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7 A A
FrHY
ATE 1

A EZA( citric acid), ¥FBAH(pyruvic acid), ZTZEA(fructose), olehZold(ethanolamine), = A]Z~H)
Q(cysteine) e PIAZR EF3=, AFTA 2199 904 F AT AAATF AR ST HEHE v A 2AAE.

37E 2
AHA
7% 3
244
T4

Al2HE ¢l (cysteine), IFEAF(pyruvic acid), ™WE 2 (methionine) % A|E

Ed(citrulline)S vlA=R ¥3+
Shi, AFFA] A YU E F mARsA S B HAAAS I HEE v 245

AT 5

AHAZRERE Al2EHQ, FFEEA dEgeod 9D ANEZSHOR TAE uAE AS EE AFEAIE dAES
ZotalkE, AFEA A QdE F nApASA S e DAANS 2 Ade o3 ARE AFss WU,
AT 6

H
A3 7
A58 = A6t o)A

o

g F7te X
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[0001]

[0002]

S=50dl 10-1876914

A7 AFEA Ao 3 Y e Ay FH SAYH: A8 EE H)A3Y classification AW
ANOVA; 217 BEA; 44 24, AXE 9y wi S48 A 24 e SY2HY EAES
A EYE o]&3 AZE dud]F, T Kernel principal components EA1WH; Markov Blanket AW ;
recursive feature elimination =& NEZI]-7]|E recursive feature elimination ¥21¥%; AW floating
search & &) floatlng search A1, | o]59] 3oz FAHE TOoZREH AYys FAYHEE o
&3] s = B, W,

A7 1

A3 12

A EZAHCitric acid), ¥FHAH(Pyruvic acid), T E(Fructose), ]Leo}‘ﬂ(Ethanolamlne) EUPAEN=N|
(Cysteine) 2.2 FAE vlAC Uit AFHAAE X33t LB FAFs S g 71E.

AT% 13

w €] 2 (methionine), A]Z~H ¢l (cysteine) ANEZH(citrulline) ¥ ¥ FEA(pyruvic acid)e® FAH =}
Aol e AFFANE L=, AFFA MG 9043 F nAHEIAS B NS F AgE T E.

AN ENre)

7] & & of

B oage MAGA ATALE ARATE vl ortA W olg] §Ed B Ao, wrh PANOD ¥
e NESY, NTR, EEs, gy, AzH, WEeY, AESA 5L vl E£gehs, AT
Age] 9 WHE v 2AE, 37 A 2B o eke] AT Aol AAAH Ave] BaF 4
B AFSE P 2 7] oA Ue ARINE TP A Agel 908 Awg vEd #a A
ol

ATAARE Bolg ofsfale] AWl Wik wEol AR B T2 A AW euath. A
& | e} =4 57K E BF7F 5w, o] F AA] A9 & 3.5g/Y o)

) NG, O g A AT

of gl I3 ol¢} FHEE AYEUHESF dxEFT 9 aX¥F 58 FHele ATAEES o WrAR
Ao A F oF 1595 AR Ark. thES AFFA A3ho] ALFA S FEE e AR dEA 3
o1} 1 9AAIZ(membranous glomerulonephritis, MGN), FAEAAATAZAEZ(focal segmental

glomerulosclerosis, FSGS), "]A¥M321=(minimal change disease, MCD) ©] A<l A}A| Al 714 &3 A

_4_



[0003]

[0004]

[0005]

[0006]

[0007]

[0008]

[0009]

[0010]

[0011]

S=50dl 10-1876914

M AQ08A of AREES AR, dFst BE g2r] g o5& st A g Fasdd ¥+ 9

Atk Aol 74 A8l 49E, 4o 54 % 3, 2UHAE Fa o ABAA 24 % £ £ 9o

g, g3 Aue ) s 289 fEs A9 24 PAE 9e2 dd SAn A% 24 e A%

gl o I BFL HUS A&F Y, PG, FHNT Yy, =SRAT AP ge Q3

FHE ST Qs Aow dud vk £F 2ET] AL ARGA BAE AP 24 GAbs

AR F Qe A AT AGe] 4088 AT S QU] ARl AF 24 AAE AP g 9o
Va

o] thFst nlolomtA AF7F o] FHa duf. A ARFA A
A A2 FE&A g zprFAe] o3 dAstE d3glo]l U A
= gk A57F Ebe] o] Fo|Aa glom, =aA A AMA
3153 mAWME AN5S #AEE] 913 ulo]QmbARM plasma soluble urokinase plasminogen activator
receptor (suPAR) ¢} CD80 o] AAI=IL Jrf. gk ARy wlo]ZZRNAE o] &3 AFA] Ao el A
T7F HAL o, oA AAl el A& A

th A & (metabolomics) & A Aol FEA)&= thAA (metabolites) & A
AR ES 219 715 o8] devs, 2WUEETE G3FS 9] ol H vl
o| A3 Ze AT Fofoll o] B A7 JAHA vk, AMA A okl A
AREA] Ask gpol A e] tiAbAlel wate] tiE] 71wt =E0] o (Keiji Mimura et al., Metabolism.,
33(10):882-890, 1984; Pitkanen E, Clin Nephrol., 45(4):226-229, 1996; Xianfu Gao et al., BMC Systems
Biology, 6(Suppl 1):S14, 2011; Mohan Kundal et al., Clin Transl Sci., 7(2):132-136, 2014), WJAAIS o]

goll AFTA Agie] A9 AN S ATE obd o] FolA] ghe Aol
e

olelst w7 stell A, WAAE o] &3l AIFA A9 WdS ARG St WHS /s aAr o9 A=
A, AW dgARA) A|EZ4K citric acid), IFEAH(pyruvic acid), ZZEX(fructose), olekZolvl
(ethanolamine), A]ZHE|¢l(cysteine), ™E 2 (methionine), AEZ¥U(citrulline) $¢ FF=HI}ES

ojg3ste], AbAl Aol e AEE 4 ee FQlska, £ Ewe egsislth

g J§
ddstel= A

wrgel shue] B AEEM, vFEA, ZYHEXA oghgolnl, AJXRHQL, vEHLW, ANEEY & v

H
= Fgsh, AFrA 2] 9048 wug vl 248 ATee Aol
=
Hol—

ki)

47 A S olgdtel ATAl NG AW Ade] BRI PuE AT

A9 A 58
Aed BAS A7 AT 9 AXNGHEA, B 28 A EEXKcitric acid), IFEAH pyruvic acid), X
YEX(fructose), dE&old(ethanolamine), AZHIA(cysteine), wE L U(methionine), AEEZ
(citrulline) B o|E9] 2oz FAHH FLo=2HE HAYqE AAE vAZ X, AMTA AE9 £
g BEE oA ZAAES AT

B el go] "ATAl A% (nephrotic syndrome)"olet, "AFFE ol AE FHAM, Age] ATAZ o F
= omAEe] o gl elste] WEEE AR ojmatt, A7 ApAle] mAEe] EAEW, Foluje] thulz
of A9 MEHE Wk e fudel, o wuld 4 7

(hypoalbuminemia)©®] ®AJ3tch. A7) ALdHEwlgdZFo g s}

wom Qahe Ngo] P, LAt nABFo] FlETh AR, 2447 B FAAN Lsue
WAEE Ao ool 35golatel A, zole] A9 AWWA LAFUEG swom AAHE wMd ool
960mg ©14H91 5ol ALTA Algte] wE Alow A 5 glth,

2 agola g7 AFFA] Alge] dddse A gl whek, 23 A5 (membranous glomerulonephritis:;



S5S0ol 10-1876914

MGN), FARAMATA 32 (focal segmental glomerulosclerosis; FSGS) ¥+ m]A¥M3}41Z (minimal change
disease; MCD)< <9m|g 4= 9iu},

[0012] B oo Ro] "IFARAAATA A ZE(focal segmental glomerulosclerosis; FSGS)"ol&k, "THAEFES
F'olTils $AEE WA FEFFTY] xS shtEA, TR o FAnA LA A9
E(ma4)el FRA0(F4d) Astd Bwo] Kol A3s ouditt. dxpdoME ITEFFTS UERE
A7 Bk, diF-te] 2HEolE A3AGE UERY, F27]5e = £A ol 20do] AW 57%7F T2
715573 o] 2T}, oA () o] ARl EA = B}O]EV\(HIVJrEi TET T, FEGIEQA F) Fol Utk
A7) mATEAGATF AT BEe HH4E FF(EEY A 2xH7] dded, F2AHeR 2F xF
o A FHRkE AAS A, o] <k HAY JAtﬂﬁ}lj’tﬂz(MCNS) olgti weta] W= A7t o] 7

[0013] 2 odkgol glojA, 7] AFEA Alde] HHEI T FARAATAE S SS IEHE ] Astee, B gl
A 73 5714 AR vlAQ AJEZA4H(Citric acid), IFEAH Pyruvic acid), ZZE2(Fructose), ol

=
=]
gF2olwl (Ethanolamine) ¥ A|Z~E|Sl(Cysteine) S AFE& 4= Ao},

[0014] A7 57FA tiAHAl mAE E=ZskE WHe A dF S 2ol A&Esit

[0015] WA, FLREAAATF A s S oste] THE ALFA A e AMAES AF S UAAE FES
FEA AHEEH s SR s WEZ oo AT RS S/HF(3:3:2)F AR, FEE AMELS 2349l Mass
spectrometer =A1S 913}, pyridine, MSTFA f%=A43t2 AAsth, YF B vAZE 13714 © &2 A4t g

o
N2EE AEE @k

[0016]  ©]F, GC/IOF NS o] 3he] iAbAl Z=stele] xhold wlwm, LA FTH o F fiste] RN ANE BANY 7bs
@ A UNT 0%, WA SAF BN BARUD 2 ARYE FIAE A4S 2T A3 130
Zo OIS BASNT, REHE SAsto] GOU/TOF NS BAAT e AEE e 4R Fom pr 3
B8 AEAReH, HOE WA TEAUE A,

0017] R thg, DFZ Aol mol: wd wlolertA FuE YA/ stel, -dAL B I dE AFF
@ 250 Soldow olg nolt 5744 bl ZaAe sua.

0018) - elel, 871 S Al ] i

[0019] GC/TOF MSell A &€ wirpAle] Fi=s ol8sto]l 4 FEatelE W

A
Characteristic) A& Z3] ¢ojx AUC(Area Under the Curve) #< W|:3to], thAlA] nlolomlre] W=

Hﬂi =
=2
o
O

o ol &
[0020] weh, A7) dEE A A 23E dE5eke B A dE ted 2ol Asdith:
[0021] WA, AEAS AHAEE EH”OE GC/TOF MS ¥4& 4335}a2, COMBAT & g]l&S o] &3t wixads AA
q Hlo]E]ete] Apo 4/\32}0}@, 1*5% HHE B HA AT (NIPALS) darg]Fe] =484 (PCA)E
J ° o}

[0022] d7] FEE AdE o835k ROC A4S AAde $, 7] AdE ROC F4& A8kl tiARA]l Hlo] SmbF 9
IE 53

[0023] B oulw o] o] "uhAAlZ(membranous glomerulonephritis; MGN)"o]&h, "ZHAALTA] Algrolgtu® &3 ¥,
N2 (FfER) 284 Wy 1o AlgA] RAEH To] FAYA = HEe gu|gt). FHFgHors wT
Aol ARAl Z1A ) v Feh WAt SR} #Este] By dAEEY WAIREYY] s EHoR §)
= AlAgto|th. 354 ool AlelAl g EakAl vElvbar, wde] of ol wls| 2n) Ak wWol EAgth.
kel 80% Arw Wiy, dF 45T A ARE S7F, FF 5 AFA AR 40 SA7F vYEde S
Al glo] @y AFYE A$e 3R 20%0|th. 85% AE7F ABEHE Aoyt 99 Qo] wAsta glo]
olg 54 wHAATA Adem ERIT. ol WHYRFAE HAHE P9 157 25%0]aL, FEEHY
4 A= g HA ekt 2Ake] 10 WA 20%@01 gk $ 10 W 15 kel ] Aoz et
= NIRRT s P = 3



[0024]

[0025]

[0026]

[0027]

[0028]

[0029]

[0030]

[0031]

[0032]
[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

[0039]

[0040]

B odlw o] o "mAMEAIZF(ninimal change dlsease, MCD)"o] 2, "HAiwWIF A= olgla: sHE, B
AR AFFA A1 T3 Bfln, ALERES, HF Tol fuyIm, XS Fukste AES ou|sted)

491

a8y A7% AskE A YEUA gt

2 odbgo) Qloja], 7] AlEA] A1) YA F AT e uAEASS IEHE] st e 2 oukdy
oA HE=z i 471K tiAbA] wA 2l #HE 2 (methionine), AlZ~H 2 (cysteine), AEZH(citrulline)
9 B FZB8 A (pyruvic acid)S A& F 9l

ZHA BARAL miA s Eesks e A dlE veat ol Aadth:

AusAFel oste] wR APA AQ B 2WAZS Al dAAZ T2

o
N
.

o], GC/TOF NSE ol8ste] uiAbAl Zmupqle] Aol wal, wARTh 7] A A =9

_,_,
o
=
S
off
e
ol
2

@0zl ROC =4e] AUC #he Z=Fsh7] flete] ASFat 2259 723
ol-gste] Tl Wajow wkg WMsE BEs} 3 5, 47k gAAlE AR dT
o

AR BES ol gte] FulH FEAfels wlm

BEA(PO)E ol g1 oSN e

1t
e M
_‘.‘M

2,

o

=

T

o=

-

&

o

f

Au)

N

Lo

2l

o

o=, ROC IFAoA Aoz AUC #h& vluste, AAE 4714 gAY UL e} Bolws A3},

ol&d, A7) wa=d A vlAL a3E ASsE UHL A nvlel sdsio).

U2 AAYHEA, E 48 47 viA ZAPAES o835t AFEA A8 A% A Fad ARE A
T3he HHES AT,

TFAHeZ, E Ay AFA 299 A1AE A 8%k ARE AFshe YHS LAHAISZRE AEZ
A (citric ac1d), Y ZH A (pyruvic acid), XZXZEX(fructose), ol&r2o}¥(ethanolamine), AJZHQl

(cysteine), "B} (methionine), A/EEZ™ (citrulline) & o]E9 ZFo 8 FAH ToRHEE HMYxE o
AHE AE B AFEAFE GAS E33ei).

2 o] 8o "Hokrolgk, 54 AW e Al uish 3 A9 A4 (susceptibility) g #HAgGsk= A,
A7 B4 A B 23S A /AL e A qRE #Hske A, BA dH e Ao 49 g A
9] o & (prognosis)E AAsE A, Ex HEFWEZ ~(therametrics) (A, X5 &Tol 3t FRE A|&3f
7] flsted A9 AEE RUHHE s 3)& s

A7) AWAlRE BHEHE] old ASH R ko, ARFA] Alge] WHE JAIZEE EElE AWHAIRE AEE &
olr/}

% .

A7 aWAlEC A gAMAlY] FESAHL 588 oldl ARHRA fovt, A d=A, HZFEA7](Mass

Spectrometer), IZEvFE 13 (Chromatography) 7]17], IA=ZvlE1zy7} ZAgz @AZFEA 7] (Chromatography—

mass Spectrometer) AN} 7)o G2 7] (Nuclear Magnetic Resonance spectrometer), @b3F £3%7](Raman
&~

spectroscopy), F5+4(light absorption analysis)”], &Y (flow injection analysis)”?] 52| 7]
71FAE o] &3k %4%’3 T WS o)g3te] FATE 5 Ut

7] AFEATIE V] velevmtA Y FES SAHT ¢ e g, 53] old AgHA oy, A d2A,
LDI-TOF MS(Matrix Associated Laser Desorption Ionization - Time Of Flight mass spectrometry), TOF
MS(Time Of Flight mass spectrometry) & AF&3 4= glt}.

A7) ARnEIHT JA] 7] vlelentA e FES SAT F e &, 5E3 old AgEA Fouy, d 4
24, 7t~ azEvntEad 9 (Gas Chromatography), NA-a1A] I 2vFE1#)3) (Liquid-Solid Chromatography,
LSC), o] A=ZwtE 183 (Paper Chromatography, PC), =& I =ZwlE 133 (Thin-Layer Chromatography,
TLC), 7]A-xA] A =ZvtE 183 (Gas-Solid Chromatography, GSC), NA-MA] T =ZwlE18)3(Liquid-Liquid
Chromatography, LLC), X% I=ZuE 183 (Foam Chromatography, FC), 3 I =ZvlE 123 (Emulsion

_7_
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s==4

Chromatography, EC), 7]A-9x] mZZwlE18]3](Gas-Liquid Chromatography, GLC), ©]< FZwlE12]3](lon

4 F3} AzehE )

Chromatography, I1C), A o3 zmZwn}E 1283 (Gel Filtration Chromatograhy, GFC).

(Gel Permeation Chromatography, GPC)

I

o2AM 7A AZvEE T

iy

N9 578 Zgshe

*

7] HiAE

AHg9T.

oy

NEZTE A

[0041]

2]

—_
N
o

9AE

s

Aefete] f A 8t

[e]
iy

28 oAl ol Alofy

[0042]

oy

[0043]

AR

B A3 classification ¥

i3

of A

218]%F, T+ Kernel principal components #2181, Markov Blanket

ok
=

Ko

o

olo
il
w]

vie)

X
T

recursive feature elimination B+ QNIER3I-7]E recursive feature elimination #21¥%; A% floating

I

search == ¥H floating search

ox

M
A=

B

&+

AANFYZA, B g e AEZA(Citric acid), HFEA(Pyruvic acid), ZHEA(Fructose), &

T ge

[0045]

FARPAYATAZ

e

439N

3
hsd

2o}Wl(Ethanolamine) 2 A]2H|QI(Cysteine) 2.2 TFAH wlAd o

35 JEE JIEE ATdH.

oA o] &5+

[0046]

JRntEIHY T

T UE AASHEA, B dHL weg 2 d(methionine), A|Z2H 2 (cysteine), AEZ™H(citrulline) ¥ IF

[0047]

T

=
=

hsd

B 43R

B (pyruvic acid)e.E2 FA9 uA4 o

oA o] &5+

[0048]

JZutE gy T

T g2 AA%NYEA, B dEe bE2d(nethionine), A]ZH|2A(cysteine), A|EE™(citrulline) ¥ HF

[0049]

o] 4]

st

=
=

hsd

B AFIR

B (pyruvic acid)2.2 FA9 utA¢ o

ol o] &5+

ARvE Y]

A
.

]

9 F=

¥ %

3}
=

2]

[0050]

yigel g7

171 <]

S

dl Ahg

L
o

}_

A9

bl Abal

FENEE olgs

PR E

L
o

ol Al&st

oy

X
L

[0051]

x4 At

AFEe A, AEA A9 B A

R =

ol

[0052]

5 o] onkA

o

o, Hxwd A

(principal component analysis, PCA) &

VS|
ax)

o

!

o
(i

)
N

H



[0053]

[0054]
[0055]

[0056]

[0057]

[0058]

[0059]
[0060]

[0061]

[0062]

[0063]

[0064]
[0065]

[0066]

S=50dl 10-1876914

TFAAZ sxpTo A HEE UAAES] UAA Z2E S mAFoR el Aolu,

L 32 FEF LA (partial least squared, PLS) AW o]&, AFFAASS doy|= 371A Ashd wWE
A FEXE EAHo2 YEHE Aoy,

T 4 Gl gAAE o] 83 Al AEEe] I A 58S AUC #e 2 YEhd Z3xolr),

= 5% ARA Ald #@ape] QA wE 5709 thARA|(citric acid, pyruvic acid, fructose,
ethanolamine, cysteine)®] AWZ = S

T 62 AFA A A AWe=
ethanolamine, cysteine)® ROC ¥4&

o}

B FdE 5709 wAAI(citric acid, pyruvic acid, fructose,
Pota, o] ZHE 2ozl AIC, WPE 2 So|wE el e o]

o
o
=
o

K
-
rlo

HE oAl Hol= batch effectE AASI] A T galA EXE Yelhd& Aold,

8 % 5ol4 e 57b oAAE AF T A8 W 2zl AFE @RS A curve  Lhehd

UB

= 95 mAEIiEY AAFe 7ZAES e MES 4714 thAFA| (methionine, cysteine, citrulline,
pyruvic acid)E o] &3k 28 &39S we] AUC curveE UERATEH

2 E0HE AAAE St B AAlsHA Aidth. aey ol AAldes 2 e daier ddst
A Aoz & gl WL olg AAldel ¥4

Ao 1: 3z 29 g9l
A 1-1: 3R}pe] AHut

AFA Age] AQATE AW AT WAA vlolentAE BESY] Astel, AUTH AFTOR e
axe Awsten,

WA, ARrowt gEwd 12
ATA A9 BAE 374 4

o Agelst HPT 36 ATA NG BAE s, 7] 36139
19 14
5 WSS D) A 127

[¢]
AVT-A A SFE(FSGS) 3hAF 127, =12 (MGN) 3ka} 127

OggoR, AFTOoRE 54Wel AFA AG 3AxE Adegl=d, 37HA 994
Z(FSGS) 3=k 1894, =AAIZ(MGN) 3=} 18% % wm AW 321 (MCD) 3H=} 187

AA e 1-2: SR JA2A T

47) ABToE AME HPT B AFT BAE RO b4 AA4B TS FAsTh,

w3, ARSI S (NCD)  #HALE =
AvuAel $30] Fior B £E
KN o

REEEY

=
AA 2-1: AW AAe] AHE
[RB(Institutional Review Board, UXAIHAAIQU3E]) TYME B2 AL7A A SR HE ZZAAAL F
A FE53 AWMS 7|9 22 WHoeRE AAZ Y. Ao AWME oA 2,000 xg 2 2083 YAE
, A AEs 3 H A7) A5 9 meoll Tris(pl 7.0) €9 1 mE F71ete] A 5% A 744 -80TC

éﬁo&’é’



[0067]

[0068]

[0069]

[0070]

[0071]
[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]
[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

S=50dl 10-1876914

AAld 2-2: 29 HA o dAA &

&7 Al

50p09] FE&
oA 103+ %

4C
adS TFE FEHo| ©il speed vacuum
=

d
(3 rlo

-

]

1o FH)3 WE B Ho] Qe A2WS 2o Ho] 30 FH

ITRIfEIZFS 3:3:2, v/v/v)E H7FETE. ol

Sy B &, 58E7F 13,200 rpm o2 PAIEF] 700009 A
= Q
= [e]

concentrator Abgsle] AZRAIFHY. AzE FEELS GC-TOF 23 BX7|2 48 w7t -80ToA Y%
Hyshalet.

AA 2-3: AW HAA W] gAA fE=AS

A7] AAd 2-2 oA FET AR AR 40 mg/ml FE2 WEAoFY d4k(methoxyamine hydrochloride) 5

s H7Fskar 9087 WS- tH(200rpm, 30C). S X] WAl W g ol 28 Z(Fatty acid methyl esters: FAME,
C8, €9, Cl0, Cl12, Cl4, C16, C18, C20, C22, (24, (26, (28 and C30)E o]&dte] WFEE Azt AMAAE
(internal retention index markers)%l €%&& @Adstar, €8 WA C163 C18 WA €30 Z+2Z; 0.8mg/ml, 0.4
mg/ml Lo SRR LE A 3z, A ¥kak e o ~H = 2.0, N-methyl-N-
trimethylsilyltrifluoroacetamide(MSTFA + 1% TMCS, Thermo, USA) 45uZE ZF7}sle] 1A|ZF5¢r wh&-slith
(200rpm, 37C).

AAle] 3: GC/TOF MSE o] &3+ AA] T4
AAld 3-1: 7]|A A=rtEagE o] &3 YAA FE

A7) AA o 2-30 4 FE=AE3 AR A& 0.5405 Automatic Liquid Sampler(Agilent 7693 ALS, Agilent
Technologies, Wilmington, DE)E o|&3} 7]A] AZrtE 2o F=U5IATT

71A Z2vtE2# 9= Agilent 7890B gas chromatograph(Agilent Technologies, Wilmington, DE) ¥} RTX-5Sil
MS column(30 m x 0.25 mm, 0.25 gm film thickness, Restek, Gellefonte, PA) & o] &3g 1 X 18-S 50T
2, olF £F 20TH 2EE A 330C EEd § 5EEet fAssith V1A AmekEaedle] A
(transfer line) &% & 280C=E AA3s T},

AAle) 3-2: FAF BEAI|E o] &3 YA A=

B AA ool A= Pegasus HT time of flight(TOF) MS software 4.50(LECO, St. Joseph, MI) T213& 7]4to
2 3} Pegasus HT TOF AF A7) 5 o] &3} o 85-500m/z2] A& WYl 2T 17 2FAEH] &£z 1
A S e ~HERS SHEgtt. o] &4 (jon source)?] £EF 250CE 243 on, Az 4 o]
3}(electron impact ionization)i= 70eVE A] &3} T},

hAA 27]%5 4 (annotation)S 93+ #lolB & 8] Fiehn library(2007)/NIST library(2012)Z /\]-4‘10}0% 2~
Ef(spectrum)® YAEE E3 BwEAS AAFG o, ]-ra EFE49 A~HAEH (spectrum)F HFEEA| T
I

(retention time) ZAHA nHwE T AFsAct. 1 A7, F 140719 tAAE AESSA.
AA 4: FAEA
AA 4-1: ALTA ARG $AEd diETe] tiARA £4

A7) A 3-2004 HAEE HAIES FAEEA (principal component analysis, PCA) & E3) =233
o 2 A7 & 2 A B kel o] ARFA A A giZ2a (4D o] tAAl RETF Afolrt He &
A& 4 AAJTk

3k AFEA] AGe] Yol HFo] wE gAAY] BEES Flelr] Y F-EH A< (partial least squared,
PLS) 45 A, & 3oA BE upel o] zb AZpH=R fgiAlA|e] Rx7F Aolrt @& Fd
AT

AA6] a-2: vlo|@wl] FuF HA
47) Aol 4104 FHE, 2 ABRE x| Zol T bl 7] B AR ol g3te] ATA A
o 7 QARG AAY & A=A ARE A AT, E 404 mi el o WRE, SojEst mE
oF, B AbA] Hho erbAmE 4 1A 9A%e FHslel FREA srha Besn,

f
By
__)&l
>
2
IS
X

ol uwhel, 7] tiAbAS £Fe Sl AbAl A AZHA AAAES AGE s HAaTe] diAE 3
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[0085]
[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

S=50dl 10-1876914

A% mag Agslel ARE Al FREe =Ed 4%, =

1

oAl By whel o] 57kA] tiAHA
(citric acid, pyruvic acid, fructose, ethanolamine, cysteine)Z XA 3s}3ic}.

AA 5: FAFEAMNALTAGS S g A HiolewtA o AR AF
A 5-1: AEFAA Y] &2l

7] AAel 42014 AR E 57 diAAlE 2gkeke] AbAl Al A7 dldske Add ¢ gl REs
AAstar, AAlel 1-1004 EHlgk ] SR RE F53 *tﬂl\lae deom, A7) AAE REE o&

F AFAl A9 A A48 ddsar,

A7 A =33k 235 ROC(Receiver Operating Characteristic) 418 %3
o], AUC %kl FSGS vs MCDel A+ 0.951, FSGS vs MGNel A4+ 0.802, MCD vs MGNof| A
- =55 2133,

AAd 5-2: HFTAA Y FQl

B7) A9 3190 SAA A ANA dleshAd FUAE BN 99 A 114 B BF2
FARRE FEF LAARE PO, ATA NG A7 Q0D A

WA, Az gE A7l FdE e Aeade] AR 28 5 9l batch effectE COMBAT 4are]&5

a8 o, A7) AAd 4-304 AAE RES A R3le] ROC BAS Fs Ay, ® 8olA ®HEo], AUC #he

FSGS vs MCDolA1:&= 0.812, FSGS vs MGNelAE 0.802% =& 7Z838S B o, MCD vs MGNoll A= 0.5152 7

HE o] g A AT

AN 6: nA¥ESIAS 9 st AIZe] digk diALA] blo]leulAY] A HAF

A7) Al 5-29] Ao A HZo],

ethanolamine, cysteine)& A& 7
/\

5ol AAA 57}A AR (citric acid, pyruvic acid, fructose,
A AR A B2 (FSGS) ol )3 AFA] Alede] wus 3ol gl

b
H

N b
HE
N

T Aoy, HAATON) = vARSPASMCD) Al o7 Al Ade] BHE Slsl= oes &
AATE.
ofell we}, 7] Al 2 WA 49] WHS ARESte] HAAANTMN) HE= mAIRSPASMCD) Al & 7 Ab-Al A

Gl WS g1 = Qe "AA wAE HFesly. 2 A3, 478K glARA|(citric acid, pyruvic acid,

methionine ¥ citrulline)E =3 4 AT},

[o

A7) wEE AAE ol 48 RS Agelel, UGN EE MDA the FEEEE RC BAE Fa BRI
A

(= 9). = 994 B0l 7] 47FA] AAIE AFE8Fe] NGN & MCDOl theh AUCHS AF&E3gE A3, 0.683 W
A 0.9425 YERNRA L, BHgto® 0.8435 YERSE vF, MGN H= NCDol theh 3k zhis o] g =&
Fres UYEEES & U

ool AorRE, & WHo] &= VlEword] dHAE & wyol I VA APy E4H 54& W
AeA FuA g2 FAZH dHE AAE £ due AL oldd ¢ J& Aotk olek BEHE ], o] oA
71w AA] G5 BT HolA dAAQl Aol HAF ] Flo] ofd Fo A olsfsforrt gy, B Lol W
e A7) AR ARETeE $edte 55 A7 v 2 w9 a8 I 57 EeER Y EEEE
RE W e dEE Feprt 2 2] el x3EE Ao dfAEolof gttt
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k1

)

F1

FNTRYRIN

H1

Experiment | ( Discovery set )

CON (N=12), MCD (N=12), MGN (N=12), FSGS (N=12)

Data pre-processing

Baseline correction w/o peak smoothing
Automatic spectral deconvolution

Peak detection (3s peak width, S/N=10)
Data export to server

- Peak apex

- Entire spectrum

- Peak purity
-S8/N

Data normalization

Statistical analysis

1. Descriptive statistics

|
- Retention time ; “.txt and netCDF files —————————'

Data transformation on quantile normalization with log-scale

’ ’ Experiment Il ( Validation set

—-» Data processing using Binbase
Imported chromatogram validation
RT index marker detection
Mass spectral similarity matching

LN =

| - +2 sec retention time window

| = Confirmation of unique and apex masses
- Mass spectra similarity (>800)

4. Peak quantification
- Peak height based on single quant ion

Batch effect removal
COMBAT algorithm (SVA package) in R

MCD (N=18), MGN (N=18), FSGS (N=18)

- Fiehn library, NIST library, and home-built library

- Univariate statistics : t-test and one-way ANOVA
- Multivariate statistical analysis : PCA and PLS
2. Selection and examination of single biomarker
- Significance analysis of microarray (SAM)
- Variable importance (VIP)
- ANOVA with Scheffe test
- Exclusively disease specific metabolites set
3. Evaluation of multi-compositional biomarkers
- Exploration of optimal combination based on logistic

Validation of discriminant power

AUC value computation implemented in ROC analysis

—_
s

.
= . e &
oS 0 . 1 3 Py . -
L4 +
H * e e
5 \\ .
N o + /

muiti-reg ression

H2

15 [Standard deviation of 1173776
Standard deviation of 12: 3.607

@Control @NS = Outlier

T1

5 10 15
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EH3
15 [Standard deviation of tT: 3.395
Standard deviation of t2: 2.745
10
5
0
-5
-10
@ Control @ MGN @ MCD ®FSGS
15
-15 -10 -5 0 5 10 15
t1
R
PLS VIP i
Campunis ke b ANOWA  —F5GSvs. FSGSvs,  MGNvs.
MCD MGN MCD
3,6-anhydro-D-
0917
galactose © ©
Ethanolamine O O 0.847
Citrulline O O O 0.528 0.972 0.868
Myo-inositol O &) 0.861
Uracil O O O 0.896 0.882 0.556
Xanthine @) O O 0917
EH5
220 202 17.0
213 200 165
ag Boa IH (W @
= i
208 190 150
: 1838
= m— > @
200 182 e ==
198 Citric acid| 180 Ethanolaming Fructose|
196 17.8 130
17.6 164
174 i
17.2 i 128 i
17.0 154
168 139
16,6 }g-g
164 144
162 15
100 Cystei E'g Pyruvic acid|
158 = 134 acqd

B Control [EFSGS EIMCD EIMGN

:MeaniSE T Meant1.96*SE
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.
ccccc

20 H| =—FSGS vs MCD : 0.951(0.779 to 0.998)
==-FSGS vs MGN : 0.944 (0.768 to 0.997)

""" MCD vs MGN : 0.889 (0.694 to 0.979)
OH 1 1 1 1 1
0 20 40 60 80 100
=97
15 [Standard deviation of 11: 4036 15 [Standard dvviation of (1: 3.112 -/ 3.000*Std Dev
Standard deviation of t2: 2.870 Standard deviation of t2: 2.816
10 10
5 5
S 0 =S 0
5 5
10 10
s s Discovety set | Validation set
13 10 %5 0 s 10 15 15 10 s 0 s 10 15
T1 T1
=g
100 |-
8ol
sof- i
-
d
sl .
20 | =—FSGS vs MCD : 0.812(0.647 to 0.922
==FSGS vs MGN :0.802 (0.636 to 0.916)
""" MCD vs MGN : 0.515(0.343to 0.685)
0 1 1 1 1
0 20 40 60 80 100
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el

80

1

60 ;
s0H
20 ;
i AUC=0.843
! (0.683-0.942)
o—llllllllllllllllllll

o

20 40 60 80 100
A AR

(Har4 1]

_15_



	문서
	서지사항
	요 약
	대 표 도
	청구범위
	발명의 설명
	기 술 분 야
	배 경 기 술
	발명의 내용
	해결하려는 과제
	과제의 해결 수단
	발명의 효과

	도면의 간단한 설명
	발명을 실시하기 위한 구체적인 내용

	도면
	도면1
	도면2
	도면3
	도면4
	도면5
	도면6
	도면7
	도면8
	도면9

	심사관 직권보정사항



문서
서지사항 1
요 약 1
대 표 도 1
청구범위 3
발명의 설명 4
 기 술 분 야 4
 배 경 기 술 4
 발명의 내용 5
  해결하려는 과제 5
  과제의 해결 수단 5
  발명의 효과 8
 도면의 간단한 설명 8
 발명을 실시하기 위한 구체적인 내용 9
도면 12
 도면1 12
 도면2 12
 도면3 13
 도면4 13
 도면5 13
 도면6 14
 도면7 14
 도면8 14
 도면9 15
심사관 직권보정사항 15
