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A2M(alpha-2
ITIH2

s==4

12] 2™ A& W] CDC5L(cell division cycle

5-like protein) &%, ITIH2(inter-alpha-trypsin inhibitor heavy chain H2) &%, CFL1(cofilin-1) &%
APOAl(apolipoprotein A-1) &%,

! FGB(fibrinogen beta chain) T&=%&
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R A

i
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k)
w

8
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[0114]
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A EOE QY. BE A3 #ad A% 2 4ol weh Fastar,

Hlol o mlA WA 2@ AZS 93, 2016d 10258 20179 8971x W EFoko] AL % AAE (TURB)S e

xRtz RE Aegdgor #3d AW AZS ALY, A gl 2 das BAS 93 ZREIES XS

At 3ol gt AW AMES ALYt §US 77 Bk £ Hol T AFEAES w2 A

Tzt FollA 7AZe xS Aesgith

WA wHAlol A 127 9] FEx} (WEet 6 2 tiERT 67), A5 wACNA 2499 F¥x (gt 187 E
) AN, EAAFHISZSEY (ELISAS B3, g4,

|
E | SUPER-UC-TURB (Seoul National University Prospectively Enrolled Registry for
Urothelial Cancer)®=HF-E 120% 9] #x}o] 4w HMES AFEaIgint. o2l 874 AF IS ECA, A=Y
Bl os dgE 25 b= A (benign) HFola, 959 A= QRAIME GFTolAT. FE
129 A BE AW AES AR ek (22 20 m) -195T 9] A HAaeolA Bt A Ha

=2 & 19 Yed.

S 107 &< 9t Ax A S AASS Y. Al FIE 2.5 mlo] AT,
4T, 3000 x g, 15 st AT &, 2W < Amicon Ultra €4 ¥ A=A (3 kDa MWCO,
Millipore)& AF&3le] 14,000 X gollA ~100 w9 ¥ =2 F%3F5 . Bradford 4] (Bio-Rad protein assay
kit, Bio-Rad)& AM&3le] ©lld =& 5 Aok, A dAlA FEA FRstE 8, oul F-3o] dSA
A A7 ofMES HUlsk] 50 pgol AW dwlAS HAAZT. AF dAdA deoly HloEHd £ (data-
independent acquisition, DIA)S $13, 7B A& T 100 pgol A® oaiid

NAS Falstadtt. HAdE duds
SDS gHf WA &F N (4% SDS, 1 mM TCEP 2 0.1 M Tris-HCl pH 7.4)o] &siAIAt. 95TColA e &, &
B-H%Z MZ Hx#(filter-aided sample preparation, FASP) WS Alg3dlo] WAlE vz Rt
37CoA EFAl (4 o @z 6§ 1:100) o2 yhA] duld B35 =333t
AW AAE FAS 3], 17,000 X gollA 156% &<t AA R ol5dE AAST F, 2.5 me] AW AE
] total Exosome Isolation Reagent (Invitrogen)E AM&3}e] dA4aFS Esdvl. AxzA e A H o upe} &
A D HF GAY BE AES FHEIT. 2EE dASFE DS $E S AFSste] A4S dA duA
o =

F=5t7] A8 AFEHAT. 237 g ® 95CelA 7tdate] WA 3, BCA #dAl 53 7]E (Thermo) &
Abgste]l ©id weg SASY. B 2 AT GACA, 20Tl A A Sl Fale] A7hE ofAlEo® 25

SDS-EHr WA sl HA
C18-StagetTipsE A3l =
AZA 713, LC-MS/MS B2 712 -80°Col A R34},

AF FZopE 2 -dY I E4Y (LC-MS/HS)

THE AW FEEE AMESY AA) avtEady-dd g $4S st dioly 9F4 3 (data-
dependent acquisition, DDA) % DIA "WHHS ¥ &3 EE LC-MS/MS 48 Q-Exactive Plus A% 237
(Thermo)ell Z&= Ultimate 3000 UHPLC A]2=®l (Dionex, Sunnyvale, CA, USA)S AF&3}e] =3qF A}, 300
nl/&, 7 WA 32% otAEYUER, 1202 TR Ef A9 (300 um X 5 mm) B 4 A (75 um X 50 ¢
m<] 2719 A# AxEeA FE= AZS B3t A7 FEHE AMESY HY 255 60CE FA5H ).

oAV EEE 5] A" 8892 Q-Exactive Plus® AY3Gth. FEX AHE3ES 43k DDA oA,
70,0009 BT, m/z 200014 = A7 (350 WA 1650 m/z)S FEEATH. 1.2 m/z9] EElgog ATA o
25 AEsly] 98] top-20 WHEES AFRETE. m/z 2000014 17,5009 SAEE 717 309 HCD-RrIE =
XA NS/MS ~HNE-S AE3ATE. AA D NS/MS 270 thet A o] 9 AIZFe 27 20 2 100
ms%th. HRM DIA "8 400 WA 1,220 m/z 7FA 35,000 afAwolx S 700 o] Fo]ZTH(AGC %4 3 X
106 == 60 ms FY AlZH). 1 T, 3e69 AF o5 24 x4 % AT FY AR 35,0009 3fFElA
1970¢] DIA <& dd).

REx) HF2E 9o o5 A

_11_
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[0122]
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[0124]

[0126]

[0127]

[0128]

[0129]
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EE M rav $YS MaxQuant (WA 1.5.3.1)A4 At ct. MS/MS 2= © Andromeda #H2A QA& ALE-
3] Human Uniprot €@ A< dlolgrlol~ (20143 129, 88,6577 t‘z}% 1 EHsﬂ AR, 2 g S
= AL Y8 6 ppm ATA o] FE QLAE ARSI 1Ak AAE FYSATE. MS/MS o] & 8 AE 20

]

ppmo 2 Ak, Al2EHQl FlEnu| -1 el 3} (Cysteine carbamido-methylation)® XA E WP
Art. wmizo] N-ofaEsl 9 wEede] Absl= b BPo R AAERT. a4 Solde g
= AAEJTE. HA& o7t 6719 ofn|Abeln Hu| 2719] FetE HAus zt A
discovery rate(FDR)+&= HE|=, whilzd ol Wy 3o 192 AAFHACH. ABZ 7 AFs) o|HE &
3171 913 MaxQuant =3E)A 'Match between Runs' 34& &3} v‘?
Ad) A3} (iBAQ) LarzlFo] MaxQuant ZEe] X2 AFEH AT, 7
iBAQ #t2 raw ZEE o|E4 HE = 2 v gholth. whEbA, iBAQ e E}‘ﬂi@ %ooﬂ v 8kl v}

dolE vejEs 242 #d deols Az

2~FEY ol BHIE Aty A, &AW AEZ 12719 DDA SHS SISt DDA =2FEH LS MaxQuant &
AF8-3}o] Uniprot Human Glo]EjHlo]2 (2014 12, 88,6577 a5) % iRT B HEI= Ao i A=
t}. Spectronaut 109] A9 EA golrvgy AA 71%5S Algste] A2dE" glolrd gt AAHYT. AdE A
Z2] DIA Hlo]E]+= Spectronaut 10 (Biognosys, Schlieren, Switzerland) o2 F2 % Atvt. WA, Spectronaut
¢} A A FEE GIRMS W3l7] &8 AFg3ste] DIA raw LS htrm P2 o= WH3SE T, FDRE mProphet H
Hom FAHAL, HEH= A4 2 A FFolA 192 AZHAT. LZELOE AbEste] gdS FE
stal st ABE p gk < 0.01 7]ES AR dl A FEAA E5ste] T4 FA4o] ARSI
g gidt 54 B JEHJH 24

A, A% 2 594 AF A @A E4d gk AFHd £5S & 1o YERd Sl —':r
of F&-3ke] LC-NS/NSE %%H THEAG. FxA AZFsE Al 60% o
o4 (DEPs) 2 DIA =4S s 70% ]9 S5 A =}
d #Ho]e}o] = (pairwise) HWLE Y, &

%

i) ﬂlN

>~

e o oX
_|>i
=2
R
HJE o>'

p://www.exocarta.org)olA] <&z dAAxZ S
Aol 9l DIA DEPsE Adate], dnbA<l AE3)
gatltt, HEE~HE 9= 4

) KN /\]_
Y = 1=
WA F, aF 0 av wuld F st vlelenh] FRE dusigr).
5]

S\ nlo]ontAE 9HA (cancerous, =< oM (malignant)) 2 <
g sk 5719 g A2 FAR AYEr. 3 WA 2 T W
MS/MS 719k DIA A (Bl=E % wHe glAE)9 fold changeE 7]%}
S 9% 2 dlde] A 22 54 FAH(AURC)S] A ope) W

), > 0.9 (8%), > 0.85 (65), > 0.8 (4%4) 2> 0.75 (23). WHE DIA AFolA] thi Zx|~E 39 B
AS AREEte] vl WA 2 oA HA HeE dEedvl. 5719 AF Al&"lelA], ELISA ATE 98 & 8719
FH oduds ddegirt. 8o FE dwAS o3y Zr): alpha-2 macroglobulin (A2M), cofilin-1
(CFL1), apolipoprotein A-I (APOAl), inter-alpha-trypsin inhibitor heavy chain H2 (ITIH2), afamin
(AFM), fibrinogen beta chain (FGB), cell division cycle 5-like protein (CDC5L), % (D5 antigen-like
protein (CD5L).

a3 A7) " A =EE A7 37]Y A8 ELISAE ARgste] AlxAbe] A uheh 3} AW AEZ A &
Ak A2M (Magnetic Luminex®Assays, Catalogue No. LXSAHM, R& Systems Inc.), CFL1 (Catalogue No.
MBS2886911, MyBioSource Inc.), FGB (ProcartaPlexTM Multiplex Immunoassay, Catalogue No. MAN0016941,
Thermo Fisher Scientific Inc.), CDC5L (Catalogue No. MBS7227993, MyBioSource Inc.) & CD5L (Catalogue
No. ELH-CD5L, RayBiotech).

r

J(benign) AW dHolg 719
B A oba W okA skl
PN

o= Ak, A WA A5E WP A9
2o 7uboz a4tk; AUROC > 0.95 (10
X

72 gmae Brhes) Aol 4AE EES Agetel wA FHL Folsidvh wud wde] nER gFY 3
$ (42 o4 E -2 el AFE), A 271 [In] WAL A8 dolHE AT, B @ A

AE PR T GA (¥, Tis, Ta, TIL 2 > T2)7F 7z &g & &5 v]asqlh.

il
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[0134]
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[0136]

SES0d 10-2722151

ELISA 279 blo]g #4

A WEE S, £ EF HA ARSI "R Agela, HEE Hes WE (MES)R A9l

T AUROC] BAIA 21742 De Long?] H|XE4 H<*H(De Long's non-parametric approach)& whskth, F *@g
©] vl Student's t-testE ARE3St] FHHJAL, FAA FALS p < 0.062 HAAHEUOH, B BE p
e FH(2-sided)oltt. BE FA412 Python 3.9.0 ¥ SciPy & H7IAE 7|Ho R g FA +48 AM§3)
o F3Ah. FE AES % 4 dde e A% BAS Y8 4 @Y ARCE AFEsgltE. A
B ool 23S AlRSte] Ak mdS satalr] ete], o AA W (backward elimination methods) ©s}ol
Aol EX 2~ 3] (logistic regression) L WA 2 #F <312 F(machine learning classification
algorithms)& ARESIITH. 7ftbel mde] AUROCE AW AEZAFe] AUROCSH Hlashyith. WSAdE (VHE)S
Huzsln JFHES §]¢§}0}0% 2 2% (cut-off) #& M™Y. wabAl, Youden A|FE AREEIATE.
AztE JARES A&7 H3, 2 2hd mis] g oS @ (PPY), 24 dSE (W), RIFAE 9 Solds

A

ARsholth. AW AEZAL B ZF JidE wde] x3Fe] AUROCE AlXtaRSITE.

gz £y
M L AE dACA, & 2F9 FAE giRd 2EFY SR Yoyt Btk AE GAlClA AEsHE o]
A AA (HAY @ ok ME)S kA T8 (benign group) BoF ¢F 18 (cancer group)ollAl folsiAl O Eotth

(b 7 <0.01). B HF @A, tel ¥4 % Y AE g FAMCE tEA 29tk 94 BE
MEES PN o w3, ATFH oY 7% ¥ A BAS AT 528 BE B 5HS E 1
o vreRie.
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[E 1]

[0137]

oL e
2 Mg
,mwo - JlL “W_l m
SN
— BT 9 o
oS R
Mg o =R
- o
~ /o
ST
qu ~ 7 m Few
N ol
ol W Ha a_c B
™ . Xq
R
ME ,A,._
IR )
Lo T =
N B =2 N
e
ExN g EH
Hp ® O R
TR gy WS
3593 arenbs-T s 1T0STRA T, 159 J0BXA TSI, 153} § JUapMIG, “wontsmboe juspuadapun o e >
-eje(), ‘voneannuenb sa13-aqe ), 120 POO]q M 192 PoO[q Pal ‘Y DIqRIIEAR JOU Y/ N “IOUOP ASUPTY JONU0D) (%) Jquunu Jo (aduer) uerpau se pajuasaid are sanfep B o) o
7o UOHEIN 2a1-[3qe Y TI22 POOL AAYM ‘DM I 4 e 4 m
(6'82) SZ V/N (001) 8T V/IN 00S) € V/N m_uﬁumﬂ_m_: L o T
(1'12) 0T V/N 0 V/N (00¢) € V/N apel M:J mo 5 E T T
V/N V/N V/N peio B d = ¥n
V/N (€50 ¥T V/N V/N (8068 V/N Y/N (Z9nt V/N 11318 11 BWIOUIED JURJOIUO]) o o &
(112) 0T V/N (82068 V/IN 0 V/N 7Lz nvm + m—m u =
(T'12) 0T V/N (L91) € V/N (0°09) € V/N 1L = N %o Y
(8'9¢) g€ V/N (£€9)9 V/IN (008) € V/N W oo mo i’
(£92) 0T V/N ¥ V/N 0 V/N . L N g X i
0 (001) ST 0 VIN 0 V/N aamﬁam %E = i
V/N V/N V/N 09312 I 2 = = Ak P
(€'67) 8T 0 (£€9)9 0 (Zon1 0 :w:%:mm_az S g 2 T
(508) 6T (002 S (6'8¢) £ 0 (e€8) T 0 122 _Sw oy B Q] IR me
Y/N (0°0%) 8¢ (00) 0T ¥/N (82206 (0or) 9 V/N (009) € (001) 9 a3ueip reyres uStuag A ot R =
e100> 6100 WF10 ASo10y4> aunin o o~ y Ry vl
970 (9°7€) 08 (0%2) 9 00T (822)s (oD 1 550 (£on)1 (zon) 1 2aMm —_ T m\ ST B
=8€°0 (8cL)TL (0F8) 1T 00T 009 6 0 00T (e€e) T (Zon 1 oqy P = o — o g
Lreunrouqe sisAjeunn o ol 3 2 ~ o
. - - — T .
®95°0 (€9%) ¥ (09¢) 6 ET0 (6'8¢) £ 0 S50 (009 € (zon) 1 uorsuaradAfy R g _LM_ .
®T€0 (6'81) 81 (0°80) 2 00T (991 0 00T (9D 1 0 i E«M«E | T o m 7 ﬂﬂw
eIl0  (L920T0) sFc (FSTTID LT @050  (LSTOTD0ST (ETTITDTTL eSC0  (9%T9TD) LT Sm‘m.?vmﬁ (zu/S) nuvimmaﬂwmﬂm ME NI I m_v_o;
@l00> (621) 21 (0F9) 1T 800 (rme (008) € 00T (€€€) T (009) € xﬁm mm ] o o .
eIT0 (022079 0TL  (06£0°6E) 099 eI00  (87080°89) 0€L (€£65-S6F) 028 l00> (008099 €L (096-6SH) S (34) 98y ® 7P =
y A syuedred 0 ON ~ A_u o El X
<6 ford g1 9 9 9 Died § Ty o
anjea-d IDUED) udruag anjea-d I3oue) [013u0) anyea-d I3due)) [o13U0) .O/.._ B = w M M.HIH._
0 " » L
UOHEPIEA QUOLEIYLIA «AI2A038I(] T W E S ok
o o =
R
e 2 2

HoFA (&=

[e]

.

24871¢] DEPs(permutation-based FDR < 5%)7}
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loje}o]= M|l 4] (Pairwise comparison analysis)
7ol 132

unsupervised hierarchy clustering®

+ 172.19]J (= 2b).



[0143]

[0144]

[0145]

[0146]

[0148]

[0149]

SEE46 10-2722151
A7 ( da R % 4p). 2 R 2w waAe] FHE B4 PO AT 1Fe 38 BoE u
oFA (= 2d).
Hlo] o nl#A H5 - DIA

AZE|AM DEPE HTsk7] f&l dolE-nlejEd =1 HdFDIA)S AEsdtt. & Y =
24 o 7] wWEelv (= 5a). WA DIA £4& fl8) AFEY dolues FESIY. ofF 12097] &

il

A& 3 o}

el DIA gelud el E3H(pooled)d WO RNE ALt oz wWgE vt A dA A E<l¥ DEP &
28 o] ek 190709 Fr F daFo] I 104719 FRE ~HEY dolHEYH Agsigit (=
5b). M AE BAS 98 2459 IR RE AW 9 dAF I DIA SHE ST (= 5a). A
F4 s dal Aol A (TURBT 5, 14, 15)9] dAF dlojE & Aallvt. FE59 gl Pt =
ANrFe] A9 796.6 £ 141.00131, W GdFe] A9 1279.4 £+ 159.79]Ath (& 6a). daF E &AW oY

Aol i3k PCA E3& = 6b YEHAT. A4aFE 2 AW dilz ol yolcano plot¥ unsupervised hierarchy
clustering® 3|EYCZFHE, HAF FAITENA o AZ3 dA4F 7o dld i3 AfolE AZ3sldit} (=

6c, = 72 @ = 7b).

9 AT ZSEE vushd, 44%(109/248 4% DEP) 9k 38%(50/132 A& DEP):= ZH7F FDRO| 5%°] o
dABAT (= 5b). o=, i 2 AT die s2duet dd 9y wske] duds 37
= m
A

HH
)
= 83719 wulA (76%) 0] FH3 L¥E A
A 56707 =85 Z7FE ).
ek, dzey e 23Tt el gl
o tlz/2 245 fold change NadE 2 AW wlawe] el 77t r o= 0.945 2 r = 0.92¢04

o)
Pearson's correlation coefficients®} ¥ A% A7} YATH(E 5¢).

Fu ol on}A o He

= A=
e JgRAs, 20 anEe
) g

1A 2 AF WAA dF 2o FElo AR QlE, violemtA TR HES fote] AW WS ARE-S)
Ak, 27709 A3 A AW Ol o 2] AEkdE dAas wideRE 9rfo] thizo] kEkxtol =
AE A FHach B dHEAES A velentAR A 2dE g desgith ey, 47]9]
Ao AL8-715s ELISA &A7F glojA AAEATE. @A A Eo| A, Fibrinogen beta chain(FGB)-2 749 “33F
Zd% 9bA, A2M, CD5SL, fibrinogen gamma chain(FGG), complement factor H (CFH) % Rho GDP dissociation

inhibitor beta (ARHGDIB)&= 5u A3 ZAHATE. HAF AMEoA, A2MS 68 & =451, FGB 2 FGGE
S5uf AFek ZAFlon | APOAL, ®A C3(C3), CFH 2 ol x| Auwld C-IM& 4u) A3k ZAH A}, AUROCY] 7
9, A2M& 107 Q1 ®hA | o}ulwl (AFM), FGB, FGG, C3, CFH, w1 & S isoform (PROS1), oFExAckumlA ), &v}
W Hx0A 2(SERPINDL) R Ekav| =7l & gxoldth. vl 37 Rdlgoe] ofa), A v RdoA= A2M,
CFL1, APOAl, CDC5L 2 CD5Lo] Aeldia, F ®x melea= A2M, CFL1, ITIH2 2 AFMo] A&l AT(E 2
2 E 3). vAYe =R, ELISA A& 93 =2 H5o &/ @A (A2M, CFL1, APOAL, ITIH2, AFM, FGB,
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[ 4]
Benign Cancer p-value

No. of participants 25 95

Raw data
A2M 76,897.4 (4,579.0 to 35,307.0) 159,609.5 (1,429.5 to 224,686.5) 0.045
CFL1 16,766.87 (2,242.5 to 14,108.0) 33,026.01 (3,692.0 to 65,795.5) 0.017
APOAL1 6,779,594.0 (175,6539.0 to 1,158,217.0) 19,927,277.3 (703,284.5 to 18,851,324.0) 0.061
1TTH2 8.07 (3.42 to 3.68) 7.29 (0.33 to 3.45) 0.875
AFM 12,894.0 (716.0 to 13,301.0) 48,942.7 (1,997.5 to 46,017.0) 0.002
FGB 256,907.1 (6,421.0 to 160,181.0) 673,964.6 (26,786.75 to 731,388.5) 0.039
CDC5L 245 (1.98 to 2.74) 2.85 (2.08 to 3.45) 0.034
CD5L 272.0(88.70 to 189.72) 508.5 (130.90 to 511.93) 0.038

After logarithmic transformation
In_ITIH2 1.28 (1.22 to 1.30) 0.11 (-1.11 to 1.24) <0.001
In_ AFM 7.85(6.57 to 9.50) 9.26 (7.60 to 10.74) 0.003
In_CD5L 5.06 (4.49 to 5.25) 5.57 (4.87 to 6.24) 0.023
In_APOA1 13.22 (12.08 to 13.96) 15.05 (13.46 to 16.75) 0.001
In_ FGB 10.64 (8.77 to 10.20) 11.6 (10.20 to 13.49) 0.049

A2M, alpha-2 macroglobulin; AFM, afamin; APOA1, apolipoprotein A-I; CD5L, CD5 antigen-like protein; CDC5L, cell division cycle 5-like
protein; CFL1, cofilin-1; ELISA, enzyme-linked immunosorbent assay; FGB, tibrinogen beta chain; ITIH2, inter—alpha—try@sin inhibitor
heavy chain H2.
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29 18 8] 8 13} o] T

P=1/eA(—{0.4678*[CDC5L]+O.9898*Ln[ITIH2]+4.839><loﬂ*[CFL1]+(—O.115)}+1)

Ln& A= @polm, (W] 2 gude] 29 Ul ¥

P=1/e"(-{0.3328+[CDC5L140.9589+Ln[ ITIH2]+4 .12 10
5*[CFL1]+0.0576>f<Ln[AFM]+0.0295>f<Ln[CD5L]+0.1693>f<Ln[APOA1]+(-8.418)><10_7*[A2M]+(-0.0580)>‘<Ln[FGB]}+1)

Ln& A= @pola, (W] 2 gude] 29 U ¥
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[0173] olg] ulolewtALY ZFL @Y violentA wEEY o & FYGEE BTt B UHdXE, 2AFFH LC-
MS/MS 71%F wloleulA A 2D AF dAoA Aegd 8o R dWds A83le b vlolovtA dds
ekt Baget AEs fgk 72 dwE o] AUROCE AW M2 AL )9k FAFSE, 0.612-0.7599]
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= Discovery phase
2 I F - Goal: generate list of candidate protein hiomarkers
5 - Technique: LC-MS/MS, label free quantification
= Cancer Control - Source: urine protein, exosome
2 Total (n=12) - Control: kidney donor
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Verification phase
I w - Goal: quantify protein abundance in cases, controls
- Technique: LC-DIA/MS

Cancer Control - Source: urine protein, exosome
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— S # Validation phase =
o I w - Goal: performance of biomarkers in the patient o
S whom highly suspected bladder cancer 5
E Cancer Benign - Technique: ELISA =
= - Source: urine protein =
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Bladder cancer discovery cohort (n=12)

i i
Control Cancer

7\ 7/ N\
bt ® @

Urine Exosome Urine Exosome
(n=6) (n=4) (n=6) (n=5)

Exosomal protein digestion l Urinary protein digestion

Protein FASP C18

Lysis precipitation stage tip

High resolution LC-MS/MS

l

Intensity
Intensity

(A

Retention time Retention time

Label-free quantification

1,400 4 m Exosome = Urine

1,200 4
1,000 4
800 ~
600 -
400 -
200 1
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CON1 CON2 CON3 CON4 CON5 CON6 CAN1 CAN2 CAN3 CAN4 CAN5 CANG
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Red error bars indicate +/- 1 standard error of the mean

700 1000
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500 600
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Red error bars indicate +/- 1 standard error of the mean
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Urine
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Bladder cancer verification cohort (n=24)

ﬂ i
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Sensitivity(True Positive Rate)
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