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Thalamic nuclei are comprised of fibers connecting associated
cortical regions, and abnormalities of the thalamus are correlated
with abnormalities in cognition and behavior. Some previous
studies showed the laterality of the whole thalamus and the
regional differences among thalamic nuclei. This led us to assess re-
gional characteristics in five major subregions of both sides of the
thalamus using diffusion-tensor imaging. Statistically significant

Keywords: aging, fractional anisotropy, mean diffusivity, projection area, thalamic subregion

lateralities and regional differences were found among the thalamic
subregions. Age has a significant correlation with diffusion-tensor
imaging metrics where their projection areas are thought to be
vulnerable to normal aging. Our results confirmed that the
thalamic subregions behave independently, and their respective
microstructures warrant further investigations. NeuroReport
18:1071-1075 © 2007 Lippincott Williams & Wilkins.

Introduction

As the central relay station for the brain, the thalamus

mediates communication among memory, articulation,
consciousness, motor, attention, perception, and the integra-
tion of thought processes [1-3]. The multiple functional
pathways that relay through the thalamus form the thalamic
microstructure. The thalamic microstructure is divided into
functionally specific clusters referred to as nuclei. Each of
the nuclei of the thalamus has a unique set of projections
with different functional implications [2,3].

Using magnetic resonance imaging (MRI), the morpho-
logy of the thalamus has been studied. Thalamic changes
have been implicated in a large number of diseases and also
in normal aging effects [4-6]. The gross morphology of the
thalamus revealed on conventional MRI, however, does not
necessarily reflect the underlying quality of tissue in its
microstructure. Tissue quality is assessable by diffusion
tensor imaging (DTI) [7]. DTI allows white matter tracts to
be imaged in vivo and provides measures of both mean
diffusivity (MD) and fractional anisotropy (FA) [8]. Degen-
eration of white matter tracts would be expected to result in
a reduction in FA owing to a loss of directionality of
diffusion as well as in an increment in MD owing to
diffusivity being averaged in all spatial directions as a result
of the loss of myelin and axonal membranes, possibly
secondary to Wallerian degeneration [9].

There have been several reports on the topic of the
thalamus and aging, and laterality measured with DTI
[9-14]. Almost all studies, however, depended on assess-
ment using regions of interest (ROIs) placed visually in the

.

center of the thalamus, and few studies have been done on
regional differences of the microstructure. Characterization
of the patterns of microstructure deterioration of both sides
of thalamus subregions occurring in healthy participants
and normal aging would provide important information for
research and clinical practice. In this study, we investigated
the lateralities and age-related changes of FA and MD in five
major subregions of the left and right thalamus using ROI
analysis.

Materials and methods

Participants

Twenty-eight healthy right-handed men (mean age
41.3+182 years, range 21-71 years; 2040 years, n=16;
41-60, n=6; 60-71, n=6) participated in this study. The
participants partially overlapped with those in the previous
report [15]. Conventional MR images of all participants
were acquired to exclude brain morphometric abnormal-
ities. Participants with neurological iliness, head trauma,
loss of consciousness, or psychiatric disorder were also
excluded. This study was approved by the Ethics and
Radiation Safety Committees of the National Institute of
Radiological Sciences, Chiba, Japan. All participants gave
their written informed consent.

Diffusion tensor imaging data acquisition and processing
Images were acquired using a Philips Intera, 1.5 tesla MR
unit (Philips Medical Systems, Best, The Netherlands). MR
data acquisition and DTI calculation were performed in the

0959-4965 © Lippincott Williams & Wilkins
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same way as previously described [15]. We analyzed MR
data sets using DtiStudio (H. Jiang, S. Mori; Johns Hopkins
University, Baltimore, Maryland, USA) after all diffusion-
weighted images were visually inspected for apparent
artifacts owing to subject motion and instrument malfunc-
tion. From b=0 and six diffusion weighted images, six
maps of the apparent diffusion coefficient (ADC) were
calculated. Solving six simultaneous equations with respect
to ADC,,, ADC,,, etc., yielded the elements of the diffusion
tensor. The diffusion tensor was then diagonalized, yielding
eigenvalues A, A; and A3, as well as eigenvectors that define
the predominant diffusion orientation. On the basis of the
eigenvalues, FA and MD were calculated on a voxel-by-
voxel basis [8].

To exclude some of the subjectivity involved in defining
thalamic subregions, we placed subregional ROIs on a
standard image, and the ROIs were then placed on all of the
individual images normalized to the standard space. On the
occasion of normalization, b =0 image was first normalized
to the Montreal Neurological Institute (MNI) 152-subject T2
template, the standard MNI space, using statistical para-
metric mapping (SPM2) (Wellcome Department of Imaging
Neuroscience, London, UK), and then the transformation
matrix was applied to the FA, MD, and eigenvalue maps to
normalize them to the standard MNI space. All images were
resampled with a final voxel size of 2 x 2 x 2mm. Further, to
avoid the effect of diffusivity of cerebrospinal fluid (CSF), the
images of FA, MD, and eigenvalues were masked with the CSF
image derived from the segmented b= 0 image using SPM2.
Then, each map was spatially smoothed using a S5Smm full
width at half maximum Gaussian Kernel to decrease spatial
noise and compensate for the inexact nature of normalization
following the ‘rule of thumb’ as developed for functional MRI
and positron emission tomography studies [16].

We separately investigated FA, MD, and eigenvalues in
five major subregions of the thalamus using ROI analysis.
ROIs for five operationally defined subregions of the
thalamus of each hemisphere were defined on the standard
brain of the SPM2, avgl52T1.mnc image, according to a
manual tracing technique described in the literature and
applied previously for the study of the thalamus [17,18]. In
the first step, we identified the boundaries of the whole
thalamus. The mamillary body was used as the anterior
boundary. The internal capsule was the lateral boundary, the
third ventricle the medial boundary, and the superior border
of the midbrain the inferior boundary. The posterior
boundary was the location where the hemispheres of the
thalamus merged under the crux fornix. The superior
boundary was the main body of the lateral ventricle.
Second, the thalamus was divided into five distinct
subregions. The thalamus was first divided into medial
and lateral parts. A line drawn parallel to the lateral border

of the midbrain, the interhemispheric fissure, and the
cerebral aqueduct represented the vertical bisection. Then,
two horizontal lines at 20 and 60% of the vertical line length
were drawn to divide the thalamus into six regions. The
posterior two regions were combined as the pulvinar. The
divisions roughly reflected the individual nuclei located in
these thalamic regions.

Statistical analysis
Statistical analyses were performed with SPSS for Windows
11.0.1j (SPSS Inc., Chicago, Illinois, USA). First, we evaluated
the differences between left and right sides and among the
subregions’ [anterior lateral (AL), anterior medial (AM),
central lateral (CL), central medial (CM) and posterior] of the
thalamus for FA and MD values using two-way factorial
analysis of variance in participants under 40 years of age to
eliminate the aging effect (16 men of 28 participants,
27.5+6.1 years). A corrected P value less than 0.05 was
interpreted as being statistically significant. We also
evaluated the differences between left and right sides of
the whole thalamus using Student’s t-test. A P value less
than 0.05 was interpreted as being statistically significant.
Second, the relationships of FA, MD, and eigenvalues of
the thalamus subregions with age were evaluated by
Pearson’s correlation method in all participants. A P value
less than 0.005 (=0.05/10) was considered significant.

Results
Significant differences were found between the sides of
the thalamus and among the subregions in MD (F=2469,
df=1, P<0.001; F=379, df=4, P<0.001; interaction:
F=8.5 df=4, P<0.001) and FA (F=354, df=1, P<0.001;
F=887, df=4, P<0.001; interaction. F=17, df=4,
P =0.159), respectively (Table 1). The asymmetry of the whole
thalamus was also detected (FA, P=0.017; MD, P <0.001).
Regional differences of age-related change were observed.
The decline in FA showed a significant negative correlation
with age in both AM regions (Table 2). The increase in MD
showed a significant positive correlation with age in the
right AL and both CM and CL subregions (Table 2, Fig. 1).
The changes in eigenvalues are summarized in Table 2. The
increase in perpendicular diffusivities showed significant
positive correlations with age in A, of the right AL subregion
and in A; of both CL subregions. No correlations were found
between age and the parallel diffusivities.

Discussion

The results of previous studies on the laterality of the
thalamus have been less consistent, showing regional
differences among the thalamic nuclei {2,3], and laterality

Table| Mean right and left fractional anisotropy and mean diffusivity in subregions of thalamus of participants under 40 years (n = 16)
AM AL CcL Posterior WT
FA
Right 0.33+003 041 +£0.04 0.28+0.02 0.35+0.03 0334003 0.34+0.03
Left 0.36+0.03 0451003 0.29+003 0.37+003 0.38+0.03 0.37+003
MD ( x 10~* mm?fs)
Right 8.69+044 79940.23 8.16+043 7904013 8.23+0.34 8.19+028
Left 7704041 6.76+0.2 7544033 708+0.30 7874030 739+0.27

AL, anterior fateral region; AM, anterior medial region; CL, central lateral region; CM, central medial region; FA, fractional anisotropy; MD, mean diffusivity;

WT; mean value of the whole thalamus.
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Table2 Associations of age with FA, MD, and eigenvalues analyzed by Pearson’s correlation coefficient

AM AL M CL Posterior
FA
Right
Range 0.17-0.38 0.35-0.52 0.23-0.32 0.30-0.42 0.27-041
Correlation coefficients -0.572 -0.270 -0.153 —-0.124 -0.042
P value 0.001* 0.165 0.437 0.529 0.832
Left
Range : 0.25-044 0.36-0.52 0.25-0.38 0.29-0.45 0.32-0.42
Correlation coefficients —0.703 -0.379 —0.8l -0.237 —0.06l
P value <Q.001* 0047 0.357 0.224 0.759
MD
Right
Range ( x 107* mm?/s) 713-9.85 758-912 751-922 761-844 7.54-917
Correlation coefficients 0.277 0.550 0.546 0.667 0.200
P value 0.53 0.002* 0.003* <0.001* 0.308
Left
Range ( x 107* mm?/s) 6.84-906 6.34-8.88 6.81-913 6.63-8.23 7.24-903
Correlation coefficients 0.359 0423 0.610 0610 0442
P value 006l 0.025 0.001* 0.001* 0.019
o8
Right
Range ( x 107* mm?/s) 8.78-12.64 10.86~12.58 966—12.02 10.38-11.53 10.30-1291
Correlation coefficients 0.034 0.084 0.390 0.355 0.055
P value 0.864 0.671 0.040 0063 0.779
Left
Range ( x 107* mm?/s) 10.10-12.45 10.49-12.96 963-11.25 10.32-12.01 10.69-12.56
Correlation coefficients —0.284 —0.057 0.495 0.273 0.293
P value 0.143 0.772 0.007 0.160 0.130
A2
Right
Range ( x 107* mm?/s) 691-985 6.59-8.85 728-9.23 704-8.17 728-903
Correlation coefficients 033} 0.663 0457 0.634 0.187
P value 0.085 <0.001* 0.015 <0g001* 0.340
Left .
Range ( x 107* mm?/s) 702-8.85 590-770 7.39-9.20 6.45-773 6.81-8.32
Correlation coefficients 0.250 0467 0.498 0.658 0424
P value 0199 0.012 0.007 <0.001* 0.025
A3
Right
Range ( x 107* mm?/s) 5.11-6.77 3.89-5.47 5.29-699 4.68-6.06 4.70-710
Correlation coefficients 0.403 0.287 0.395 0.341 0.193
P value 0.033 0.139 0.038 0.076 0.326
Left
Range ( x 107* mm?/s) 448-6.56 3.64-5.61 4.55-6.61 4.25-5.83 4.64-6.00
Correlation coefficients 0462 0.384 0498 0494 0.351
P value 0013 0.044 0.007 0.007 0.067

AL, anterior lateral region; AM, anterior medial region; CL, central lateral region; CM, central medial region; FA, fractional anisotropy; MD, mean diffusivity;
N = 28; SD, standard deviation.
*A P value less than 0.005 (= 0.05/10) was considered significant.

AM AL CcM CL Posterior
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Fig.| Scatter diagrams [age versus mean diffusivity (MD)] in subregions [anterior medial (AM), anterior lateral (AL), central medial (CM), central lateral
(CL) and Posterior] of thalamus of 28 participants. ;
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between the left and right sides [9,14], as well as no changes
between left and right whole thalamus {10-12,19]. In this
study, we first evaluated the lateralities and regional
differences of the thalamic subregion microstructures. The
lower MD in the left thalamus corresponds well with
previous studies [9,14]. Recent neuroimaging study has
demonstrated larger left than right gray matter volume in
various regions [6], and it is sometimes suggested that there
is laterality of the areas related to cognitive function [20].
Accordingly, the subregional microstructures of the thala-
mus, the central relay station for the brain, can be assumed
to be asymmetrical.

It was also shown that there were age-related changes of
MD {10], ADC [12}, and FA [11]. According to those studies, a
significant difference in ADC between the right and left
thalamus was seen only in participants over 60 years, not in
the group under age 60 years, and there were significant
differences in both thalamic ADCs between the under 60
years and over 60 years groups [13]. This could be ascribed to
the fact that the steeper change in the right thalamus might
emphasize the laterality of the over 60 group. In this study, we
evaluated the asymmetrical changes of the microstructure
occurring in normal aging, and we found that there were
steeper changes with age in some of the right thalamic
subregions than in the left thalamus, consistent with previous
results. Left AM had no correlation with normal aging, so our
results suggest that the two sides of thalamic nuclei behave
independently, and we should evaluate the microstructure of
the thalamic nuclei in a respective manner.

We found the aging effect on FA in both AM subregions, on
MD in the right AL subregion and both CM and CL
subregions corresponding to the frontal and pre and
postcentral gyrus (2], where age-related gray matter volume
loss and decline in FA are observed [6,21]. A correlation was
reported between right posterior thalamic FA and visuospatial
attention [1], and centers of functional activation within the
thalamus during motor or executive tasks colocalize within
the atlas regions showing high probabilities of connection to
motor or prefrontal cortices, respectively [3]. It was also
reported that after middle cerebral artery infarcts, an increase
in diffusion was observed with DTI in the ipsilateral thalamus
[22], and neuronal loss within the ipsilateral thalamus using
postmortem material [23]. From these results, we suppose that
fewer cortical neurons could be associated with fewer
thalamic fibers, and that the changes in FA and MD in the
thalamic subregions might imply degeneration of the respec-
tive projection areas. In this study, we did not detect any
significant change in MD or FA in the two posterior
subregions. These results may reflect the low sensibility to
aging of the occipital lobe structure [6]. These projection areas
may obscure the aging effect on FA and MD in these
subregions. In addition, our study showed that the observed
increase in MD was due to an increase in perpendicular
diffusivity, with a lack of change in parallel diffusivity. These
findings are consistent with those of a previous study [11],
and a decrease in the number of myelinated neuron fibers
with aging is suggested [15].

Aging effects on FA values of subregions were not so clear
in this study. This may stem from the fact that the more
heterogeneous FA map rather than the relatively uniform MD
map cannot be accounted for by standard spatial normal-
ization, especially in the thalamus, which is adjacent to the
lateral ventricles {16]. The ventricle with high MD and iow FA
happened to be spatially normalized and influenced the

adjacent area. Our results, however, showed the increase of
not only the medial portion but also the lateral portions of
thalamus in MD metrics with age. This may indicate that the
normalization of relatively uniform MD maps successfully
proceeded. This is also relied on the fact that there are thalamic
regions with predominantly subcortical connections and only
weak or diffuse cortical connections. Directionality of diffusion
was obscured for some connections, and we could detect age-
related FA change only in the AM subregion that connects a
relatively homologous region [2]. The thalamus contains many
histologic components other than myelinated axons, such as
cell bodies and dendrites, which have a smaller volume than
neurons and their myelinated axons [24]. Augmentation of
large-diameter fibers and small-volume components may
result in the dissodation of FA and MD values [10].

Some limitations exist in this study. We evaluated only
men, and numerous sex-associated functional and biological
differences in the brain have been described [25]. Further
studies, also taking sex differences into account and using the
same method, will be necessary. We were unable to delineate
and employ an intrathalamic marker as a consistent land-
mark for our regional subdivisions. Rather, we relied upon
approximate percentage-based divisions of the total thalamic
area as a means of dividing the thalamus. This automated
method reduced some of the subjectivity and systematic bias
involved in defining thalamic subareas with limited resolu-
tion imaging. Without manual editing, however, the assump-
tions that all thalamic nuclei are consistently represented by
these rigid subdivisions would not be confirmed.

Conclusion _

We found that there were significant lateralities and regional
differences in thalamic subregions, and that age-related
changes were detected in some thalamic subregions where
their projection areas are thought to be vulnerable to normal
aging. Diffusion asymmetry and regional differences of the
aging effect in thalamic subregions have important implica-
tions for research and clinical practice, and the two sides of
thalamic nuclei would warrant further investigations.
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Alzheimer’s disease (AD), the most common form of dementia in the elderly, was found to exhibit a trend
toward a higher risk in females than in males through epidemiological studies. Therefore, we hypothesized
that gender-related genetic risks could exist. To reveal the ones for late-onset AD (LOAD), we extended our
previous genetic work on chromosome 10q (genomic region, 60—107 Mb), and single nucleotide polymor-
phism (SNP)-based genetic association analyses were performed on the same chromosomal region, where
the existence of genetic risk factors for plasma AB42 elevation in LOAD was implied on a linkage analysis.
Two-step screening of 1140 SNPs was carried out using a total of 1408 subjects with the APOE-£3*3 geno-
type: we first genotyped an exploratory sample set (LOAD, 363; control, 337), and then genotyped some
associated SNPs in a validation sample set (LOAD, 336; control, 372). Seven SNPs, spanning about 38 kb,
in intron 9 of CTNNA3 were found to show multiple-hit association with LOAD in females, and exhibited
more significant association on Mantel-Haenszel test (allelic P-valuesyy.r = 0.000005945-0.0007658).
Multiple logistic regression analysis of a total of 2762 subjects (LOAD, 1313; controls, 1449) demonstrated
that one of the seven SNPs directly interacted with the female gender, but not with the male gender.
Furthermore, we found that this SNP exhibited no interaction with the APOE-¢4 allele. Our data suggest
that CTNNA3 may affect LOAD through a female-specific mechanism independent of the APOE-£4 allele.
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INTRODUCTION

Alzheimer’s disease (AD) is a neurodegencrative disorder
clinically characterized by progressive cognitive deterioration
and is the most common form of dementia in the elderly. Its
neuropathological features are amyloid plaques [extracellular
deposition of amyloid B-protein (AB)} and neurofibrillary
langles (intracetlular aggregation of highly phosphorylated
microtubule-associated protein tau), which finally lead to
synaptic loss and/or neuronal death.

Recent epidemiological studies on AD revealed gender-
related differences in its prevalence (1-3) and incidence
(4~6). Compared with males, females are more likely to
develop AD, although results contradicting this gender differ-
ence have been reported (7-9). In blood mononuclear cells
in AD, there are substantial gender differences in gene
expression (10). The plasma level of amyloid beta-protein
42 (AB42), a major constituent of senile plaques, is signifi-
cantly increased in females with mild cognitive impairment,
a transitional state between normal aging and mild dementia
(11). In transgenic animal models of AD, gender-dependent
accumulation and deposition of AB42 and AB40 have been
observed (12-15). Moreover, there has been increasing
research on gender-related genetic risk factors in AD: ACT
(16), MPO (17,18). ACE (19), ESR2 (20), DSC/ (21) and
ABCAI (22). Therefore. based on these findings. we hypoth-
esized that gender-related genetic risk factors that modify
AB metabolism in late-onset AD (LOAD), which accounts
for 95-99% of AD, could exist.

We have paid a great deal of attention to chromosome 10g,
especially because the existence of genetic risk factors for
plasma AB42 elevation in it was implied on linkage analysis
of LOAD families (23). Furthermore, through other genetic
approaches, including genome-wide linkage screening of
affceted sib pairs (24) and candidate genc-based analysis of
multiplex AD families (25). chromosome 10q was strongly
suggested to be the most prominent one for LOAD. Therefore,
regarding a genomic region on chromosome 10q (60107 Mb),
we previously performed large-scale single nucleotide poly-
morphism (SNP)-based screening of a Japanese population to
identify additional genetic risk factors to APOE (19q13.2),
which is universally recognized as a major risk gene for the
development of LOAD (OMIM +107741). Consequently, we
found that DNAMBP, which is involved in synaptic vesicle
recycling, was associated with LOAD with the APOL-g3*3
genotype or lacking the 4POFE-e4 allele in several sample
sets (26).

Interestingly, replicated evidence for a parent-of-origin
effect of chromosome 10q was recently reported for LOAD
{27,28). which suggests that gender-related genes such as
imprinting genes could be responsible for the disease develop-
ment. Here, in order to determine whether or not gender-
related loci associated with LOAD are present, our previous
genetic work on chromosome 10q (26) was extended. Two
sample sets for screening, Exploratorv and Vdlidation, com-
prising only APOE-£3*3 subjects were prepared, which were
used for a case—control association study after being stratified
as to gender. We first genotyped the Exploratory set, and
then genotyped some significantly associated SNPs in the
Validation set. Through this stepwise screening, among the
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1140 SNPs subjected to the exploratory screening, we finally
found seven SNPs localed in intron 9 of CTNNA3 thal
showed reproducible association with LOAD in females.
These replicated SNPs were further examined by means of
genotyping of all the subjects with all APOE genotypes
(8272, €273, 274, 373, £3*4 and £474). i.c. 1526 LOAD
patients (female. 1103; male. 423) and 1666 controls
(female. 998: male. 668). some of them exhibiting significance
only in a female sub-sample set. In terms of biological func-
tions, CTNNA3 (29,30), encoding «-T catenin, is thought to
be a promising candidate for LOAD because it is a binding
partner of B-catenin, which interacts with PSENI (31). and
because it was recently shown to be associated with the
level of plasma AR42 in a set of families with LOAD (32).
Multiple logistic regression analysis in a total of 2762 subjects
(LOAD, 1313; controls, 1449) revealed that one (SNP
t5713250) of the seven associated SNPs exhibits a significant
interaction with the female gender, but not with the male
gender and the APOFE-eg4 allele. Our data suggest that
CTNNA3 could affect LOAD through a female-specific mech-
anism independent of the APOE-g4 allele.

RESULTS
Allelic association

To determine whether gender-related loci associated with
LOAD on chromosome 10q (60—107 Mb) exist or not, we
stratified the Exploratory sample set (Table 1) by gender.
resulting in female and male subsets. An allelic contingency
table (2 x 2)-based x* test was performed using
already-obtained genotype data (26) for 1140 SNPs for the
Exploratory set. Calculation of allelic P-values and odds
ratios (ORs) with 95% confidence interval (Cl) was carried
out to examine the genetic association of these SNPs. In a
Japanese population. these SNPs were actually polymorphic
and showed a P-value >0.05 in exact tests of Hardy-—Wein-
berg equilibrium (HWE) in both cases and controls of
the Exploratory set (details given under Materials and
Methods). The results of x* tests for the gender-stratified
sets are presented in Fig. 1. In the female group (LOAD.
249; controls, 223), 106 of the 1140 SNPs had significant
allelic P-values <0.05, and 34 of these 106 showed more sig-
nificant values (allelic P-values <0.01). In the male group
(LOAD, 114; controls, 114), 53 of the 1140 SNPs showed
allelic P-values <0.05, and 7 of these 53 showed more signifi-
cant association with allelic P-values <0.01.

A total of 41 SNPs (34 and 7 SNPs in female and male
Exploratory sets, respectively) showing allelic P-values <0.01
were further analyzed by means of x* tests to determine
whether or not these SNPs actually exhibit reproducible allelic
association using another sample set, Validation. sub-grouped
as to gender (Table 1). In the male Validation set (LOAD. 94;
controls, 159), three of the above-mentioned seven SNPs
showed reproducible association (allelic P-values = 0.0342 -
0.046). Among these three SNPs, only SNP rs1000280
exhibited a significant value on Mantel-Haenszel test (allelic
P-valueypn = 0.0009112). This SNP is located in the
intergenic region between LOXL4 (100.00-100.02 Mb)
and Cl0orf33 (100.13-100.16 Mb); therefore, we did not
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Table 1. Subject information
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Sample set ID - Number of subjects AAO/AAE Range MMSE Range  4POE
Mean (SD) Mean (SD) Genotype Allele
272 23 24 33 34 44 g2 g3 ad
QOverall set
All Female
LOAD 1103~ 73.5 (6.6) 60 93 15.7 (7.0) 0 30 0 31 13 491 465 103 44 1478 684
Control 993 73.0(7.9) 60-96  28.0(1.8) 24-30 2 77 9 748 152 10 o0 1725 181
Male
LOAD 423 73.3 (6.6) 60- 93 18.4 (6.6) 0--30 ] 18 4 208 148 44 24 582 240
Conirol 668 73.1(7.7) o0 95 28.1(1.8) 24 30 | SS 6 495 104 7 63 1149 124
Subsets
Negative-e4  Female
LOAD 522 74.6 (7.0) 60 93 15.1(7.4) 0 30 0 31 491 31 1013
Contro} 27 73.1(1.9) 60 96  28.0(1.8) 24 30 2 77 748 81 1573
Male
LOAD 22 73.6(7.2) 60 93 17.9 (7.3} 030 [ 1R 208 20 434
Control 551 73.0(7.8) 60 95 281 (1.8 24 AU i 33 493 57 1043
Positive-e4 Female
1.OAD SR1 72.6 (0.0h 60 92 16.3 (6.6) 0 30 13 465 103 13 465 084
Control 171 72.7 (1.6) 60 90  28.0(1.9) 2430 9 152 10 9 {52 181
Male
LOAD 196 72.9 (5.8) 60 86  18.9(5.7) I 30 4 148 44 4 148 240
Control 117 73.7(7.4) 60 91 27.9(1.9) 24 30 6 4 7 6 104 124
£33 Female
LOAD 491 74.7(7.0) 60-93 15.1(7.3 0-30 — — — 491 9R2
Control 748 73.1(7.9) 60-96  28.0 (1.8) 24-30  — -— — 748 - - — 1496 -
Malc
LOAD 208 73.717.3) 60-93 18.0 (7.3) 0 30 208 416
Control 495 73.0(7.8) 60 95 28.1(1.8) 2430 495 990
Screening scts
Exploraiory Female
LOAD 249 74.316.2) 62 90  15.7(7.2) 0-30 249 498 -
Control 223 80.2 (4.1) 75-96  28.0(1.9) 24 -0 - 223 - 446
Male
LOAD 114 74.6 (6.8) 62-93 19.2(7.6) 0 30 114 228
Control 114 80.6 (4.00 75 95 28020 24 20 114 2238
Validation Female.
L.OAD 242 75.0(7.1 60 93 14.7(7.3) 0 29 242 484
Control 213 75.5(4.7) 70 .94 27.8(1.9) 24 30 - 212 426
Male
LOAD 94 72.6 (7.6) 60- 92 16.8 (6.9) g 29 04 188
Control 159 757 (4.5) 70-92  28.1 (1.8) 24-30  — — — 159 - — - 318

The sample sct IDs used in this study. i.e. single SNP casc control study. linkage disequilibrium and casc -control haplotype analyses, and multipte
logistic regression analysis. are shown in italics.

investigate this SNP further. In the female Validation set
(LOAD, 242; controls. 213), 16 of the above-mentioned 34
SNPs exhibited allelic association with P-values <0.05.
These SNPs exhibited significance on Mantel-Haenszel test
of the two female sets (allelic P-valuesyy: = 0.000005945 —
0.0008809). These allelic P-valuesyy.r remained at significant
levels even after Bonferroni’s correction for 34 tests (allelic
P-valuesyyrw, = 0.0002021 ~ 0.02995). Of the 16 SNPs, 9
(rs911541, rs3740066, rs11190302, rs35715207, rs3758394,
rs3740058, rs3740057, rs11190315 and rs6584331) are
located in a locus between ENTPD7 and DNMBP recently
reported by our group (26). The remaining seven,
1s7909676, 152394287, rs4459178, rs10997307, rs12258078,
rs10822890 and rs713250, spanning about 38 kb, are encom-
passed by intron 9 of CTNNA3, which consists of 18 exons
(Fig. 2A and C). The allelic P-values of these seven SNPs
in the two sample sets, Exploratory and Validation, are

presented in Table 2, and marker information on them is
summarized in Table 3. The genotypic and allelic distributions
are presented in the Supplementary Material, Table S1.

To examine the gender-specific effects of the seven
CTNNA43 SNPs on LOAD, we additionally performed joint
analysis regarding gender (Table 2). For this analysis. female
and male allelic contingency tables were combined for the
Exploratory and Validation sets, respectively (Supplementary
Material, Table S1). XZ tests based on the combined 2x2
allelic contingency tables and calculation of the ORs with
95% CI were carried out. In the Exploratory set comprising
both genders. none of these seven SNPs showed more signifi-
cant association (allelic P-values = 0.00005431 - 0.0235) in
comparison with the Exploratory set only including females
(allelic P-values = 0.00004614 - 0.008). The ORs exhibited
a tendency to decrease; for example, for SNP rs10822890,
from 1.72 to 1.55. A similar trend for both the allelic
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Figure 1. Allelic P-values of 1140 SNPs for the Exploratory set comprising
female (A) (LOAD, 249: control, 223) or male (B) (LOAD. 114; control,
114) APOFE-£3"3 subjects. Dotted and dashed lines indicate allchic P-valucs

at the 0,05 and 0.01 levels, respectively. The significantly associated locus

focused on in this study is indicated by the thick line. which is labeled
“CTANAZ. The genomic position conformed to NCBI build 35.1.

P-values and ORs of these seven SNPs was observed on
Mantel—-Haenszel test.

The reproducible seven SNPs on CTNNA3 were further
examined by means of stratified analysis, based on the carrier
status of the APOE-g4 allele, with the x? test (Table 4). The
genotypic and allelic distributions are presented in the Sup-
plementary Material. Table S2. We used the overall sample
set, A/l, including all subjects (LOAD. 1526; controls, 1666)
with all APOE genotypes (2*2, 2*3. 2*4, 3*3, 3*4 and 4*4),
and two sub-sample sets, Negurive-g4 and Positive-e4. which
were stratified as to the presence (2*4. 3*4 and 4*4) or
absence (2*2. 2*3 and 3*3) of the APOE-¢4 allele (Table 1).
As shown in Table 4, in the Al set, five (rs7909676.
rs2394287. rs4459178. rs10822890 and rs713250) of the
seven SNPs were statistically significant in females (allelic
P-values = 0.0009719 — 0.00126). In the Negative-e4 set, all
seven SNPs exhibited more significant association with
LOAD in females (allelic P-values = 0.00001019 — 0.002555).
No evidence was found of association with any of the seven
SNPs in males in any sample set.

Human Molecular Genetics, 2007, Vol 16. No. 23 2857

For joint analysis conceming gender, female and male
contingency tables (2 x 2) with the allelic distributions
were combined for the All, Negative-e4 and Positive-e4
sample sets, respectively (Supplementary Material, Table S2).
Allelic P-values and ORs (95% Cl1) derived from the combined
contingency tables were used to evaluate the gender-specific
effects on LOAD (Table 4). This analysis revealed that in the
All set including both genders. the ORs of significant SNPs
(rs7909676, rst0822890 and rs713250) tended to be lower,
compared with those in the female All set; for example, from
1.23 to 1.11 for SNP rs713250. A similar decrcasing tendency
for ORs of significant SNPs (1s7909676, rs2394287. rs44591 7K,
1s10997307, rs12258078, rs10822890 and rs713250) in the
Negative-g4 set including both genders was also observed in
comparison with those in the female Negative-g4 set; for
example, from 1.42 to 1.24 for SNP rs10822890.

Multiple logistic regression analysis. involving APOFE-e4,
gender, age, the seven replicated SNPs on CTNNA3 and
their interactions as independent variables, was performed to
assess the potential effects of these variables on the association
with LOAD, using 2762 subjects [LOAD, 1313 (female, 949:
male. 364): controls, 1449 (female, 877: male., 572)] (Table 5).
In this analysis. the subjects used were not sub-grouped as to
gender and/or carrier status of the APOFE-¢4 allele. Initially.
we carried out multiple logistic regression analysis with a
forward stepwise method without interaction terms to eluci-
date which variables explained an association with LOAD
independently. Model 1 in Table 5 shows significant risk
factors selected by this analysis. Expectedly, the APOFE-e4
allele, gender and age, which are well-known risk factors for
LOAD. had significant effects on the LOAD risk. Among
the seven associated SNPs, SNP rs713250 was chosen as
representative and selectively entered in this model {for geno-
type CC: OR (95% Cl), 1.36 (1.08—1.71); P-value = 0.009].
Following this primary analysis, we further assessed
second-order interaction terms created by the four significant
risk factors including the SNP rs713250 (Model 2 in
Table 5). Six interactions were tested by means of a forward
stepwise method in addition to APOE-ed. gender, age and
the SNP rs713250. It was demonstrated that the SNP
rs713250 exhibited significant interaction- with the female
gender in a dose-dependent manner as to the allele C
[TC_female, OR (95% CI) = 1.68 (1.12-2.54); CC_female,
OR (95% CI) = 2.57 (1.59-4.1D)].

Linkage disequilibrium and case—control
haplotype analyses

To reveal genetic relationship between each significant SNP
on CTNNA3, linkage disequilibrium (LD) and haplotype esti-
mation analyses were performed. For these analyses, we used
four sample sets (All as the overall sample set. and
Negative-e4, Positive-e4 and £3*3 as sub-sample sets) after
being sub-grouped as to gender (Table 1). From the Japanese
HapMap genotype data (JPT), these SNPs were found to be
encompassed by a highly structured LD block" extending
about 80 kb from 68.10 to 68.18 Mb (Fig. 2B). They were in
strong LD: the robust LD block structures did not differ
between females and males or between LOAD and controls
in any sample set (Supplementary Material. Fig. SI).
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Four haplotypes were estimated in each LD block consisting
of the seven SNPs: three major haplotypes (frequency
>0.1), [HI]C-A-T-T-T-A-T. [H2]A-G-C-C-G-G-C and
[H3]JA-G-C-T-T-G-C. and one  minor  haplotype,
[H4]C-A-T-T-T-A-C (Table 6). HI1 exhibited the highest

frequency (range 0.4363-0.5356) and H4 the lowest {range
0.0084-0.031). Haplotypes 11, H2 and H3 were always esti-
mated with the expectation-maximization (EM) algorithm in
the four sample sets examined. Haplotype H4 was not inferred
in either Negative-e4 or £3*3 consisting of male subjects.
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Table 2. Statistics for seven reproducible SNPs found on twoe-step screening involving 4POE-23°3
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Sample set Exploratory Validation Exploratory + Validation™
Female
Number of subjects
LOAD 249 242 491
Control 223 213 436
JdbSNP Allelic P-value OR (95% CI) Allelic P-value OR (95% CI) Allehe P-value OR (95%%6 C1)
rs7909676 0.0004042 1.61 (1.23-2.09) 0.0132 1.40 (1.07-1.82) 0.00002087 1.50 (1.24 - 1.81)
rs2394287 0.0001782 1.64 (1.27-2.13) 0.0427 131 (1.0E-1.71) 0.00004311] 1.47 (1.22--1.77)
154459178 0.0001939 1.64 (1.26-2.13) 0.0296 1.34 (1.03-1.75) 0.00002585 1.49 (1.23-1.79)
rs10997307 0.008686 1.45 (1.10-1.91) 0.0372 1.34 (1.02 - 1.76) 0.0008809 1.39 (1.15-1.69)
rs1 2258078 0.008 1.44 (1.10- 1.8% 0.0352 1.34 (1.02 1.76) 0.0007658 1.39(1.15 1.6X8)
rs 10822890 0.00004614 1.72 (1.32 2.23) 0.0266 1.35(1.04 1.75) 0.000008277 1.52 (1.27 1.83)
15713250 0.00006663 1.69 (1.31 2.20) 0.0162 138 (1.06 1.80) 0.000005945 1.53 (1.27 1.84)
Male
Number of subjeets
LOAD 114 94 208
Control 114 159 273
dbSNP Allelic P-value OR (95% CI) Allelic P-value OR (95% CD) Allelic P-value OR (953% ChH
rs7909676 0.2961 1.22¢(0.84- 1.77) .1933 0.78 (0.54 1.13) 0.8507 .98 (0.75- 1.27)
rs2394287 0.3418 120 (083 1.74) 0.0183 . 0.64 (0.44 0.93) 0.3125 0.87 (0.67 1.14)
rs3459178 0.3456 1.20(0.82 1.7 00209 0.65 (0.45 0.94) 0.3231 0.88 (0.67 1.14)
rs10997307 0.9594 120 (0.69 1.48) 0.2477 0.79 (0.54 1.17) 0.4350 0.90 (0.68 1.18)
rs122358078 0.8437 101 (0.71 1.532) 0.1901 0.77 (0.52 1.14) 0.4308 0.90 (0.68 1.18)
rs10822890 0.2235 1.26 (0.87 1.83) 0.0237 0.65 (0.45 0.95) 0.4534 0.91 (0,70 1.18)
rsT13250 (0.2588 1.24 (0.85--1.79 0.0578 0.70 (0.49-1.01) 0.5761 0.93 (0.72- 1.20)
Female 4 male
Number of subjects
LOAD 363 336 699
Control 337 372 709
dbSNP Allelic P-value OR (95% C1) Allelic M-value OR (95% CI) Allelic P-value OR (95% CI)
rs7909676 0.0004364 147 (1.19 1.82) 0.1668 1.16 (0.94 1.44) 0.0005443 1.30¢1.12 1.52
rs2394287 0.0002861 1.48 (1.20 1.84) 0.6336 1.05 (0.85 - 1.30) 0.003812 1.25(1.07 1.45)
184459178 0.0003147 1.48 (1.20 1.84) 0.5868 1.06 (0.86 1.31) 0.003417 1.25 (1.08- 1.46)
rs 10997307 0.0321 1.28 (1.02 1.60) 0.2511 . L14 (091 1.42) 0.02028 120 (103 140
rs12258078 0.0235 1.29 (1.03 1.6h 0.2757 113 (0,91 1.40) 0.01778 1.21 (1,03 1.44)
rs 10822890 0.00005431 1.55(1.25-1.9)) 0.4934 1.08 (0.87-1.33) 0.0008589 1.29 (1.11 1.50)
rs713250 0.00008381 1.53 (1.24 -1.89) 0.2786 112 (091 1.39) 0.0003985 1.30 (113 1.52) -

Allclic P-values and ORs. with 95% Cl in parentheses. are indicated. Boldface indicates statistically significant results {allelic P-value <0.05). The
genotypic and allelic distributions arc shown in the Supplementary Material. Table S1.
“Compured by the method of Mantel and Haenszel.

Table 3. Summary of seven associated SNPs within intron 9 of CTNNA3

dbSNP Genomic Alleles” Exploratory Validation
' position (bpy GSR Frequency® HWE! GSR Frequency® HWE'

LOAD Control LOAD Control
rs7909676 68 104 803 CiA 96.43 0.507/0.493 0.3377 0.8200 96.75 0.506/0.494 0.6566 0.9161
152394287 68 105 668 A/G 97.57 0.521/0.480 0.5934 0.5760 97.88 0.517/0.483 0.741 1.0000
rs4459178 68 114 303 T/C 96.71 0.512/0.488 0.9137 0.5778 96.47 0.514/0.486 0.5784 0.9159
rs10997307 68 119438 T/C 95.00 0.633/0.367 0.9107 0.6173 97.74 0.640:0.360 1.0000 0.1316
rs12258078 68 125734 T/G 99.29 0.641/0.359 0.9116 0.6219 99.01 0.641/0.359 1.0000 0.1686
rs 10822890 68 127 819 A/G 97.71 0.516/0.484 0.5208 0.5757 97.60 0.515:0.486 0.5055 1.0000
rs713250 68 143 405 /T 98.43 0.501/0.499 0.5211 0.6579 98.45 0.503/0.497 0.7415 0.9170

GSR. genotyping success rate.

“Based on dbSNP build 125 on NCBI build 35.1.

®Nucleotides ot the major allele/minor allele.

“The major allele/minor allele frequency, calculated using genotype data obtained for 363 LOAD paticents and 337 controls with 4POE-£3"3 in the
Exploratory set.

P-values were calculated with exact tests of HWE using both 363 LOAD patients and 337 controls with 4POE-£3*3 in the Exploratory set.

“The major allele/minor allele frequency. calculated using genotype data obtained for 336 LOAD paticnts and 372 controls with APOE-£3*3 in the
Validation sct.

fP-values were calculated with exact tests of HWE using both 336 LOAD paticnts and 372 controls 4POE-e3*3 in the Validation set.
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Table 4. Allelic association of seven associated SNPs, cncompassed by intron 9 of CTNNAJ3. in the overall sample sct. All. and two sub-sample sets, Negative-s+4

and Positive-g4. stratiticd as 1o the presence or absence of the APOE-&4 allele

Gender Female Male Female - maic
Sample st Al
Number of subjects
LOAD 1163 423 1526
Control 998 668 1666
dbSNP Allelic P-value OR (95% CI) Allclic P-value OR (95% Ch Allelic P-value OR (95% Ch
rs7909676 0.001646 1.22 (1.08- 1.3%) 0.2558 0.90 (0.76- 1.08) 0.0472 .11 (1.00- 1.22)
rs2394287 0.001696 1.22 (1.08-1.3%) 0.1906 0.89 (0.75-1.06) 0.0512 L0 (1.00- 1.22)
rsd4459178 0.002843 1.21 (1.07--1.37) 0.2085 0.89 (0.75- 1.07) 0.0681 1.10 (0.99--1.21)
rs10997307 0.2316 1.0% (0.95 1.23) (.4329 0.93(0.77 1.12) 0.517 1.03 (0,93 L.15)
rs12258078 0.2307 1.O8 (0,95 1.23) 0.5439 194 (0.79 1.13) (0.4422 .04 (094 1.16)
rs10822890 0.00126 1.22.(1.08 1.38) 0.2137 0.89 (0.75 1.07) 0.0402 11T (1.00 1.23)
rs713250 0.0009719 1.23(1.09 1.39) 0.1358 (.88 (0.73 1.04) 0.0439 LI (100 1.22)
Sample set Negative-£4"
Number ot subjects
LOAD 522 227 749
Control 827 551 1378
dbSNP Allelic P-vatue OR (95% CD Allclic P-value OR (95% Ch) Allelic P-value OR (95% CI)
17909676 0.00001471 1.42 (1.21 1.60) 0.6951 0.96 (0.76 1.20) 0.0008525 1.24(1.09 1.4
12394287 0.00005357 1.38 (1.18 1.62) 0.4346 0.91(0.73 1.14) 0.003869 1.21 (1.06 1.37)
154459178 0.00005308 1.39 (1.18 1.62) 0.4728 0920074 1.15) 0.003415 1.21 (1.07 1.3%)
rs 10997307 0.002555 1.28 (1.09 1.51) 0.8393 0.98(0.77 1.23) 0.0163 LR (103 1.34
rs 12258078 0.001978 1.29 (110 1,52) 0.8693 0.98 (0.78 1.24) 0.0129 IR (1.04 1.35;
rs 10822890 0.00001019 1.42 (1.22-1.6T) 0.5198 0.93 (0.74- 1.16) 0.001046 1.24 (1.09-1.41)
rs713250 0.00001576 1.41 (1.21-1.65) 0.5154 0.93 (6.74-- 1.16) 0.001162 1.24 (1.09- 1.40)
Sample set Positive-e4*
Number of subjects
LOAD 581 196 777
Control 171 117 : 288
dbSNP Allelic P-value OR (95% Ch) Allelic P-value OR (95% Ch Allelic P-value OR (95% Ch
rs7909676 0.8115 0.97 (0.76- 1.24) 0.1917 0.80 (0.58-1.12) 0.3764 0.92 (0.75-1.11)
152394287 0.8995 0.98 (0.77--1.26) 04275 0.87 (0.63-1.22) 0.7096 0.96 (0.79 .17
54459178 0.7375 0.96 (0.75- 1.23) 0.2844 0.84 (0.60- 1.16) 0.438 0.93(0.76 1.12)
10997307 0.0409 0.77 (0.60--0.99) 0.4491 0.88 (0.62-1.24) 0.0528 0.82 (0.67 1.00)
12258078 0.0306 0.76 (0.59 0.97) 0.6752 0.93 (0.66 1.31) 0.0727 (.83 (0.68 1.02)
510822890 0.582 0.93(0.73 1.19 0.2816 0.84 (0.60 1.16) 0.3617 091 (0.75- 1.1 1)
713250 0.9234 0.99 (0.77 1.20) 0.0784 0.74 (1.54 1.03) 0.3245 091 (0.75 1.1

Allelic P-valucs and ORs. with 95% Cl in parcntheses. arc indicated. Boldface indicales statistically significant results (allelic P-values < 0.05). The
genotypic and allelic distributions are shown in the Supplementary Material, Table S2.
*All APOE genotypes (APOE-£272,2*3,2%4. 3°3. 3" 4 and 4*4) comprising thosc of 1526 LOAD patients (female. 1103; male, 423) and 1666 controls

(female, 998; male, 668).

"Non-carriers of the APOE-£4 allele (272, 2°3 and 3*3) comprising 749 LOAD patients (female, 522: control, 227) and 1378 controls (female, 827:

male, 551).

“Carriers of the APOE-g4 allele (274, 3*4 and 4*4) comprising 777 LOAD patients (female, 581; malc. 196) and 288 controls (female. 171; male, 117).

Because multiple SNPs may increase the risk of LOAD in
combination, we carried out a case—control haplotype analysis
(Table 6). In the Al set, haplotypes H! (permutation
P-value = 0.0029) and H3 (permutation P-value = 0.0043)
exhibited significant association in females. In both the
Negative-£4 and £3*3 sets, haplotypes H1, H2 and H3 exhib-
ited significance in females (permutation P-value
H1 < H2 < H3). In the All, Negative-e4 and £3*3 sets, the
frequency of haplotype H1 was decreased in LOAD,
suggesting it is a protective haplotype for LOAD. On the
other hand. haplotypes H2 and H3 were increased in LOAD,
implying that they are risk haplotypes for LOAD. In males,
each haplotype showed no significant difference in any
sample set.

Of the four sample sets of females, three showed significant

association in global tests: All (global permutation
P-value = 0.0006).  Negative-e4  (global  permutation

P-value = 0.0008), and £3°3 (global permutation
P-value = 0.001). We did not detect significance in any haplo-
type in the female sub-sample set Positive-e4 (global permu-
tation P-value = (.3323).

Relationship between the A40/42 ratio and genetic
variation on CT/VNA3

The levels of plasma AB40 and AB42 and their ratio (AR40/
42) were compared between LOAD patients (N = 456) and
control subjects (N = 147) within different gender groups
(Fig. 3A—C). The Mann-Whitney U-test was adopted as a
non-parametric method for this analysis. In both the female
and male groups, the AR40 levels (Fig. 3A) and AP40/42
ratio (Fig. 3C) were significantly higher in LOAD in compari-
son with those in controls. The AB42 levels were significantly
lower in LOAD compared with those in controls (Fig. 3B).



Table 5. Multiple logistic regression analysis

Variables® Category OR (95% CN
Model 1
4POFE &4 (- (Ref) 1.00
ed (+) 5.00 (4.20-5.96)"
CGiender Male (Ret) 1.00
Female ‘1.64 (1.38—-1.94)°
SNP 1:713250" TT (Reh) 1.00
TC . 113 (0.92--1.37)
cC 1.36 (1.08-1.71)*"
Age — 1.01 (1.00-1.02)*~*
Modct 2
APOE £4 (=) (Ref) 1.00
ad (+) 5.74 (3.62-9.10)
Gender Male (Ref) 1.00
Female 0.88 (0.62 1.26)
SNP 157132500 TT (Ref) 1.00
TC 0.81 (058 1.12)
cC 0.75(0.51 11
Age - 1.02 (1.01-1.03)*"
SNP rs713230_gender® Others (Ref) 1.00

TC Female
CC_Female

Age &4 (—) (Ref)
Age_ed (+)
Others (Ref)
Female_g4 (-+)

1.68 (1.12-2.54)*"
2.57 (1.59-4.17)
1.00

0.97 (0.95-1.00)* "
1.00

1.49 (1.03-2.15)"""

Age APOE

Gender_4POE

Ref, reference.

“P-value <0.001; *=P-value <0.01: " *P-valuc <0.05.
*_" significs the mteraction between variables.

*Global P-value <U0.05.

To determine whether or not the difference in the AB40/42
ratio between LOAD and the controls is due to the SNPs ident-
ified here, two-way ANOVA was performed across diagnosis
{LOAD and control) and three genotypic groups (imajor homo-
zygotes, heterozygotes and minor homozygotes) within differ-
ent gender and their combined groups (Fig. 3D-F). SNP
rs713250 was used as a representative of the seven associated
SNPs because it showed the most significant association
with  LOAD on  Mantel-Haenszel test (allelic
P-valueyy.p: = 0.000005945). as shown in Table 2. The log-
transformed AB40/42 ratio values [log.(AB40/42 ratio +- 1)]
were used in this analysis. Before two-way ANOVA. the Kol-
mogorov-- Smirmov (KS) normality test and Bartlett’s test for
equal variances were performed for the each dataset as to
gender. Almost every sub-group examined passed the KS nor-
mality test. Both the female—male (Fig. 3D) and female
(Fig. 3E) groups passed the Bartlett’s test, but not the male
group (Fig. 3F, P=0.01178). Through two-way ANOVA, a
significant effect of diagnosis was observed for every group
(P-values <0.0001). However. we did not detect any
genotype-dependent effect of this SNP on the AB40/42 ratio,
and no interaction between the SNP. AB40/42 ratio and
diagnosis.

DISCUSSION

In this study, we extended our previous work on chromosome
10q (26), and thoroughly reanalyzed the genotype data for
1140 SNPs in order to discover gender-related genetic loci
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for LOAD. In a single SNP-based case control study. we
found seven SNPs on CTNN.A3 showing genetic association
with LOAD in females with the APOE-£3%*3 genotype or
without the 4POEL-g4 allele. Furthernmore, multiple logistic
regression analysis revealed that one (SNP rs713250) of
these seven SNPs directly interacted with the female gender,
but not with the malc gender. and did not show any interaction
with the APOE-e4 allele at all. These are the first findings con-
stituting evidence that CTNNA 3 may affect the development of
sporadic LOAD through a novel female-specific mechanism
independent of the APOE-e4 allele. We consider the genetic
association identified here to reflect one single signal. The
reasons are: (1) the seven significant SNPs span only

.~38 kb and are clustered in intron 9 of CTANNA3 (Fig. 2A

and C), which suggests a multiple-hit genomic region of
SNPs associated with LOAD: (2) solid linkage disequilibrium
was observed between all of these seven SNPs (D' > 0.9)
(Supplementary Material, Fig. St): and (3) the associated
region was encompassed by a tight structured LD block
extending ~80 kb (Fig. 2B).

Janssens et al. (29.30) cloned full-length CTNNA3 cDNA as
a novel member of the a-catenin genc family and determined
its genomic structure. CTNNA3 contains 18 exons and spans
~1.78 Mb (67.35-69.13 Mb). being the longest of all genes
located on chromosome 10. The chromosomal location of
CTNNA3 is 10q21 (30), which includes the suggestive
linkage region between microsatellite markers D10S1227
(57.20 Mb) and DIOSI21] (66.39 Mb) in LOAD (24).
Ertekin-Taner er al. (23) found a linkage with a maximum
LOD score of 3.93 at 81 cM close to D10S1225 (64.43 Mb)
using the plasma AB42 level as a surrogate trait in a set of
LOAD families, and the same chromosomal region was ident-
ified by Myers et al. (24) by means of genome-wide screening
of sibling pairs with LOAD. To date. there have been six
papers on the genetic association of CTNNA3 with LOAD
(32-37). In the first report (32), it was demonstrated that
two SNPs located in intron 13 of CTNNA3 are associated
with familial LOAD with high levels of plasma A{B42,
which was used as an interimediate phenotype related to AD.
These intronic SNPs, spanning 423 bp. are rs12357560 and
rs7070570: the former lies 1174 bp upstream, and the latter
1597 bp downstream from exon 14, respectively. They are in
strong LD: D'=1 in all four populations, CEU, CHB, JPT
and YRI, used in the HapMap project (38). A genotype-
dependent correlation between SNP rs7070570 and the
plasma AB42 level has also been detected: the major homozy-
gote (TT) is associated with the highest level of AB42, the het-
erozygote (TC) with an intermediate level and the minor
homozygote (CC) with the lowest level (32). Martin ef al.
(34). found that SNP rs7074454 located in intron 13 of
CTNNA3, lying 355 bp upstream from SNP rs7070570, was
significantly associated with both familial and sporadic cases
of LOAD. Non-synonymous SNP rs4548513 (AGC — AAC.
Ser596Asn) located in exon 13 of CTNNA3, lying
175 721 bp upstream from SNP rs7070570, has been shown
to be associated with familial AD (37). All of these four
SNPs, rs7070570, rs12357560. rs7074454 and rs4548513, lie
in a genomic region extending from exons 13 to 14
(Fig. 2A). which has been shown to be located within a
large LD block spanning around 310 kb (67.43-67.74 Mb)
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Table 6. Case control haplotype analysis

Sample set. Gender  Number of subjecis  Haplotype! Frequency Number ot estimated alleles Permutation OR (95% CD
1.OAD  Control LOAD Cuontrol L.LOAD Control P-valuc (10 000)
All Fermale 1103 99% [H1C-A-T-T-T-A-T 04717 0.5174 104} 1033 0.0029 0.83 (0.74 0.94)
[H2]A-G-C-C-G-G-C  0.3592 03375 792 674 0.1538 110 (0.97 1.25)
[H3]A-G-C-T-T-G-C 0.1406 0.1110 310 222 0.0043 1.21 (109 1.57)
[HAJC-A-T-T-T-A-C 0.0196 0.0169 43 34 0.5632 1150073 1.81)
Others® 0.0089 0.0172 20 33 - —
Sum 10000 1.0000 2206 1996 . —
Global - — — -— 0.0006
Male 423 668 [HIC-A-T-T-T-A-T  0.5203 04973 448 604 0.145 114 (096 1.35)
[H2]JA-G-C-C-G-G-C  0.3344 0.3415 283 456 0.7739 097 (081 1.16)
[H3A-G-C-T-T-G-C  0.1179 0.1314 100 176 0.3927 0.88 (0.68 1.15)
[H4]JC-A-T-T-T-A-C  0.0084 0.0131 7 18 0.3117 0.61 (0.25 1.47)
Others® 0.01 60167 8 22
Sum 1.000O  1.0000  R46 1336 -
Global - 0.2273
Negative-s4  Female 522 827 [H1JC-A-T-T-T-A-T  0.4430 0.5228 462 865 < 0.0001 0.72 (0.62 0.85)
[H2]A-G-C-C-G-G-C  0.3888 0.3273 406 541 0.0008 131 (111 1.54)
[H3]A-G-C-T-T-G-C  0.1418 01132 148 187 0.0323 1.30 (1.02 1.63)
[H4]C-A-T-T-T-A-C  0.0206 0.0185 22 31 0.6661 113 (0.65 1.96)
Others” 0.0058 0.0182 6 30
Sum 1.0000  1.0000 1044 1654
Global 0.0008
Male 227 551 {HJC-A-T-T-T-A-T  0.5240 0.5039 233 550 0.5078 108 (0.87- 1.35)
[2JA-G-C-C-G-G-C  0.3479 0.3456 153 381 0.9532 101 (0.80 -1.27)
[U3]JA-G-C-T-T-G-C ~ 0.1167 0.1289 53 142 0.5618 089 (0.64 1.25)
Others” 00114 0.0216 3 3 -
Sum 10000 1.0000 454 1102
Global 0.7917
£33 Female 491 748 [H1JC-A-T-T-T-A-T  0.4363 0.5179 428 775 0.0002 0.72 (0.61  0.85)
[H2JA-G-C-C-G-G-C 0.3919 03305 385 494 0.0019 1.31 (1.11- 1.55)
[H3]A-G-C-T-T-G-C  0.1436 0.1151 141 172 0.0405 1.29(1.02 1.64)
[[13)C-A-T-T-T-A-C 00219 0.0178 22 27 04617 1.25(0.71 2.20)
Others® 0.0003 0.0187 6 28
Sum 10000 1.0000 982 1496
Global 0.001
Male 208 495 [HIJC-A-T-T-T-A-T  0.5214 04995 217 491 0.383 111 (088 1.39)
[H2)A-G-C-C-G-G-C  0.3459 0.3525 144 349 0.8585 0.97(0.76 1.24)
[H3]A-G-C-T-T-G-C ~ 0.1202 0.1300 50 129 0.6659 0.9) (0.64 1.29)
Others® 0.0125 0.0220 5 21
Sum 10000 1.0000 416 990 - -
Global — —_ 0.8879
Positive-e4  Female  S81 171 [H1]JC-A-T-T-T-A-T 04976 0.4907 577 168 0.9006 102 (0.80 1.30)
[H2)A-G-C-C-G-G-C 03327 0.3870 387 132 0.0799 0.79 (0.62 1.02)
[H3JA-G-C-T-T-G-C  0.1396 0.1009 1062 35 0.0797 1.42 (096 2.09)
[H4]C-A-T-T-T-A-C  0.0187 0.09 22 3 0.2313 2.18(0.65 7.33)
Others® 0.0114 0.0124 14 4
Sum 10000 1.0000 (162 342 - -
Global — - - - 0.3323
Male 196 117 [IC-A-T-T-T-A-T  0.5350 0.4638 210 ) 0.0961 320090 1.8
[I12]A-G-C-C-G-G-C 0.3188 0.3238 125 76 0.934 0.97 (0.69 1.2R)
[M3)A-G-C-T-T-G-C  0.1192 0.1450 47 34 0.3988 0.80 (0.50 1.29)
[H4]C-A-T-T-T-A-C  0.0129 0.0310 5 7 0.1429 0.42 (013 1.34
Others” 00134 0.0355 5 8
Sum 1.0000  1.0000 392 234
Glohal 0.0728

Suatistically significant haplotypes and permutation P-values are highlightedsin bold.
*The SNP order. from left to right, is as follows: 157909676, rs2394287, rs4459178, 510997307, rs12258078. rs10822890 and rs713250.
"Haplotypes with frequencies <<0.01 in both LOAD and control subjects.

in CEU subjects (37) (Supplementary Material. Fig. S2). They of familial LOAD in Caucasians. We also assessed thesc
have a tendency to exhibit selective association with familial four SNPs and SNPs neighboring them in our Japanese spora-
rather than sporadic LOAD (32,35,37). Therefore, it is likcly dic LOAD subjects, however, none of these SNPs exhibited
that the large LD block region contributes to a specific form  significant association (data not shown). In the genomic
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Figure 3. Comparison of the plasma levels of AB40 and AB42, and the AR4(/42 ratio. The differences in the relative amounts of AB40 (A) and AB42 (B). and
the AB40/42 ratio (C) werc compared between LOAD patients and controls by means of Mann—Whitney’s U-test within different gender groups. (D, E, F)
Correlation between the AB40/42 ratio, an associated SNP on CTVNA43, and the diagnosis (LOAD or control). Using log-transfonned A{340/42 ratio values,
two-way ANOVA tests were performed after Bartlett's test for the homogeneity of variances and the KS nonmality test. The results for SNP rs713250 are pre-
sented here as being representative of the seven associated SNPs identified in this study. The horizontal line inside cach box denotes the median value. The box
extends from the 25th and 75th percentiles. The error bars extend down to the lowest value and up to the highest. Genotypes CC. CT and TT represent major-
allele homozygotes, heterozygotes and minor-allele homozygotes, respectively.
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region including the-four SNPs. different LD block structures
were observed in Japanese and CEPH subjects (Fig. 2B and
Supplementary Material, Fig. S2). As one of the reasons why
reproducible association could not be detected for these four
SNPs. we mainly consider that an ethnic difference may exist.

High-level gene expression of CTNNA3 is detected predo-
minantly in heart and testis, and low-level expression in
several tissues including brain (29). Coimmunoprecipitation
analysis revecaled that CTNNA3 binds directly to B-catenin
in both a human cell line transfected with CTNNA3 ¢DNA,
and heart and testis tissuc extracts of mouse (30). -Catenin
forms a complex with presenilin 1 (PSENI) (31,39,40),
mutations of which cause familial cases of early-onset AD
(EOAD) [Alzheimer Disease & Frontotemporal Dementia
Mutation Database (AD&FTDMDB). http://www.molgen.ua.
ac.be/ADMutations/]. The expression level of B-catenin is
reduced in the brains of EOAD patients with PSEN/ mutations
(31). Intracellular trafficking of B-catenin is affected in human
cells bearing PSENT mutations (4 1), resulting in sustained loss
of Wnt/B-catenin signal transduction, which is probably fol-
lowed by the onset and development of AD (42.43). Although,
at present, there is no direct ecvidence suggesting that
CTNNA3 interacts with PSENI, it is assumed that their
genetic polymorphisms or combinations in CTNNA3 may
have a negative influence on the Wnt/B-catenin signaling
pathway. leading to potential involvement in the pathogenesis
of AD. In this study, it was clarified that seven intronic SNPs
on CTNNA43 were significantly and reproducibly associated
with sporadic female cases of LOAD without the 4POE-g4
allele. Intronic variants are considered to have the potential
to directly affect gene-expression levels in some cases (44);
therefore, we performed quantitative real-time RT-PCR
analysis of CTNNA3 using the postmortem brains of 19
neuropathologically-confirned LOAD cases and 22 control
ones. Two-way ANOVA revealed that there was no statisti-
cally significant interaction between the CTNNAJ3 expression
level, the associated SNPs identified here and the diagnosis
(data not shown). Additionally, although a genotype-
dependent transition effect on the plasma AP42 level was
observed for intronic SNP rs7070570 by Ertekin-Taner et al.
(32), it was found that none of thcse SNPs influence the
plasma levels of AR peptides (Fig. 3D-F).

However, interestingly, by means of a search of a public
genome database, the Database of Genomic Variants (http://
projects.tcag.ca/variation/), we discovered that there is copy
number variation (CNV) (45) in the genomic region compris-
ing the seven associated SNPs on CTNNA3: variation ID 3807
at Locus 2128, which was detected in a Japanese subject (ID.
NA18973) (Fig. 2A). CNV, i.e. deletion, insertion and dupli-
cation with >1kb in length of the genomic sequence (46),
rather than SNP could cause phenotypic diversity and
complex diseases in humans by altering the gene dose or
disrupting the coding or regulatory sequences of genes, and
may account for the LOAD susceptibility. Regarding our
LOAD subjects, we did not examine the presence or absence
of CNV within CTNNA3. Therefore, in a further study, it is
very important to determine whether or not CNV in
CTNNA3 1s associated with LOAD. '

Recently, in LOAD families, notable evidence was obtained
suggesting a maternal parent-of-origin effect on chromosome

10q between microsatellite markers D10S1233 (44.05 Mb)
and DI10S1225 (64.43 Mb) with a non-parametric LOD
score > 1.0: the highest LOD score of 3.73 was seen for micro-
satellite marker D10S1221 (57.20 Mb) (27,28). Moreover, it
was found that CTNNA3 is subject to genomic imprinting
with cell-type specificity in placental tissues: biallelic and
monoallelic (maternal-allele) expression is observed in extra-
villus and villus trophoblasts, respectively (47). Mouse
Ctnna3 (Clonc 1D 4933408A16 on FANTOM?2), orthologous
to human CTNNA3, has been deposited as a maternal imprint-
ing gene on chromosome 10 in the Expression-based Imprint
Candidate Organizer DataBase (48; EICO DB. htp://
fantom2.gsc.riken jp/EICODB/imprinting/).  provided by
RIKEN (Japan). These findings led us to examine whether
or not CTNNA3 shows allele-specific expression caused by a
molecular mechanism such as genomic imprinting in the
brain. We conducted real-time RT-PCR analysis with
allele-specific amplification using postmortem human brains
heterozygous for non-synonymous SNP rs4548513 in exon
13 [LOAD. 7 (female:male = 3:4); control, & (female:
male = 3:5)]. Unexpectedly, biallelic expression was detected
in brain tissues, and there was no significant difference
between LOAD patients and control subjects in the expression
level of (TNNA3 (data not shown). Since as in placental
tissues. as described above, it is possible that cell-type depen-
dent imprinting for CTNNA3 may occur in the brain, further
expression analysis should be carefully carried out using
homogeneous populations of specific cells from brain
tissues. Now genome-wide prediction and the discovery of
imprinted genes have progressed (49.50)), and 600 {2.5%) of
23 788 annotated autosomal genes have been found to be
potentially imprinted in the mouse genome by computational
estimation: 384 (64%) of these candidate-imprinted genes
show maternal-allele expression (50). It is expected that
failure of imprinted gene expression in the human brain may
lead to cognition and behavior defects such as Alzheimer's
diseasc, schizophrenia, the bipolar affective disorder and epi-
lepsy (51-53). Therefore, it is important and interesting to
actively examine imprinted genes present in the genctic
linkage region of LOAD.

MATERIALS AND METHODS
Subjects

The Japanese Genetic Study Consortium for AD (JGSCAD)
was organized in 2000, and blood samples were collected to
survey risk genes for LOAD by means of a genome-wide
association study. All individuals included in this study were
Japanese. Probable AD cases met the criteria of the National
Institute of” Neurological and Communicative Disorders and
Stoke-Alzheimer’s Disease and Related Disorders. Control
subjects who had no signs of dementia and lived in an unassisted
manner in the local community were also recruited. Age at onset
(AAO) is here defined as the age at which the family and/or
individuals first noted cognitive problems during work or
in daily activities. The Mini-Mental State Examination
(MMSE). and Clinical Dementia Rating and/or the Function
Assessment Staging were used for the evaluation of cognitive
impairment: MMSE was used for almost every subject.



The basic demographics of the LOAD patients and non-
demented control subjects are presented in Table 1. A total
of 3192 subjects comprising 1526 LOAD patients [female.
1103 (72.3%); male, 423 (27.7%)] and 1666 controls
{female, 998 (59.9%); male, 668 (40.1%)], which is referred
to as overal] sample set All in this study, were used to discover
gender-related loci associated with LOAD on chromosome
10q: information on these subjects was also presented in our
recent paper, Kuwano er a/. (26). The mean AAO =+ standard
deviation (SD) in the 1526 LOAD patients was 73.5 + 6.6
(range 60-93). The mean age at examination- (AAE) + SD
of the control subjects was 73.1 + 7.8 (range 60-96). There
was no significant difference between AAO in LOAD patients
and AAE in control subjects with the unpaired Student’s r-test
(P-value = 0.1239). The mean MMSE score in the 1526
LOAD patients was 16.5 (SD 7.0), which was significantly
lower (P-value with unpaired Student’s #-test <0.0001) than
that in the 1666 controls (mean + SD 28.0 + 1.8). The
numbers (frequency) of APOE-£2"2, £2¥3, 2°4. £3*3. €34
and £4*4 1n the 1526 LOAD subjects were | (0.07%), 49
(3.21%). 17 (1.11%). 699 (45.81%). 613 (40.17%) and 147
(9.63%). and those in the 1666 control subjects were 3
(0.18%), 132 (7.92%), 15 (0.90%), 1243 (74.61%), 256
(15.37%) and 17 (1.02%). The allelic distribution of 4POE
was significantly different between LOAD patients (g2, 68:
€3, 2060: £4. 924) and control subjects (£2, 153; 3, 2874;
4. 305). as expected (P-value with x? test using a 2x 3 con-
tingency table, <0.0001).

The present study was approved by the Institutional Review
Board of Niigata University and by all participating institutes.
Informed consent was obtained from all controls and appropri-
ate proxies for patients, and all samples were anonymously
analyzed for genotyping.

SNPs and genotyping

SNP information was obtained from five open databases; NCBI
dbSNP  (Build 125, http://www.ncbi.nlm.nih.gov/SNP/),
UCSC Genome Bioinformatics (http:/genome.ucsc.edu/),
International HapMap Project (Rel#20/phasell on NCBI
Build 35.1 assembly and dbSNP Build 125, http//www.
hapmap.org/index.html). Ensemble Human (Version 37 on
NCBI Build 35.1, http://www.ensembl.org/lHomo_sapiens/)
and Cclera myScience (Version R27 g on NCBI Build 35.1,
http://myscience.appliedbiosystems.com/). We selected 1322
SNPs in the region from 60 to 107 Mb on chromosome 10q;
mean intermarker distance + SD, 34.9 + 87.4kb: 95% CI,
30.2-39.6 kb. The information on all SNPs, including rs or
Celera IDs and genomic positions on NCBI build 35.1, used
here was presented in detail elsewhere (26). These SNPs con-
sisted of 29 missense mutations, 27 silent mutations, 6 SNPs in
the 5'-UTR, 29 SNPs in the 3'-UTR, 921 SNPs in introns, 282
SNPs in intergenic regions and 28 SNPs in four loci shared by
two different genes (CTNNA3/LRRTM3, CDH23/CI0orf54,
Cl0orf55/PLAU and PGAMI/EXOSCI). Among the 1322
SNPs, 28 SNPs could not be genotyped. To examine deviation
from HWE of 1294 SNPs, exact tests (details given under Stat-
istical analysis) were performed with both 363 LOAD patients
and 337 control subjects (carrying APOE-£3*3 in the explora-
tory sample set, as shown in Table 1). We used 1140 SNPs
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that were shown to be actually polymorphic in the Japanese
population and showed P-values >0.05 with the exact tests;
mean intermarker distance + SD, 40.5 + 96.7 kb; 95% (1,
34.9-46.1 kb.

Genomic DNA was extracted from peripheral blood with a
QlAamp DNA Blood Maxi Kit (Quagen. Duseldorf, Germany)
and examined fluorometrically with a PicoGreen dsDNA
quantification kit (Molecular Probes, California, USA). SNP
genotyping of individual samples was performed with an
ABI PRISM 7900HT instrument using TagMan technology,
and TagMan SNP Genotyping Assays were purchased from
Applied Biosystems (California, USA).

Case—control study

To discover gender-related genetic loci on chromosome 10g
(60~107 Mb on NCBI build 35.1). allelic association was
assessed by means of the x? test based on a 2x 2 contingency
table in comparison with allele frequencies in LOAD patients
and control subjects within different gender groups. For
screening, two independent sample sets. Exploratory and Vali-
dation, comprising case—control subjects with 4POE-g3"3
were first used after being stratified as to gender (Table 1).
Sample set Exploratory comprising 363 LOAD patients and
337 control subjects was genotyped (26), and SNPs showing
significant association (allelic P-value <0.01) were then
subjected to further examination using another sample set,
Validation, comprising 336 LOAD patients and 372 contro]
subjects. Multistage, including two-stage, genotyping designs
for large-scale association surveys have been proved to be
practically as well as theoretically effective for identifying
comimon genetic variants that predispose to human disease
(54-58). Therefore, we considered that replication in both
the Exploratory and Validation sample sets implicates an
association of particular SNPs with LOAD.

Subsequently, for stratified analysis we increased the
number of subjects and constructed an overall sample set.
All. Furthermore, to construct three sub-sample sets. overall
sample set All was stratified as to the 4APOE carrier status:
Negative-e4, APOE-¢ 2*2, 2*3 and 3*3; €373, APOE-¢ 3*3;
Positive-e4, APOE-g 2*4., 3*4 and 4*4 (Table 1). The
sample numbers for LOAD patients and controls in All
Negative-e4, £3*3 and Positive-e4 were 1526 and 1666, 749
and 1378. 699 and 1243, and 777 and 288, respectively.
These four sample sets were used for the x? test after being
sub-grouped as to gender.

Case~control haplotype analysis with significant SNPs was
also performed using the following sample sets: Al
Negative-e4, £3*3 and Positive-g4. These four sample sets
were used after being stratified as to gender.

AB40 and AB42 quantification

For AB40 and AB42 quantification, 603 subjects consisting of
456 LOAD patients (female, 332; male, 124) and 147 control
subjects (female, 95; male, 52) were used. They are included
in the All set. The sandwich enzyme-linked immunosorbent
assay (59-61) was used to specifically quantify whole
plasma AB species. The standardization, sensitivity and speci-
ficity of the method were described in a previous paper (61).
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Briefly, microplates (Immunoplate [ Nunc. Rockilde,
Denmark) were pre-coated with monoclonal BNT77 (IgA
1sotype specific for AB11-16) and then sequentially incubated
for 24 h at 4 C (100 pl of whole plasma/well), followed by
241 incubation a1 4°C  with  horseradish-peroxidase-
conjugated BA27 (anti-AB1-40, specific for AB40) or BCO5
(anti-AR35S 43. specific for AB42). Color was developed
with 3,3',5.5'-tetranmtethylbenzidine and evaluated at 450 nm
with a microplate reader (Molecular Devices. CA). Synthetic
AB40 and AB42 (Sigma, St Louis, MO) of known concentration
(estimated from the amino acid composition) were-uscd as stan-
dards. The plates were normalized as to each other by inclusion
of three standard plasma samples on all plates.

Statistical analysis

Allele frequencies were calculated by allele counting. To
evaluate deviation from the HWE of each SNP marker, we
carried out an exact test (62) based on the probability of occur-
rence of genotypic contingency tables with fixed total numbers
of alleles within each sample set (LOAD patients and controls
included in two screening sets, Exploratory and Validation).
For single SNP case—control analysis. the allelic distributions
in LOAD patients and controls were compared by means of
x> tests via standard 2x2 contingency tables. Evidence of
replication. rather than multiple testing corrections. was used
to evaluate the significance of associated SNPs. To compre-
hensively assess the reproducible SNPs, we conducted a
Mantel—-Haenszel test, where Exploratory and Validation
samples in our case—control study were considered as the
strata (63). and computed pooled ORs with 95% CI and
P-values from Mantel—Haenszel statistics (Statcel 2; OMS,
Tokyo, Japan). Estimation of haplotypes and their frequencies
was carried out for LOAD patients and controls separately by
the maximum-likelthood method from unphased diploid geno-
type data using an EM algorithm (64) with the following par-
ameters: iteration counter, 5000; conversion criterion,
0.000001. To assess the differences in haplotype distribution
between LOAD patients and controls, a permutation test
(65) was performed. In this test. all permutation P-values
were empirically computed using 10000 iterations of
random sampling with fixed total numbers of both LOAD
and control subjects. OR (95% CI), as an estimate of the rela-
tive risk of disease, of each marker or haplotype was calcu-
lated from a 2x2 contingency table. For all statistical
methods mentioned above, except the Mantel-Haenszel test,
we used SNPAlyze software versions 3.2.3 or 6.0.1
{DYNACOM, Chiba, Japan: http://www.dynacom.co.jp/). For
calculation of LD measures {D’) and LD block definition by
Gabriel ef al.’s method (66), we used Haploview version 3.32
(67, http://www.broad.mit.edu/mpg/haploview/index.php).
Using SPSS version 13.0 software (SPSS, Chicago, USA),
multiple logistic regression analysis (Table 5} was performed
to reveal the effects of the APOE-e4 [non-carrier of the g4
allele (£2*2, £2*3 and &3*3)/carrier of the &4 allele (£2*4,
€3*4 and e4*4)], gender (male/female), age and significant
SNPs identified here (major-allele homozygote/heterozygote/
minor-allele homozygote) on the risk for LOAD as well as
their second-order interaction terms. The strength of associ-
ation between these variables and disease status (control/

LOAD) was evaluated with ORs with 95% CI. based on
Wald statistics. We examined the four variables by means of
a two-step multiple logistic regression analysis according 1o
Akazawa er al. (68). In order to cxamine which variables
explain an association with LOAD independently, we initially
carried out stepwise logistic regression analysis (forward
selection method) without interaction terms. A significance
level of 0.05 was used to enter a variable in the model.
Through this analysis. the following multiple logistic
regression model was fitted (Model 1 in Table 5): log(r/
(1=P)=a+ BXl + B-X2+ B3X3 + BsX4.  where P
denotes the probability of having LOAD, « is the intercept,
B: repiesents the estimated parameters and Xj the independent
variables (X1. APOE-¢4. X2, gender: A3, age; X4, SNP). We
next analyzed the four variables including their second-order
interaction terms (SNP_gender, SNP_4POE-e4, SNP_age.
gender_4POE-e4, gender_age and age_4POFE-g4) by means
of a forward stepwise regression method with a significance
level of 0.05 for the inclusion of a variable in the model. As
a result, the following model was fitted (Model 2 in
Table 5):  log(P/1 — P))= a+ BXI + BX2 + BX3 +
BaXA + BsX5 + BeX6 + B-XT7. where P denotes the prob-
ability of having LOAD, a is the intercept. B, represents the
estimated parameters and Xj the independemt vanables (X1,
APOE-e4; X2, gender: X3, age; X4, SNP; X5, SNP_gender:
X6, gender_APOE-e4: X1, age_APOE-e4). Subjects with
undetermined SNP genotype data were omitted for multiple
logistic regression analysis.

The Mann—Whitney U-test was applied to compare differ-
ences in the levels of AB40 and APB42, and their ratio
(AB40/42) between LOAD patients and controls (Prism
4.0b; GraphPad Software, CA. USA). After Bartlett’s test
for the homogeneity of variances (Statcel 2} and the KS nor-
mality test (Prism 4.0b). the effects of three SNP genotypes
(minor-allele homozygotes, heterozygotes and major-allele
homozygotes) in three sub-groups stratified as to gender
(female—male mixture, female or male). were examined as to
levels of the plasma AB40/42 ratio using two-way ANOVA
(Prism 4.0b). To create more normally distribuied datasets,
the APB40/42 ratio was subjected to log transformation
[log2(AB40/42 ratio + 1)} before the two-way ANOVA.

The statistical significance was set at P < 0.05.

SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG Online.
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