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Phenotypic characteristics of complex diseases such as rheu-
matoid arthritis are a consequence of interactions of genetic
and environmental factors. Biomolecules closely interact
with other molecular components and form functional mod-
ules, resulting in significant biologic action capability. While
traditional biochemical research focuses on a single disease
using narrowly constrained data, systems biology aims to
interpret large volumes of highly complex and multilevel
data obtained from high-through-put technologies to under-
stand how biological systems function as a whole. Such a
systems approach to complex diseases, so-called network

gamse SYMY oEY
%A 3k (genetic disease)= EYHFH o Z wlwl% %—(Mende—
lian disease)®} %%}’?—l%}(complex disease) 2. =
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medicine, can shape our comprehensive understanding of
disease mechanisms by identifying modules temporally and
spatially perturbed in the context of health and diseases.
Given the unmet needs for diagnosis, monitoring, and treat-
ment in rheumatoid arthritis, systems biology is obviously
an emerging powerful tool to gain insight into disease mech-
anisms, study comorbidities, analyze therapeutic drugs and
their targets, and discover novel network-based biomarkers.
Key Words. Systems biology, Network medicine, Rheuma-
toid arthritis
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A} P H4(genome-wide association studies; GWAS)J} 2}
At 9371412 X9 Al (next generation sequencing; NGS), 2
24 7] (mass spectrometry) 3 3 2}7]F" (nuclear mag-
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DNA — Transcripts — Proteins— Metabolites —Disease

Microarray =~ Microarray = 2D-PAGE NMR
NGS RNA-Seq LC-MS GC-MS
MALDI-TOF-MS LC-MS
CE-ESI-MS

Figure 1. Systems genetics and techniques for analysis of
complex disease. NGS, next generation sequencing; 2D-PAGE,
two-dimensional polyacrylamide gel electrophoresis; MALDI-
TOF-MS, matrix-assisted laser desorption/ionization-time-of-flight
mass spectrometry; CE-ESI-MS, capillary electrophoresis coupled
with electrospray ionization mass spectrometry; NMR, nuclear
magnetic resonance; GC-MS, gas chromatography-mass spectro-
metry; LC-MS, liquid chromatography-mass spectrometry.
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RNA, small interfering RNA, THd tiA-E4 gl 7|€} ¥
g Wars T AT S Bibsle Al o
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HE 2Astel Audes wHy f44 § wud
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= vhaRt Aol whel B T4 AR 4Ea gl
oA FAEEA SRl H oz Balelo] MEH D A
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AlAH MESHO| o1 X (interactome)2t HIESI 3
McKusick’s Online Mendelian Inheritance in Man (OMIM®;
http://www.ncbi.nlm.nih.gov/omim)-= A Z7}A] w33 A&
o FHAES g oz Q7 fAze} THYS A
A& AL golt} 22). AAIA S5H 18961712] ALF ol
A oF 10% BEQ 2239709 §Ax7L AW kel
3,770702] Aro|A] AAEA} o]Ao] et Aalslch
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1
Z-DNA Ato], RNA 78] 5 of&] AT BAZE 4348
o] HAsA o] Fol# o} gt} 53], whiA kA zE A
% 22 (protein-protein interaction; PPI)<- A] 2Bl <ol 4]
Aol 71H-E oldllsl 7| EA Q1 A&7 2ol AR
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ute] Aolo] AL ou]slE A(link B edge) S E
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A2 kA S 71 5 Qlth(Figure 2).

AL AozES AR vEH s A4 B4

o
(topological property)e] ATt (23). TF45 FA]ol| Hheds}A]

~¢{ Hub: node with high degree

| Edge: link between two nodes (interaction)

O Node (protein)

o0 0 @ Expression profile and/or localization

Figure 2. Transformation of data
into network matrix and its com-
ponents.
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22 Add A3 Aol AR AERE =4 HAyg
o} AAE, A7 dEL Z9) AW-F-42 HdAdo] &l
1 FAAEE Alad AEHeZ EAS dTolA g
A Eol AW UEZ YolA F& FJuUlE Eof 9+
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A, o312 (linkage methods)o|t}. AW A 7HA (disease
linkage interval)Qtol] EAst= FA AN A F-agh oA
& 7)ol izl A B A FEALY A
of 3, 2 §AATL AAH Ay B §

(32,33). &7, A X -5 (disease module-based methods)©]

. VIEY 3 BullellA A& Ao FeAo] 9= 4
Ags AEE 75HoE Fogle A EES UA
& % 9%, o REL PAHE ALl AT Ly
TE FAR (32,34). A, A (diffusion-based meth-
ods) & TEIH o Z AE Fgof A% 729 WE &
31.2]F(random walker algorithm)S whe} 9213 Av =
FAALA A A& A kg vt & SXH B FAs =
Zlo|t} (35,36). o] &aElES AXH 7t thiiAwnjc} A
A3 7 =(disease-association score)7} "l A X =4, o] A
2 I §37e Ay AR S S T ok

A
o} FF2oh e Al Ul H40 AN uek &
olafialar, AHZF gk FAAY X8 E
A&E 7] A Akt (37,38). sFAIRE,
= FHslo] vlashe gl X3 g
Aew) Aegew B3 H 4R
RA WA BT ¥R GAAET 4 2907F B A
W2 ks %ﬁx}l:‘—;(differentially expressed genes, DEGS)O]
R GWASSF AAA A5 B3l 2hsizich (39). RA
Z eF 3-A A5 (RA-susceptible genes)S PPI to]E]uo] X
2 olgujol BAjelo] 7 WA AN EL Bold 434
45 B F e dAxEE welE e AlE7E ol
o] HIEH I+ RA FH FAAE 7|vhez AAH P F
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FAREE Fo vielol 189 @0). EHEAE, @
A} EAQ) A8 EAQ CTLA4SE 43 ot §a74=
&#17] PTPN22= 7R Znkge] 43dA24 & Kol
7 F93, RA P B G4 wol 2 71 5H
Sl et AR UEH T A A= 238 FH
Kol 91213l dgich. oA AR MIEHaE g i
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F4 TAHIE A ¥ (thymic T-cell selection)ol] &S o] 2
F RA §4 BAAS Qo7lekn AT @), ZAPTO
2 HPRD Hlo[Ejwlo] 2ol gl RA & §Ax dhild
Z PTPN22¢} FCRL39} A A A vQ_Z]—_Q_"‘}.l: 7o Z 14_5].\;}1\-
o} 41). &, o] AFAEL EAGLE ¢ 38|Z3} DAVIDE
o]-gslo] RA T UIESH FNA A7HA| 7164 BEs &2
olyict, w4t &A1 35)e} H-3}(leukocyte activation and dif-
ferentiation), &4 =8| Al 3% (pattern-recognition re-
ceptor signaling pathway), AlZ7}213} L 58| (chemo-
kines and their receptors)”} o 7]ol sig-gtc}. v| & 1 59
WEE A5EE o] FPA, o] Arte A&y AEs
ol Akt AR chekdt fAF HolEE&
o248 AEH AIZHEE olalela FF
o W3S el F&sivhe A HolFoch
AT AA] Ax7EA A& g X RA A W7
Hutks A 28R ZHIy oz kel Ao 1%
AL Adrch

A 2L 54 A T A, S5 ol
YA

SEE <16> 4w V9= PP 5 chup
o o ek Fo Aukitel ofdl Wskem ATAE &

et oI5 Fol Aol Zelet X Fel whel AW v ES
27 A7

_‘

2} BEA AAAAG ATAD F Ak B AFEe
bz gl A3 FA|EZok 2k X (fibroblast-like

synoviocyte; FLS)oll 4] odo]Z 147119] F-A 2} wtd 255
Avdslo] wlAHel RA B FAAE Zohll3 RAGIA
2% ENZE TANAI RA Ak (2ol F-8
AN FAANAE AA S vl 9t 43). 41, RA 2
W= 24 RA FLS7} RAZA W thebat el 7] 23 )
A= A A0l A|EULL olstgd). E"‘H 285l RA
Y| E$] =7} 8} TNF X 8o o3l AAFA el 08 %A
2¢ selsiolek. S0 §AE BAE B4stel v Ty
g 253 22 BAIE ¥ 252 FINF X 5& 719
WlslA) Gkokivl, ol BAIE %4 X &7} TNF Aol
HheelA) Qb ShAolA EAAY § 9lee A4 A
A2, FTNF Al Aol &3¢ shztell A4 FCD20 FL I
A)Ql rituximabo] X|Feko 2 AEE T 9lt} (44). ulA| 9t

02 ARG RA 23 MEYZZ FHol AR fAAe
55%% 19709 B4 AAAAEe] ZAeTHE AL #

et Sa], RA el AE 7|23 Belso] gou) At
FAA} X8 Ao T HaE FHo| gle TH &
AEE WFsArt. olF, NFATS= 4Rkl A 243}
He AFTES AARIARE dA 39t RA Hh ol
ARARl A3 3hvh= 213 RA FLS9F NFATS Wb <&
FM=E ulo]=m
g vE
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d

up--2ol| A EHslo] W3St vl Qi) (45).
Zojlo] AR E o]-&3l RA ¥ 7|A7 4
A5 FAL 2 AF AT AT NFATSE Fo2-E )

Ef3 Aolo] BEe AAs = T3 AARIAE dte
A} (46). LB BZ o]9} 7 A8l HTHL RA U
717l i3t ol & ZAA M & #
FAAe} X8 - ‘”%*Ptﬂ &3t Ads &+ 3
the S A4

2 9] 3 QdLo| A TNF-e 7} Z2Aste EA UEY=
E dsta o Azl AAd X gRkge] ok E A
Hole 2 A3 EAES Foluly] $13 RA 3hAlollA
FTINF AA| Fo] AFe A3 Q33 & 42 4
S5 2AR vk vk @7). 3 23, 22709 AAAY
DAS28 A Hlx 3l Fedo] 9= Aoz Folx|9ga o]F
670 TNF xpek x| 52| tigke] & o = Al 34
o]}t 53], INF 25hA] %) 55 w2 RA 3kA19] W E

=z BAollA CDs6o] HE TA, BF d vl DASZSA
743k 2A4R1e|w TNF-« b= SHAQ 247w
A71= ). o] CTLA4-Ig?l abataceptE ©|-£3l CD862]
A4S zA-sl= Zo| FINF AlAlQ] vk &71 2 5= 9L

the QJAATe} Yx|sle ATtort 48).
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Al AH °._1-'r‘-°-l stA|QF CHot
]XJ }J-];‘(—]]_'_;(]. A8 E gH/d
shal Aol A A4 7 EJ% Aol o] S FAH
o2 olafist= m-¢- &3t Agelck. AR ¥ 74A]
A e] k. AA, AE AEe FRHoR S
713 01714 Aol dHlolH & o] &3lo] Alx9] 754
HEAZ NS 2™ 5 e diold 4 Wilo] Al
WPAsk o, obF A TR o] de] Hlge] SaL A|Tto]
At &4, A ¢ Z A (human interactome) A =& A
A MER AR QAFATES SR sha Yo
U} o] obx ke Welvt ohrh elw W wE 4
£ A4S B ol RRE el 2U A
L_{‘_aﬂ—(sparse) 'r‘l\:— : o] u] xl— 01-3;1;(] 7(15‘,1_ _|c1>_ qz]g: o
#el 04—?5] 7] wiell o W AAA S 2 He A%
Aol glaL, Aae] PPl AR elle AA 7154 AR xe7t
FetE ZlEo] wrt Al A8 AESE dFFE odo]R
VEL|z 2.2 y3lsto} §A8ke] AEz ol Ady-S
WA = glov], A ARE Bstel AlAske Qe
THa S olFolie ¥ & otk Ayl A7A o]
otz AAs AA A2 Al tist sAlek
AT 2 T Ak A At AZAA AH e A
<3 PPI= 130,00071 2 H7l=V, 47t Q444 A=
oAl obF] 9127} A=A et @9). AfH g HF
A Zgort Agt dAxl= <F 650,000712] PPI7} &
A Aeg FAFIL et (50). webAl, 7HEe =elH

715A AEALo] YEEA o2 FEwy] 9 AH
Aol AZ HAL Ax ok gk YA, ol A AF3t vl
9} AAL =FA(tissue)oll v} FHE = 7|52 BT}
s g eung 23 Soly FwlA] v Frtefof 3t
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ot v o 2, AF7A] sl ZAie] AgiEoe] AA
A AZE PPI B o7 4t Aol s}A| 1k Altelaar
ol W2 mRNA FF Akl S5 wiz}e]
40% RETr AWlE T Ak (5. FAAE 2F 2500074
o] AR FAEARE (52), DAl A7 e A
o7 Azr=r} (53). A Atranscription) t5E mRNA ol
A 8] Wz AR tin] AAA 2715 ST, TR
& I & A (post-translational modification) -F-7Z AL}
A ty] gkl o] S-S TletFrA o2 ST
o} (5D). whebA], Aol whE ato 7 AR = AP
E3 9] BHAFE B olalelr] A= AR
H W% FA472] AA| AEE ob -2 A|2H E4 o]

Rud

ST

Oixl= &

RA 7142 wil$- H3belar o] A Holol A o W Al
g HlAE RS A% 53 gelda g3
Heth 54). Al AL A5 A FAH, F

] (epigenetic) W35 73 w4 A L2 HEE|o] Fu
o] A|E9} A&l (55). 53], AP UYL

A e AHERro 7 oF = glowm, A% s} A
& }o] Al (alternative splicing), B]¥12] RNAs (non-coding
RNAs), PP V| E9| 2, WY ¥ FA& 33l bkt A
Zu] g5of ggS W=t (56-59). A Fo] H3AE
FAs= A F2 Al F7bell vhe} Wdtses A5}
Fo2 QI o]zt vk Y-S EFsAIct. vhelA,
FRAA o] AEET oh el AAA 1l thillx] 79
A5E Eoq o5 dAAZEC we 27T X5 v

2wl BAslE Aol Weslc) RAS] whyTA el Bt

M
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