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(57) Abstract: The present invention relates to a method for diagnosing the severity of rheumatoid arthritis using metabolite analysis.
The present invention provides a biomarker which is for classifying the severity of rheumatoid arthritis in patients suffering from same
through the analysis of joint capsule fluid metabolites, and can be applied to a kit for more specifically classifying the severity of

rheumatoid arthritis in patients.
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1%7} 3 A o2 A8 51 Q1= ) 34 Q1 whAd A o]t} (Mclnnes . B. and
Schett G. The pathogenesis of rheumatoid arthritis (2011) N Engl J Med vol. 365, pp.
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P H TpER Apol BTl o] Fatshis SN o R 2GSt} uheh A
gtat A o] dFolu Bl &g ol T2 v el o] 354 24 9
S doity w3t vl A2 A wE g o] elehy deE 7Hg &
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et. al. Metabolomics: beyond biomarkers and towards mechanisms (2016) Nat Rev
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the specific diagnosis of rheumatoid arthritis from other inflammatory arthritis (2014)
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gate] T 5 ol S s s A @ vkl b ek Aol 1 53 ol 3

g o] A A

713 A

B AR oA Bh B o FbEl 2 BoE el B gelo) A
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FobE| 22 $2 9 FAke] ¥HE el S A H 531 GUTOF MSE o] &3]
Fbel 2 pad Babel whE gol o) tAA] WA B8 B 125709 tHALA S
AZ38oT ol & 7|k = ghate] Tk %] (DAS28-ESR) 9F 1 ¥4 o]
4 sk,

WA, ZF o] T35 8 DAS28-ESRS T 3to] AHEshal, S5 529 St
webd EAH 0R FoAv Al BTk Fe Aashs PARAL uE
7| 244 Q1 Spearman's rank correlation coefficientE -3l 4] 2Lk}, o] o p
-value7F 0.05 V|21 147] o] AL A S A A A4 TR =24 =
AR

ol 1470 9] FwtE] 2~ A4 Ao FF %

ol gako] thl e Bl A ol 7] ke A R A Al 7
partial least squares discriminant analysis: OPLS-DA) ¥.2-& ®}

TTehws e AR s

EY, S5 g wdo] ot AEo] FF5 el A8 5 9l=A
golslr] Astel, 108 9] kAR EH A& pa ol MZo) A thalA 24 2
Felo] A goto] TE5E Aos] AT ¢SS At mEle
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ubebA, &g FrbE s gl fxke] AT S £33 5 1
THE I ES AFst=d 1 4o 9t

T By e frlE s pE g A FFE S 7 EE AT
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2~ E 7| @ Y| ©] E(isothreonate), 3-7]| 'd &} E]] ©] E(3-phenyllactate),

T-o}o] o} (guaiacol), = 2Fo] ZA}o]o}ul (glycocyamine), ©FU] 3 Ak(adipate),
7 d &2k (phenylalanine), ©}2} 8] & (arabitol), =} (cholic acid) 2
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o & EE T 5 = vlol A S TSI o] gt FFE o £
TEEHlolonA = TEE dF B Aeshd TSR E THEsh] 9%
FTTE TRINE o gy R 4849 9

webA, FFrbE 2 A S50l ol A<l ol enpA S A 7 gk 4ok
Nko] 285 4= )= v, FulE] &~ $EQ T3 5o Kol 4 vlo]lentAE
o]-g-3to] FuEl 2~ FE A U VWS F o] AE] votstal o] 5 AR
A Aok kol Aok T r oFE Eof thek A R o] 89 5= gl

E3H FutE A #EAQ TR ol H oSS S8 uEy 27 A5t
7hsdto B FubE 2~ E g o ® oA = A futE A~ dE g o ®
At sxo A EH thALA 9] § 55 53] SF5 S upelslo] o] o et
g 27| X mo &89 4 9lh
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= 1479 A A T i vpel ek V[Rke 2 A4 ¥ OPLS-DAE
o] &3+ Fule] ~ A 3] 1FFE 77 (RA_high) S5 F 5
(RA_moderate) 72| H] 1L Z1e ¥ 9l (a: score plot; b: loading plit; ¢: permutation
tests) < LHEFS A o]t

%% Z1eh-g OPLS-DA X491 ©] ROC curve &

T 38 FulE]l A A 39 =ZF % X8 OPLS-DA R a9 93 AAE
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wAd FAe uTFETH TFTE T TEE 7B #E Aot

g A &of, "wrtE 2 Bd ]l o S5 ol o Frol @ e &
WA gApe] AAQl A Ak, & 3y AL, Ei= FrbE L gl el g
AnE Frtei e w2 A g o2 Qe & A7 X 7hs A =
A wydo] xed s Ad o AP R S Aol A FrbEl 2~ A e A
T EE S48 A WH A DAS(Disease Activity Score) Hi= ©] A 2]
3] ¥ o Bl 91 DAS28(Disease Activity Score 28) = A 5= Al4E W2l o] X4 H 7}
W02, AF A AR A A7 8 1 A ghE ko) ool 84
R oALE F7EekE ARl 25 E s 7HE T DAS28-2 $hAh2] 287)
P F GBS 7 B 2 RES Bolk B -, AYT AR, Bl
WA Gohz TR S AL A, 28700 B0 ¥ o) A, B
R EE B, T WA, A 1, B il T8 9

DAS28S o] 83t A o] =55 yE & A 7 45200 (erythrocyte

[e]
sedimentation rate) 7| ¥+ ¢+ DAS28-ESR score®} C-reactive protein®] &4 &= X +&
7|8k 2 A 4lah= DAS28-CRP score”} 9L 0™, 53] $hatol] o gk 7] Bf &34
AAE A el a1 DAS289] ESR score®} tender joint count, swollen joint countE
ol- &3] Ar o] FF 5= AAME= DAS28-ESR(3) score7} @8] AFE ¥ T}

(https://www.mdcalc.com/disease-activity-score-28-rheumatoid-arthritis-esr-das28-esr)

o o

DAS28-ESR(3) score & ZALH FrlE| A~ A AW g v =
944 7A] AAkE 4= Qo AukA o 7 DAS28 W57 2.6 1 Hko|H A
g o]l A9 gli= A Hl(Remission, ¥3l]), 2.6 o]/ 3.24 w|vto]H w&

=3k

2 24 (Low Disease Activity, 74 %), 3.27 o|4F 5.1 4 w|qto]H
7 84 (Moderate Disease Activity, 3 %% 5), Z18] 3L 5.1% o]/go]H &
2 v 2H4 (High Disease Activity, 2155 5) 0 2 A 9| 3Fal Q) T},
Vg 2 o] g% AR FEEE EHA 5T o, FrrE 8% AR
RO AR o H-E Ao 2 A FutE] & v S i

871 12570 2] tHARA ol = o} RIS, ofv gty B ) A&, A AT
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o] A~ E ¢ 24| o] E(isothreonate), 3-3| 'd 2 €] ©] E(3-phenyllactate),
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T-o}o] o} (guaiacol), = 2Fo] ZA}o]o}ul (glycocyamine), ©FU] 3 Ak(adipate),
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e o] AAIE 9T FH

olsh, & ol M= A& Fole] ¥ s Bt AAs AW, B

g ol W 7E skl AA A AT ellol o 8l A gt = AE o T

[ Al <]

AA o] 1: GC/TOF MSE ©] 83 FrtE| & Bd G gte] 3 d < thAkA]
R

&

309 Frbel s $Ae Babe] #A Gole A ste] Zzhe] g HE

.
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[59]
[60]

[61]
[62]

[63]

[64]

100 wloll == ¥ 8H-E 900 ul-& 4] a1 ZshAl 97 g Fof] 4l t2]she] 40 71 9
MEGE AEA A E FE38H3

GC/TOF MS 24 & 1 7F 54 3} 74 & vt Aot

FE23 A5 ~vz o g AZAT Fof 5ul] 40%wiv)E5%2 0
-methylhydroxylamine hydrochloride in pyridine< & 31 30 °C, 200 rpm©l| A4 90-3F
HE-S--S A ) Z18] A1 45 W] N-methyl- N-(trimethylsilyl)trifluoroacetamide &
Y51 37 °C, 200 rpmell A 30%-3F vE-&-2 A A] 515 o)

GC/TOF MS +4 & A& 717] 202 vhe-3 2

F-2 sk ) AL-g3 A7l & RTX-5Sil MS capillary column (30 m length, 0.25 mm
film thickness, & 25 mm inner diameter)®| ™, GC A& <% Z 712 H#| 5059 A
W FAAR F- 3305 7H4] 52417 U 1383 Al ekl ok el e
I

i

N3

o W

SHH (splitless).2- 2 =% (injection) 5} 1 TF. Transfer line <= ¢} Ion source
= A7) 2801, 2505 2 F- A1 A ZAth GC/TOF MS A 3}E B.frshal §li=
vzl A Fol TAE A, 12570 ] A& A4S THE 1),

oo ¥ 13} o], 4] A E 2 RS u, f71420.8%,
obu] =2t 21.6%, B 18.4%, A1 ¥4t 14.4%, o} ¥ 11.2%, 91 5.6%, 71 EF 7.9% %
LS

vy
]:L
U

k)
o
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[3E1]
FOFE A HE G x99 2FE Ao S 12091 Al U
Amines
2-lydroxyyyridine S-lydroxypyridine 5'~deoxy -5 -methy 1thioadeno
sine
glycocyanine guanosine lypozanthine
inosine 0-phosphorylet hanolamine thynine
uracil urea uric acid
uridine xanthine
mino acids
alanine asparagine asparagine dehydrated
aspartate cyano-L-alanine glutamate
glutamine glycine histidine
isoleucine L-citrulline L-cysteine
leucine L-homoserine lysine
wethionine N-pethylalanine ornithine
oxoproline phenylalanine proline
serine threonine tryptophan
tyrosine valine g-alanine
Fatty acids
1-monopa lpitin 1-monostearin 2-ketoisocaproic acid

arachidonic acid

behenic acid

capric acid

heptadecannic acid

lauric acid

lignhoceric acid

linoleic acid

linolenic acid

pyristic acid

oleic acid palatinitol palmitic acid
palupitoleic acid pelargonic acid stearic acid
Orsanic acids
2-hvdroxyhexanoate 2-hydroxyvalerate 2-ketoadipic acid
3-pheny] lactate adipate citramalate
citrate DL-3-aminoisobutyrate fumarate
galactonate glycerate glycolate
guaiacol hexonate indole-3-lactate
isothreonate walate nalonate
oxalate phenylacetate prrrole-2-carbosvlate
prruvate succinate terephthalate
a-ketoglutarate B -lydroxyiutyrate
Sugars amd sugar alcohols
1.5-anhydroglucitol 3,6-anlydro-D-salactose arahitol
fructose fucose zalactose
glucose glycerol lactose
lyxose paltotriose mannitol
wannhose nelezitose wel ibiose
nyo-inositol ribose sucrose
threitol threose trehalose
xvlose B -gentiobiose
Phosphates

(A1)
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[67]
[68]

[69]

[70]

10
adenosine-5-nonophosphate glucose-6-phosphate glycerol-1-phosphate
mannose-6-phosphate phosphoz luconic acid pyrophosphate
P —slycerolphosphate
Hiscellaneoas
1,2.4-benzenetriol henzoate cholic acid
nicotinamide rhthalic acid salicylaldelyde
salicylic acid sulfuric acid taurine
a ~tocopherol

A A] o 2: Spearman's rank correlation coefficientZ o] &3+ Frlel X A4 Y
T2 thAA A AA #4 2 ZAAH FFE T vlo] 2vtA 9 A A
FubE]l 2~ FE Ao FFE9 F7he whe) f-ov|shA FaskE dAE R S

A BoarA), 309 9] Frbe] 2~ A Q) 3kAjol A 55221 DAS-28 ESR (3) score =

rank correlation coefficientE & 3Fo] #2413} 1T} (3£ 2). Spearman's rank correlation
coefficienti= A & th& F W7 drpr} AaA & 2E=4 AaaA & 4 st
AR LR, o7 S5 5 $ATE s gAY s e E ]

A Aol 57t 52 Shatol A TAA 22 Fo| v atAl oA 1

sholA| =4 A B Asto] A& At 1 A7} 3078 ¢ $HAtoll A DAS-28 ESR
(3) score2} A& H 1257] 2] thALE A intensity 7Fe] A HAA S T 0,
12571 2] thALE A = 3H2} 2] S55-9 DAS-28 ESR (3) score”} 57}t v p
-value7} 0.05 W] RFo & B A A o & §-o|u|5HA| ZErlet v FAade
ARBAAE 2HE IAE RS 4R (3R 2). B2 NS ME A5

2]n] &}, Spearman R-S DAS-28 ESR (3) score, =5 &5 =7} 5 7}Fglol wlelA
A=A 9] intensity 7} A SEA Y FoFstE A RS YERITE (N-2)3= Spearman
RS Ea AuaA) ¥4] Aol B4 0= Ak 4] $48 oJvlsh, p
-valuei= Z} tJAME 2 o] DAS-28 ESR (3) score®ll %7kl whetx &ap)

A M0 frolnail F7H A A=A Hel Tz e Fake

L EFA T Spearman RS- 3-8 2 37 A] ¥4 o] 4 DAS-28 ESR (3) score2] <7}l
w2 fAMEE 9] F7Eo] p-value7} 0.05 VI RF ol A o] Fof . A -0

sAH g folnlstrar A A AT
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[73]

[74]

[75]
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[3£2]
Spearman’ 5 rank correlation coefficient®& o©| 23 JHulela FFE g
DASSS-ESR(3) A & WAFEZ intensity 2HY A& A

Hetabolite N Spearman | t(N-2) p value

B (ESB
vs.
intensity

citrate 30 -0.58 -3.81 7.01.E-04
asparagine 30 -0.38 -2.16 3.97.E-02
tryptophan 30 0.37 2.08 4.72.E-02
cholic acid 30 0.38 2.15 3.99.E-02
arabitol 30 0.39 2.22 3.44 .E-02
pheny lalanine 30 0.41 2.38 2.43.E-02
adipate 30 0.42 2.42 2.22.E-02
glycocyamine 30 0.43 2.55 1.63.E-02
gnaiacol 30 0.46 2.72 1.11.k-02
3-phenyllactate 30 0.48 2.87 7.68,E-03
isothreonate 30 0.52 3.19 3.48.E-03
fucose 30 0.53 3.30 2.62.E-03
g lucose-6-phosphate 30 0.53 3.34 2.36.E-03
indole-3-lactate 30 0.60 3.96 4,.70.E-04

AA e 3: 1471 9] FA A vpo] 2vkAE o] &8t F/d 7 OPLS-DA tH &

FTok 7w Ad 2dE FHslr] Y8l A, 2 #412] DAS28-ESR(3) score ]
Ao upebs 74z o] &S DT TR T I TE TR AR Ul
DAS-ESR(3) score7} 5.1 o]0l a5, 5.1 vRto|d 5T a0 R
l"i*e 8t Tk

] A] of AL gH 1471 9] A A T35 X e-g thAE 2 9] intensity &

o% ﬂ%%EQ} To o AT T ZF A=A vhAE A 3

H0 & T8l A HokE ], thALA L2 ah<d o] §8kat
Fol7F Y= A& &2l 8t th(i 1). & 1lat PLS-DA9] score plotS. 2

T o] $A= PCL 2 9] o] dr7F |, a5t o Sk PC2

9 % w77 H ol T5FE A R A& Al stals sk
=5 147012] YAFEZ intensityol] welA] A &S] FEE = A S
o]t} & 1bi= OPLS-DA 9] loading plot 2.2 Z} tAl&E o] Zdl e
= TFAE T SE ST AR YE 1‘3]0]5} 5 les=

T .
d o] permutation tests 2 5% E FE5eE 7S Twohe

Dol £A8HH 0. felv]shrhiz 41& Hol iz molul,

AA o 4: ] F AA A FF ol 7] xRk

-l—I
ol

FZE T8 98 OPLS-DA v &
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[77]

[78]

[79]

[80]
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AAle 35 Sl A E AAGN AAE T3 [t~
g oAk A A A 324 2F OPLS-DA B2 o] xlgho]] 274 k] A3 H.7]
st 2 ) ZF A A 9] PCI scoreE ©]-8-3ll 4] ROC(receiver operating
characteristic) =412 Z1H T},

1 A3} sensitivity 7} 100%, 1-specificity 7} 100%, AUC%L©] 1.0002.2 2.2l o]
FrbE] 2 A 9 Shah o] S F 5 Xl vkol] ufg- A gHehE BT 2).

YESH o] Bdlo] o] HAE o] &ato] [l & S skt T Xl ko]
ghAl A¥ 1] ko], futE 2 B9 S Tt 3 3
T 7EY HEEN AAE Ao 19 WHOoE A =5 2 1479
A

[e) H 5 A~
S R S

i
)
o
s
ko
i)
=
™,
s
o
=
111 il
of\
olX
k1
SN
S,
o\ |
of\
olX
k1
SN

T 19 BEE FobE 2 $d ) 3af g Folo A & 1471 9] tiALA 9
= VELR ST AE,

© 2 5 4& el = OPLS-DA

wdolt}, wpzk7bA] 2 107 9] 9]

ARE Bdo)] gojuE= Ao 250 el PClE 7 F0 8 &4 58

e A Ha 1F S =

1079 AA 5 3Me] 1F5T% A AA=PCIE 7|22 &5 44

HAoH 749 SF55E 82 A4 F 671= PCLE 7|22 &4 3k, 1=

PC1E 7|F o2 &5 408 Btk wpebA F 10709 AA 5 9] AA 49

STEE gt oS5t o2 1470 9] thAA A A 34 A OPLS-DA

o] o) AA e 5%

k1
2,
e
2
2
e

o
o
e

)«
30
32
o
k1
N
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A7 9

-3-2 €] o] E (indole-3-lactate), A| E #| ©] E(citrate),

1 .Q 22-6-3 2~ 5] o] E(glucose-6-phosphate), “F 3 2.2~ (fucose),

E 7| @ Y| ©] E(isothreonate), 3-#)| 'd } E]] ©] E(3-phenyllactate),

-o}o] o} (guaiacol), = 2Fo] ZA}o]olul (glycocyamine),

o}t] 3 2h(adipate), | 'd &2l (phenylalanine), ©}2}H] = (arabitol),

o} 2~ 3} 2} % (asparagine), Z4H(cholic acid), ¥ E H E 3 (tryptophan) 2.2
o] FolZl ol A Meld shu} o] A)e] A ol tfALA o] o gk A B

A2 5 Eeeh= Frle A~ Ad A Ao a2 e ST E 719

THE 7E.

ol o
P% ! mfﬂ

_V&

Fell o1 A,
AA = AR E T 9)/A A VA T E,
ol] glojA,

-] o] E (indole-3-lactate),
2~-6-3 2~ 7] o] E(glucose-6-phosphate), <F 3.9 = (fucose),
| 2. 4] o] E (isothreonate), 3-3| 'd 2 €] ©] E(3-phenyllactate),
-o}o] o} (guaiacol), = 2Fo] ZA}o]olul (glycocyamine),
o}t] 3Z 4k(adipate), ¥ ' &2+ (phenylalanine), ©}2}H] = (arabitol),
= H(cholic acid) 2 E ¥ E F(tryptophan) & 2 O] F0 X ol A A Bl %
B} ol kel 5127 Z7kabs 2B ehRE A9, FobEl s )
ko] agF e atel af gt Al 71 E
A1 gl JofA,

A E g o] E(citrate) 2 o} 223} &} X (asparagine) & & 0] Fo] X 7ol A
W e ol 4ol 57k Pashs 2 3E ek 4
B Bl LEZE el A A9 7] E
A1 gl JofA,

E 7 o] E(citrate) & o}~ 3}2} 7 (asparagine) 2. &2 ] 0] 21 ol A

AEE st o) g FETF ST e A S e E A
HAA Ao FEHFE ) sk AR TN E
Al 13kl oA,

ol =-3-2HH| ]E(indole—?)—lactate),

O ol o 2 ox 2
b T~ o —
‘:“

Im R
1-0

l

2|

=

Ol AEH S Lﬂ ] 1= (1sothreonate), 3-31 d 2 H] o] E(3-phenyllactate),
“-o}o] o} F(guaiacol), = 2}o] ZA}o] o} W (glycocyamine),

o}t] 3Z 4k(adipate), ¥ ' &2+ (phenylalanine), ©}2}H] = (arabitol),

2} (cholic acid) ¥ E H ETk(iryptophan) 2. = o] F-o] X1 ol A A el 5l
St ol are] ot s AT el A9, e s A
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[T 7]

[ 8]

4% 9]

[7d-7-8F 10]

[7d -8 11]

[7d -8} 12]

FrtEl & A Ao s E ot FrtE A A 3o 5
2] 91 DAS28-ESR 2~ 9] (score) > 5.1° T+H=381+= 719 7| E.

A 1 gl oA,
FrolEl s 49 gae] S5 FET Frie s g4 Ao &

2]l DAS28-ESR A~ 9 (score) < 5.1°1] TF36}= %l¢l 7| E.

-
U

olN

o] A~ E ¢ 24| o] E(isothreonate), 3-3| 'd 2 €] ©] E(3-phenyllactate),
-o}o] o} (guaiacol), = 2Fo] ZA}o]olul (glycocyamine),

o}t] 3Z 4k(adipate), ¥ ' &2+ (phenylalanine), ©}2}H] = (arabitol),

o} 2~ 1} 2} # (asparagine), = 4H(cholic acid), 2 E ¥ E F(tryptophan) 2. 2
o] Foixl el A el gl st o] o] oA ol chALA o o gk A =

A& E3et= FrtE 2~ A 1] S5 o5 7 E

Al 9 el o] A,

A A= AmntE /A g A7 7 E

Al 9 3ol oA,

A E g o] E(citrate) 2 o} 223} &} X (asparagine) & & 0] Fo] X 7ol A
AeE st o] o] thALA =7 FutE 2 B Q) sk S F o
7ol et adtE A4S UeEhl=E 71 E

A 9 7ol lofA,

01 &-3-8 €] ©| E (indole-3-lactate),

=559 2-6-3F 2 3] o] E(glucose-6-phosphate), <F 3.2 = (fucose),
o] A~ E ¢ 24| o] E(isothreonate), 3-3| 'd 2 €] ©] E(3-phenyllactate),

-o}o] o} (guaiacol), = 2Fo] ZA}o]olul (glycocyamine),

o}t] 3Z 4k(adipate), ¥ ' &2+ (phenylalanine), ©}2}H] = (arabitol),

= H(cholic acid) 2 E ¥ E F(tryptophan) & 2 O] F0 X ol A A Bl %
St o) do] thALA 57} Fabe] 2 A QA o] SE 9] STt
e}l FrbehE A S Vet = 71 E
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[5=2]
100 .
- //
:
80 F yd
> - //
o - e
= 60F
= i /"
(dp) B s
S 40[ S
) - p
0P . 7~
[ e AUC: 1.000
20H Sensitivity: 100.0
i s Specificity: 100.0
_ //95% Confidence interval: 0.884 to 1.000
O -J‘ 1 1 1 l 1 1 1 l 1 1 1 l { § 1 l 1 ] § l
0 20 40 60 80 100
100-Specificity
[5=3]
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A, ERO] FIAE 7SR FFASS EFAPC))

GO1N 30/72(2006.01)i, GO1N 30/88(2006.01)i

B. FAtg Hof

FAE AT HEHASS EFE 714D
GOIN 30/72; GOIN 31/00; GOIN 33/566; GOIN 33/68; GOGF 19/10; GOIN 30/88

FAME 7@ ol Sate H AT o9 £
TG HAIAMTH B AL EAbER BAbE HAET Y 74" IPC
dEFFAEATETR % dETALIULTR: A HoTdDel 71A44E IrC

A ZA ] o] &/ FA4E dlo] Bl o] (el o] B | o] 2 0] WA B A Ao (3 Fat= )
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