously (32). A sequence of one frame of 10 minutes and two frames of 5
minutes was started and later summed into a single frame. Image data were acquired in 3-D
mode with a total axial field of view of 15.5 cm. A transmission scan was acquired after
completion of the emission scan for attenuation correction.

[11C]PiB PET—This part of the examination was performed on the same scanner and
followed a standardized protocol (33). All patients were injected with 370 MBq [11C]PiB at
rest. At 40 minutes postinjection, three 10-minute frames were started and later summed into
a single frame (40-70 minutes). Acquisition was carried out in 3-D mode, and a transmission
scan was carried out to allow for later attenuation correction. Following image reconstruction,
correction of dead time, scatter and attenuation correction, and generation of standard uptake
value ratio (SUVR) 40 minute to 70 minute images, spatial normalization was carried out in
SPM2. The [L1C]PiB data were first coregistered to each individual’s volumetric MRI and then
automatically spatially normalized to the T1 MRI MNI template in SPM2 using warping
parameters derived from the individual MRI normalization performed previously (34,35).

Statistical Analysis

For the primary analysis, we calculated the standardized regression coefficient beta between
[11C]PiB uptake and CSF AB42, controlling for APOE genotype, duration of disease, and age.
Two anatomical regions of interest (ROI) were defined, one covering the entire cerebral gray
matter and the other the cerebellar vermis as a reference region, using an established predefined
template (36). Mean standard uptake volume (SUV) values were calculated for the 95% of
voxels that showed the highest uptake values for each ROI (37). Cerebral to cerebellar vermis
ratios were calculated for each patient separately to rule out artifacts due to between-subjects
differences in tracer uptake (35). A linear regression analysis was calculated to examine the
association between [*1C]PiB cerebrum/vermis uptake ratio and the concentration of CSF
AB42 (in ng/L), including tracer uptake as dependent variable and CSF AB42 as independent
variable. Apolipoprotein E genotype and duration of disease, as well as age were included as
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possibly confounding variables. A stepwise selection of variables was chosen (F value for
inclusion <.05; F value for exclusion >.1). These analyses were calculated using SPSS 15.0
software (SPSS Inc., Chicago, Illinois).

Secondary analyses were conducted to identify a possible regional variability in the strength
of the association between [11C]PiB uptake and CSF AB42. We performed 1) a correlation
analysis based on 90 anatomically defined ROI, 2) a voxel-based regression analysis, and 3) a
voxel-based regression analysis using correction of partial volume effect (PVE).

The brain was divided into 90 anatomically defined ROIs covering the cortex and subcortical
gray matter of the cerebrum using an established predefined template (36). Cerebral to
cerebellar vermis ratios were calculated as described above.

A voxel-based statistical parametric regression analysis using SPM2 (38) between [11C]PiB
uptake and CSF Ap42 was performed. As before, the values of all pixels in each patient’s
[11C]PiB scan were normalized to the cerebellar vermis (36,37) and images were smoothed
(Gaussian kernel of 10 x 10 x 10 mm). A significance threshold of .01 was applied.

To explore a potential influence of regional cortical atrophy on the association between [11C]
PiB uptake and CSF AB42, a correction of [11C]PIB PET data for partial volume effects was
carried out with an algorithm implemented in the PMOD software package (PMOD
Technologies Ltd., Adliswil, Switzerland). Following coregistration of individual MRI and
PET data, a segmentation of the magnetic resonance (MR) information into gray and white
matter was carried out. The segmented MR data were then used for PVE correction of the PET
data of every subject. Four patients were excluded from the analysis because of failure of the
MR segmentation process. Subsequently, all PVE-corrected PET data sets were stereotactically
normalized to the standard template and voxel-based statistical analysis was carried out
following the identical strategy as described above.

Thirty patients were included in the study. Demographic and clinical information, as well as
results of CSF AB42 measurement are shown in Table 1. Patients with a broad range of clinical
severity, including very mild to moderate dementia, were included. Five patients who scored
unimpaired on the MMSE (28-30 points) exhibited cognitive deficits in neuropsychological
testing; all five showed deficits in verbal memory, four had language deficits, one had
constructional apraxia, and one had deficits in executive functions.

Al patients showed a pattern of hypometabolic areas on [18F]JFDG PET that was consistent
with the diagnosis of AD. The average time interval between [11C]PiB PET examination and
lumbar puncture was 29 + 41 days.

Sixteen of the 30 patients were included in a study addressing the association between clinical
severity and [11C]PiB uptake (35). Four of these 16 patients were part of a patient sample
comparing AD and semantic dementia with [X8F]JFDG and [*1C]PiB PET (22).

Visual Inspection of [11C]PiB Scans

On visual analysis, all patients showed an AD-typical tracer uptake in the brain, as previously
described (17,22). In a few patients, tracer uptake was unevenly distributed and low in several
areas. No patient showed a [11C]PiB-negative scan.
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Primary Analysis: Association Between [11C]PiB Uptake and CSF AB42

The variable selection in the linear regression analysis using [*1C]PiB cerebrum/vermis uptake
ratio as dependent variable included CSF AB42 as independent variable.

Duration of disease, age, and APOE genotype were excluded during variable selection, i.e,
those variables were not significantly associated with CSF AB42 concentrations in this sample.

The standardized regression coefficient beta was —0,478 with a p value of .01, indicating an
inverse association between [11C]PiB cerebrum/vermis uptake ratio and CSF AB42. The scatter
plot of this analysis is shown in Figure 1.

Secondary Analyses: Regional Variability of the Strength of the Association

Associations between [11C]PiB uptake in the 90 anatomically defined ROIs and CSF Ap42
are shown in Supplement 1, including Pearson’s correlation coefficient r and p value
(uncorrected for multiple comparisons). Inverse associations were found in all ROIs. None of
the associations, however, survived Bonferroni’s correction for multiple comparisons.
Numerically, correlation coefficients were particularly high (r <—.360, p <.05 uncorrected for
multiple comparisons) in ROIs adjacent to the brain ventricles (gyrus cinguli bilaterally,
precuneus bilaterally, nucleus caudatus bilaterally, thalamus bilaterally, left gyrus calcarinus,
hippocampus bilaterally, left gyrus lingualis, gyrus olfactorius bilaterally, gyrus
parahippocampalis bilaterally). In addition, strong associations (r < —.360, p < .05) between
[11C]PiB and CSF AB42 were identified in several ROIs close to the basal parts of the external
CSF spaces (frontobasal: left gyrus rectus, lateral and mesial orbital parts of middle gyrus
frontalis bilaterally, left orbital part of gyrus frontalis superior, triangular part of gyrus frontalis
bilaterally; occipitobasal: left gyrus lingualis, gyrus fusiformis bilaterally, left gyrus calcarinus,
left gyrus occipitalis inferior, left gyrus temporalis inferior).

Representative scatterplots of these analyses are shown in Figure 2.

The voxel-based regression analysis revealed a widespread pattern of significant associations
between [11C]PiB uptake and CSF AB42. Association maxima were found in the same regions
where correlation coefficients numerically were highest in the previously described ROI
approach.

Local maxima of associations are provided with the respective standard stereotactic coordinates
in Talairach space (39), Z scores, corresponding anatomical regions, and Brodmann areas using
Talairach Client (University of Texas Health Science Center, San Antonio, Texas), and p values
in Supplement 2. In Figure 3, the surface projections and representative overlays on averaged
T2-weighted MR images of the associations are shown, the latter visualizing the stronger
associations in cerebral regions in close vicinity to the CSF.

The PVE-corrected voxel-based regression analysis that controls for possible artifacts due to
cortical atrophy only detects cortical associations because of the MR gray matter segmentation
process. It revealed a widespread pattern of significant associations between [11C]PiB uptake
and CSF AB42. The cortical associations did not show major differences as compared with the
voxel-based regression analysis uncontrolled for PVE. The result confirms the validity of the
associations found in the previous analysis. Local maxima are provided in Supplement 3. In
Figure 4, the surface projections of the associations are shown.

Discussion

The primary analysis revealed that [11C]PiB uptake ratio was associated with CSF AB42 levels
within the group of patients diagnosed with probable Alzheimer’s disease. All patients had a
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positive [11C]PiB scan demonstrating amyloid deposition but there was interindividual
variability of tracer uptake, and a significant inverse linear correlation between the two
measures was observed. This finding may be regarded as an in vivo parallel of a postmortem
investigation that showed that the number of neuritic plaques in the neocortex and in the
hippocampus was strongly associated with lower levels of AB42 obtained from the brain
ventricles at autopsy (12). It should be mentioned that another investigation that related CSF
APB42 measured during life and SP numbers (40) determined at autopsy according to the Braak
staging did not find this association, possibly because the time interval between CSF collection
and brain autopsy was very long, at least in some subjects. In the present study, the average
interval between CSF analysis and cerebral [11C]PiB did not exceed 60 days.

The present study provides complementary information to a recent in vivo study that also
addressed [11C]PiB uptake and CSF Ap42 levels (21). In that study, a heterogeneous population
had been examined, composed of 4 AD patients, 2 patients with non-AD dementia, and 18
cognitively healthy control subjects. The time interval between [11C]PiB PET and AB42 CSF
measurement was 1 to 2 years. The authors were able to identify two nonoverlapping groups:
a group with positive [11C]PiB binding and low CSF Ap42 levels, which included all AD
patients, and a group with negative [11C]PiB binding and normal CSF AB42 levels, which
comprised most healthy subjects. Due to the small sample size, the association between CSF
APB42 levels and [11C]PiB binding was not determined in the patient groups.

The present study extends these results by demonstrating a negative linear relationship between
[11C]PiB uptake and CSF Ap42 concentration in a patient population that was exclusively
composed of AD subjects, all of whom showed a positive [11C]PiB PET scan. This finding is
compatible with the hypothesis that low levels of CSF AB42 in AD are a result of sequestration
of Ap42 in the brain and reduced clearance into the CSF. It is also consistent with the negative
feedback hypothesis that amyloid deposits decrease amyloid production and lead to reduced
CSF Ap42 levels.

The secondary analyses that addressed the possible regional variability in the strength of the
association between [11C]PiB uptake and CSF AB42 did not attain statistical significance after
correction for multiple comparisons.

Therefore, no firm conclusions can be made. However, on the basis of the regional differences
between correlation coefficients in the ROI analysis and in the voxel-based regression, we
speculate that the strength of the association might not be evenly distributed throughout the
brain. In two secondary analyses, the relationship between amyloid deposition and CSF AB42
appeared to be stronger in gray matter regions that are located in the vicinity of the brain
ventricles and the basal parts of the external CSF spaces. This suggests that the levels of
AB42 in the CSF may particularly reflect the AD pathology in brain areas near the ventricular
system.

The possible regional differences and the moderate correlation between [11C]PiB uptake and
CSF Ap42 could be of relevance for the investigation of antiamyloid therapeutic strategies.
Our data suggest that CSF Ap42 might provide information about AD pathology in brain areas
that are adjacent to the ventricular system, whereas amyloid PET tracers might map the entire
cerebral amyloid pathology. Taking into account the imperfect match between the two
measures, the contribution of both techniques may be considered in evaluating the efficacy of
antiamyloid therapeutic agents.

In addition, the voxel-based regression analysis suggested that negative correlation between
[11C]PiB uptake and CSF Ap42 also occurs in white matter areas. It is not surprising to find
an association between the two measures there, since amyloid plague deposition in white matter
has been described in AD, particularly at more advanced stages (41), and PiB binding in the
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white matter has been demonstrated (19). It cannot be ruled out that some unspecific [11C]PiB
uptake occurred in the white matter. A possible explanation for the inverse correlation between
[11C]PiB uptake and CSF AB42 in the white matter would be an impaired perivascular drainage
pathway (42).

If indeed [11C]PiB uptake and CSF Ap42 were more closely associated with one another in
gray and white matter close to CSF spaces, this would be compatible with animal studies
showing location-dependent differences in the removal of AB42 from the brain (43,44).
According to these studies, AB42 generated in regions close to CSF spaces is directly drained
into this fluid compartment, so that tissue levels and CSF concentrations could be tightly linked.
On the other hand, AB42 produced in CSF-remote regions is cleared through other channels,
including the perivascular interstitial fluid channels that follow the cortical arteries. It is
tempting to speculate that this pathway could be associated with amyloid angiopathy.

The regional pattern of the associations between [11C]PiB uptake and CSF AB42 is somewhat
different from the areas of highest [11C]PiB uptake. To rule out the influence of possible
normalization artifacts due to cerebral atrophy on the association, we repeated the voxel-based
analysis using a PVE correction procedure. The cortical association pattern still demonstrates
the widespread association pattern found in the previous analysis. Thus, the cortical
associations are not an effect of cerebral atrophy. The PVE approach was not useful for
exploring the associations identified in subcortical and white matter areas, because the included
MR segmentation preprocess does not include these structures. Thus, we cannot rule out that
the associations in these areas are partially influenced by effects of cerebral atrophy.

The present study has several limitations. First, the clinical diagnosis of AD was not confirmed
by postmortem examination, and misclassification of patients as AD might have influenced
the strength of the association. However, patients were only enrolled if they showed AD-typical
findings on [18F]FDG PET. In a few patients, due to uneven uptake of [11C]PiB in the brain
and low uptake in several areas, the whole cerebrum/cerebellar vermis ratio was only mildly
increased. Second, the design was cross-sectional, and the association may be due to a selection
bias. Therefore, the inverse relationship between [11C]PiB uptake and CSF AB42 needs to be
confirmed in a longitudinal study. Third, the sample size was relatively small. A study in a
larger patient sample would be of great interest to determine whether there is a regional
variability of the association between [11C]PiB uptake and CSF Ap42 depending on closeness
to CSF spaces and to identify potential modifiers of the association such as APOE genotype.
Fourth, all [11C]PiB data in the current study were normalized to the cerebellar vermis, which
was used as a reference region. As a consequence, an association of CSF A42 with amyloid
plaque deposition in the cerebellar vermis would have been overlooked. However, amyloid
plaques only appear in the cerebellum at the most advanced stages of AD (2).

The present study was not designed to compare the diagnostic accuracy of [*1C]PiB uptake
and CSF Ap42. The study population was relatively small and highly selected. Moreover, it
was exclusively composed of AD patients and did not contain control subjects. We would like
to point out, however, that 5 out of 30 patients had CSF Ap42 levels in the normal range,
whereas only 2 patients showed low [11C]PiB uptake. On the basis of this observation, one
might speculate that in a larger sample of patients and cognitively healthy control subjects,
[11C]PiB uptake might prove to be a more sensitive marker of AD than CSF Ap42, unless it
produces a higher number of false-positive results.

Regarding the two patients with relatively low [11C]PiB uptake, the question could be raised
whether these individuals might have been misdiagnosed as AD and, in fact, suffer from

dementia with Lewy bodies (DLB). We cannot rule out this possibility, because patients with
DLB may show moderate [11C]PiB uptake (45,46) and neuropathological verification of our
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clinical diagnosis is not presently available. However, the [28F]JFDG PET finding for both
patients was typical for AD and did not show evidence of occipital hypometabolism. Further,
both patients did not exhibit the clinical core symptoms of DLB (47). Therefore, we assume
that the relatively low [11C]PiB uptake was a reflection of the mild severity of dementia in
these patients. Another explanation is that the low [11C]PiB uptake was due to a measurement
error.

In conclusion, we found a significant inverse linear association between [*1C]PiB uptake and
CSF Ap42 in patients with probable AD. Thus, the concentration of Ap42 in the CSF may not
only be a marker that qualitatively discriminates between individuals with AD and healthy
control subjects but also a quantitative measure of B-amyloid load within AD, although the
strength of the correlation is only moderate. In addition, our observations point to the possibility
that the association between [11C]PiB uptake and CSF AB42 may be stronger in gray and white
matter areas that are close to CSF spaces. This suggests that the degree to which CSF Ap42
levels can be considered as a peripheral indicator of f-amyloid pathology depends on the
localization of B-amyloid deposition in the brain. In accord with this view, it has been
demonstrated that the clearance of AB42 from the brain is location-dependent. The results of
the present study also caution against using CSF Ap42 levels for the staging of AD pathology.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Linear regression analysis between [11C]PiB cerebrum/vermis uptake ratio and CSF AB42.
Standardized regression coefficient Beta = —0,478; p = .01. Ap42, beta amyloid [1-42]; [11C]
PiB, carbon-11-labeled Pittsburgh Compound B; CSF, cerebrospinal fluid.
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Figure 2.

Correlation analyses between [11C]PiB cerebrum/vermis uptake ratios and CSF AB42 in
anatomically defined regions of interest. Correlation coefficients (Pearson): (A) r = —503, p
=.005; (B) r = —.400, p = .029; (C) r = —.460, p = .011. AB42, beta amyloid [1-42]; [}C]PiB,
carbon-11-labeled Pittsburgh Compound B; CSF, cerebrospinal fluid.
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Figure 3.

Voxel-based regression analysis between [11C]PiB uptake and CSF Ap42. Significant (p <.
01) associations: (A) projected to the surface; (B-D) overlaid on T2-scans (average of 152
scans, implemented in SPM2). (B) axial, (C) coronal, (D) saggital. AB42, beta amyloid [1-42];
[*1C]PiB, carbon-11-labeled Pittsburgh Compound B; CSF, cerebrospinal fluid; L, left; R,
right; x/y/z, coordinates of slices in Talairach space.
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Figure 4.

Partial volume effect corrected voxel-based regression analysis between [11C]PiB uptake and
CSF AB4z2. Significant (p < .01) associations projected to the surface. AB42, beta amyloid
[1-42]; [1C]PiB, carbon-11-labeled Pittsburgh Compound B; CSF, cerebrospinal fluid; L, left;
R, right.
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Number 30

Male : Female 20:10

APOE g4 Alleles:0:1:2 11:11:8

Age (mean/standard deviation) in Years 66.8 + 8.0 (range 51-82)
Duration of Disease in Years 3.2 +2.1 (range 0-9)
CDR SOB (mean/standard deviation) 4.2 + 2.6 (range .5-11)
MMSE (mean/standard deviation) 23.1 + 4.7 (range 11-30)
CSF AB42 (mean/standard deviation) in ng/L 552.3 + 135.5 (range 414-850)

(Ap42), beta amyloid (1-42); APOE, apolipoprotein E; CDR SOB, Clinical Dementia Rating Sum of Boxes; CSF, cerebrospinal fluid; MMSE, Mini

Mental State Examination.
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