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the normal distribution using the transformation
In(x/(1 — x)), where x is the relative spectral power (Gasser
et al., 1982). To reduce the number of variables used for
classification, we averaged band power values over all 21
channels.

Linear discriminant analysis (LDA) (using publicly
available software for both linear classical and robust
discriminant analysis, by Croux and Dehon, 2001) was used
for discriminating MCI and control groups on the basis of
log-transformed relative spectral power in the six frequency
bands, averaged over channels. To improve validation of the
classification results, discriminant analysis was applied in
combination with jack-knifing, a procedure which typically
produces lower discrimination rate than, e.g. cross-vali-
dation based on using part of a sample for learning and other
part for classification, but is statistically more correct
and enables increased reproducibility in other samples
(Besthorn et al., 1997). Jack-knifing means that each case is
classified using individual discriminant function trained
with all cases except this one. Results of this procedure was
used for computing sensitivity (the number of MCI subjects
who were classified as MCI divided by the number of all
subjects in MCI group) and specificity (the number of
normal subjects who were classified as normal divided by
number of all normal subjects).

3. Results

Averaged power spectra of each AMUSE component for
patients and control subjects are presented in Fig. 2. As
expected, components with lower indices (corresponding to
higher linear predictability) had higher relative power at
lower frequencies, while components with higher indices
had higher relative power at highest frequencies. What is
especially important is that the difference between patients
and control subjects was clearer in the components with
lower indices (i.e. components with highest linear predict-
ability and highest variance of their projections). Thus, in
further analysis we used combination of components with
lowest indices.

To estimate how many components with highest linear
predictability provides optimal classification rate, we
applied LDA without jack-knifing (the latter requires
much more computation time) to all projected components
with indices from 1 to 2, from 1 to 3 and so on. Overall
misclassification rate was computed each time by applying
obtained discriminant function to the same 60 subjects (22
patients+ 38 controls). Results are presented in Fig. 3. The
best classification was obtained for projection of the first
five components (with indices from I to S); however,
performance was also high when the number of components
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Fig. 2. Averaged power spectra of AMUSE components 1-21. x-axis: frequency, Haz. y-axis: transformed relative spectral power. Relative spectral power was
obtained by dividing the absolute values in each frequency bin by total power in the range 1.5-25 Hz. Before averaging, the power values were normalized
using transformation log(x/(1 — x)) (negative values appear because of this transformation). Red: MC1 patients later progressed to AD (n=22). Black: control

subjects (n=38).



734 A. Cichocki et al. / Clinical Neurophysiology 116 (2005) 729-737

0.23r N

021+ -

0.2 E

Misclassification rate

0.191 p

0'160 5 10 15 20

No. of included components

Fig. 3. LDA approximate (computed without cross-validation) misclassi-
fication rate for different number of projected components. Only
components with highest linear predictability were used, thus, data points
correspond to the following combinations of components: 1,2; 1-3:
1-4;...1-20; 1-21.

was in a rather wide range between 3 and 9. Thus, the
method appeared to be robust in respect to the number of
selected components.

Classification with jack-knifing procedure was applied to
projections of several combinations of components, includ-
ing 1-5 which appeared to be optimal according to Fig. 3. As
follows from Table 1, results of classification were better if
preprocessing included selection of AMUSE components
with lower indices (1-5, 1-7, 1-10), comparing to raw data.
When components with higher indices (6-21, 8-21, 11-21)
were selected in preprocessing, the results were worse than in
the case of raw data. Best results were obtained with
components 1-5 and 1-7 (improvement by 14% over the raw

Table |

Number of subjects who were cormrectly and incorrectly classified by
discriminant analysis applied to relative power in six frequency bands after
selection and back projection of certain AMUSE components (AMUSE
filtering). Results were obtained using jack-knifing

AMUSE com-
ponents selected
in preprocessing

Misclassified Correctly classitied %

MCI Controls MCI Controls  All
n=22 n=38 n=22 n=38 n=60

No preprocessing 9 9 59 76 70
Components 6 6 73 84 80
1-5

Components 6 6 73 84 86
1-7

Components 6 9 73 76 75
1-10

Components 9 11 59 71 67
6-21

Components 9 11 59 71 67
8-21

Components 12 12 45 68 60
11-21

data for classification of MCI and by 8% for control subjects),
while components 11-21 gave the worst results. More
detailed classification results for two combinations of
components (1-5 and 1-10) and for the raw data, presented
as Relative Operating Characteristic (ROC) curves in Fig. 4,
confirm that use of components 1-10 only slightly improved
the classification (Fig. 4(a)), while improvement of classi-
fication with components 1-5 over raw data was substantial
(Fig. 4(b)). Best classification performance after preproces-
sing using 1-5 components was obtained in the range of
approximately 0.6-0.8 for sensitivity and 0.7-0.9
for specificity. Selection of components with high indices
was clearly not good for classification: for components
11-21 classification performance was almost at random level
(Fig. 4(2)).

4. Discussion

With EEG preprocessing proposed in this paper, we
obtained 80% rate of correct classification (Table 1) for MCI
using only 20 s artifact-free interval of EEG recording from
each patient or control subject. While groups of patients and
controls were relatively small (22 and 38, correspondingly),
it should be noted that the classification performance was
estimated using the rigorous jack-knifing cross-validation
procedure, which reduce the risk of overstating the results.
The jack-knifing procedure was applied only to LDA but not
to approximate optimization of the choice of components for
back projection. Optimization of the choice of components
was made for the whole dataset on the basis of components’
spectra and preliminary run of LDA. Nevertheless, Figs. 2
and 3 suggest that the dependence of the difference between
patients’ "and controls’ spectra on component index and
dependence of LDA results on the number of selected
components were systematic; thus, it is unlikely that we
simply picked up some random variations in LDA perform-
ance dependent on details of preprocessing and that
improvement of LDA performance by preprocessing with
the same parameters will be not reproducible in other groups
of patients and controls.

The procedure of selection of artifact-free EEG intervals
used in this study could introduce some bias in absolute
values of discrimination results, because it was done by only
one expert, and this expert did know to which group each
EEG belongs. In fact, the proportion of the EEG recordings
which were not analyzed due to the lack of a sufficiently
long artifact-free interval was different in the groups of
patients (12%) and controls (19%), and this difference was
in the direction which can be expected if the criteria for
selecting the analyzed interval were more strict for control
group. This difference could be a result of random
variations, and it should be noted that most of artifacts
were easily identifiable (due to low amplifier range, any
high amplitude artifact led to amplifier saturation), so it was
rather unlikely that the subjective bias could strongly
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Fig. 4. Relative Operating Characteristic (ROC) curves obtained using jack-knifing for classification of MCI patients later progressed to AD (n=22) versus
normal controls (n=38). LDA was applied to relative power in six EEG frequency bands. Comparison between data without preprocessing and data after
selection and back projection of certain AMUSE components (AMUSE filtering). () Selection of first 10 components, compared to the rest of components and
no preprocessing. (b) Selection of first five components, compared to the rest of components and no preprocessing.

influence the results. However, we cannot guarantee that the
use of subjective criteria for selection of artifact free
intervals did not affect classification results at all, and it is
difficult to predict whether the obtained high values of
specificity and sensitivity can be reproduced in other
studies. We would like to emphasize, nevertheless, that
our main claim is that the proposed preprocessing method
increases the performance relatively to the level obtained
without its use. This tendency could not be altered by
subjective bias in search for artifact-free intervals.

We do not discuss here to which physiologically
meaningful brain sources AMUSE components can corre-
spond, because they can be a mixture of activity from many
physical sources in the brain. This is clearly not critical for
improving of EEG classification. The improvement of
classification after AMUSE filtering comparing to non-
preprocessed EEG data was probably caused by higher
difference between patients’ and controls’ spectra in the
selected components than in the non-used (filtered off)
components. Spectra computed for AMUSE components
separated by BSS algorithm AMUSE (Fig. 2) demonstrate
that the difference between patients and controls decreased
with the index of component. Interestingly, this effect is
visible at the same time in several frequency ranges: in theta
range, where patients had an increase of relative power; in
alpha range, where shift of the peak to slower frequencies
was observed in patients; and in beta range, where relative
power was lower for patients. All these differences in
spectral power are typically found between AD patients and
normal subjects. Spectra of components with the highest
indices showed almost no difference between patients and
controls, and it was not surprising that the performance of
classification based on back projection of only these
components was close to random level (Fig. 4(a), com-
ponents 11-21). Thus, AMUSE components with higher

indices can be considered as mainly representing ‘noise’
which makes difficult, in processing of raw EEG, to detect
diagnostically important changes in characteristics of
‘signal’. Note that ‘signal’ and ‘noise’ here are not labels
for signal from brain sources and for artifacts: we refer to
the ‘signal’ only as to diagnostically important (significant)
part (subspace) of raw EEG signal, and to ‘noise’ as to the
diagnostically not important part (non-significant subspace).
AMUSE filtering, i.e. extraction of part of EEG reach with
‘signal’ by using only ‘best’ (here, most useful for
diagnosis) components for back projection, naturally leads
to the improvement of ‘signal-to-noise ratio’ and, as a result,
to the improvement of EEG classification.

A BSS-based approach to improvement of signal-to-
noise ratio in MEG signal by defining and removing noise
subspace was already developed (Kawakatsu, 2003). More
simple and already rather widely used technique is
removing EEG and MEG artifact-related components with
BSS using visual or automatic identification of such
components one by one after decomposition (e.g. Jung
et al., 2000). However, since in many kinds of EEG and
MEG studies the goal is to extract the brain signal in
possibly less distorted form, the existing techniques are
limited to remove only such part of raw signal, which
contain no or almost no components of brain origin but
rather external artifacts and noise. In EEG classification
tasks, such as diagnosis or Brain-Computer Interface (BCI),
preserving the original signal is less important, noise can be
defined not only as artifacts but also as any part of the signal
which do not contribute to the difference between the
classes of EEG which should be differentiated, and larger
subspace with high percentage of such ‘noise’ can be
removed. The existing techniques can only identify, by
some a priori known characteristics, noise components
(Barbati et al., 2004; Jung et al., 2000; Kawakatsu, 2003)
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and some very specific diagnostically important com-
ponents (epileptic spike separation: e.g. Kobayashi et al.,
2002). Xu et al. (2004) recently suggested using a subspace
approach for differentiating between task-related EEG
patterns in BCI. They selected several ICA components
related to P300 according to the a priori knowledge of P300
spatio-temporal pattern and reconstructed a clear P300 peak
using back projection of these components. Like in the case
of epileptic spikes, the components in this case were easily
identifiable.

In a general case, however, significant and non-
significant components are not easily identifiable. The task
becomes especially challenging if EEG components from
different subjects should be compared, because the sets of
components produced by BSS in different subjects usually
differ dramatically. In our approach, we rank components
using some empirical rule, such as their linear predictability,
and select those where difference between the pathological
and normal EEG is most differentiated. This made possible
to achieve substantial improvement in the discrimination
between MCI patients who later progressed to AD and
normal age-matched controls. To our best knowledge, no
study till now investigated the application of BSS/ICA
methods as preprocessing tools with possible application for
AD diagnosis.

Dividing of components into two groups (or subspaces)
as below or above some component’s index (in the case of
ranking) or using a threshold for some index computed for
each component is not the only way. One may try to divide
the sets of components at more than one level and, e.g.
remove not only components with highest indices but also
with the lowest indices. As one may suppose from Fig. 1(b)
(example of individual data), the first two components could
represent, to rather high extent, artifacts (roving eye
movements). Fig. 2, however, shows that components #1
and #2 substantially differed between groups. We made an
attempt to exclude 1 or 2 first components from the analysis
and this, in fact, led to slightly lower discrimination results.
However, it is possible that for other data (for example,
including high amplitude low frequency artifacts) or other
processing techniques dividing the set of components on
more than one level could be beneficial.

Not only spectral but also other EEG features, such as
measures of synchronization between channels, can be
investigated for the possibility of improving contrast
between pathological and normal data using the presented
approach. Several studies indicated that synchronization
between different brain areas is sensitive to AD. Such results
were obtained for quite different techniques, including
coherence (e.g. Adler et al, 2003; Jelic et al., 1996;
Locatelli et al., 1998; Wada et al, 1998), mutual
information (Jeong et al.,, 2001) and synchronization
likelihood (a new measure combining estimation of linear
and nonlinear coupling) (Stam et al, 2003). One may
hypothesize that EEG components can be divided into two
parts, one of which represents signal subspace with lower

(or stronger) synchronization among some cortical areas in
AD relative to normal EEG, and another one represents
signal subspace which synchronization characteristics are
not related to the disease. In this case, the general approach
described in this paper also could appear to be useful. One
may probably try to apply it also in the case of using
nonlinear measures (see review in Jeong, 2004) or in
combination with other advanced approaches.

There is obviously room for improvement and extension
of the proposed method both in ranking and selection of
optimal (significant) components, apparatus and post-
processing to perform classification task. Especially, we
can apply a wide variety of BSS methods, i.e. instead of the
applied and investigated second order statistics spatio-
temporal decorrelation, we can exploit other new types of
BSS algorithms, such as higher order statistic ICA, sparse
component analysis or smooth component analysis with a
suitably ordered and ranked components. Furthermore,
instead of standard LDA we can use more sensitive and
robust methods, such as neural networks or support vector
machine (SVM) classifiers. Classification can be probably
strongly improved by supplementing the set of spectral
power values which we used with much different indices,
such as alpha dipolarity, 2 new index depending on
prevalence local vs. distributed sources of EEG alpha
activity, which was shown to be very sensitive to AD-
related cortical impairment (Musha et al., 2002). Additional
attractive but still open issue is that using the proposed
approach, we can not only detect but also measure in
consistent way the progression of AD and influence of
medications. The proposed method can also be potentially
useful and effective tool for differential diagnosis of AD
from other types of dementia, and possibly for diagnosis of
other diseases. Other areas of EEG analysis can be also
possible field for the application of our preprocessing
technique. For these purposes, more studies would be
needed to asses of the impact of the proposed enhancement/
filtering procedures on the EEG signal of interest.
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Abstract

Inflammation is profoundly involved in the development of Alzheimer’s disease (AD) and other neurodegenerative diseases. Chemokine,
CXC motif, ligand 1 (CXCL1; or GROI) is an inflammatory cytokine and appears to be implicated in the pathogenesis of AD. It is of
interest and importance to see if the CXCL/ gene, mapped on chromosome 4q12-q13, has potential for conferring the predisposition to
AD. Here we report on an association study of the CXCL/ gene with sporadic AD patients in a Japanese population; three single nucleotide
polymorphisms (SNPs) in the CXCL{ locus were investigated in 103 AD patients and 130 healthy individuals. The results indicate that neither
genotype frequencies nor allele frequencies of the examined SNPs attained statistical significance even after being stratified by the presence
or absence of the Apolipoprotein E £4 allele. Therefore, the data presented here suggests that the CXCL/ gene could not be associated with

the susceptibility to AD in a Japanese population.
© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: Alzheimer’ disease; Chemokine; CXC motif, ligand 1 (CXCL1); Single nucleotide polymorphisms (SNPs); Association study

Alzheimer’s disease (AD) is a progressive neurodegenerative
disorder of the elderly, and characterized by accumulation
of neurofibrillary tangles and amyloid deposition resulting
in the formation of senile plaques in the brain. Sporadic AD
other than familial AD appears to be a multifactorial disorder
in which both genetic and environmental factors are involved
[2]. A genetic factor strongly associated with sporadic AD has
been found in the Apolipoprotein E (APOE) gene: the APOE
¢4 allele increases the predisposition to AD [10,12,13]. It
is likely that other genetic factors besides APOE &4 could
participate in developing AD, and it is of importance and
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necessary to determine such genetic factors conferring the
predisposition to AD.

Chemokines are inflammatory cytokines which have mul-
tiple functions in the immune system, and also have effects
on cells of the central nervous system [1,3,4,7-9,15-17]. It
appears that inflammation is implicated in the pathogene-
ses of various neurodegenerative disorders including AD
[9,14-17]. Previous study suggested that chemokine, CXC
motif, ligand 1 (CXCLI; or GRO1) could work as a potent
trigger for the ERK1/2 and PI-3 kinase pathway and induce
hypermethylation of the tau protein in mouse primary corti-
cal neurons, and also that the immunoreactivity for CXCL1
increased in a subpopulation of neurons in some AD brains
[14]. It was further suggested that a chemokine receptor for
CXCL1,CXCR2, was expressed on neurons and was stron gly
upregulated in a subpopulation of senile plaques in AD [9,15].
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Table 1
Genotype and allele frequencies of the SNPs in the CXCL/ locus

SNP name (position™) Patients (»=103) Controls (n=130) P OR (95% CI)
rs3117602 Genotype frequency
(75,199,137) C/IC 90 (87.4%) 107 (82.3%) 0.43 1.0
C/A 13 (12.6%) 22 (16.9%) 0.7 (0.3-1.5)
A/A 0 (0%) 1 (0.8%) -
Allele frequency
C allele 93.7% 90.7% 0.25
A allele 6.3% 9.3%
rs4074 Genotype frequency
(75,202,395) G/G 26 (25.2%) 31(23.8%) 0.95 1.0
G/A 55(53.4%) 72 (55.4%) 0.9 (0.45-1.7)
A/A 22 (21.4%) 27 (20.8%) 1.0 (0.4-2.0)
Allele frequency
G allele 51.9% 51.6% 0.93
A allele 48.1% 48.4%
rs1429638 Genotype frequency
(75,204,181) c/C 46 (44.7%) 59 (45.4%) 0.92 1.0
C/A 51 (49.5%) 65 (50.0%) 1.0 (0.6-1.7)
A/A 6 (5.8%) 6 (4.6%) [.3(0.4-4.2)
Allele frequency
C allele 69.4% 70.2% 0.82
A allele 30.6% 29.8%

* The nucleotide positions are based on the numbering used in the NCBI public location.

These observations lead to the possibility that the CXCLI
gene could confer the predisposition to sporadic AD, i.e., it
may be a genetic risk factor for AD, and stimulate our inter-
est in studying if there is any association between the CXCL]
gene and AD.

In this study, we investigated three single nucleotide poly-
morphisms (SNPs) around the CXCLI locus mapped on
4q12~q13 in sporadic AD patients and healthy individuals.
The subjects were all Japanese: 103 patients with AD (47
men and 56 women; mean age of onset, 70.7 years old)
were diagnosed by meeting the National Institute of Neu-
rological and communicative Disorders and Stroke and The
Alzheimer’s Disease and Related Dementias Association cri-
teria (NINCDS-ADRDA) [11], and 130 unrelated healthy in-
dividuals (57 men and 73 women; mean age, 70.9 years old)
were examined as controls. Peripheral blood samples were
obtained and subjected to isolation of genomic DNA with
standard protocols. For a high-throughput analysis, allelic
discrimination assay with commercially available Assays-
on-Demand SNP Genotyping products (Applied Biosystems)
was carried out in 25 pl of 1 x TagMan Universal PCR Mas-
ter Mix (Applied Biosystems) containing ~ 10 ng of genomic
DNA and 1.25 pl of an Assays-on-Demand SNP Genotyping
product (Applied Biosystems) by using the Applied Biosys-
tems 7300 Real Time PCR System (Applied Biosystems)
according the manufacture’s instructions. The Assays-on-
Demand SNP Genotyping products used (the Assay ID num-
bers; public ID numbers) were as follows: C_9761059_10;
133117602 (intergenic SNP), C_11820472_1; rs4074 (in-
tron3 SNP), C.2042711_10; 151429638 (intergenic SNP).

The SNPs cover the CXCL] gene and the physical distances
between 183117602 and rs4074 SNPs and between rs4074
and rs1429638 SNPs are approximately 3.3 and 1.8 kb long,
respectively. After SNP typing, statistical analyses of the data
were carried out using SNPAlyse (DYNACOM, Yokohama,
Japan). The presence of Hardy-Weinberg equilibrium was ex-
amined by y2-test for goodness of fit. Allele distributions be-
tween the patients and controls were examined by x2-test for
independence. As for haplotype analysis, haplotype frequen-
cies and linkage disequilibrium parameters were estimated
on the basis of an expectation-maximization algorithm [5].
Case—control haplotype analyses were carried out by using
the permutation method to obtain the empirical significance
[6]. Each haplotype was tested for association by grouping
all other haplotypes together and applying x?-test with 1 d.f.
P values were estimated on the basis of 10,000 replications.

Table 1 shows the results of the SNP typing in the AD
patients and healthy controls. The SNPs examined in this
study revealed no significant differences in their genotype
frequencies, allele frequencies and allele carrier frequencies
between the patients and healthy controls. In addition, none
of the polymorphisms in each group deviated from expecta-
tions based on Hardy-Weinberg equilibrium at a significance
level of 0.01. Accordingly, although there was a limitation in
the number of the subjects used in this study, i.e., the num-
bers of the patients and controls used were small; the typing
data suggested that the CXCL/ gene could not be a major
risk factor conferring the susceptibility to AD at least. We
further examined allelic associations (haplotypes) among the
rs3117602, rs4074 and rs1429638 SNPs. As a result, strong
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Table 2

Estimated haplotypes and their frequencies

Haplotypes” Patients (n=103), Controls (n=130), P
HF (%) HF (%)

C-G-C 51.9 50.5 0.75

C-A-A 29.4 28.9 0.66

C-A-C 12.3 11.4 0.75

A-A-C 5.2 7.5 0.32

HF: haplotype frequency.

# Estimated haplotypes with the 133117602, rs4074 and rs1429638 SNPs
are indicated and the haplotypes with 5% or more of their frequencies are
shown.

allelic associations (haplotypes) among the SNPs were de-
tectable in either the healthy controls or AD patients (Table 2);
but, the estimated haplotype frequencies resulted inno signif-
icant difference between the patients and controls. We must
add that further analyses stratified by either the presence or
absence ofthe APOL e4 allele resulted in no statistical signif-
icance, although the difference in the frequency of the APOE
&4 allele alone between the patients and controls attained sta-
tistical significance (P = 0.0079). Taking all the data together,
it is suggested that the CXCL ! gene is not associated with the
susceptibility to sporadic AD. Since inflammation appears to
be implicated in the development of AD, it is conceivable
that the CXCL gene could contribute to only inflammatory
response in the course of the development of AD, but not
participate in the pathogenesis of AD as a genetic factor con-
ferring the predisposition to AD.
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Abstract

We assessed the accuracy of voxel-based morphometry (VBM) using a three-dimensional T1 -weighted MRI in discriminating Alzheimer’s
discase (AD) in the very early stage of amnestic type of mild cognitive impairment and age-matched healthy controls. We randomly divided
these subjects into two groups. The first group comprising 30 AD patients and 41 controls was used to identify the area with the most
significant gray matter loss in patients compared to normal controls based on the voxel-based analysis of a group comparison. The second
group comprising 31 patients and 41 controls was used to determine the discrimination accuracy of VBM. A Z-score map for a gray matter
image of a subject was obtained by comparison with mean and standard deviation gray matter images of the controls for each voxel after
anatomical standardization and voxel normalization to global mean using the following equation; Z-score = ({control mean] — [individual
value})/(control S.D.). Receiver operating characteristic curves for a Z-score in the bilateral medial temporal areas including the entorhinal
cortex with the most significant loss in the first group showed a high discrimination accuracy of 87.8%. This result would open up a possibility

for early diagnosis of AD using VBM.
© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: MRI; Alzheimer’s disease; Voxel-based morphometry; Mild cognitive impairment

The fact that recently available medications like cho-
linesterase inhibitors delay the progression of Alzheimer’s
disease (AD) has increased the urgency of diagnosing AD at
anearly stage. Numerous structural MRI studies have demon-
strated that atrophy of the medial temporal lobe, including the
hippocampus and entorhinal cortex, is a sensitive marker of
early AD [6,15]. Moreover it has been suggested that atro-
phy of medial temporal lobe structures might predict progres-
sion from mild cognitive impairment (MCI) to AD [16,25].
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Of medial temporal lobe structures, it has been argued that
decreased entorhinal cortex volume might be a particularly
sensitive predictor of AD on the basis of tangle deposition of
carly entorhinal cortex involvement in AD with subsequent
spread to the hippocampus proper [3]. Killiany et al. [16]
used MRI to measure the volumes of the entorhinal cortex
and hippocampus in 137 individuals, and found that the vol-
ume of the entorhinal cortex distinguished the subjects who
were destined to develop dementia with considerable accu-
racy, whereas the hippocampus measure did not.

However, it is difficult to evaluate atrophy of the entorhi-
nal cortex by visual inspection. On the other hand, volumetric
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assessment of the entorhinal cortex in routine clinical practice
requires the very time-consuming nature of region of interest
analysis, which is dependent on the expertise of the tracers
and lacks an automated volume measurement technique. Re-
cently a new automated method of measuring brain atrophy
has been developed [2,21]. This new method of voxel-based
morphometry (VBM) objectively maps gray matter loss on a
voxel-by-voxel basis after anatomical standardization anal-
ogous to that used in functional neuroimaging. The advan-
tage of VBM over analyses based on region of interest is

that VBM produces an unbiased result from exploration of

the whole brain. This approach has been reported to show
higher accuracy of discriminating AD and controls than re-
gion of interest-based analysis [24]. The present VBM study
was undertaken to evaluate the ability to discriminate very
early AD patients from age-matched controls using a newly
developed software program.

We retrospectively chose 61 patients (32 men and 29
women) with a clinical diagnosis of probable AD patients
according to the National Institute of Neurological and Com-
municative Disorders and Stroke and the Alzheimer’s Dis-
ease and Related Disorders Association criteria (NINCDS-
ADRDA) {18]. At the initial visit, they showed verbal and/or
visual episodic memory impairment in delayed recall, as
defined by performance 1.5S.D. below the mean for age-
maiched normal controls in learning of a list of 10 words,
15-item story recall test, and Rey—Osterricth complex figure
test [12]. They had no apparent loss in general cognitive, be-
havioral, or functional status and corresponded to the criteria
of amnestic type of MCI proposed by Petersen et al. [22] or
0.5 in Clinical Dementia Rating [ 13]. They ranged in age from
48 to 87 years with a mean = S.D. of 70.6 + 8.4. The Mini-
Mental State Examination (MMSE) {8] score ranged from
24 10 29; 26.0 =+ 1.5 at the initial visit. During the subsequent
follow-up period of two to six years, the subjects showed
progressive cognitive decline and eventually fulfilled the di-
agnosis of probable AD according to the NINCDS-ADRDA.

Eighty-two control subjects (39 men and 43 women, age;
54-86 years, mean 70.1, S.D. 7.7) were healthy volunteers
with no memory impairment or cognitive disorders. Their
performance was within normal limits both on the Wechsler
Memory Scale-—Revised and Wechsler Adult Intelligence
Scale—Revised. The MMSE score ranged from 26 to 30;
28.7 4 1.5. They did not differ significantly in age or edu-
cation from the AD patients. The Ethics Committee of the
National Center of Neurology and Psychiatry approved this
study for healthy volunteers, all of whom provided informed
consent to participate.

All of the subjects were right handed and screened by ques-
tionnaire and medical history to exclude those with medical
conditions potentially affecting the central nervous system. In
addition, none of them had asymptomatic cerebral infarction
detected by T2-weighted MRI.

All MRI studies were performed on a 1.0-T sys-
tem (Magnetom Impact Expert, Siemens, Erlangen, Ger-
many). A three-dimensional volumetric acquisition of a T1-

weighted gradient echo sequence produced a gapless series
of thin sagittal sections using an MPRage sequence (echo
time/repetition time, 4.4/11.4; flip angle, 15° acquisition
matrix, 256 x 256; 1 excitation; field of view, 31.5 cm; slice
thickness, 1.23 mm).

The VBM for an MR image was performed as described
in our previous study [17} based on the method proposed
by Baron et al. [2]. The theory and algorithm of this VBM
were well-documented by Ashburner and Friston [1]. The
acquired MR images were reformatted to gapless 2-mm-
thick transaxial images. Images were analyzed using Sta-
tistical Parametric Mapping 2002 (SPM2) (Wellcome De-
partment of Imaging Neuroscience, London, UK) running
on MATLAB (The MathWorks, Inc., Sherborn, MA, USA).
Anatomical standardization fitted each individual brain to a
standard template brain (Talairach and Tournoux [23]) in
three-dimensional space, so as to correct for differences in
brain size and shape and facilitate intersubject averaging. In
the first anatomical standardization, only [2-parameter affine
transformation was used. Normalized MR images were then
segmented into gray matter, white matter, cerebrospinal fluid,
and other compartments using a modified version of the clus-
tering algorithm, the maximum likelihood “mixture model”
algorithm. The segmentation procedure involves calculating
for each voxel a Bayesian probability of belonging to each
tissue class based on a priori MRI information with a non-
uniformity correction. The segmented gray matter images
were then subjected to an affine and non-linear anatomi-
cal standardization using a template of a priori gray mat-
ter. The anatomically standardized gray matter images were
smoothed with an isotropic Gaussian kernel 12 mm in full
width at half maximum (FWHM) to use the partial volume
effect to create a spectrum of gray matter intensities. The
gray malter intensities are equivalent to the weighted aver-
age of gray matter voxels located in the volume fixed by the
smoothing kernel. Regional intensities can therefore be taken
as equivalent to gray matter concentration [1].

We randomly selected 30 patients and 41 healthy volun-
teers as the first group to establish the region with the most
significant decline of gray matter concentrations in patients
using SPM2. The patients and healthy volunteers were com-
pared using the “compare-population one scan/subject” rou-
tine in SPM2. The “proportional scaling” routine was used
to control for individual variation in global mean intensities.
The resulting set of values for each contrast constituted a sta-
tistical parametric map of the r-statistic SPM{r}. The SPM {1}
were transformed to the unit normal distribution {SPM(Z)}
and thresholded at P <0.001. The significance of each region
was estimated with a threshold of P=0.01 with correction
for multiple non-independent comparisons. Extent threshold
was set to 0 voxels.

A software program running on Windows XP for analysis
of gray matter images was newly developed to discriminate
between the remaining 31 patients and 41 healthy volunteers
as the second group. Each gray matter image of the patients
was compared to the mean and S.D. of gray matter images
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of the 41 healthy volunteers using voxel-by-voxel Z-score
analysis after voxel normalization to global mean intensi-
ties; Z-score = ([control mean] — [individual value])/(control
S.D.) as previously reported by Minoshima et al. in a PET
study [20]. These Z-score maps were displayed by overlay on
tomographic sections. We designated this software program
as the voxel-based specific region analysis for Alzheimer’s
disease (VSRAD) which can automatically analyze three-
dimensional T1-weighted MRI data as a series of segmenta-
tion, anatomical standardization and smoothing using SPM2
without a Matlab program, and Z-score analysis. This pro-
gram registered the SPM{r} results for significant decline of
gray matter concentrations in patients determined by group
comparison in the first group as a specific region of interest.

Each gray matter image of one of the 41 healthy volunteers
was also compared with the averaged gray matter image of the
remaining 40 healthy volunteers in the same manner as in the
patients. Using the averaged value of positive Z-scores in the
specific region of interest in a Z-score map as the threshold,
receiver operating characteristic (ROC) curves were deler-
mined using the ROCKIT 0.98 and the PlotROC programs
developed by Metz et al. (http://xray.bsd.uchicago.edu/krl)
[19]. The program calculates the area under the ROC curves
(Az), accuracy, sensitivity and specificity. Accuracy was de-
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termined as the value at the point where the sensitivity is the
same as the specificity on the ROC curve.

The SPM2 analysis demonstrated significant declines of
gray matter concenirations of patients only in the left (—17,
—8, —18, x, y, z; Z=5.47) and the right (16, -9, —18, x, y,
2; Z=5.42) parahippocampal gyri in the first group (Fig. 1).
These regions correspond to Brodmann areas 28 (entorhinal
area) and 34 (dorsal entorhinal area) and constitute the en-
tire entorhinal area together [4]. These regions of bilateral
parahippocampal areas are delineated as specific regions of
interest for very early AD.

Then the averaged value of positive Z-scores in these bi-
lateral specific regions of interest was obtained in a Z-score
map (Fig. 2) in the second group using a VSRAD software
program. Using these averaged Z-score values in these spe-
cific regions of interest the ROC curves for discrimination
of patients from healthy volunteers were computed (Fig. 3).
The Az and accuracy were 0.949 (95% confidence interval
0.880-0.982) and 87.8%, respectively.

In the present study, automated voxel-based analysis us-
ing a Z-score value in the bilateral medial temporal areas
including the entorhinal cortex after anatomical standardiza-
tion of gray matter images revealed a high accuracy of 87.8%
in the discrimination of AD patients in the very ecarly stage

Fig. |. Maximum intensity projections of SPM?2 results for significant decline of gray matter concentration in very carly AD patients as compared with age-

matched healthy volunteers (—17, —8, —18. x,v.z: Z=5.47; 16, =9, —18, X,

Height threshold <0.001, corrected for multiple comparisons.

1 Z=5.42). These regions correspond to bilateral Brodmann areas 28 and 34.
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Coronal

Transaxial

Z-score

Fig. 2. Automated voxel-by-voxel Z-score analysis by comparison of a gray matter image for an 82-year-old woman at the stage of MCI before conversion to
AD with MMSE of 24 with the mean and standard deviation gray matter images of healthy volunteers after normalization to global mean voxel intensities. The
color-scaled Z-score maps ranging from 2.0 to 6.0 were displayed by overlaying on orthogonal sections of the anatomically standardized MRI of the patient.
Red lines enclose areas with the most significant decline of gray matter concentration in very early AD obtained from group comparison with healthy volunteers

by SPM2. The averaged value of positive Z-scores in this specific region is 2.4.

Conventional Binormal ROC Curves
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Fig. 3. Receiver operating characteristic (ROC) curves for discrimination
between probable AD patients at the very early stage of amnestic MCI and
healthy volunteers when thresholding at the averaged values of positive Z-
scores in the medial temporal areas including the entorhinal cortex. The Az
and accuracy were 0.949 and 87.8%, respectively.

from healthy volunteers. We adopted the VBM procedure
proposed by Baron et al. [2] in which segmentation of the
MR images based on an affine only and reversible normal-
ization was followed by the full spatial normalization process
with both affine transform and non-linear warping only onto
the segmented gray matter set based on the standard gray
matter template. Presumably because of segmentation errors
due to partial volume effects inherently created by warping,
the use of standard full normalization prior to segmentation
appears to increase the risk of misclassification of non-brain
tissue as gray matter voxels.

Neuropathological studies have provided detailed infor-
mation about which specific brain regions are selectively af-
fected in the earliest stage of AD. The initial neuronal le-
sions of the neurofibrillary tangles and neuritic plaques ap-
pear to occur in the entorhinal cortex, a portion of the an-
terior parahippocampal gyrus that receives projections from
widespread limbic and association areas and gives rise to the
perforant pathway, the major cortical excitatory input to the
hippocampus itself [10,14]. Some layers of the entorhinal cor-
tex undergo 40-60% neuronal depopulation even in the earli-
est phase of AD, when memory impairments and patient com-
plaints are subtle and the symptoms do not reach the threshold
for a diagnosis of AD [10]. In the present VBM study, SPM?2
revealed gray matter loss selectively in the bilateral medial
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temporal areas including entorhinal areas in very early AD
in good agreement with these pathological changes in the
amnestic stage of AD. Frisoni et al. [9] reported the most sig-
nificant gray matter loss in bilateral hippocampal/amygdalar
complex using SPM99 in three very early AD patients with
MMSE scores of over 24. Using SPM99, Chetelat et al. [5]
also reported significant gray matter loss predominantly af-
fecting the hippocampal region and cingulate gyri in patients
with amnestic MCI.

A method for automated diagnosis of gray matter loss
was developed in the present study. In this software program,
voxel-based analysis was performed using a Z-score map cal-
culated from comparison of a patient’s data with the control
database. This program has the advantage of being able to
incorporate SPM2 results into automated analysis of Z-score
values as a specific region of interest. The specific region
of interest can be determined by group comparison of gray
matter images for patients with a neuropsychiatric disease
with those for healthy volunteers using SPM2. Herholtz et al.
[11] developed a similar original software program based on
an automated voxel-based procedure after anatomical image
standardization for discrimination between probable AD and
controls using '®F-fluorodeoxyglucose PET. They reported
84% sensitivity and 93% specificity for discrimination be-
tween very mild probable AD with MMSE over 24 and con-
trols. The current VBM study on very mild probable AD
provided almost the same accuracy as that in a PET study.

Finally we must refer to several study limitations. First,
the sample size is too small to conclude whether this VBM
approach to early diagnosis of AD is truly useful for a rou-
tine clinical MRI study or not. If this approach is extended
to a multi-center study for a larger sample size, we have to
resolve the systematic variations in raw original structural
images obtained from different MR scanners. Second, we in-
vestigated amnestic MCI patients who all converted to AD.
The outcome for any patient with MCI is uncertain because
many subjects may remain stable or ever revert to a normal
state, while others progress to dementia. Accordingly the pre-
dictive study using this VBM approach is much more impor-
tant for MCI conversion to AD. Third, although the present
cross-sectional study provided high discrimination accuracy
between AD and controls, it has been reported that longitu-
dinal measures of the annual atrophy rate of the entorhinal
cortex elevated the discrimination accuracy of early AD and
controls from 77% for the cross-sectional baseline study to
82% [7]. This fully automated software with incorporation of
a specific region for longitudinal changes in very early AD
would be expected to enhance the discrimination accuracy of
VBM in follow-up studies. Fourth, VBM does not have the
anatomical precision attainable by classic ROI-based volu-
metric studies. This is because of the need to anatomically
standardize and smooth the data in order to reduce the effect
of intersubject differences in normal gyral anatomy and in
turn to allow for a statistical, voxelwise analysis across sub-
jects. However, this limitation should not detract from the
considerable advantages of the voxel-based analysis in terms

of efficiency, comprehensiveness, and freedom from observer
bias.

In conclusion, an automated analysis of VBM using a Z-
score map was applied to discrimination between probable
AD patients at the very early stage of amnestic MCI and age-
matched healthy volunteers. ROC analysis of the averaged
value of positive Z-scores in the bilateral medial temporal
areas including the entorhinal cortex for the very carly stage
of probable AD determined by SPM2 demonstrated discrim-
ination accuracy of 87.8%. The VBM would thus lead to the
possibility for the early diagnosis of AD in an MRI study.
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Abstract

To elucidate the post-transcriptional regulation in the subjects with Alzheimer’s discase (AD), we employed immunohistochemical
techniques and examined the expression of the heterogeneous nuclear ribonucleoprotein (hnRNP) A2 and B! in the hippocampus with
neurofibrillary tangle (NFT) neuropathology. In the mildly affected subjects (Braak stages I and II), the most intense A2 immunoreactivity
was observed in the CA3 to CA| neurons. In the moderately (Braak stages 111 and 1V) and severely affected subjects (Braak stages V and VI),
the CA1 region demonstrated a decrease in the number of A2 immunoreactive neurons and in immunoreactivity in the remaining neurons,
while within the CA4 to CA2 in the severely affected subjects, the majority of neurons showed increased A2 immunoreactivity. An intense
Bl immunoreactivity was observed throughout the CA subfields. In the CA 1 subfield of the moderately affected subjects and in the extensive
hippocampal regions of the severely affected subjects, a decrease in B1 immunoreactivity was observed. Double-immunolabeling studies
demonstrated that tangle-bearing neurons reduced A2 and B1 immunoreactivity. Qur study suggests that hnRNP A2 and Bi display different
responses in the AD hippocampus, and further suggests that the post-transcriptional regulation is disturbed in neurons of the AD hippocampus.
© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: Alzheimer’s disease; Heterogeneous nuclear ribonucleoprotein (hnRNP); Hippocampus; mRNA; Post-transcriptional regulation

Alzheimer’s disease (AD) is characterized pathologically
by the presence of amyloid beta protein (AB) deposits and
neurofibrillary tangles (NFT) and the loss of nerve cells
and synapses. It is well-documented that certain regions in
the hippocampus are prone to developing AD pathology,
whereas other regions display a greater resistance. In explor-
ing the molecular basis underlying the selected vulnerability
of neurons in the AD brain, we believe it is important to
understand the alterations in the transcriptional and post-
transcriptional regulation of neurons. Although a growing
body of evidence suggests that some pathological incidents
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in the AD brain are associated with post-transcriptional
regulation [1,7,13,21,22], and overall post-transcriptional
regulation is reported to be reduced in severely affected
subjects with AD [19], the details of the post-transcriptional
regulation in AD brain remains unclear, Heterogeneous
nuclear ribonucleoprotein (hnRNP) proteins directly bind to
pre-mRNA forming a large multiprotein—RNA complex and
have important roles in the post-transcriptional regulations,
such as the splicing and transport of mRNAs [4,18]. hnRNP
A2 and Bl are produced by alternative splicing from
a single copy gene [12], and they are one of the most
abundant and important nuclear RNA-binding proteins
[4]. The expression of these hnRNP proteins may, in part,
reflect post-transcriptional regulation [15]. In this study,
to elucidate neuronal post-transcriptional regulations, we



112 K. Mizukami et al. / Neuroscience Letters 386 (2005) 111115

employed immunohistochemical techniques to examine the
alterations in hnRNP A2 and B1 proteins in the hippocampus
from elderly subjects with NFT neuropathology.

Postmortem brain tissue was obtained from 17 elderly
subjects (Table 1): 13 with a clinical diagnosis of AD
(77.7 4+ 12.7 years) and 4 age-matched cognitively normal
control subjects (73.3 & 16.5 years). The mean postmortem
interval (PMI) and brain weight of the cases were 6.5 £4.9h
and 1167 4 126 g, respectively. For non-demented subjects,
clinical evaluations were largely based on retrospective anal-
ysis of medical records and interviews with their physi-
cians and immediate family members. AD subjects were
all participants in a longitudinal research program main-
tained by the University of Pittsburgh, Alzheimer’s Disease
Research Center (ADRC). As participants in this program,
patients underwent periodic neuropsychological and neuro-
logical evaluation. Clinical diagnosis of AD was based on a
standardized ADRC evaluation at a Consensus Conference,
utilizing DSM-1V [2] and NINCDS/ADRDA [14] criteria.
Neuropathologic diagnosis was based, in part, on histologic
examination of brain tissue sections with hematoxylin and
eosin, thioflavine-S, and Bielschowsky silver stains. Each
case received a severity rating of I-VI according to Braak
and Braak [3]. Of the 17 cases, 3 cases were stage I, 1 was
stage 11, 1 was stage I1I, 3 were stage IV, there were no cases
of stage V, and 9 were stage VI. Because of the small num-
ber of subjects within each stage, we grouped subjects into
mild (stages I and II, N=4), moderate (stages III and 1V,
N=4), and severe (stages V and VI, N=9) groups. Of the 13
cases with a clinical diagnosis of AD, the number of subjects
belonging to the mild, moderate, and severe groups was 0, 4,
and 9, respectively. Likewise, the number of elderly controls
belonging to these three groups was 4, 0, and 0, respectively.
None of the patients had any other confounding neurological
or neuropathologic disorders that interfered with our studies
of the hippocampus.

Table 1
Number Age Sex Weight (g) PMI (h) Braak stage
Non-demented subjects
1 61 F 1360 18 1
2 57 F 1400 8 1
3 87 F 1120 8 1
4 88 F 990 55 I
AD subjects
1 91 F 1260 3 i
2 75 M 1300 7 v
3 81 M 1150 4 v
4 72 M 1160 4 v
5 100 F 970 5 VI
6 48 M 1100 8 VI
7 81 F 1130 4 VI
8 86 M 1330 2 Vi
9 72 M 1080 4 VI
10 74 M 960 4 VI
11 62 M 1150 4 Vi
12 84 F 1070 5 Vi
13 89 F 1070 5 Vi

Brain tissue was processed according to previously
described procedures [9,10,15]. Blocks of tissue contain-
ing hippocampus were cut in a coronal plane and placed
in 0.1 M phosphate buffer (PB, pH=7.4) containing 4%
paraformaldehyde for 24-48h at 4°C and then cryopro-
tected in 30% sucrose concentration in PB for several
days. The tissue was then sectioned at 40 pm on a slid-
ing, freezing microtome. For each case, at least one section
was stained for Nissl substance to delineate the cytoar-
chitectural boundaries of the hippocampus as defined by
Duvernoy [5].

The sections were processed for immunocytochemistry
as previously described [9,10,15]. Tissue sections were
immunocytochemically labeled using an avidin—biotin
immunolabeled procedure using 4G8 and 2B2, both of
which are raised in mice; 4G8 represents A2 while 2B2
represents B1 [11]. The primary antibodies were diluted
1/1000 for 4G8 and 1/2000 for 2B2 in Tris—saline containing
3% goat serum and 0.25% Triton X-100. At least three
sections from each case were used for this study, and
sections were processed together to control for any vari-
ability in the immunocytochemical procedure. As a control
for nonspecific staining, sections were either incubated
with initial incubation media minus the primary antibody
or processed as described. Furthermore, representative
sections were double-labeled using 4G8 or 2B2 and PHF-1
(generously provided by Dr. Peter Davis). PHF-1 recognizes
tau protein phosphorylated at serine residues 396 and
404 [17]. Thus, these double-labeling studies allow us to
investigate alterations of hnRNP A2 and Bl in neurons with
NFT pathlogy. For double-labeling, immediately after the
completion of PHF-1 immunohistochemistry, 4G8 or 2B2
immunohistochemistry was performed on the same section.
As for chromagens, we used diaminobenzidine for PHF-1,
and diaminobenzidine plus 2.5% nickel ammonium sulfate
for 4G8 or 2B2, yielding brown and black reaction products,
respectively.

Throughout the hippocampus intense A2 immunoreac-
tivity was observed in the nucleoplasm of neurons and weak
immunoreactivity was observed in the cytoplasm and proxi-
mal dendrites of neurons (Fig. 1A-1.). A2 immunoreactivity
was observed in the nucleoplasm of glial cells and ependymal
cells, but the intensity was weak. In the subjects with mild
pathology (Braak stages I and II), we observed an intense
A2 immunoreactivity in the neuronal nucleoplasm from the
CA3 to CAT subfield (Fig. 1B-D), while CA4 neurons and
the dentate granule cells were less intensely immunoreactive
for A2 (Fig. 1A). In the moderately affected subjects (Braak
stages IIT and IV), overall the distribution and intensity of A2
immunoreactivity appeared indistinguishable from that in
mild cases (Fig. 1E-G), although the CA] subfield showed
a decrease in the number of A2 immunoreactive neurons
and reduced A2 immunoreactivity in the remaining neurons
(Fig. 1H). Interestingly, in the severely affected subjects
(Braak stages V and VI), within the CA4 to CA2 subfields,
the majority of neurons showed increased A2 immunoreac-
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Fig. 1. Photomicrographs showing A2 immunochistochemistry in the hippocampus with mild (A-D), moderate (E-H), and severe (I-L) neurofibrillary pathology.
In the mild case, an intense immunoreactivity for A2 was observed in the neuronal nucleoplasm from the CA3 to the CA1 subfield (B-D), while CA4 neurons
and the dentate granule cells were less intensely immunoreactive (A). In the moderate case (E~G), overall the distribution and intensity of A2 immunoreactivity
appeared indistinguishable from that in the mild cases, although the CAIl subfield showed a decrease in the number of A2 immunoreactive neurons and a
reduction of A2 immunoreactivity in the remaining neurons (H). In the severely affected case, within the CA4 to CA2 subfields, the majority of neurons showed
increased A2 immunoreactivity (I-K), while CA1 neurons maintained decreased A2 immunoreactivity (L). Bar =50 um. gc, granular cell.

tivity (Fig. 11-K), while CA1 neurons maintained decreased
A2 immunoreactivity (Fig. 1L).

In contrast to A2 immunoreactivity, immunoreactivity for
Bl was observed exclusively in the nucleoplasm of neu-
rons, in glial cells as well as ependymal cells, and it was not
detected in the neuronal cytoplasm (Fig. 2A~L). An intense
immunoreactivity for Bl was observed throughout the CA

subfields, although in the granule cells, B1 immunoreactiv-
ity was relatively weak (Fig. 2A). In the moderately affected
subjects, the pattern of Bl immunoreactivity was indistin-
guishable from that in the mild cases (Fig. 2E-G), although
within the CA1 subfield we observed a decrease in the num-
ber of B1 immunoreactive neurons (Fig. 2H). In the severely
affected subjects, within the CA4 to CA2 subfields neurons

Fig.2. Photomicrographs showing Bl immunohistochemistry in the hippocampus with mild (A~D), moderate (E-H), and severe (I-L), neurofibrillary pathology.
In the mildly affected case, an intense immunoreactivity for B1 was observed throughout the CA subfields, although in the granule cells, B 1 immunoreactivity
was relatively weak (A). In the moderately affected case, the pattern of B1 immunoreactivity was indistinguishable from that in the mild cases (E-G), although
within the CA1 subfield the number of Bl immunoreactive neurons was reduced (H). In the severely affected case, a decrease in Bl immunoreactivity was
observed within the CA4 to CA2 subfields (I-K), and in the CA1 subfield. only a few neurons showed an intense immunoreactivity for B1 (L). Bar= 50 wm.

gc, granular cell.
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Fig. 3. Photomicrographs showing double-immunolabeling with PHF-1 (Fig. 2A and B, brown) and A2 (Fig. 2A, grey) or B (Fig. 2B, grey). PHF1-positive
neurons often had reduced A2 and B1 immunoreactivity (black arrows). Bar=50 pm.

often reduced B1 immunoreactivity (Fig. 2I-K), and in the
CAT subfield, only a few neurons showed immunoreactivity
for B1 (Fig. 2L).

Double-immunolabeling study demonstrated that the
majority of PHF1-positive neurons had reduced or lost A2
(Fig. 3A) and B1 (Fig. 3B) immunoreactivity, aithough we
still observed intense immunoreactivity for A2 and Bl in
some PHF-positive neurons.

This is the first paper reporting A2 and B1 immunohis-
tochemistry in the human hippocampus. Like our previous
study on the rat brain and human neocortex, immunoreactiv-
ity for A2 and B was observed mainly in the nucleoplasm in
neurons [9,10,15]. In the present study, we observed intense
A2 and Bl immunoreactivity, although some variations
in immunoreactivity were observed depending on the hip-
pocampal regions. Since the intensity of immunoreactivity
for these proteins may, in part, reflect post-transcriptional
regulations, it is possible that in the human hippocampus,
A2- and B1-associated post-transcription is highly activated,
and post-trascriptional regulations associated with A2 and
B1 are different from region to region.

In the AD hippocampus, we observed different alterations
between A2 and B1. In the subjects with severe AD pathol-
ogy, A2 immunoreactivity was increased in neurons within
the CA fields except for CA1, while B1 immunoreactivity
was decreased throughout the hippocampus. Interestingly, in
our previous study, we observed increased A2 immunoreac-
tivity and decreased B1 immunoreactivity in the hippocampal
neurons 1, 3, 7, and 14 days after deafferentation of the
perforant pathway on the rat brain [9]. The perforant pathway
is well known as one of the most severely affected regions
in the AD brain [8]. Thus, it is possible to suppose that
alterations in A2 and B1 immunoreactivity observed in the
AD hippocampus in the present study are in response to the
deafferentation of the perforant pathway in the AD brain.
Since A2 and B1 are produced by alternative splicing from
a single copy gene [12], it is also possible that in response
to AD pathology, neurons shift production from B1 to A2. It
is documented that A2 has a function of mRNA trafficking
in the neuronal dendrites as well as post-transcriptional
regulation [20]. In line with this functional property of A2,
we observed A2 immunoreactivity in the neuronal cytoplasm
and proximal dendrites as well as in the nucleoplasm. In

vitro study demonstrated that A2 binds many mRNAs
localized in the dendrites, such as MAP2A, Arc, and GABA
receptor a subunit [16]. In addition, neurons from CA4 to
CA2 (i.e., the resistant zone) increased A2 but not in the
CA1 subfield (i.e., the vulnerable zone). When these findings
are taken together, it is plausible to suppose that neurons
increase A2 to compensate for the dendritic damage in AD
pathology. »

In our previous study [10], we reported relative preserva-
tion of B1 immunoreactivity in the inferior temporal cortex
of the AD brain. These observations appear inconsistent with
the findings in the present study, that B1 immunolabeling
decreased in the CA1 subregion in the moderately affected
subjects, and in the severely affected cases, a decrease in B1
was observed in more extensive regions. One possible expla-
nation for these inconsistent data is due to a difference of
pathological severity between the hippocampus and the infe-
rior temporal cortex. It is well known that AD pathology is
much more severe in the hippocampus than in the neocor-
tices. Thus, it is plausible to conclude that a decrease in B1
occurs in the advanced AD pathology.

We observed a decrease in A2 and B1 immunoreac-
tivity in tangle-bearing neurons. Previous study demon-
strated that total cellular RNA and polyadenylated RNA
were substantially reduced in the AD cortex with neurofib-
rillary tangles [19]. In addition, the study of Ginsberg et
al. [6] showed that tangle-bearing neurons reduced several
classes of mRNAs that are known to encode proteins impli-
cated in AD neuropathology. Although it remains to be
determined whether post-transcriptional processes of these
proteins are regulated by A2/B1, our study with double
immunohistochemistry suggests that A2- and B1-associated
post-transcriptional regulations are disturbed in NFT-bearing
neurons.

Our study suggests that hnRNP A2 and B1 display a differ-
ent response to AD pathology, with A2 being more resistant
to AD pathology. The findings of increased A2 immunore-
activity in survival neurons in the resistant zone raise the
possibility that neurons increase A2 in some compensatory
mechanisms as a part of AD pathology. The double immuno-
histochemical studies suggest that A2- and Bl-associated
post-transcriptional regulations are disturbed in NFT- bearing
neurons of the AD brain.
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Mild cognitive impairment (MCI) comprises a heterogeneous group
with a variety of clinical outcomes and they are at risk for developing
Alzheimer’s disease (AD). The prediction of conversion from MCI to
AD using the initial neuroimaging studies is an important research
topic. We investigated the initial regional cerebral blood flow (rCBF)
measurements using single photon emission computed tomography
(SPECT) in individuals with 76 amnesic MCI (52 subjects converted to
AD and 24 subjects did not convert to AD at 3-year follow-up) and 57
age- and gender-matched controls. We sought functional profiles
associated with conversion to AD, then evaluated the predictive value
of the initial rCBF SPECT. As compared with controls, AD converters
demonstrated reduced blood flow in the bilateral parahippocampal
gyri, precunei, posterior cingulate cortices, bilateral parietal associa-
tion areas, and the right middle temporal gyrus. Non-converters also
demonstrated significant reduction of rCBF in the posterior cingulated
cortices and the right caudate nucleus when compared to controls. As
compared with non-converters, converters showed reductions of rCBF
in the bilateral temporo-parietal areas and the precunei. The logistic
regression model revealed that reduced rCBF in the inferior parietal
lobule, angular gyrus, and precunei has high predictive value and
discriminative ability. Although a cross-validation study is needed to
conclude the usefulness of rCBF SPECT for the prediction of AD
conversion in individuals with MCI, our data suggest that the initial
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rCBF SPECT studies of individuals with MCI may be useful in
predicting who will convert to AD in the near future.
© 2005 Elsevier Inc. All rights reserved.
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Introduction

Mild cognitive impairment (MCI) is an operational diagnostic
term developed to describe the preclinical stage of Alzheimer’s
disease (AD) (Petersen et al., 2001a). The risk for conversion to AD
is higher in individuals with MCI than in the general aged
population, as annual conversion rate of 6%-25% from MCI to
AD (Petersen et al., 2001b). Furthermore, a recent study suggested
that progression from MCI to AD is time-dependent. According to
Palmer’s study, people with MCI have a high risk of progressing to
dementia over the next 3 years, and the risk starts to decrease after
this point (Palmer et al, 2003). The early detection of MCI
individuals who will later convert to AD is an important issue for
both clinical and research interests.

The recent advance of computer-assisted statistical image
analyses revealed that subjects with very mild AD typically show
abnormal metabolic and regional cerebral blood flow (rCBF)
patterns, even at the preclinical stage. Using glucose metabolism
positron emission tomography (PET) with a voxel-by-voxel
statistical analysis, Minoshima et al. reported that the earliest
changes observed in very mild AD were in the posterior cingulate
cortex (PCC) (Minoshima et al., 1997). This unexpected finding has



