FIGURE 2. Lewy body related a-synucleinopathy in the olfactory bulb.

(A) a case with LBAS in the secondary olfactory structure dominant (bar = 500um)
(B) mitral cell (bar = 10um)

(C) tufted cell (bar = 10um)

(D) granule cell (bar = 10um)

(E) a case with LBAS in the anterior olfactory nucleus dominant (bar = 500um)
neuron of anterioe olfactory nucleus (bar = 10um)



FIGURE 3. Relation of the BBAR Lewy body (LB) stage and the olfactory bulb (OB) stage
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All cases of BBAR LB stage above II revealed anti-phosphorylated a-synuclein immunoreactive
structures in the OB.
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FIGURE 4. Correlation between the Lewy body related a-synucleinopathy (LBAS) in the

olfactory bulb (OB) and the aging.
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Age

Mean age

at the death

OB positive 84.1+8.1
p=0.014

OB negative 80.6+8.6

CNS positive 83.2+8.3
p=0.001

CNS negative 80.8+8.6

LBAS, Lewy body related a-synucleinopathy; CNS, central nervous system
The LBAS positive ratio in the OB was raising with aging.
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FIGURE 5. Lewy body related a-synucleinopathy in the pure case (CASE 36).

(A) olfactory bulb (bar = 200um) (a) Lewy body (bar = 10um).

(B) locus ceruleus (bar = 200um), inlet: Lewy dot (bar = 20um).

(C) amygdala (bar = 200um), inlet: Lewy neurite (bar = 20um).

(D) CA2 in the hippocampus (bar = 200um), inlet: psyn#64 positive fine granular dots in neuronal
cytoplasm (bar = 20um).



FIGURE 6. Double-immunofluorescence confocal microscopy of phosphorylated a-synuclein

& phosphorylated tau in case 38 (bar=10um)

(A) the epitope of phosphorylated tau appears red;

(B) the epitope of phosphorylated a-synuclein appears green;

(C) the overlap of phosphorylated a-synuclein and phosphorylated tau appears yellow. The blue
represents nuclei.
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FIGURE 7. Distribution of Anti-tyrosine hydroxylase immunostining and
anti-phosphorylated a-synuclein immunostaining (bar= 100um).
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(A) Psyn positive structure revealed mainly secondary olfactory structure and tertial olfactory
structure (AON).

(B) TH positive structure revealed surrounding olfactory glomerulus or periglomerular cell.
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FIGURE 8. Confocal immunofluorescent study with antibodies raised against phosphorylated

a- synuclein and tyrosine hydroxylase (bar = 10um)

A B

(A) the epitope of phosphorylated a-synuclein appears red,;

(B) the epitope of tyrosine hydroxylase appears green;

(C) an oval immunoreactivity with Pser129 was demonstrated as colocalization with tyrosine
hydroxylase.

The blue represents nuclei.
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TABLE 2. Lewy body related a-synucleinopathy (LBAS) in the central nervous system and olfactory bulb

BBAR LB Stage® No LBAS in the OB o 1 r 5 I r
0 218 0 218 0 0 218 0 0
0.5 30 17 15 10 : 0 21 6 : 0
05B 8 3 5 2 0 1 0 7 0 0 1 0

05T 8 5 3 3 1 1 0 5 2 1 0 0

05A 14 9 7 5 2 0 0 9 4 1 0 0

) 37 33 4 4 17 12 0 10 10 9 5 3
B 16 13 3 2 7 4 0 7 7 1 1 0

IT 14 13 1 1 8 4 0 1 3 4 3 3

A 7 7 0 1 2 4 0 2 0 4 1 0

11 8 8 0 1 4 3 0 0 2 1 3 2
: m 3 3 0 0 3 0 0 0 1 0 2 0
T 4 4 0 1 1 2 0 0 1 1 1 1

oa 1 1 0 0 0 1 0 0 0 0 0 1

III 2 2 0 2 0 0 0 0 0 1 0 1
mT 1 1 0 1 0 0 0 0 0 0 0 1

N 1 1 0 1 0 0 0 0 0 1 0 0

I\ 11 11 0 2 7 2 0 0 0 4 5 2

\'/ 14 14 0 2 10 2 0 0 0 1 2 11
Total 320 85 237 21 41 21 0 249 18 18 16 19

5. BBAR Lewy body stage [24, 25, and 28). _

LB, Lewy body;, LBAS, Lewy body related a-synucleinopathy, AON, anterior olfactory nucleus; gran, around the granular cell layer; B, brainstem; T,
transiotional, A, amygdala variant; N, neocortical

The correlation between AON Stage and SOS Stage in BBAR LB Stage IB, IT, and IA. P-value are respectively 0.004, 0.480, and 0.125. (bold and
italic group)

The correlation between BBAR LB Stage IV and V. p-value is 0.004. (bold group)

*, p<0.05; **, p<0.01
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TABLE 3. Correlation of Lewy body stage in each
anatomical structure of olfactory bulb

AON Stage
0 1 2=
*
Peripher 0 235 2 0
y 1 10 4 7
S
el PP 4 13 45

Yates 2x2 Chi square test:

= 236.358, p < 0.001

McNemar test:

p = 0.004

*: complicating by Alzheimer's disease pathology
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TABLE 4. The demography of those cases with BBAR-CNS LB Stage equal
to or above II, accompanying Lewy body related a-synucleinopathy in the

olfactory bulbs.

BBAR Alzheimer
. Neuropathological o olIf::vt)?rsi'abgl;lb adrena  gisease related
0. age sex Diagnosis LB 1 ' pathology

Gape AON SOS gland NFT SP
1 8 F CVD 1B 1 2 + I A
2 93 F CVD IIB 3 2 + I A
3 8 F CBD/ DG 11B 3 2 + I 0
4 79 M AD/ CVD T 4 4 0 \" C
5 8 F CVD 1T 1 1 + I 0
6 9 F MCI 1T 2 3 + II A
7 100 M CS 11T 3 2 + 1\ B
§ 70 M AD 1A 4 3 0 \Y C
9 66 M PD II 2 1 + I 0
10 81 M PD 11 4 1 + 101 C
11 93 M DLBT v 4 2 + I B
12 92 M DLBT v 3 2 + I A
13 8 F DLBT v 4 3 + VI C
14 83 F PDDT/ CVD 1\ 2 2 + III 0
15 91 M DLBT/ NFTC v 2 2 + III 0
16 93 F DLBT v 3 1 + I 0
17 90 F PDDT v 3 1 + I 0
18 87 F DLBT v 3 2 + II 0
19 79 F DLBT v 2 2 + I A
20 93 M PDDT v 3 2 + 111 A
21 79 M PDDT 1\Y% 2 3 + J 141 0
22 91 M DLBN/ AD A" 4 2 0 v C
23 92 M PDDN/PSP/DG \Y 2 3 + II A
24 9 M DLBN/ AD \% 4 2 + A" C
25 74 F DLBN A" 4 2 + I B
26 83 M DLBN/ ALS A" 4 1 + 1 C
27 8 F DLBN A" 3 2 + I B
2879 M DLBN/ CVD v 4 2 + I A
29 83 M PDDN \Y 4 1 + 1 C
30 81 M DLBN/ AD \Y 4 4 0 V C
31 81 F DLBN/ DNTC \% 3 2 + \" 0
32 8 F DLBN A" 4 2 + I C
33 74 M DLBN \' 4 2 + | C
34 93 F DLBN/ AD \% 4 2 + v C
35 92 M DLBN/ AD \% 4 2 + vV C

CNS, central nervous system; AON, anterior olfactory nucleus; granular, granular cell layer and around; adr,
adrenal gland; NFT, neurofibrillar tangle; SP, senile plaque; grain, argyrophilic grain; F, female; M, male; CVD,
cerebral vascular disease; CBD, corticobasal degeneration; DG, dementia with grain; AD, Alzheimer's disease; CS,
cervical spondylosis; PD, Parkinson's disease; DLBT, dementia with Lewy body transitional form; PDDT,
Parkinson's disease with dementia taransitional form; NFTC, neurofibrillar tangle dominant change; DLBN,
dementia with Lewy body neocortical form; PSP, progressive supranuclear palsy; ALS, amyotrophic lateral
sclerosis; PDDN, Parkinson's disease with dementia neocortical form
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TABLE S. Correlation between SOS Stage, AON Stage and AD related pathology

0oB-SOS Stage

total
0 1 2 3 4
MSC 143 9 12 7 0 171
NFTC 25 2 6 1 0 34 "
PSC 34 2 12 3 0 51
ADC 35 8 11 10 0 64 **
total 237 21 41 21 0 320
oB-AON Stage
total
0 1 2 3 4
MSC 148 7 10 5 1 171
NFTC 27 0 5 0 34 "
PSC 36 5 0 3 7 51 .
ADC 38 7 5 3 11 64 *
total 249 19 17 16 19 320

MSC,; mild senile change, NFTC; neurofibrillar tangle dominant change, PSC; plaque dominant senile
change, ADC; Alzheimer's disease change
¥ p<0.05; **, p<0.01
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