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Optimization of sample preparation for formalin-fixed

paraffin-embedded tissue proteome analysis
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Introduction

CHE E X (proteome) 2 T8 Xl (genome) 2L & 50 HY O SESHCHD 22X ULCEH

2000 HCH Human genome project & SHAl 217t genome & 2%
20,000~25,000 ZfZro| Gz 0| rO{etCt  [1] THENE DNA OfA
promoter 2t splicing €0| O|-F2 2f 10 Hi O[2f2| transcriptome O| ‘d7|A| ElCt.
RNA Of| A protein O &&= IFH0| A post-transitional modification (PTM)O| 47|11
1 22O 2 1,000,000 0] 42| proteome O EX{BHCE, [2, 3]

Proteome
Genome Transcriptiome
~ 22,000 genes N 200 000 transcripts ~ 1,000,000 proteoforms
Alternative promoters Post-Translational modifications
Alternative splicing
mRNA editing

OF 1. THHEN e £, FEMOIM HAMN, 2|0 THEEHZL £l 3PE0M
complexity = S7t5tA| ECt.
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CtYSH proteome 22 X B3t PTM Q| B3 52 Sl R7IMOIA THHES7E
o= 283 oY, 7|sH el HatE FA ECh[4). 1 o2 A 20 2= AZ0
LIH|2] morphogenesis 1FEOI|A OfHef|Qt HXHQ!I LiH|2| genome 2 & YSICL

SHAIEE CHEO| &N, PTM S2| BintZ2 7|s0| HalotA T of Ea|, HE7|

AR 2M5L= HH 2 proteomics 2t 5tH medical M2 HYHO| FIELHY|
A

Qs Hio|eOp &2, MYfwol st 2HEE w2 S0 S8ECLL [5 6]



Z20ol= dEelS(precision medicine)=Of0|A EF 4E0| O|SE O F5HALY,

ol #N g LHY & Us 7Ie=2 ETAUCL[7-10]

Therapy focused
Medicine

iR
Early diagnosis focused [ﬁ[,
Medicine L Ry

—

Biomarker discovery
Biomarker validation

Precision
Medicine

Drug target discovery
Companion diagnosis
Multi-omics
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8E7F CHYot FFPE A|2E EHMEN AN 28SH7] Qo B2 A7t
LIAE|UCE 241 Proteomics AT 7hsTHX| LOLEZ] #5]  frozen tissue 2F
FFPE tissue o &4 H|mSHO] FFPE tissue OlAM = &3] THEAX A7t

= NZdsts 20l A
protein 1t protein 7+0i| cross-link 7t O|FO{X|HAM CHMA == 3 240 Aot

CIQICH 38 82 &Qlsl 2 MA| 22| formaldehyde crosslinking 2 2 EHA 2

7t58lCt= Z40| 2Ol RUCE[20] SHX|2F FFPE tissue block

nz
0z
o

Ct. AHR, formaldehyde & YHIHO=Z CHHZEIO| |ysin o OFO|L7|2t

BtSstA  EICt O] ER3OtO|= 7|7t methylol & ¥dsI0 S2Xb oLt
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A Step 1
Protein Formaldehyde Methylol Schiff Base
O -Hzo
Ri—NH, + /U\ == R—NH === R—N
H H \\CH
H zc s O H 2
Step 2
Schiff Base DNA or Protein Crosslinked Product
R.—N * Nuc—R,  =—= Ry—NH R
\\CHZ \CHz_NUC/
B Formaldehyde-induced peptidyl crosslinking >
Peptide Derivatized peptide | Crosslinked peptide

H :

CBO :

Arg oG] H/ E
His 01 :

1l - NH

Formaldehyde

Scavenging free formaldehyde '
by nucleophilic attack

N=CH,(+12 Da)

N-CH3(+14 Da)

N-CH,OH (+30 Da)

S

NN

Breaking formaldehyde-induced intra- and
inter-crosslinking with acid catalysis

HaN—O"

H,N—OH
Hydroxylamine hydrochloride

reversal of formaldehyde fixation

Buffer, pH, Heat, Detergent

13 8. Formalin-Fixed, Paraffin-Embedded HM|Z A| &’ 435t= protein-protein

cross-linking[21, 22].

Protein-protein cross-link £

HM7A3t7| 2l

AZtE CHEA StAL, pH Q| B3}, detergent 2| AHE, buffer 2| &

oto
—

k5

St AL E TASHRACE[22, 23]
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Jor9

2
9.0

0.1

N
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65

-

N
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&~

Treatments® Tissue

Maximum
yield®”

125mM Tris-HCI, 19% glycerol, 5% 2-ME

150 mM Tris-HCI, 8 M urea, 20% glycerol,
10% 2-ME

RIPA buffer

Liquid tissue (expression pathology)

NDME-PE (Bio-Quick)

RIPA buffer

100mM AmBic

20 mM Tris-HCI

100 mM AmBic, 30% ACN
RIPA buffer

25mM Tris-HCI
Qproteome FFPE (Qiagen)

40 mM Tris-HCI, 6 M guanidine-HCI

AgR buffer (Dako), 10% glycerol

100 mM Tris-HCI, 20% glycerol, 4% 2-ME
50% phosphate buffer, 50% TFE

50% 100 mM AmBic, 50% TFE

20 mM Tris HCI

100 mM Tris-HCI

20 mM Tris-HCI, 1% octylglucoside, 200 mM

glycine
0.2% RapiGest (Waters) in 50 MM AmBic

H+S
H+P

H+S

H+S

Brain, gliomas
Amyloid deposits

Colorectal cancer

Colon cancer

Nine different
tissues

Lymphoma cell
line

Ear tissues

Renal cancer

Prostate cancer

Prostate cancer

Brain

Seven different
tissues

Liver

Prostate

Kidney

Lung

Colon adenoma

Skel. muscle, liver

Liver

Heart

Kidney

NA
NA

12
NA
50

NA

NA
1000
NA
NA
NA
1500

NA
74
250
NA
NA
700
1553
192

112

a) H, homogenization; S, sonication; P, pressure;
b) Maximum yield expressed in mg of proteins per mm? of tissue; * indicates ug of proteins per mg of tissue; NA, not available.

Proteomics Clin. Appl. 2012, 6, 7-21
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Y AT NYE WHE J|ELE CHAEZ  solubilization & Sl
sonication 1tEES ZFldstn recovery St GT7F T™HEIQUCH [24] AREE

sonication 2 probe sonicator 2t AFA sonicator & AFEEZIQICH 3 10 0l 3 7HX]
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H| & & X O0|Ct. AFA(adaptive-focused acoustics) sonicator & 0| X|7t E0tHO 2

HEEH Alz0 HEHQ 0| glof 20| et ZHO| ULt

— O AN
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Extraction Solubilization Recovery
Tissue pre-processing Xylene- Direct Condition Name
ethanol 5% SDS Probe | AFA [Methanol-chloroform| S-Trap
X X X
FFPE X X X
X X X
X X X
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B C D
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" 000 i
L S 1.
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% . B
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‘ "
025%)
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Materials and methods

Chapter 1

Sample Information

a3 11, g4t FFPE tissue Al &

Protein Extraction

FFPE tissueOllA 67tX| =74 = CHMAS =FSIQULCE DetEES HA SH7| {6k
100% heptane2 500 ul =75t A2 (25°C)0|A 1A|ZHSQF BHSHRALE Test 12
Qproteome FFPE kitOl Al HMA|St= &S EZESHO] Extraction buffer EXBE AME
Sk 100 “COlAM 20+, 80 "COIM 2A|ZH BHZSHRILE. Test 22 5% SDS, 50mM
TEAB(pH 7.55) buffer& F7}5t1  Adaptive-Focused  Acoustics  (AFA)
Ultrasonication (Covaris, Woburn, MA, USA)Z peak incident power 175 Watt,
burst 200 cycle, duty factor 10%, 2 & 4°C2 627t solubilization % 80 “COH|A 1
A2t BIZSH de-crosslinkE M2 A CHEMA

FEOIUCL 5Y xUoE

(=)
2
MOl CHElS ==BHYCE Test 32 Extraction

_

AFA ultrasonication® £=3dt1 F7
buffer EXBE AF23HA 1X} AFA ultrasonicationS =33l 100 °CO|M 20&, 80
"COl A 2A|ZF B ZSE S 2K} AFA ultrasonication2 RIS SACE,
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Deparaffinization Decrosslinking & Extraction Digestion Data

(100% Heptane, 25 incubation) (S-trap) >5w_u\mmm
100 °C 20min, o,
80°C 4h /I _
— Ll
gcth o
— il
v | LI,
5%SDS, 50mM e &
TEAB{pH 7.55) M A
. } 100 °C 20min, e
\/ A, 80°C 4h
N I.W ”f | ey S——
b\ /4 i
V V V
EXB buffer < w,,m\»

T workflow

913+ o
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Digestion by S-trap

CHHE 20| 22 E AR 2F 57t 20 mMO| &7 1M dithiothreitol(DTT)

= Thermomixer (Eppendorf, Hamburg, Germany)& O|-&3}0] 95°COj| A
750rpm2 2 1027t disulfide bond& & A|I7|= S +HSIRULE 2T 527t
40 mMO| E £ JEZZE 1M iodoacetamide (IAA)S Z71510] EIO| Gle= ZTZH0|A
ThermomixerE O|83}0| 25°C, 750rpm2 2 3027t alkylation® ¥t = 12%
phosphoric acid?t 1.2% phosphoric acid?t & =+ UEE FI}SHRILCE S-Trap
binding buffer (90% methanol, 100 mM Triethylammonium bicarbonate buffer
(TEAB) (pH 7.51)) 350 ul2 F7}SIRICt 2= A|EE S-Trap™ mini (ProtiFi, Long
Island, New York, USA)0| &7! % centrifugeE 4,000g2 30x7t &3S FHCt
Washing2 ?I8l S-trap binding buffer 400 ulE F7}5t1 centrifugeE 4,000g2
307t A5 Washing2 32| +=&SHRLL S-trap spin columng MZ2 2mL
sample tubeZ &7 T THEEDL Trypsin/Lys-C mixture (Promega, Madison, WI,
USA) H[20| 25:10| E|A AtE3SH7| I8l trypsin/Lys-C Mix= 50 mM TEAB buffer
O 50M S-trap spin columnOi| F=Z7t5HULCE Trypsin/Lys-C7t E0{Zt S-trap spin
columne E52|X| &= AEHOIA 37 “COIA 16A1ZF S HYSIRULE Peptide

elution2 32|10 ZX XSRSl HHMZ 50 mM TEAB 80 ulE F7td}

-

2

1,000g2 127t centrifugeE F=Adst1 FHMZE 0.2% formic acidE 80ul =7t

8
2 1,000g2 1&7t centrifugeg TASIALCt OHX|T elution 282 0.2% formic
acid, 50% acetonitrile 80ulE F7t8t & 4,000 1&7t centrifugeE +&50]
peptideE 8&SIRULCL Elute= Cold trapdt ZgHEl Evaporator (CentriVap Cold

Traps, Labconco, Kansas City, MO, USA)= O| &30 HZ=A|ZILC

Nano-LC-ESI-MS/MS Analysis

DigestionEl peptide= Dionex UltiMate 3000 RSLCnano system(Thermo Fisher

Scientific, Waltham, MA, USA)Z ARE310] Z2|SHRULE Tryptic peptide= 30uLl|

15



0.1% formic acid@ 2 =0| C18 Pepmap trap column(20mm x 100 ym id, 5 pm,
100 A, Thermo Fisher Scientific, Waltham, MA, USA)O| &£tEl Acclaim™ Pepmap
100 C18 column (500 mm x 75 um id., 3 um, 100 A0 loadSISHE. 0-40%

acetonitrile 0.1% formic acid, 5% DMSO2| s E £ 1508 S0 HslE FQI1 508
(@)

)

&2t column washing & SH83%} SHRUCE &4 A|ZH2 & 20020
250nL/min2 2 50°C ZHH EZ O|&3SRALCE  Liquid Chromatography=
Electrospray ionization (ESI) sourceE AHESHO Q Exactive™ Plus BioPharmOj| Zg
L0 Mass spectrometry 2415 &3 ALt. Mass spectrometry= full scanit 20
7H2l data-dependent modeZ MS H|O|HQF MS/MS HIO|HE = S35JACE MS
resolution2 70,0002 2 injection time2 100 msec2Z HESIRALCE MS/MS
resolution 17,5002 £ A3t injection time2 50 msec, auto gain control2

le52 A3 2 normalized collision energy (NCE)= 2722 AHESIRALL,

16



Chapter 2

Sample Information

{Mesenchymal-iike -
Basal-likez —=+Mesenchymal . 3 V)
,,,,,,,,,,,,,,,, Triple Negative e
Basalliket Breast Cancer \
Immunomodulatory
Luminal
recej r (X i

PD-1 Biomarker for
Anti-cancer Medication Resistance

BRCA1 Linked
with Survival

Miri, Kiani et al. (2021)
13 12. Triple Negative Breast Cancer2| £7%

Ol AN ALEE YU S} FFPE tissueAlZ= A 20t Y Helat 0|37l
WEHOZHH IRB 5022 2 MISEULE Triple Negative Breast Cancer(TNBC)
+ Estrogen receptor (ER), Progesterone receptor (PR), Epidermal growth factor
receptor 2 (HER2)2| HH0| Qe FHAO|CEH A FELL| 15~20%0|H, H2 O
SOAM Hodk|= BIET =Lt S basal-like 1, basal-like2, mesenchymal& 2
OfdE 7HA| QU TIEHSHZ| {E 1 O 34H0|2t X2 O{FCH= §EE 7t
ZICE X TNBC &Rt 2020 M A A O 462+H 0|0, 0| L= 1H9] ME
7|12k2 ZHRICH 1Kt BEX| RO 22%7t BHS2 2O |1 1HY 17680
=5 H80| HWst= Aoz M RUCL O AHFOAM ALEE FFPE AR=
TNBCZ ZITHE|Of 8 140 M2t 22 Neoadjuvant chemotherapy & 2 sl
(pathologic complete response, pCR)Z EHHEl 122HO| XA ZEE 2|5 FFPE
Z 2| AZ2Q} H| 2w (non- pathologic complete response, non-pCR)2 2 EHHE &l

S2PL =R H 250t FFPE Z XA 0|},

17



Triple negative breast cancer,
clinical stagell or lll

E

] Screening [

|

] Eligibility and consent [ Hx and PIE
T k US, Mammography (Breast MR)

Biopsy and blood sample
] AC x4 l Qol

Before surgery
US, Mammography, BreastM

] Surgery [ QR:L

Core needle biopsy
For diagnosis

Surgical specimen
Biopsy and blood sample

122 cases 52 cases

Adjuvant Observation
Docetaxel x4

*AC: Anthracycline

*pCR: pathologic complete response

13 13. Neoadjuvant therapy2| workflow

Stxto| A= 25M 0 75M7HK| B2 E O|F A HH =2 30%, HI
T2 70% UCH £ EE SHRH= 37% (64F)0| USR] U2 Xt

63% (1108)01l SHZE|ACE B 17474 A|E2= Part 1 HFOIAM SEE X HSHE =5

HE S H8510] 12 152| workflow?l 20| ZIAS T

Age

Wnon-pCR WpCR WRecur. O WRecur, X
0.04s5} Age

0.030

Density

0.015

0.000

%5 50 75

12! 14. TNBC FFPE 17471 A8 ™H
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... Protein Protein Protein
HFE ’ DE A Extraction Extraction Extraction

Protein ‘ H ‘ LC-MS ’ Data processing

' Data interpretation

workflow

ot

e
o

173 15. TNBC FFPEA| 2 2M2 9|
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Protein Extraction

FFPE tissueOflA EHMAS =Z=37] 2| Qproteome FFPE Tissue kit (Qiagen,
Germany)E AESIF S Part 10|A =T El MethodOfl 2} TIZHSIYLCE FFPE
tissue?t 201 U= S2H0[A0AM HEZZ O[S0 FFPE tissueE 2[5O

(o]
o

™

LoBind tubed| &7|11 Heptane 500 ulE F7}5t0 H-2(25°C)0A 1A|ZH S¢H H

hu

A
r

S Z=QUCE 100% MIEHE 25018 =7kt 10X7F voltexing®3t £ 9,000g 2 2

A
r

9
centrifuge3P0f| pelletE =QISIILE Supernatant® X733t & F42 €1 5

20| ZEEA stz HH S $+ESHRALCE B-mercaptoethanolO] &R =l Extraction

AL

buffer EXB Plus 100 ulE Y31 100 °CHl 20&, 80 ‘CE 4A|Zt HiLSIRULY

OF

centrifuge® O|83}0 14,000g, 4°CE 1527t SB{FE T A4FUD M2 LoBind
tube2 FHAFTUCL F=E=E= CHEHEZS0| CHSHA Bradford assay (ThermoFisher

Scientific, Waltham, MA, USA)E Sl el Haks TSIt

Digestion by S-trap

(=

£
11l

~
o

o

O] &2Z &l AR %X|F =7} 20 mMO| &|A 1M dithiothreitol (DTT)

mo
O
2
MM

= Thermomixer (Eppendorf, Hamburg, Germany)& 0O|-&3}0] 95°COj| A
750rpm2 2 1027t disulfide bondE reductionA|AFACE XF =7t 40 mMO|
2 £ QEZE 1M jodoacetamide (IAAS 71510 H0| Ge ZHOAM
ThermomixerE O|&3t0] 25°C, 750rpm2 2 30&7t alkylationg &3t = 12%
phosphoric acid?t 1.2% phosphoric acid?t & = UEF FIISIACE S-Trap
binding buffer (90% methanol, 100 mM Triethylammonium bicarbonate buffer
(TEAB) (pH 7.51)) 350 ul Z=7tsf F=RUCH 2E A|EE S-Trap™ mini (ProtiFi, Long
Island, New York, USA)0| &7! % centrifugeE 4,000g2 30x7t 2SI FHCt
Washing2 ?[8l S-trap binding buffer 400 ulE F7}5t1 centrifugeE 4,000g2
30 7F +ABIRA 2O Washing2 32| +=&SHRUCE S-trap spin columna MZ&

2mL sample tube® ZAFUCH THHAEDF Trypsin/Lys-C  mixture (Protmga,

20



Madison, WI, USA) H|E2 2512 AFE3IH trypsin/Lys-C MixE 50 mM TEAB
bufferdl =0 A S-trap spin columnOfl =75, Trypsin/Lys-C O] S0{Zt S-trap
spin column2 S=2[X| Y& AEHOIA 37 °COIA 16A|Zt BiYS =RICt Elution
330 2X T on HHMZ 50 mM TEAB 80 ulE F7t5t1 1,000g2 127t

-

SHALCEH SEIW elution THE-2 0.2% formic acidS 80ul F7t3t &

0

centrifuge®
1,000g2 1827t centrifugeE FTASIRACE OFX[YH2E 02% formic acid, 50%
acetonitrile 80ulE F7I%t & 400092 127t centrifugeS & StRALt. Elutes
Cold trapdt Z¢El Evaporator (CentriVap Cold Traps, Labconco, Kansas City, MO,
USA)E O| 83t A A[AFRUCL AXT} 2tz & ARF 0.1% formic acid2 = Q!

< NanoDrop™ Onec (ThermoFisher Scientific, Waltham, MA, USA)2 2 peptide

Nano-LC-ESI-MS/MS Analysis

X AZ=0LE J2fmol-BHE A 2AY (LC-MS/MS) 24 Mo AXE HEIE ME
£ HIH A (0.1 % formic acid in HPLC waten22 =0|1 & HE|E 5= & UV/Vis
24 &= A (NanoDrop One, Thermo Fisher Scientific)2 S& =& FJsIACt It
& 280 nm, ME /& 40| "1 Abs = 1 mg/mL"2 HHE[QACE O3 CHSF iRT-Kit
(Biognosys AG, Schlieren, Switzerland)O|A M| S3t= iRT E#ES 1/10 RO|= ME
of =7t5t0] 3= A K& et HEE AlZtE BESRACLRS] 24 MEL &
2 40ugO|™ 40uL0f BolistRCE FYUE 4 pLo| ME2 CHS LC-MS/MS H7- 1t &

H7|1E AHESt0] 245 IC 22

A

T SCIEX TripleTOF 5600+ A|AH &2
2|8l nanoLC 425 (Eksigent, Dublin, CA, USA)E Eksigent Ot0|3 2 E C18ZH
(ChromXP C18CL, 5 um, 120 A)1t &4 ZAH2 =M Eksigent Z & (C18-CL, 0.3 x
150 mm, At 37| 3 um, 718 37| 120 A2 & ZE =7t 40°CE |X|E &=
= SIRALE MES BT AS AHESHY 10uL/mine| RE22 ER ZEHN 2E St
Ch 102 2, HEE 22&2 HI A HIH B (01 % formic acid in HPLC

acetonitrile)g AFE23I0 57 20| 9|8 SuL/E222 §502 sETHIE 3 22|
21



i

THSIALE HI§ BE 382 52 3-25% HE5t, 5&2 S 25-32% HE5t, 2
S0 32-80% A, 37 &2 80%= FX[5tL, 3& 5 80-3% MBS, 8

SO 3%= ARSI 7HE ME2 B RE 2 24 2¥2 SAX 7l& =

A

=

EOof wat 100712 7HH &S AMESI0] & O[2H Y AHEF (SWATH) 2E

o #A ¥ +HAM HSEIUACE SWATH 07 B C

gjo
l_"J_
my
o
nx
oz
mn
s

nl

Lower m/z limit 400; m/z &2otM 1250; |I=% 2H ¥ (Da) 1.0;

CHof 5 2 ofl tish 8, 7t 2 ol thdh 10. MS2 AHE-2 NZLE REOA

s
m
wn
rir
Bkdl
rio
0)a
=2

2.5ms St 100-1500m/z HROIAM =T E RO F AO|E A|ZH2 2.8E Lt Cf

rm

MS met0|H & ChSaF 20| ™ QUL O] AA JhA 1 (GS1) 15 psi; 0|2 &
2 TEA 2 (GS2) 20 psi; HE 7kA (CUR) 30 psi; 2% (TEM) 250 °C; O] 2 A0
M 2& (ISVF) 5500V.

Results
Chapter 1
FFPE ZX|0j| A CHHE Xz
CHEHZIO| 220 10| T|H CHEHESZE cross-linkZt @& EICtH O| cross-

link7t Z%o| FZE RAE = UA ST Of0|7|E ZHX[ZD U= lysin2t
arginineOfl methylationt Z-2 modification2 Z4A|7|0 O|2{$t modification
FFPE tissueOilA EHHEES FESHALE 240 HMerks F=A =t ot A0
protein-protein cross-linkE XM A3t7| {Isff [# 1]0F Z0| Extraction buffer, AFA

sonication2| AtHE /%, 7€ =H =S H|WSHRILH
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i 2. FFPE =% ME0|M x|¥o| CHUH FES flst =A
Deparaffinization Extraction buffer AFA sonication Boiling
Test 1 O Extraction buffer EXB X 100 °C 20min, 80 °C 2hr
Test 2 e} 5% SDS, 50mM TEAB (pH 7.55) o} 80 °C 1hr
Test 3 ] Extraction buffer EXB O 100 °C 20min, 80 °C 2hr

H 20|MMEH 371X U2 212t 5 FFPE ZEA|Z0]| CHol CHHAE F=Z T
HolFom FEE CHMEO CHSH Bradford protein assayz Haks TESISICE

Test 1 0= Bo 758 ugl| CHHMEO| FEE[Y2D, Test 20| M= 791 ug,
Test 30| A& 714 ugO| 2tZt FEE|QACE 37kX| F=EEH 25 700 ugO|Ato| Chel

ES0| F=&[0f 2 X0|= 20[X| ALY,

Bradford protein assay

900 -
800 -
700 -
600 -
500 -
400 -
300 -
200 -

Total Protein amount (ug)

100 -

Test 1 Test 2 Test 3

13 16. Extraction E THHZE S9| Bradford protein assay Z1}
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A The number of identification Peptides B. The number of identification PSMs C. Peptide C-Term K/R ratio

22000 0.89 0.89

0.31
12000 0.67 11 0.02
0.89 20000

0.03

Of ===
10000 18000 (R LOp == S —
0.89
0.31 16000 0.9
8000} |

14000 0.8

6000F 12000 o

. = 0.7
o

stl
Test2|-
t
Testl
Test2|
Test3|

% 18. LC-MS SAHEM, A. The number of identification Peptide, B. The

number of identification PSMs, C. Peptide C-Term K/R ratio

Z g0 et SYE CHEE S0 CHsl Box plot H@AMC 2 SHEl peptide T, &
JEl peptide spectrum matches (PSMs)Z=, 12|11 de-crosslink?| =& HHHS=
peptide C-term lysin/arginine ratioE =43tk 1218 0| MK & S El peptide
$=2F PSMs2| ==0f CHsl SAXH 2= XH0|= Gle= AS =2QISHACE DLt T

ZOM Test 11} Test 30| Test2 2Lt HLt X2 40| R4=5ICt= WS 2 QISHIALE
Protein-protein  cross-link?t  dHEE/}S I lysinel oFo| =710
methylation(+14Da), methylene(+12Da), methylol(+30Da)2| modificationO| 2’4
SHA| EIC} Trypsin/Lys-C2 O|- 83510 digestion £ C-terminal2| lysinell argininel|
HE ZQI5tRAS U de-crosslinkO| = LSHA lysineOfl Al LO{CHH 0| H|&O0[ 10
74t 7t E|21 de-crosslinkO| biasS 7hX| 1 2HAMIUCHM O H[E0| 1=CH MA|
ZICt 37tX| 20| CHSH C-terminal| K/RQ| ratioE & QIStAS U Testldt Test 3
2 mediang}tO| 2 10|0{ Test 2= 0.90|2 2 Test 11} Test 30| Test20f H|3H de-

crosslink  2t80| 2ottt & = ACE FLH2 FYE, M

rot

A, De-cross

linking@ =7} Test 10| 7+& R5lCt= 222 EE5IRUL
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Chapter 2

Part 1 HO|AM x| Hot=l CHEEA == workflowS X830 TNBC 2HX}I2| FFPE A|
ZOf CHol et AN 28 M ACE ESH LC-MS ZADH0]| CHe M2 EH 2A
2 TS 2 K= BtEE A ML S o= E o FS 5= U&= HO|Q OHH 2 &
T2 Y25t oS A S| Cist 7|s0f TS A SHGICE LC-MS 24 Zaf

A

& 5547702 THEE 50| YO AL 0| HHES 0|85t 4 =4

= Tdsto 2ol differential expressed proteins (DEPs)Of| CH$F volcano plot2

A= 121199 2 LIEFLYQULC

A. Non-pCR vs pCR B. Non-Recur vs Recur
= L L
‘ _] & CORGIA & ‘ 8 » TUBB4A

» FERMTS
o . O PEMET
#EFNT & HICIS

25
25

R
oHan ®HACE

# SRSFY & » GNATS * COLEAT

SKRT14

- Log(P value)
2

- Log(P value)
15

1.5

0.8
0.5

P gy 5 4 3 2 -4 06 1 z 3 4 5 8

Log,(pCR/non-pCR) Log,(Recur/non-Recur)

A% 19. TNBC FFPE tissue0 CH8 LC-MS 2O 2 253 HO|E{E EA M5}
of differential expressed proteins(DEPs)Z2!, A. non-pCR1} pCR2| s ZS Hi
wolA 2 pCRO|M S7tk|= THEHE 4742} non-pCROIM 7tk = THHEE 170 E
201, B. non-recurrence?} recurrenceE H| 11510 recurrencetiM F7} £l = THM

E 471, non-recurrenceO|A| Z7|5l= THEHE g7 E QI
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H 3. non-pCR1} pCRY| LTt SHZEM2E 2S5t DEPs S&. §2 =M & pCRY|
M Eotet TH R, E£B S M= non-pCROIM S71H THEH

“Gene Description pCR/Non-pCR p-value
‘CORO1A  Coronin-1A 1.507712 0.000463
"80D2 Superoxide dismutase [Mn], mitochondrial 1.389375 0.001898
"SRSF1 Serine/arginine-rich splicing factor 1 1.220117 0.005837
"PFNT Profilin-1 1.237027 0.00118
‘KRT14 Keratin, type | cytoskeletal 14 0.616044 0.007278
K= 8r30f Chot 5749 CHM A S22 0| 8310 Neoadjuvant therapyl| EH3dE T

=06+7| 2I8l| Principal component analysis (PCA), Partial Least square discriminant

analysis (PLS-DA) % Self-organizing map (SOM) 24 &

B2 B R0| B P A HOIBQACH

-

27

238810 17489 A2 7}



Principal Component Analysis

PLS-DA Self-organizing Map (SOM)
Scores Plot Scores Plot
v pr
° L]
d ) . ° 8t
- ] P
E L ,:% %’0 .:!: -'.? o
o ) °,
£ ° R8P, Sooo o 1'-.; = L
4 £ > z oo et B
H = . 0% av oo Ed _‘-"“ . o0, '. . =
g @ Sy 2 L) @ o %
® E © O&; 008 Qs Cl * 8" LSS e .
e eo® ’ © o LR . ®
o » ® o0 % .;u LY
[} i . ] .n °
i . (=] . . s L]
L]
- ° ']
% 4 2 o 2 4 6 4 2 L] 2 i f
PC1(518%)

Componert 1(47.8%)

e

3 20. 3589 classification &Hoj [}E 2ol a} H| 26l 22| &M

SO Al XtO|Lt= CEHE 57HSS O

SRIC. O 21 2l Hf 2o = of

—

M cluster?} 2|5l S gtolst

ol class
4 e
pCR
n 2
COROLA

[ L 0
PFENL

2
SRSFL

] 4
KRT14

! T [
P T == L[] - ]
oy G th,-.tl—-ﬁ-.ll...h.n . LFrPm i, a.a...rﬁ-l..&—.-n—». ‘‘‘‘‘ IL_.m-.;.

I C e = N
oy R S e T e =

12! 21. Random forestd]| 2|

o
i
=O=I-
gl
ic|
=

2ol 22| cluster 22|
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17470 A =20 CHol 57H2] B E S O[S0 classifications =it 21 18 22

Of 2Rl =0l HIZEHT 122F & 10982 2 & & A/UCL 0= 89.3%2| Y=t

T E ol = AACE O] oF 22 Zit= Neoadjuvant therapy MO H| 2=

89.3%2 =2 0|5 & Utt= oM 2 20| S 7L

The QOB error is 0.259 Random Forest classification

07

- Overall
. non-pCR
1 === pCR

non-pCR || pCR || class.error

0.6

non-pCR || 109 13 0.107

05
1

pCR 32 20 0615

Error
04

03

\ﬁ"iu‘u \ NWW‘/“"‘L-'

Miparg e A P

0.2

0.1

.:._
5 -
8
g -
5 -
g -

trees

13 22. Random forest0]| 2|t sl 71} H| &5 classification table
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1=

E 4. non-recurrence?} recurrenceE 4 =M5l0 253t DEPs S5, /72
M E recurrence®|M S7tk|= THHEE 471, £E ZME non-recurrencetilA| &

Tkt T

‘Gene Description Recur. OiRecur X p-value

"SERPINAT Alpha-1-antitrypsin 1463614 0.003214
POSTN Periostin 1438456 0.004152
TUBB4A Tubulin beta-4A chain 1.391303 £.000889
'COLBA3 Collagen alpha-3(Vl) chain 1.296746 0.008%66
'GNA13 Guanine nuclectide-binding protein subunit alpha-13 0.845361 0.009296
H3C15 Histone H3.2 0.835827 £.002377
‘H2AC21 Histone H2A type 2-B 0.808119 0.005785
‘NMEZ2P1 Putative nucleoside diphosphate kinase 0.764888 0.005351
FERMT3 Fermitin family homolog 3 0.741703 0.001526
PSMET Proteasome activator complex subunit 1 0.741228 0.001823
s0D2 Superoxide dismutase [Mn], mitochondrial 0.725101 0.003501
HLA-A HLA class | histocompatibility antigen, A alpha chain 0.714604 0.006457

Kz Mol =% A0 Xz o=l L= at H|Xj L0 A =2tQIE DEPs 12742
T A S S 2QISHRACt 12709 CHHME S S 08510 L1t HIXfY =S F&5t
7| %8l Principal component analysis (PCA), Partial Least square discriminant
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analysis (PLS-DA) % Self-organizing map (SOM) 242 &St ACt 1 A1t CfA|
EF OS2 E A2 Y= AS =0ISHRALCE
Principal Component Analysis PLS-DA Self-organizing Map (SOM)
[
T £ P
” :ﬁfe%%a:;ﬁ %
| e
I : °?‘°£(eg°?’oa% :
° 5 ® 2 -
a3 23. 3579 classification 'Hof| 2 X{&af HIXE &M
174702 A|2E =t H[X S| DEPs 12709 HHMAESE 0|8dHY
hierarchical clustering analysisE€ oLt 1 Zut Lot H[XH L0 A
clusterl 22|El= A2 &Y = JAQUCH WY ECF HIHLYZOA cluster?t T
Z dde= AS =Rl RUCH
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| | |
il |]

12! 24. Random forest0]| 2| %t H| XL 21
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Abstract

Optimization of sample preparation for formalin-fixed paraffin-

embedded tissue proteome

Formalin-Fixed Paraffin-Embedded (FFPE) tissue has the advantage that it has
completed pathological examination and is being stored in the pathology department,
and the sample volume can be adjusted through thickness adjustment, and only

tumor tissue can be selected.

Although the FFPE tissue sample has many advantages, it forms a protein-protein
crosslink during the production process and is limited to protein extraction and
proteomics analysis. In this study, we confirmed the optimized protein extraction
method using the same FFPE tissue sample, extracted the protein from 147 TNBC
FFPE samples by the optimized method, performed LC-MS analysis, and treated.

We excavated biomarkers for prognosis and recurrence.

Proteins were extracted from 2 um FFPE tissue slices under a total of three
conditions, such as extraction buffer, presence / absence of AFA sonicator, and
boiling, then protein was quantified. The extracted protein was peptided using the S-
Trap digestion method, and the number of identified proteins, number of peptides,
number of PSMs, and C-term K / R ratio were analyzed using the data analyzed
using Nanoflow LCMS. Then, the optimum method for extracting the protein from
the FFPE sample was confirmed. Proteins were extracted from the FFPE tissue

obtained by needle biopsy for TNBC by the optimized extraction method confirmed
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in the previous step, and after data were obtained by the SWATH method, proteins

that were discriminatively expressed were confirmed.

In an experiment to confirm the optimum extraction method, an average of 700 ug
or more of protein was obtained. Analyzing the data obtained by LCMS, identifying
about 2,000 proteins under each condition, confirming the identification rate,
reproducibility, and de-crosslink level through statistical analysis, Test 1 (Extraction
buffer EXB, boiled at 100 °C for 20 minutes and 80 °C for 4 hours, without AFA

sonication) was confirmed to be the best.

Proteins were extracted from 147 core needle biopsy FFPE tissues by an
optimized method of protein extraction, and the peptides obtained by S-trap were
subjected to LC-MS analysis, and DEPs were excavated for each comparative
group. Five proteins were excavated by comparing Non-pCR and pCR, and 12
proteins with a quantitative difference were excavated by comparing non-recurrence
and Recurrence. The excavated protein was analyzed for biological function and its
functional association with anticancer treatment response and recurrence was

confirmed.

Keywords: Breast cancer; FFPE, TNBC, LC-MS
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