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Table 2

Comparison of the mean PWV and the PAI between cases with and without atherosclerosis-related diseases

Atherosclerosis-related diseases n? (%) Disease No disease PP

Pulse wave velocity (m/s)
Hypertension 198 (65%) 9.89 (£1.75) 9.00 (£1.61) <0.001
Diabetes mellitus 52 (17%) 9.80 (£1.84) 9.53 (£1.73) n.s.
Hyperlipidemia 71 (23%) 9.57 (£1.58) 9.59 (£1.81) n.s.
Ischemic heart disease 78 (26%) 9.71 (£1.77) 9.54 (+1.75) n.s.

" Cerebrovascular disease 109 (36%) 9.74 (£1.85) 949 (41.70) n.s.

Pathological atherosclerotic index (points)
Hypertension 180 (65%) 4.78 (£1.42) 3.93 (£1.26) <0.001
Diabetes mellitus 49 (18%) 5.18 (£1.32) 4.34 (£1.40) <0.001
Hyperlipidemia 66 (24%) 4,71 (£1.57) 4.42 (£1.37) n.s.
Ischemic heart disease 70 (25%) 5.17 (£1.39) 426 (£1.36) <0.001
Cerebrovascular disease 98 (36%) 4.75 (£1.49) 4.35(£1.37) <0.05

Values are mean (S.D.) of the PWV and PAL. PWV indicates pulse wave velocity; PAIL pathological atherosclerotic index; and n.s., not significant.
a Number of cases with an atherosclerosis-related disease, with percentages indicated in parentheses.

b Student’s #-test.

A multiple regression analysis of the PWV in all the
examinations (n=3454) showed significant contributions
of systolic blood pressure (8=0.448, P<0.0001) and age
(8=0.183, P<0.0001).

Underlying diseases and complications of atherosclerosis
were frequently encountered, as shown in Table 2. The mean
PWYV was significantly different between hypertensive and
normotensive cases. No significant differences of the PWV
were observed in relation to other diseases.

3.3. Vascular pathology

The average atherosclerotic scores varied significantly
among the individual arteries (P < 0.001), as shown in Table 3.
The scores for the aorta and arteries of the lower extrem-
ities (common iliac and femoral arteries) were high, while
those for the visceral arteries (splenic and superior mesen-
teric arteries) were low. A majority (85%) of the cases showed
moderate to severe aortic atherosclerosis. There were no sig-
nificant differences in the scores between the left-sided and
right-sided arteries in the case of arteries examined bilaterally

(common carotid, subclavian, common iliac and external iliac
arteries).

The histogram of the PAI revealed a normal distribution
with a mean (£S.D.) of 4.5 (:£1.4) points and a range from
1.1 to 7.9 points.

3.4. Clinical data and vascular pathology

There was a positive correlation between the age at death
and the PAI (n =275, y =0.219, P <0.001). There was no sig-
nificant difference in the PAI between the two sexes (P> 0.5).
There were significantly positive correlations between the
mean systolic pressure and the PAI (y=0.175, P<0.005),
and between the mean pulse pressure and the PAI (y =0.191,
P <0.005); on the other hand, there was no significant cor-
relation between the mean diastolic pressure and the PAI
(y=0.002, P>0.5).

As shown in Table 2, significant differences of the
mean PAI were found between cases with and with-
out atherosclerosis-related diseases, except for the case
of hyperlipidemia. Table 2 indicates that the PAI is

Table 3

Atherosclerotic score of individual arteries and its correlation with the mean PWV

Name of arteries (a.) n Atherosclerotic score Correlation with mean PWV P
Common carotid a. 301 3(2-4) 0.286 <0.001
Subclavian a. 301 4 (2-5) 0.318 <0.001
Aorta 299 7 (6-8) 0.239 <0.005
Splenic a. 297 2 (0-5) 0.300 <0.001
Superior mesenteric a. 290 2 (0-4) 0.334 <0.001
Common iliac a. 301 8 (6-8) 0.291 <0.005
External iliac a. 301 4 (2-6) 0.248 <0.005
Left femoral a. 300 6 (4-8) 0.330 <0.001
CSI 304 7(10-12) 0.186 <0.005
BAI 268 32(1.844) 0.208 <0.001

Values in each column are number of cases examined, the median of the atherosclerotic scores with percentiles (25-75%) indicated in parentheses, Spearman’s
correlation coefficients (o) between the atherosclerotic score and the mean PWV, and the level of significance. PWV indicates pulse wave velocity; CSI,
coronary stenotic index (range: 0—15); BAI, brain atherosclerotic index (range: 0-8).
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Fig. 2. Correlation between the pathological atherosclerotic index and the
mean pulse wave velocity.

more related to atherosclerosis-related diseases than the
PWV.

3.5. Vascular pathology and PWV

As shown in Table 3, there were positive correlations be-
tween the atherosclerotic scores of the individual arteries
and the mean PWV. When the arteries with atherosclero-
sis more than moderate degree (>6 points) were regarded
as the atherosclerotic arteries, a significant correlation was
present between the total numbers of the atherosclerotic ar-
teries and the PWV (y=0.335, P <0.0001). There was also a
significantly correlation between the PAI and the mean PWV
(y=0.323, P<0.001), as shown in Fig. 2. Table 4 summa-
rizes the correlations between the PAI and the mean PWV
under specific conditions. In normotensive cases, a positive
correlation was observed (0 =0.336, P <0.005) between the
PATI and the mean PWV. The Spearman’s correlation coeffi-
cient was higher in the cases that underwent repeated PWV

Table 4
Correlations between the PAI and mean PWV
n Correlation coefficients (o) P
All autopsy cases 275 0.353 <0.001
Blood pressure
Normotensive 95 0.336 <0.005
Hypertensive 180 0.271 <0.001
Number of PWV examinations
Single 124 0.312 <0.001
Multiple 151 0.390 <0.001
Premortem interval®
0-1.9 years 87 0.337 <0.005
2.0-4.9 89 0.284 <0.01
>5.0 99 0.459 <0.001

Values are Spearman’s correlation coefficients (p) between the PAland PWV.
PAI indicates pathological atherosclerotic index; PWV, pulse wave velocity.

2 Premortem interval between the date of the last PWV examination and
the date of death.

Table 5
Multiple regression analysis of the pulse wave velocity in autopsy cases
(n=304)

Standardized partjal Correlation
regression coefficients coefficients
(B-values) (y-values)
Mean systolic blood 0.444" 0.038
pressure
Age at death 0.154™ 0.036
PAI 0.209" 0.258
Coefficient of 0.331

determination (R2)

PAI: pathological atherosclerotic index.
* P<0.0001.
** P <0.005.

examinations (o =0.390) than in those who underwent a sin-
gle examination (p = 0.312). The correlation between the PAT
and the mean PWV was studied with respect to the premortem
intervals between the date of the last examination and the date
of death. The Spearman’s correlation coefficient between the
PAI and the mean PWV was low (p=0.284) in cases with
an intermediate interval (2-4.9 years), and high (p=0.459)
in those with a long interval (=5 years), while it was inter-
mediate (p=0.337) in the cases where the interval was short
(<2 years). Thus, the correlation between the PAl and PWV
seemed to be independent of the premortem intervals in the
present autopsy cases.

A “changing rate” of PWV was defined as a regression
coefficient of PWYV in simple regression analysis. The meta-
regression analysis showed a positive correlation between
the changing rate of PWV and the PAI, independent of the
mean PWV values. Each 1 m/s increase of PWV per month
corresponded to an increase of PAI of 0.69 points.

A multiple regression analysis was performed to deter-
mine the contributions of the major decisive factors of the
PWYV. Three independent factors, namely, age at death, mean
systolic blood pressure and the PAI, were selected for the
analysis. The result of the analysis was shown in Table 5.
The standardized partial regression coefficient and correla-
tion coefficient between the PAI and the mean PWV were
0.209 and 0.258, respectively. Thus, the PAI accounted for
only 5% (=0.209 x 0.258) of the variability of the variance
of the PWV.

4, Discussion

Arteriosclerosis comprises three different pathological en-
tities: atherosclerosis of elastic or muscular arteries, Moncke-
berg arteriosclerosis (medial calcific sclerosis) of muscular
arteries, and arteriolosclerosis. All of these entities are very
common in the elderly and, in the present study, 85% of the
subjects showed moderate to severe atherosclerosis of the
aorta. In the early stage of atherosclerosis, the intima is in-
volved, but the subsequent medial destruction and fibrosis
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result in arterial dilatation and decrease of elasticity. Mean-
while, the PWV reflects the mechanical properties of the ar-
terial wall, especially the amount and structure of the elastic
fibers in the media, and is closely correlated with the blood
pressure. The present study revealed a weak, but positive
correlation between the PAI and the PWV in normotensive
subjects. A changing rate of the PWV, as well as the PWV
itself, was correlated with the PAL In other words, a higher
changing rate meant more severe atherosclerosis. Takahashi
performed serial PWV measurements in a variety of patients
and the results were consistent with ours, in that the chang-
ing rate of the PWV was especially high in cases of hyper-
tension, ischemic heart disease and diabetes mellitus [17].
The correlation coefficient between the PAI and the PWV
was higher in those cases who underwent repeated examina-
tions than in the cases who underwent a single examination.
These results led us to conclude that repeated PW'V measure-
ments could give us precise information about the severity of
atherosclerosis.

The blood pressure and age of the patients are both impor-
tant factors influencing the PWV. But, it is uncertain whether
the high PWV values among hypertensive patients and the
elderly are caused by the physiological responses to high
blood pressure and the aging process, or by the concomi-
tant atherosclerosis which is also common in these subpop-
ulations. Multiple regression analysis in the present study
showed that atherosclerosis was a more important factor in-
fluencing the PWV than the age of the patients. Earlier reports
stated that aging is the dominant factor responsible for re-
duced arterial compliance, in other words, increases of PWYV,
and that the concomitant atherosclerosis is an additional fac-
tor of arterial stiffness [1,2]. The decrease and fragmentation
of elastic fibers and increase of collagen fibers in the arterial
wall associated with aging are considered to be the cause of
the increase of PWV. Hosoda et al. reported that the elastic
fiber contents of the aorta in non-atherosclerotic cases sharply
decreased from 40% in neonates o 27% in the sixth decade,
but it remained unchanged thereafter until the ninth decade
[18]. Since the cases examined in the present study were all
elderly people over the age of 67 years, Hosoda’s data were
not inconsistent with our results.

To the best of our knowledge, there is no report so far
in English medical literature of the existence of a correla-
tion between the PWV and the severity of atherosclerosis as
examined by pathological methods. Otuska [19] performed
a pathological study on this subject based on 72 autopsy
examinations and reported, in a Japanese journal, the exis-
tence of a positive correlation between the PWV and patho-
logical changes in the aorta, especially the intimal changes
seen in atherosclerosis. Farrar et al. {20,21], in a series of
experimental studies on non-human primates, reported that
atherosclerosis caused thickening of the arterial wall and me-
dial degeneration, which caused an increase of the PWV.
He also observed that discontinuation of a diet high in fat
caused regression of atheroma and decrease of the PWV
values [22].

Blacher et al. [10] studied the correlations between the
PWYV and the severity of atherosclerosis in selected arteries
in hypertensive patients. In their studies, the diagnosis of the
atherosclerosis depended on clinical information and imag-
ing techniques such as the carotid echography and abdominal
CT. Our study was different from the other studies including
the one by Blacher et al., in that the assessment was based on
the pathological examination, which can detect the subclin-
ical or uncomplicated atherosclerosis. They reported a good
correlation between the PWV and the severity of atheroscle-
rosis in aorta and the arteries of the lower limbs. The present
study showed a relatively good correlation with the PWV in
the femoral artery and a relatively weak one in the aorta.

Some limitations of our study warrant attention. As the
intervals between the date of the PWV measurements and
the date of death were occasionally very long, in some cases
more than 5 years, the atherosclerosis might have progressed
or regressed after the last examination. In the present study,
however, along interval was not associated with any decrease
in the correlation coefficient between the PAI and the PWV.

In several reports, high PWV were described in the pa-
tients with hypertension, diabetes mellitus, hyperlipidemia,
ischemic heart disease and cerebrovascular diseases. In con-
trast, the differences in the PWV were statistically significant
only in hypertension in the present study. Furthermore, the
correlation between PAI and PWV seems so weak, consid-
ering only 5% of the variability of PWV was explained by
PAI. We frequently observed that the pathological features
differ significantly from case to case among the cases with
the same degree of atherosclerosis. These features included
presumable important influencing factors of the PWV, such as
the degree of medial destruction, the diameter of the arterial
lumen, and the presence of calcification. This pathological
variety may result in a low correlation between the severity
of atherosclerosis and the PWV. The weak correlation might
be caused by the long premortem intervals mentioned above.
Since the tonometric assessment employed in this study is
known to less accurate and reproducible than a newly devel-
oped oscillometric method [23]. Future autopsy study with
an oscillometric PWV measurement is expected to reveal a
better association between atherosclerosis and PWV.

5. Perspectives

The PWV examination has become a powerful screening
tool to detect the subjects with high cardiovascular and cere-
brovascular risks. The present study provides indisputable
pathological evidence that the PWV correlates with the sever-
ity of aortic and systemic atherosclerosis. Meanwhile, a bet-
ter association of the PAI to atherosclerosis-related diseases
than that of the PWV indicated that the pathological assess-
ment (PAI) of atherosclerosis was superior to its physiolog-
jcal assessment (PWV). Since pathological examinations of
atherosclerosis are impossible to perform in living subjects,
the development of alternative noninvasive imaging tech-
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niques for morphological assessment, such as CT or MRI,
is necessary and would be of great benefit in the future.
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Abstract

Objective: The aim of our study is to find out the good responders for estramustine phosphate (EMP) therapy in
patients with prostate cancer. We have focused on the metabolism of EMP and studied the association between a
functional single-nucleotide polymorphism in the catechol-O-methyltransferase gene (Vall58Met of COMT) and
PSA-progression-free survival in Japanese patients with prostate cancer treated by EMP.

Methods: Seventy-two Japanese patients with previously untreated prostate cancer who were found to be eli gible for
low-dose EMP therapy were enrolled in the study. Genotyping of the Vall58Met polymorphism of COMT was
conducted by both the polymerase chain reaction-based restriction fragment length polymorphism method and
TagMan assay.

Results: Patients with the Val/Val genotype of COMT had a significantly higher PSA-progression-free rate as
compared to those with the Val/Met or Met/Met genotype (p = 0.027). The adjusted hazard ratio of biochemical PSA
failure for the Vall58Met genotype of COMT was 2.164 (95% CI, 1.111 to 5.525).

Conclusions: The Vall58Met polymorphism of COMT is associated with the PSA-progression-free rate of EMP-
treated patients in prostate cancer.
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1. Introduction

Estramustine phosphate (EMP) is a prodrug con-
sisting of 17B-estradiol bound to nor-nitrogen mustard.
The anticancer activity of EMP has been reported to be
mediated by its two major metabolites, estramustine
(EaM) and estromustine (EoM) [1,2], and EaM pos-
sesses more potent anticancer activity than EoM [3].
Despite its usefulness as a second-line hormonal drug
for prostate cancer, EMP often causes severe side
effects that reduce the patient compliance with the
drug. Therefore, we have been involved in attempts
to administer low-dose EMP therapy for prostate can-
cer, to reduce the incidence of the drug’s side effects
while maintaining its therapeutic efficacy.

Recently, the antiproliferative and anti-angiogenic
properties of 2-methoxyestradiol (2-ME2) has drawn
attention [4], and randomized phase 2 clinical trials of
this drug for hormone-refractory prostate cancer were
conducted in the USA. The drug was found to be well
tolerated and contributed to the decline and stabiliza-
tion of PSA levels in patients of prostate cancer [5]. 2-
ME2, a metabolite of 17B-estradiol, which is yielded
by sequential hydroxylation, and O-methylation of
17B-estradiol at the 2-position, is synthesized naturally
in the human body.

Catechol-O-methyltransferase (COMT) catalyzes
the O-methylation of 2-hydroxyestradiol to yield 2-
ME2 [4]. COMT is an important enzyme that is
involved in the inactivation of endogenous catechola-
mines and catechol drugs. COMT activity is governed
by a functional single-nucleotide polymorphism (SNP)
due to a G-to-A transition at codon 158 of COMT,
resulting in a valine (Val)-to-methionine (Met) sub-
stitution. Homozygosity for 158Met leads to a 3- to 4-
fold reduction in the activity of this enzyme due to
increase of its thermolability [6]. Then, we considered
that the enzymatic activity of COMT might be asso-
ciated with both the elaboration of 2-ME2 and the
clinical efficacy of EMP therapy in cases of prostate
cancer. In this study, we investigated the relationship
between the Vall58Met polymorphism of COMT and
PSA-progression-free survival of EMP-treated patients
in prostate cancer.

2. Material and methods

2.1. Study design and treatment plan

Seventy-two Japanese patients with previously untreated pros-
tate cancer, aged from 55 to 89 years (mean & SD, 72.4 + 8.0) and
an Eastern Cooperative Oncology Group performance status [7] of
0 to 2, who were considered to be eligible for low-dose EMP
therapy (280 or 140 mg/day) were enrolled for the study (Table 1),

which was conducted from January 1999 to August 2003, These
patients did not have significant active concurrent medical illness or
malignancy precluding EMP treatment. Patients who had a history
of cardiovascular event were excluded from this project. The tumor
status of the patients was evaluated from digital rectal examination,
transrectal ultrasonography, and pelvic computed tomography and
was conducted according to the 2002 TNM staging system for
cancer [8]. Low-dose EMP therapy was performed at the University
of Tokyo Hospital and our affiliated hospitals. Thirty-two patients
were treated with oral EMP alone (280 mg/day), and the remaining
40 patients were treated with oral EMP (280 mg/day in 9 patients
and 140 mg/day in 31 patients) plus injection of luteinizing hor-
mone releasing hormone agonist or surgical castration. We assessed
their physical condition and serum prostate-specific antigen (PSA)
levels monthly. Biochemical PSA failure was defined as arise in the
PSA level to greater than 4.0 ng/mL on three consecutive measure-
ments after achieving a nadir, and the date of the first determination
of a PSA level of 4.0 ng/mL was considered as the time-point of
biochemical PSA failure. Follow-up period was 1.46+1.24
(mean £ SD) years. The study was conducted with the approval
of the Ethics Committee of the University of Tokyo, and after
obtaining written informed consent from each of the patients prior
to their entering the study.

We also examined age-matched and residence-matched 110
Japanese men as a non-cancer group to consider the distribution of
COMT genotypes and prostate cancer susceptibility, aged from 53
to 89 years (mean + SD, 74.1 & 6.4), who died of cancer unrelated
cause at Tokyo Metropolitan Geriatric Medical Center. Those
patients had been registered in the database of Japanese single
nucleotide polymorphisms for geriatric research (JG-SNP) [9]. All
of them were consecutively autopsied and we confirmed patholo-
gically that they did not carry any malignancies. Written informed
consent was obtained either from the patients themselves prior to
death or from family members under the Act of Postmortem
Examination. The study was also reviewed and approved by the
ethics committee of Tokyo Metropolitan Geriatric Medical Center.

2.2. Genotyping assays

Genotyping of the Val158Met polymorphism of COMT was
conducted by the polymerase chain reaction (PCR)-based restric-
tion fragment length polymorphism (RFLP) method. Genomic
DNA was extracted from the peripheral blood. The concentration
of the DNA solution was adjusted to 100 ng/p.L before using it for
PCR. Primer sequences and PCR conditions were obtained using
the method described previously by Hamajima et al. [10]. Gene
fragment containing the Val158Met polymorphism of COMT was
amplified in a 50-pL volume of a solution containing 5 wL of
10 x PCR Gold Buffer, 1.5 mM MgCl,, 0.2 mM dNTP (Applied
Biosystems, Foster City, CA, USA), 0.5 uM each specific primer
(synthesized by Fasmac, Atsugi, Kanagawa, Japan), 1.25U of
AmpliTaq Gold DNA polymerase (Applied Biosystems, Branch-
burg, NJ, USA), and 100 ng of genomic DNA. Twenty pL of the
amplicons were digested by 5 units of Nlaf (New England Biolabs,
Beverly, MA, USA) for 3 hours at 37 °C, and the gene fragments
were examined on a 3% agarose gel by ethidium bromide staining.
The genotypes were distinguished as follows, 114-, 36-, and 35-bp
for Val/Val COMT, 114-, 96-, 36-, 35- and 18-bp for Val/Met
COMT, and 96-, 36-, 35- and 18-bp for Met/Met COMT (Fig. 1).

In addition, we verified the results of RFLP method by a
TagMan assay. We performed a TagMan assay by using ABI
PRISM 7000 or 7300 sequence detection system (Applied Biosys-
tems, Foster City, CA, USA), according to the manufacturer’s
instructions. Sequences of specific primers and TagMan probes,
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Table 1
Characteristics of patients

and conditions of quantitative real-time PCR were obtained from
the website of National Cancer Institute (Cancer Genome Anatomy
Project SNP500Cancer Database; http://snp500cancer.nci.nih.gov/
snp.cfm?both_snp_id=COMT-01).

2.3. Statistical analysis

The x*-test was conducted to examine the Hardy-Weinberg
equilibrinm (HWE) and to compare the distribution of tumor status,
Gleason sum, and treatment among the genotypes. Using unpaired
t-test compared age and the logarithmic transformed PSA baseline
levels among the genotypes. Because the distribution of PSA
baseline levels was skewed, we used the logarithmic transformation
to estimate geometric mean of PSA baseline levels. Odds ratios
(ORs) with 95% confidence intervals (CIs) for prostate cancer
susceptibility were calculated by a standard Woolf-Haldane ana-
lysis. The primary end point of this study was biochemical PSA-
progression-free survival. Survival was measured from the date of
starting low-dose EMP therapy to the date of biochemical PSA
failure. PSA-progression-free survival curves were drawn by the
Kaplan-Meier method and statistical significance was analyzed by
the log-rank test [11]. The effect of the COMT polymorphism on
PSA levels was evaluated not only by genotype but also allele wise.
We estimated the 95% CI and hazard ratio (HR) by the Cox
proportional hazard model [12]. The HRs in the multivariate
analysis were obtained with adjustment for Vall58Met genotype
of COMT, age, tamor status, Gleason sum, treatment, and PSA
baseline level. These statistical analyses were conducted using the
JMP software, version 4.0.5 (SAS, Cary, NC, USA). The signifi-
cance level used was p < 0.05 in all statistics.

3. Results

Opverall toxicity rate was as high as 66.7%. Nineteen
of 72 patients (26.4%) withdrew EMP therapy because
of side effects (gastrointestinal toxicity, 11 patients;
hepatic toxicity, 4 patients; peripheral edema, 3
patients; arrhythmia, 1 patient). Thirteen patients
(18.1%) resulted in biochemical PSA failure. New
metastatic regions were not observed in all patients,
however, 2 patients developed local enlargement of
prostate tumor without biochemical PSA failure. No
patients died of prostate cancer or side effect of EMP
during the observation period.

We divided the patients by the Val158Met genotype
of COMT, and verified their background data for
comparability. No significant differences were seen
among the case groups in terms of the age, tumor
status, Gleason sum, treatment, or PSA baseline level
(Table 1). Table 2 shows the distribution of each
genotype of COMT both in the case group and the
non-cancer group. No significant difference was
observed between age distribution of the case group
and that of the non-cancer group (p = 0.105). The allele
frequencies of Val and Met were 0.653 and 0.347 in the
case group, and 0.655 and 0.345 in the non-cancer
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Fig. 1. The electrophoregram shows band pattern of each genotype of the Val158Met polymorphism of COMT. Each genotype was distinguished as follows:
185-bp for undigested, 114-, 36-, and 35-bp for the Val/Val genotype, 114-.96-, 36-, 35-, and 18-bp for the Val/Met genotype, and 96-, 36-, 35-, and 18-bp for the

Met/Met genotype.

group, respectively. The allele frequencies of Vall58-
Met polymorphism of COMT in the case and the non-
cancer groups were not statistically significant
(p =0.596). Although the distribution of the Vall58-
Met genotype of COMT in the non-cancer group did
not deviate from the HWE (x* = 0.017, p = 0.897), that
in the case group deviated from the HWE ( X% =5.922,

Table 2
Prostate cancer susceptibility and HWE tests

p =0.015). The Vall58Met genotype of COMT was not
associated with prostate cancer susceptibility (Table 2)..

We compared the PSA-progression free survival
between patients with Val/Val genotype and that with
Val/Met and Met/Met genotypes, because the enzy-
matic activities of Val/Met and Met/Met COMT are
significantly lower than that of Val/Val COMT ([13].

26 (36.1)
42 (58.3)
4 (5.6)

46 (63.9)
Val 0.653
Met 0.347
¥ 5.922
p -value 0.015

47427 S1.00 S
50 (45.5)- 0.659 (0.351 to 1.237) -
13 (11.8) "1.798 (0.531 t0-6.082) °
63 (57.3) 0.758 (0.411 to 1.397)
0.655 :
0.345
0.003
0.957

erval. 95%.
2 equilibrium.
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Patients with the Val/Val genotype of COMT had a
significantly higher PSA-progression-free survival
than patients with the Val/Met or Met/Met genotype
(log-rank test, p =0.027) (Fig. 2). The 3-year PSA-
progression-free survival was 89.4% in the group with
the Val/Val genotype and 47.2% in the group with the
Val/Met or Met/Met genotype. When we restricted our
analysis to only patients receiving oral EMP at the dose
of 280 mg/day, the PSA-progression-free survival was
also significantly higher in the group with the Val/Val
genotype than in that with the Val/Met or Met/Met
genotype (log-rank test, p = 0.044). The 3-year PSA-
progression-free survivals were 91.7% in the group
with the Val/Val genotype and 46.7% in the group with
the Val/Met or Met/Met genotype. In addition, we
evaluated the effect of the COMT polymorphism on
PSA levels by allele wise. With whole 72 cases (144
alleles), the Val allele had a slightly higher PSA-
progression-free survival than the Met allele (log-rank
test, p=0.083). When we restricted our analysis to
only subjects receiving oral EMP at the dose of
280 mg/day (64 alleles), the PSA-progression-free sur-
vival was significantly higher in the Val allele than in
the Met allele (log-rank test, p = 0.028).

The findings of the univariate and the multivariate
analyses showed that the Vall58Met genotype of
COMT was a significant factor for the survival of
biochemical PSA failure. The adjusted hazard ratio
of the Val158Met genotype of COMT was 4.784 (95%
CI, 1.226 to 31.567) (Table 3).

“Table 3
Univariate and multivariate analyses of biochemical PSA failure prediction

4. Discussion

We have previously demonstrated the efficacy of
low-dose EMP monotherapy in patients with prostate
cancer [14]. Overall PSA response rate of our study
was as high as 93.4% that was almost equal to the
outcome of EMP therapy at the dose of 560 mg/day for
previously untreated advanced prostate cancer [14]. In
contrast, overall toxicity rate was 39.5% in EMP
therapy at the dose of 280 mg/day and 55.0% in that
at the dose of 560 mg/day, respectively [14,15]. Recent
our data also suggested the incidence of side effect of
EMP increased in a dose-dependent manner [16].

The actual mechanism underlying the efficacy of
low-dose EMP therapy for prostate cancer remains to
be clearly established. Our data suggested the Vall58-
Met polymorphism of COMT is associated with the
PSA-progression-free survival of EMP-treated patients
in prostate cancer. The difference of enzymatic activity
of COMT contributes to both 17f-estradiol metabo-
lism and 2-ME2 elaboration. Wang et al. suggested that
EaM and EoM exhibit their antagonistic effects on both
mutated androgen receptor (m-AR) and wild-type AR,
whereas hydroxyflutamide and 17B-estradiol act as
agonists to m-AR [17]. Considering that 17B-estradiol -
has agonistic property for m-AR during EMP therapy,
patients with Val/Val genotype of COMT may be
favorable to reduce agonistic effect of 17@-estradiol.
On the other hand, considering that 2-ME2 has anti-
proliferative and anti-angiogenic properties [4],
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patients with Val/Val genotype of COMT may also be
favorable to elaborate 2-ME2. 2-ME?2 was found to be
capable of inhibiting the proliferation of DU145 (a
human prostate cancer cell line) cells more effectively
than EaM and EoM. The 50%-inhibitory concentra-
tions of 2-ME2, EaM and EoM against the cellular
proliferation of DU145 cells have been reported to be
1.8, 20.5 and 65.6 pmol/L, respectively [3,18]. There
remains a need to compare the serum 173-estradiol and
2-ME2 levels by genotypes of the Vall58Met poly-
morphism of COMT.

In our study, the distribution of the Vall58Met
genotype of COMT in our patients deviated from the
HWE. There is one interesting paper reported by
Suzuki et al. [19]. They evaluated the association
between the Vall58Met polymorphism of COMT
and the risk of developing familial prostate carcinoma
in Japanese population. Their data showed the distri-
butions of Val/Val, Val/Met, and Met/Met were 38
(37.6%), 55 (54.5%), and 8 (7.9%) in patients with
familial prostate cancer and 52 (45.6%), 51 (44.7%),
and 11 (9.6%) in the non-cancer group, respectively. To
examine their data for the HWE by the x* test, the p
values were 0.051 in the case group and 0.768 in the
non-cancer group. The distribution of the Vall58Met
genotype of COMT in the case group that Suzuki et al.
reported was barely in the HWE. Our data suggest a
disparity of the HWE between the case group and the
non-cancer group. To confirm our data, the HWE test
should be performed with more number of cases in the
future.

A weak point of this study was short observation
period. We thought that high withdrawal rate of EMP
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Multiple candidate gene analysis identifies
a-synuclein as a susceptibility gene for
sporadic Parkinson’s disease
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Parkinson’s disease (PD), one of the most common human neurodegeneratlve diseases, is charactenzed by
the loss of dopaminergic neurons in the substantia nigra of the midbrain. PD is a complex disorder with mul-
tiple genetic and environmental factors influencing disease risk. To Identify susceptible genes for sporadic
PD, we performed case—control association studies of 268 single nucleotide polymorphisms (SNPs) in 121
candidate genes. In two independent case—control populations, we found that a SNP in a-synuclein
(SNCAY), rs7684318, showed the strongest association with PD (P = 5.0 x 107'%). Linkage disequilibrium
(LD} analysis using 29 SNPs in a region around rs7684318 revealed that the entire SNCA gene lies within a
single LD block (D' > 0.9) spanning ~120 kb. A tight LD group (r? > 0.85) of six SNPs, including rs7684318,
assoclated most strongly with PD (P =2.0 x 107°-1.7 x 10™""). Haplotype association analysis did not

_show lower P-values than any single SNP within this group. SNCA is a major component of Lewy bodies,
the pathological hallmark of PD. Aggregation of SNCA is thought to play a crucial role in PD. SNCA
expression levels tended to be positively correlated with the number of the associated allele in autopsied
frontal cortices. These findings establish SNCA as a definite susceptibility gene for sporadic PD.

INTRODUCTION

Sporadic Parkinson’s disease (PD) (OMIM no. 168600) is the
second most common neurodegenerative disease following
Alzheimer’s disease. PD is late onset and progressive, affecting
1-2% of persons older than 65 years. Clinical features of PD
include resting tremor, bradykinesia, rigidity and postural
instability. The disease is pathologically characterized by the

loss of dopaminergic neurons in the substantia nigra and the pre-
sence of intracellular inclusions known as Lewy bodies. Various
medical managements are available for PD, including drugs
(I-dopa, dopamine agonists, anti-cholinergic drugs, etc.) and
surgery (thalamotomy, pallidotomy, deep brair stimulation,
ete.) (1). These treatments improve PD symptoms, but do little
to deter disease progression. Identifying risk factors for PD can
be helpful in delaying disease onset and slowing its progression.
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PD is a complex common disease, caused by multiple
genetic and environmental factors (2). The contribution of
genetic factors to sporadic PD is indicated by several findings.
First, ~10% of patients with PD have a positive family history
(3). Secondly, a recent large-scale survey in Iceland showed
that the risk ratio for PD was increased in related individuals
(6.7 for siblings, 3.2 for offspring and 2.7 for nephews and
nieces of patients with PD) (4). Thirdly, a twin study using
['®*F]dopa PET showed that the concordance rate for PD,
including subclinical cases, is approximately three times

higher in monozygotic twins (55%) than in dizygotic twins-

(18%) (5).

Causal genes for Mendelian-inherited  PD have been
reported, including a-synuclein [4q21, autosomal dominant
(AD)] (6), parkin [6425.2-27, autosomal recessive (AR)]
(7), UCH-LI (4p14, AD) (8), PINKI (1p36, AR) (9), DJ-1
(1p36, AR) (10), LRRK2/dardarin (12q12, AD) (11,12) and
NR4A2/Nurrl (2q22-23, AD) (13).

Many case—control association studies using single nucleo-
tide polymorphisms (SNPs) in candidate genes have been
reported, but few consistent findings have been obtained (2).
This is due, in part, to limited numbers of available samples,
target genes and/or genetic markers. Since 2001, genome-
wide, non-parametric linkage analysis of PD families has
revealed significant linkage in multiple chromosomal regions
(14-17), leading to the identification of tqu (18) and FGF20
(19) as susceptibility genes.

To date, polymorphisms that influence PD as strongly
as APOE-e4 influences Alzheimer’s disease have not been
identified. Through extensive candidate gene association
studies, we have established a-synuclein (SNCA) as a definite
susceptibility gene for sporadic PD.

RESULTS
Screening of SNPs in candidate genes for PD

We. selected candidate genes from the literature describing
genetic, pathological and biochemical findings in- PD, as
well as genes that participate in the proposed mechanisms
for PD. Finally, we picked up 121 genes relevant to familial
PD, Lewy bodies, dopaminergic neurons, cytokines and
trophic factors, mitochondrial fimctions, oxidative stress,
proteasome function, autophagy, endoplasmic reticulum-
associated degradation (ERAD) and toxins. One to seven
SNPs per gene (268 SNPs total) were selected from the
dbSNP, JSNP and Celera Discovery System databases.’

In the initial screen, we genotyped 190 patients and 190
controls (Supplementary Material, Table S1). To avoid false
negatives, we set the a-value at 0.05 in the first screen.
From 268 SNPs, 22 SNPs in 16 genes showed association
with PD (P < 0.05) in genotype frequency, allele frequency,
dominant model or recessive model. We genotyped the 22
qualifying SNPs in a replication panel of 692 patients and
748 controls and tested again for association. This. inde-
pendent test revealed that SNP0070 (rs7684318 C/T) was
prominently associated with PD (P =15.0 x 10710 for allele
frequency) (Table 1). We corrected the a-value to 0.00019
after Bonferroni’s correction (tests for 268 SNPs). The
remaining 21 SNPs did not show P-values lower than

0.00019 (data not shown). SNP0070 is located in intron 4
of the a-synuclein (SNCA) gene on chromosome 4q21.
SNCA is a-primary component of intracellular inclusions
called Lewy bodies, which are considered to be the patho-
logical hallmark of PD- (20). Aggregation of SNCA is
thought to play a crucial role in the pathogenesis of PD
(21). The allele C frequency of SNP0070 was higher in PD
(0.67) than in controls (0.57) (Table I). The association of
SNP0070 was significant in genotype frequency, allele
frequency, dominant model and recessive model. Of the two
disease models, allele C of SNP0070 was more significantly
associated in the recessive model than in the dominant
model (Table 1).

Linkage disequilibrium (LD) mapping and search for
susceptibility SNPs :

We performed LD mapping in a 430kb region around
SNP0070. This region contains two genes: SNCA and
MMRNI. Using SNP0070 and 28 additional SNPs in this
region, we genotyped 134 control subjects and constructed an
LD map based on pairwise D' and r* (Fig. 1) (Supplementary
Material, Table $2). Three LD blocks were observed on
the basis of D’ (D' > 0.9). The entire SNCA gene was included
in a block containing SNP0070 (block 2). The AMMRNI
gene was in another LD block, indicating that AMAJRNI does
not correlate with the SNP0070 association (Fig. 2).

To search for the most strongly associated SNP(s) in the
region, we next performed association studies with these 29
SNPs (Fig. 2; Table 2). We found significant associations
for SNPs in block 2, but not in blocks 1 and 3. Block 2,
thought to be a susceptibility block for PD, was further
analyzed on the basis of r*-values. Of the 19 SNPs in block
2, 16 belonged to three groups with high pairwise r
(>>0.85) and the remaining three did not belong to any
group (Fig. 1; Table 2) (Supplementary Material, Table §2).
Six SNPs in group 1, including originally screened SNP0070
and . five additional SNPs (0203, 0204, 0205, 0207 and
0209), showed prominent association with PD (P=
2.0 x 107°-1.7 x 107", allele 1 versus allele 2) (Fig. 2;
Table 2). Population attributable risk (PAR) (22) of SNP0070
was 42.5% in the dominant model and 18.5% in the recessive
model. ' ' ‘

We next performed haplotype analysis using six representa-
tive SNPs in block 2 (Table 3). Six commeon haplotypes (> 1%
of PD and controls) covered >90% of the population haplo-
types in both PD and controls. The major haplotypes 1 and
2 showed significant associations; however, their P-values
were not lower than that of any single SNP in group 1. There-
fore, the presence of hidden SNP(s) with a lower P-value than
group 1 seemed unlikely, ds was the possibility that the haplo-
type(s) is implicated in PD susceptibility. These findings
establish the six SNPs in group 1 as the strongest susceptibility
SNPs. All showed stronger associations in the recessive model
than in the dominant model, similar to the originally screened
SNP0070 (Table 4).

Taken together, our genetic analyses indicate that SNC4 is a
definite susceptibility gene for sporadic PD and that multiple
SNPs in group 1 are susceptibility SNPs, likely in a recessive
model.
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Table 1. Association of SNPO070 in SNCA between cases and controls
Genotype Allele . P-value (xz—lest) ’
cC CT TT Total C T Total  Genotype Allele Dominant*  Recessive®
model model
First screen
Case 87 (0.46)  87(0A46)  14(0.07) 188 261 (0.69) 115(031) 376 34x107" 18x 107" 18x107* Lix107?
Control 62 (0.33) 85 (0.46) 39(0.21) 186 209 (0.56) 163 (0.44) 372
Replication ' :
Case 298 (0.44) 307 (0.45) 75(0.11)" 680 903 (0.66) 457 (0.34) 1360 1.3 x 10°% 42 x1077 15%x 107 9.0x 1077
Control 233 (0.31)  387(0.52) 126(0.17) 746 853 (0.57) 639(0.43) 1492
Tmca;se 385 (0.44) 394 (0.45) 89(0.10) 868 1164 (0.67) 572(0.33) 1736 27x10° 50x 107" 57x10"° 28x10°°
Control 205(0.32) 472(051) 165(0.18) 932 1062 (0.57) 802 (0.43) 1864
Frequencies of genotypes and alleles are in parentheses.
"Genotype CC+CT versus TT.
bGenotype CC versus CT+TT.
50,95-1
r09-095
20.85-0.9
®0.8-0.85
=0.75-0.8
E0.7-0.75
% 0.65-0.2
E0.6-0.65
B055-0.6
=0.5-055
©0.45-0.5
20.4-0.45
B0.35-04
E0.3-D.35
E0.25-0.3
E0.2-0.28
20.15-0.2
E0.1-0.6
B0.06-0.1
20-0.05

Figure 1. LD structure of the susceptibility region for sporadic PD. Pairwise LD between SNPs, as measured By DY in 134 controls, is graphically indicated. The
region spanning 430 kb around the originally screened SNPO070(*) was divided into three LD blocks (D' > 0.9) (upper right). On the basis of 7%, SNPs in
block 2, including SNP0070, were further divided into three groups (r2 > 0.85) and three solitary SNPs (lower left). The scale is nominal.

SNCA gene vexpression in relation to susceptibility
genotypes :

To examine whether the strongest associated SNPs (group 1)
affect SNCA gene expression, we farther quantified SNCA
mRNA in autopsied frontal cortices and compared the
values among the genotypes. SNP0070, in which allele C is
associated with PD, was used as a representative of group 1.

The relative values of SNC4 mRNA for all cases (n = 21)
and all controls (7 = 18) were 1.07 £+ 0.10 and 0.95 + 0.13,
respectively, showing almost the same level (P =0.46,
Student’s r-test). When compared among the genotypes in
cases, the mean tended to decrease in the order of CC, CT
and TT (Fig. 3), although the differences did not reach the sig-
nificant levels (P = 0.71 for CC versus CT, P=0.16 for CT
versus TT and P = 0.32 for CC versus TT). Similar tendency
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Figure 2. Genomic structure and SNPs of the susceptibility region for sporadic
PD and case~control association studies (882 cases and 938 controls). Log
P-values (allele 1 versus allele 2) are plotied against the physical location
of the SNPs. The region includes two genes: SNG4 and MMRNI; transcription
orientation is decated by horizontal airows. Physical locations of SNPs are
shown as axial bars with our experimental ID number. The originally screened
SNP0070 is indicated by an asterisk. The location of Repl, a well-kmown

" repeat polymorphlsm in the SNCA promoter region, is indicated by a thick
bar. SNPs in block 2 are nominated in an expanded mﬂp “with the exon—
intron structure of SNC4. SNPs in group 1 are shown in red. Note that
P-values are prommently low at the group 1 SNPs located in the 3’ region
of SNC4. P-values in the region around Repl are far from sigpificant when
compared with those in group 1.

was observed in controls. The mean tended to decrease in the
order of CC, CT and TT (Fig. 3) (P = 0.33 for CC versus CT,

P =0.59 for CT versus TT and P = 0.54 for CC versus TT).

These results indicate the possibility that expression” of
SNC4 mRNA in the brain tends to be positively correlated
with the number of PD-associated allele

DISCUSSION

To identify susceptlblhty genes’ for PD, we performed an .

extensive candidate gene approach by screening 268 SNPs
in 121 genes and 1dent1ﬁed a prominent association with
SNP0070 (rs7684318) in the SNCA gene (Table 1). LD
mapping localized the entire SNC4 gene within a single LD
block (Figs 1 and 2). Within this block six SNPs 1nc]ud1ng
SNP0070 were in a tlght LD group and most strongly associ-
ated with PD (Fig. 2; Table 2). The major allele of each SNP
in group 1 was positively associated with PD, more strongly in
the recessive model than in the dominant model (Table 4). Our
genetic analyses establish SNCA as a definite susceptibility
gene for PD and identify multiple SNPs in group 1 as suscep-
tlblhty SNPs. Recently, Mueller et al. (23) reported that
multiple regions of SNCA are associated with PD in the
German populatlon Associated SNPs identified by Mueller

.was not in block 2,
Material, Table $2). P-value of Repl was 7.5 x 1077

et al. included 15356165 (P = 1.5 x 10™%), which corresponds
to SNP0204 in our study, indicating that this SNP has a similar
association in Caucasians. Pals er al. (24) previously reported
no association of the haplotype containing rs356165 with PD
in Belgian samples. This contradictory finding may be, at
least in part, due to a small sample size (175 cases and 186
controls), as mentioned by the authors.

SNCA/a-synuclein was originally identified in the electric
organ of the Pacific electric ray (25). SNCA is a presynaptic
protein that is highly and broadly expressed in the bram, but
its normal function remains unknown (21). It is a major com-
ponent of Lewy bodies, the pathological hallmark of PD (20),
and the aogregatlon of SNCA protein is thought to play a
crucial role in the loss of dopaminergic neurons (21,26).

SNCA was also the first gene identified as a causative gene
in familial PD. Three missense mutations in SNCA were
reported in families with AD inheritance (6,27,28). These
mutations are thought to increase the aggregation of SNCA
protein. Point mutations in SNC4 have not been identified in
sporadic PD (27,29), and no SNPs have been found in the
coding reclon, suggesting that disease-related amino acid
changes in SNCA are unhke}y in sporadic PD.

Genes overdosage is a potential mechanism for the influ-
ence of SNCA4 in PD. Triplication of the SNCA4 locus has
been seen in an AD PD family (30), and doubling of SNCA4
gene dosage by triplication has been shown to result in the
doubling of mRNA and protein expression in blood and
brain (31). Duplication of SNCA4 has also been identified as
a cause of familial PD (32 ,33). Clinical features of patients
with SNCA duplication resemble those of sporadic cases and
are much milder than those with triplication. Taken together,
these observations indicate a correlation between 1ncreased
SNCA- protein-levels and disease risk. Identification of one
or more polymorphisms related to SNCA expression level
might reveal strong suscepnblhty indicators for sporadic PD.
Many studies have focussed on a mixed repeat microsatellite
polymorphism  called Repl (34), because of its location in
the SNCA promoter region. However, their significance is
uncertain, possibly because of the small number of samples
(35-37). Our study demonstrates that the P-values of SNPs
around Repl (0718 1023 and 0220) are less significant than

‘that of the SNPs in group 1 (Fig. 2). In addition, we genotyped

our samples for Repl. Pairwise D'-values showed that Repl
“but on the boundary (Supplementary
(Sup-
plementary Matetial, Table $3), which might be explained
by its. intermediate correlation wnh the sﬁon%est susceptibility
SNPs (group 1, P=2.0 x 107°-1.7 x 107 '"). Our findings
suggest that P-value of Repl depends on its LD strength
with SNPs in group 1. LD strength may be modified by the
unstableness of microsatellite markers (38) and may vary
among races (39). Taken together, these findings may also
partly explain the contradictory findings of previous Repl
association studies.

To investigate the relationship between the SNPs in group 1
and the SNCA expression levels, we analyzed SNC4 mRNA
expressmn in autopsied frontal cortices (Fig. 3). SNCA
expression levels tended to be positively correlated with the
number of the PD-associated allele, supporting the popular -
hypothesis that increased SNCA leads to the disease.
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Table 3 Hap]otype association analysis using representative SNPs in block 2
Haplotypes Representative SNP (group) Haplotype frequency P-value
202 0070 (1) 0206 (2) 0214 (3) 0215 1023 Case Control
1 A C T G A T 0.39 0.33 44x107°
2 T T T T A C 0.24 0.3 50x107°
3 A C C T C T 0.24 0.21 0.071
4 A T T T o T 0.03 0.06 33x107
3 T T T T C T 0.02 0.03 0.083
6 T T T G A T 0.01 0.02 0.62
Table 4. Association of the SNPs in group 1 of block 2
SNP Allele Genotype Dominant model Recessive model
Case Control (MM + Mm versus mm) (MM versus Mm + mm)

M/m MM Mm mnm MM Mm mm P-value Odds ratio (95% CI) P-value Odds ratio (95%CI)
0203 TIC 380 406 87 293 476 164 3.0x107¢ 1.95 (1.45-2.52) 1.0x 1077 1.68 (1.41-2.07}
0204 G/A 379 399 89 289 482 159 27 % 107% 1.81 (1.36-2.38) 3.0 x 107" 1.72 (1.43-2.13)
007¢" C/T 385 394 89 295 472 165 5.7x107¢ 1.90 (1.44-2.53) 2.8 x 107% 1.71 (1.42-2.06)
0205 T/IC 376 406 87 288 477 166 1.8 x 107° 1.98 (1.45-2.61) 60x107° 1.69 (1.40-2.05)
0207 T/C 382 367 91 296 482 154~  53x107* 1.66 (1.25-2.16) 3.0 x107° 1.78 (1.47-2.16)
0209 cr 402 377 84 297 480 156 14 x107° 1.89 (1.41-2.51) 1.5x 107" 1.86 (1.55-2.27)

M and m are major allele and minor allele, respectively. CI, confidence interval.

Originally screened SNP.
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Figure 3. In vivo expressxon of SNC4 mRNA in relation to susceptibility
genotypes. SNP0070 (C/T) is used as a representative of group 1. SNCA
expression levels in autopsied frontal cortices of cases (solid bar; 8 CC,
9 CT and 4 TT) and controls (open bar; 8 CC, 8 CT and 2 TT). Relative
SNCA4 mRNA levels (normalized to neurofilument L, NF) are indicated. In
cases, mean + SEM of CC, CT and TT were 1.17 £ 0.23, 1.08 4 0.11 and
0.82 + 0.08, respectively. In controls, mean + SEM of CC, CT and TT
were 1.11 + 0.28, 0.83 4+ 0.07 and 0.75 + 0.07, respectively.

The PD-associated alleles may positively correlate with the
basal transcription level of SNC4 and/or the induction of
SNCA expression by certain stimulators, for example, oxi-
dative stress.

Other possible functional effects of associated SNPs include
alternative splicing, which may result in a protein isoform that
aggregates more readily. The C-terminal region of SNCA is
rich in acidic amino acid residues, and its truncation promotes
aggregation in vitro (40,41). The known splice variant
SNCA112 lacks exon 5, which encodes 28 amino acids (10
of which are acidic) in frame. Thus, SNCA112 may also
promote aggregation. We investigated SNCA4I12 mRNA
expression in frontal cortices using splice variant-specific

primers, but observed little difference among the three
genotypes (data not shown).

In summary, our study establishes SNCA as a susceptibility
gene for sporadic PD. Focussed investigations of SNCA func-
tion will further enhance our understandmo of how genetic
factors contribute to the complex etiology of PD.

MATERIALS AND METHODS
Subjects

We recruited 882 unrelated sporadic PD patients (age,
64.9 + 9.8; male/female ratio, 0.79) and 938 unrelated
controls (age, 45.3 + 16.3; male/female ratio, 1.10). The diag-
nosis of idiopathic PD was based on the presence of two or
more of the cardinal features of PD (tremor, rigidity, bradyki-
nesia and postural instability), according to the criteria for
sporadic PD (42). Patients were evaluated by the certified
neurologists specializing in PD. The average age of onset
was 57.4 + 10.9 years. Forty-two patients showed early
onset of PD (<40 years) and 51 patients had a positive
family history of PD. Patients who carried parkin mutations
were excluded. All patients and controls were of Japanese
ancestry. Informed consent was obtained from each individual,
and approval for the study was obtamed from the University
Ethical Comumittees. '

SNP genotyping

Genomic DNA was extracted from whole blood using
FlexGene (Qiagen). SNP information was obtained from the
dbSNP  (hitp://www/ncbinlm.nih.gov/SNP/), JSNP (http://
snp.ims.u-tokyo.ac.jp/) (43) and Celera Discovery System



(http://myscience.appliedbiosystems.com/) databases. We geno-
typed SNPs using the Invader assay (Third Wave Technol-
ogies), TagMan {Applied Biosystems) or direct sequencing
using an ABI3730 capillary sequencer (Applied Biosystems).
Repl genotyping and allele designations followed those
described previously (35). The Repl region was amplified
using FAMS’-CCTGGCATATTTGATTIGCAA-3 and 5'-
GACTGGCCCAAGATTAACCA-3 as primers and analyzed
using ABI3730 capillary sequencer.

Statis‘tical analysis
SNPAlyze sofiware (DYNACOM, Japan) was used for the

case—control study (x*-test), calculation of odds ratio and its

95% CI (Bootstrap method), haplotype analysis (Expectation—
Maximization algorithm) and pairwise LD analysis (Lewontin’s
coefficient D' and standardized coefficient ).

Real-time RT-PCR

Autopsied frontal cortices were obtained from the Brain Bank
for Aging Research (Tokyo Metropolitan Geriatric Hospital/
Tokyo Metropohtan Institute of Gerontology) and from the
Department of Neurology, Juntendo University School of
Medicine. The samples contained 21 cases [age, 82.6 + 7.1
(SD) years; 11 males and 10 females] with Lewy body patho-
logy defined by the third Consensus Guideline for Dementia
with Lewy Bodies (44), comprising PD with and without
dementia and dementia with Léwy bodies; and 18 control
subjects (age, 81.2 4 5.2; 12 males and six females) without
parkinsonism or dementia. and without neurodegenerative
pathological changes. Total RNA was extracted from tissues
using RNeasy (Qiagen), and ¢cDNA was prepared using Super-
script reverse transcriptase (Invitrogen). Real-time RT-PCR
was carried out on ABI PRISM 7900 sequence detection
system . (Applied Biosystems) using SYBR Premix Ex- Taq
(TAKARA Japan). First-strand ¢cDNA was amplified using
primers specific for SNCA (forward: 5-GCAGAAGCA
GCAGGAAAGAC-3"; reverse: 5-CTGGGCTACTGCTGTC
ACAC-3¥; product size: 159 bp) and NF (neurofilament L,
forward: 5'-AGAACGCTGAGGAATGGTTC-3;
5'-CTGGTGAAACTGAGTCGGGT-Y; product size:f 391 bp).
A single band of the expected size was amplified from
c¢DNA samples, but not from RNA samples. For quantifi-
cation, we used a relative standard curve method. Standard
curves of SNCA and NF were generated from the amplification
of diluted series of ¢cDNA from cortices. SNC4 expression
levels were normalized to those of NF. One of the experimen-
tal samples was used as the calibrator. Each of the normalized
SNCA values was divided by the calibrator normalized SNCA
value to generate the relative expression levels. The values
were determined in triplicate. Reproducibility of the results
was confirmed by repeating ¢cDNA synthesis and real-time
PCR twice for seven samples, and similar results were
obtained.

SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG Online.
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