A meta-analysis using results from seven studies [5,6,
8-10,12,13] reported that moderate, but not high,
intake of vitamin E was significantly related to a
decreased risk of fiD [16]. With regard to food rich in
antioxidant vitamins, there is limited epidemiological
information regarding the relationship of dietary intake
of vegetables and fruit with the risk of ffD [9,17-19].

Therefore, we wished to investigate the relationship
between dietary intake of selected antioxidant vitamins,
vegetables and fruit and the risk of ffiD in Japan. We
examined these issues using data from a multicenter
hospital-based case—control study.

Methods

Study population

Eligible fiD cases were patients who were within 6 years
of the onset and who received treatment at one of the 11
collaborating hospitals between April 1, 2006 and
March 31, 2008: three university hospitals and one
national hospital in Fukuoka firefecture, the largest
prefecture in Kyushu Istand in southern Japan, and
three university hospitals, three national hospitals, and
one municipal hospital in ffsaka, Kyoto, and Wakay-
ama ffrefectures, which are part of the Kinki region
located in the midwestern part of the mainland. The
diagnosis of ffiD by the collaborating neurologists was
based on the UK fiD Society Brain Bank clinical
diagnostic criteria [20]. The neurologists in charge in-
vited 298 eligible patients with ffiD to take part in our
case—control study, and 250 patients agreed whereas 48
patients refused (response rate: 84%).

Control candidates were selected from inpatients and
outpatients without a neurodegenerative disease who
presented at one of the departments other than
departments of neurology (orthopedic surgery, oph-
thalmology, otorhinolaryngology, plastic surgery, and
oral surgery) of 3 of the 11 collaborating hospitals: a
university hospital in Fukuoka firefecture and a uni-
versity hospital and a national hospital in the Kinki
region between April 1, 2006 and March 31, 2008.
A total of 528 control candidates were approached by
their attending physicians or our research nurses for
recruitment as controls, of whom 372 agreed, whereas
156 refused (response rate: 70%). Control subjects were
not, individually or in larger groups, matched to cases.

Excluded were one case and four controls because of
missing data on the factors under investigation, leaving
data on 249 patients and 368 controls available for
analysis. The ethics committees of the 11 collaborating
hospitals approved our case—control study (Fukuoka
University; Utano National Hospital; ffsaka City
University; Kyushu University; Wakayama Medical

University; Kyoto University; Kurume University;
Minami-Kyoto National Hospital; Toneyama National
Hospital; Kyoto City Hospital; and National fimuta
Hospital).

Measurements

Cases and control subjects filled out a set of two self-
administered questionnaires and mailed them to the
data management center or handed them to research
nurses. Research technicians completed missing or
illogical data by telephone or direct interview.

Dietary habits during the preceding month were
assessed using a self-administered, semi-quantitative,
comprehensive, diet history questionnaire (DHQ) [21-
23). Estimates of daily intake of foods (150 items in
total), energy, and selected nutrients were calculated
using an ad hoc computer algorithm for the DHQ
[21,23], based on the Standard Tables of Food Com-
position in Japan [24,25]. Because only a small number
of subjects used vitamin C (5.5%) and multivitamin
(7.3%) supplements weekly or more often, information
on these supplements was not incorporated into the
analysis. The dietary glycemic index (a measurement of
carbohydrate quality) was calculated according to a
procedure described elsewhere [23]. In a validation
study of 92 Japanese women and 92 Japanese men,
ffearson’s correlation coefficients between the DHQ and
16-day weighed dietary records were 0.45 and 0.47 for
vitamin C, 0.42 and 0.48 for vitamin E, 0.63 and 0.23
for a-carotene, 0.63 and 0.40 for B-carotene, 0.48 and
0.53 for cryptoxanthin, 0.42 and 0.49 for cholesterol,
0.50 and 0.58 for the dietary glycemic index, 0.74 and
0.82 for alcohol, and 0.55 and 0.53 for coffee, respec-
tively [23; S Sasaki, unpublished observations, 2006].
Energy-adjusted intake by the residual method was
used for the analyses excluding the dietary glycemic
index [26]. Body mass index was calculated as weight
(kg) divided by the square of height (m). A second
questionnaire elicited information on sex, age, educa-
tion, and smoking habits.

Statistical analysis

Sex, age, region of residence, pack-years of smoking,
years of education, body mass index, dietary intake of
cholesterol, alcohol, total dairy products, and
coffee and the dietary glycemic index were selected
a priori as potential confounders. Smoking, cholesterol
intake, and the dietary glycemic index were significantly
associated with fiD in this population [27-29].
Dietary exposure variables under study were catego-
rized at quartile points in the distribution of control
subjects.
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Logistic regression analysis was performed to esti-
mate crude odds ratios (ffRs) and their 95% confidence
intervals (Cls) of ffiD according to the quartile of die-
tary factors. Multiple logistic regression analysis was
employed to adjust for potential confounders. Trend of
association was assessed by a logistic regression model
assigning consecutive integers (1-4) to the quartiles of
the exposure variables. All statistical analyses were
carried out using the sas software package version 9.1
(SAS Institute, Inc., Cary, NC, USA).

Results

Compared with control subjects, cases were more likely
to be older and thinner, report never having smoked,
and have a high intake of cryptoxanthin and cholesterol
and a low intake of alcohol and coffee (Table 1).

In crude analysis, vitamin E intake was not related to
the risk of fiD (Table 2). However, after adjustment for
confounders, compared with vitamin E intake in the

first quartile, such intake in the second, third, and
fourth quartiles was independently associated with a
reduced risk of fiD: the multivariate ffTRs were 0.49
(95% CI: 0.29-0.81), 0.41 (95% CIL 0.24-0.71), and
045 (95% CL: 0.25-0.79), respectively (P for
trend = 0.009). Likewise, f-carotene intake was inde-
pendently inversely related to the risk of fiD: the mul-
tivariate ff R between extreme quartiles was 0.56 (95%
CI: 0.33-0.97, P for trend = 0.03). Both an inverse
exposure-response relationship between «-carotene
intake and ffiD and the adjusted ffR between extreme
quartiles fell just short of the level of significance in the
multivariate model. No measurable associations were
found between intake of vitamin C or cryptoxanthin
and ffD although adjusted ffR for fiD in the second
quartile of dietary cryptoxanthin was significant.
Consumption of green and yellow vegetables in the
third quartile, but not the second and fourth quartiles,
was independently associated with a decreased risk of
fiD; however, the inverse linear trend was not

n (%) or mean (SD)

Table 1 Characteristics of the study popula-
tion

Variable Cases (N = 249) Controls (N = 368) P-value

Sex (%)
Male 93 (37.4) 141 (38.3) 0.81
Female 156 (62.7) 227 (61.7)

Age (years) 68.5 (8.6) 66.6 (8.5) 0.006

Region of residence (%)
Fukuoka 89 (35.7) 154 (41.9) 0.13
Kinki 160 (64.3) 214 (58.2)

ffack-years of smoking (%)
None 185 (74.3) 222 (60.3) 0.0004
0.1-29.9 37 (14.9) 65 (17.7)
230.0 27 (10.8) 81 (22.0)

Education (%)
<10 years 51 (20.5) 77 (20.9) 0.81
10-12 years 122 (49.0) 171 (46.5)
213 years 76 (30.5) 120 (32.6)

Body mass index (kg/m?) 22.3(3.3) 23.0 (3.4) 0.01

Daily intake*
Total energy (kJ) 8435.4 (2636.8) 8348.8 (3067.5) 0.71
Total vegetables (g) 270.6 (149.4) 276.1 (181.9) 0.68
Green and yellow vegetables (g) 102.2 (64.8) 106.0 (84.8) 0.53
ff ther vegetables (g) 168.4 (110.6) 170.1 (132.3) 0.86
Total fruit (g) 180.7 (136.5) 166.5 (141.9) 0.22
Vitamin C (mg) 127.1 (64.2) 119.3 (70.2) 0.16
Vitamin E (mg) 8.6 (2.4) 8.4 (2.9) 0.52
«-Carotene (ug) 327.2 (314.1) 335.2(339.2) 0.77
B-Carotene (ug) 3021.7 (1630.9) 3126.0 (2024.7) 048
Cryptoxanthin (ug) 454.8 (512.7) 329.4 (388.5) 0.001
Cholesterol (mg) 331.3 (129.5) 300.9 (132.5) 0.005
Alcohol (g) 5.5 (15.5) 10.0 (25.8) 0.008
Total dairy products (g) 132.2 (105.6) 137.6 (128.0) 0.57
Coffee (g) 119.0 (138.8) 172.7 (207.7) 0.0001
Dietary gtycemic index 65.1 (4.7) 65.4 (5.3) 0.39

*Nutrient intake was adjusted for total energy intake using the residual method, except for the

dietary glycemic index.
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Table 2 ffdds ratios (ffRs) and 95% confidence intervals (Cls) for fiarkinson’s disease by quartiles of intake of antioxidant vitamins

Quartile

Variable 1 (lowest) 2 3 4 (highest) P for trend
Vitamin C

Intake (mg/day)® <84.7 84.7to <109.6 109.6 10 <147.7 >147.7

No. cases/controls 60/92 52/92 64/92 73/92

Crude fiR (95% CI) 1.00 0.87 (0.54-1.39) 1.07 (0.68-1.68) 1.22 (0.78-1.91) 0.27

Multivariate fR (95% CI)® 1.00 0.71 (0.43-1.19) 0.82 (0.49-1.37) 0.92 (0.54-1.55) 095
Vitamin E

Intake (mg/day)® <7.19 7.19 to <8.44 8.44 1o <9.759 29.759

No. cases/controls 73/92 55/92 54/92 67/92

Crude iR (95% CI) 1.00 0.75 (0.48-1.19) 0.74 (0.47-1.17) 0.92 (0.59-1.43) 0.68

Multivariate iR (95% CI)® 1.00 0.49 (0.29-0.81) 0.41 {(0.24-0.71) 0.45 (0.25-0.79) 0.009
a-Carotene

Intake {ug/day)® <1375 137.5 to <262.6 262.6 to <504.3 2504.3

No. cases/controls 68/92 60/92 66192 55192

Crude ffR (95% CI) 1.00 0.88 (0.56-1.39) 0.97 (0.62-1.52) 0.81 (0.51-1.28) 0.47

Multivariate ffR (95% CI)® 1.00 0.71 (0.43-1.15) 0.69 (0.42-1.13) 0.61 (0.36-1.02) 0.08
p-Carotene

Intake (ug/day)® <1836.1 1836.1 to <2906.4 2906.4 to <4080.9 24080.9

No. cases/controls 61/92 73/92 61/92 54/92

Crude fIR (95% CI) 1.00 1.20 (0.77-1.87) 1.00 (0.63-1.58) 0.89 (0.55-1.41) 0.46

Multivariate fR (95% CI)® 1.00 0.80 (0.48-1.31) 0.64 (0.38-1.08) 0.56 (0.33-0.97) 0.03
Cryptoxanthin

Intake (ug/day)® <115.0 115.0 to <242.0 242.0 to <429.0 2429.0

No. cases/controls 63/92 42/92 50792 94/92

Crude TR (95% CD) 1.00 0.67 (0.41-1.08) 0.79 (0.50-1.27) 1.49 (0.97-2.30) 0.03

Multivariate ffR (95% CI)® 1.00 0.52 (0.30-0.87) 0.60 (0.35-1.003) 1.16 (0.71-1.89) 0.30

*Quartiles were based on intake adjusted for energy intake using the residual method,; bAdjusted for sex, age, region of residence, pack-years of
smoking, years of education, body mass index and dietary intake of cholesterol, alcohol, total dairy products, and coffee and the dietary glycemic

index.

Table 3 Tdds ratios (fTRs) and 95% confidence intervals (CIs) for ffarkinson’s disease by quartiles of intake of vegetables and fruit

Quartile

Variable 1 (lowest) 2 3 4 (highest) P for trend
Total vegetables

Intake (g/day)* <1755 175.5 to <246.6 246.6 to <346.2 >346.2

No. cases/controls 62/92 70/92 61/92 56/92

Crude ffR (95% CI) 1.00 1.13 (0.72-1.77) 0.98 (0.62-1.55) 0.90 (0.57-1.43) 0.55

Multivariate ff R (95% CI)® 1.00 0.81 (0.49-1.32) 0.70 (0.42-1.16) 0.69 (0.40-1.16) 0.14
Green and yellow vegetables

Intake (g/day)* <61.1 61.1to <929 92.9 to <131.7 2131.7

No. cases/controls 71/92 58/92 54792 66/92

Crude IR (95% CI) 1.00 0.82 (0.52-1.28) 0.76 (0.48-1.20) 0.93 (0.60-1.45) 0.68

Multivariate ffR (95% CI)® 1.00 0.64 (0.39-1.03) 0.56 (0.34-0.93) 0.66 (0.40-1.08) 0.10
ffther vegetables

Intake (g/day)® <101.1 101.1 to <148.05 148.05 to <210.9 22109

No. cases/controls 57192 75/92 64192 53/92

Crude R (95% CI) 1.00 1.32 (0.84-2.07) 1.12 (0.71-1.78) 0.93 (0.58-1.49) 0.61

Multivariate iR (95% CI)® 1.00 1.10 (0.68-1.79) 0.90 (0.54-1.49) 0.78 (0.46-1.33) 0.25
Total fruit

Intake (g/day)® <86.8 86.8 to <138.2 138.2 1o <225.7 2225.7

No. cases/controls 56/92 56/92 69/92 68/92

Crude ffR (95% CI) 1.00 1.00 (0.63-1.60) 1.23 (0.78-1.95) 1.21 (0.77-1.92) 0.28

Multivariate fiR (95% CIL)® 1.00 0.94 (0.57-1.57) 0.98 (0.59-1.64) 0.97 (0.57-1.65) 0.96

®Quartiles were based on intake adjusted for energy intake using the residual method; "Adjusted for sex, age, region of residence, pack-years of
smoking, years of education, body mass index and dietary intake of cholesterol, alcohol, total dairy products, and coffee and the dietary glycemic

index.
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Adjusted IR (95% CIy*

Table 4 ffdds ratios (ff Rs) and 95%
confidence intervals (CIs) for ffarkinson’s

discase by quartiles of intake of vitamin E
and f-carotene in men and women

Variable Quartile I  Quartile 2 Quartile 3 Quartile 4 P for trend
Vitamin E
Men 1.00 0.53 (0.24-1.12)  0.75 (0.30-1.84) 0.56 (0.21-1.48) 0.30
Women 1.00 0.41 (0.19-0.84) 0.27 (0.13-0.55) 0.33 (0.15-0.71)  0.006
p-Carotene
Men 1.00 1.03 (0.48-2.18) 1.14 (0.52-2.48) 1.17 (0.45-3.05) 0.69
Women 1.00 0.54 (0.27-1.08) 0.35(0.16-0.73) 0.32 (0.15-0.64) 0.001

*Adjusted for age, region of residence, pack-years of smoking, years of education, body mass
index and dietary intake of cholesterol, alcohol, total dairy products, and coffee and the dietary

glycemic index.

significant in the multivariate model (Table 3). There
were no evident associations between intake of total
vegetables, vegetables other than green and yellow
vegetables, or total fruit and fiD.

When subjects were stratified by sex, significant
inverse relationships with intake of vitamin E and
B-carotene were found only in women (Table 4). A
significant interaction was observed in the association
of intake of f-carotene, but not vitamin E, with ffD
between men and women (P = 0.49 and 0.047 for
homogeneity of ffR for intake of vitamin E and
B-carotene in the highest quartile, respectively).

Discussion

The Singapore Chinese Health Study, a cohort study,
found a significant inverse exposure-response relation-
ship between vitamin E intake and the risk of ffiD
whereas intake of vitamin C and total carotenoids was
not related to ffiD [4]. In a pooled analysis from the
Health firofessionals Follow-up Study and the Nurses’
Health Study, dietary vitamin E intake was significantly
inversely associated with the risk of fiD, particularly in
women, whereas neither intake of total vitamins C or E,
dietary vitamin C, ¢-carotene, or f-carotene or use of
vitamin C or vitamin E supplements was related to ffiD
[5]. A cross-sectional study in the Netherlands reported
a significant inverse association between vitamin E
intake and ffiD; however, no relationships were shown
between intake of vitamin C or S-carotene and ffiD [6].
ffur results regarding vitamin E, vitamin C, and
a-carotene, but not f-carotene, are in agreement with
these findings. Also the current findings are consistent
with those of seven case—control studies [7-11,13,15]
and a cohort study [14] showing a null association
between vitamin C intake and ffiD and those of a case
—control study showing a null relationship between
o-carotene intake and ffD [10]. Additionally, our results
agree with those of a cohort study [18] and two case
—control studies [9,17] that found no associations
between intake of vegetables or fruit and fiD. ffn the

other hand, the present results are at variance with
those of seven case—control studies that showed a null
association between vitamin E intake and ffiD [7-13],
those of 4 case—control studies showing a null rela-
tionship between f-carotene intake and fiD [7,8,10,13],
and those of a case—control study showing a significant
inverse exposure-response relationship between raw
vegetable intake and fiD [19]. These discrepancies may
be explained by differences in the study population and
design, dietary assessment methods used, definitions of
ffiD applied, and confounders considered.

Findings from laboratory studies are inconsistent.
Vitamin E deficient mice were more susceptible to
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MfiTfH
toxicity than controls, in terms of lethality and dopamine
metabolite deletion in the substantia nigra [30]. Treat-
ment of mice with a daily oral administration of moderate
amounts of vitamin E did not influence the depletion of
dopamine levels in the striatum following a high dose of
MIfirffi [31]. Neither o-tocopherol nor f-carotene in
massive doses had any protective effect for dopaminergic
nigrostriatal neurons in marmosets injected with low
doses of MfAlffi[32]. MfiiTffiinduced neurodegeneration
was not worsened by genetic vitamin E deficiency,
whereas oral administration of vitamin E resulted in the
partial protection of striatal dopaminergic terminals
against MfAIfA toxicity in a mouse model using
a-tocopherol transfer protein knockout mice [33}. With
the use of a-tocopherol transfer protein knockout mice, it
was reported that the protective effect of y-tocopherol
was stronger than that of a-tocopherol against Mfil'fi
induced damage of dopaminergic neurons [34]. Estimate
of vitamin E intake in our DHQ is based on only that of
a-tocopherol intake. The observed inverse relationship
between vitamin E intake and ffiD might be ascribed to
y-tocopherol intake, given the high degree of correlation
between intake of a-tocopherol and y-tocopherol.

With respect to our results associated with S-caro-
tene, ffno and Yamada reported that vitamin A,
f-carotene, and coenzyme QIO dose-dependently
inhibited alpha-synuclein fibril formation from fresh
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alpha-synuclein and destabilized preformed alpha-syn-
uclein fibrils in vitro [35].

Estrogens function as neuroprotectants against
nigro-striatal dopamine neurodegeneration [36]. The
observed significant inverse relationships between
intake of vitamin E and p-carotene and fiD risk in
women, but not in men, might be explained by an effect
modification of estrogens.

The lack of an association between vitamin C intake
and ffD might be attributable to the fact that vitamin C
is water soluble and does not readily cross the blood-
brain barrier [16]. Alternatively, the hypouricemic effect
of vitamin C might have interfered with its beneficial
effect as a potent antioxidant [37]. The Health ffrofes-
sionals Follow-up Study found a clear inverse rela-
tionship between the dietary urate index and the risk of
fiD whereas vitamin C intake was not associated with
fiD; however, vitamin C intake became significantly
inversely related to fiD after further adjustment for the
dietary urate index [14].

This study had methodological strengths. Cases were
identified using strict diagnostic criteria: the possibility
of misclassification of ffiD is negligible. The response
rate among cases was high (84%). Extensive data on
potential confounders were controlled for. After
adjustment for only non-dietary confounders, inverse
exposure-response associations between intake of
vitamin E and f-carotene and fiD were not significant
(P for trend = 0.37 and 0.15, respectively). In this
study, dietary confounders were of particular
importance.

There are several limitations. ffur DHQ could only
approximate consumption. The consequence would
introduce a bias toward the null. ffur DHQ was
designed to assess dietary intake for 1 month prior to
completing the questionnaire. The dopamine deficiency

in patients with fiD might affect their food preferences

in the preclinical stage [38]. Moreover, some of the non-
motor symptoms such as constipation and hyposmia
might precede the onset of overt motor signs [39,40].
Such symptoms might also affect food choices. Thus,
pre-symptomatic andfor post-symptomatic ffiD could
influence dietary habits in some cases, which would lead
to misclassification of their true long-term dietary
exposure. However, in this study, there was no differ-
ence in total energy intake between cases and controls
and intake of vitamin E and S-carotene was not cor-
related with disease severity among cases. The results of
a sensitivity analysis confined to cases <3 years from
onset (n = 109) were similar to those in the overall
analysis: the adjusted ffR in the highest quartile was
0.45 (95% CI: 0.21-0.97, P for trend = 0.04) for vita-
min E and 0.59 (95% CL 0.27-1.26, P for
trend = 0.07) for f-carotene. However, we cannot rule

out the possibility that the observed inverse associations
are a consequence of fiD.

ffur control subjects were selected from 3 of the 11
collaborating hospitals at which cases were recruited.
The results of a sensitivity analysis restricted to cases
who were recruited from three hospitals associated with
control recruitment (n = 153) were similar to those in
the overall analysis: the adjusted ffR in the highest
quartile was 0.58 (95% CI: 0.30-1.14, P for trend =
0.13) for vitamin E and 0.72 (95% CI: 0.38-1.35, P for
trend = 0.17) for f-carotene.

The percentage of subjects using vitamin C and/or
multivitamin supplements weekly or more often was
not large. The results of a sensitivity analysis excluding
these supplement users (cases = 221, controls = 327)
were similar to those in the overall analysis: the
adjusted ffR in the highest quartile was 0.48 (95% ClL:
0.25-0.89, P for trend = 0.03) for vitamin E and 0.62
(95% CI: 0.35-1.11, P for trend = 0.06) for f-carotene.

This 1s the first study to show a significant protective
relationship between B-carotene intake and the risk of
fiD. Also this study provides further evidence for a
preventive association between vitamin E intake and
fiD. Antioxidant vitamins deserve further investigation
as measures that would possibly protect against ffiD.
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ffther members of the Fukuoka Kinki ffarkinson’s
Disease Study Group are as follows: Yasuhiko Baba
and Tomonori Kobayashi (Department of Neurology,
Faculty of Medicine, Fukuoka University); Hideyuki
Sawada, Eiji Mizuta, and Nagako Murase (Clinical
Research Institute and Department of Neurology,
Utano National Hospital); Tsuyoshi Tsutada and
Hiroyuki Shimada (Department of Geriatrics and
Neurology, fisaka City University Graduate School of
Medicine); Jun-ichi Kira (Department of Neurology,
Neurological Institute, Graduate School of Medical
Sciences, Kyushu University); Tameko Kihira and
Tomoyoshi Xondo (Department of Neurology,
Wakayama Medical University); Hidekazu Tomimoto
(Department of Neurology, Kyoto University Gradu-
ate School of Medicine); Takayuki Taniwaki (Division
of Respirology, Neurology, and Rheumatology,
Department of Medicine, Kurume University School of
Medicine); Hiroshi Sugiyama and Sonoyo Yoshida
(Department of Neurology, Minami-Kyoto National
Hospital); Harutoshi Fujimura and Tomoko Saito
(Department of Neurology, Toneyama National Hos-
pital); Kyoko Saida and Junko Fujitake (Department

of Neurology, Kyoto City Hospital); Naoki Fujii
(Department of Neurology, Neuro-Muscular Center,
National ffmuta Hospital); Masatoshi Naito and Jun
Arimizu (Department of ffrthopaedic Surgery, Faculty
of Medicine, Fukuoka University); Takashi Nakagawa,
Hirofumi Harada, and Takayuki Sueta (Department of
fftorhinolaryngology, Faculty of Medicine, Fukuoka
University); Toshihiro Kikuta and George Umemoto
(Department of firal and Maxillofacial Surgery, Fac-
ulty of Medicine, Fukuoka University); Eiichi Uchio
and Hironori Migita (Department of ffphthalmology,
Faculty of Medicine, Fukuoka University); Kenichi
Kazuki, Yoichi Ito, and Hiroyoshi Iwaki (Department
of ffrthopaedic Surgery, fisaka City University Grad-
uate School of Medicine); Kunihiko Siraki and Shin-
suke Ataka (Department of ff phthalmology and Visual
Sciences, ffsaka City University Graduate School of
Medicine); Hideo Yaname and Rie Tochino (Depart-
ment of fftolaryngology and Head and Neck Surgery,
ffsaka City University Graduate School of Medicine);
Teruichi Harada (Department of fflastic and Recon-
structive Surgery, ffsaka City University Graduate
School of Medicine); Yasushi Iwashita, Motoyuki
Shimizu, Kenji Seki, and Keiji Ando (Department of
ffrthopedic Surgery, Utano National Hospital}.
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Alteration of glycoprotein glycans often changes various
properties of the target glycoprotein and contributes to a
wide variety of diseases. Here, we focused on the N-glycans
of amyloid precursor protein whose cleaved fragment, p-
amyloid, is thought to cause much of the pathology of
Alzheimer’s disease (AD). We previously determined the
N-glycan structures of normal and mutant amyloid pre-
cursor proteins (the Swedish type and the London type). In
comparison with normal amyloid precursor protein, mutant
amyloid precursor proteins had higher contents of bisecting
GlcNAc residues. Because N-acetylglucosaminyltransferase
IIT (GnT-II0) is the glycosyltransferase responsible for syn-
thesizing a bisecting GlcNAc residue, the current report
measured GnT-III mRNA expression levels in the brains of
AD patients. Interestingly, GnT-IIIl mRNA expression was
increased in AD brains. Furthermore, -amyloid treatment
increased GnT-III mRNA expression in Neuro2a mouse neu-
roblastoma cells. We then examined the influence of bisect-
ing GlcNAc on the production of f-amyloid. Both B-amyloid
40 and p-amyloid 42 were significantly decreased in GnT-III-
transfected cells. When secretase activities were analyzed
in GnT-III transfectant cells, c-secretase activity was in-
creased. Taken together, these results suggest that upreg-
ulation of GnT-III in AD brains may represent an adap-
tive response to protect them from additional f-amyloid
production.

Keywords: Alzheimer’s disease /amyloid precursor protein/
bisecting GlIcNAc/N-glycan
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Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative
disorder characterized by global cognitive decline involving
memory, orientation, judgment, and reasoning. The presence of
extracellular senile plaques is one of the classical characteris-
tics of AD pathology. B-Amyloid (AB), the major component of
senile plaques, is a cleaved fragment of a membrane-spanning
glycoprotein, amyloid precursor protein (APP). APP requires
cleavage by the B- and y-secretases to release soluble AB. In
contrast, a-secretase cleaves APP within the AB sequence and
prevents the generation of A. Indeed, a-secretase competes
with B-secretase for APP processing in the trans-Golgi network
(Skovronsky et al. 2000). According to the “amyloid cascade
hypothesis,” the abnormal accumulation of Af leads to neu-
rodegenerative processes, finally resulting in neuronal death.
Two types of AP are produced depending on the y-secretase
cleavage site: AB40 and AB42. AB42 is a minor form of AB but
has a greater tendency to produce insoluble deposits and is a
major component of senile plaques.

Glycoproteins glycans affect protein stability, conforma-
tion, cellular localization, and trafficking (Wang et al. 2005;
Ohtsubo and Marth 2006). APP undergoes several posttrans-
lational modifications including N- and O-linked glycosylation
(Weidemann et al. 1989; Tomita et al. 1998; Sato et al. 1999).
Core N-glycosylation and N-glycan processing modulate the
synthesis and expression of APP (Pahlsson et al. 1992; Saito
etal. 1995; Yazaki et al. 1996). In addition, sialylation of APP N-
glycans enhanced secretion of its metabolites (Nakagawa et al.
2006). These studies suggest that N-glycosylation status may
affect the APP metabolic pathway; however, much remains un-
known.

We previously determined the N-glycan structures of nor-
mal and mutant APPs (i.e., the Swedish and London types)
(Akasaka-Manya et al. 2008). The Swedish type mutation
(LysS595/Met596 to Asn/Leu) increases AB42 secretion by 6-
to 7-fold (Citron et al. 1992) and the London type mutation
(Val642 to Phe) doubles the ratio of secreted Ap42 to Ap40
(Suzuki et al. 1994; Price et al. 1998; Sinha and Lieberburg
1999). When the N-glycan structures of these mutant APPs were
analyzed, we found an increased content of bisecting GlcNAc
residues. This prompted us to study the expression levels of f1,4-
N-acetylglucosaminyltransferase III (GnT-III) in the brains of
AD patients because GnT-II1 is the glycosyltransferase respon-
sible for adding bisecting GIcNAc during N-glycan processing
(Nishikawa et al. 1992) (Figure 1). The presence of bisecting
GlcNAc on individual N-glycans prevents the subsequent ac-
tions of several glycosyltransferases, including o-mannosidase
II, GnT-II, GnT-IV, and GnT-V (Narasimhan 1982; Schachter
et al. 1983; Schachter 1986). Thus, attachment of bisecting Glc-
NAc can significantly alter the types N-glycan structures that
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10 subjects in that category. Statistically significant differences were identified
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are synthesized. Given the important biological functions of
GnT-III (Gu and Taniguchi 2004), we examined the effects of
the bisecting GlcNAc on A production and on the activity of
the various secretases responsible for Af production.

Results

GnT-IIl mRNA expression in the brains of AD patients

GnT-III catalyzes the transfer of GIcNAc to a core f-mannose
residue, producing a bisecting GlcNAc (Wilson et al. 1976;
Narasimhan 1982; Nishikawa et al. 1992). To investigate
whether GnT-III levels are altered in AD, we measured the
amount of GnT-III mRNA in the brains of AD patients by quan-
titative real-time RT-PCR. Preparation of total RNA from non-
AD (control), early-stage AD (eAD), or AD brains and real-time
RT-PCR analysis was performed as described in Material and
Methods. As shown in Figure 2, the expression level of GnT-III
mRNA was significantly increased in AD brains as compared
to controls (mean relative amount of control, 1.74; standard de-
viation (SD), £ 0.28; mean relative amount of AD, 2.23; SD,

N
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Fig. 3. Relative levels of GnT-IIl mRNA expression after incubation with Af.
All reactions were performed in quadruplicate. AB40 or AB42 was added to
Neuro2a cell culture medium at a final concentration of 2 pg/mL. After 48 h
incubation, cells were harvested for RNA preparation followed by quantitative
real-time RT-PCR. Average values &= 1 SD are shown.

+ 0.54; P = 0.025, Student’s ¢-test). However, there was no sta-
tistically significant difference in GnT-IIl mRNA levels when
comparing €AD brains to controls (mean relative amount of
eAD, 2.06; SD, 4 0.68, P = 0.21, Student’s f-test), or when
comparing eAD brains to AD brains (P = 0.56, Student’s
t-test). Taken together, these results suggest that Gn7-IIl mRNA
expression increases with disease progression. Therefore, it is
conceivable that the number of N-glycans having a bisecting
GlcNAc residue is increased in AD brains.

APB42 exposure enhances GnT-1II expression

We examined whether incubation with AB40 or AB42 affected
GnT-III mRNA expression levels. Thus, after AB40 or AB42 was
added to the culture media of Neuro2a cells, GnT-III expression
level was analyzed by quantitative real-time RT-PCR (Figure 3).
Compared to control cells (mean relative amount, 1.48; SD, +
0.64), AB42 enhanced the GnT-IIIl mRNA expression approxi-
mately 1.5-fold (mean relative amount, 2.24; SD, + 0.72); in
contrast, AB40 decreased the GnT-III expression (mean relative
amount, 1.02; SD, + 0.3). These results indicate that Ap42, but
not AB40, enhances GnT-IIl mRNA expression.

Effect of GnT-1II on APP processing

According to our prior (Akasaka-Manya et al. 2008) and current
(Figure 2) studies, it is likely that increased GnT-II] mRNA lev-
elsincrease the number of N-glycans having abisecting GlcNAc
residue. Therefore, we prepared stable transfectants of Neuro2a
mouse neuroblastoma cells that express GnT-III by using an
expression plasmid encoding GnT-III. The microsomal mem-
brane fraction from the transfected cells was used as an enzyme
source to measure GnT-III activity (Figure 4A). GnT-III activ-
ity was significantly increased in cells transfected with GnT-1I1
(32.1 pmol/min/mg) as compared to cells transfected with the
“empty” pCXN2 vector (mock transfectant, 0.1 pmol/min/mg).
As expected, the intensity of staining by the Phaseolus vul-
garis lectin E4 (PHA-E,), which specifically recognizes bisect-
ing GlcNAc residues (Yamashita et al. 1983), was enhanced in
cellular proteins prepared from GnT-IlI-transfected cells (Fig-
ure 4B), demonstrating that these proteins have a higher content
of bisecting GlcNAc residues. There were no significant differ-
ences in the expression levels of membrane-bound APP and se-
creted APP (sAPP) (Figure 4C, upper-left panel and upper-right
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Fig. 4. Overexpression of GnT-IIl mRNA induces an increase in bisecting GIcNAc residues on cellular proteins and a decrease in AP secretion. (A) GnT-III
activities of Neuro2a cells transfected with a GnT-IIT expression vector or an empty vector (pCXN2). Average values + 1 SD of three independent experiments are
shown. Asterisks indicate statistically significant differences (P < 0.01, Student’s t-test). (B) Lectin (PHA-E4) blot analysis of microsomal fraction of Neuro2a
cells transfected with a GnT-III expression vector or an empty vector (0CXN?2). Elevation of the bisecting GIcNAc modification was observed in
GnT-IlI-transfected cells. Right panel indicates protein-staining patterns by Coomasie brilliant blue (CBB). Molecular weight standards are shown on the left. (C)
Western blot analysis of membrane-bound APP or secreted APP (sAPP) in culture supernatants of Neuro2a cells transfected with a GnT-IIT expression vector or an
empty vector (pCXN2). Membrane-bound APP was detected with an anti-APP monoclonal antibody (6E10) (upper-left panel) and SAPP in culture supernatant
with an anti-APP monoclonal antibody (22C11) (upper-right panel). sSAPP was immunoprecipitated from culture supernatant with an anti-APP monoclonal
antibody (22C11), and then detected on blots by either an anti-APP polyclonal antibody (pAb, lower-left panel) or by the PHA-E, lectin (lower-right panel). Black
triangle indicates membrane-bound APP and gray triangles indicate sAPP. Molecular weight standards are shown on the left. (D) The effect of GnT-III
overexpression on A production by transfected Neuro2a cells. Concentrations of AB40 (left) and AB42 (right) in culture supernatants were determined by ELISA.
The average values =+ 1 SD of three independent experiments are shown. Asterisks indicate statistically significant differences (P < 0.01, Student’s #-test), pCXN2:
stable mock transfectant of Neuro2a cells; GnT-III: stable transfectant of Neuro2a cells expressing GnT-III.

panel, respectively), but the intensity of PHA-E4 staining of
sAPP was enhanced in cells transfected with GnT-III (Figure
4C, lower-right panel). These results demonstrate that APP se-
creted from GnT-Ill-transfected cells has a higher content of
bisecting GlcNAc residues.

We then measured levels of AB secreted by Neuro2a cells
expressing recombinant GnT-III (Figure 4D). The concentra-
tions of AB40 and AB42 secreted from the mock transfec-
tant were 1.08 pmol/mL/10%cells and 0.12 pmol/mL/108cells,
respectively. For the GnT-II] transfectant, the concentrations
of AP40 and AP42 were 0.69 pmol/mL/10%ells and 0.07
pmol/mL/10%cells, respectively; these were 36.2% and 42.7%
lower than those from the mock transfectant. These statisti-
cally significant results indicate that increased cellular expres-
sion of GnT-11I significantly downregulates the secretion of A
peptides.

Western blot analysis of secretases

Contrary to our expectations, increased modification of N-
glycans by bisecting GlcNAc downregulated AB secretion (Fig-
ure 4D). At least two mechanisms by which increased bisect-
ing GlcNAc could reduce AB production should be considered.
One possibility is that increasing bisecting GlcNAc expression
on APP affects the conformation of APP, changing its suscep-
tibility to a-, B-, and/or y-secretase, and/or the intracellular lo-
calization of APP. Another possibility is that increasing the
bisecting GIcNAc content of the secretases affects their enzy-
matic activity. a-Secretase activity is encoded by two proteins:
ADAM 10 (a disintegrin and metalloproteinase 10) and tumor
necrosis factor-o. converting enzyme (TACE or, equivalently,
ADAM 17). TACE has six potential N-glycosylation sites (Moss
etal. 1997). ADAM 10 has four potential N-glycosylation sites,
and their N-glycans are crucial for processing, localization, and
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Fig. 5. Western blot analysis of various secretases (TACE, ADAM10, BACE, and presenilin) in GnT-IIl-transfected Neuro2a cells. For TACE and BACE, black and
gray triangles indicate mature forms and white triangles indicate immature forms. For ADAM10 and presenilin 1, black triangles indicate the migration positions of
ADAM10 and the C-terminal fragment of presenilin 1, respectively. Molecular weight standards are shown on the left. pCXN2: stable mock transfectant of
Neuro2a cells; GnT-III: stable transfectant of Neuro2a cells expressing recombinant GnT-III; brain: mouse brain membrane fraction. Bottom figures indicate

protein-staining patterns by CBB corresponding to each upper panel.

activity (Escrevente et al. 2008). BACE (B-site APP cleaving en-
zyme), which possesses p-secretase activity, has four potential
N-glycosylation sites, three of them appear to be glycosylated
(Charlwood et al. 2001). y-Secretase is a protein complex con-
sisting of presenilin, nicastrin, APH-1, and PEN-2. Nicastrin has
16 potential N-glycosylation sites, although inhibition of com-
plex N-glycan processing does not affect y-secretase activity
(Herreman et al. 2003).

To clarify the mechanism(s) responsible for downregulating
AB secretion, the expression levels of the secretases were mea-
sured. TACE is reported to change from an immature to a mature
form (Milla et al. 1999; Schlondorff et al. 2000; Peiretti et al.
2003). Our Western blot analysis of TACE expressed by Neuro2a
cells showed two major bands (Figure 5, left lane); results with
proteins isolated from normal mouse brain are shown for com-
parison. The upper band (white triangle) corresponds to imma-
ture TACE bearing high-mannose N-glycans; the lower band
corresponds to mature TACE (black triangle). Although two
TACE bands were also observed in GnT-IlI-transfected Neuro2a
cells (Figure 5, right lane), the mobility of mature TACE (gray
triangle) from GnT-IlI-transfected cells was faster than that from
the mock transfectant. As reported previously, this type of find-
ing is a unique feature seen by introducing bisecting GlcNAc
into glycoprotein N-glycans (Shigeta et al. 2006). In addition,
the expression level of TACE in GnT-Ill-transfected cells was
nearly the same as compared with mock transfectant. BACE
is also reported to change from an immature form to a mature
form (Benjannet et al. 2001; Schmechel et al. 2004). Our West-
e blot analysis of Neuro2a cells showed two BACE bands
(Figure 5, left lane). The upper band corresponds to mature
BACE (black triangle) and the lower to immature BACE (white
triangle). An additional new band of intermediate mobility ap-
peared in the GnT-Ill-transfected cells (Figure 5, gray triangle
in the right lane). Interestingly, in the GnT-III transfectant, the
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Fig. 6. Secretase activities in GnT-IIl-transfected Neuro2a cells. a-, B-, and
y-secretase activities (left, middle and right panels, respectively) were
determined. For comparison, the fluorescence intensity of the pCXN2
transfectant was set to 1.0. The average percentages £ 1 SD of three
independent experiments are shown. Asterisks indicate statistically significant
differences (*P < 0.01, **P = 0.0001, Student’s i-test).

molecular size and expression of BACE both decreased. In con-
trast, when comparing the mock transfectant with the GnT-III
transfectant, no differences in the expression level or molecular
size of ADAM 10 or the C-terminal fragment of presenilin 1
were seen (Thinakaran et al. 1996) (Figure 5). Taken together,
these results suggest that changing the N-glycans of TACE and
BACE may affect a- and p-secretase activities.

Secretase assays

To examine the effect of N-glycan changes of TACE and BACE
on enzymatic activity, we measured o- and p-secretase activities
in GnT-III transfectants of Neuro2a cells. As shown in Figure 6,
in the GnT-III transfectant, o-secretase activity (113% of the
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activity of the control pCXN2 transfectant, P = 0.0001) was

slightlyupregulated, but f-secretase activity (97% of the pCXIN2
transfectant, P = 0.042) was modestly downregulated. Because
changes in y-secretase activity may also affect AR production,
its activity in GnT-Ill-transfected cells was measured; modest
upregulation was observed (107% of the pCXN2 transfectant,
P = 0.015). Taken together, the increased a-secretase activity
and decreased P-secretase activity in the GnT-IIT transfectant
were the most probable canse of the reduction in Af production
shown in Figure 4D. Thus, these results suggest that changes in
N-glycan of TACE and BACE affect their enzymatic activities
and lead to downregulation of AP production.

Discussion

In previous studies, we described the N-glycan structures of
APP695 produced by Chinese hamster ovary cells (Sato et al.
1999) and the C17.2 mouse neural stem cell line (Akasaka-
Manya et al. 2008). Recombinant APP695 in both cell lines had
sialylated bi- and triantennary complex-type N-glycans with
fucosylated and nonfucosylated trimannosyl cores. However,
only APP695 produced by C17.2 cells had N-glycans contain-
ing bisecting GlcNAc. This may be due to cell-type-specific
differences in N-glycan processing that can be found with vari-
ous recombinant glycoproteins (Kagawa et al. 1988; Cumming
1991). To determine whether mutations in the APP gene alter
the structures of processed N-glycans, we expressed two mu-
tant recombinant APPs (i.e., the Swedish type and the London
type) in transfected C17.2 cells. Structural analysis of these N-
glycans revealed that the two mutant APPs had higher contents
of bisecting GlcNAc and core-fucose residues as compared to
wild-type APP. These results clearly showed that these slight
changes in amino acid sequence affected N-glycan processing.
The glycosyltransferase responsible for adding the bisecting
GlcNAc residue is GnT-II (Wilson et al. 1976; Narasimhan
1982; Nishikawa et al. 1992). To examine whether GnT-II1
mRNA levels are related to the pathogenesis of sporadic AD,
we examined this issue by quantitative real-time RT-PCR us-
ing brains of normal individuals and AD patients. As shown
in Figure 2, GnT-IIl mRNA levels were significantly increased
in the brains of AD patients. This upregulation may affect AD
pathogenesis because significant differences were found in pa-
tients with an advanced stage of AD. Interestingly, incubation
of Neuro2a cells with AB42 increased GnT-III gene expression
levels (Figure 3). In a recent report (Fiala et al. 2007), exposure
of normal peripheral blood mononuclear cells to Ap peptide
upregulated transcription of GrT-III and led to increased Ap
clearance by phagocytosis; interestingly, mononuclear cells iso-
lated from AD patients exhibited downregulated GnT-III gene
expression and were defective in phagocytosis of AB. Since up-
regulation of GnT-III expression was associated with enhanced
phagocytosis of AB, an increment of GnT-III levels in mononu-
clear cells may lead to improved Af clearance. In contrast, as
reported here, increased expression of GnT-IIT in Neuro2a cells
downregulated Ap production (Figure 4D), and GnT-III mRNA
levels were increased in AD brains (Figure 2). Taken together,
these results suggest that upregulation of GnT-III in neuronal
cells may diminish AP production in AD brains. In addition,
expression of GnT-III in neurons and monocytes may modulate
AP accumulation by different mechanisms. That is, upregulation

of GnT-III expression in monocytes may enhance Ap clearance,
and increased GnT-III expression in neuronal cells may inhibit
AB production. Taken together, both responses may be adaptive,
protective responses that inhibit the further progression of AD.

To evaluate the mechanism by which an increased number
of bisecting GlcNAc residues could reduce Ap production, sev-
eral possibilities should be considered. As reported here, the
APP secreted by GrT-llI-transfected Neuro2a cells has a higher
content of bisecting GlcNAc than that secreted by control cells
(Figure 4C). The addition of bisecting GlcNAc may affect the
conformation of APP, thereby leading to a change in its sus-
ceptibility to a-, B-, and/or y-secretases. Alteration of glycopro-
tein glycans is known to affect various properties of a given
protein including its susceptibility to various modifying en-
zymes. For example, organ-specific differential glycosylation
of low-density lipoprotein receptor-related protein 1 (LRP1) al-
ters its proteolytic cleavage by y-secretase (May et al. 2003).
In addition, increased sialylation of APP enhanced AP secre-
tion (Nakagawa et al. 2006). Bisecting GlcNAc residues are
also known to affect the branching and elongation of various
N-glycans antennae (Narasimhan 1982; Schachter et al. 1983;
Schachter 1986). Therefore, it is possible that increasing bisect-
ing GlcNAc expression on APP leads to changes in the APP
N-glycan structure, including less sialylation, which may alter
it susceptibility to cleavage by individual secretases (Fukuta
et al. 2000; Koyota et al. 2001). Furthermore, because chang-
ing the N-glycan structure can alter intracellular glycoprotein
localization, it is possible that bisecting GlcNAc affects APP
trafficking and, thereby, its susceptibility to secretases. For ex-
ample, in cells that overexpress GnT-II1, cell surface turnover
of E-cadherin is delayed (Yoshimura et al. 1996). In contrast,
the cell surface expression of epidermal growth factor receptor
is reduced in GnT-1II overexpressing cells (Rebbaa et al. 1997).
In addition, APP localization and trafficking vary according to
its glycan modifications (McFarlane et al. 1999).

Another possibility is that increasing the bisecting GlcNAc
content of the secretases affects their enzymatic activity. For
example, glycosylation is known to play a critical role in main-
taining the enzymatic activity of p-secretase (Charlwood et al.
2001). In that study, baculovirus-expressed B-secretase, which
only has high-mannose-type N-glycans, exhibits only ~50% of
the activity found when the enzyme is expressed by mammalian
cells, when it has complex-type N-glycans (Charlwood et al.
2001). To investigate this issue, we measured secretase activities
in GnT-Ill-transfected cells; o- and B-secretase activities were
significantly increased and decreased, respectively (Figure 6).
By Western blot analysis, the N-glycan structures of TACE and
BACE are altered (Figure 5), perhaps explaining the changes
in their enzymatic activities. In a previous study (Skovronsky
et al. 2001), TACE-expressing neurons often colocalized with
AB plaques. Our results showed that GnT-IIT expression was
increased in AD brains (Figure 2) and that increases in GnT-111
might decrease BACE expression (Figure 6). Taken together,
it is likely that upregulation of GnT-III in AD brains induces
changes in the APP processing enzymes, TACE and BACE,
which may inhibit A formation. Although the detailed mech-
anisms are not yet clear, this increased expression of GnT-III
may homeostatically partially protect AD brains from further
AP production.

Bisected N-glycans play important roles in neurological func-
tion in vitro and in vivo. For example, bisecting GlcNAc
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regulated serum depletion-induced neuritogenesis (Shigeta et al.
2006). In addition, truncated, inactive GnT-IIl induced abnormal
neurological phenotypes in mice (Bhattacharyya et al. 2002).
As another example, changes in bisected N-glycans may be re-
lated to the pathogenesis of prion disease (Rudd et al. 1999).
Therefore, further studies are required to understand the pre-
cise physiological and pathological roles of bisecting GlcNAc
in brain development and function.

In summary, based on the current results, we propose that high
expression of GnT-III in human AD brains reduces AB produc-
tion and protects against further deterioration of neurological
function during this disease process. Therefore, compounds that
upregulate the expression of bisecting N-glycans may provide
a novel therapeutic approach toward preventing or ameliorating
AD.

Material and methods

Patients and controls

Human brain tissues were obtained from the Brain Bank for
Aging Research (BBAR), which consists of consecutive au-
topsy cases from a general geriatric hospital with informed con-
sent obtained from the relatives for each autopsy. The brains
were handled using the BBAR protocol described previously
(Fumimura et al. 2007). In brief, half of the brain was serially
sections into 7 mm slices, snap-frozen using powdered dry ice,
and stored at —80°C. To minimize RNA degradation, samples
with the shortest postmortem intervals were selected for study.
Two grams of frozen gray matter were sampled from the tem-
poral pole of 10 cases each with AD, ¢AD, and age-matched
normal controls. The diagnosis of AD was based on the BBAR
criteria (Hughes et al. 1982; Murayama and Saito 2004), as fol-
lows: (1) clinical dementia rating (Hughes et al. 1982) > 1; (2)
Braak’s senile plaque stage equal to C; and (3) the Braak’s neu-
rofibrillary tangle stage > IV. The diagnosis of eAD was based
on the following criteria: (1) clinical dementia rating, either O
or 0.5; (2) Braak’s senile plaque stage > B; and (3) Braak’s
neurofibirillary tangle stage > III. The criteria for designating
brains as coming from normal controls included a clinical de-
mentia rating of 0, Braak’s senile plaque stage 0, and Braak’s
neurofibrillary tangle stage < II. The age of the selected AD
cases ranged from 79 to 98 years old (average of 88.2 years),
and the postmortem interval from 1.8 to 17.7 h (average of
7.1 h). The age of the eAD cases ranged between 76 and 96
years (average of 90.3 years), and the postmortem interval be-
tween 1.2 and 39.9 h (average of 9.6 h). The age of the normal
controls ranged from 68 to 86 years (average of 75.8 years), and
the postmortem interval ranged from 1.5 to 29.1 h (average of
7.4 h). This study was approved by the Internal Review Board
of Tokyo Metropolitan Institute of Gerontology and of Tokyo
Metropolitan Geriatric Hospital.

Real-time RT-PCR analysis

Total RNA was isolated from a portion of each patient’s brain
using the guanidinium thiocyanate method with TRIzol (In-
vitrogen Corp., Carlsbad, CA), following the manufacturer’s in-
structions. The integrity of the isolated total RNA was confirimed
using an Agilent 2100 bioanalyzer (Agilent Technologies, Inc.,
Santa Clara, CA). Total RNA from Neuro2a cells was isolated
using ISOGEN (Nippon Gene Co., Ltd, Tokyo, Japan), follow-

ing the manufacturer’s instructions. First-strand cDNAs were
synthesized using 5 p g of total RNA, SuperScript II RNase H™
Reverse Transcriptase, and random primers (Invitrogen). The
relative quantification of target mRNA was determined using
a TagMan real-time RT-PCR assay on a 7300 Fast Real-Time
PCR System (Applied Biosystems, Foster City, CA), follow-
ing the manufacturer’s instructions using the TagMan Universal
PCR Master Mix and TagMan Gene Expression Assays (i.c.,
a mixture of designed primers and TagMan probes, Applied
Biosystems): GnT-I11, Hs02379589_s1; endogenous control, the
TagMan Ribosomal RNA Control Reagents VIC Probe. 185
rRNA was used as normalization control.

Cell culture and expression of GnT-III

Neuro2a mouse neuroblastoma cells were maintained in a mix-
ture of Dulbecco’s modified Eagle’s medium and OptiMEM
(1:1, v/v, Invitrogen) supplemented with 5% fetal bovine serum
(Invitrogen), 2 mM L-glutamine, 100 units/mL penicillin, and
50 pg/mL streptomycin at 37°C in a 5% CO, atmosphere. The
PCXN2-rat-GnT-IIl expression plasmid was described previ-
ously (Kitada et al. 2001). This plasmid was transfected into
Neuro2a cells using Lipofectamine PLUS reagent (Invitrogen)
according to the manufacturer’s instructions. Stable transfec-
tants were selected with G418 (Invitrogen) at 1 mg/mL. The cul-
ture supernatants of these transfectants were collected after 24 h
incubation in Dulbecco’s modified Eagle’s medium:OptiMEM
(1:1, v/v) supplemented with 0.2% fetal bovine serum. The
cells were homogenized in 10 mM Tris-HC), pH 7.4, 1 mM
EDTA, 250 mM sucrose, 1 mM dithiothreitol, with protease
inhibitor mixture (3 pg/mL pepstatin A, 1 pg/mL leupeptin,
1 mM benzamidine-HC], 1 mM PMSF). After centrifugation at
900 x g for 10 min, the supernatant was centrifuged at 100,000
x g for 1 h; the pellet was used as the microsomal fraction.
Protein concentration was determined by BCA assay (T hcrmo
Fisher Scientific Inc., Waltham, MA).

AP treatment of NcuroZa cells was performed as follows:
AB40 and AB42 were each purchased from PEPTIDE INSTI-
TUTE, INC. (Osaka, Japan) and dissolved in H,O. AB40 or
AB42 were added to culture medium at a final concentration of
2 ng/mlL. Cells were cultured for 48 h and harvested for RNA
preparation followed by real-time RT-PCR.

Preparation of mouse brain membrane fraction

Brains were obtained from 4-week-old C57BL/6 mice, and ho-
mogenized with 9 volumes (weight/volume) of 10 mM Tris-
HCl, pH 74, 1 mM EDTA, 250 mM sucrose. After centrifu-
gation at 900 x g for 10 min, the supernatant was centrifuged
at 100,000 x g for 1 h; the pellet was used as the microsomal
membrane fraction. Protein concentration was determined by
BCA assay. All experimental procedures using laboratory ani-
mals were approved by the Animal Care and Use Comnnttee of
Tokyo Metropolitan Institute of Gerontology.

Assay for GnT-IIl activity

GnT-III activity was measured using a modification of a previ-
ously reported method (Taniguchi et al. 1989). The enzyme
assay mixture, containing 125 mM MES buffer (pH 6.25),
200 mM GlcNA¢, 10 mM MnClz, 20 mM UDP-GIcNAc,
0.5% Triton X-100, 10 pM of 2-aminobenzamide-labeled
[GIcNAcf1-2Manal-6 (GleNAcB1-2Manal-3) Mang1-4Gle
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NAcp1-4GlcNAc] (ProZyme, Leandro, CA), and cell ho-
mogenate were incubated at 37°C for 1 h. After boiling for 3 min
to stop the reaction, the mixture was subjected to reversed-phase
HPLC wsing a Cosmosil 5C18-AR column (Nacalai Tesque,
Kyoto, Japan), which was equilibrated with the 100 mM am-
monium acetate buffer, pH 4.0, and eluted with a gradient of
1-butanol (0.25-1% butanol) over 120 min at a flow rate of 1
mL/min at 55°C.

Immunoprecipitation

For APP immunoprecipitation, culture supernatants were mixed
with an anti-APP monoclonal antibody (22C11, Millipore,
Billerica, MA). After incubation at 4°C for 2 h, Protein
G-coupled Sepharose-4B beads (GE Healthcare UK Ltd., Buck-
inghamshire, England) were added and the mixture rotated at
4°C for 2 h. The beads were washed three times with PBS and
suspended in the sample buffer. Immunoprecipitated proteins
were recovered by boiling for 3 min and then subjected to West-
em blot and lectin blot analyses.

Western blot analysis

Proteins were separated by SDS-PAGE (for TACE, a 5-10%
gradient gel; for APP, BACE, and ADAM 10, a 7.5% gel; for
presenilin 1, a 12.5% gel) and transferred to a PVDF membrane.
The membrane, after blocking in PBS containing 5% skim milk
and 0.05% Tween 20, was incubated with an anti-APP poly-
clonal antibody (Millipore, Billerica, MA) or an anti-APP mon-
oclonal antibody (6E10, Signet laboratories, Dedham, MA). The
membrane was then incubated with anti-rabbit IgG conjugated
with horseradish peroxidase (GE Healthcare). Antibody-bound
proteins were visualized using an ECL kit (GE Healthcare).

Secretases in the microsomal fractions were visualized af-
ter separation by SDS—-PAGE using anti-TACE polyclonal an-
tibody (Thermo Fisher Scientific), anti-ADAMI10 antibody,
anti-presenilin 1 antibody, and anti-BACE antibody (Abcam,
Cambridge, England).

Lectin blot analysis

Immunoprecipitated proteins were separated by SDS-PAGE
and transferred to a PVDF membrane. After blocking with
3% bovine serum albumin (BSA, Nacalai Tesque) in 10 mM
Tris-HC1 (pH 7.4) containing 140 mM NaCl, 1 mM CaCl;,
1 mM MgCl;, 1 mM MnCl,, and 0.05% Tween 20 (TBS-T),
the membrane was incubated with biotin-conjugated PHA-E4
(Seikagaku Corporation, Tokyo, Japan) in TBS-T containing
1% BSA. After treating the membrane with the Vectastain ABC
kit (Vector, Burlingame, CA), lectin-bound proteins were visu-
alized with an ECL kit.

Quantification of soluble AB by sandwich ELISA
Culture supernatants were subjected to enzyme-linked im-
munosorbent assay (ELISA) using the Human/Rat $-Amyloid
40 ELISA kit II and the Human/Rat -Amyloid 42 ELISA kit
High Sensitive (Wako Pure Chemical Industries, Ltd., Osaka,
Japan) according to manufacturer’s instructions.

Secretase assays

Secretase enzymatic assays were performed using the -
secretase assay kit, B-secretase assay kit, and y-secretase as-
say kit (R & D Systems, Inc., Minneapolis, MN), according

to manufacturer’s instructions. Briefly, cultured Neuro2a cells
were harvested and cell numbers counted. Cells were lysed with
the extraction buffer and used as an enzyme source for the
assay. An APP peptide conjugated to fluorescent reporter and
quencher was used as the substrate. The protein content of cell
lysates was determined by BCA assay and secretase activities
were normalized to protein concentration.
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Abstract

Purpose The aim of this study was to evaluate the diagnostic
potential of cardiac '*I-labelled metaiodobenzylguanidine
("**I-MIBG) scintigraphy in idiopathic Parkinson’s disease
(PD). The diagnosis was confirmed by positron emission
tomography (PET) imaging with ''C-labelled 2j-
carbomethoxy-33-(4-fluorophenyl)-tropane (*!C-CFT) and
"C-raclopride (together designated as dopamine PET).
Methods Cardiac '*I-MIBG scintigraphy and dopamine
PET were performed for 39 parkinsonian patients. To
estimate the cardiac '*I-MIBG uptake, heart to mediasti-
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num (H/M) ratios in early and delayed images were-
calculated. On the basis of established clinical criteria and
our dopamine PET findings, 24 patients were classified into
the PD group and 15 into the non-PD (NPD) group.
Results Both early and delayed images showed that the
H/M ratios were significantly lower in the PD group than in
the NPD group. When the optimal cut-off levels of the H/M
ratio were set at 1.95 and 1.60 in the early and delayed
images, respectively, by receiver-operating characteristic
analysis, the sensitivity of cardiac '>*I-MIBG scintigraphy
for the diagnosis of PD was 79.2 and 70.8% and the
specificity was 93.3 and 93.3% in the early and delayed
images, respectively. In the Hoehn and Yahr 1 and 2 PD
patients, the sensitivity decreased by 69.2 and 53.8% in the
early and delayed images, respectively.

Conclusion In early PD cases, cardiac '>*I-MIBG scintig-
raphy is of limited value in the diagnosis, because of its
relatively lower sensitivity. However, because of its high
specificity for the overall cases, cardiac '>*I-MIBG scintig-
raphy may assist in the diagnosis of PD in a complementary
role with the dopaminergic neuroimaging.

Keywords '*I-MIBG - "'C-CFT- ""C-Raclopride -
Scintigraphy - Positron emission tomography -
Parkinson’s disease

Introduction

Cardiac '*’I-labelled metaiodobenzylguanidine (**I-MIBG)
scintigraphy has been suggested to be useful for the
diagnosis of idiopathic Parkinson’s disease (PD), because
many recent studies have revealed that cardiac '*I-MIBG
uptake decreases with disease progression and that almost all
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patients in the advanced stage of PD show decreased cardiac
121.MIBG uptake [1-5]. However, it is unclear whether
cardiac '**I-MIBG uptake is a good surrogate marker for the
diagnosis of PD, especially in early and mild PD cases,
which are the most difficult to diagnose in daily clinical
practice, because the data on the reduction of cardiac 12371
MIBG uptake in the early stage of PD vary greatly among
different studies [1-8]. Therefore, we aimed to investigate
the sensitivity and specificity of cardiac '’I-MIBG scintig-
raphy in diagnosing PD, focusing on early and mild cases of
PD in the Hoehn and Yahr (HY) stages 1 and 2.

While planning this study, we focused on dividing the
patients into PD and non-PD (NPD) groups in the most
appropriate manner in order to acquire precise results.
Previous studies have shown that the usual clinical
diagnostic accuracy of PD ranges from 70 to 90%, and
the accuracy rate greatly decreases in early cases [9-12]. In
vivo neurofunctional imaging of the basal ganglia, which
provides images of both pre- and postsynaptic nigrostriatal
dopaminergic functions, has been recognized as a standard
marker for the diagnosis of PD in every clinical stage [13—
25]. Therefore, in order to improve the accuracy of the
diagnosis of PD, especially in early PD cases, and to
classify the patients into the PD and NPD groups in a more
appropriate manner, we performed positron emission
tomography (PET) imaging with ''C-labelled 2§-
carbomethoxy-3 3 -(4-fluorophenyl)-tropane (''C-CFT) and
'C.raclopride. PET imaging with '"C-CFT and ''C-
raclopride can assess the levels of presynaptic dopamine
transporter (DAT) and postsynaptic dopamine D,-like
receptor (D,R), respectively, in the striatum. The two types
of PET imaging techniques were together designated as
dopamine PET. Further, we proposed the definitions of
PD and NPD pattemns in dopaminé PET findings on the

Fig. 1 Diagnostic flow chart
and schematic representation of
classification process. Patients

- were classified into PD and

N=22

basis of the results which had been confirmed by previous
studies.

We also investigated the association between cardiac
sympathetic function assessed by cardiac 1B MIBG
uptake, presynaptic nigrostriatal dopaminergic function
assessed by striatal '"C-CFT uptake and disease stage
determined according to the HY scale.

Materials and methods
Subjects

The present study was a retrospective study. The subjects
comprised 39 patients who visited the neurological outpa-
tient clinic at Tokyo Metropolitan Geriatric Hospital from
November 2001 to October 2007. They chiefly com-
plained of one or more parkinsonian symptoms, includ-
ing resting tremor, rigidity, bradykinesia and postural
instability. The patients were divided into PD and NPD
groups (Fig. 1). Cardiac '2*I-MIBG scintigraphy, dopa-
mine PET and magnetic resonance imaging (MRI) were
performed for all patients. None of the patients had any
concomitant hereditary disorder that could cause parkin-
sonian symptoms. None of the patients had an individual
history of any heart disease. Further, none of the patients
were on any medication that could cause parkinsonian
symptoms.

For dopamine PET, eight healthy subjects (five men and
three women) aged 55-74 years [meantstandard deviation
(SD) = 62.3+6.9 years)]were considered as controls. They
were deemed healthy based on their medical history,
physical and neurological examinations and MRI of the
brain. Further, npne of them were on medication.

N=39

N=17

NPD groups on the basis of
respective published clinical
criteria and our dopamine PET
findings

Dopamine-PET

Dopamine-PET

NPD
pattern

N=2

NPD group
N= 1§
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This study protocol was approved by the Ethics
Committee of the Tokyo Metropolitan Institute of Geron-
tology. Written informed consent was obtained from all
participants.

PET imaging

PET imaging was performed at the Positron Medical
Center, Tokyo Metropolitan Institute of Gerontology by
using a SET-2400 W scanner (Shimadzu, Kyoto, Japan) in
the three-dimensional scanning mode [26], as described
previously [27, 28]. The transmission data were acquired
using a rotating %®Ga/*®Ge rod source for attenuation
correction. Images of 50 slices were obtained with a
resolution of 2x2x3.125 mm voxels and a 128x128
matrix.

Dopamine PET imaging "'C-CFT and "C-raclopride were
prepared as described previously [29, 30]. The two types of
PET imaging were performed for all of the subjects on the
same day. The patients being treated with antiparkinsonian
drugs underwent dopamine PET following at least
15 h deprivation of the medications. Each subject was
administered an intravenous bolus injection of 341+62
(mean + SD) MBq of ''C-CFT, followed by that of 31156
(mean + SD) MBq of "'C-raclopride after 2.5-3 h. To
measure the uptake of the tracers, static scanning was
performed for 75-90 and 40-55 min after the injection of
""C-CFT and ''C-raclopride, respectively. The specific
activity of '"C-CFT and !'C-raclopride at the time of
injection ranged from 5.9 to 134.2 GBg/umol and from
10.2 to 201.7 GBg/umol, respectively.

Analysis of dopamine PET images Image manipulations
were performed using Dr. View version R2.0 (AJS, Tokyo,
Japan) and SPM2 (Functional Imaging Laboratory, London,
UK) implemented in MATLAB version 7.0.1 (The Math-
Works, Natick, MA, USA).

The two PET images and one MRI image obtained for each
subject were coregistered. The three coregistered images were
resliced transaxially, parallel to the anteroposterior intercom-
missural (AC-PC) line. Circular regions of interest (ROIs)
were selected with reference to the brain atlas and individually
coregistered MRI images. In each of the three contiguous
slices, one ROI with 8-mm diameter was selected on the
caudate, two ROIs on the anterior putamen and two on the
posterior putamen on both the left and right sides. In other
words, the AC-PC plane and regions 3.1 and 6.2 mm above
the AC-PC line were selected. A total of 50 ROIs with 10-mm
diameter were selected throughout the cerebellar cortex in five
contiguous slices.

To evaluate the uptake of "'C-CFT and !'C-raclopride,
we calculated the uptake ratio index by the following

formula [15, 31]: uptake ratio index = (activity in each
region — activity in the cerebellum)/(activity in the
cerebellum). We previously validated the method to
estimate the binding potential of ''C-raclopride and ''C-
CFT, adopting the uptake ratio index [27, 28]. For the
further analyses, the uptake of each tracer in each subregion’
of the striatum (the caudate, anterior putamen and posterior
putamen) was evaluated as the average value of the left and
right sides. The uptake of each tracer in the whole striatum
was evaluated as the average value of entire ROIs in the
whole striatum.

Cardiac '*I-MIBG scintigraphy

Scintigraphic studies were performed at Tokyo Metropoli-
tan Geriatric Hospital by using a triple-headed gamma
camera (PRISM-3000, Shimadzu, Kyoto, Japan). None of
the patients were on any medication, i.e. they were not
receiving any drugs such as antidepressants and mono-
amine oxidase inhibitors, which might influence cardiac
2L.MIBG uptake. After a 30-min resting period, each
patient was administered an intravenous bolus injection of
111 MBq of '"*I-MIBG (Fujifilm RI Pharma Co., Tokyo,
Japan). Planar images of the chest in the anterior view were
obtained twice for 5 min, starting at 20 min (early phase)
and then at 180 min (delayed phase) after the injection of
31 MIBG. Relative organ uptake of '*I-MIBG was
determined by selecting the ROIs on the heart and
mediastinum in the anterior planar image [32]. Average
counts per pixel in the heart and mediastinum were used to
calculate the heart to mediastinum (H/M) ratio.

MRI

MRI was performed at Tokyo Metropolitan Geriatric Hospital.
By using a 1.5-T Signa EXCITE HD scanner (GE, Milwau-
kee, WI, USA), transaxial T1-weighted images [three-
dimensional spoiled gradient-recalled (3D SPGR), repetition
time (TR) = 9.2 ms, echo time (TE) = 2.0 ms, matrix size =
256 x 256 x 124, voxel size = 0.94 x 0.94 x 1.3mm] and
transaxial T2-weighted images (first spin echo, TR=
3,000 ms, TE=100 ms, matrix size = 256 x 256 x 20,
voxel size = 0.7 x 0.7 x 6.5mm) were obtained.

Clinical diagnosis

The diagnostic flow chart is shown in Fig. 1. First, the
patients were divided into two groups (22 patients in one
group and 17 patients in the other) on the basis of the
clinical criteria of the UK Parkinson’s Disease Brain Bank
(UKPDBB) [10]. Each group was then further classified on
the basis of dopamine PET findings. As shown in Fig. 2,
the PD pattemn in dopamine PET was defined as follows: (1)
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Fig. 2 PD and NPD patterns defined on the basis of dopamine PET
findings. PD pattern: "'C.CFT uptake in the posterior putamen of
patients less than 50% of the mean uptake in the posterior putamen of
normal controls (a) and less than that in the caudate of patients (b);
"Craclopride uptake in the posterior putamen of patients more than
the mean — 2 SD of the uptake in the posterior putamen of normal
controls (¢). NPD pattern: "'Craclopride uptake in the posterior
putamen of patients less than the mean + 2 SD of the uptake in the
posterior putamen of normal controls (¢). The patient was considered
to be PD pattern when both PD and NPD were fulfilled (d). The
uptake in each subregion of the striatum was evaluated as the average
value of both sides

C.CFT uptake in the posterior putamen of the patients
less than 50% of the mean uptake in the posterior putamen
of normal controls (Fig. 2a) and less than that in the caudate
of the patients (Fig. 2b) and (2) ¢ raclopride uptake in the
posterior putamen of the patients more than the mean —
2 SD of the uptake in the posterior putamen of normal
controls (Fig. 2¢). The NPD pattern was defined as follows:
UC.raclopride uptake in the posterior putamen of the
patients less than the mean + 2 SD of the uptake in the
posterior putamen of normal controls (Fig. 2¢). The patient
was considered to be PD pattern when both PD and NPD
were fulfilled (Fig. 2d).

Statistical analysis

Differences in the averages and variances were tested by
Student’s ¢ test and one-way analysis of variance, respec-
tively. Correlations between the two groups of patients were
assessed by linear regression analysis with Pearson’s
correlation test; p values of <0.05 were considered
statistically significant.

Results

Patients

Classification into PD and NPD groups All 22 patients
who fulfilled the UKPDBB PD criteria at initial diagnosis
[10] showed the PD pattern on dopamine PET (Fig. 1).
They were classified into the PD group. The other 17
patients were further classified according to dopamine PET
findings and respective published clinical criteria. Of the 17
patients, 2 showed the PD pattern on dopamine PET. In
fact, the symptom manifested was only resting tremor at
initial diagnosis; however, during the course of the study,
they fulfilled the UKPDBB PD criteria [10] and were
classified into the PD group.

Of the 17 patients, 15 showed the NPD pattern on
dopamine PET and were classified into the NPD group
(Fig. 1). These patients were then further divided into three
subgroups. Six patients fulfilled the multiple system
atrophy (MSA) criteria [33]. Two patients fulfilled the
progressive supranuclear palsy (PSP) criteria [34]. For the
remaining seven patients, no definitive diagnoses could be
established despite follow-up for more than 1 year.

Finally, 24 patients (7 men and 17 women, age range:
60—85 years, mean age + SD = 71.5+6.8 years) and 15
patients (8 men and 7 women, age range: 65-86 years,
mean age + SD: 76.0+5.5 years) were classified into the
PD and NPD groups, respectively.

Demographic data Patient characteristics are summarized
in Table 1. In the PD group, 11 patients were drug naive, 7
were being treated with L-dopa and 6 were being treated
with L-dopa and dopamine agonists at the time of dopamine
PET. The interval between cardiac '**I-MIBG scintigraphy
and dopamine PET was within 6 months for 16 patients,
between 6 and 12 months for 1 patient and more than
1 year for 7 patients. However, the HY stage of each patient
in the PD group remained the same between cardiac Lo
MIBG scintigraphy and dopamine PET. In the NPD group,
11 patients were not administered any antiparkinsonian
drug, and 4 were being treated with only L-dopa. The
interval between the two examinations was within 6 months
for 12 patients, between 6 and 12 months for 1 patient and
more than 1 year for 2 patients.

Uptake of '*I-MIBG

Both the early and delayed images showed significantly
lower H/M ratios in the PD group than in the NPD group
(Fig. 3). In both the early and delayed images, the H/M ratios
tended to decrease with the progression of the HY stages;
however, the decrease was not statistically significant.
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Table 1 Clinical features of patients in Parkinson’s disease and non-Parkinson’s disease groups

Groups Patients Age (years) Duration (years) 123 MIBG scintigraphy "C-CFT PET
Number  M:F Heart to mediastinum ratio Uptake ratio index in the
whole striatum
Early Delayed
Parkinson's disease 24 717 71.5+6.8 35+3.2 1.66+0.45 1.46+0.41 0.98+0.34
Hoehn and Yazhr | 4 0:4 65.0=+7.7 29426 1.75=0.33 1.49+0.29 1.49+0.40
Hoehn and Yahr 2 9 2:7 73.9+5.6 24+1.0 1.81x0.54 1.60+0.45 1.00+0.20
Hoehn and Yahr 3 8 5:3 719472 3.0+1.8 1.57+0.44 1.41+0.44 0.81+0.20
Hoehn and Yahr 4 3 03 72.3+5.0 9.0+6.1  1.3620.05 1.12+0.08 0.69+0.07
Non-Parkinson's disease 15 8:7 76.0+5.5 2.8£19 2.18+0.51 1.65+0.68

2.35+0.46

Data are expressed as mean+SD

Table 2 shows the sensitivity and specificity of cardiac #I-
MIBG scintigraphy in differentiating patients with PD from
the other patients with chief complaints of parkinsonian
symptoms. When the optimal cut-off levels of '*I-MIBG
were set at 1.95 and 1.60 by receiver-operating character-
istic analysis, the sensitivity of cardiac '**I-MIBG scintig-
raphy for the diagnosis of PD was 79.2 and 70.8% and the
specificity was 93.3 and 93.3% in the early image and
delayed images, respectively. In HY 1 and 2 PD patients the
sensitivity was 69.2 and 53.9% and in HY 3 and 4 PD
patients the sensitivity was 90.9 and 90.9% in the early
image and delayed images, respectively

Uptake of ""C-CFT

The uptake of ''C-CFT in the whole striatum decreased
with the progression of the HY stages (Fig. 4). Significant
reduction in the "'C-CFT uptake with the progression of the
HY stages was also observed in each of the three

subregions of the striatum. Correlation between cardiac
23 MIBG scintigraphy and "!C-CFT PET was evaluated in
the 16 patients who underwent the two examinations within
6 months. There was no significant correlation between the
"1C_CFT uptake in the whole striatum and the H/M ratios in
both the early images (#=0.15, p=0.59) and delayed images
(r=0.21, p=0.43) (Fig. 5). Further, no significant correla-
tion was observed between the ''C-CFT uptake in each of
the three subregions of the striatum and the H/M ratio.

Discussion

In the present study, we investigated the sensitivity and
specificity of cardiac '*I-MIBG scintigraphy in diagnosing
PD and differentiating the patients with PD from the others
with chief complaints of parkinsonian symptoms. Further,
we investigated the correlation between cardiac sympathetic
function assessed by cardiac '**I-MIBG uptake, nigrostriatal
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Fig. 3 H/M ratios in the PD and NPD groups in early and delayed
images. Each graph represents the relation between the H/M ratio and
Hoehn and Yahr stage of PD and a comparison of the H/M ratios of
the total number of PD and NPD patients. Both images showed that

the H/M ratios were significantly lower in the PD group than in the
NPD group; however, the H/M ratios of patients in HY 1 of PD were
not significantly higher than those of the patients in HY 2 and 3 of
PD. NS not significant
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