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ABRACL: ABRA C—Terminal Like

ACN: acetonitrile

AMPA: o —amino—3—hydroxy—5—methyl—4—isoxazole
acid

BDNF: brain—derived neurotrophic factor

CAPNSI1: Calpain Small Subunit 1

CDC42: Cell Division Cycle 42

CDK: cyclin—dependent kinase

COL4A1: Collagen Type IV Alpha 1 Chain

CREB: cAMP response element—binding protein

CSNKZ2B: Casein kinase II subunit beta

propionic

DARPP32: Dopamine— and cAMP-regulated phosphoprotein, 32

kDa

DAVID: Database for Annotation, Visualization, and Integrated

Discovery

DEP: Differentially Expressed Protein
DLPFC: dorsolateral prefronatl cortex

DNA: Deoxyribo nucleic acid

DYNLT3: Dynein Light Chain Tctex—Type 3
ERF: ETS2 Repressor Factor

FC: Fold Change

GABA: gamma aminobutyric acid
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GO: Gene ontology

GSEA: Gene Set Enrichement Analsysis

GWAS: Genome Wide Association Study

GRINZ2B: Glutamate Ionotropic Receptor NMDA Type Subunit 2B
GRIK3: Glutamate Ionotropic Receptor Kainate Type Subunit 3
GRM2: Glutamate Metabotropic Receptor 2

GSTTI1: Glutathione S—Transferase Theta 1

IPA: Ingenuity Pathway Analsysis

KEGG: Kyoto Encyclopedia of Genes and Genomes

LC: liquid chromatography

MM: module membership

MRGPRF: MAS Related GPR Family Member F

NMDA: N—methyl—-D—aspartate

NTRKZ: Neurotrophic Receptor Tyrosine Kinase 2

PCA: Principal component analysis

PFC: prefrontal cortex

PMI: postmortme interval

PPP3R1: Protein Phosphatase 3 Regulatory Subunit B, Alpha
PS: Protein significance

PTP4A?2: Protein Tyrosine Phosphatase 4A2

RNA: Ribonucleic acid

RPS4Y1: Ribosomal Protein S4 Y—Linked 1

S100A10: S100 Calcium Binding Protein A10

SCG5: Secretogranin V

SNP: single nucleotide polymorphism
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TBX20: T—Box Transcription Factor 20

TMT: Tandem Mass Tag

TOM: Topological Overlap Matrix

TrkB: Tropomyosin receptor kinase B
TUBASA: Tubulin alpha—3 chain

UBEZ2D3: Ubiquitin Conjugating Enzyme E2 D3

WGCNA: Weighted Gene Co—expression
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Extended—C18 Z# (4.6 mm ID X 25 cm o], 5 um C18 $1#p <]

A2E Agilent 1260 bioinert HPLC (Agilent, Santa Clara, CA, USA) =

>

bg-stol 3L pH 94 WE= 282 FAsIh BEE AEE 0.4mL/2
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5. RP—nano— LC—ESI-MS/MS &4

FEE MELS Easy—nano LC 1000(Thermo Fisher Scientific,
Waltham, MA, USA)¥ ZAg¥H EASY-Spray ion source(Thermo
Fisher Scientific, Waltham, MA, USA)7} &&3 Q-Exactive &
EA7IE ARESe] AT el == ER A9 (Thermo Fisher
Scientific, 75um ID X 2cm 4d©°], 3um Acclaim PepMapl100 C18 H] &,
1008) 7+ ¥4 A7 (Easy—Spray PepMap RSLC, 75 um ID X 50 cm
Zdo], 3 um ReproSil—Pur—AQ C18 H|E, 100 Aoz FAE AHfA
FeElEAT AE T Ao, AxE AHE=E & AQC% ACN 2 0.1%
EEAD el AlgsiA T HEE MES &9l A(2% ACN ¥ 0.1% v/v
X5 9 &1 B100% HHEYEZ 9 0.1% v/v 25D E &35

2108 =<9t A3ld ACN gradient(6—-90%)E =3 Es. 4

olest¥ gt A AFEYL 350—1,700m/z9 AF W I m/z
200914 70,000 ®a Sl 1570 WS AMEsY. AE o5
A (AGC) HE > 3 x 10°%]a MS/MSel uist Azl e
L.2m/z%ck. 15709 7H¢  FH3s o] m/z 200°14 35,0009

walsol 339 AFHE FE JUAR O 2L U FE sl o
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dA skt MS/MSel| tjst AGC &3 e 5 X 10°0¢ltieh. 53

A= wE = A DS A E) 98 4027 2 Ak ch

6. Computational MS Data+-4]

HA] MS 3492 Proteome Discoverer % 2.2(Thermo Fisher
Scientific, Waltham, MA)& AFR&38to] A2jsgitt. Wld A=y A~ EF
AL UniProt Homo sapiens Ho|JE|H|o] Ao tfs] SEQUEST-HT
G FE At FAE AT (http://www.uniprot.org). Ho]ElHo] A

A AgE st ted 2tk EPAL A AA 5a

& (KR/— ©]3) Ho 2709 Fehe 2dh 20ppm (G E9) 94 ) 9
AA o] & A 31822k 0.02 Da(GdE9da A=) 9 & o] A%
&2zt TMT XA e st glo]il 7] 4 e N-—dde] ot

229.163 Da2] 4 A3 9 Jpalvu) o 3lo] ot A 2HQl 7]2] 57.02

o

Da®l % wig; 9 Tz N—gek op e 3}te] 49 42.01 Dadl 54 W
2 v E e Absle] ¢ 15.99 Dadl £2 wdolt) g3y A Ak of

upet A4 Ay flefo]l =ef dmA S AEsEr] 98 <1%2 FDR(False

=

Discovery Rate)® HE 3%t Proteome Discoverer® "Reporter
Ions Quantifier" =% ARESFe] g XE ol Ad ALE AAstY
G AE A gttt AR 70%E Aok A E EE dW A
dolel:= ¥z PXD029845% PRIDE TEY AZAS  E3)
ProteomeXchange AL (http://proteomecentral.

proteomexchange.org) ©l| 718} tH[75, 76].
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A g Akl EAALY] I zto]lE RISy flEte] A4 W
8t A 2o|= Mann—Whitney U HA S AFE-39 1, M58 WS

Pearson?] 7}o]—A#3 T+ Fisherq A& AA S A3 Y Proteomic

A7) Y& AFHE t—#HA (P <0.05, Fold ChangelFC] >1.2)&

Akt Aarstd @wd FHEE z-Aarstel  olo] ATH

uet IFo® Wtk p <0.05, FC >1.291 DEPQl @¥idSs 24t

AR a9l 1EelA Belehlr

8. AMEHHS FX
GO (Protein Gene Ontology)+ DAVID AEAHT T4 (B 6.8)=
Abg-slo] 82l13FtH[78]. GO H5F+= Fisher? 88 A o&l H7}E o]

p—# AEE 92 ts 0.058 Aex grola Yt 7s &40+

Ingenuity Pathway Analysis(IPA)7} A% 21t} (Ingenuity Systems,
http://www.ingenuity.com/). Fisher® A&3 A4 (P <0.05)<S =3

=4 wag AEst 54 Aze gEEel g #ue FAsdr. 7
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A AR [E 2]e FEstalth A AFEARS] median AES 4849131
EAA A median AES 520tk A AFEREeL 9F EAA Aol
AGe Hitels FAASE fFos a7t AT (p=0.580). 1
AAAT AR Au= A9 1l ZMEoL, EZdAAbe] 9)F Al RE
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174 (4.3%)7F SEAE, 48 (17.4%)7F 55 vigol Apdatoict, aApak Abdabs
127 (47.8%) > 232 o7k A 79 (30.4%) > =dY,
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& Aol 22 WS AEsiis W, 9,801709 F @A S 8,0357=

DEPE A&7 93] A AFEAFe) SAAL 15 7be] Student’ s t—A 3 (P <
0.05) 2 3Rt B4 A3t F 2957019 DEP7F &2lE ). 11 5 594

Hlmato] A4 Aol A 244709 Wudo) 4F 2UH I S FAFAL,

o

©
it
2
>

5107 % 24581 98-S FARATHIY 1AL A AR

&

Atol o] g A w3 FC x}Fo] = volcano plotS 2 Al Zbslsldch 28 1

244719 43 24 ¥ DEPEZ Gene ontology (GO) #4& 4335t}

20

-";rxﬂ-! _k::l '|_



1S
2]

i

el

2 ubepA] gAdo] ZhE

-
X

ol
=

GTPase

ahe1 5] Qe

] Al A7}

A 2T, dE7hne] o]

23!

).

o3

o]tk KEGG #4] oA

Al wEbd 2k 7]

S

3 o) b

shel ¥},

gap junction ©]

9} Gene Set Enrichment

Ingenuity Pathway Analysis(IPA)

4.

Analysis (GSEA) #4]

IPARA A7 drshjulwol= v 47 Az ovleds 4%

o] Ak Abige]

]

= A
o129 11C].

AEThn] o) =

jad)
=

A2

GABA &4

5

|

0
T
o
olm

g

—_
fite)

3
=

]
=

g2 &%

&

A7 A

gt

ARE ¥

L3991 -DARPP32 9=

NE Y Y

T&A

1= A

bol A2k AbAfel A

S

GSEA 44 dix=+3 vl

21



o
2
_>‘i
=
Jm
off
o
o2
Y
ye,
ol
ol
(o)
2
flo
|
o
=
=2
s
N
o}
3%
o
>,
s
[
b
24

nE MEZS o]83 AZZ FeAHY d"itzaAe [78 14A]9

OIAZFtO R B = 125 AFESFTHI™ 14B, 729 14C)l. UEYA A
BHS AAst7] 2@l Topological Overlap Matrix (TOM) o] AAME 911,
TOM Ag(dissTOM = 1 - TOM)E 7|¥wte =z AZ7d ZFyAHYES

TR, HA Y FHUAH AE= 4 W ddor dgla, dAsH

Jad S aEE As FYAH MY VoS AREste] M askdvt 1Y 15A].

1 F, WGCNA 245 ARgste] 15719 55 & REs AEssint (14

15B].

—
(@]
s
X
=
1%
W,
o
Ju
=
au!
il
flo
L
&L
)
3

8 Bl
SEs S8 mEelde] BAA W AUAYI AnE vELES

Felstgith. A% IFW P 2 guwAst de Res 28 1547

¥2

22



=
=

1
-

d

]
=

CSNK2BS%l 2™ CREBI,

=~

A (protein significance, PS)
)

F
=

A
o

Q<=

A

7 7}
9 MEFDE 4]

=
=]

&

l (module membership, MM) Ztell &2 A##AA7F A28 16].
A

-

AAF 2

T

=
=R
5|

T

[e)
=

G2 CAPNS1, CDC42, PTP4A2, CD46
&

ERF 2 NF-KB$} 9145 o]

74

A}

ol UMIEH =L

]

)

AO

1A &

RoAFAG (1™ 17].

2 MM &

< PS

HH

Ak
=

7k 2¢
AP A

=

=

T
pu

AbeE ARelelAl COL4A1¥}

5

0]
gl

o], GSTT1& Al Aol
UBE2D3

=2 =
= =
=)
=
WAE 58§
kel = At
23

]

el
ABRACL
P94

<

=L,
15 3

1

AFE Abo] oA

|

o)
T

o]
pal

st
olg)oitt, 71837 RPS4Y1, S100A10, MRGPRF

3lo

=

3+

=

Apgpel A
Apg el A

CD827}



B ATANME AR ¥ 22E ALkl A8 AP 193 EQAe BAd
s}

i mEsele FAstdch ogd PR YRgH =78 Agsol

1. AVt g s o] wEE JEHe Bze o)

45

flo

E Ao whZE t}okst HE Fo A4 endocannabinoid A ~El
ool 24 detg ol 9 ¢ B2 AAS W Qe AR T ol oA

Aol MEm SeFol o A% FEL

r

713 Abghe] DLPFCeA 19
Fhn) o] = 4=8-A| (cannabinoid receptor type 1, CB1) % CB1 ®j7} G-
did s § x> AR YERt(80]. WiAUSEAH R CBl Y
b wole 84 3 2 484 (cannabinoid receptor type 2, CB2)=

GABA 9 =FEHvo]Egl @2 A4 e 249 A¥A A WaEs oAlshs

REG 80, 81]. & AolMes vdst BEgrst 245 ARgstol AU

el S AsEs) wAE FRE AU 5 Atk hhues 97,

rO
2L
os]
)
z,
<
1o
o
fols
.
ofo
ot
v
rr
>
>
ik
b
<
-,
b
Y
N
w
R
b
o
I
>,
[>
i)
o
>,
o,

24



SRl
&2
b |

]

S

HEMN

k<3

=
Aol A

2]
10

FolA]

1A
AR

=

014717

59 wWAY
A=

)
A
A A,

-y

ek
A 34 o

1A 9 [83—85]

=

Ak
Al =2l A

FA= A9 Qi
GABA A mRNA &S v w3t 3t A-For= ZAk AR al, a3, a4

AFEolA A

SKe)

S
&

71E
6 mRNAZ]

GABAA
chul ] A &k

]
=

o BN W ® ST R R
=onoM T o o = F KN
o T T I R
mm = " m_ﬁ oF E © X W oo W g
X gr o G R R
o o B W X X0 ©oay KR B
A PR T or o % Lo
CN - R R T
7 < x 7 z X g Xox "
X T = K
X ow © m- T ooy RS oy
X =« o M o mm b
) R ° W o T3
T S . S PR
s M E _RETom s g
— % - s
=Ko B OE A w o RO
AR N A BN RE
R T B 5 = B P o IR
ﬁ OM E.E _,ﬁ N ‘_nwwu ﬂ_OI %i .\W
- S B I AL SRR
dy X G o| B - N =) < N
G o oH N A& om <
oR | ) ~ m O
B GO N - =
T % o T - Xxm Nd ™
= X m oy BN T ®OM B . W
SO S o N oo o= S WL
= < — - ~ <0 rr_ e
ST R R
o = 8 « & om = % T
— I=
# Lo 24 F .o 3o ® oo
T g < o] o1y o pt il Nd © i)
s o% § S 5 o3 CHE % w
™ o 3) B o7 \mwl o E o X L B
g = © o5k X 20 A
e B S xowmow oo o % ° T
W g E T oW oW L % I N Y
o OF o = & o wEooxW o E o) o7
FTEOW o4 O8 W o R OK X W oF

25

CAPNSI1 (Calpain Small Subunit 1) [88], F& & Ao



PTP4A27}

o)
=

CSNKZB

]

A
fa

3

=13
21

Hpo] e upA 2

ol 2)

Al

N

~
fie)

ofi
ol

FE] ATH[89].

£

3}.0]
o]

L
=

iz

=

Gh

SO

Sk A
o] 571 A%

=
=]

=

g

A= H
P

}o] Brodmann 94 9 of| A
!

7

[e)
H] A A 1

=

T

T

s

e of
Al Tl
= =X

o

w|ofof
171 $
Je s A

A

bol 2t

°©

R E S A
3)

<]

B

i

kel
2

A3} Al
(79 18A]° X%

g
g

724
A

By

1o

%

I<]

]

<
T
i

o, ZRAAF AL A
A

o] v] w4

B QT Ao

=
=
st

beleh. sk

=

=

[e)

M=
°

:rL

Nano—Flow Liquid Chromatography—Electrospray Tandem

803571 9]

B

t proteomics WS AFE

7=

-

R

T

R

°

E

o

2.

Zkol & 11

A AFgARO]
AsiMe 59 JH
A -of| A

MS

564472
AT A

™
e

B

o

=

ol

o,

0
o

C

s

o
=

r

f

S

H]

—

0

\n
T
=

o

7}A]

26



=
ol ATrelA amE vkd HlolemiAES cell type®E ot A

(i3
et
i
|

f

[\
(@]
—
oo
iy
>
=

(@R
=

(@)

3
=

cKenzie 5l 9aiq Bud 7|& A9
H oAz R AR 3 g s 2 UES A dolEuol At v
HYrH[96]. ¥ AFoA] &elst 295712 DEPE Z}7zto] o= cell type°l 4]

3 QR FQlslr] $5Fe] enrichment scoreE [Z¥ 19A] 9

¥7138F9 k. DEPQ] th+ neurond X3ta & A7t w2 elg &

[29 19E] A 79 specificstAl YE = vFAEY Al 555 2

T otk o @A F 74 fold change”t =LAl YERd 212 SCG5, PPP3RI1,

TUBA3A, DYNLT3 ©]it}. SCG52 49, neuron®] A3t tp= A
ZAA7E w9 Sn|2PEd, o] wlEe AAFYREE YTl T3 ARE
Gl 2 S 9k 5 3hskar Qlth SCGHe Aol TAFHAA A A AA vf-g- &

S WL 9lvh SCGS FAAE v AUl 2 e s =), AR 9] 3= ok 7]

o
oo
=
2
ox

o
~
w2
O
Q
(@)
)
Z,
x>
2

)
oty

>
=
o
1o
¢ o
r ol
oX,
o
S
dlo
o
o\
of
i
jus}
=
%9
o
o
N

98]. ok&7] Adol AAAIES FoF FAHA o, AE AAA
dE=d 2 dvhs 22 7S A7l AdeEa ok [99, 100]. SCG5=
e QoA FAFHAA WEz L] Aozt Al He A -

pathway® F& viIARZ AES 7hsAdol ok Al skt /i AARAE

27

-';rxﬂ-! _k::l '|_



AFEo]A bulk RNA

o] 4

102].

- FasF 101,

K

)
~
fite)

0
o

-

)
gl
L

L
=
=

L

A ff o
Ao

| =5
=
L

R

=

s}

BeME 7bg el
il

|

R
=
il

|

ITH[2E20A, 1¥ 20B].

PN
Lol f o BAglo] ALY

1o

X
o

Bl

At
Bl 13

¥
179 Avte] FFE v
A A

RS
=

=

O

_?4

747

.

A

9z

K

DEP&<

=y
-

Sl

°

T

tol

S

&

4
=

o] AAlE o grh[96, 103]. Al

el

=
=
=

=

Far, AaE Ao A ¢
AFAEAL

=

°©

W=

[e]

319 1§52 ol

5}

%

o] QA ohw Aol o

&7t

1

e 7

folg mgd n}A
A

npgow
%

o]
|
8

S

B

o
o
ol

)

1gelsl BPAo® AL 1

ok, A, A AP el A

A

PO RMH, At ALl o

Il
=

l

|

H
DEP7} #}aF zpA o

[e]
=

S

3

W
-~

oH

)

o

N

;O_u
oF

of

N

ohiet A

T

—_—

o

=

7}

=
T

| JE=N
i=1

o

P
T

feis
=

o

28

A Zel)ee 2 24 F 2

=

=

12} (o]

o
1l



ol
=

FA

101 [107] GSTT1o]

S100A10& A4 &=
o

At GSTT19

=q)]
=~
o

sol g

Cias

4] oA Ro]xo], GSTT1

Absl AEY A oA

o

1

S5 AL AtolelA] mlo] eubA =

GSTT1
Hhol eupA R de A Qlrk[104-106].

A
A

—_
fite)

ﬂo

&+
ofi
ol
/r

s

-0
=

71

TEA

o4 el A At gdo] ek el A QATH108, 109].
o d:E A Folt Ut

FF ALg Fohs A}

S FE ol E

o

-

)
=

AZEY 1B
3l S100A10

ol

=

o

T

S100A10
tH[110]. ©HA]
nlol omA R AR T

3N

%

)
=

o]

fi%e)

0
o

lo
T

s

| Aze dme A Fol o)

25
i
—_

[e)
L

29

olth, 1 2olmo A GSTT1 E+= S100A10



& 7]

1

Jol Stk AAIRAL K 5

4.1.
"o“}\o

7

I

TE =87 913

gl
.WL

o Aol st

L
[e)

0|
.

o
;Oﬂ
23!
ol

shof gz afolv]

5

ato] A= ZAE AHA

e}

ATE 1 Bl ol 7h wE Aol 2y

£}
)

0

B

ﬁo
o
)

el

of et Apao]

}

u
LA

LN

HH

Abzdol e},

L

R

B

e

=139
=

HA

°©

A
= 7

ol A

[c]

N

A
hypoxic damage”} YEE Zlo]m,

AgaA E

o

Douglas

T

Yy O %=

bl A
ol

S

°©

\:

2] e] =}
Canada Brain Bank 7} &7

of ¢lth. 3
Bell

)

o

al

~
file)

g 54

=]
=

Coroner’s office (AA ) #2] &

30



(https://douglas.research.mcgill.ca/douglas—bell—canada—brain—

o1t

= Z71eHA 7] Y E 1SR 223 oawE

& 7]

bank). 2] A

B

4.2.

N
O
)
e

N
B

Jvmo
;Ir._yl
o

o

o

0
o

$e7t A7 5 9k

Eis

Tof o

off Zeke] Al

I
LN

= 2l

o}

4
<, dEE =l s A AFEREE S 10%RE

Al 1 ekEo]

8] Moo

A

il

PN
T 3l

A= AV

o

tol AF2kake] 34.5~61.8%0014 A4 ko] =

A ops) v ws

L —
T

2o ol A

A} % 53.5%7}F

%

AT A2k A}

9F[(113-115]. &

Ao A

17 ol 7F e 2ol A

Al

==

ol

o
o

ik
~
o

)

Mo

o3
-
ol
o3
in
ol
E]E

aip

A A A ARA

A AL A=

o]

=
1=

HA = 7+

9]

= Al

ol

<
T

329 impulsivity 7} 2+

B

b, oy

S

impulsivity7} 3A &

31



ksl Alo] HA ot Sk A A ZFAEE] intention©] o= A E AN =71
Bl e REASAAAN D7 5 AHolt, Aol AFg At A=

Barrat Impulsive Scale (BIS)[117]8 #2 =& AE3e H7pgd 4

5
o
o
X
>

l
il
)
ofo
i)
R b
30
P
-
N
O -
i
>
!
o
>
S
>,
~
>,
a=)
o
e
iy,
)
2
[
1o
i)
tlo

FAMOR FPFoRA AW ABLAL selsh] d ATLrEE

HA o st & (Operational Criteria for the Determination)
22+-%°] om[119], Ao =r F7t2 glst= Flo] HQsirhal o AR =
3372 =S F7Hs T 55719 £ = FolA A 7 WA B E

M= (Empirical Criteria for the Determination of Suicide Manner of
Death) 7} tb[120]. SElvgtee FdAFHAEAA A= S92
AFde Algsta ok AR AuFHAud =TS et aat ey
Ael 74 A A8 AE (Korea—Psychological Autopsy Checklist : K=PAC) &
Azete] Al K-PAC 3.08A7b4 7Hdstiom, A= &9 Ae%4

AHGAAE 758t A AT eds FaFgomm etz a4 2

o

g Aol Zlojsta vk B, AAbstE As 3 W de] AA (K-PAC

-";rxﬂ-! _k::l 1



T

=
fua

HH

LA

o ok[121].

9

L

s
s

, 1 . 1r b

oj = o W ok Ao Y N o W oo o op N

LR T I R T S S U - S S

A Y eom % o C
0 TR A ) o I {= T T 3

A I I i ~ X0 A T X

W: :I 1__/I ..; J A o#e BK ,ﬁ QE ..* ﬂ‘._ 1I ﬂ_AI ‘NL ‘UI 5
o] P o i of oy O ~ AT : oW BT o =

olJ 0 < . o ) w X o o1 B

R e J% or Mo R R e w

— o T o8 ‘_.,rmo 5= ! N NoOB° o) B = < o

2R E ,ml : QW_ ~ myﬂ_ ) —_ o7 ~ N . W

©° (o ofi T IS TK ™ B " R w = T I+

(S o oF Wowm T o e L

L T~ T O ( N Wy

T ¥ s SR T EERE T o P & K

=3 s w9 Hoq oW = B oo o=
] T o T " L sl i Nlo =%

E >A1_ ‘Cl — % ~ . ‘,W o ‘mﬂ ° H_.E 1;1_

o L o = 9K R S - -
T B — D ® A4 o ~ T 0 o

JI o . rtﬂ, m] ‘U_l ) T ol m._T.c El o Oﬁ S EE 5

Ce My 3 Wr ) ma ~ B0 B o ol o N & T 7 B

o] 0° — —_— A

B IO S . I VR

~ = o = ° ol o s o - T > o

~5 off o N = Jlo A BT 7 ™ N gy mhy ]

~ T M W = WS ok o M o o B

~ e OL (g jo N Y = mC .

% B2 v ) Joo T EB TRy o o7

.AE = ) ET oF J— _ i —

x D= 2 F 57T PSR TR 4w T o
% Wﬁ O#E o :lw._ ,;Mowvﬂ OT ﬂ_ol < o 5 = T o Moﬂ Ef

joh- = o o — O o ~ T o 2 )

i A uﬂ_ w4 oF " o %L r © R 5 F T
B PR LR 2 DET e T L x o
~  or o T X o B . g )

T3 b I = o owm By
M < O o = s

° h X RO ﬁl [ = of ok = rl l 0 N
TR o= X = o X S = B

Hor ow e e T s m ) a. g4 T

B O B D o ™o ON P Ox W S Mmoo w

_% o T M oo ®OJom o w2 T o % H b

&R o T AF o 7 oF P ﬂAF o O %) iy L o 0

33



H oo
W R .
ﬂ_ﬁ! 1_/_A| \m| r ﬂ Jﬁ@l _ iy — :
o
OM N_.o ZT LH WM__ EE X0 e hwl ﬂﬂlﬂ o) o_a T
W OE o 5™ o D = OB W ST T
o= ™ i RO ) S s i 0 o7 A ®) 2, priaS—T{
B N L S Gl T omo i CHEN = <P
o 2 b g B I - B a 2 x =
= X @ wt - gy %r o e _ﬂw =N oW ﬂu W WU
o ‘mﬂ O*E 0 Of DTH_ JﬁmU 17_A| ze) . U,Hl e 0 # H_.Tc i ME ,M EE
0= om R o T 3 WJ o) N oo
— ) = 0 . )
oF 6 2y 8° Wl oju v Y e 0% Mﬁ.” ! T T B2 3 -
rd " ww S| w B oM T % T A
TG _ o R ®OP o ToT oW T B M5 Y
o W o B w LT = X o 3 Q
— a o7 of A AR 5 T o o7 Lo w
,Iv_Al et - O_E UT._ ,ml il )@Q ,.ﬂOr«ﬁ o [aN} o
pow W T o BOROW Moo = N = X
= = oy ¥ oo w® = T o poz G
i ~ X B T T oo X T X o o 7 0
oy B = B o CUCY T dnom T o Ll o
¢ ¥ B e T g $ X Lfiwwﬂan% T
i ] L N sl 110 fi%e) o !
FsELTEIEEE L EESEEE RS
- m = ooy — T oo 7 N o m oge &N PO W
oL ~ 2y oz 2 = I = ~ =g ~ %=
—_ 0 )A_l — N J_,NO 0 N e ”Ar . —_— ~ 0] ‘m” ~ et
— 3 5 o o | T 2 = X = O x T W
- o7 - 5 X 7 2 o A ~ X
HT X n i or z.L o) . = W — - 1_,_Al g~ T
s w B Mo w9 £ T 7o
D A N i T w5 % N S
of X ® o - oy ®Box T & O B oAn B oy R N
N N o oF A o X = do XN £ N T A~ R R
_ — o o <0 e T oY = = © % 0 o
N o T R R = SIS
U TG G = Mow o A SO = F oy oy
o T oy < R R I A S o T
K . T = o RGN o= LK T o BS
o T = < N K™ 0 ™ SN ~N e ! B0 53
o5 o= oo = W7 Mo oW w T o LY o W
< 2 5 =] [\ = X 5o T X I
g Ty s ] A5 S oM ok
L B _F L o5 % b o L 7
~ e T 2 o N 2 o H o) ® A R
U ol “_Mo o M L Wﬂ s Mo < I ) m,u onnT °
wOH % R W o T db W D' % % o B =SS
NI " o T W
0 N = e S e J)J
T OAF T O om RGNS
= W W §

34



ANE 29572

o T AT
go

Fol 7k 23l 714

3

A

]

o

&2
e

1
El

=]

i

]

&

=L}

s
=

A APEAReh EQIAL Abo]o] A

PR AHEe] g Afolel of

S

o (29 20D, ¥ 20E].

U= 4

i

A
9
gl

]
|

o

PN
T
wgke W, A3 B} Aol

sk 242k z4Ale] 719

ofi

)

j—

0
X

i

B

A4

DEPE

o o] Ak

o] A TH[131].

2ol 4] o
2y

o
e

NS

YA
ar

Z]

o

Aot -

-

9
Zoltk, 28t sk 2}Ee] 50% o)

ApgAe]

4

601:

== 1
T

7} 0% FLotbA
2 AHA 7}

=
T

JIK

AR A 7HA (postmortem interval)©] © A A

%]

|

= o
—

0]
pal

SHR

AR

=

=

ol

_Z:I

35

fol 7} 2

°

EN
2

f

A



54 &

Jo
fie)

)

Ak
=

sfo}

<]

AL

3te] 9,80271¢]

M ®iwd 7HE

=

=

o o A=HRe =

&

A AEE AU 7hpzolE H 2 GABA B =,

=
-

1

°
=3

3to] TMT 7]HF AF3E 23

S

AL
%

|

1o

=

=

SKe)

&
Y

]—]H

S
=

Gkl

mass spectroscopy

e

S100A105 f9)v]

T

=

2

]

5

=13
21

Aol A
36

A3
ax

Aol 9b ke o] A

L0y
o]

=
=]

sk,

S

shel oL

S

A A

shet ol

8

1

o] & uh7 249

GSTT1o9]

HH



[¥ 1] Suicide completers and sudden death samples used in pilot study

Suicide

Sex Age Type of suicide
Male 50 Fall down
Male 55 Crashing

Male 57 Drowning
Sudden death

Sex Age

Male 48

Male 51

Male 52
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[ 2] Clinical characteristics of suicide completers and sudden death

group.
Characteristic (S;\}l:c;dse) Sucé;l\(/?znldsesath P
Age, median 48 52
Sex, No. (%) 0.001
Male 11 (47.8) 13 (100)
Female 12 (52.2) 0 (0)
Type of suicide, No. (%)
Drowning 16 (69.6) - -
Fall down 2 (8.7) - -
Crashing 1 (4.3) - -
Hanging 4 (17.4) - -
Psychiatric disorder, No. (%) 0.112
Schizophrenia 7 (30.4) 2 (15.4)
Major depressive disorder 4 (17.4) 0 (0)
None 12 (562.2) 11 (84.6)
Psychotropic Medications, No. (%) 0.264
Antipsychotics 6 (26.1) 1 (7.7)
Antidepressants 2 (8.7) 0 (0)
Analgesics 1 (4.3) 0 (0)
Hypnotics 1 (4.3) 0 (0)
None 13 (56.5) 12 (92.3)
Alcohol intake at death, No. (%) 0.439
Yes 6 (26.1) 5 (38.5)
No 17 (73.9) 8 (61.5)
Alcohol concentration at death §
(mg/dD) . mean (SD) 0.092 (0.023) 0.085 (0.049) 0.931
Postmortem interval, mean (SD) 52.0 (22.9) 45.8 (19.4) 0.711%
pH, mean (SD) 6.88 (0.19) 6.75 (0.38) 0.239°%

SD, standard deviation; § Mann Whitney U test
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[ 3] Detailed clinical characteristics of suicide completers

No. sex age type of alcohol psychiatric medication PMI
suicide (mg/dl) disorder
1 M 37 drowning - schizophrenia 67
2 F 29 hanging - - 48
3 M 44 drowning - schizophrenia(7YA) risperidone, 72
chlorpromazine
4 F 34 drowning 0.097 - 86
5 F 45 drowning - schizophrenia levetiracetam, 24
benztropine,
haloperidol
6 M 32 fall down 0.124 - -
7 F 46 drowning - depressive 67
disorder (7YA)
8 M 35 hanging - - -
9 F 48 drowning - - 48
10 M 50 fall down - schizophrenia(20YA) risperidone 44
11 F 34 drowning - - 21
12 M 57 drowning 0.056 schizophrenia risperidone, 35
haloperidol,
diazepam,
benztropine
13 M 66 drowning 0.1 - tramadol 19
14 F 55 drowning - depressive fluoxetine, 67
disorder (10YA) trazodone,
alprazolam,
clonazepam
15 M 55 crashing - schizophrenia risperidone 48
16 F 34 drowning - - —
17 F 62 drowning - - 24
18 M 70 drowning 0.073 - -
19 M 58 hanging 0.1 - 24
20 F 32 Hanging - - zolpidem 90
21 F 64 drowning - depressive 48
disorder (2YA)
22 M 67 drowning - schizophrenia risperidone, 90
trazodone,
benztropine
23 F 68 drowning - depressive disorder bupropion, 66
diazepam,

diphenhydramine,

quetiapine

PMI, postmortem interval
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[¥ 4]

completers.

Proteins related to clinical

characteristics among suicide

Psychiatric disorders

Medications

Alcohol
intake

Comparative
groups

Psychiatric

disorder vs.

No disorder
(11:12)

Schizophrenia
vs. No
disorder
(7:12)

MDD
vs. No
disorder
(4:12)

Psychotropics

vs. No
medication

(10:13)

Antipsychotics
vs. No
medication
(6:13)

Alcohol
intake vs.
No—
alcohol
6:17)

Number of
DEPs
(P<0.05&
FC> 1.2)

13

12

34

Gene names

NIPSNAP3B
GSTT1=
TSPANS

NQO1

EPB41L1
NIPSNAP3B
CHISL1
STBD1
EMILINZ
SLC14A1
MORF4L2
NELFE
TSPANS
CDKNZAIP
NQO1
ABRACL*
UBEZ2D3*

FGG
NIPSNAP3B
ACBD3
DCHS1
GSTT?Z2
LRP2
ABCC10
CHRNA4

BCAS1
NIPSNAP3B
NQO1
GPNMB
APOAZ

CEP170B
EPB41L1
EPB41L1
BCAS1
CFAP36
COL4A1x*
CD82+
STBD1
MORF4L2
NELFE
TTR
GPNMB

GFAP
CACNAI1E
SLCIA3
COL6A1
ANK3
RASA4
COL6A3
RPS4Y1*
SLC7A11
CD44
MICALLZ2
FAM92A1
S100A10x
TSPAN15
MRGPRF*
MANZA1
IGHG1
IGHG1
SERPINA1
IGHA1
IGKV3—
11
IGHM
HPX
IGLC2
IGLLS
IGHM
IGKV3—
20
AHSG
IGKV2D—
28
IGKV1D—
33
IGKV2—-
30
IGLV3-21
SYT6
CD5L

DEP, differentially expressed protein; MDD, major depressive disorder

* Proteins common to suicide vs. normal analyses
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[Z¥ 1] pH difference between suicide completers and sudden death
group

8.0~
P=0.239
7.5+ | |
T ®
o
- 7.0
o ® [
=
T
3 6.5
=
6.0+
®
5.5 T r
Suicide Sudden dath

Group

pH difference between suicide completers and sudden death group. The
differcene  between  suicide and sudden death group was not
significant (p=0.239).
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[2¥2] Number of proteins quantified in brain tissue samples after

suicide and sudden death: a pilot study

Total 8,767 Quantified proteins

> = 8,817 Proteins 3000
8107 8216 8215 8232 8305
8000 8048
7000
6000
5000
| y 4000
‘ , 3000
'y
\ / Common to
\ = . 5 samples : 485 2000
\ + 4 samples : 293
——————+3samples : 226 1000
——————= 2 samples : 178
R ———— 1 sample :204 0
== o G Suicide 1 Suicide 2 Suicide 3  Sudden death 1 Sudden death 2 Sudden death 3

About 8,817 proteins were identified and quantified as a result of high—
resolution mass spectrometry analysis of samples from 6 cases, On average,
about 8,200 proteins were quantified in each sample.
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[Z2¥ 3] Dynamic range for quantified protein: a pilot study
14 1

Log10 (Intensity)

Dynamic range of pooled sample in three experimental sets. The quantified total

GABRB1

95% of quantified proteins are within 4 orders of magnitude

0

1000 2000 3000 4000 5000 6000 7000 800O

Abundance rank

protein was within 4 orders of magnitude.
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[Z¥ 4] Principle Component Analysis (PCA) results for quantified
proteins : a pilot study

Y ©
1 Suicide 1

;-? J

B

8

- Sudden death 2

3 O

31 @

E Saddandenths  odendeati .

’ . Suicide 2
2 Suicide 3 O
g 0

T T T T T T T T T T T

-30 -20 A0 0 10 20 30 40
Compenent 1 (26.7%)

As a result of Principle component analysis (PCA), it was confirmed that suicide
samples and sudden death samples were clustered within each group.
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[2¥ 5] Research workflow for proteomic p
brain tissue

o

daa

Suicide Sudden death

i

Significantly Significantly

(4]

I »
Gray matter w

rofiling using postmortem

9 Postmortem brain tissue

~

(5]

decreased increased
In suicide = 51 In suicide = 244
3 &“
z- . C%) @
4 - . 5
& 90 O‘O\ g A
—/ — a° P = e
—O o —. = O
= £ S Iy
6, QT e g-
b i ty ;
T o §: |
| PeoosFoca2 ¥iE P<0.05,FC>1.2
= -1.6 -1 05 0 0.5 A 1.8
Log2 (Ratio)

Label-free quantitation

with High resolution MS Statistical analysis
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[2¥ 6] Detailed experimental workflow.
A

V.
—
V?eu
Gray matter y
J [
[ suicide (¥=23) V;‘ 2
[ sudden death (N=13) r
Set 3
Channel =
1 2 3 4 5 6 7 8 9 10 Vzt 4 E
sot1 [ A OO DO I DO O (O i
set2 [N (DN (N (DN (DO (OO O (OO (O 1
sot3 (NN (NN (DD (O (O (O (N (O !
sor4 [0 (N (] (O (O [ [ N 9 ‘
Isobaric chemical tag (TMT) labeling Global
Intermediary Reporter ion quantification
B C
Y = 9,801 Proteins 10000 -
8942 8922 9068 9000
9000 All sample
8000 1-- g &
7000 -
6000 -
5000
4000
3000
Common to 2000
3 sets : 769
2 sets : 533 1000 -
1set :419 0 I
Not quantified: 45 SET1 SET 2 SET3 SET4
A. Distribution the 36 samples to four TMT experimental sets.
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Each
experimental set comprised 9 samples and one common pooled sample B. A
total of 8,035 proteins were quantified in all four experimental sets. C. About
9000 proteins were identified similarly in all four experimental sets.



[Z2¥ 7] Dynamic range of pooled sample in four experimental sets.

£ ® Pooled sample — SET1
64 ® Pooled sample — SET2
i
. ® Pooled sample — SET3
E 5 Pooled sample — SET4
]
g 44 -
£ e —
£ 3
o
o
7] &
€ 2. '
= \
o
S 1]
0 T T T T 3
0 2000 4000 6000 8000 10000

Protein Rank

Dynamic range of pooled sample in four experimental sets. The quantified total
protein was within 6 orders of magnitude.
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[2¥ 8] Quantitative profiling of postmortem brain tissue samples.

o
N iiﬁgﬁssegi B ™TSET1
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N =
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l L L A IO L B L O L D L L L L L O L L LS S B L L L
Channels
B C SET1 SET2 SET3 SET4
Pooled Channel Pooled Channe! Pooled Channel Pooled Channel
@ TMTSET1 B
- 2
M e @TMTSET2 w2 0.997 0.995 0.995
° @ TMT SET 3 H
g 0o OTMTSET4 3
5w °® o £
= () w° ; 0.997 0.996
~ % 43 ¥
o ® o 3
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Component (26.9%)

A. Box plot of the log2—transformed intensity

for each sample. B. Principal

component analysis of intensity value for four experimental sets. C. Pearson
correlation coefficients of intensity values between four pooled samples.
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[Z¥ 9] Unsupervised hierarchical clustering of 574 proteins with
significant expression differences in suicide and sudden death: a pilot

study

Total: 574 DEPs
Student t-test, P<0.05

Sudden death 3

Sudden death 2

Sudden death 1 -

Suicide 3

Suicide 2

Suicide 1 -

As a result of unsupervised hierarchical clustering of 574 DEPS, it was

confirmed that suicide samples and sudden death samples were clustered within

each group.
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[Z¥ 10] Volcano Plot for 574 Proteins with significant expression

differences between suicide and Sudden Death: a pilot study

-

Significantly increased
In Sudden death = 448 ¢

3|5

25

-Log10 (p-value)

1.5

P<0.05

Significantly increased
In Suicide = 126

0.5

T T T T
4 -3 - -1

Log2 (Ratio)

T
]

T
3

Volcano Plot for 574 DEPs found in the pilot study. There were 448 down—
regulated proteins and 126 up-—regulated proteins among suicide completers

when compared to sudden death.

50

5 4 &8t



[2¥ 11] Differentially expressed proteins.
A B [+

Total: 295 DEPs
Student teer, A<f.05, FE> 13

3

A. Hierarchical heat map clusters of significant proteins by student’ s t—test B.
GO analysis using 244 up regulated DEPs and 51 down regulated DEPs . Each
colored bar graph indicates the enriched terms in biological process (BP),
cellular component (CC), molecular function (MF), and KEGG pathway. The
number of participating proteins is shown on the lower axis, and —log p—value
for the upper axis(gray line graph) for GO terms. C. Ingenuity Pathway Analysis
(IPA) results for functional analysis. The percentage of participating proteins is
shown on the upper axis, and —log p—value for the lower axis(blue line graph)
for canonical pathways. The z—score of each canonical pathway is represented
by the colors of the bars.

51

5 4 &8t



A=t

12] Volcano plot for differentially expressed proteins.

2

L L

4

-Log10 (p-value)

Significantly increased

In Sudden death = 51

$
% ) -
° - : LY g
°9
og® ® .-h. .".
.I.: .01'. fo. ¥

:ﬁ;

Significantly increased
In Suicide = 244

P<0.05 FC>1.2

Student’

s t—test(p<0.05) was conducted
completers and sudden death.
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[Z"¥ 13] Gene set enrichment analysis (GSEA)

A

GOBP_REGULATIN OF SYNAPTIC VESICLE EXOCYTOSIS

GOBP_ REGULATION OF NEURDTRANSMITTER TRANSPORT
GOBP_NEUROTRANSMITTER UPTAKE

GOBP_RESPONSE TO CATECHOLAMINE

GOBP_RESPONSE TO DOPAMINE

GOBP_REGULATION OF NEUROTRANSHMITTER LEVELS

G0BR_ POSITIVE REGULATION OF NEURON DEATH
GOBP_NEUROTRANSMITTER RECERTOR TRANSPORT
GOBP_REGULATION OF NEURON PROJECTION REGENERATION
GOBP_DOPAMINE RECEFTOR SIGNALING PATHVAY
GOBP_NEUROTRANSMITTER TRANSPORT

GOBP_POSITIVE REGULATION OF APORTOTIC SIGHALING PATHWAY

G0BP_MAINTENARCE OF PROTEIN LOCATION

B

Normalized enrichment-score

Paalve

Up-reguiated in suicide group
Down-reguiated in suicide group

s
&5

A. GSEA linking differentially expressed genes to with the canonical pathway or biological process. Normalized
enrichment scores (NES) of process are depicted. B. GSEA Enrichment score curves are shown in green, which is the
running sum of the weighted enrichment score obtained from GSEA software, while the normalized enrichment score
(NES) and the corresponding P—value are reported within each graph.
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(29 14] WGCNA analysis: clustering

Sample dendrogram and trait heatmap
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A. Hierarchical clustering dendrogram of all samples B. Scale independence C.
Mean connectivity.
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[2¥ 15] WGCNA analysis: eigengenes
A B

Cluster Dendrogram Gene Relationship Plot

MEDbrown

0.95

MEturquaise

MEgreenyeliow

0.90
L

05
MEgrey60

MEgreen

Height
0.85

MeEblue

MEdarkred

0.80
L

MElightcy an

MEpurple
MEdarkturquaise

MElightgreen |

0.76

Merged Dynamic

A. Optimal cluster sets obtained by dynamic tree cutting and automatic cluster
merging. B. Heatmaps showing correlation of module eigengenes. Pearson
correlation coefficient of each module are given and colored.
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[2¥ 16] Network analysis of blue module

and Function
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Natwork legends

Phosphatase
Transeription Reguiator
Transmambrane Receplor
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| () Tag node
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T lon Channel
Kinase
| — Direct internction
| == Indirect interaction
-+ Relationship
Interaction batween proteins and their corresponding CP
Interaction between prateins and iheir comesponding Fx

A. The top network of nervous system development and function was identified,
using 154 proteins in the blue module which has the largest correlation with the
suicide group. B. A scatterplot of protein significance for suicide versus module

membership in the blue module
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[2¥ 17] Network analysis of turquoise module

A
Organismal Injury and Abnormalities
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[2¥ 18] Comparative studies.

A
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A. Venn diagram to compare the protein profiles discovered in the previous
study. B. Common IPA canonical pathways found in three studies. The ratio
presented is defined as the number of the differentially expressed proteins or
differentially expressed genes found in three studies over the total number of
proteins involved in each of the pathway.
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[Z¥ 19] DEPs expressed according to cell types( Endothelial cell,

astrocyte, oligodendrocytes, neuron, microglia)
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A. In order to confirm in which cell type each of the 295 DEPs identified in this
study was expressed, the enrichment score was calculated. B. DEPs highly
enriched in astrocytes. C. DEPs highly enriched in oligodendrocytes. D. DEPs
highly enriched in microglia. E. DEPs highly enriched in neurons.

59

LTl



[Z¥ 20]Venn diagrams for differentially expressed proteins between

subgroups
A B

Suicide vs. Sudden death Suicide (Psychiatric disorder) Suicide vs. Sudden death Suicide (No psychiatric disorder)

(295 DEPs) vs. Sudden death (229 DEPs) (295 DEPs) vs. Sudden death (370 DEPs)

Suicide Male vs. Sudden death Suicide vs. Sudden death
(282 DEPs) (295 DEPs)
D E
Suicide Male vs. Sudden death Suicide vs. Sudden death Suicide Male vs. Sudden death Suicide vs. Sudden death
(241 UP-regulated DEPs) (244 UP-regulated DEPs) (41 DOWN-regulated DEPs) (51 DOWN-regulated DEPs)

Student'’s t-test, P < 0.05, FC > 1.2

Venn diagrams for differentially expressed proteins between subgroups.
(A)between suicide (psychiatric disorders) vs. sudden death. (B) between
suicide (no psychiatric disorders) vs. sudden death. (C)between suicide (all) vs.
sudden death and suicide (male) vs sudden death group using all DEPs. (D)
using up—regulated DEPs (E), and down—regulated DEPs.
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Abstract
Identification of Biomarkers of Suicide Using

Postmortem Brain Tissue
Min Ji Kim
Department of Medicine (Psychiatry)

The Graduate School

Seoul National University

Introduction: Suicide is the leading cause of death worldwide and a
serious public health problem. Even though suicide occurs under the
influence of various factors, it is important to understand its underlying
biological mechanism in order to prevent and treat suicide. Existing
suicide research is studied in patients with high—risk suicidal behavior.
However, their biological characteristics may still differ from those that
have completed suicide. Out study aims to investigate the biological
basis of suicide, using a proteomic approach, which we believe has not

been attempted before in Korea.

Methods: A protocol for proteomic analysis of postmortem brain tissue
samples was established through a pilot study using 3 cases of suicidal
deaths and 3 cases of sudden death. The established study protocol was

applied to a larger sample of 36 postmortem brain tissues (23 suicide
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survivors and 13 controls). Post confirmation of brain tissue quality,
proteomic profiling of the prefrontal cortex (Broadmann areas 9 and 10)
was performed using a tandem mass tag—based quantification technique,
along with liquid chromatography analysis. Gene Ontology analysis,
Ingenuity Pathway Analysis, Gene Set Enrichment Analysis, and
Weighted Gene Co—expression Network Analysis were used as tools to
extract functional units and biological pathway information related to
suicidal death. Furthermore, subgroups were created based on clinical
information such as psychiatric diagnosis, psychotropic use, and alcohol
use at the time of death, and subgroup analysis was conducted to

identify proteins commonly or differentially expressed in the samples.

Results: The tissue quality of 36 postmortem brains was evaluated and
confirmed. Proteomic analysis, comparing brains from suicide and
sudden death, showed significant differences in the expression of 295
(244 up—regulated, 81 down—regulated) out of 9,801 identified proteins.
The in vivo cannabinoid, GABA, and apoptosis pathways were
significantly altered in brains from suicidal deaths, when compared with
sudden death. Furthermore, proteins like CAPNS1, CSNKZ2B, and
PTP4A2 were differentially expressed in suicide victims, within
networks related to nervous system development and function. A
subgroup analysis was performed on the basis of clinical information in

the suicidal deaths, and GSTT1 was found as a protein that showed a
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significant difference depending on the presence or absence of mental

illness, and SIO0A10 seemed to be associated with alcohol use disorder.

Conclusion: Our study is the first in Korea to analyze proteins using the
postmortem suicide brain. Among the proteomic studies based on the
brains of suicide victims so far, the largest number of proteins were
identified in the current study. Also, new and relevant suicide—related
biological pathways, such as the in vivo cannabinoid, GABA, and the
apoptosis pathways were suggested to be related to suicidal death. This
study will serve as a basis for the identification of more specific

suicide—death—related mechanisms in the future.

Key words: suicide, postmortem brain tissue, cannabinoid pathway,
GABA pathway, apoptosis
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