Of the 254 patients with PD identified in the second in-
vestigation, 34 (13.4%) were not diagnosed during the first
investigation in Yonago. The H&Y scale score and mean
duration of illness were significantly lower in the second
investigation than in the first. We found many mild cases,
and we could calculate the higher prevalence by perform-
ing the investigation twice. Two of the 34 patients were
only diagnosed after sustaining a fracture, although their
fractures might have been prevented, had the diagnosis
been made earlier and adequate treatment and manage-
ment been provided. Patients with apparent motor dys-
function should therefore receive detailed neurological ex-
aminations to detect PD, if present, in the early stages.

When we compared the results of the two areas over
the same period, we found that the age- and sex-adjusted
prevalence of PD in Daisen (192.6), in comparison with
Yonago (166.8), was increased by 13.4% (25.8/192.6). In
principle, variations in prevalence of PD may represent
differences in environmental, geographic, and genetic
factors, as well as diagnostic criteria, recognition of PD,
and methods used in studies [3, 7, 20]. In our studies, the
diagnostic criteria and recognition of PD were consistent,
hence the observed difference in prevalence was more
likely related to method. Service-based studies may not
include patients who have not sought medical attention,
and may thereby underestimate the prevalence of PD. As
reported by the Europarkinson group, this underestima-
tion may vary from 11 to 52% [21]. The difference in prev-
alence might also reflect a difference in population dy-
namics. Daisen had an aging and decreasing population.
In contrast, Yonago similarly had an aging, but increas-
ing population. Since Yonago is an urban area and Dai-
sen is rural, environmental factors such as exposure to

References

pesticides and herbicides might also have had an effect
[13-15]. Although we described slight differences be-
tween these two areas, they are closely adjacent and show
very similar environmental profiles. In Daisen, 9.5% of
patients refused medical treatment, and the service-based
study did not reveal this number, even in an area of pres-
ent-day Japan with raised awareness of PD. This percent-
age may change as inhabitants gain broader access to
medical education. Eighteen percent of inhabitants in
Daisen did not respond to the questionnaire, which may
have further obscured the true prevalence of PD.

Conclusion

We found both higher prevalence and incidence of PD
in this study than in our previous studies. Our results
suggest that these increases in prevalence and incidence
of PD may primarily reflect the aging of the study popu-
lation and increasing opportunities for diagnosis. Early
detection of PD will lead to a better quality of life for pa-
tients with this disease through earlier intervention and
education.
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Background and purpose: We investigated dementia in patients with multiple system
atrophy (MSA) in order to characterize the prevalence and nature of impairments in
these patients.

Methods: Fifty-eight MSA patients were recruited in our institution between April
1996 and December 2006 and investigated.

Results: Of 58 patients, 10 were diagnosed with dementia. There were no significant
differences in age at onset, gender, duration of disease, or severity of cerebellar dys-
function between patients with and without dementia. The early and delayed heart to
mediastinum (H/M) ratios obtained with '**I-metaidobenylguanidine (MIBG) cardiac
scintigraphy were significantly decreased in patients with dementia compared with
those without dementia. Of the 10 patients with dementia, three were found to have
cognitive decline that preceded onset of motor symptoms. White matter lesions were
evident in these patients, whilst frontal atrophy was prominent in patients whose
cognitive decline was preceded by onset of motor symptoms.

Conclusions: Dementia in patients with MSA may be more common than previously
thought, furthermore, we speculate that clinical features of dementia in these patients

might be heterogeneous.

Introduction

Multiple system atrophy (MSA) is a sporadic progres-
sive neurodegenerative disease, characterized clinically
by combinations of ataxia, pyramidal signs, parkin-
sonism, and autonomic dysfunction. MSA is separated
into two major clinical subtypes: MSA-P (striatonigral
degeneration) with predominant parkinsonian features
and MSA-C (olivopontocerebellar atrophy) with pre-
dominant cerebellar ataxia. Inclusion of autonomic
dysfunction, common to all forms of MSA and referred
to previously as Shy-Drager syndrome, has been dis-
couraged in the consensus criteria [1]. Neuropathology
significantly affects subcortical areas; most specifically,
the gray matter of the substantia nigra, striatum, infe-
rior olivary nucleus, pontine nuclei, and cerebellum [2].
The histological hallmark is the presence of glial cyto-
plasmic inclusions (GCI) in oligodendroglia: Demon-
stration is required for a definite diagnosis [3]. Neuronal
and astroglial cytoplasmic inclusions of similar com-
position are found in many brain areas. Recently, it was
reported that the main components of these inclusions
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were a-synuclein, and MSA is now classified amongst
the ‘o-synucleinopathies’ along with Parkinson’s disease
(PD) and dementia with Lewy bodies. Accumulation of
o-synuclein in patients with MSA is also found in
neuronal cell bodies and processes in several brain re-
gions [4-7].

The frequency of cognitive impairment is 20-40% in
patients with clinical MSA, although general intellec-
tual dysfunctions such as dementia are excluded from
criteria for diagnosis of MSA [1,8,9]. Reports suggest
that cognitive impairment in patients with MSA in-
volves the frontal lobe, presenting as frontal-executive
dysfunction rather than impairment of memory [10-15].
However, cognitive dysfunction in these patients is not
fully understood. In this research, we clinically evalu-
ated hospitalized patients with MSA cared for by our
department in order to clarify clinical features, espe-
cially those regarding dementia.

Methods

Participants

Participants were 58 patients with MSA who were
admitted to the Department of Neurology, Tottori
University Hospital, Japan between April 1996 and
December 2006. Patients were diagnosed with possible
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or probable MSA according to the consensus criteria,
excluding criteria of dementia because that has not been
adopted into any formal criteria for MSA with
dementia. Patients were examined by at least two neu-
rologists board-certified by the Japanese Neurological
Society. We used the International Cooperative Ataxia
Rating Scale (ICARS) [16] and the Mini Mental State
Examination (MMSE) for all patients. A complete
neurological examination was also performed for all
patients, including blood analysis, cerebrospinal fluid
studies, and imaging of the head with magnetic reso-
nance imaging (MRI). All MRI studies were performed
on either 1.5-T or 3.0-T units. T1- and T2-weighted
images and fluid attenuated inversion recovery se-
quences were obtained. Definitions and gradings of
cerebral atrophy, especially frontal lobes were qualita-
tively estimated by two neurologists blind to the clinical
findings. White matter hyperintensities severity ratings
were attained from T2-weighted images according to
the Fazekas scale [17]. Twenty-seven patients also
underwent '*’I-meta-iodobenzylguanidine (MIBG)
myocardial scintigraphy. Demographic features of pa-
tients are shown in Table 1.

Clinical diagnosis of MSA was based on consensus
criteria excluding dementia [1]. Diagnosis of dementia
was based on the Diagnostic and Statistical Manual of
Mental Disorders, fourth edition-revised (DSM-IV)
criteria, scored 21.0 on the Clinical Dementia Rating
scale [18] and scored <24 on MMSE. All participants
described in this study were approved by the Ethics
Review Committee of School of Medicine, Tottori
University and informed consent was obtained from
each subject.

Statistical analysis

Data analysis was conducted with spss for Windows
(version 15; SPSS Inc., Chicago, IL, USA). Results are

Table 1 Comparison of clinical features between multiple system
atrophy (MSA) patients with and without dementia

MSA without MSA with

dementia dementia

n=17 n =10 P-value
Age at evaluation (year) 59.8 + 8.1 643 + 6.8 0.145
Age at onset (year) 56.2 + 8.2 60.4 + 6.5 0.258
Gender (M/F) 6/11 4/6 0.178*
Disease duration (year) 32 +21 39 £ 16 0.523
ICARS 41.5 = 15.6 49.6 + 22.6 0.419
MMSE 279 + 23 213 £ 23 <0.001
Early H/M ratio 229 + 0.26 1.78 + 0.31 0.001
Delayed H/M ratio 230 + 0.34 1.62 + 0.46 0.003
Washout rate 273 £ 535 38.2 £ 9.70 0.018

P-value: Mann-Whitney U-test. *Chi-squared test; H/M, heart to
mediastinum.

presented as the mean =+ standard deviation, Com-
parison of means was performed using the
Mann—-Whitney U-analysis for independent samples.
Categorical variances were examined using the
chi-squared test. A P-value <0.05 was accepted as
significant. Differences in heart to mediastinum (H/M)
ratios between groups were evaluated using analysis of
covariance (aNcova) adjusted for patient age as the
covariate.

Results

Demographics of patients

Of all 58 patients, 49 (84%) were classified as MSA-C,
nine patients (16%) were classified as MSA-P. Ten
patients with MSA (17%) were diagnosed with
dementia. All patients with dementia were clinically
diagnosed as MSA-C type and have not experienced
visual hallucinations.

Comparison of '2|-MIBG cardiac scintigraphy between
patients with and without dementia

We evaluated '*I-MIBG cardiac scintigraphy in 27
patients, including 10 patients with dementia and 17
patients without dementia. Demographic features of
these patients are shown in Table 1. Whilst age at onset,
gender, disease duration, and severity of ataxia
(ICARS) did not differ between groups, the early and
delayed H/M ratio of '*-MIBG cardiac scintigraphy
were significantly decreased in patients with dementia
compared with those without dementia.

Clinical features of patients with dementia

The clinical features of MSA patients with dementia
are shown in Table 2. Whilst seven patients were
found to have cognitive decline preceded by ataxia,
three patients had dementia develop within 1 year
prior to onset of ataxia. The latter three patients were
initially diagnosed as dementia with Alzheimer type
(DAT).

The seven patients (cases 1-7) whose dementia
occurred after onset of ataxia showed mild or moderate
frontal lobe atrophy by MRI and decreased regional
cerebral blood flow (rCBF) in the frontal lobe by
SPECT, but none had cerebral white matter lesions
by MRI. In contrast, the latter three patients (cases 8—
10), whose dementia developed before onset of ataxia,
had both moderate or severe cerebral atrophy and
cerebral white matter lesions. Clinically, disorien-
tation was more severe in these three patients than in
the other seven patients. Clinically, memory

© 2009 The Author(s)
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Table 2 Summary of multiple system atrophy patients with dementia
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Onset Disease Initial Frontal lobe WMH H/M ratio
Case Gender age duration symptom ICARS MMSE atrophy severity (early/delayed)
1 F 71 2 Ataxia 32 23 + - 1.88/1.72
2 F 52 2 Ataxia 45 24 + - 1.73/1.43
3 F 54 3 Ataxia 33 22 + - 2.04/2.29
4 M 53 3 Ataxia 49 21 ++ - 1.61/1.38
5 M 62 5 Ataxia 53 20 + - 1.82/2.09
6 F 58 6 Ataxia 90 23 ++ + - 1.34/1.04
7 M 59 7 Ataxia 71 21 + + - 1.43/1.13
8 F 58 3 Dementia 23 18 + + + + 2.06/1.58
9 M 64 4 Dementia 94 9 ++ ++ 1.47/1.21
10 F 69 6 Dementia 34 18 ++ + +++ 2.38/2.37

Gradings of frontal lobe atrophy were estimated qualitatively; +: slight, + +: moderate, + + +: severe, white matter hyperintensities (WMH)
severity ratings were attained according to the Fazekas scale; —: grade 0, +: grade 1, + +: grade 2, + + +: grade 3; ICARS, International
Cooperative Ataxia Rating Scale; MMSE, Mini Mental State Examination; H/M, heart to mediastinum.

impairment and disorientation in the same three
patients were more severe than seen in the other seven
patients.

Representative cases

Case 7

The patient was a 66-year-old man with no family
history of neurological disease and no history of major
illness. He presented initially with gait disturbance and
orthostatic hypotension at age 59 years and was diag-
nosed with MSA by a neurologist. The following year,
he gradually developed dysarthria, ataxia and neuro-
pathic bladder, and his family detected cognitive
impairment. At age 62 years, he was admitted to our
hospital, where he presented with ataxia, extrapyrami-
dal signs, and dysautonomia. ICARS score was 36
points and MMSE score was 24 points. At age 65 years,
his ICARS score was 71 points, MMSE score was 21
points, and intelligence quotient was 71 (VIQ 83, PIQ
60) with the Wechsler adult intelligence scale-revised
(WAIS-R) and 10 points in frontal assessment battery.
His lowest scored category in MMSE and WAIS-R was
attention, calculation, and verbal frequency. MRI study
disclosed typical findings of MSA such as severe cere-
bellar and pontine atrophy with the so-called ‘hot cross
bun sign’ and moderate frontal lobe atrophy [Correc-
tion added after online publication 31 March 2009: in
the preceding sentence, ‘burn’ was corrected to ‘bun’].
PmTc-ECD SPECT image revealed moderate decline
of rCBF in the frontal lobe (Fig. 1). H/M ratio in '»I-
MIBG cardiac scintigraphy was 1.43/1.13 (early/de-
layed phase). Symptoms continued to progress gradu-
ally and he became bed-ridden at age 65 years.

Case 9

The patient was a 75-year-old man with no family
history of neurological disease who had a several-year

© 2009 The Author(s)

history of diabetes mellitus. At age 69, he had devel-
oped episodic memory impairment and disorientation;
he was diagnosed with DAT by a neurologist. At this
time, mild bilateral temporal atrophy was detected by
MRI, whereas no cerebellar or pontine atrophy was
evident. At age 70, gait disturbance gradually devel-
oped and he was admitted to our hospital. He was
diagnosed with MSA based on the presence of severe
ataxia, parkinsonism, and dysautonomia. He showed
severe episodic memory impairment, disorientation,
and constructional apraxia. MRI revealed typical
MSA findings and moderate fronto-temporal lobe
atrophy. Furthermore, there were moderate leukoara-
iosis in deep white matter around anterior and pos-
terior horn of lateral ventricles. **mTc-ECD SPECT
image revealed severe decline of rCBF in the frontal
and temporal lobes (Fig. 2). His ICARS score was 80
points. With cognitive assessment, he was found to
have an MMSE score of 15 points and WAIS-R IQ of
62 (VIQ 76, PIQ 54). His lowest scored category in
MMSE and WAIS-R was not only attention, calcu-
lation, and verbal fluency, but also severe disorienta-
tion. His symptoms progressed gradually and he
became bedridden at age 72 years. At that time,
ICARS score was 94 points and MMSE score was 9
points. H/M ratio in '*’I-MIBG cardiac scintigraphy
was 1.46/1.12 (early/delayed phase). His symptoms
continued to progress gradually and he died suddenly
at age 73 years.

Discussion

In this study, we documented dementia in a significant
proportion of patients with MSA in our hospital.
Dementia is included in exclusion criteria in the con-
sensus criteria for MSA. Of our patients, 10 (17%) were
diagnosed with dementia. We classified two types of
MSA with dementia. One group (cases 1-7) had

Journal compilation © 20038 EFNS European Journal of Neurology 16, 589-594
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Figure 1 Neuroimaging studies at case 7. (a—d) Magnetic resonance imaging (MRI) revealed severe cerebellar and pontine atrophy with
the so-called ‘hot cross bun sign,’ moderate fronto-temporal lobe atrophy [Correction added after online publication 31 March 2009: in the
preceding sentence, ‘burn’ was corrected to ‘bun’]. White matter lesions were not noted. (e, f) 99mTc-ECD SPECT image showed

moderate decline of regional cerebral blood flow in the frontal and temporal lobes. (a, ¢) T1 weighted MRI image. (b, d) T2 weighted MRI

image.

dementia that was preceded by development of ataxia.
The other three patients (cases 8-10) developed
dementia before onset of ataxia. The common charac-
teristics of cognitive impairment in each type of MSA
with dementia included frontal executive dysfunction,
findings similar to those of previous studies [10—-15]. The
latter type of dementia (cases 8—10) was diagnosed as
DAT before criteria were reached for MSA. According
to qualitative analyses of MRI, these patients showed
more severe disorientation and more severe cerebral
atrophy, with cerebral white matter lesions more
prominent than in the other type of patient.
Moreover, we found that the patients with MSA and
dementia had significantly reduced '**I-MIBG cardiac
uptake compared with the patients without dementia.
Recent studies have reported that H/M ratio of '*’I-
MIBG cardiac scintigraphy is a useful diagnostic tool
for LBDs based on evidence of post-ganglionic cardiac
sympathetic denervation in these patients [19-22]. Al-
though MSA is also an a-synucleinopathy, H/M ratio
of "PI-MIBG cardiac scintigraphy in patients with
MSA has been reported predominantly to be in the
normal range. These published results support the
hypothesis that post-ganglionic cardiac sympathetic

denervation might be evident in MSA patients with
dementia. However, it has not yet been clarified whe-
ther decreased cardiac uptake of MIBG is associated
with neuropathological changes of the central nervous
system and neuropsychological state. We have found
that reduction of cardiac MIBG uptake might be
associated with neuropsychological state in patients
with PD [23]. Nagayama ef al. {24] has reported a MSA
case with reduction of MIBG uptake and Lewy body
pathology. However, it has not been described whether
the MSA case had dementia. In our study, whilst there
was no neuropathological examination, we could not
diagnose any type of dementia in these cases neuropa-
thologically.

Recent studies reported that there are neuropatho-
logical changes in patients with MSA and dementia [25-
27]. These reports described autopsy cases with
remarkable frontal lobe atrophy, in which GCI were
abundant in the deep layer of the cortex and were even
more abundant in the white matter of the frontal and
parietal lobes. Piao et al. [28] emphasized that «-syn-
uclein and phosphorylated tau co-occurred in certain
brain regions in two cases of combined MSA and AD.
Moreover, only a few reports have described the

© 2008 The Author(s)
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Figure 2 Neuroimaging studies at case 9. (a—d) Magnetic resonance imaging (MRI) revealed severe cerebellar and pontine atrophy with
the so-called ‘hot cross bun sign,” severe fronto-temporal lobe atrophy and moderate white matter lesions [Correction added after online
publication 31 March 2009: in the preceding sentence, ‘burn’ was corrected to ‘bun’]. (e, f) 99mTc-ECD SPECT image showed severe

decline of regional cerebral blood flow in the frontal and temporal lobes. (a, ¢) T1 weighted MRI image (b, d) T2 weighted MRI image.

co-existence of GCIs and Lewy bodies [29,30]. Neuro-
pathological findings associated with dementia in pa-
tients with MSA are thought to be varied. As far as we
know, patients with MSA whose dementia preceded
motor dysfunction have not been described to date. As
autopsy was not performed in any of the cases, we
could not clarify the neuropathological correlates of
dementia in our series. Therefore, neuropathological
examination is necessary to clarify a new subtype of
MSA. Thus, further study including postmortem neu-
ropathological examination is needed.

In conclusion, dementia in patients with MSA may
be more common than previously thought. Etiology of
cognitive decline in these patients may be varied, with
heterogeneous underlying pathogenetic processes.
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Genome-wide association study identifies common
variants at four loci as genetic risk factors for

Parkinson’s disease

Wataru Satake!~?, Yuko Nakabayashi®2, Ikuko Mizutal?, Yushi Hirota!2, Chiyomi Ito!2, Michiaki Kubo?,

Takahisa Kawaguchi4, Tatsuhiko Tsunoda?, Masahiko Watanabe®, Atsushi Takeda®, Hiroyuki Tomiyama’,

Kenji Nakashima®, Kazuko Hasegawa®, Fumiya Obata'®, Takeo Yoshikawa'!, Hideshi Kawakami'2, Saburo Sakoda?,
Mitsutoshi Yamamoto!3, Nobutaka Hattori’, Miho Murata'4, Yusuke Nakamura®!> & Tatsushi Todal-?

To identify susceptibility variants for Parkinson’s disease (PD),
we performed a genome-wide association study (GWAS) and
two replication studies in a total of 2,011 cases and 18,381
controls from Japan. We identified a new susceptibility focus
on 1932 (P=1.52 x 10~"%) and designated this as PARK76,
and we also identified BSTT on 4p15 as a second new risk
locus (P = 3.94 x 1077). We also detected strong associations
at SNCA on 422 (P=7.35 x 10717) and LRRK2 on 12q12

(P = 2.72 x 10~8), hoth of which are implicated in autosomal
dominant forms of parkinsonism. By comparing results of a
GWAS performed on individuals of European ancestry, we
identified PARK16, SNCA and LRRKZ as shared risk loci for PD
and BST1 and MAPT as loci showing population differences.
Our results identify two new PD susceptibility loci, show
involvement of autosomal dominant parkinsenism loci in
typical PD and suggest that population differences

contribute to genetic heterogeneity in PD.

Parkinson’s disease (MIM168600) is one of the most common
neurodegenerative diseases worldwide, affecting 1-2% of indivi-
duals aged =65 years'. Clinical features of PD result primarily from
loss of dopaminergic neurons in the substantia nigra. Various medi-
cal treatments improve PD symptoms but do little to deter disease
progression. Identifying genetic risk factors for PD will be helpful
in elucidating the pathogenesis of the disease. Linkage studies have
been successful in mapping genes for mendelian forms of parkin-
sonism: SNCA (encoding o-synuclein)? and LRRK2 (refs. 3,4) in
autosomal dominant forms, and PARKZ (encoding parkin), PINKI,
PARK?7 (encoding DJ]-1) and ATPI3A2 in autosomal recessive

forms>®. However, mendelian forms of parkinsonism are rare
compared to the far more common typical PD, a complex disorder
caused by multiple genetic and environmentat factors?. Association
studies have evaluated variants in many candidate genes for PD7, but
only a few, such as common variants of SNCA%19 and rare muta-
tions of GBA!!, have been identified as PD-susceptibility genes with
genome-wide significance. Recently, GWASs in PD have provided
association evidence at several loci, but not at the genome-wide
significant level!%-14,

We conducted a GWAS and two subsequent replication studies for
PD to identify further common variants that contribute to disease. In
the GWAS stage, we genotyped 561,288 SNPs on autosomal and sex
chromosomes using the HumanHap550 array (Illumina). The GWAS
stage included 1,078 PD cases and 2,628 controls in the Japanese pop-
ulation (Supplementary Note). After SNP and sample quality control
analyses, we used genotype data from 435,470 SNPs in 988 cases and
2,521 controls in the GWAS analysis (see Online Methods).

We tested for association between each SNP and PD using the
Cochran-Armitage trend test with 1 d.f. The quantile-quantile plot
showed a close match to test statistics expected under the null dis-
tribution (genomic inflation factor A = 1.055 for PD) (Fig. 1a,b).
This indicates minimal overall inflation of genome-wide statistical
results due to population stratification and also reveals a number of
SNPs whose P values exceed those expected under the null hypothesis.
Seventeen SNPs showed P < 5 x 107, the threshold for genome-
wide significance suggested by the Wellcome Trust Case Control
Consortium!® (Fig. 1c). All these SNPs were located on 4q22, a region
harboring SNCA that was previously identified by us and othersasa
definite susceptibility gene for PD*10,
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Figure 1 Genome-wide association resuits from the discovery phase.

(a) Quantile-quantile plot for test statistics (Cochran-Armitage trend
test) for 435,470 SNPs passing quality control. The solid line represents
concordance of observed and expected values. Slope of the dashed line
represents the genomic inflation factor (2 = 1.055). The shaded region
is the 95% concentration band formed by calculating, for each order
statistic, the 2.5th and 97.5th percentiles of the respective distribution
under the null hypothesis. (b) Quantile-quantile plot for test statistics
(Cochran-Armitage trend test) after the removal of the four loci with
strong associations in this study (132, 4p15, 4922 and 12q12).

(c) Manhattan plot presenting the Pvalues across the genome. The
—logyq P {Cochran-Armitage trend test) from 435,470 SNPs in 988
Parkinsan’s disease cases and 2,521 controls is plotted according to its
physical position on successive chromosomes.

For fast-track replication, we selected the 337 most associated SNPs
(P £0.000533) from analysis of GWAS data and genotyped them in
a sample set of replication 1, which consisted of 612 cases and 14,139
controls from Japan (Supplementary Note). Thirty-two SNPs showed
association of P < 0.05 in replication 1 (Supplementary Fig. 1).
Combined analyses of the GWAS and replication 1 showed that
12 SNPs in 3 loci (1932, 4p15 and 4q22) surpassed P < 5 x 1077,
Furthermore, we found association signals (P = 3.06 x 107%, OR =
1.36) on 12q12, harboring LRRK2, which is a causative gene for auto-
somal dominant parkinsonism (Table 1).

In replication 2, we tested 24 SNPs at these four loci for associa-
tion with PD. An independent sample set (321 cases and 1,614 con-
trols) recruited from Japan was used in replication 2 (Supplementary
Note). Association evidence was again found at these four loci: 1432,
P=2.80x 10~*, OR = 1.37; 4p15, P = 7.70 X 103, OR = 1.26; 4q22,
P=0.02,0R = 1.22; and 12912, P=6.43 X 107%, OR = 1.57 (Table 1).
The disease associations on 1q32 and 12q12 exceeded the conservative
Bonferroni-corrected threshold for significance (P = 0.0021; calcu-
lated as 0.05/24). All the SNPs showed allele frequency differences
in the same direction in the GWAS, replication 1 and replication 2,
Furthermore, combined analysis of the GWAS and two replication
stages provided strong evidence of association in the four regions with
a significance level of P = 2.72 X 1078 or less (Table 1).

We identified two new susceptibility loci with genome-wide signifi-
cance on 1q32 and 4p15, which have not been reported to be associated
with PD in previous studies'>~!". On 1q32, seven SNPs (rs16856139,
rs823128, rs823122, rs947211, rs823156, rs708730 and rs11240572)
reached P < 5 x 1077 in the overall analysis (Fig. 2a). rs947211 showed
the strongest association to PD (P = 1.52 x 1072, OR = 1.30) and
is located 8.5 kb upstream of RAB7LI and 5.6 kb downstream of
SLC41A1, Linkage disequilibrium (LD) analysis revealed that SNPs
with significant associations to PD lie within several LD blocks
containing the following five genes: SLC45A3, NUCKSI1, RAB7LI,
SLC41A1 and PM20D!1 (also called FL]32569) (Table 1 and Fig. 2a).
Three genes (NUCKSI, RAB7L1 and SLC41A1) were contained in the
same LD block as 1s947211. rs947211 was weakly correlated with the
other six SNPs (r2 = 0.07-0.25), and we observed residual association
signals when rs947211 and each of the other six SNPs were paired in
conditional analyses of our overall data, This result suggests that this
locus has multiple independent association signals (Supplementary
Table 1). These data provide the first evidence, to our knowledge, of
an association between 1g32 and PD susceptibility, and we designated
this region as PARK16.

On 4p15, four SNPs (1511931532, rs12645693, rs4698412 and
154538475) reached P < 5 X 1077 in the combined analysis (Fig. 2b).
These four SNPs showed strong disease association with almost
the same significance levels (ranging from P = 3.94 x 1077 to
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P =178 x 1078, all OR = 1.24}; among them, rs4538475 was the most
strongly associated. The four SNPs were located from intron 8 to
4.1 kb downstream of BSTI (bone marrow stromal cell antigen). LD
analysis revealed that the four SN'Ps were correlated with 2> 0.78 and
lie within a 15 kb LD block containing a single gene, BST.

The remaining two intervals (4922 and 12q12) harbored genes previ-
ously found to be causal for autosomal dominant forms of parkinson-
ism, specifically, SNCA and LRRK2, respectively. On 4q22, seven SNPs
(rs3733449, 511931074, rs3857059, 1s2736990, rs3796661, 156532194
and rs12233759) throughout the SNCA region showed genome-wide
significant association in the combined analysis (Fig. 2¢). The most
significantly associated SNPs, 1511931074 (P=7.35 X 10717, OR = 1.37)
and rs3857059 (P = 5.68 x 107'6, OR = 1.36), are approximately 35.7 kb
apart, located 7.2 kb downstream from and in intron 4 of SNCA, respec-
tively. The entire SNCA gene was divided into two LD blocks at intron 4.
Both SNPs were positioned on the 3" side of the LD block and showed
a high degree of LD (12 = 0.98). Three SNPs (152736990, rs3796661 and
156532194) were moderately correlated with rs11931074 (r? = 0.81,
0.76 and 0.63, respectively). The remaining two SNPs (rs3733449 and
1512233759) were weakly correlated with rs11931074 (r? = 0.05 and
0.24, respectively), and residual association signals were marginally
observed when 1511931074 and each of these two SNPs were paired
in conditional analyses of our overall data (Supplementary Table 1).
These data confirm SNCA as a susceptibility gene for PD.

On 12q12, five SNPs (151994090, 157304279, rs4768212, 152708453
and rs2046932) surpassed P < 5 X 1077 in the overall analysis (Fig. 2d).
The five SNPs showed strong disease association with almost the same
significance (ranging from P =272 X 1078 to P = 1.09 X 1077, OR =
1.37-1.39); among them, rs1994090 was the most strongly associated
to PD. These five SNPs were located from intron 2 of SLC2A13 to
38.4 kb upstream of LRRK2. These SNPs were highly correlated with
r2 > 0.83 and were positioned within several LD blocks defined by
the method of Gabriel et al.1%, This is the first evidence that common
variants proximal to LRRK2 are associated with PD at genome-wide
significance level,

Variants with the highest significance at the four loci detected in
this study were common SNPs with risk allele frequencies of 0.50
(rs947211 on 1g32), 0.38 (rs4538475 on 4p15), 0.58 (rs11931074 on
4q22) and 0.08 (rs1994090 on 12q12) (Table 1). Population attribut-
able risks for rs947211, rs4538475, rs11931074 and rs1994090 were
estimated to be 13%, 8%, 18% and 3%, respectively.
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Table 1 Summary of association results for representative SNPs that characterize the association of Parkinson's disease with 1432
(PARK16), 4p15 (BST1), 4q22 (SNCA) and 12q12 {LRRK2)

GWAS +
GWAS Reptication 1 GWAS 4+ Replication 1 Replication 2 Replication 1+2
Allele  MAF MAF MAF
Minor Case OR  Case OR OR  Case OR OR
Locus SNP  Pos {Mb) major  Ctrl Prrend (95%Cl) Gt Pug  (95%CD P 95%Cl}  Ctil Pirend {95% Ch Poron (95% CI)
New PD loci
1932 1516856139 203.91 T 0.10 2.55x10¢ 150 011 0.067 119 215x10% 135 010 0015 142 1.02x 107 136
(FPARK16) 0.14 {1.26-1.77) 0.13 {0.99-1.44) (1.19-1.54) 0.13 {1.07-1.88) (1.22-1.53)
5823128 203.98 G/A 0.10 209x10% 143 0.11 00056 131  467x107 138 009 00028 153 4.88x10°% 14t
0.14 {1.21-1.69) 0.13 {1.08-1.59) (1.22-1.57) 0.14 (1.16-2.03) {1.26-1,58)
1s823122 20399 O 0.10 798x10°% 139 011 0.013 127 3.87x10% 134 009 00034 1.52 522x10% 137
0.14 (1.18-1.64) 0.13 (1.05-1.54) (1.18-1.52) 0.14 {1.15-2.01) {1.22-1.54)
15947211 20402 AG 0.43 1.15x 104 1.23 042 1.35x10% 135 112x10° 128 042 2.80x10* 137  152x10°12  1.30
0.48 (1.11-1.37) 0.50 {1.19-1.52} (1.18-1.38) 0.50 (1.16-1.63) (1.21-1.39)
1s823166 20403 GA 0.13 1.20x 10" 140 014 0012 1,25  6.45x1077 133 012 00013 152  3.60x10° 137
0.17 (1.20-1.62) 0.17 (1.05-1.48) (1.19-1.49) 0.17 (1.17-1.9%) (1.23-1.52)
15708730 204.04 G/A 0.14 260x10® 137 015 0022 1.22  289x106 130 012 00019 1.48 243x10% 133
0.18 (1.18-1.59) 0.17 (1.03-1.44) {1.17-1.46) 0.18 (1.15-1.89) (1.21-1.48)
1511240672 204,07 AC  0.13 1.66x10* 134 013 0016 1.2  9,78x%10% 130 012 0.0024 1438 1.08x 107  1.33
0.16 (1.15-1,56) 0.16 (1.04-1.48} {1.16-1,46) 0,17 {1.15-1.82) (1.20-1.48)
4p15 511931532 1533 TIC 045 2765x 104 122 047 1.86x10% 126 202x107 123 047 00077 1.26 513x10% 124
(BSTDH 0.40 (1.09-1.35) 0.42 (1.11-1.42) (1.14-1.34) 0.41 (1.06-1.49) {1.15-1.33)
512645693 16,34 G/A 0.45 3.06x 10+ 121 047 3.00x10% 1256 342x107 123 047 00077 1.26  865x109 1.24
0.40 (1.09-1.35) 0.42 {1.11-1.41) (1.14-1.33) 0.41 (1.06-1.49) (1.15-1.33)
4698412 1535 AG 038 528x10° 125 040491 x104 124 1.03x107 125 038 0055 1.19 1.78x 108 124
0.33 {1.12-1.40) 0.35 (1.10-1.40) {1.16-1.35) 0.34 (1.00-1.42) (1.15-1.33)
164538475 1535 AG 041 405x105 125 0.43348x10% 125 698x10% 125 042 0022 1.22 3.94x10% 1.24
0.36 (1.12-1.40) 0.38 {1.10-1.41} {1.15-1.35) 0.37 (1.03-1.46) (1.16-1.34)
Loci located in or near aut | dominant parki genes
4q22  (s11931074 90.86 T 032 6.17x10713 150 036212x10°5 131 219x107% 141 038 0034 .21 7.35x 1077 137
(SNCA) 0.42 (1.34-1.68) 0.42 (1.16-1.48) {1.30-1.53) 0.43 (1.01-1.44) (1.27-1.48)
13857059 90.89 AG 032 1.17x10°2 149 036692x10% 129 154x107% 140 038 0041 1.20 568x101¢ 136
0.41 (1.34-1.67) 0.42 {1.14-1.45) (1.29-1.52) 0.43 {1.01~1.43) (1.26-1.46)
1s894278 9095 G 043 7.68x10°% 124 039 046 106 477x10% 115 042 0020 1.22 3.28x10% 117
0.38 (1,11-1.37) 0.38 (0.93-1.18) {1.07-1,25) 0.37 (1.03-1.45) {1.09-1.25)
156532194 91.00 CF 0.31 6.93x1011 144 036 00014 122 1.77x10712 135 037 0.040 121 415x 10713 132
0.40 (1.29-1.61) 0.41 (1.08-1.39} (1.24-1.46) 0.41 {1.01-1.44) (1.22-1.42)
12q12 51994090 3871 G 011 445x10-5 143 010 0018 1.26  3.06x106%° 136 012 00019 1.51 2.72x10% 139
(LRRK2) 0.08 (1.20-1.70) 0.08 (1.04-1.54) {1.20-1.55) 0.08 (1.16-1.97) (1.24-1,56)
157304279 3875 TEC 011 517x10° 142 010 0.026 125 510x10% 135 012 00022 150 506x10% 138
0.08 {1.20-1.69) 0.08 - {1.03-1.62) (1.19-1.54) 0.09 {1.15-1,95) {1.23-1.55)
154768212 38.76 ¢/T 0,11 3.98x10% 143 010 0.057 121 L10x10% 134 012 00020 151 1.09x 107 137
0.08 {1.20-1.70) 0.08 (0.99-1.48) (1.18-1.52) 0.08 (1.16-1.97) {1,22-1.54)
1s2708453 38.76 TG 011 7.46x10°% 141 010 0.063 121 204x10°% 133 0.13 643x10? 167  9.67x108  1.38
0.08 {1.19-1.68) 0.08 {0.99-1.48) {1.17-1,52)0.08 {1.21-2.04) {1.22-1.55)
152046932 3887 T/ 011 324x10% 144 010 0.039 123 6547x10% 135 013 00017 152 4.34x10% 139
0.08 (1.21-1.71) 0.08 (1.01-1.51) (1.19-1.54) 0.09 {1.17-1.97) {1.23-1.56)

Nucleotide positions refer to NCBI build 36. P vaiues obtained in the case-control analysis using the Cochran-Armitage trend lest {1 d.f.} are listed {Pyenq). Combined P values {F,,) and
combined ORs of the Cochran-Mantel-Haenzel test statistics are shown. MAF, minor allele frequency.

Next, we exchanged data with colleagues performing a GWAS
of PD in individuals of European ancestry!”. Their study found a
strong association at the MAPT (microtubule-associated protein
tau) region on 17q21. We genotyped our samples for six SNPs af the
MAPT locus to evaluate these associations in the Asian population;
however, the association with MAPT was not replicated in our study
(Supplementary Table 2 and Supplementary Fig. 2). Conversely,
despite strong association signals in our scan of the samples from
the Asian population, the association with BSTI on 4pl5 was not
detected among individuals of Buropean ancestry'’. In contrast,

the associations we found with PARK16 and LRRK2 were replicated
among individuals of Buropean ancestry'’. These data provide evi-
dence that PARKI6 and LRRK2, in addition to SNCA, are PD risk loci
common to Asian- and European-descent populations and indicate
that there is population genetic heterogeneity in the MAPT region
and 4pl5 (BST1) for PD susceptibility.

The PARKI6 region contains functionally interesting candidate
genes for PD etiology. SLC41A1 is a magnesium (Mg?*) trans-
porter!8. It is of interest that Mg?* deficiency is thought to be an
environmental risk factor for the amyotrophic lateral sclerosis
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Figure 2 Regional association plots and linkage 2 MESDY ELKY SLOSSAS HUCKST SLCAIAT stczeAs ph e BsTI coaa FGFBPT
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£ < 0.2 or no information available). Positions c (SNCA  MMAN necugzs (| crzomo_stcears Lpke o
are NCBI build 36 coordinates. 16 11831074 ¢ ? wiosiono g
14 2. 6
Kinsoni , %10 e %5
(ALS)-parkinsonism/dementia complex s o e Sa iy 4
(MIM105500)Y9, Furthermore, RAB7L1 is T 6 ® g - 73
b 4 o goe, e 2 os?n"”
a small GTP-binding protein that plays an > ol T s ° » 1{omg, ob2 b 2 g 00
important role in regulation of exo- and 0% ofRw 0o oo B 0l %%oag S so m@&’m% H9 0atto™
9.6 907 909 9.t 913 915 38.4 386 388 390 392 394

endocytotic pathways?®, and NUCKS! is a
nuclear protein containing several consen-
sus phosphorylation sites for casein kinase
11 and cyclin-dependent kinases of unknown
function?!. We evaluated the relationships
between the PD-associated SNPs and the
transcript levels of genes in an available
genome-wide gene expression database??, We
found that rs947211 and ten tightly linked HapMap SNPs {12 > 0.9)
were strongly associated with transcriptlevels of NUCKST (rs947211,
P=6.0 % 10715 rs823114, P = 2.7 x 1073*). These PD-susceptibility
variants are the principal genetic determinants of variation in expres-
sion levels of NUCKS1 (Supplementary Fig. 3). These data highlight
NUCKS] as a promising candidate for association with PD that is
worthy of additional follow-up.

The product of BSTI on 4pl5 catalyses formation of cyclic
ADP-ribose (cADPR)23. cADPR mobilizes calcium (Ca®*) from
ryanodine-sensitive intracellullar Ca®* stores in the endoplasmic
reticulum?®, Disruption of Ca®* homeostasis has recently been pro-
posed as a possible cause of selective valnerability of dopaminergic
neurons in PD?7, Associated SNPs in the BST1 region may modify
ADP-ribosylcyclase activity, thus leading to Ca?* dyshomeostasis in
dopaminergic neurons.

Two of the four susceptibility loci detected in our scan contained
genes linked to autosomal dominant forms of parkinsonism. Gene
overdosage is a potential mechanism for the influence of SNCA on
PD because triplication and duplication of the SNCA locus has been
seen in families with autosomal dominant parkinsonism?®. SNPs with
prominently low P values compared to other SNPs in the region were
around the 3’ region of SNCA; these SNPs may function as enhancer
or silencer elements, improve RNA stability or influence alternative
splicing. The associated interval on 12q12 contains SLC2A13 and
the region upstream of LRRK2. Given prior evidence, LRRK2 stands
out as the most likely susceptibility gene for PD, although it remains
possible that SLC2413, which encodes a H*-myoinositol cotrans-
porter, may be the PD-related gene in this region?®. Previous reports
have investigated the association of SNPs in LRRK2 with PD, but the
results are a subject of dispute®®>!, In the present study, it is notewor-
thy that the PD-associated intervals lie upstream of LRRK2, Increased

Chromosome 4 position (Mb)

Chromosome 12 position (Mb}

kinase activity of mutant LRRK2 mediates neuronal toxicity’?3>.

PD-associated SNPs may play a role in transcriptional upregulation
of LRRK2, leading to loss of dopaminergic neurons.

SNCA is a main component of Lewy bodies, a pathological hall-
mark of typical PD. The clinical features of individuals with SNCA
duplication or LRRK2 mutation similar to typical PD. 1.6% of spo-
radic PD cases among individuals of European ancestry have het-
erozygous LRRK2 G2019S mutations®. These data support the close
involvement of these genes with sporadic PD. Our data clearly show
that the genes involved in autosomal dominant parkinsonism play
a large part in the complex etiology of typical PD. Genes that cause
autosomal dominant parkinsonism through their causative mutations
also confer risk of typical PD through their common variants.
Although further research is needed, this relationship between rare
single-gene disorders and common multifactorial disorders may also
be applicable for other disorders beyond PD.

Finally, MAPT mutations cause hereditary frontotemporal demen-
tia and parkinsonism linked to chromosome 17 (FTDP-17), a type of
autosomal dominant parkinsonism?®®, and the MAPT H1 haplotype has
been reported to be associated with several tauopathies’®3%, Although
the MAPT region is divided into two major haplotypes, H1 and H2, in
Europeans, the H2 haplotype is absent in East Asians, Therefore, we
believe that the differences observed between our study and the findings
in populations of European descent reflect population differences in
the genetic heterogeneity of PD etiology, although differences in allele
frequencies and LD structure and a possible difference in the effect size
between the European and Bast Asian populations may influence the
detection power of the two scans.

Further increases in sample sizes for SNP-GWAS efforts and searches
for copy number variation and rare variants will reveal additional
genetic risk factors and further enhance our understanding of PD.
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METHODS
Methods and any associated references are available in the online
version of the paper at http://www.nature.com/naturegenetics/.

Note: Supplementary information is available on the Nature Genetics website.
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ONLINE METHODS

Study participants. For the GWAS stage, 1,078 cases and 2,628 controls were
recruited from Japan through multiple institutions. Twa case-control sample
sets, which were independent of each other, were used in the two subsequent
replication stages (replication 1 and 2): the first sample set (replication 1
consisted of 612 cases and 14,139 controls and the second set (replication 2)
consisted of 321 cases and 1,614 controls, all recruited in Japan. For replica-
tion 2, we used case samples from two facilities that had not provided any
case samples for GWAS and replication 1, in order to eliminate false positive
association due to a slight possibility of differences in PD diagnosis among
facilities. Genomic DNA was extracted using established methods and quanti-
fied using PicoGreen (Invitrogen). Details for all study panels ave given inthe
Supplementary Note. Informed consent was obtained from each participant,
and approval for the study was obtained from the Ethical Committees of rel-
evant institutions (Osaka University Graduate School of Medicine, National
Center Hospital of Neurology and Psychiatry, Juntendo University School
of Medicine, Kagawa Prefectural Central Hospital, University of Tsukuba,
Tohoku University Graduate School of Medicine and Tottori University
Faculty of Medicine).

Genotyping. Genome-wide genotyping was performed using the llumina
Infinium HumanHap550 array. Cases and contrals were genotyped at the
Division of Clinical Genetics of Osaka University Graduate School of Medicine
and at RIKEN Center for Genomic Medicine, respectively, For two subse-
quent replication studies (replication 1 and 2), 337 SNPs were genotyped for
replication 1 and 2 samples using INMumina GoldenGate technology for the
VeraCode platform (335 SNPs; cases in replication 1 and cases and controls in
replication 2}, TagMan (2 SNPs; cases in replication 1 and cases and controls
in replication 2) and the llumina Infinium HumanHap610 array (337 SNPs;
controls in replication 1). For the replication study of the MAPT locus, we
selected six SNPs (rs417968, 1517690703, 15242557, 1§7225002, rs183211 and
1$7224296) that showed significant association, including four SNPs showing
association with genome-wide significance, in saroples of European ancestry.
Samples with a call rate >90% in replications 1 and 2 (877 cases and 15,616
contols) were genotyped. All genotyping was done according to the manu-
facturer’s instructions. To assess consistency across genotyping platforms,
we genotyped these SNPs in 95 samples included in the GWAS. After SNP
and sample quality contro} analyses, the mean concordance rates were 99.8%
and 99.5% for GoldenGate technology and TagMan when compared with the
HumanHap550 array.

Quality control. In the GWAS stage, case samples with a call rate <95% and
control samples with a call rate <98% were excluded, according to each cri-
terion of separate institutes which genotyped cases and controls. Remaining
samples were reclustered using BeadStudio (Illumina}, and genotypes of
1,012 cases and 2,573 controls were then obtained. We excluded samples with
ambiguous sex (n = 18) by the check-sex function of PLINK 1.01 (ref. 39).
We determined identity-by-state (IBS) similarity using PLINK L.01, estimated
the cryptic relatedness for each pair of samples, and excluded one individual
from each pair of unexpected duplicates and first- or second-degree cryptic
relatives (1 = 55). To detect population outliers, we assessed 3,512 participants
who remained after removal of samples with low call rates, ambiguous sex and
familial relationships, together with 201 HapMap subjects without relation-
ships (42 JPT, 45 CHB, 57 CEPH and 57 YRI)*, By computing IBS scores for
49,605 SNPs with r2 < 0.2 and using multidimensional scaling, we identified
three individuals who seemed to have non-Asian ancestry and excluded those
from further analyses. Projection onto the two multidimensional scaling axes
is shown in Supplementary Figure 4. We excluded SNPs with a call rate < 95%
in cases or controls (# = 7,927), a minor allele frequency <5% (n= 117,908}
in all samples, or a P value of deviation from Hardy-Weinberg equilibrium
{(Puwe) < 0.001 in the controls (n = 3,045). On visual inspection of the cluster
plots of SNPs showing apparently strong association, we further removed 69

SNPs with poor clustering. The overall median genotype call rate for quality-
controlted SNP was 99.9%. In replication 1, we excluded samples with a call rate
< 90%. We also removed SNPs with a call rate <130895% in cases or controls,
a Pywg < 0.001 in the controls, or poor clustering of SNP plot on visual
inspection. Genotypes of 279 SNPs for 559 cases and 14,026 controls were
then obtained for further analyses. The overall mean genotype call rate was
99,7% for quality-controlled SNPs. [n replication 2, we excluded samples with
a call rate < 90% and then obtained genotypes of 318 cases and 1,590 controls.
All 24 SNPs showed a call rate >90% and Pyyg >0.001. The overall mean
genotype call rate was 99.7% for quality-controlled SNPs. Associated SNPs in
each interval had high call rates in each sample set (Supplementary Table 3).
In the replication study of the MAPT locus, all six SNPs showed a call rate
>95% and Py > 0.001.

Statistical analyses. To calculate the power of our GWAS stage, we used the
CaTS$ program®!, The GWAS stage had 80% poswer to detect common alleles
that confer a genotype relative risk of 1.3 and 1.43 at a significance of P <
0.00053 and P < 5 X 1077, respectively.

To test for association of each SNP with PD, we used the Cochran-Armitage
trend test with 1 d.f, We estimated the odd ratios (OR) and their 95% confidence
intervals using logistic regression. Association analysis of the combined samples
was conducted using the Cochran-Mantel-Haenezel method. Heterogeneity
among sample sets was examined using the Breslow-Day test. There was no
heterogeneity among sample sets (rs947211, P = 0.38; rs4538475, P = 0.98;
511931074, P = 0.09; rs3857059, P = 0.08; and 151994090, P = 0.48). SNPs with
combined P< 5 x 10~7 were considered to have genome-wide significant evidence
for association, SNPs with genome-wide significant evidence for association in -
the combined analysis of the GWAS and replication 1 and P < 0.05 in replica-
tion 2 were considered to have confirmed assaciation with PD, To assess whether
single or multiple independent association signals existed within each locus, we
investigated relationships among multiple SNPs that showed association with PD
in the same region (P < 5.0 X 1077), using logistic regression analysis. We assessed
the impact of additional SNPs by a likelihood-ratio test with 1 d.f. A significant
residual association signal was defined as P < 0.05 in the conditional analysis. We
used R 2.8.1 or PLINK 1.01 for general statistical analysis.

The quantile-quantile plot was used to evaluate overall significance of the
genome-wide association results and the potential impact of population strati-
fication. Quantile-quantile plots were depicted using the qq.chisq function of
the snpMatrix package with a concentration band'®. The inflation factor A was
calculated by dividing the mean of the fower 90% of the test statistics by the
mean of the lower 909 of the expected values from a ¥ distribution with 1 d.£
Given that the impact of population stratification was found to be minimal,
all statistical results are presented without correction for A. Haploview 4.1
was used to infer the LD structure of the genome in regions containing loci
associated with disease risk*2. The LD patterns were created from the Asian
(CHB and JPT) HapMap data (minor allele frequency > 5%, genotyping rate
> 95%, and Pyyg; > 0.001), using the methods of Gabriel er al .

URLs. PLINK, http://pngu.mgh harvard.edu/~purcell/plink; R, http://www.
r-project.org; SNPmatrix, http://www-gene.cimr.cam.ac.uk/clayton; BapMap,
http://www.hapmap.org; Haploview, httpi//www.broad. mit.edu/mpg/haplo
view; CaT$, http:/fwww.sph.umich.edu/csgfabecasis/CaTS/; database of
expression QTL analysis, http://www.sph.umich.edu/csg/liang/imputation/.

39. Purcell, S. ef al. PLINK; a tool set for whole-genome association and population-
based linkage analyses. Am. J. Hum. Genet. 81, §59-575 (2007).

40. Internationat HapMap Consortium, A haplotype map of the human genome. Nature
437, 1299-1320 (2005).

41. Skol, A.D., Scott, L.J., Abecasis, G.R. & Boehnke, M, Joint analysis is more efficient
than replication-based analysis for two-stage genome-wide association studies. Mat.
Genet. 38, 209-213 (2006).

42. Barrett, J.C., Fry, 8., Maller, 1. & Daly, M. Haploview: analysis and visualization of
LD and haplotype maps. Bioinformatics 21, 263-266 (2005).
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MIBU A 33DLC, A X I OSLDIZHYT 5
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REMBERR{TENEE & WRR&E~E

RBD{3 s O REMIRIRBIFIFEE I & ) MBS
L7120, bR 2 A4 2 8F DR T
<, BmEEE, RMikEE, Frarsy—
LB, F YT —Th DTN RS
(progressive supranuclear palsy : PSP), Az
B BB EHIE (corticobasal degeneration ;
CBD) COAPBIRE STz, T i
BURBD & EZ LTV A, BHIEMURBD LY
= F ) v 2 AL RBTAHHRE SR CLL
¥, HHURBDAOEAIE LTV,

REMREER{TEIEE &
SRITLASISF—DREE

RBDiZ, PD,DLB, MSA, PAFR & 2 7 L
A NRNF—LDEHENELBESRTVES,
Gangnon 51, PDEHEIZAD I H19A(58%) -
PSG_EREMUENR A1 20% LA ERWA % 388 4 fEffl
2RO, F0OH BILAVRBDIERE RO, LG
LT3, Onofrib i, SOADPDEL % 8 4
74 9—L, 27TAIRBDIEROH B 20T A
", F1:MSAIZ BV T, Tachibana b 2S21A D
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PO ERELTWDHY, Plazzibld, 39A0
MSAR27 A CRBDAS#%, =0 5 HRBDEITHI
DI2A, MSAZHEFIHIHIC A SN AT A,
MSARIERH 8 ATH o2 MG L T, &
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TISAKRBD# O L HELTVABY, Tk
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fiE L7 & v ) #iEsw Risk, RBDASPD DR HIEIR
ELTHELEED TV, W5 ILEHHAZ1T
WE5% DFERIT/8—F 2 v = A LRFRINE DS H
WL TWAEHEL TWA2 FEREZOlson 5 id,
25 NORBDEEZ D 9 34ERTI13A(52%) #PD
JEREZE L7 fEL TV, S5 lIranzo b
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PDER ORERRDOIERBEEOEETH S, DEMICBWTERICEIESALY

RWADIRE DL BoTn b,
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RBDAOHIRT 5 Z &3 HTHY, RBDHBIE
PDOSIERITH 5 Z & idBraakfKFIo BT H
FTHINRLZ kb,
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FUIFFREMRBDOPD AR L OFELYER TR T
& 5% LNy, Fantini & X455 M RBDS4A
WMLEARAE & AT L33 A (61.1%) SRETH Y,
RBD B CIIPD & FIft IC M EREE T 250 5
N7 L EHRELTWAY, &5 (CPostuma b i,
Y38 PERBDEE L2 BV CUPDRSIC & 5 FEHER
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LBy v FOREBEPRERTLTVWAZLZHEL
Tw5A®, Fantinib id, RBDEZ TOERERO

BHEEOBHOBET LaHE, WHE, BEED
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