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Supplementary Figure 1. Selection process. Abbreviations: N, number; PD, Parkinson’s

disease; pAS, phosphorylated alpha-synuclein; NF, neurofilament.




Submucosal plexus

Myenteric plexus

Supplementary Figure 2. Additional images for each grade of AS accumulation of the neural
structures within the submucosa and muscularis propria. a-r All images were assigned the same
grade by all raters: grade 0 (negative), grade 1 (sparse), grade 2 (moderate), and grade 3 (frequent).
The dotted circle-shaped staining (p, lower right) represents one of the frequently observed staining
patterns in the intestinal wall, potentially indicating pAS accumulation in neural processes adjacent to
ganglion cells. a'-r' NF immunostaining in adjacent sections confirms the presence of neuronal cells.
Scale bar: 60 um. Abbreviations: AS, alpha-synuclein; pAS, phosphorylated AS; NF, neurofilament.



dual data and results

ivi

Supplementary Table 1. Ind

PAS, serosa|NF

pAS,

pAS,

submucosa

p

pAS

11X

11X

muscularis [serosa

mucosa-

submucosa

11X

1(X

PAS result |distal pAS |distal pAS, [distal pAS, |distal pAS, |distal NF

final

1(X

Surgery

1|STG
117G
1|DG

1|STG
1|DG
1|7G
171G
1|1DG
1|DG
1TG

2|Miles
2|AR

2|RHC
2|AR

2|LAR
2|AR
2|AR
2|AR

2|LAR

2|RHC
2|LAR

2|RHC
2|RHC
2|AR
2|AR

2[LAR

2|RHC
2[ULAR
2|RHC
2[RHC
2|RHC
1|STG
1|1DG
1|DG

1|STG
1|STG
1|1DG

1|STG
1|TG

1|Pancreatic|

1|TG
1|DG
1|DG
1|1DG

Surgery

category

=stomach,

«“
2

colorectal,
esophagu

3
s, 4

others)

HY stage

2.5

25

Clinical

diagnosis

5|PD
1|PD

5|PD
3|PD

5|PD

3|PD

3|PD

5|PD

1|PD

1|PD

Duration

the final

follow-up
visit (yrs)

10|PD
2|PD
9|PD
0[|PD

11|PD
7|PD

9|PD
-1|PD
4|PD
12|PD
9|PD
0[|PD

4|PD
14/PD
8|PD

4(PD

0[|PD

8|PD
0|PD
2|PD
4|PD
3|PD
9|PD
3|PD
5[PD
2|PD
9|PD
8|PD
7|PD

6|PD
2|PD
2|PD
10|PD

6(PD

Duration

(yrs)

3

5

2

-6

10

12

13

2
13

Duration

to the final |to surgery [surgery to

follow-up

visit (yrs)

13

10

10

16
18
13
14

14

13

17
17

16

17

12
14

Duration

from onset |from onset |from onset |from

to

diagnosis

(yrs)

10

surgery

(yrs)

74
76

74
76

76

71

62
68
73

75

71

54
69
72
54
72
67
60
65

62

75

76
67
81

69
67

87
68
70
74
62

72

66

66
67
73

66

63

62

63

59
73

65

70

Age at the |Age at

final

follow-up
visit (yrs)

84
78
83

76

81

72

73

75

78
78
80
53
73

84
63

72
72
64
79
70
78
80
70
81

74
75

87
70
74
77
71

75

71

68
76

81

73

64
68
65

61

83

66
76

Age at

74
77
73

70
74
69
59
63

67
67

75

53
66
80
63

69
62
62
71

59
74
72
57
77
57
58
78
68
71

73

65

66

66

59
66

66

71

63

59
63

53
73

54
68

Age at

onset (yrs) [(yrs)

71

74
73

69
71

69
57
57
65

64
75

52
66
70
62
66
61

61

71

59
69
72
57
72
57
58
78
65

70
72

65

59
63

57
65

64
71

63

59
60
52
71

52
67

Sex

Group

«“

=PD,

Control)

0=

1|F

1|F

1|F
1|F

1|F

1|F

1|F
1|F
1|F

1(F

1|F
1|F
1|F

1|F
1|F
1|F

1|F

1|F
1|F

ID

10
11

12
13
14
15
16
17
18
19
20
21

22
23

24
25

26
27
28
29
30
31

32

33
34
35
36
37
38
39
40

M

42

43

44




—[ =] ===~~~ —]— == — - — I EEEE R EEE R
x x x x
o|lolo — o|o|o|ololo NEEEE NEE ) NE o|lo|ololololo—|olo+— — |~ o —| o =)
x x x x
oo~ RN EEENEREREREER N[~ — ~ — o o m|olo ololN[om~ NERIE N ~
x =< x x
ololo NEIEEEEEE DR RREE —| N[O o oo olololo BIEEEIRE NEBNEREE =)
x x x x
oo~ NEREERENEEERN R R NN~ ~ NE ol m|oolololo[n]o[m]m™ NEREBNEIREIE ~
x =< x x
=
oo — ol oo ~[ololololo]— oo™ —| o~ HENEERNNEE ) ) o NE — oo~
=
oo NERNENENEENEREERNER EHEENERNEERRNEE ERERENEE R E R R E R
x
oo NEEERNEEEN RN EEE R EEEEEEE R EEE L ENEE I E N EEE I DN E D EE
=
oo NENENENEE AN ENEREEEENEERE RN ENEEE R E RN E NN R E R R E R E
=
HEREEEEGEEEEEEEEEEREEREEEERDEEEEEEREE R EEREEEERDEE R EEE R EE R E
c c c =
c c c 53
© © @ 2
g v £ < | £ £ ol % v v
+
olol&]2 20|22 2| 2lo|&lolC|2|3lo|2| 5252 «Z|6|2o|l2|%o|l%|2lol%|o]|olo|c|ole|lc|olo|l«|o]lolE
o) = Y R R N R R A R B4 R E- =S E-S I R R =l R R s I s R A A T R e A e s e A = e = - s A R A A N Hs A Hs =
I EEEEEE NN EENEEE N EE N NN N EE NN R EE NN EE NN E N E E E N EE NN E E D R
BN TN ) ) ~ NN EHRRENRERRNERBRIR
o N [ [ [
[ajajya)ya)ya) ya) ya)ya) ya) o) o) o) ya) o) ya) Na)Na) Na)Na)NalNa) Na)ya)Na)a)ya)ia) ia)ya)ya)ya) o) o) o) ya) o) o) o) o) o) ya)ya) o) ya)ya) o) ya)ya)ya)
ala|lalalalala|lala|lala|lala|lala|lalalala|lala|lalalalalalalalalalalalalalalalalala|lalalalalalalalalala
NREEEEEEPEEEPEEEERENEEENEENE ENEEE R EERERNEENR R EEE NN R R EE R
Nfs|~fNJofaNlqf—]—fF|Oofmuf~lANfol—fo|~Nf—]—funlofo|of—|Sfo]—fo|Ffo]ofn|fN]—f~|—fofwnfalunft|~fo]mf~] <
o[~ s[o|s[o]lojam]o| |0 —-|o|o|wn]|o|lo|lw|O|—|—[—[m|—[wulofwfo|laN]o[~AaNlmN|S|SF| N[O |||~
HRNEEEERNEEEEEEERDEEEEE N R RN EREEEEEREEEEEE N EEE N EE RN EEEEE R R E
MNEIRENEEREE NN N EAREN RN A ERE RN AR P RN AN AR ENEE NN R E RN RN E R NAEE
OO~~~ R[O|IR[~|Nol N[Ol N[~ Rfo]ofO|of~|~[O|o[O|of~|RIN|N[o|Of~O[O|INR|IN[~|IN[~|OfD| N[O~~~k O
NS SN OS] -] OO MN|O|IS| Q| —|0|OOF|D[M[WLfSOfSIFINS(OfLIDN]OIOIS]—|M|O|OIO|Q|W|W|N|N|—
OlO|~|[D|ofo|o|w|of~|~[~|ofd|0|a]|df~|O|o|R[D|S[~|N[~|INo|R[D|N[~NO|NN|IK[~|of~|K[o| O[O ~[~]|o|o]|~
NEIEIRERR AR NNNEREENFENERNE R ERNERE R RN RNRNE RPN RN AR AN RPN RN E N
Ofd| O~ ~[w|of~|NNINO|INR|NO|ofo|Of~|Olo|of0|Of~|N[o|N[D|O[O|O[L|OR|NO|~[O|of~|Ofn|of~|o|fRK]|©
NN ERMREENEEEEREEENE AR EEREERE N RN EE R RE AR R EE RN R EE RN ERE R R R REIRS
Ofn|O[~|R[v|R[~|N[~|B[O|R[R|Olo|ofO|nf~|ofO|o(n]|Of~|~[d|~No|fo|Bfn|o[lO|~NO|R[O|O[~|O[B]|Of~|K~[O] O
[Ty 3 I T TS T 1 T T S S 1 1 T A T 1 I L I A M R P R R P R A Y P A i N N 1 A S e A i e N N L A A L
VIVINIMDO| = NMIFILIOINN RN =N MIFILOINNV(N O = NN OINVDNO| =N MNF(LNOISVNO|=| N M
S|t S|SB w[vfvfwvfn[wn|in|n|h|O|v|v|v|V|lV|[V[V[O[OIR|[N~|N|N|N|N|N|N|N|N~|[®©|0|(w|||w|w|w|®w|0|||a|




< <
o =} =l jol fol ol ol Joj Jol Hol Ho} o}l Hol Nol Hol Hol Hol o) Hol o )l R =) o o|lo|lo|o|O]| — o|lo|o|o|o o|lo|o o|lo|o|o
< <
o o|o|lOo|Oo|Oo|O|Oo|O|O|O|O|Oo|O|O|O|O|O|O|O|O|O|O|O|O|lO|O|O|O|O|O|O]|— Mm|o|—|O| O o|lo|o|lo|o|o|Oo|O
< <
o|lo|o (o} fol Hol fol ol ol Jol ol Jol Jol Hojl Hol ol Hol Nl Hol Nl Hol ol Hol Hol Hol Ho ) Hol Hol Fo ) Ho ) Ho ) Hol Heo ) o il o) o|lo|o|o|o o|lo|o|lo|o|o|o|O
< <
o|o|o o|o|lOo|Oo|Oo|Oo|Oo|O|O|O|O|Oo|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|— Mm|o|—|O| O o|lo|o|lo|o|o|Oo|O
< <
== == === === 1=1~=]====]=] ===l |~ ===~ =1=1=1=]~=|=|==1=]=|=1=1=1=]=[=|=1=1=]=] ==
N|Oo|lOo|Oo|O|O| O o} fol jol fo) ol ol Jo) ol Jol Hol HNojl Ho} N} HoJ o|o o|o|o o o|o|lo|Oo|Oo|—|O|O|O|OC|O|OC|O|OC|O|OC|O|O|O
N|lOoO|lOoO|lN|O|O|O|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O o|lo|o|o|o|Oo|Oo|Oo|O|0O|O|O|—|O|N|O|O|O|O|O|O|O|O|O|O|OC|O|O
[l N=l el o) Hol Jol Jol Jol Jol ol Jol ol Hol Jo} fo} Ho}l Jo ) Ho} Jo} HNo}l Ho }l o] o} ol ol Jol fo) ol fo) ol Jol Jol Jol Joj ol Jol Jol fol Ho}l Ho )l Ho}l ol Ho} o}l Ho}l Jo )l Ho}l Ho} Ho ) Ho)
[l Nl el o) Hol Jol Jol Jol Jol fol Jol ol Hol Jo} o} Hol Jo ) HNo} Jo}l o}l Ho }l N ] o|lo|o|o|o|Oo|Oo|0O|O|0O|O|O|—|O|N|O|O|O|O|O|O|O|O|O|O|O|O|O
-|lOo|Oo|—~|O|O|OC|O|OC|O|O|O|OC|(O|OC|O|O|O|O|O|O|(O|O|O|OC|O|O0|O|O|O|OC|O0|O|O0O|O0|-|O|-|O|—|O|O|OC|O|OC|O|O|OC|OC|(O|OC
joN
]
2
()
T ululu|ululululululululululvlv|u|u|lululv olololo|lovlovlolololv|lv|lvlo
=
VIOV |IVIVIVIV|IVIVOIVIVO|V I(IZ|IZ|IZT|Z(Z|IZ|IZ|Z(Z|IZ|IZ|Z(Z|IZ|IZ|IZ(I OO
ClalalolalalalalalalalalalS|I| S z|zlz|zlz|zlzzlz|zlz|zlz|zlz|zz|R|2|5|6|5|6|G|GG|GG|GG|G[G2[2]2
==~~~ |~ |~ |~ |~ | N|[N[N[N[N|[N[N[N[N|[N N[N [N[N[N|[N[N[N[N [~ === ==~ = ==~~~ |= ==~~~
R
o o
Olo|lo|la|L|LQIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIV|IVIV|IVIVIVIVIVIVIVIVIVIVIVIVIVLIVIVLIVIVIVIVIVIVLIVIVLIV|IV
IR z|z|z|z|z|z[z|2|2|z|z2|Z2|z|2|2|2| 2|2 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| =2
—|mlfo|lN|[un|IN~IN~NlOINININOO—INM OO O|lO|O|[O|ININO[OIN~N N[OOI INIOININMNOINMNIOVDIO|O[(O|WO|IN|NNWN]WO|
M| Of~—| O
S| ===
— | = o~
NI~~~ NMBIOINWOINO(IOJOWIOININO(O|lOIOO|OINSNINIMNO(IOJOINMNOV(IOWOCIOIWDINSN[OINSNOOINSINSS
Il B3 ES R B B2R Bl Bl ESU sl oAl B2l B Bl B Bl Bl Bl Bl Bl Bl B B B2 B A Bl R =2 B A B A B Bl E=2 Eo 2l B Bl K2l B =2 Bl A Bl s B Bl B Bl B=2 B =2 K =2 iK'=}
N[O~ ~N[OI~N[|]O(O|OI~N|O|OININIOININ|O[O|INOININ[OIS[OISIMNINIMNINOINMOIO|IO[O|O(N|ININ|WO(] |
<O = |y
~[R|o|w
(2l Bl Bl Bl
~Nlwofo|wn
R R A I P A D T S = D T S - T S e = e v T 1 1 I D T o T e ) S L A T D A M D R R N e e A T A e
—|—|—|—|O|O|O|OC|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|OC|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O
SNV |=(NMMF(D|O(N|RVDNO|=NMF(D OO~ N[N (DO NO|= N[ T DOV |O|=| N
ojlojlojlojoo|o0|C|Oo|C|0o|C|(o|C|O|QC|O|r ||| |=|[|=|[=|N|N|N|N|[N|N[N|N|N|N|O(m|mM[mmmmmm M ||| ||
S e e e e T T e R B T R B B B I B B R S R e e e g i el el i e (g g e e o




111111111111011111111111111111111101111111111
x x
o|lo|o o|lo|o|o|o o|lo|o o|lo|o|o o|o|o o|o|lOo|Oo|Oo|Oo|O|O|—|O|O|OC Mm|olo|o|lo|Oo|Oo|O|O|O
x x
o|lo|o|o|o|lOo|Oo|O|O m|lo| o o|lo|o|lo|o|o|o|O o|o|lOo|Oo|Oo|Oo|Oo|o|N|O|O|O|O Mmool mMm|N| O
x x
o|lo|o|o|o|lOo|Oo|O|O N|O| o o|lo|o|lo|o|o|Oo|O o|o|lOo|Oo|Oo|Oo|Oo|Oo|—|O|O|O|O N|jO|lO|O|O|O|lO|Mm|N| O
x x
o|lo|o|o|o|lOo|Oo|O|O m|lo| o o|lo|o|lo|o|o|Oo|O o|o|lOo|Oo|Oo|Oo|Oo|Oo|N|O|O|O|O Mmool m|N| O
x x
x <
o|lo|o|lo|o|O o|o|O| — o|o|o| O o|lo|o|lo|o|o|Oo o|lo|o|lo|olN|O|O|O|O| O o o|o|lo|m o
x x
o|lo|o|Oo|o|Oo|Oo|Oo|O|lO|N|O|lO|O|O|O|O|O|O|O|O|O|O|O|O o|lo|o|lo|OoO|lN|O|lO|O|O|O|mM|O|O o|jlo|lo|mMm|—|O
x x
(=l =) ol ol o) ol fo) ol o} Jol Nl Jol ol Jol ol fol ol Jol Jol o) Hol o}l Ho} o jl o) o|lo|o|lo|OolN|O|O|O|O|O|mMm|O|O o|lo|lo|mMm|—|O
x <
(=l =) lol jol jo) ol fol ol o} Jol Nl Jol Jol Joj Jol fol ol Jo} Jol o} Jo} o}l Ho ) Ho jl o) o|lo|o|lo|OoOlN|O|lO|O|O|OImM|O|O o|jlo|lo|mMm|—|O
x <
PEEEEEEEEEEEEEEEEEEEEEEEEEEE R E R R EERE R 2 EZZEE EEG EEE
o) g
O| ©
“ls
GGCCC CG (@] CCCCGCCGGGMMGCCGC GGCGCC GCGG U]
I|Z|I ) Y] OIZ|Z|Z|T Il 5 I I|o I I|T|V I o 9} G]
2lG|Glz|zlz|2|alz|h|a|5olz|lz|lz|lae|ble|lz|kb|G 8| 3|H|z|5blza|b|blz|blz|z|a|hz|5]5|<|2][a|H]a
NN ENEERNEE NN NN EEENNNEDNNE N EE N E NN EE N E E N G
QIVIVIVIV|IV|IV|IVIVIVIVIVIVIVIVIVIVIVIVIVIVILVIVIVLIVLIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIV
Zlz|z|z|z|z|z|z|z|z|{z|z|Zz|z|{Zz|Zz|z|z|(z|Zz|Zz|Zz|Z2|z|Z2|Z2|Z2|Zz|Z2|Zz|Zz|Z|Zz|Zz2|Zz|Zz|(Zz|Z2|Zz|Z2|(Zz|Z2|Z2|Z2|Z2|Z2| =2
nlo|~lnjojloj]On|~NO|AN|INInO|lN|[O|—[o|lN[OIm|N|~N[O|N|[O|—|—|O[~N|O|O| O[N] O[LV]|O[M||W|O]| W
[ R e N N I S A e A AN R R A R R A A A e A BN N A E= A R A B I A E A R S N R = N N R A B R E A B R F A BN EC K R e N =)
O~~~ OIN~NOIN NN OIO|IOININ O[OS ININIO|OIN|OIOINSINININININ~NOlOIN~N OIS~ OININ|©O] O
AR I I A D A N N S R A I B N A = e R e A R = BN N A RN BN B N A R A R = k= =1 N A D N R D B BN K= )
~N|lO|~|O|~O|WO~|O[|OI~|~NO|lO|lO[|N[O|O(~|O|O|O|~|[O|~|IM~N|O(O|O(~|O0|O|0|O|[0|O|N~|]O[(0]|0[|0|0|O| WO
S|S|S|e|ouls[s|u]s|s s ss|s|us|ssssS]e|wS|ofu|u|S|S|uss[s|S|u|us|s[ s s|us| s ss] .
o|lo|Oo|Oo|Oo|Oo|Oo|Oo|O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|0O|O|O0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O
MYV IN[DO(=INMIT OV O(=|NMITIVOINV(N|O (=N MT|INOINOV(D|O (=N M NOIN|O(D|O|
ISV | DNV O| O O(O|(O|O|O(O[O|O|NININ|ININININININS(NN[0]|0|0|(0(0|0|0|((0|0| 0|0
Ry e g ) e e e el el ) ey o el g R I ) R [ g R R g g e e ) g g fanf o - ) g o o) o) oo ) e g




Supplementary Table 2. Clinical characteristics of patients and matched controls in UGI subgroup

Characteristic Patients with PD (N=55) Controls (N=53) p-value
Sex, No. (%)
Male 36 (65.5) 40 (75.5) 0.254
Female 19 (34.5) 13 (24.5) '
Age, mean (SD), y
At surgery 71.1(6.3) 70.8 (6.1) 0.767
At the final follow-up visit 75.9 (7.2) 77.9 (6.7) 0.145
At symptom onset 66.9 (8.4)
At diagnosis 68.6 (8.3)
Duration, mean (SD), y
Onset to surgery 4.2 (4.6)
Onset to diagnosis 1.7 (1.7)
Onset to the final follow-up visit 9.0 (4.7)
Surgery to the final follow-up visit 4.8 (3.2) 7.1(2.0) <0.001

Frequency of patients who underwent surgery before the symptom onset, No. (%) 6 (10.9)
HY stage at the year of surgery (available in 18 patients, No. (%)

1 3(5.5)
2 3(5.5)
25 8 (14.5)
3 4 (7.3)
Surgical site, No. (%)
Stomach 53 (96.4) 53 (100) 0496
Esophagus 2 (3.6) 0 '

Abbreviations: UGI, upper gastrointestinal tract; PD, Parkinson’s disease; HY, Hoehn and Yahr.



Supplementary Table 3. Clinical characteristics of patients and matched controls in LGI subgroup

Characteristic Patients with PD (N=42) Controls (N=41) p-value
Sex, No. (%)
Male 21 (50.0) 20 (48.8) 0912
Female 21 (50.0) 21 (51.2) '
Age, mean (SD), y
At surgery 70.8 (7.7) 71.0 (7.6) 0.899
At the final follow-up visit 75.6 (6.8) 79.5 (7.6) 0.016
At symptom onset 66.7 (7.2)
At diagnosis 68.6 (7.7)
Duration, mean (SD), y
Onset to surgery 4.1 (5.3)
Onset to surgery 1.9 (3.0)
Onset to diagnosis 8.9 (4.8)
Onset to the final follow-up visit 4.8 (4.0) 8.5 (2.6) <0.001

Frequency of patients who underwent surgery before the symptom onset, No. (%) 6 (14.3)
HY stage at the year of surgery (available in 11 patients), No. (%)

1 1(2.4)
2 4 (9.5)
25 1(2.4)
3 5(11.9)
Surgical site, No. (%)
'RLGI 12 (28.6) 33 (80.5)
2LLGlI 30 (71.4) 6 (14.6) <0.001
Sothers 0 2 (4.9)

'RLGI includes surgical specimens acquired by right hemi-colectomy.

2LLGI includes surgical specimens acquired by anterior resection, lower anterior resection, ultra-lower anterior resection, Miles’ operation,
Hartmann’s operation, or left hemi-colectomy.

Sothers include surgical specimens acquired by total colectomy and subtotal colectomy.

Abbreviations: LGI, lower gastrointestinal tract; PD, Parkinson’s disease; Gl, gastrointestinal; UGI, upper Gl tract; LGI, lower Gl tract; RLGI,
right LGI; LLGI, left LGI.



Supplementary Table 4. Differences of AS accumulation layer by layer in the intestinal wall between patients with PD and controls

Region Layer Patients with PD Controls p-value
Total No. AS+, No. (%) Total No. AS+, No. (%)
Entire Gl tract
Full layer 97 73 (75.3) 94 8 (8.5) <0.001
Mucosa / submucosa 96 45 (46.9) 94 5(5.3) <0.001
Muscularis 96 72 (75.0) 94 8 (8.5) <0.001
Serosa 87 31 (35.6) 92 6 (6.5) <0.001
UGI (stomach+esophagus)
Full layer 55 46 (83.6) 53 8 (15.1) <0.001
Mucosa / submucosa 54 35 (64.8) 53 5(9.4) <0.001
Muscularis 54 45 (83.3) 53 8 (15.1) <0.001
Serosa 47 20 (42.6) 53 6 (11.3) <0.001
LGI (colon+rectum)
Full layer 42 27 (64.3) 41 0 <0.001
Mucosa / submucosa 42 10 (23.8) 41 0 0.001
Muscularis 42 27 (64.3) 41 0 <0.001
Serosa 40 11 (27.5) 39 0 <0.001

Abbreviations: PD, Parkinson’s disease; AS, alpha-synuclein; Gl, gastrointestinal; UGI, upper Gl tract; LGI, lower Gl tract.



Supplementary Table 5. Differences of AS accumulation layer by layer in the intestinal wall and location of marginal blocks

Block Layer PD Patients Controls p-value
Total N AS+ (%) Total N  AS+ (%)
One or more in both blocks
Full layer 97 73 (75.3%) 94 8 (8.5%) <0.001
Mucosa / submucosa 96 45 (46.9%) 94 5(5.3%) <0.001
Muscularis 96 72 (75.0%) 94 8 (8.5%) <0.001
Serosa 87 31(35.6%) 92 6 (6.5%) <0.001
Proximal block only
Full layer 84 51 (60.7%) 88 8 (9.1%) <0.001
Mucosa / submucosa 83 26 (31.3%) 88 5(5.7%) <0.001
Muscularis 78 50 (64.1%) 88 8 (9.1%) <0.001
Serosa 66 20 (30.3%) 79 3 (3.8%) <0.001
Distal block only
Full layer 9 62 (68.1%) 91 7 (7.7%) <0.001
Mucosa / submucosa 91 38 (41.8%) N 5(5.5%) <0.001
Muscularis 86 58 (67.4%) 91 7 (7.7%) <0.001
Serosa 69 21 (30.4%) 80 4 (5.0%) <0.001

Abbreviations: PD, Parkinson’s disease; AS, alpha-synuclein.



Supplementary Table 6. Differences of AS accumulation layer by layer in the intestinal wall and location of marginal blocks in UGI
subgroup

Block Layer PD Patients Controls p-value
Total No. AS+, No. (%) Total No. AS+, No. (%)

One or more in both blocks

Full layer 55 46 (83.6) 53 8 (15.1) <0.001
Mucosa / submucosa 54 35 (64.8) 53 5(9.4) <0.001
Muscularis 54 45 (83.3) 53 8 (15.1) <0.001
Serosa 47 20 (42.6) 53 6 (11.3) <0.001
Proximal block only
Full layer 45 33 (73.3) 49 8 (16.3) <0.001
Mucosa / submucosa 44 21 (47.7) 49 5(10.2) <0.001
Muscularis 39 32 (82.1) 49 8 (16.3) <0.001
Serosa 32 13 (40.6) 48 3(6.3) <0.001
Distal block only
Full layer 50 40 (80.0) 51 7 (13.7) <0.001
Mucosa / submucosa 50 29 (58.0) 51 5(9.8) <0.001
Muscularis 49 39 (79.6) 51 7 (13.7) <0.001
Serosa 36 11 (30.6) 45 4 (8.9 0.013

Abbreviations: AS, alpha-synuclein; UGI, upper gastrointestinal tract; PD, Parkinson’s disease.



Supplementary Table 7. Differences of AS accumulation layer by layer in the intestinal wall and location of marginal blocks in LGI
subgroup

Block Layer PD Patients Controls p-value
Total No. AS+, No. (%) Total No. AS+, No. (%)

One or more in both blocks

Full layer 42 27 (64.3) 41 0 <0.001
Mucosa / submucosa 42 10 (23.8) 41 0 0.001
Muscularis 42 27 (64.3) 41 0 <0.001
Serosa 40 11 (27.5) 39 0 <0.001
Proximal block only
Full layer 39 18 (46.2) 39 0 <0.001
Mucosa / submucosa 39 5(12.8) 39 0 0.055
Muscularis 39 18 (46.2) 39 0 <0.001
Serosa 34 7 (20.6) 31 0 0.012
Distal block only
Full layer 41 22 (53.7) 40 0 <0.001
Mucosa / submucosa 41 9 (22.0) 40 0 0.002
Muscularis 37 19 (51.4) 40 0 <0.001
Serosa 33 10 (30.3) 35 0 <0.001

Abbreviations: AS, alpha-synuclein; LGlI, lower gastrointestinal tract; PD, Parkinson’s disease.



Supplementary Table 8. Differences of clinical characteristics between UGI and LGI subgroups in patients with PD and AS
accumulation in the Gl tract

Patients with PD and AS+

Characteristic UGI (N=46) LGl (N=27) p-value
Sex, No. (%)

Male 30 (65.2) 15 (55.6) 0412

Female 16 (34.8) 12 (44.4) '
Age, mean (SD), y

At surgery 70.6 (5.7) 72.7 (8.1) 0.195

At the final follow-up visit 75.4 (6.5) 76.7 (6.6) 0.426

At symptom onset 65.6 (7.5) 67.8 (7.6) 0.243

At diagnosis 67.5 (7.6) 70.1 (8.2) 0.170
Duration, mean (SD), y

Onset to surgery 5.0 (4.3) 4.9 (5.9) 0.980

Onset to diagnosis 1.8 (1.7) 2 3 (3.7) 0.521

Onset to the final follow-up visit 9.8 (4.5) 9 (4.7) 0.427

Surgery to the final follow-up visit 4.8 (3.2) 4 0(3.7) 0.309
Frequency of patients who underwent surgery before the symptom onset, No. (%) 4 (8.7) 4 (14.8) 0.457
HY stage at the year of surgery (available in 22 patients), No. (%)

1 2 (4.3) 1(3.7)

2 3 (6.5) 2(7.4)

25 7 (15.2) 0 0.242

3 3 (6.5) 4 (14.8)

Abbreviations: PD, Parkinson’s disease; AS, alpha-synuclein; Gl, gastrointestinal; UGI, upper Gl tract; LGI, lower Gl tract; HY, Hoehn and Yahr.
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Supplementary Table 9. Differences of clinical characteristics between controls with and without AS accumulation in the Gl tract

Characteristic Control p-value
AS+ (N=8) AS- (N=86)

Sex, No. (%)
Male 7 (87.5) 53 (61.6) 0.251
Female 1(12.5) 35 (38.4) '

Age, mean (SD), y
At surgery 72.1(8.0) 70.7 (6.7) 0.581
At the final follow-up visit 78.4 (8.4) 78.6(7.0) 0.951

Duration from surgery to the final follow-up visit, mean (SD),y 6.3 (1.2) 7.9 (2.4) 0.072
Surgical site, No. (%)
UGl 8 (100) 45 (52.3)
LGI 0 41 (47.7) 0.009
Abbreviations: AS, alpha-synuclein; Gl, gastrointestinal; UGI, upper Gl tract; LGI, lower Gl tract.
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Supplementary Table 10. Frequency of AS accumulation in the discretized subgroups of duration from symptom onset to surgery in

patients with PD

. N of patients Entire GI p- p- p-
E':l:a:on( o:;rs\?et to with PD tract value ucl value LGl value
gery ty AS+, No. AS-, 0.017  AS+ AS-, 0.062  AS+ AS-, No. 0.281
(%) No. (%) No. (%) No. (%) No. (%) (%)
gﬁ‘;oerte symptom 12 8(66.7) 4 (33.3) 4(66.7) 2(33.3) 4(66.7) 2(33.3)
0-5 48 31 (64.6) 17 (35.4) 22 (78.6) 6 (21.4) 9 (45.0) 11 (55.0)
6-10 26 23(88.5) 3 (11.5) 14 (93.3) 1(6.7) 9(81.8) 2(18.2)
>11 11 11 (100) 0 6(100) 0 5(100) 0

Abbreviations: PD, Parkinson’s disease; AS, alpha-synuclein; Gl, gastrointestinal; UGI, upper Gl tract; LGI, lower Gl tract.
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