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Abstract

Inflammation is important in tissue repair and is an important part in stimulating gene
expression. Study of gene expression data for tens of thousands of genes simultaneously
under favorable conditions using microarray technology is important for better systematic
understanding biochemical mechanism of inflammation. At present, databases and tools in
bioinformatics approach are abundant for applying to explain the mechanism of
inflammatory response. In this study, inflammatory response from microarray data in LPS-
stimulated RAW264.7 macrophage was analyzed with three difference networks such as gene
regulatory network, co-expression network and protein-protein interaction network.
Inflammatory modules of 4 time points of LPS-stimulated macrophage microarray data were
selected and interpreted their biological function. The process of the NF-KB pathway was
differentially expressed at 3 and 6 hours. At 8 and 18 hours, all of the major pathways of
inflammatory response were occurred. From the above process, the selected subnetwork
can be used as a prototype model to help make decisions and explain the anti-
inflammatory mechanisms of the active ingredient from medicinal plants that are important

in the future for further examination of laboratory results.
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cAMP Cyclic adenosine monophosphate
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CD79A B-cell antigen receptor complex-associated protein alpha chain
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the edge clustering coefficients
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HC ¢p-39 Human cartilage glycoprotein 39
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IFN Interferon
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IL-2 family Interleukin-2 family
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1.1 adudrdgyuaznuvastdyniniinisive

waduualasvhaduwadwidnlussuugiidufufienstesfunisyngnvesdautandaey
m'%aﬁaaﬁw%émamauaﬂ TngazUsznaulusenalnnisansidsulanUasuniuisudy gy
anT13UUUU (pattern recognition receptors, PRRs) fagidfuegnedmizfudiulsznaunes
JdunIdniedunvanvany lalulndusaanlsd (lipopolysaccharide, LPS) iudiutsznauues
wuaiiseunsuavdadudsudandasuiignandlnelusiungulnagd (toll-like receptor, TLR) %iln
TLR4 17{"\]8Z‘NB\i’mﬁmﬁyﬁmlﬁ@ﬂizél:uiﬁLﬁﬂﬂ’limaUﬁuawmLLNﬂIﬂiW’]ﬁ]I@EJﬂ’]iU@@Ua'EJEJEHi‘LJi%ﬂEJ‘U
lalnlatl (cytokines) wazialulayl (chemokines) fiazdsnamiieainliwadduiiisadeslussuu
pidufuinnisuansoaniauiulunissidanisuninszarenisinidouuailie (Foster oy
Medzhitov, 2009) Tnen1suanseandinandiunilsaznelfiinnisdnavuiifedod afsdy
LﬁaqmmﬂLﬁsam@;a%aﬂmwé"ﬁma (homeostatic imbalance) tosanfin1suanatsdenataung
wile 1wu wusalatiu (bradykinin), wlsiniu (serotonin), 8@ iy (histamine), WIBEATLNTUAUE
(prostaglandins, @984 PGE2), dlaw3eu (leukotrienes) wazlunsnaanlaa (nitric oxide, NO)
(Mequanint, 2011) sn1sdnauiiintuduaiunsanelfiinlsadniauiiofifiieadocldedis
vanuaesiinannisanunlulimavesmy dsusznoulusae lsadlddniavlasiu (Crohn’s
disease), lsaaziinidu (psoriasis), lsAvaanldenudas (atherosclerosis), 15AlUIMINY (diabetes),
waz U398 (liver cancer) (Karin, 2006) miussmemw%wamﬂmsé’ﬂLaUﬁLﬁmsﬁummsaﬁw
Ilaennsldansfifignsununissniau Tnenisfnuiifeadestunsiumunssniauiiiiedy
Heuldwadlatuunalasvia RAW 264.7 (mouse leukaemic monocyte macrophage cell line) R
Buwadlavifeuldilulunafiefnuigninisduniunisdniavresaiseengnsannsssued
(de Mejia wae Dia, 2009; Uto, 2012; Srisook, 2012; waz Buapool, 2013) iiesarniduiwadfiniy
Mawldes fnsWan wasdssaeiudanegerelondielflunsdnu lusefuesu fidns
wadaausd a.a. 1978 1ng Raschke wagmmy (Raschke, 1978)

mshaudilafefunalnnsmevaussnmssniauveseaduualasia RAW 264.7 fiflsie
LPS waznalnifinduainniseanguidiuniunisdniauresaiseongniainsssueid a1u1s
n3yaaeulalun s INlAeeALITNINNTVINNTEUUTIYITNINTS (integrative systems biology) R
Hunsinwilunuuavinenmaiiefinnsand jauiussevinduanamelussuumstanim lasende
nshasmuarasiatadaluanaiissuuiiinsuanseenniglianneiidne Tnglénssuiunisues
iwdostionsTrinmansmaniisdtes damsasiaiadananagililideyamisuansoonvestaluiana
Gudwaumnlunisasatanfeufuifissadaien (Kitano, 2002) Yagtuldfinmsimuigutoya
gm%’agamﬁ'ﬁmzﬁiwsam%’ayamiLLamaaﬂmaﬁu (Edgar, 2002, http://www.ncbi.nlm.nih.gov/
geo/) Manunsansranuuazamiilvandeyanismsainnisuanioonvesduiiieadeaiunsdinyinis
AOUAUDINTITNLEUTDLAdLNALATHY RAW 264.7 fiflde LPS Tn15Anw1nuE291281013



MOUALBINITSNLEAUTILANASY (Comer, 2006: Shell, 2005; Hammer, 2010 wag Schott, 2014) &g
anunsadlfidudeyadessudmiunisnnageunismevanesiiintuseisnimisdine i
szuuiAgadedld Tngannsadundndennduiuiiianud dysonisneuaussluuiazdisnalag
mé‘fﬂLﬂ%aﬁamw‘f’]mﬁaﬁagaaauiaﬁ ArrayMining (http://www.arraymining.net/R-php-
1/ASAP/microarrayinfobiotic.php) (Glaab, 2009) ma?{uﬁuﬂeju@‘uﬁﬁm%mﬁummauaummi
gnaunielusunsunisiimiestoyawuumng (text-mining) PolySearch (http://wishart.
biology.ualberta.ca/polysearch/) (Cheng, 2008) Wian1snTIvdeuntIfin1svieuvesBunield
grudeyadusoulnladfignussyeylugrudeyaseulayl DAVID (http:/david.abeendiferf.gov/
home.jsp) (Huang, 2009) N15a3141A38918N1TAIUANNITLAAIBBNYBIEUIINTBYANTIUAATY
FuuramosiAgatoafun1smeuauen1senLay (Nilsson, 2006; Ravasi, 2007 wag Weintz 2010)
uazteyavesduiinevaussienssniay (Rutledge, 2012 Wwag Mages, 2008) i’mﬁ’jﬁauﬁammaﬂ%u
Fuwrlamesfudutmunsiannsanilnanliaingudeyassisas Integrated Transcription
Factor Platform, ITFP (Zheng, 2008; http:/itfp.biosino. org/itfo/) N15a8319LATEUILAINAUAUS
nsuanteanvesduiiiefumnguiuiiinisuanteanaenndosiudnuusiiaulafonsneuausinis
Sniau Tneefunisuszananamelusunsuanizauiiieadeas (Ng, 2006 waz Skinner, 2011) wax
n1siseuisuiuteyau fdusiusseninalusiu (protein-protein interaction, PPI) 91ng1uveya
15713042 BioGrid (Chatr-Aryamontri, 2012) 9 ndayadinandieduiauisaiiunasiadusuiuy
YouATeTIeNsdEudy g uiifedestunsnevaustrenIssnay wWethuldduwuimidunis
PENUUUNIIVIAGRI TN aNsENINAFRUgMREUN ST nIaUTBtansatansssurAdiielidilans
Femsenalnvesansmanilaiunndetu

nMsiserdadaridiunmsiledndendunouiimnzauvesnsvhaulagededsnis wiedle
uazgudoyamstiasaumediieites dmsuiunldlunsiuniaiedisinevaussienissniay
Tuaduualasinavemy Ingldiwaduunlasuig RAW264.7 ﬁgﬂmﬁmﬁﬁw LPS Juluinavesnis
SnauiinTu Ima%L‘%'méfu@?wLﬁumﬁﬁﬂé’wﬂ’]ii’wi’muazLm%m%’a;ﬂamiLLamaaﬂﬁuaﬁuﬁ
AetestunisnevauenIsdniaureswaduualasiie RAW264.7 fifide LPS anutaaian (Shell,
2005; Comer, 2006; Harnmer, 2010 #ag Schott, 2014) Asuaziiuaiinisdmdendundnii
uwanganagsaudalunsaziisialagedulusunsunsviumilesdeyasaulall 1y ArayMining
(Glaab, 2009) AputhwailfuaseasuuaziUisuiisuiutoyauiilsanmsduulaelusunsuns
wmllestayauuumng 1 PolySearch (Cheng, 2008) LaTNISATINERUATTINSI Ve By
grudeyadusaulvlad Wy DAVID (Huang, 2009) Asssilsildsnedevenguiuditinnudfaysons
naUaNaIN1TENaUluLAAYI9IAT d19TUToYARUULNUNITHARNIDNVRITUAINYINIALYN
thanlflumsfunmsuariuduwname siiAsidestunismuaunisuanseanvesdulagende
TUsWATN F298194%U Dynamic Regulatory Events Miner (DREM) (Schulz, 2012) Wagn15AUNY
AN FUNUSY DLV ULALN S LERIeDNSE NI 9B ulnelUsLnsy daoghatu Cladist (Fukuchi, 2009) 7
7 laAT0U18N13AIVANNITUARNIVBIBL (gene regulatory network) kaLLATEYIENITUANIBEN
571 (co-expression network) fisadoafun1snovaLeINITE LAY AMUEIFU foantuazin
Lﬂ'%@sziwﬁlﬁuﬁmﬁzﬁs'a:uﬁ’uﬁ’um%su'wUﬁé’mﬁuﬁ‘iwdwiﬂiﬁu (Chatr-Aryamontri, 2012) fiu
foyanisuanseenvesduiliierfosiunisnevaussnisdniauniugianan (Comer, 2006; Shell,
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2009; Hammer, 2010 way Schott, 2014) laglalusunsun1siasizyt wandwa washUsualnseuny
fhognagu Cytoscape (Cline, 2007) Fadsznaulfelusunsulanduiifenldmudusmaunnds
mmzamﬁué’ﬂwmzmuﬁﬂmﬂwmagﬂLLUU (Saito, 2012) InpIetnefinevaussrenssnauluwad
LL;Jﬂimwwwﬁléfmmiﬂﬁﬂiﬂiﬁﬂumié’mauLﬁamiaaﬂqumwmamLﬁawmaaummanqw%m
nMsdniavvesansanin Wy arseengunnluvgiildiiunisnsvaeuluiesufifinauasldinng
SEUOYENNIEUNIUNITENEUNILED (Srisook, 2012; uag Buapool, 2013) ifleiamnidudunuy
dmdunisnunluddudely wasduneumstiansaumanladanunsadluld@unumislunisdum

30NN UAURIRAN LD UNaUlafD LY

1.2 IngUszaenvaslasanisivey

1. iflensredeuiuneuniadiansaumeiivuzaudmiunisfuniaietnsinevaussdonis
sniavluwaduunalasing RAW264.7 ignimileniiisne LPS TasendSn1s 1n3osile waz
gudeyamsdiasaumaiiioades

2. Wewaunadetiunisnevaussnsenauilaisnlddulumadunuuiiietiosndulaly
miﬁﬂmu,aza%maﬂaiﬂmﬁéfmmié’ﬂLausuaamiaaﬂqwémnﬁ%aqulwﬂwaﬁﬁﬁéﬁ’ﬁyiu
pu1ARLA

1.3 Y9ULINT84lATINISAVY

1. amumauamﬁLLamaaﬂsuaammmmsuaqﬂumiﬂﬂmmimauaummﬁamawaﬂmaaum‘lm
w1 RAW264.7 fignnsedusae LPS autianal 9ngiudeyaasisay wdihdeyad
Usuusauaziaioumnumden tievinsAumnguiuiiiesdesiunismevausnissniauly
uiazdaanan udthsedevesnguiuilduinitaaeunalnnisnevauesnisdnlaviu
iretnensderudygasyiuluanaiiinainnisysannisteyares in3evienisaunm
N13LAAI88N L1ATBYILNITHAAIBBNTIN ATY18UJduusTeninelushiu uagdayanis
LanseaNvoIBufinouaueIn1ssnlauTewaduAlATING RAW264.7 fignnsedusig LPS
MUYIIIAT

2. thiedetnemImeuaussnsiniauveseaduualasyng RAW264.7 fignnszdusie LPS fil#
wmsaaeuiuteyanisvadeuasesngrssunssniauanvansyila ewwuaIete
flddmiunsihlulflunsdulunaduiuuiiotedadulalunis@nyinazesuienalnnis
Funssniauvesansesngrisunain



1.4 Uslevinaininazlasu

1. I fupeunsiiasaumaimunzandmiunisauniadedefinevaussnssnauluwad
uuAlATNY RAW 264.7 fignnsedfuse LPS 16

2. le3eviefinevauesnissnauiiiethunldesuisnalnfiiesdestunisnevaussnissnay
Tuwaduunlasvine RAW 264.7 fignnseduse LPS 16

3. weunsesAnug uazumauise luguuuudsdfissiuazsussypinnislussduniuas/
WIDUIUIYRA



uni 2

noug wazauIdenineItes

2.1 e auyAgIu ((3) LAzNTBUKUIANMNANYRLLATINTIVY

nsdniausuiiiesunanmsinderdudnanmamdniidmasdionisfnlsaiseSeitnanvanslu
uywe Fausznauluse Tsndldsnaulasiiu (Crohn’s disease), Tsnawifiniiu (psoriasis), 1saviaen
\Hanudaia (atherosclerosis), TsAUNMINU (diabetes), wag ugiSadu (liver cancer) (Karin, 2006)
nsfnwfifeadestunssnavdnlnginisunisfinvilaenisidwaduuelasviafuwadusnly
sruugiiduiuiifinusitidafer Sudunalnitenstiostunisyngnvesdsudantaouvieilogduvis
nnteuen lnewadduuuuiiteuldlunis@nuinisdniauidewaduunlasnng RAW 264.7
(Raschke, 1978) Ts@inwluszuunisnavauee lalulndusarilss (lipopolysaccharide, LPS) i
HuduusznevvesuuaiiiFeunsuavdaduduantasuiignand laslusiunduinad (toll-like
receptor, TLR) ¥iia TLR4 ﬁ%ﬁqmué’zyiymﬁaﬂwéjﬂﬁlﬁmmimauauawmLLuﬂIﬂiWWQI%mi
Uanddesansusznoulalalay (cytokines) wazialulal (chemokines) flazdsnawmiieaviliisadoud
Lﬁmﬁﬁ’aﬂuiwugﬁﬁmﬁuLﬁﬂﬂ'13LLamaaﬂﬁ'wﬁ’uiumﬁﬁﬁﬂmmw'ﬁﬂizmamiﬁm%mmﬂﬁﬁa
(Foster uaz Medzhitov, 2009) lwaduualaswia RAW 264.7 ulwadlatvosmyideslfiduluiaa
funuy dmsuldlunisAnegninissununisdniauresansadnainsssueid (de Mejia wa Dia,
2009; Uto, 2012; Srisook, 2012; ua Buapool, 2013) fetfumsfnwiuasSeusnalnluszduluiana
agnafuszutlunismevauasionissniaureuvaduualasiing RAW 264.7 fifldedsutanyasuiild
Tunisvaaeufie LPS Aldudnarunisiiagylfanusarianudlanmaiuvesnisnevausadi
Aetuls Wethluesuienalniimseziieadesiiefinsmaaeuniseengrsvesansatnuinsssuei
silnfnee Insiununsentsiudiiiatutuintuldfivinale nails waveddls Szl
aunsnihlugnsiannevieasoengrsiidwmadenisiunssniauiiduszavsamldluounan
Aol

Fivendaszuulanszuiumsmadiansaumea WunsinwiadiTinlasedeodeyaseiu
Fuslunisesnuuunsnsaiaviauariinavesdilianaiinsuanseenlusefusieg wu nns
nsrvinliauazUsunanisuantoanosdulnenisnsnainseaue1siowe waslusiu 13on1snsiain
yilauazUmnanisuansoenveauuelad iednndnwvnavesnsiudeuulamienisnouaued
yesanzdifnu Faapihliilddeyanisuanseanvesiiluanaluuiazaiaegraduszu il
aunsavimutlauageduignaln mmﬁﬁﬁmia'adﬁuﬁ@mﬂmszﬁuiuLaqaléfmuﬁ’mauuuszﬁasﬁu
nimsdnwdaluanalusuudafuiidunisinwmanmsiasuulamdensnevaussosdiluana
dessdindemdonguiion (Kitano, 2002) Fsnsnratanmsuansoenvesdulusedueniidue Hu
walulaglalasordisdidumaluladflasuanudendosanannsofnwinisuanieonvesdusuiy
HundnuiiuBuludisnanieatu lnenisnsatasiauasUsinaveseiifue vesduimunneld
anmeiiaula (Miller and Tang, 2009) Fansmumeluladiifiedasiniwazifuiidenlunisld
1 Fuilisinsaddeyannmisldnululasensisdneldaniizeneg egdudiuinn wasiinig
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Aususdeyansuanseanvosdudslulaseniisimarilugutoysasisngdudusudeyadn
finifelnemluanmnsadluandinandiotlUldlunisinuisdels segradu gruteyamsisms
Gene Expression Omnibus, GEO (Edgar, 2002, http://www.ncbi.nlm.nih.gov/geo/) Tagausa
nyvaounudoyalulaseniisddufsatosiunisfinwinisnevausanisdniauveaaduualasiing
RAW 264.7 ﬁﬁﬁia LPS LLazwﬂaaUﬂﬂﬁaaﬂQWémaﬂ Bacillus anthracis edma toxin (GSE4712;
Comer, 2006) mi‘mmaaumsaaﬂqw%‘mamiaﬁmmﬂﬁ% Hypericum perforatum (GSE21841;
Hammer, 2010) LAENITNTINADUUNUINYBIBY CstF-64 MABITosfUNIIIOUALBINITSNLAY
(GSE2002; Shell, 2005) fianunsadnidentoyalulaserfisdluiiegrsiiAsatedsiinisfnyinisg
AOUAUDINTSNIAUANTINIET 3, 6, 8, uay 18 Falus mldlunisaruedetiefiAatesiunis
povauoInIsSnauld venaniaaaldfinsifuiuameunideyanisnsnaeunsuanteanvadiu
lngorfawmalulagnismaiduiuagalvg (next generation sequencing, NGS) (Schendure and Ji,
2008) Ingafuimaina RNA-seq lunsasiainsedunisuanseentesBuiiisadesiunisnevauss
nssniavlulad RAW264.7 Aifdanisnszdudie LPS ludisnarassdalususn lngutanainis
n52939% 0, 15, 30, 45, 60, 75, 90, wag 120 U1 (Schott, 2014) %Q%@NﬂﬁﬁﬂﬁﬁgﬂUﬁﬂanﬂu
g1udioyaansnsniy GEO (Edgar, 2002) sewduiu Insisanansaieyanisuanseenvesduilléan
dmdennguiuiifinnuddgsensnevaustluuiaziisnanlageifoiaiosiionisviimilesdeya
soulay ArrayMining (Glaab, 2009) wérthanasivaeufuedevesduiiisrdastunisaevaueinis
aﬂLawmumsamumsﬂﬂiLmimmimmmaaﬁuammwum% (text-mining) PolySearch (Cheng,
2008) mamimwaawmwmimmuﬁuaqwmsﬂmmumauaauaaﬂﬂaa (Gene Ontology, GO) 7
gnussyedlugiudeyasaulatl DAVID (Huang, 2009) Lwaamﬂﬁlmﬂqmaummwmmmamimuaum
nsentaulukAazdIIANBE 19N

drudoyaideszuvremuaniuiuuiamesuazfutmnediAsrdestunisnovaussnis
dniaufianunsafumlianemAdeiiioados (Nilsson, 2006; uag Ravasi,2007) lng Weintz waz
Atz (2010) Ifswaruisnmsmunsiluszfunisneasialasnguuemauanivduuane siiietes
funisneuaueINITINlaUYeLTadLLAlATNITE NI NsATinsReUALBIAe LPS (3UR 1) Fadu
msAnwmlealnlusilesvesuuelasvinaiifinismevaussse LPS viliamnsansaanunisnevauad
Tnesmweseallusiuiifsadestunsarunudygavedusiulunsnevausseusaduunlas
vhafiilste LPS (Weintz, 2010)



TLR4

\lli lrako*  Traft®
Gasps® lrakg*  Traf7

NfKB MAPK PISK/AKT
. Akt*
Map3k Aktip
IKKb* +
Map2k Tscl/2*
Mapk3/1014* mTOR Gsk3*
v LN
. Actin binding proteins™
Nfatc1 Nikb1* Ati3* i3 phagocytosis/motility?
Nfate3* . . N signalling platform?
Nfkb2 AT e
Transcription e Atf2 ) Eifdebp®
factors Niats Cobor Mef2c
P Mef2a* Cell cycle
Hsf1” Pou2f
Cebpd* Atm/Atr*
113
Pbx2 Chk1/2*
Inflammatory
gene transcription IRFF — NFKB — CREB — SORY —
Cel2, Cxcl10, Gem  Cd69, Cxcl10, Fos  II10, Fos, Ptgs2, Il1a, iitb IHa, i1k Down-regulation
(B G
Phosphatases
HEAT MEF2 HOXC I—b OCT1 l—b
h‘: . e ~ e Protein degradation
Egrf, Fos, Tnf 110, Pigs2, Tnf Ccld, Fos, lita Egrt, Fos, 110 Cdb9, Irg? €de9, 110, Cxel10

MW 2-1 nalnnisianseanvedlUsiuiineItosiunsnauaneanIIgNNILALYes LPS Millse
wankiAlAsINN1IATIinlUTRIun L ninswuvyneain e vealnlusiley
(Weintz, 2010)

TudrudeyavesBuiinevausisonissniauuonainnisduduainlusunsnesulay
PolySearch (Cheng, 2008) w&2 Aanunsansiaaeuldainauidfefiiendes Areg1autayaves
Rutledge uazansz (2012) inamisnanisnevaussvaagaduunlasraiifise LPS Aildanniseiey
fhedsnsfiuananstulaenislilulasensisdiduiinisnsataniswaniesnvesBuoufiveduduna
1948UU19NGUAIE quantitative real-time RT-PCR (Rutledge, 2012) Feaznuinduiluansoon
uanensegadideddyilowSeuiisuseninensifulaill Lps drunilsazeglunisidfiietesty
IL-6 signaling, Interforn signaling, NF-kB signaling, p38MAPK signaling, e ¢ Apoptosis signaling
Fadumsnsidnsmenutuinegseiesinisdeiunsaevavssenssniaudeiinmsmaaeu
AuladuualAsianie LPS (Mages, 2008) Giammfm’faaﬂamaamwuaﬂ‘%ﬂ%uLLWmma%LLazﬁuﬁ
Aeadestunisnevaussnssniauildagimndanguiieairanietionsnevaussnissnaulag
odteyansuaniufuuamesfuduidmineiaiuisannlnanldaingiudoyaasisuy
Integrated Transcription Factor Platform, ITFP (Zheng, 2008; http://itfp.biosino.org/itfp/) Fe9y
Wil evieve msuansuduwramesfuduidminefiieadestunisnevauesranissniau
Aoudlazthluysanmshnfufuinieteildandeyalulasersisdifioifinanugnioswesnisdesin
ﬁzyapmlu%’agaﬁzﬁu'ﬁuLLazIUiﬁuLﬁmmﬂsﬁu wiinesetiefildiilunsisdeunasiuioudisuids



%’meﬁu%’ayjaﬁlﬁmﬂLmdqé"mﬁaﬁLﬁuuwﬂ’sm’immiﬁﬁ%%ﬁa (Medzhitov way Horng, 2009;
WAy Foster ag Medzhitov, 2009) ﬁmamiugﬂﬁ 2 fnansdisdrunilsvesinni1sdinu TLR 4 9
Aedestunismeuauassie LPS veswaduualasvhafiazdsinluanaosuninesidfyaosvinafe
MyD88 waz TRIF

o

dmTudoyanuunnunIsuanteanvadunugriaidzgninuildlunisiunmsuansy

FJuurame INgITeaiunIsAIUANNITHARIDBNYRIBUTnga1AelUTKN S Dynamic Regulatory
Events Miner w30 DREM (Schulz, 2012) fazviliilfiaTevisn1sarunun1suanavesdu (gene
regulatory network) LazN1IMTIVADUAIIUFUNUTVDILUULNUNITUAAI00NVDIBULAY Pearson
Correlation Coefficient (PCC) Aaldluswnsy Cladist (Fukuchi, 2009) Aazvinlalawpsarnenns
LERI8BN3IY (Co-expression network) Faaziadetiensasdaduninszisiutuiuesetie
Uduiusseninelusiu (Chatr-Aryamontri, 2012) ﬁu%amﬂamnmmaaﬂmaqﬁuﬁﬁm%mﬁums
eUAUDINTENIaUALTIaTildaIng1uteyaaIs sz (Comer, 2006; Shell, 2009; Hammer,
2010 uag Schott, 2014) lagldlusunsu Cytoscape (Cline, 2007) TumsiiasgvidayainIavieuay
m':?LLanaﬁLﬁ'm‘%’aaiﬂEJaﬁﬁ'aiﬂsLm'ﬁm%ﬂﬁuﬁmiﬂmalu (Saito, 2012) ioamisaAunuLasda
nauduioganeldiadednenismununisuanieandiiinisuanieaniauiulunsdazdisnaiuwd fagi
fuiifinudfyeusazdianannnvaeulussduiesufiRnaiieBudunanisuanseanlusedu
9nsisule nSeudnidenduiitidnua msuanseeniirudnunsivseuiinilugsnaiaziBoniy
wiondusunafiuduluseaulusiu Aagrlilduuuwnunisuansoanvesduniiunumdfayseanis
pavAUBINITONIaUlULARZ YA

NFIE19N3ANYILAY Chen wazAny (2008) NLAa319AT0Y18NITAIUALNITUARIBDNTDY
81U (gene regulatory network) NAEATDIAUTTUUNITNDUAUDIRDN1TENLEU (inflammatory
response system) laglaldnszuiunismamileatoya (data mining) WAEN1TIATIEMATEUILUUY
laundin (dynamic network analysis) aldlunisasransetieiivansdaguin 3 Fulunietnevesdu
PR v [y [ e I a = < = 1 = PR ¥ [}
MAgtosiunssniauluvaiend LPS agluszuu uwarlusud 4 JaduwaIevievesduiieitesiunis
snautddydavilenimienseduriuindyaaves NF-KB Tussuuniinuiuluvae il LPS aglu
3¥UU MY IREIN150 N TUNTAINI UYL ANI DR Y Y IUNLARTUTLAITDIAUNITAD UAUDIRDNT

Y
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=

gnLEuNNISANYI LA 1NATEUARNLNEITY



LR4

jﬁl!ww
IKKe @ ‘ IRAK4/1

TBK-1 l

A TRAF6
e

E mx«m’ \.MAPKs
\

09
PR kB l
’ degraded F-xB .! P38, JNK, ERK

IRF3

\
nudleus 1 \ . . AP-1
Type I Interferon-inducible genes Inflammatory Cytokines

AMWA 2-2 FDn1sasHIUFY I TLRE AM8RAINITII19UUS LPS azdinsdaniudey qiainiu
LanaozuaUmes MyD88 wag TRIF (Foster uag Medzhitov, 2008)
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nIeAUNIUIDA ey 1uves NF-KB Tussuugiiauiulusaenil LPS aglusyuu (Chen,
2008)

2.2 N1SNUNIUITIUNTIN/E15dumnd (information) MNe29049

waduualasning RAW 264.7 Wuwadlatdvemyiideslfilulumaduuuudlasunisiamn
uazshssaneiusinegeredonfioldlunsinuluseduie s fiinsisadiudd ae. 1978 Tne
Raschke wagmay (Raschke, 1978) waauualasnia RAW 264.7 5ﬁ8u1ﬁuﬂﬁﬁﬂwmm§mi
Frumunssniauiintuainmsmienilag LPS vesansatinansssuei fegradunisldans
afinnguguIdu (unasin) waznguulnafiadeguidu (lunasin-like peptides) fildandaimdes (de
Mejia uae Dia, 2009) nsfinwiansafinaniis Euphorbia fischeriana (Uto, 2012) wagn1sAnyiite
mmaauqm‘ﬁgmiﬁmmumiﬁﬂLammmiaﬁ’mmﬂ%mj Pluchea indica Less. (Srisook, 2012; wa
Buapool, 2013) fuunisinwnazideuinalnluseduluanaegraduszuulunsnovaussionis
Sniauveswaduualasring RAW 264.7 fifldedsuvanvasudildlunisnaaeuife LPS Ailludndiu
wilsigilianusavhanudilanmsavesnisnevauesiiintuls Wewiluesuienalniinasee
Aerdeudlefinsmeaeunisesngrdvesansatnainssaumaingian nsFunuviensdudai
Antuduistulsiiusnale vatla uazethils

NSANYITIINYUTITEUULALNTTUIUNITN T I TAUNAYDINITABUAUBINITBNLAUANTE
ildlagordadayanisuanisanvesBuniussqeglugiudeyaaisisas Jadugudeyalinfiinide
e luansadiluailuaadiednluldlunisfinuideled Jagudeyailasuanuilenifie GEO
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(Edgar, 2002, http://www.ncbi.nlm.nih.gov/geo/) ﬁaﬂmmmnaauwu%:Hamiu,amaaﬂﬁum@'u‘ﬁ'
Aedestun1sAnuinisneuausdn1ssniaureusaduualasiig RAW 264.7 fiflde LPS Tnevinnis
NAABUNNTBNANSUBY Bacillus anthracis edma toxin Aignifiulilugiudeyanieldsia GSEa712
(Comer, 2006) NINAFBUNISHILUNUAITSN@UTOITASUNATATINNG RAW 264.7 #iflste LPS Taeld
ansafadiléandis Hypericum perforatum ﬁgmﬁuwﬂ’lﬂéfﬁﬁa GSE21841 (Hammer, 2010) N1%
ATIRAEUUTUMYRIEU CstF-64 ThAeadasiunismevausinisdniauveseaduunlasnia RAW264.7
fifisio LPS Gegniiulinneléisia GSE2002 (Shell, 2005) wazangnivyadoya GSE52320 (Schott,
2014) fiordenaiia RNA-seq lunsnsratnsedunisuantesnvasduiiisadastunisnevausinis
dniauluwad RAW264.7 Aifidenisnszdude LPS Tutiananaesialususn lngutsnamsnsain
Ju 0, 15, 30, 45, 60, 75, 90, waz 120 w1 (Schott, 2014) s?iasqﬂsﬁaagammamaamaﬁu%’wé’u
Huifisdnmilsinulugiudoya GEO Ainsussgdeyanisuansesnvesduiliisatosiunisding
msnouausInssniaulagliivaduualasnia RAW 264.7 igninilonnie LPS snasiadeunaln
M38nLaU MiSenndeuNseangNsFuNIseNLaUTesNsat TS easdIATIEY Fasansadadon
foyanisuansoonvestulusoraanziifesnsuldlunmsaaedeteiifisdesiunsnovauss
mssniaulsl InensiBudusemsihdegansuanseenvesduiildindnidonnguduiifinuddyse
mimauauaﬂul,wiammnaﬂmamﬁfﬂLﬂ%"aqﬁamiﬁﬂmﬁaﬁagaaaﬂaﬁ ArrayMining (Glaab, 2009)
Tunsdmdensgisnsivainvanefielrildnguiuiifinuddyuaziieadosedauiads noufia
tanasdeuiusederesduiiietostunismevaueanissnauitnunisaududelusunsunisyi
willeatayaluumng (text-mining) PolySearch (Cheng, 2008) Wedudunafiuduiennuiedos
uaziededuilfuniunsnsvaeumihinisyhiuvesdulasendogiudoyaduseulnladnngld
lUsunsueaulai DAVID (Huang, 2009) ey ldnsiaaeuntihfinay sy sdumaN uAINS
wlanadusaulnlad 3 dnwuy Ao Biological Process (BP), Cell Component (CC), kag Molecular
Function (MF) flagvilsmswldinguuiinanseenlundazdrananisadestunismitnulunis
novauawiansSniavedils wasistuiivsnalavensed ethurldlunsesuienalniintuves
N1SADUAUBINITDNLAUANUYIIIA

dudeyaiBssruvvemsuaniuduuawmosuazButmuneiiisadesiunisnevausinis
dntaufianunsadumldannauiseiifvateasunisdnuiBrinendsszuuveanisniuguis
wansoonvosdulunualAIWI9 (Ravasi, 2007) 6’?1'5Lﬂuummm%mmsﬁlé’aqﬂ%ﬁﬁmmmﬁL?‘iwﬁaaﬁ’u
nalnveaiaietnensmunumsuanslusziunsuaniuiulusenisiiinnsmevausssio LPS veswad
wuUALASNID IﬂEJ‘VT’WmiL%EJ‘UL%EJQLﬁaﬁﬂLLazﬂﬁlﬂﬁﬁ?ﬁiymﬂfﬂ’mumﬂ’nmaﬁﬂﬁLﬁIEJ’J“i’JJEN (Nilsson, 2006)
uennigafinsmesuiimsnsetaneallsiuimunitinsuanseenlusswirefifinsmides
d8 LPS voiwaduualasnia lnse dedsnisAnuafifondn vealulusilesind
(phosphoproteomics) LﬁaamﬂL“fJumimaﬂi’miﬂsauiuﬁwdwﬁﬁmidar;hu%azgam'%aé’aujzwuﬁ
shaggnindenieglusuiitimivloawlniuuiizemlealnsisdu (phosphorylation) ¥inlwlsmsu
nalnfiAntuluvngiinisnsiaaeudieislusaleding (proteomics) 8n1ansavgauliny (Weintz,
2010) dmiudeyavesduiinevausssenissniauiauisansiaaouldananuifediioidos
feehutudoyaves Rutledge uazamy (2012) findnfananisneuaussveswaduualasynafislse
LPS AilFanniswieudiedtnsiuansieiu Tnensldlilasensisdiduisnisasnianisuanseen
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y038unouiezdudunavesduuiangudie quantitative real-time RT-PCR (Rutledge, 2012)
sonniuteyavamuaniutuuiamoiuarBuiifisrfosiumanauaussnisdnauiildazinnin
nauiloaiaIednsnsnevaussmsniaulngodedeyansiuaniuiuunamesiuduiinaned
awunsanulvanlaaing udeyaansisae Integrated Transcription Factor Platform, ITFP
(Zheng, 2008) dwsutayawuuLnuNIThARsDRNYBIgUANTITIARrgnd N lElun1sAUIMTIY
m%ﬂ%’um\lmma%ﬁLﬁ'm%’aqﬁ’unwmwﬂumiLLamaaﬂmm%uimamﬁaiﬂmmm Dynamic Regulatory
Events Miner w3o DREM (Schulz, 2012) flagsinlilfiaevgnisarununisuanivesdu (gene
regulatory network) Faifuiadet1evee nsuaasUtuwramesfuuidmuneiierdestunis
MOUAUDIABNTENLEUY

NN38319A39UILNTNBVANRINITENLEUIINTRY AN TUARIRDNTBIE UL T8 9LAa1NN1T
JanguanuduiusvesseiunsianteanveBuiiinisuanteendonndesiu udasanduguosdund
nsuanseendonnasstuluszAuAuinAmNdITUsILANAA Nz I RlALAT a8V IB UNIINTS
LaR988N3IUAY (co-expression network) NanansauunUssgndlddmsunisyinuieninnuesdiu
LAY IAUNLATOENINENNTINTNAINYATDYaN1THanteanvasduls (Zhang, 2012) Tutagtuiinig
asslusunsudnsagumndulusunsudanmnsanillnaauazldaulansnaunsatanldlunisadig
LASBUNYANUFUNUTVDITEAUNTITHENIBDN Aap81ay LUSLNSU DAPfinder wag DAPview (Skinner,
2011) Nid@190a59uazLUToUNBULATO U8V UNIAUAUNUSTOITEAUNITLARNIDDNTIVIIa03
Wsunsudulusunsuuanduves BRB-ArayTools (Simon, 2007) Mianansatielunisduuneguesgui
fin1suanseenadennaosnuanvasilulndfaulals wazdalilusunsy Cladist Fadulusunsud
anunsatddeyalulasensisdninnaiiuaiednganuduiusseaunisuanteanvasuld lngaziinig
Foulosdoyaiinszsildiu pSTING Fadulusunsuesulail (Ng, 2006) Feaunsatdeyaiiniu
nsasaAsernamuduTususlusnsutsaulvuansnanel@lusunsu Cytoscape (Cline, 2007)
= & A vo a « = A =~ ] @V v
Fadulusunsuntasunnulisnlusewein1sfinwiasetene®nin uazargantainisesnunaiy
a ~ o PV a do w P £ [% | 13 a a N v
AnsitenuziUandundiAgLinenisleaiu Cytoscape taogadnysyansnin Nlsznoulisie
Uandudnuau 152 Uandunlasunisaiund nsunsldanu Cytoscape 118594 2.5-2.8 (Saito,
2012) MazilvnisuilauotazN1sulanan 1 syInImANe17097UNaln N3O UALDINITB NLAUNTD

£ o a a a & .
N1399NENEVBIATANANUTEANTAIWIWNNINUY (Merico, 2009)
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uni 3

Y69 aunsal wardSn1snaaes

3.1 a0 wazaunsal

3.1.1 1A5998BKAZUSHNTUNINTAETAUNA

1.

10.
11.
12.
13.

Lﬂ'§SQﬂauﬁaLma§dauuﬂﬂa (Personal Computer)
a. Processor: Intel® Core™ i3-2365 CPU @1.40 GHz
Installed memory: (RAM) 4.00 GB
System type: 64-bit Operating System
b. Processor: Intel® Core™ i3-2350 CPU @2.30 GHz NVIDIA GeForce GT650M
Installed memory: (RAM) 8.00 GB DDR3
System type: 64-bit Operating System
c. Processor: Intel® Core™ i5-2450M CPU @2.40 GHz NVIDIA GeForce GT650M
Installed memory: (RAM) 8.00 GB DDR3
System type: 64-bit Operating System
szuudfuanislulasveniulaidu (Windows 10)
TUsunsululpsgeniiondiaa (Microsoft Excel 2010, 2013)
1Usunsu DAVID (The Database for Annotation, Visualization and Integrated Discovery,
version 6.7; Huang, Sherman and Lempicki, 2009)
TUsN5Y Cytoscape version 2.6.3 (http://www.cytoscape.org; Cline et al., 2007)
Tdsunsy Araymining (http://www.arraymining.net/R-php-1 / ASAP/microarrayin
fobiotic.php; Glaab et al., 2009)
TUsunsu STRING (http://string-db.org/; Szklarczyk et al., 2017)
TUsunsu Cladist (Fukuchi et al., 2009)
TUsunsu DREM 2.0 (Dynamic Regulatory Events Miner version 2.0; Schulz et al.,
2012)
TUsiAY JactiveModules (Ideker et al., 2002)
1Usunss BINGO version 3.2.0 (Maere, Heymans and Kuiper, 2005)
gm%’ayja GEO (http://www.ncbi.nlm.nih.gov/geo/; Barrett and Edgar, 2006)
gﬁu%;ﬂa KEGG (http://www.genome.jp/kegg/; Kanehisa, 2010)
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3.2 35115198949

n3TRER U URBUNTIA saumATINg audmTunsduniaTetnefino vauosienis
sniauluwaduualasnnavy RAW264.7 fignnszdusne LPS Tngo1dsnns 1nsesile wazgiudeya
yatnasauma Sduneulunisdiiunuisedumunuzuil 31 fegduduannismunuwagns
wasuteyanisuanioonvesBuifistesiunisinumaneuaussveswaduunlasiig RAW264.7 7
fiden1snszdusie LPS ngudoyaansisas Aeuazvinsdmdonnguiuidunumdfysenis
novauesn1seniauluwiaz ¥t lnen1snsirasumelusunsuni syimilesdeya TUsunsuns
dududeyariind uazlusunsumsulanamstinmimngay deuthdeyasedoduiildunysanns
i indetnntsmeuausamssniaufiaiaduain deyauuuununmnanisenuesdu doyansiu
ansuduuramosniensdudmueiiisifesiunisnevausanissniau lagerdenisaing
LATDYIYNITAIVANNITHAAIDDN (gene-regulatory network) 1ATBUIENITUAAIBBNTIY (CO-
expression network) LLa‘vLﬂsamwgauwuﬁsvmwiﬂimu protein-protein interaction network)
doashlildtunoumediasaumaivanzaudmiumsduniaiernsiinevausdentssniau way
thuaveuadediefldunaiiaguuvuvenalnnismevaussiiasaziduiionisldaudmiuns
ponuuUNMIVRaRalonadeunalnn1seanguEiun1sniauYesaseangdsoly gnAsiandnng
yhantuseunivlugdndunousoly
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swazdavaamasiiunmsifoluuasdunouiswielud
3.2.1 MInTRFBUTumBUN T suIATIvzaY
1. NSTIUTILAENNSWTEUTRYANSLARIBDNYBIEY

Tuns3fedae Sudulnsnsmunues fandsudoyanisuantoonvasdu Taeviinisanid
IanyadoyanisuanieanveiduaINg uLeyaas130de GEO (Edgar et al., 2002, Gene Expression
Omnibus, http://www.ncbi.nlm.nih.gov/geo/) s?fqL“‘f;Jwqmsi’faagaiﬂﬂim%wéﬁm’maaummﬂmmaaﬂ
vosBuiiogluzuuuulid series expression matrix luifosdusinisdmdendoyaifiotuldlunis
Anreisuiuiiedu 3 yadoya egneliunanriadu Affymetrix Mouse Genome 430 2.0 array
(GPL1261) loun yadoyalulasensisd GSE4T12 uay GSE21841 uavuwannasy Affymetrix Mouse
Expression 430 Array (GPL339) leurgadeyalulasensisd GSe2002 Tasyateyalulasensiseils
taTdieneitu axdndendiognaunain 2 ngunisnaesdie nquiegrwousadlatvesuualasg
wamy anesug RAW264.7 fignnszdusne LPS uazngusneesilignnszduse LPS mutaaam
71 3, 6, 8 uaz 18 2l PR L DN R N TR NG L AY aINT 31

Hosnyadoyalalasensisshsauadoyaillilusuidetnanuvasiinuandnaiu Saes
fnsinteyalulasenfisdludiunssuindamioudoya wazkiunssuiunisuasueladiudu
(Normalization) Iagmsldf Z-score iloususnnsgiudwosiiatlveglusnasgudodtu udninig
AnLdanlwsu (probe) ﬁﬁﬁwmmamaaﬂqqqmﬁuﬁaLmumiLLamaaﬂmaa@u (gene) (one gene one
probe) anluyndeyalulasensisd GSEAT12 uay GSE21841 nuwanweasy GPL1261 H31uauln
U 45,101 Tnsu 91uau8u 21,495 8u uavyateyalulasensisd GSE2002 nunanwesu GPL339 &
Fruaulnsu 22,690 Tnsu SruauBu 13,480 Bu FaazvhnisdmdensuiuBunuyadeyaiiitdesiian
villddeyavesBuiignihunldlunsiingest winfu 13,480 Bu (13137t 3-2)
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A a P ¢ &l
M13199 3-1 uananeazdeayateyalulasensisdililunmeaes

GSE ID wadie LONEI381989 uwanwasy CELEAN WIARSVDY LPS
. Affymetrix Mouse | 9 79879  untreated=3 | LPS
Edema Toxin-treated | Comer et al.,
GSE4T12 Genome 430 2.0 | 3hr. LPS=3  6hr. (0.01ng/ml;
Macrophage Study. 2006 ) _
Array (GPL1261) LPS=3 Sigma Aldrich)
Expression data from
LPS-stimulated RAW
264.7 mouse Affymetrix Mouse LpS
macrophages treated | Hammer et Genome 430 2.0 | 6 79813 untreated=3
GSE21841 ) ) (lug/ml;
with Hypericum al., 2010 Array (GPL1261) 8hr. LPS=3 . ,
. Sigma Aldrich)
perforatum fraction
and bioactive
constituents
Affymetrix Mouse | 6 samples LPS (100
CstF-64 Influenced Shell et al,,
GSE2002 ) Expression 430A Untreated = 3 ng/ml; Sigma
Gene Expression 2005 )
Array (GPL339) 18 hr LPS =3 Aldrich)
GSE9632 | Gene expression Huang et al., ABI Mouse 33 Finaging GSE9632
profiles of RAW264.7 2006 Genome Survey -untreated = 3
macrophage cells Microarray -6 Hrs. LPS =3
treated with Paeony (GPL2995) -6 Hrs. LPS & albiflorin
root-derived (1, 10 and 100 ug/ml) =
compounds 9
-6 Hrs. LPS &
paeoniflorin
(1, 10 and 100 ug/ml) =
9
- 6 Hrs. LPS & paeonol
(1, 10 and 100 ug/ml) =
9
GSE21320 | TLR 4 Signaling Hong et al., ARIM-GX 12 frwgns-untreated = LPS (50
Inhibitory Pathway 2010 (GPL10321) 3 - | ng/ml; Sigma
6 Hrs. EGCE = 3 Aldrich)
Induced by Green Tea
-6 Hrs. LPS =3

Polyphenol
Epigallocatechin-3-
Gallate through 67-

kDa Laminin Receptor

-6 Hrs. EGCG & LPS =3
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A v ° ° a ¥ & &
M13199 3-2 Jayadnulnsuiarinnuguanyadeyalulasersisdnlilunivaaes

UEHE UpNP Rl wnanWesy | duulnsy UL Sruauduiign
(Fla) (Insv) @ Wnldlunis
NARDS
(81)
GSE4AT12 3 GPL1261 45,101 21,495 13,480
6
GSE21841 8
GSE2002 18 GPL339 22,690 13,480
GSE9632 6 GPL2995 33013 33013 33,013
GSE21320 6 GPL10321 211 211 211

2. msfndendunilunumdfysenisneuaueInsSniau

thfeyanisuanseonvesduilldundnidonnduuunumedamudasronisnovausinis
Snavluusazdranan luiidasiden 3 38 lunsdadendu Téun SAM (Tusher, 2001), eBayes
(Smyth, 2004), uay PLS-CV (Hall, 2000) Fsgnussyegnielulusunsunisiunilosdoyaseula
ArrayMining (Glaab, 2009) LLaz%ﬁwmiﬁmﬁaﬂLawwﬁuﬁgﬂﬁmﬁaﬂim 2 38015 91nsievun 3
s elildnguiufifanuddnydsaifiedsuiiads Aouflaviiunnmadeuiusedovesd ui
Aerdestunisnevausansdniauiisiiunsduiumslusunsunsiumilosteyauuumnd (text-
mining) PolySearch (Chene, 2008) ioBusunafiududsnnuieddos uazisededuiildumin
Msnsavaeuntifinisiauvesdulngendegiuteyaiueeulnlad aeldlusunsueeulail DAVID
(Huang, 2009) tiiearldnsiaaouninfiuaznisiaueBumariununsulanadueaulvlad 3
anwlg Ae Biological Process (BP), Cell Component (CC), ez Molecular Function (MF) fagvi
Tnsuldingudufivanseenlunsazirsnaniedesiunisinlunisnevaussdenisdniay
ot14ls wazinduiivinalavenead ietuildlunisesuisnalniliiatuvesnisnevaussns
SniaunuTinm weeiudunasinisiadunsdadentufiagldluduneusely

3. MITUTUAzNswsERtayansuansUtuwiawesiarBudwney

ToyansruarsuiuunamesMiAsatesiumsnevausinsdnauazgniuTteyalasende
n1sAUAUINENaITN15ITeALdes (Nilsson, 2006; Ravasi, 2007; way Weintz 2010) Lag
FUTeUaa1515e (Kanamori 2004, http://genome.gsc.riken.jp/TFdby) ﬁww%’u%’a;ﬂammﬁuﬁ
nevauesransnauiniunulagnsdudunenaIsauideiineades (Rutledge, 2012 uax
Mages, 2008) wazvin1ssauTiateyaveansuaniutuuianesiududimne wethunduusivuu
dwdunmsduduielliedetevommuariuduunamesuudmnefifdesiunsnouauss
fan1sdniau lasaiuisanilnandeyansiuansuduurawasiviuidmuiglaangiudeya
d18198d¢ Integrated Transcription Factor Platform, ITFP (Zheng, 2008; http://itfp.biosino.org/
itfp/)
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4. M3afaLATEYINITATUANNITHARIBBNYBIEY (Gene regulatory network)
NndeyansmuaniuiuuamesuasBuitmieMiisifesiunsnevaussnissniay uaz
foyanisauaudulmunsvemsuaivaduuamesudazsinazgniiusiiethunas vy
LASOYNENTAIUALNITLANIBDNVRITY SIUAUTDLALUUUNUNITUARIRDNTDITUINUTINIAT tneTe
ihdeyarouaunfuteyadududmiunisinsgragldlusunsu Dynamic Regulatory Events
Miner w38 DREM (Schulz, 2012) flagvinmsmdenniuaniuiuurewmefasununlunisaueu
MsuanseenveInguiudaiuunsunsuanioonluLuuReIfu fouflaztwannnsdndennsiu
arsUfuuamesuazdutmneilfnuanmaeietisnismuaunisuaniosnlagefonsuansua
ael#lUsunsu Cytoscape (Cline, 2007) Wiadaw3sudeyainiodisdmiunisiinseiluduney
soly
5. N19ASNLATOUNBNTLEAIDDNTIU (Co-expression network)
thiouuuiNuNTuaneanvesBuNInTRde UM US eI enguBufifiunu A tes
fun1smevauesnssnauiidadenuideuntdil lnetiiu1nsiata Pearson Correlation Coefficient
(PCC) nelaluswnsu Cladist (Fukuchi, 2009) ﬁﬂxﬁﬂﬁlé’mamaqﬂa;uﬁuﬁﬁLLmIﬁmmLamaaﬂw%
muduTusvesUIHUNSLANIDBNT Y Fafmunalian cut-off agfisyiu +0.9 Aazvilildngy
fuiifinnsuansoonsaufuagiauiais Aouflegihdoyaruduiussenindumaniuatau
P38918n1TRaReeNIINAETANSLaRINaUulUTWATY Cytoscape (Cline, 2007) WionsiadeuLas
wiedayadmiumsldlumsinnesitusoly
6. MIYININITATOUIENTNBUAUBINTONAY
IINTOYAATOYIYNITAIVANNITLANIDBNVDIBY kALLATOUILNITUANIBDNTIN 8NN
ysannisfuiasevgujduiusseninalusiu (Protein-protein interaction network) titevinlwle
\n3even1sneuauaInissniau lnsendeiniesilo MAsadunisianisiasetnefideglulsunsy
Cytoscape (Saito, 2012, Cline, 2007) soufeUandu jActivieModules (Ideker, 2002) 714lunas
ﬁmLﬁaﬂimg}a‘w%m%asu'wEJa8‘1’7iﬁwmmﬁﬂﬁfg1‘7imﬁaﬂf}ﬁlmwﬁiwﬁ'u%’a%amiLLamaamaaﬁﬂu
uiazda9aan Aewinisulanavesnguduilmanefidadenlddie BINGO (Maere, 2005) Lo
pTadeUntiuar MIIudsiawiiisades iedilulfluniseduisnalnnismevausinis
sniauamtaenaludi@inm waswisuniendmivnisdadonduiielinsiaaeunazBuduna
JEAUNMILanteanvaIdukazlUsiuNwinsUjuRn1ssaly

3.2.2 nsRAIUILATeTNeTinaUAUDINTITENIEY
1. miiw'ﬁ'smauamiaaﬂqwﬁsuaam5aﬂm’mwsuauulwwiaa'ﬁaaLm'] Fifeadeq
YIINITIUTINTRYRTE mﬂﬂmummmammwﬂﬂsmlauﬂaﬁuaﬁu%’a WAgadetunis
HEUAUDINITONLEUVDULTAALUALATNIT RAW264.7 mﬂﬂiymuma LPS waz ”auﬂamiaaﬂqw%%aa
miaﬂmmﬂwmﬁmulmmamsaamevwmmmmmﬂmumammmsmv JuneUayan13AnYINIg
aaﬂqmﬁuaqmiaﬂmmmsﬂﬂwﬂmaﬂam%"lumﬁﬂﬂmwamiaaﬂqwﬁmaqmﬁaﬂmmﬂi‘uma (Srisook,
2012; uag Buapool, 2013) Lwameme@mauaummLﬁuﬂammﬂmalﬂmimauauaqmi@ﬂLaw

LﬂWU‘L!ﬂ’WEJIG]ﬂa‘lﬂﬂ’]i@’e)ﬂi]‘VlﬁsU’e]\‘i’szﬁﬁﬁﬂﬂ%’]ﬂW%ﬁﬂgulWﬁ%ﬁ@ﬁ’ﬁﬂﬁLﬂﬁ’]uVWlLﬂEJ’JGU’EN
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2. myimuuarUTulTuaTeteiuteyasiulusiuuazdoyaniseangvsvedansann

NnfeyaszivlusiuniAerdosiunmevaussnsdniauluwaduualasig RAW264.7 77
#o LPS wagdoyaniseenguivesasatndnadu azgniuniiauiuazuiuusuaietisnisneuauss
msdniauiliannisairefedoyanisuaneonvesBunazteyansuanivdunnamesuazdy
e ifielesetnedinanianugndeuasindefionndsdudmiumsiilullunismeaey
uareSuienalnnseengrisvesansainiiieatesfunisiumunissniauiiistu dteviilvinisysan
nsteyatadudoyanisuanieenauazseduiu Tamsaededdnruiiuguitegulfidudoya
$edaiiorrglunisysannis wu mslideyavedifiuniueddu (metabolic pathway) fianansam
Taann 31U 9D Yada151iu e WU KEGG (Kanehisa, 2010; Kyoto Encyclopedia of Genes and
Genomes; http://www.genome jp/kegg/) #30n15UUDINITWIENFUNUS (correlation) 1113
oyaulilunsadraedotesewinedu Tsfu viedoyansmuaunisuansoeniilussduansiduie
waslusiuuntglunsinnsaniaeendelusunsu Cytoscape (Cline, 2007) iendasfiunisasiuas
nMsuansraIetisuvisluniInsiadeuuaziiasginanisiinmiiisadesveinedionis
pouAueINIENEUTLE (Merico, 2009) Fupdatremsnauauasmssnauiadstuifsdufuuuy
denlUlddmiunsnsanaeunalniiiieadesiuniseenquivesssatniidesnsasiaseuiindue
TuewanrelUly ilensaaaeuiifidunielusiulathefinsasddufetastunssudanssniaui
Andulddne hldaansavharndlanalnnisesngrisvesansianii ity
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uni 4

NaN1INAaDI

4.1 N15ASIVEDUVUNDUNIITIETHUNANNNS EN

Nnvayanisuaniaanvasdulugalulasersisdnls dundadennguguniiunumediusiutn
sanismavauain1sonauluLmaz gl Tuidagyinnisendenmeandsnis own SAM (Tusher,
2001), eBayes (Smyth, 2004), wag PLS-CV (Hall, 2000) Fevisandisnisilgnussyegnelulusunsy

° P v ¢ L. ° o oA A A o oA

n1svimilestoyasaulall ArrayMining (Glaab, 2009) WagagiinisAndentanizdunigndniden

' v aa v A aa o w ' ) A Y 1 A aa
98 19teeaeIsn1s wldilunguduniunuimdidgyranisnevausiniseniay ielilangudund
ANNEIAYDEIUIIATE INAINT 4-1 wamanuillaezunsureinsAndannguuanieainisnis Tu
winzgaIresgndeyalulasensisd Feasinlilanquiuinifeitesiunisdniau lugiia 3
Flug WWusuiu 83 du graan 6 Fatue Wudwiu 72 §u sranan 8 Flus Wusiuau 92 Ju uae
a o & o a A o o a
Agraan 18 Falae WWuduay 97 §u lnesneTedurandn wandlunisen 4-1

mneteiuignénidenanaadeyalulaserfisslunsiasinananoumiing asgmittnsinu
Msnsavaeuntifinisiauvesdulngedegruteyatuseulnladnieldlusunsueeulatl DAVID
(Huang, 2009) tleazldnsraaouniinaznisinnuedumaidusunisulanadueaulvlad 3
anwag Ao Biological Process (BP), Cell Component (CC), ez Molecular Function (MF) fagiin
Timswliinguiuiiuanseenlundaztranaifsitesiunisiaulunsnevaussdenissniay
ot14ls wazinduiivinalavenead ietuildluniseduisnalniliiatuvesnisnevaussnis
Snuaunutasna wazthandunasinsdindunisdadenduiierlfluduneusely Tnedeyaiildan
NsATIRERULARIRII ST 4 GeagldinluldlunseBuneuasulanasioly

eBayes PLS-CV eBayes PLS-CV eBayes PLS-CV eBayes PLS-CV

3 hr 6 hr 8 hr 18 hr

AMd 4-1 SruruBuiiniunisdadendusieinns SAM (Tusher, 2001), eBayes (Smyth, 2004),
wag PLS-CV (Hall, 2000) vasyntoyalulasonsisdluyinan 3, 6, 8, way 18 Halus
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A15197 4-1 A151uEnesTIeTedungnAnEenagnlouaasitn1s AINNIMUAAINIENNT Ao SAM
(Tusher, 2001), eBayes (Smyth, 2004), waz PLS-CV (Hall, 2000) vosyatoyalulas
91558 Tugiaia1 3, 6, 8, uaw 18 Falus

3hr 6 hr 8hr 18 hr
Mocos Gap43 Laol Rnf208 Nebl Sfxna C78513 Hs6st1 Cldn11 Nrm Sifn1 Cp
Dcbld1 $100b Yes1 Larp6 Agt Tmem150b b 3930401B19Rik Fas Cenpa D17H6S56E-5 Ccnb2
Aoah Cyp24al Cntnl 1700011H14Rik Vmnird4 Tagln St3gall Arhgef3 Hoxb13 Bst2 Gbp2 Irf7
1700011H14Rik Rtkn2 Hes2 Aspn Moxd1 Rell2 Cds3 Nfic Appl2 Trafl Pdpn Ube2c
Carl4d Zfp759 Saad 2310057J18Rik Steap3 Serpinb5 Ifnbl Zfp3612 Vegfc Haus4 Blvrb Ube2t
Scg2 Fcamr Tulp2 Kiral Armexd Dgx1 Socs3 Lyl Rcan3 Ptpn23 Serpinb2 Cenpf
Rnf208 Vmn1ra6 Hoxc4 Debld1 Cntnl Heph Gadd4sb Mtss1 Ripk2 Tspo Cdc25c Lgals9
Kif9 Zfp825 Hes5 Defbl 2310030G06Rik Twistl Asic5 Aldhla2 LOC624295 C78513 Ptgs2 Ptges
Enthd2 Rdh16 AY074887 Lamal Efnb3 Itpka Ccls Sipal Gp49a Kif11 Procr Gbp2b
Slc22a7 Dagx1 Pla2rl Kiral6 Bhlhe22 Bnipl Lif Haus4 liirn Dlgap5 Hdc Mageel
Gabrg Naall Crygn Tspanl Manscl Fam65b BCO57675 Tsc22d1 Zbtb8a Rgll Caspd Pdcd4
Caldl Dpf3 lyd AA517023 Rapsn Tsga8 Tnc Cflar Saa3 Ncapd2 Cenb1 Gata3
Mcpt2 Tmed6 Fgf20 Ropn1l Gm6277 Cldn7 Sdc4 H1fo St8sia4 €920025E04Rik li1b Cd300lf
Auts2 Hoxb2 Nat3 Exd2 Serpinala Serpinala Cerl2 1200003110Rik Tnfrsflb Cebpb 1200015M12Rik Ccle
Ppp1rad2 Atplb4 Aanat Pdyn Mageab Mageab Lrrc8c Pdedb e Birc5 Mki67 Saa3
Trpcd Vmniril Myfs Tal2 Ly75 Ly75 Csf3 Mum1 Hnflb PIk3 Cdca3 Nusapl
Cubn Sntg2 Bicd1 Adra2b Cyp2c39 Cyp2c39 Tnfaip3 C80360 Tslp Glrx Dgkg Len2
Dsc3 Cdh1 Gbp8 Thx4 Slcolcl Slcolcl Mtmr7 Cxcl2 Ednl Mad2I1 Hist2h2aa2 Cd274
Rhod Aplm2 Gm20362 Crhr2 Krtap16-3 Krtap16-3 I115ra Pim1 Gbp2b Ccna2 Ilggap3 Msdadc
Itpka Rnf17 Rgs8 Haverl Atplb4 Atplb4 Col5a3 Impa2 Lix1 Pbk Cenpn Maff
Scml4 Ccr8 Vangl2 Ttc39¢c Vipr2 Vipr2 Csf2 Gbp7 D7Ertd187e Rad51lapl Anln Cep55
Sultlbl Adipoq Ccdc64 Gpr3lb 7 n 141 Tnfrsf22 Ngef Zc3h12a Zbpl Tnfrsflb
Moxd1 Kenj14 Efhd1 Gm11559 Spint2 Gasl Gm8615 Bmyc Ceacam14 Plk1 Pole Carl3
Eppkl Priga9 Agr2 Pdzd9 Spink4 C530030P08Rik 1115 F8a Fprl 3930401B19Rik Kif2c Clec4n
Fstl3 Hspala Gsx1 Ppp1ra2 Gpcb Armcx4 Tnfaip2 Dhcr7 Dusp2 Slc7a2 Ect2 Vegfc
Anol Ace2 Sost Gipc3 B930003M22Rik Cntnl Cd274 Ung Nirp3 Melk Sod2 1200003110Rik
Cendl Dnase2b Myh11 Uchla S$100b 2310030G06Rik Rps6ka2 Phldal Chaflb Rps6ka2 1113ra2 Depdcla
Avpr2 Srd5a2 Ephb3 Slc38a4 Efnb3 llla Tmem206 Fbxo21 Gstt2 Ccl2 Wdr62
Gm6277 Grtpl Bhlhe22 0Ifr1508 Frmd4b Rasa3 Plagl2 Hmmr 11rn
Spint2 Gasl Manscl Ccl22 Timpl Maf Kif20a Oasl2 Ccfb
Spink4 C530030P08Rik Rapsn Marcks Wdhd1 Brcal Nuf2 Nos2
Gpcb Nebl Slc38a4 Erccél Slc15a3 Msda6d
B930003M22Rik Agt Grtpl Socs3
$100b Vmnlrd4 Moxd1
Steap3
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M1319N 4-2 G]']i'NLL?WNﬂ']iLLUamaﬂqﬁsﬁjﬂqWﬂ@\iﬂquﬂuwgﬂﬂﬂLa@ﬂiu&@]agsﬁ'}ﬂmﬁq Iﬂ&Jﬂ'ﬁI‘U

TUsunsueaulail DAVID (Huang, 2009) muanwauzassdussulnlad 3 dnwug Ao (A)

Biological Process (B) Cell Component g (C) Molecular Function

A. Biological Process

3hr

6hr

8hr

18 hr

neuron projection development

N-terminal protein amino acid acetylation
astrocyte differentiation

steroid metabolic process

ossification

hypothalamus development

establishment of epithelial cell polarity
multicellular organism development

positive regulation of peptidyl-tyrosine phosphorylation
nervous system development

digestive tract morphogenesis
anterior/posterior pattern specification
positive regulation of cell-cell adhesion
inner ear receptor stereocilium organization

positive regulation of blood pressure
cell surface receptor signaling pathway
iron ion homeostasis

axon guidance

palate development

lcentral nervous system projection neuron axonogenesis

positive regulation of organ growth
extracellular matrix organization
positive regulation of cell motility
morphogenesis of an epithelium
odontogenesis

regulation of long-term neuronal synaptic plasticity
negative regulation of extrinsic apoptotic signaling

pathway in absence of ligand
nervous system development

immune response

inflammatory response

cellular response to lipopolysaccharide
positive regulation of gene expression
positive regulation of ERK1 and ERK2 cascade
positive regulation of T cell proliferation
cytokine-mediated signaling pathway
positive regulation of prostaglandin secretion
wound healing

cellular response to tumor necrosis factor
positive regulation of stress-activated MAPK cascade
positive regulation of INK cascade

positive regulation of NF-kappaB transcription factor activity
chemokine-mediated signaling pathway
JAK-STAT cascade

immune system process

mitotic nuclear division

cellular response to interleukin-1

innate immune response

cytokinesis

inflammatory response

negative regulation of apoptotic process
negative regulation of interferon-gamma production
negative regulation of T cell proliferation
fever generation

hepatocyte proliferation
cytokine-mediated signaling pathway
positive regulation of I-kappaB kinase/NF-kappaB signaling
nitric oxide biosynthetic process

B. Cell Component

3h

6h

8h

18h

extracellular region

cell periphery

basolateral plasma membrane
cell-cell junction

plasma membrane

integral component of plasma membrane

extracellular region

membrane

anchored component of membrane
proteinaceous extracellular matrix
integral component of membrane
extracellular space

extracellular space

cytoplasm

CD95 death-inducing signaling complex
symbiont-containing vacuole membrane
external side of plasma membrane
basal part of cell

spindle

membrane raft

chromosome, centromeric region
kinetochore

cytoplasm

spindle

cytoskeleton

spindle microtubule

centriole

neuronal cell body

C. Molecular Function

3h

6h

8h

18h

protein dimerization activity
arylamine N-acetyltransferase activity
dynactin binding

receptor activity

glycoprotein binding

dynein binding

receptor binding

chemoattractant activity

serine-type endopeptidase inhibitor activity

carbohydrate binding

RNA polymerase Il transcription factor activity

sequence-specific DNA binding

cytokine activity

interleukin-1 receptor binding

protease binding

chemokine activity

core promoter proximal region DNA binding
receptor binding

tumor necrosis factor-activated receptor activity

protein binding

microtubule binding

ATP binding

RNA polymerase Il core promoter sequence-specific DNA binding
ubiquitin protein ligase binding

microtubule motor activity

interleukin-1 receptor binding

cytokine activity
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Foyansuarsuiuurlawmes (TF) MAerdesiunisnevaussmssniauazgnsusmdoyalag
mﬁami'ﬁuﬁumﬂLaﬂmimﬁﬁaﬁtﬁm%’m (Nilsson, 2006; Ravasi, 2007; Medzhitov, 2009; wag
Weintz 2010) ﬂaummimmaamamammmeummauamammw 19U Genecard ua Uniprot
ylilddeyaidesiures TF Mivrdostunssniay Wuduauisdu 46 Bu Fuanasede Tumsned
4-3 LLa”m'ﬂ‘U“U@MaﬁuaﬂSUVILﬂEJ’JGUQQﬂ‘Uﬂ'liE]ﬂLﬂ‘U‘V]G\i?i]ﬂa‘ulml’lﬂﬁﬂu%@uaa’]ﬁﬂimzﬂaﬂEJ‘L!‘I/]
Aeadeatulsn laungrudoya DisGeNET (Pifero et al., 2015) OMIM (McKusick, 2007) wa
UniProt (Apweiler et al., 2004) wﬂﬁlmmmuawLﬂmsuaqﬂumiamaummumau 392 81 lny
wanslunnd 4-2 Fauansudlnesunsurestufignanaasunuldnngrudoyaisanudisiu lnedu
i1 392 Bu dasgnuinnesivaeudnads ileRorsurit Bulassdiunumdu TF wee Bulnaziunum
Hu TG fourhnisdasuunnguiiunissniauianuai ndeyaves TF uag TG dsazthanldidu
ToyalunIiaTILieseieAIUANNTNBUANBINTENLEaURDLY

M99 4-3  F151UARITIETBLAL IMEIB B TayanIudRsU Tulawes (TF) Magiunldluns

AATIINALATOUIUNITAIVANNITHANIDDNYBIEY

TF Wna9a19a9 UNANNIIBALALNUDI
NRF-2 http://www.genecards.org/index.php?path=/Search/keyword/NRF2
E74A http://www.uniprot.org/uniprot/?query=E74A&sort=score
Adf-1 http://www.uniprot.org/uniprot/P05552
TGAlb http://www.uniprot.org/uniprot/?query=TGA1b&sort=score
CBF1 http://www.uniprot.org/uniprot/?query=CBF1&sort=score
ATF http://www.genecards.org/index.php?path=/Search/keyword/ATF/0/20
NF-Y http://www.genecards.org/index.php?path=/Search/keyword/NF-Y/0/20
GABP http://www.genecards.org/index.php?path=/Search/keyword/GABP/0/20
StuAp http://www.ncbi.nlm.nih.gov/pubmed/9312029 Transcriptional network dynamics
c-Ets-1 68 http://www.genecards.org/index.php?path=/Search/keyword/Ets-1/0/20 in macrophage activation
ATF-4 http://www.genecards.org/index.php?path=/Search/keyword/ATF/0/20 _Genomics2006_NilssonR
CRE-BP1 http://www.uniprot.org/uniprot/?query=CRE-BP1&sort=score
Arnt http://www.genecards.org/index.php?path=/Search/keyword/Arnt/0/20
Nrf-1 http://www.genecards.org/index.php?path=/Search/keyword/Nrf-1/0/20
CREB http://www.genecards.org/index.php?path=/Search/keyword/CREB/0/20
IRF http://www.genecards.org/index.php?path=/Search/keyword/IRF/0/20
Rb/E2F-1/DP-1 http://www.genecards.org/index.php?path=/Search/keyword/Rb
NF-muE1 http://bioinfo.wilmer.jhu.edu/tiger/db_tf/NF-MUE1-index.html
c-Ets-1 -
ATF3 http://www.genecards.org/index.php?path=/Search/keyword/ATF/0/20 Transcriptional control of the
C/EBPS http://www.uniprot.org/uniprot/?query=C%2FEBP%CE%B4&sort=score inflammatory response
RUNX1 http://www.genecards.org/index.php?path=/Search/keyword/RUNX1 _NatureRevimmunol2009
IRF8 http://www.genecards.org/index.php?path=/Search/keyword/IRF/0/20 _MedzhitovR
Irf3 http://www.genecards.org/index.php?path=/Search/keyword/IRF/0/20
1If3 http://www.genecards.org/index.php?path=/Search/keyword/IIf3/0/20
Nfatcl http://www.genecards.org/index.php?path=/Search/keyword/Nfatc1/0/20
Nfatc3 http://www.genecards.org/index.php?path=/Search/keyword/Nfatc3/0/20
Nfat5 http://www.genecards.org/index.php?path=/Search/keyword/Nfat5/0/20
Nfkb1 http://www.genecards.org/index.php?path=/Search/keyword/Nfkb1/0/20
Nfkb2 http://www.genecards.org/index.php?path=/Search/keyword/Nfkb2/0/20
Nfil3 http://www.genecards.org/!ndex.php?path:/Search/keyword/NflI3/O/20 The phosphoproteome of toll-like
Cebpz http://www.genecards.org/index.php?path=/Search/keyword/Cebpz/0/20 i

" receptor-activated macrophage

Cebpd http://www.genecards.org/index.php?path=/Search/keyword/Cebpd/0/20 MolSysBiol2010_ WeintzG
Atf7 http://www.genecards.org/index.php?path=/Search/keyword/ATF/0/20 - -
Atf2 http://www.genecards.org/index.php?path=/Search/keyword/ATF/0/20
Hsfl http://www.genecards.org/index.php?path=/Search/keyword/Hsf1/0/20
Mef2d http://www.genecards.org/index.php?path=/Search/keyword/Mef2d/0/20
Mef2c http://www.genecards.org/index.php?path=/Search/keyword/Mef2c/0/20
Mef2a http://www.genecards.org/index.php?path=/Search/keyword/Mef2a/0/20
Pou2f http://www.genecards.org/index.php?path=/Search/keyword/Pou2f/0/20
Pbx2 http://www.genecards.org/index.php?path=/Search/keyword/Pbx2/0/20
RUNX2 http://www.genecards.org/index.php?path=/Search/keyword/RUNX2/0/20
Ets2 http://www.genecards.org/index.php?path=/Search/keyword/Ets2/0/20 Systems biology of transcription
Irf7 http://www.genecards.org/index.php?path=/Search/keyword/IRF/0/20 control in macrophages
Icsbp http://www.uniprot.org/uniprot/?query=Icsbp&sort=score _BioEssays2007_RavasiT
Irfl http://www.genecards.org/index.php?path=/Search/keyword/IRF/0/20
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uniprot disgenet

OMIM

Af 4-2  nudlnevunsuukansiuiuduiiieitesiun1ssniauimsiaaeulaain 3 grudeya
e Uniprot, Disgenet, uag OMIM Inaguiinsiaaaunuain 2 lu 3 g1udeya ¢
Wl dugunisdniauiiensiinsiesvisiely

NTaYaNITHANIDaNYBIYRTayalulATeNSIsdnuYIIaT 3, 6, 8, WAy 18 Flag N
ﬁwmi’fﬂm'%wL‘ﬁaﬂjmWLﬁuGﬁa;ﬂaLéué’uﬁm%’Umﬁmeﬁmaléﬁﬂmﬂsu Dynamic Regulatory
Events Miner %38 DREM (Schulz, 2012) flagvinnisemdennsuansudunawmesidunuimlunis
muqumiLLamaaﬂﬁuaamjmﬁu%aﬁLLUULLmumiLLamaaﬂiuLwULﬁmﬁ“u Aouflazdinasinnis
dadonnsuaniuiuuramesuagfuidvnedlfuuanuaiaietionsmuaunisuanseanlag
p1fenITansraniglalusinsy Cytoscape (Cline, 2007) Lﬁa%’mm%m%mﬂaLﬂ%@ﬁdwz‘im%’uﬂﬁ
Ainsrziluduneusioly anamd 4-3 %QLLamaLLUULLmumiLLamaaﬂﬂJaqﬁuﬁLﬁemﬂmﬁmmjumi
wansoonvosduluyndeyalulaseisisdlugieian 3, 6, 8, uay 18 d2lus Fadunaannlusunsy
DREM fluanslvifufauuiaunisuansaanvosdunsmunaingndoya (4-3A) Lag WUULKLTBY
mLa?ﬁﬂuLmazﬂ&jmLLUULLmumﬁLLamaaﬂ (4-3B) sedpsnmuan IS auseTonsudasuiunrane s
(TF) ﬁLﬁmGﬁmﬁ’UﬂﬁmuQm
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A. Expression profiles of genes in microarray data and their TF

NFATC‘

s NFATGs
NFATC4

Zﬁ:{ GATAZ

| Nk SRY

|NFY)

ESREIGATM R

:#;4 CDCSL Predcl GO Tabke Key TF's Labess Seketty 60| [ Hee Nodes Save Modd .

o oA Sekelty Trs | [Sakclby Gare Sl Hl'eenms:ms [saveinage ] [EJ:
[NRS]

Ao LI

1=

B. Average expression profiles of genes in microarray data and their TF

1o

HieNodes | [ Satiogel | [LhP2
swrmm SueEe @

Al 4-3 ﬂ’l‘WLLﬁNLL‘U‘ULLNUﬂ’]’iLLaﬂﬂaaﬂﬂJ@ﬂguﬁLﬁﬂﬁ]’]ﬂﬂﬁﬁ'ﬂﬂfjumiLLﬁﬂQ@@ﬂ‘U@quiuﬁngj’e)yja
lulase15isd lurraaan 3, 6, 8, waz 18 491us Tnelusunsy DREM (A) LaASLUU
Lquﬂwsu,amaaﬂmaqﬁuﬁwmmﬂﬁm%’aga waz (B) wannuusNuasanadsluLras
NAULUULAL wiounansedonsudasuiunnames (TF) MAvrtes

MNMTAATIEALUULNLUNTUanBaNFETUTWNTY DREM agyilldmsauming uansd
MsAIUANASIARIDenlaensAATUTULNALADS (transcription faction, TF) Aiflse Buitmane
(target gene, TG) azdasgninnulasieyaiiielliludeyau fduiusiuansdsguesdulusiu 71
Uffuiussotuluuiazund (nmil 4-9A) neuasihdayaufduiusalidulunanuainiorianis
MUANNSLAnIBaNYBIBUTIAEIA UM IR UALDINTEALAY FelUsunsu Cytoscape (nwdl 4-aB)
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Gene Spot. 0h 3h 6h 8h 18h CDA0  [NFKB1 NFKB2 AR PSIPL  ZFP238 |ARHGEF|FKBPA
March2 D1 o 091 102 0.03 . 0 a ] 0| o 0| 0 0
Marchs 102 0 047 053 151 0 0 o 0| ] 0| 0 0]
Marché n3 a 071 0.57 07 0 a 0 0| ] 0| a 0|
March? 1D_4 Q 0.17 0.27 136 0] a ] 0| o 0| Q 0|
Marchg D5 0 0.22 111 1 1 1 1 1 0| 1 1|
[Sepls 10_6 0 022 022 119 ) o 0 0| 0 0| 0 0)
06100031301k 10 7 o 15 183 038 o o o o o o a o
Q 0.79 0.66 071 Q) a ] of o 0| Q 0|
o o5t o1 07 o o o 1 o o 9 o
0 113 11 013 0 0 o 1 ] 0| 0 0]
a 035 029 087 0 a o of 0 0| Q) 0
o 05 05 oot | S ST | R S M| N
0610012GO3RIK 1D_13 o 083 0.73 0.16 0| a o of o 0| Q 0|
0610037L13RIK 10_15 Q0 101 091 0.61 9 0 ) 0| ] 0| 0 0]
0610040101RIK 1D 16 0 053 062 017 0 o 0 0| 0 1 a 0
1110001J03RIK_ID_17 Q 0.78 05 0.64 Q) a 0 of o 0| Q 0|
1110004E09RIK 1D_18 0 0.61 048 0.61 0| o o 0of o 0| Q 0|
1110004F10RIK 10_19 Q 0.66 0.65 122 0 a ] 0| o 0| Q 0]
1110007COSRIK 10_21 0 104 1 049 0 0 o 1 0 0| 0 0]
1110008F13RIK 1D 22 a 0.79 0.74 097 0 o 0 of o 0| a 0|
1110008P14RIK 1D_23 0 144 129 0.29 0 a o of o 0| Q 0|
1110012L19RIK 1D_24 Q 0.76 0.67 0.84 0] a 0 0| 0 0| Q 0|
1110025L11RIK 1D0_25 0 121 109 -0.09 0 [ 0 1 0 0| 0 0]
1110032A03R1K 1D 26 o 1 116 oo o o o o o o o oo
1110037F02RIK 1D_28 a 05 D4l 117 9| o ] of o of 0| 0|
1110038 14R1K 1029 o 093 o7 s ol o o o o o o o
1110051M20RIK 10_30 0 142 131 021 0 0 0o 0| ] 0| 0 0]
1110057K04RIK 1D 32 a 118 116 027 0 a o of o 0| a 0|
11100581 19RIK 1D 33 a 0.62 04 077 0 a 0 of 0 0| a 0
111005924RIK_ID_34 Q 0.69 0.42 0.92 Q) a 0 0| o 0| Q 0|
1110059GLORIK 1D_35 0 0.59 0.64 0.81 0| o o of o 0| 0 ]
1190002N15RIK 10_36 0 005 -001 083 1] 1 o 0| 0 0f 1 0]
1200003110RIK 1D 38 a 0.77 0.97 1.85 0 o o of 0 0f 0 0]
1200014J11RIK_1D_39 Q 1.08 1 06 0] o 0 0| o 0| Q 0|
1200015M12RIK ID_40 Q 0.65 0.84 196 0 a o 0| o 0| Q 0|
1300017J02RIK 10_41 0 101 0.7 061 0 0 ) 0| 0 0| 0 0]
1500002F19RIK 1D 42 0 D37 D068 047 0 o o 0| 0 0| 0 0
1500004A13RIK 1D 43 0 1.68 164 0.46 Q) a 0 of o 0| Q 0|
1500015010RIK ID_14 o 119 0.87 0.11 0] a o 0of o 0| Q 0|
1600012HO6RIK 10_45 0 0.53 0.31 15 0.98 0] 0 0 0| 0 0| 0 0]
Output from DREM

ANN 4-4 amuanaranliannsiessiteyalulasensisdlugiaim 3, 6, 8, wag 18 alud fe
TUsunsy DREM neuiiagyinnisulasteyabiegluguiianuisananinawsotialaniely
TUsunsu Cytoscape (A) wag (B) Aragrsnisuaninalulusunsy Cytoscape Li®

a b4 o (% a 5 1
W3sNNSaud S UNMTIATEiluTunoudealy
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TF T6

D40 Marchy

CD40  D610010K14RIK

CDan 1190D02N15RIK

CDa0 2210018M11RIK

D40 2310011J03RIK

CD40  2410015M20RIK

cnao  2510009F07RIK

CDa0 2610002J02RIK

D40 2610015PORIK

CD40  2700062CO7RIK

CDAD 2810DDEN?3RIK

coao  310000E18RIK

CDA0 A632428N05RIK

CD40 4930427807RIK

CDAD  AACS

CDa0 AAMP

CDA0 ABAT

coa0 Aaca3

CD4D  ABCC3

CDAD ABCG1

o0 asks

D40 ABHD4

CD4D  ABR

CDAaD ACAD11

CDa0 ACHE

D40 ACOT7

CD4D  ACOX2

CDan ACSS1

CDan ACSS?

D0 ACTE

CDa0 ACTGL

CD4D  ACTNL

CDAD ACVR2B

CDAD ADA

010 AoamIS

CD40 ADATI

CDAD  ADCK4

CDa0 ADCY4

CDA0 ADIL

D40 ADRA28B
Input for Cytoscape




nnuaildazyinlilanIedieivsenouluglrosiuiuiuienue 10,364 84 wazsiulu
Ufduiudionmn 325,358 UfSus (nmil 4-5A) 1aTetneges (sub-networks) figndnidondiedu
199 n3udasUuTusAmesiisidestunisdniay (inflammatory TF) $1uau 311 Su vinliile
\wIednedesfislvun 7,308 Bu way 32,986 URduius (N7 4-5B) 1n3ee1ug0sveuASeug DY
(sub-sub-networks) ‘ﬁgﬂﬁﬂLﬁaﬂéf’mguﬁmauauamamiﬁﬂLﬁ‘u (inflasmatory responsive genes)
Tuusiazdiaiian 3, 6, 8 uay 18 2lus Taedl 3 FalusliiaTetefifivunn 125 Su 192 Ujduius 7 6
Falus IeTetnsvuin 62 Bu 91 Ujdusius 7 8 4alus Iéiedetneun 948 Hu 1,449 Uidusius
uay 417 u 888 UFAuTuS uanafanmil 4-5C uazluganisdniay (inflammatory modules) Fsgn
Fmdendae JActiveModules Tnenisldsefunisuanisanvesduiinevausdonisdnauluns
@ 3, 6, 8 Wag 18 s wazdeyamsanm (nwdl 4-5D)

A
B Sub-network
C
D

Inflammatory modul

AT 4-5  (A) ipFetierunlvig/a1n DREM, (B) Lﬂ‘%a‘dﬂaéaaﬁgﬂﬁmLﬁaﬂéffmﬁumaq NIudATy
Fuurlawmesiiieadeatunissniay, (C) inietnedesiigndaidenseBuiinouausise
mssnuauluusiazdiana (D) luganssniauiigndaidensie JActiveModules wag
TOYANTINTN
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[

Turiaian 8 wag 18 Talud 1uIUveITUNRUAUBIRENITENIAU kasUfduRusNgs du
. =

Y
¥ '
=

gnvazifiosnandutisaiaviinsazauesdufiinisrevaussroniss nauiinun 9y Jafu
'1‘7iLﬁ'm%’aaﬁumié’ﬂLauméwﬁgﬂmzéjﬂﬁlﬁmmiu,amaaﬂé’wé'zyzyﬂmizﬁuiuLaqaﬁ'ﬂmﬂﬁﬁﬂmﬂu
waduarneuenwad (nternal and external cellular factors) tiewunisnovaussluldoadu
dufunisansunsiedusiainaindsulanyasumaniild (Sherwood, 2004; Sorci and Faivre,
2009)

Module of network at 3 hour Module of network at 6 hour

- Transcription factor* - Transcription factor*
Gene* O Gene*
— 5 Regulation** —5 Regulation**

AN 4-6 luga A Uar 1uga B vadAseYnegesiiiig 3 uag 6 9Ilua (01w 4-5D) muasulnun
dwvneufensudasutuunawes Wununaufesdudviang uazgnasuananisia
VINISATUAN 1NN *Inun (node) Ao Bu (gene) uaz **1aAd (edge) Ao UHduUS

Module of network at 8 hour Module of network at 18 hour

[ Transcription factor* ()] Transcription factor*
Gene* Gene*

— 5 Regulation** > Regulation

AN 4-7 luga A uae luga B vadAsetnegesiiiig 8 uaz 18 Falus (Amd 4-5D) audey
Inupawdgufonsudasutuuames lruninaufedutving uaggnaAsuananisie
VINISATUAN 1NN *Inun (node) Ao Bu (gene) uaz **1aAd (edge) Ao UHFUNUS
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4.2 AISNAUILASIU8NNBUAUDINITONLEU

Hewneindedinsewesoyanisesngrisvesasannanivayulnsvioasduasieii
= v ° v A v v a = A alee v ! Y} A A Y P
Neates inseiuudeyailaiveyavesdunselusiunifnudesuaslinssiunguiuignanidents
Peaualarinisesivaeudeyaduiiedniauimsldusylevivenasetiedseluil

4.2.1 1ATUIURTURUSNITAIVANNTTLEAIVBIEY (Gene regulatory network, GRN)

M31971 4-0 uananaIINMTIATEiiATet sUfEuius mMImusunsuanseennssnLaulag
nsinIsuanteanvesduiiiinisuansesnnisnevaussselalnindusanlatvesaduualasrig
RAW 264.7 1% sfAnsessengunsudaduduuamednisdnauionna 310 #2 fildann
51uteya OMIM (McKusick, 2007) Uag GeneCard (Safran et al., 2010) u1a3aiaToUBUFHURUS
nsmuANN1shanseenvedulagldlusunsy DREM 2.0 uazlanmaiulusinsy Cytoscape vinlut
Iéiedodeiifiouin 603 Tuun 10,700 V&S wansdannil 4-8A indernsujduitusilléduaszgn
dandunesediegesiiiendestunisuantesnvesiuiinevausuionisdnauegusudaluusas
4241781 (differentially expression) Feldanni1sdadendudl (feature selection) i aunundu
FununIetegesvenaazdaan leun 3, 6, 8, way 18 42lus wansden ni 4-8B f9 4-8E
AR

Sensfumiaierisujduiusnismuaunisuansesnvesdunielianngvesnmmaassly
duv0AazTINIaT wIevedeeiilifinslvuinlug sandenisiasieniadinisyaTuswn sy
JactiveModule 1l#lunisiiasziiedunlugagosfinisiuasunlasuesnisuaniosnegiail
Hedrrgynelaniseevaussniseniauniglatisan laun 3, 6, 8, uaz 18 dlu9 wanaRInIni 4-9
A 99 D aasiu

Soisldetetnefusuudmiunsesuvienisnevauevesdumssniaunatus whuvinig
Usegndldtumsoongys luededemauanseenmsdniauiifuagfiuidduusndstusiutsuends
MsuanIoannISnLEUlolinansfusy LPS waziinsannisuanseenidlefianseongrsududins
uansponfidenansianig luideiisintegiiiniedionisaiuaunisuanioonnisnevauednis
§niau Tunmdl 4-10 Wunansuansoonvesyatoya GSE210841 Tugasan 8 dalug ﬁﬂﬂmmaauﬁ’u
mia@ﬂqulmmﬂauumi Hypericum perforatum fSund1 4CS (4-component-system) ffinns
eunuiulun1sdunsenta) Imam‘wmmaqmiLLamaaﬂuumammﬁmmummamaamaq

funssniauielalnindusanilsiduiinsuanseeniiiiautu uwazilofinnsnagevaiseongn? acs
nsudnteanvesBukasnIdaRUTuAwmeTuanasiiegiauty JUN wasiewnietefunuuns
Augunsuansoandia 6 Slusdulanulnusiinssfuiugndeya GSE21320 way GSE9632 e
Tlslannsoiinnesitoyamstiudinsuansoontesanseangs e
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o 1Y a aa = | R a
M19190 4-4 ﬂ']iﬂuvnEJuV]ﬂJﬂ']iL‘UaEJULLUaQWWN?J'NL'Ja'm']ﬂLﬂi@sﬂqﬂﬂqiﬂQUﬂNﬂqiLLaﬂ\‘i@@ﬂsﬂﬂﬁﬁJu

. 4 4 o a a4 | Frist Neighbors
nandunonAaLRantile
) y‘” . of Selected
. 8NN | mIdunieIaTng Edge
LA3AULMIAILANNTT , , Nodes
M HaHUaILARTENIIE
URAIDANYBITU (Undirected)
. PN | wandn | 4 .
721409 s 4 WIVBBUNIND | 1w
NAWIA NWU
3 83 3 89 901
lua 603
6 103 2 24 45
- 8 92 17 356 6,029
ok 10,700
18 97 17 386 8,077
A

Regulatory Network

Large network (603 Nodes 10700 edge:

8hr. (359 Nodes 6029 edges| 18hr. (386 Nodes 8077 edges)

3hr. (89 Nodes 901 edges) 6hr. (18 Nodes 45 edges)

Al 4-8 (A lmamsﬂgauwusmimmumsLLamaaﬂsuawu way miamaaaamﬂﬂmaaﬂ
aaﬂmmasumﬂﬂmLaaﬂmﬂmumaumiﬂmLaaﬂau‘LuLLmavﬂmL’Jm (B) 3 hr (O) 6 hr (D)
8 hr waw (E) 18 hr (manewe: luiedernsnismuaunisuansoonvesduty Tnuadd
wesvdsLNeEmedaaUTuuramed TuuadinGunnededudmineg uavaunves
Tnundzduogfuujduiussevingu leadfifgnasmnedsfianswesnisaiuaunis
uansaen Lamﬁﬁﬁgﬂﬁiumaﬁaﬁﬂmmaamsmuqum'ﬁLLamaaﬂ)

30



Module 6-3

Module 8-4 Module 18-2

AN 4-9 Img]aﬁ (A) 3-3, (B) 6-3, (O) 8-4 uaz (D) 18-2 Wusunuven3ovieUfaunusnis
muAuNIuanseenuedulutnai 3, 6, 8 uar 18 9alus (e luieForiens
PuAuMILanIBeantesBuiiy nuadihuasimasumnedmeedaauduuiames Tnund
Rt mane dvunvungia muwmaﬂmmz%uaQﬁuﬂﬁé’mﬁuﬁ‘sw'jwﬁu
londfignasnediiemeresnismununsuansoon)

4CS

LPS+4CS

= A o A Y v
AT 4-10 1ATBYILNIIAIVANNITUAAIBDNNTENIAUTDITULDYNNTEAUAIY LPS LagKaINN1T
pdouUiuaIToanNgs 4CS Mian 8 Talusluaniaz (A) 1fl LPS, (B) 31 LPS waz (O) e
IS = Y a = = a =
11 LPS uadlens 4CS (Muneivie): Ansidudvadinuavangfianisiantoanyesdy duadne
N1suanIeaN NG Weifen 1suanieaniianad kazvu1nvadliuaduedfuufduius
sEninelvum)
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4.2.2 1AT2UNURTUNUSNITUEADBNTINTENTNNEU (Gene co-expression network, GCN)

M7 4-5 LansHaINMTieTIEilaTets Ufduiusnisuanseensanseninedu Tagnisi
Msuanseanvesduiiinisuanteannisnevausssolalninduraailatveisaduunlasnig RAW
264.7 wnairedereUiduiusnsuanioansausenineBudesdul fausiusaludfaneivi e
wSetnefifuunn 322 Tnun 6,244 UiEuius (il 4-114) ndevieujduiusildduasgniinun
Funasedisgesiiieadestiunisuanteenvesiufinevaususenissnauegiuaudnluudas
9241741 (differentially expression) Felgarnnisfmdendud (feature selection) diedundu
Faununiotiogosvesunazdianan ud 3, 6, 8, waz 18 93109 wanefenInd 4-118 f9 4-11F
AUAIIY

Sonsdunieioneufduiusminanseansausznindu meldanmzuesnaveaedudiu
Yosuiazdiian wdetedeniilddinsdvuialugerndenisinsieiiednasinlusunsy
JactiveModule 1l#lunisieseiiiedunlugagesiinisiudsunlawesnisuanieonagiedl
Hedrnelanismevaussnisenigunelagianat laun 3, 6, 8, uay 18 139 uanefenIni 4-12
A 9 D auasiu

lfidenlugaunslugavesusazaniizAedisnaridenuninszinazBuuissiiing
euInegsellesieiingiiaresurey fuiusnsuanseansanvesdu ludisnad 3
Falus $ruaulnuniliiies 2 Wuandinivhnsdunieietisgesanduneunisdmdoniedetae
otaiifoddyrtilidies 2 Tnun 1 Uiduiusuiduislivdeszide ((mdl 4-124) ludraandi 6
lag LiﬂLﬁaﬂImg}aﬁ 6-5 (N7 4-12B) %ﬁéfn@wé’ﬂﬂﬁﬁmimﬁauwm@ﬂwLﬁuﬁmﬁuﬁa Tird,
Cd14 waz Mapk14 SsBuwmanilinsuanseaniiasuuladiuludisnmiuasiidmanenisuansesn
solvundu 1Wuiu Tudianad 8 $alus 1sudenluga 8-3 (il 4-120) 1 asinalugnaani
edlfu Cd14 way Stat3 Mlnsuanseeniiudsuwladliegaivedfydlenaniuly 8 42lus uas
fafladensuansoonsetudug uazfiannnz 18 Falumdsandisinmsnszdunsuanseansie LPS 1¢
ﬁwmimilﬁaﬂhaaﬁ 18-2 (nw# 4-12D) s?iﬂu‘[u@aﬁwu Tnf, Pteer? wag Ptgs2 fin1suanaandl
AU

Setyadoua GSE21841 fivin1snageunTALUNITLARIBENYBIA1TOBNNELYIINS
Anssituieietensuanioensausewinufusuuunuiilutisnai 8 Flusfunisuanseenves
funsdniaudlefinisnssfunisuanseandae LPS wuhinisuanseanvesBiunisdniauiiiindudle
é’qmm’mﬁﬁLﬂ?iﬂuLLanlﬂLLazLﬁav‘i’m'ﬁmaauﬁua'ﬁaaﬂqmé acs WUdﬂﬁﬂi@@ﬂg%éﬁﬁﬂMﬁﬂiﬂﬁ@
nsuansesnvesBunssnauiiofisutuiomn 3 wietrenelfaniiuandreiy msileunisan
nsuanIeenvesiiu Stat3 uay Cd14 devnsnadeuiuaseengyslunsdunisiansoenesans
songristuiiliesdnmuiledunaandfivdsuulamdnniviinimeaey (n il 4-13)
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YAUBUA GSE9632 IFvihn1snisuanseenvesdunisdniaunagyinnismaaauaIseengmanis
Frunssniauanaisadia 3 viia ldud albiflorin, paeoniflorin waz paeonol 3MNsINVeEUTUAY
(pacony) Tuu3uas 1, 10 waz 100 ug/ml muddu lunmdl 4-16A wietenisuansoonsauBunis
dniauislevimaveaeuiuasesngys albiflorin TuruaU3anm 1 ug/ml ndsanfiinisnsedunis
wansoonTesduNsSIaUme LPS nuinmsinvenaietietudsliannsaanSmanissnauls
Soflsuiuszwinuaiedioiilignnszduse LPS uazindetneiignnszdusie LPS etfindiua
@15 albiflorin 10 kag 100 ug/ml MUEINY wLﬁudwmiaaﬂqw‘é albiflorin Yua1159aan13
uanseanvasBunssniaudlofunnandiudsuulasly (nmdl 4-148 wag 4-14C audidu)

Iumimaa‘umiLLamaaﬂ'ﬁamaaﬁuﬂﬁé’ﬂLaULLazﬂfli@’humﬁé’ﬂLauiuaﬂsaaﬂqwé
paeoniflorin s nveIduluRy (mwﬁ?i 4-15) TuuFuae 1 ug/ml wudndlewleuiuis 3 1A30918
(ANl 4-15A) mﬁaaﬂqwé paeoniflorin ﬁ?uaﬂmmamaaﬂﬁumsé’ﬂLaulﬁLﬁ'aé’qmqmﬂﬁﬁ
Wasuuadly wazanuisoannisdnauldmluusuiad 10 ug/ml (nwdl 4-158) usiileifinuTuna
ﬁuaqmiaaﬂqmé paeoniflorin tJu 100 ug/ml wddupruaunsalunisnisanasweenIsuaniesnty
nsenauiutiosaniiofisuiu 10 ug/ml (i 4-150)

LATHATINNITNAABUNNSAILNNSLERIBDNTBIATEENEYS paconol TuuSuna 1 ug/ml tfu
ansnannisuanienvesBunssniauliiilofisuiuiniedionisuanioenyesdunissniauiign
nIEAUME LPS wazinietionismsuanioandumss nauiilignnszdudie LPS (nmil d-16A) uaz
A A a v Y LA va 9
WasurunuTuumeiuaIseangynsi 1 ug/ml agaunsnantannii 10 wag 100 ug/ml umltugu
vsddinsanladesilioisuiuu3ng 10 waz 100 ug/ml (AW 4-16) @1599ngn5 paeonol Tu
USuay 10 wag 100 ug/ml @unsaannisuansoanvesdunisenaulailefisuiuiniednefliddnig
NsEAUME LPS

wariignnsedusie LPS Tluyadeya GSE21320 évinn1snaasuaiseangns EGCG
(Epigallocatechin-3-gallate) ﬁlé’ﬁ]’mmL%aﬁ'qu%gmiéhuﬂ'ﬁé’ﬂLa‘uﬁum 6 $alu9 (M 4-17)
LﬁamﬁﬁLﬂ%ﬂhaé’mwmmmmaaﬂiamﬁumié’ﬂLawﬁmﬁ’]vﬁimé’aswudﬂﬁﬁumié’mauﬁmu
4 mwmmuﬂwmauaﬂa (3, /\/Iopk14 Sppl wae Tnfrsfza Luammi’smmumumwLmamavﬂ,m
N AUAE LPS uaz Lﬂiamamﬂmmuma LPS 1fu anspengw’ EGCG finarenisuanteantes
Busts 4 ¢ mmiaiﬂammmamaaﬂmmaumaaﬂLaULmamm&;mﬂamﬂaauwaﬂﬂ
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a 1% a Ao = | A a o ]
M99 4-5 ﬂ']ﬁﬂu'ﬂ']ﬂu‘lflllﬂqiLﬂaUULLUaQWWNGU'JQL’Ja'ﬁﬂﬂLﬂi@sU']UTJQauWUﬁﬂqﬁLLaﬂQ@'ﬂﬂi?N

FENINEU

oA

A o A A
ﬂauﬂuﬂgﬂﬂ@LaaﬂLwa

Frist Neighbors

) . . of Selected
e . 8Nz | imsdunaIedngy Edge
L30T BU[FUNUTNNS , , Nodes
. L HopaIULAaT NI
WEAIDDNTINITNINIDU (Undirected)
. BN | wandn | 4 .
771404 n 4 UWIUIUNNY | $1UIn
NAUA WL
3hr 83 1 2 1
lnua 322
6hr 103 2 72 1,452
. 8hr 92 27 67 355
ok 6,244
18hr 97 29 32 120

Co-expression Network
Large network ( 322 nodes 6244 edges )

3hr. (2 nodes 1 edges)

6hr. (72 nodes 1452 edges)

8hr. (67 nodes 355 edges)

18hr. (32 nodes 120 edges)

AT 4-11 (A) Lﬂsamwgauwuﬁmﬂmmaaﬂiammmwu LLauLmamsaaamﬂﬂmaaﬂaaﬂm
WJEJEJ‘U‘V]E]ﬂﬂﬂLaﬁlﬂﬁﬂﬂ‘llwﬂﬁ]umiﬂﬂLﬁE]ﬂEJHIULLGIﬁJU’NL’Jﬁ’] (B)3hr(Q)6hr()8hr

way (E) 18 hr
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Module 3-1 Module 6-5

X\ aN
4’/ "t%’"")
‘,{/““— /

~ />

Module 8-3 Module 18-2

AN 4-12 Tugad (A) 3-1, (B) 6-5, (O) 8-3 waz (D) 18-2 Lufuvurenasovigujduiusnis
wanseanusznIsduiigndndeniieidusunulunsiiessikazulananisuansenn
= Y ) = o A ay o ¢
Yo3guNonLEy Tuyaeai 3, 6, 8 uag 18 4alus (munewe): luiesedgufduiusns
' oA = A Ao oA A A 1Y
wanseanIImseninedu InuadvunyAedunily wavlvuadivdesiedunisoniay)

4CS

Stpip1

untreated

LPS+4CS

-2.55 2.12

Al 4-13 1aFetnonnsuanseansamBunisdniauiignnaasuiuaisesngys 4-component-
systemn (4CS) fitanan 8 $alua (uneime: ansdudvesluuavunefsnisuansesn
v03fu AunsiensuanseeniifistuAdenfonisuanseeniianas Afdeluundlamud
uansooniueietieduiuy uazauinvesinuatusgiulfduiussemindluum)
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Albiflorin

untreated LPS LPS & 100 ug/ml of albiflorin

-3.09 2.97

A il 4-14 L3etnnisuanseensauBuiignnsedudng LPS wagnisiunsdniausieasesngms
Albiflorin Tuy3ana 1, 10 wag 100 ug/ml nyadoya GSE9632 gnyaeuiitaanan 6
s (runewn: mnududvesnusmnefanisuaniesnvesdu dunsfonisuanieand
dintudidefensuaniooniianas AAelununilinuduansesnluedotiefuuuy
LLawmmaﬂmmﬁuaQﬁuﬂﬁé’uﬁuﬁ‘izwjﬁﬂmm)
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Paeoniflorin

LPS LPS & 10 ug/ml of paeoniflorin

untreated LPS LPS & 100 ug/ml of paeoniflorin

-3.09 2.97

AWl 4-15 1pfetnenisuanseanimBuiignnazdudg LPS uaznsdnunsdniausiemsoengy’
Paeoniflorin Tuu3u1as 1, 10 wag 100 ug/ml 31nYATRYA GSEI632 Qﬂwmaa‘uﬁ
P81 6 Hlus (Mnewn: Avuidudveslrunmneiinisuansoonvesdu dunsiens
wanseanfifintudiBeafenisuanseaniianas dfAeTnundilinuauanseanly
LAIBUIIAULUY LLazﬂummm‘Emmﬁuagﬁuﬂﬁé’mﬁuéﬁzijﬂmm)
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untreated LPS LPS & 100 ug/ml of paeonol

-3.09 2.97

AWl 4-16 1pTetnenisuanseanamBuiignnszdusng LPS uaznsdnunsdniausiemseengy’
Paconol Tu3ana 1, 10 uag 100 ug/ml Mnyateya GSEIE32 gnnaaeuiitaana 6
s (ranemn: anududvesrusmneianisuanieanvesdu unifenisuanieani
dutudidefrensuansoondianas AihAelnusdlinuduanseanluedouisduuuy
LLazﬂummaﬂwum%uagiﬁuﬂﬁé’uﬁuéswfmiwum)
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untreated LPS &EGCG

-1.79 137

AWl 4-17 1efetnenisuanseenamBuiignnszdusg LPS uaznsdnunsdniausiemsoengy’
EGCG anyataya GSE21320 grinaouiivasiia 6 $alus (maneive: anududves
Tnunnnedsnisuanieanuesdu Funsdensuansooniiiutudifeafenisuantoond
anas AihdslnuaiilinuAnanseanluiniedisfunuy uazauavesivundueg iy

Ufdunussenindlvum)
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4.23 AsaUngUdunusszndnelushiu (Protein-protein interaction networks (PPI))

ANT197 4-6 LARINAIINNITIAT BT T8 U fduTuSseninalusiu Tagldvinnnsad
wwTeYgy fauiusseninelusiulagnsdvaudeyalusiuniseniauaingiudeya STRING waun
wanenanelusunsy Cytoscape Vilildindotiefiflauin 1,480 Tnun 7,776 Ufdunus (Al 4-
18A) W3edneUfFuusildduasgninanduniadetedesfiisadestunisuanseanvosdud
RevauBIsENISNEvegnuialuLiaztina (differentially expression) @sldannisdmdendu
i (feature selection) tevnidumunueietnegosvosuaztaanat léun 3, 6, 8, uay 18 Halus
LARIFINMA 4-188 f4 4-18F auddu

Sennsfunaietisujdusiusseninalusiu aneldannzvesnimeasdludiuveusas
Fraan indetnegeniladindivualngeindenisiaseidedinisinlusunsy JactiveModule 1l
Tunsiieseiiledumlugadesfifinisivasuutasveanisuandosnegsiiduddnaieléinig
novaussnssnauelivasm 1iud 3, 6, 8, uaz 18 Halus uansfanmd 4-19 A fa D suddy

lfidenlugavnslugavesudazaniizAetisnaridenuniinszinazBuusiifing
e9uegndeLlownieinsinazeSuteiadevieufduiusseninadusiu Tusianand 3
%ﬁimmlﬁv‘hmiﬁm?ﬂaﬂimaaﬁ 3-1 (A7 4-19A) WU RELA, NFKB1 uag IL6 lutn3eviouass
UfFuiusiu uaraunvesinusluadetietuszudaduasmauufduius fnat 3 $alus nueves
L6 Fvurniilng ufduiusaoudraidonlusiududnnatss Tunai 6 aluasidenluga 6-5
(n il 4-198) vunvesluuanislueiotiowaznisuansoansaufnsmulusiu Agtr2, Ace uas
Ren1 Wiovinisdumdoyanyin WeRumanivimiinfiAssunsudeivesdon Tunafl 8-2 gnidion
udufunuuresniseuiensneuaussnisdniavlutasiai 8 $alus (1wl 4-190) wuilnua
IL6 Aputraitazdivuelvg wufeafuing 3 4l waedmudninludu IL6 Tujduiuslagnsaiu
TLRA, MAPK3, IFNG @slUs3umaniinendeetunisnevausinissnay waslugaeand 18 $alug
daidonTugadl 18-3 1185u1e (n il 4-190) nuilulugaiilusiuiifsadesiunsdniay loun
Ikbkb, Rela, Mapk14, Tlrd, Stat3, Mapk3, Il1a Wag Myd88 %ﬂﬁﬂﬁﬁmﬁuﬁﬁu

lorhlugail 8-2 ufilaneiseszifiuiniloisiadeyamsuanseenvesduyn GSE21841
uihnsieTzinIskanteenvesBun Ul arseengrstuiinasienisuanseanvesiiun1sdniay
Tnglanne IL6 flnan 8 lus Wevhnsiisuiuieievedililignuaaeudae LPS uay I LPS Hatfu
natesnseengysansalududinsvhamues IL6 (nwdl 4-20)

Tundi 4-21 Wusaaniefernsy fausiusnisuanseanszninslsiunmssniauiignnszdu
¢e LPS wagnnsiunsdniaudieaiseangns albiflorin Tuuuna 1, 10 wag 100 ug/ml 910y
foya GSE9632 gnuaasudivisian 6 Hlus nuirlunmsinvesiaiede albiflorn lutFual 1
ug/ml anusnannisuanseanvasiunissniauldreudnaes wazidofiuusuia 10 waz 100 ug/ml
paddu AiuRedsulumadmmsannisdniautudeudisfiunudsuresnsfuuiuuans
aaﬂq‘mé albiflorin
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Al 4-22 AelaSedneufjduiusnisuanseenszwinslsAunssniauiignnssdusiae LPS
L.Lazmiéfmmié’ﬂLauﬁwmiaaﬂqw%‘ paeoniflorin TuuSuies 1, 10 way 100 ug/ml ﬁnm;m’fauua
GSE9632 gnyedeuiitasia 6 Faluamuinilefimavageunsanseengvdi 1 ug/ml liasinsnan
nsuanseanveslusiunissnauldnientvarlites uazilefiuysunanesaiseengndnuing
wnldumsannsuamieenveddusiiviuiiatuiiodeuiiur 3 USinaiivhmnegeu

Al 4-23 1eSovsUfauusnsuanseenseindlusAumsSiauignnsedusie LPS uas
MsfunISniaUfianseengys paconol TuuFun 1, 10 uag 100 ug/ml 1nyadoya GSE9632
QnvadeUTitIsan 6 9ls wud1 anseengys paeonol amnsaanisnIsuanseenveslusAunis
Sniau FauaUsunaansdl 1 ug/ml uds wasilefiuusinas niuunltufianasdndlodouiuis 6
etneaignnadeude LPS uas lignvageudie LPS warlumsoongrisainyadoya GSE21320
(211genes) lalanusoaranulushufinssfudsduisldasomsamudesevideldlulugadunuui
Faan 6 Flas

41



a o a d' A ! a o [ ! a 4 PN
M990 4-6 61'13'1\‘]ﬂ’]iLLaﬂﬂQ'TL!’JUEJH‘VIQ?]WU‘UEJ\‘]Lﬂiﬁm’]EJ‘U{]all'W‘LlﬁiS‘Vi'J'NI‘U?G]UQ’]EJIG]GJW'J%‘VI

Wasuulasiy

oA A

Frist Neighbors

nandunonaaiRaniie
) o . of Selected
e e NNz | AmMIRwraIedng Edge
L30T U HFNNUTIZRIN , , Nodes
. HaeuaIudasanNINg
Tu56iu (Undirected)
. BN | wandn | 4 .
214 s . PWIREUAND | W
NAwIN AWy
3hr 83 10 123 548
Tnua 1,480
6hr 103 10 113 609
. 8hr 92 27 344 2,415
LAR 7,776
18hr 97 29 278 1,585

3 hr. (123 Nodes 548 Interractions)

6 hr. (113 Nodes 609 Interractions)

8 hr. (344 Nodes 2415 Interractions)

18 hr. (278 Nodes 1585 Interractions)

AT 4-18 (A) wnsevnelfdunusseninausiu uaziasetiedeegnAniensanuimeduiign
AnLdanaINTuUnauNIsAndandululiazd113a1 (B) 3 hr (O) 6 hr (D) 8 hr uag (E) 18

hr
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Module 6-5

Module 8-2 Module 18-3

AR 4-19 Imq]m‘?i (A) 3-1, (B) 6-5, (O) 8-2 uaz (D) 18-3 iusunuveasetsUfadunussyning
Tusfufigndmdeniiieidusiunilunisieneiuazulananisuansesnuesdunissniay
Tutanand 3, 6, 8 way 18 Halus (newn: lueTeteufduiussevinlusiu Tuund
Tenfeduinly uaslnundvdosdedunssniau)

4CS

untreated

LPS+4CS
|
-2.55 218

At 4-20 1eetneUfduiusnisuanseenseninslsiunssniaufignnaasuiuaisesngys a-
component-system (4CS) fiTa3taan 8 F2las (Manewn: eandidvedlnuavanefionis
uansoonuesdy AusshonisuaneeniiintudiTefensuansoeniianas FhAolvuni
linuruansoonlueietiesuiuy uazawinvasinuatuagfuufduiussemindum)
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Albiflorin

B

untreated LPS LPS & 1 ug/ml of albiflorin
| %

untreated LPS LPS & 10 ug/ml of albiflorin
| § %

untreated LPS LPS & 100 ug/ml of albiflorin

-3.09 2.97

Al 4-21 1edevneyfduiudserinslsiuiignnssdusae LPS uagnsiunssniausoanseen
qn3 Albiflorin luU3uTns 1, 10 wag 100 ug/ml 9nyadeya GSE9E32 gnnageui
P8 6 $2ls (aneivn: Avundudvedluamnednisuanseenvesdu Funsiens
wanseaniifiududifeafenisuansoaniianas AfAelnundlinuAuanseeanly
woTnefuiuy uarruevesnustuagfufduiusseninevun)
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Paeoniflorin

B

untreated LPS LPS & 1 ug/ml of paeoniflorin
| § f
untreated LPS LPS & 10 ug/ml of paeoniflorin
| f
untreated LPS LPS & 100 ug/ml of paeoniflorin
[
-3.09 2.97

nwil 4-22 1pSevnsuUfduiudszwinalusiudignnszdudie LPS uazmsiunssniauseansoen
a3 Paeoniflorin 1338 1, 10 waz 100 ug/ml nyadeya GSEE32 gnuaaoui
e 6 $2lus (newn: mruidudveslruamnedanisuansesnueadu dunsienis
wansepniifiududifeafienisuansoaniianas AfAelnundlinuAuansoanly
wptefunuy wasruavednuntusgiuufdiniudsevindvun)
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Paeonol

A

untreated LPS & 1 ug/ml of paeonol
B

untreated LPS LPS & 10 ug/ml of paeonol
C

untreated LPS LPS & 100 ug/ml of paeonol

N -l
-3.09 2.97

A 4-23 ipTeTneUfduiusseninelusiungnnssAume LPS wagn1seunssnaumigansosn
gn3 Paeonol luuSuna 1, 10 uay 100 ug/ml NYAteya GSE9632 gnnadeu
391287 6 VI (M8 AAUTUEYRIMUAINEIN1THARIDBNYDITUY FUAIABNTT
A4 a X o a = = = = av o i
wanseenilliiududiletfonisuanseenianas dfAelnusailinuawansoonlu
WPSETEAULUY Wazru1nvedlruntued fuUfduiussynindvun)
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uni 5

2AU18 a3UNaNINAADY wasdalauauus

5.1 aaUs1gNanIsnNaasy

NARINNNTUILATBUIVIAIULATDUIVIINITILATIZINUINNT AR NTULUYINIAN 3 Talua
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ABSTRACT

Inflammation is a component of tissue repair and in stimulating gene expression. Gene
expression for tens of thousands of genes simultaneously under favorable conditions using microarray
technology enhances systematic understanding of the biochemical mechanism of inflammation. At
present, databases and tools for a bioinformatics approach are abundant and facilitate the mechanism
of inflammation. In this study, inflammation from microarray data in LPS-stimulated RAW264.7
macrophage was analyzed with gene regulatory network analysis. Inflammatory modules of 4 time
points of LPS-stimulated macrophage microarray data were sclected for interpretation of their
biological function. The process of the NF-kappaB pathway was differentially expressed at 3 and 6
hours. At 8 and 18 hours, all major pathways of inflammation occurred. This suggests that gene
regulatory network analysis of microarray data can help to explain the mechanism of inflammation in

LPS-stimulated macrophages.

KEYWORDS: Gene regulatory network analysis, Microarray data; Inflammation; LPS-stimulated

macrophages
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INTRODUCTION

Inflammation is a physiological response to injury, an invasion by specific harmful
microorganisms and their subsequent elimination by macrophages in the body. Inflammation occurs
when the macrophages, dendritic cell, neutrophils ingest bacteria and release cell wall proteins such as
lipopolysaccharide (LPS). These stimulate the immune system to secrete chemical mediators such as
nitric oxide (NO), prostaglandins E2 (PGE2) and leukotriene that inhibit harmful microorganism.
However, when excessive, tissue damage can occur, resulting in abnormal functions, disease or death.
Regulation of the cellular inflammatory response is therefore essential (Achek, 2016) to control the
expression of inflammatory genes. The present study using current microarray technology measured
the expression of all genes in the cell genome. These measurements will yield information on the
amount of mRNA in all genes at the same time (Bumgarner, 2013). Inflammatory response
experiments actually used a RAW 264.7 macrophage cell line that was stimulated with LPS as a

model for the anti-inflammatory activity of natural agents.

At present, gene expression assays of inflammatory studies in LPS-stimulated macrophage
RAW 264.7 at different times in 3, 6, 8 and 18 hours can be downloaded (Comer et al., 2006; Shell et
al., 2009; Hammer et al., 2010) from GEO (Gene Expression Omnibus) (Edgar et al., 2002). This can
be used as basic information for surveying biological systemic response. Biological networks are
useful for analyzing and visualizing complex activities to describe interactions among systematic
units. With increasing data and bioinformatics programs processing data and program selection is
important for good translation. Mechanisms involved in inflammatory response in LPS-stimulated
macrophage RAW 264.7 cells is important to better understand inflammatory diseases. It is based on
tracking and measuring gene expression under study conditions to determine interactions between
among molecules within the system. This can be done by searching for genes with markedly different
expressions through online data mining tools (Glaab et al., 2009). Gene regulatory networks of
transcriptional data related to inflammatory response were constructed and analyzed (Chen et al.,
2008; Weintz, 2010) from gene expression data. The function of these member genes in selected sub-
networks in each stimulated time were interpreted with the gene ontologies database technology

(Huang et al., 2009).

This study explained inflammatory response mechanisms using gene regulatory network
analysis in microarray gene expression data. Inflammatory modules were selected for easier

interpretation and explanation of time-based inflammatory response mechanisms.
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MATERIALS AND METHODS
2.1 Data Collection and Preparation

The inflammatory response mechanism of LPS-stimulated RAW264.7 macrophages in 3, 6, 8
and 18 hours were analyzed. Microarray gene expression data in previous conditions were retrieved
from the GEO Public Database (Edgar et al. 2002) including GSE4712 (Comer et al., 2006),
GSE21841 (Hammer et al., 2010) and GSE2002 (Shell et al., 2005). Only unstimulated samples and
those were stimulated with LPS were selected for further analysis. Data set are in the form of a series
matrix that contains the expression value of the probes and have already pre-preprocessed, which

were normalized to calibrate the data by using log2 and z-score.

22 Feature Selection of Inflammatory Responsive Genes

Selection methods in Array Mining (Glaab et al., 2009) used in this study included SAM.a
statistical method to detect altered expression genes from microarray genes and nonparametric
statistics to analyze microarray data with small numbers but a large number of genes (Tusher et al.,
2001). eBayes is a method used to test t-test statistics (Smyth, 2004). Genes were selected with PLS-
CV by analyzing their coefficients from the training data (Hall, 2000). Subsequently, inflammatory
responsive genes were selected from at least two of three methods to confirm they were differentially

expressed.

23 Gene Regulatory Network Analysis

Normalized microarray data sets were constructed as gene regulatory network by DREM
(Schulz et al., 2012) and then visualized and analyzed by the Cytoscape program (Shannon et al.,
2003) A mouse (Mus musculus) model was selected as it is the origin of macrophage RAW264.7 cell
(Ernst et al., 2010). This data consists of 335 transcription factors, 16,640 target genes, and 468,319

interactions between transcriptional factors and target genes.

24 Searching for Inflammatory Genes and Modules

The list of inflammatory genes was derived from three databases, including the OMIM
database (McKusick et al., 2007), DisGeNET (Pifiero et al., 2015), and UniProt (Apweiler et al.,
2004). Transcription factor (TF) data were retrieved from GeneCards® Database (Rebhan, 1998). 331
inflammatory TFs, 335 inflammatory genes were used to select inflammatory TFs from the previous
TF data. There was The Cytoscape plug-in jActiveModules (Ideker, 2002), biological knowledge such
as inflammatory genes and TFs data were applied to select sub-networks or modules involved in

inflammation that response in each time for interpretation their biological function.
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25 Biological Interpretation

Biological functions of inflammatory modules were interpreted using public database online
tool DAVID (The Database for Annotation, Visualization and Integrated Discovery) (Huang et al.,
2009).

. Feature lnﬂ““}"_‘“‘“')’ R Biological
: selection : responsivegenes . Interpretation

Array = Wini
Da"_l +--  Normalization & g & o "
collection o @
Network Gene Network Network Sub-network
construction regulatory Visualization selection

network & analysis

Figure 1 Research overview.

RESULTS AND DISCUSSION

The three different feature selection approaches in online data mining tools ArrayMining
(Glaab et al., 2009) were used to select inflammatory responsive genes. Figure 2 shows the number of
inflammatory responsive genes that were selected at least two different methods from three methods.
There were 83, 72, 92 and 97 inflammatory genes time that macrophages were stimulated by LPS at
3, 6, 8 and 18 hours, respectively. Inflammatory responsive genes were selected at least two out of
three methods to confirms reliability because the analysis process of each method is different

statistical approaches.
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3hr 6 hr & hr 18 hr

eBayes PLS-CV eBayes PLS-CV

SAM SAM

Figure 2 The number of selected inflammatory responsive genes by SAM (Tusher, 2001), eBayes
(Smyth, 2004), and PLS-CV (Hall, 2000) in the 3, 6, 8, and 18 hours.

The large network included 10,364 genes and 325,358 interactions (DREM, Figure 3A) and
visualized the network in Cytoscape (Shannon, 2003). The sub-network selected with 311
inflammatory TFs is illustrated in Figure 3B and the sub sub-networks in Figure 3C. The latter were
inflammatory responsive genes from feature selection at 3, 6, 8 and 18 hours. These inflammatory
networks have a total of 7,308 genes and 32,986 interactions. At 3, 6, 8 and 18 hours, there were 125
genes and 192 interactions, 62 genes and 91 interactions, 948 genes and 1,449 interactions and 417
genes and 888 interactions, respectively. At 8 and 18 hours, numbers of inflammatory responsive
genes and their interactions were both high. Pointed out that when the time increases, the response of
the gene expression is accumulate increased, if observed from the results of inflammatory response
from the time of this report were analyzed. It is possible that this process is within the range of
amplification or transmission of signals by internal and external cellular factors. But the innate
immune system is still responding quickly to infection. Macrophages provide an early response to
injurious factors in an effort to contain and eliminate harmful stimuli (Sherwood, 2004; Sorci and

Faivre, 2009).

Inflammatory modules with the same or similar gene hubs perhaps indicating the same
biological function (Figure 4, 5) were selected for biological interpretation. Gene ontology in
Biological Process (BP) was applied for interpretation using DAVID program (Huang, 2009). At 3
hours (Figure 4A), genes in the inflammatory module involved in the cellular response to
lipopolysaccharide; interleukin-6-mediated signaling pathway; positive regulation of I-kappaB
kinase/NF-kappaB signaling; and positive regulation of transcription from RNA polymerase II
promoter at nucleus, nucleoplasm, cytoplasm. It is responsible for transcriptional activator activity;
RNA polymerase Il core promoter; proximal region sequence-specific binding; chromatin DNA

binding: and zinc ion binding. These indicate that most of their functions are related to the biological
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mechanisms to transfer signaling information from foreign substances into the cell such as toll-like

receptor signaling pathway (Achek, 2016).

(o]

Figure 3 (A) Large network is gene regulatory network and it was constructed normalized microarray
data sets from DREM, (B) sub-networks are involved in regulatory expression of
inflammatory genes, (C) sub sub-networks were selected by inflammatory responsive genes
in each stimulated time include 3, 6, 8 and 18 hours and (D) inflammatory modules were
selected by JActiveModules, biological knowledge and stimulated time include 3, 6, 8 and

18 hours.

Genes in the inflammatory module at 6 hours (Figure 4B) are related to regulation of the
adaptive immune response; positive regulation of lymphocyte activation, positive regulation of
leukocyte activation; positive regulation of nucleobase; wound healing; cell migration and response to
molecule of bacterial origin at extracellular region; plasma membrane, integral to membrane and
intrinsic to membrane and have a duty in enzyme binding; transcription factor activity; and RNA
polymerase II transcription factor activity. Results indicate that those genes are associated with the
inflammatory mechanism of pathways in chemokine signaling pathway, cytokine-cytokine receptor
interaction and toll-like receptor signaling pathway (Achek, 2016). Three main pathways, NF-kappaB,
MAPK, and JAK-STAT, play major roles in inflammation. We found NFKBI and NFKB2 to be
highly interactive (Figure 4A and 4B). It is possible that during 3 and 6 hours, the signaling process of
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the NF-kappaB pathway is very important because of the small time that macroscopic cells are

stimulated with LPS to eliminate the incoming foreign substances (Oeckinghaus and Ghosh, 2009).

NF-kappaB transcription factors are precious players in a complicated system that allows
cells to adapt and respond to environmental changes for survival. CD40, STAT3, IL6 are transcription
factors found in two inflammatory modules that regulate expression of mutual target genes. Because
of CD40 ligand relies on IKKa is consistent with non-canonical signaling to NF-kappaB, specific
members of the TNF cytokine family. IKKa requires activation of NIK (NF-kappaB-inducing kinase),
which is responsible for stimulating IKKa-activating kinase and scaffold linking IKKa and p100
(Oeckinghaus and Ghosh, 2009). STAT3 protein is a part of the immune system involved in the
regulation of infection through the self-destruction of cells (apoptosis) and if severe inflammation, it
may cause several chronic diseases and in this response correspond to pathways to cancer (Sherwood,
2004).

Module of network at 3 hour Module of network at 6 hour

()] Transcription factor* ()] Transcription factor*
Gene* O Gene*
— Regulation** —5 Regulation**

Figure 4 Module A and B represent the sub-module at 3 and 6 hours, respectively. The rectangular
and rounded nodes are TF and the target gene. Arrow means regulation of gene expression
and the size of the node depends on the expression value of gene. Module A haves 6 TFs
consist NFKB1 (NF-kappaB1), NFKB2 (NF-kappaB2), CD40, IL6, REL and STAT3. Module
B haves 7 TFs include STAT3, RELA, CD40, REL, NFKB2 (NF-kappaB2), /L6 and NR3C.

*nodes->genes, **edges->interactions
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In Figure 5A, genes in the module at 8 hours were involved in transcription activity and
sequence-specific DNA binding; DNA- template, regulation of MAPK cascade; response to wounding
at nucleus, cytosol and nucleoplasm. Genes in the module at 18 hours (Figure 5B) were active in
inflammation; transcription; DNA-template; positive regulation of transcription from RNA
polymerase I promoter; NIK/NF-kappaB signaling; responding to cytokine; cellular response to
lipopolysaccharide; platelet formation; negative regulation of apoptotic process; cellular response to
tumor necrosis factor at I-kappaB/NF-kappaB complex, nucleoplasm; cytoplasm and transcription
factor activity; sequence-specific DNA binding; RNA polymerase II distal enhancer sequence-specific
binding; and regulatory region DNA binding. Genes in 8 and 18 hours inflammatory modules indicate
the mechanism of inflammatory pathways such as Jak-STAT signaling pathway; NF-kappaB signaling
pathway: Apoptosis; Transcriptional mis-regulation in cancer; T cell receptor signaling pathway; and
MAPK signaling pathway and that transfer signaling between macrophages and the other cells
through, for example; SOCS3 protein (Tanaka et al., 2014).

Module of network at 8 hour Module of network at 18 hour

()  Transcription factor* (] Transcription factor*

Gene* . Gene®

4 %
——> Regulation —>  Regulation**

Figure 5 Module A and B represent the sub-module at 8 and 18 hours, respectively. The rectangular
and rounded nodes are TF and the target gene. Arrow means regulation of gene expression
and the size of the node depends on the expression value of gene. Module A haves 12 TFs,
IL6 affects the expression of SOCS3 expression by controlling the expression of NRIH2,
POUSF and POU3F2 TFs. Module B haves 18 TFs, NFKBI affects the expression SOCS3.

*nodes->genes, **edges->interactions
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In Figure 5A and B, we found /L6 and SOCS3 are hub nodes with high interaction. It is
possible that these nodes are critical to inflammation at 8 hours. SOCS3 was found in both modules,
indicating SOCS3 gene plays a role in inflammation and it is a gene with interconnected hubs at other
high nodes. SOCS3 expressed as a SOCS3 protein and is classified as a STAT-induced STAT
inhibitor (SSI), and as a suppressor of cytokine signaling (SOCS) and to function as cytokine-
inducible negative regulators of cytokine signaling. SOCS3 is induced when stimulated by LPS, IL-1,
IL-6, IL-11 and IL-10. It also plays an important role in inhibiting TAK1 stimulation via NF-kappaB
and MAPK pathways. TBK1 stimulates the action of transcription factor IRFs. The SOCS3 gene
regulates the activity of Janus kinase (JAK) activation and is bound to the JAK-proximal sites on the
cytokine receptor (Liu et al., 2015). IL-6 is a cytokine with pleiotropic activity that induces synthesis
of acute phase proteins such as fibrinogen that causes blood vessels to occlude and blood to clot.
From resulting, it is possible that the 8 and 18 hours period is the time of elimination of the foreign

matter and there is a period of tissue injury treatment (Tanaka et al., 2014).

CONCLUSION

In summary, inflammatory mechanism in LPS-stimulated RAW264.7 macrophage from
microarray data was analyzed with gene regulatory network analysis. Inflammatory modules of 4 time
points of LPS-stimulated macrophage microarray data were selected for interpretation of their
biological function. The process of the NF-kappaB pathway was differentially expressed at 3 and 6
hours. We found NFKBI and NFKB2 that are genes expressed to transcription factors to be the hubs
of these networks. At 8 and 18 hours, all major pathways for elimination of foreign matter and tissue
injury treatment of inflammation occurred. This suggests that gene regulatory network analysis of

microarray data can help to explain the mechanism of inflammation in LPS-stimulated macrophages.
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Bioinformatics tool for microarray data analysis of inflammatory response genes
in LPS-stimulated RAW264.7 macrophage
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ufilgmuininerszduTuana ieiuninseiazeiuiona’ln
5% auiumqmawnn"nﬁu‘lﬂé’1ununuun~man11¥mmmnmq
Frmsaumann Tsunsuoofud (Orange) maﬁ’umna'lns"an
’Imaf]mnamnnauauaamsanmu"luwaauun]nsvhwunams

s~quﬁ'1zj'ln11]'lwnuemm'lm wait I8uanaliitud Buiiierdoaiy
nsAeuaueIMIsnaY Fagnaadendiulugiinsuanieanlu
¥ana 1s wu. i lfansanaranadanm & uimannn apl
1871 msaquamwamsﬂumﬁ‘luam%’uvmmsnumﬂﬂums
A3 foyamsudaieonveidu uadidesiinilinlgauaziann
3 oailertenisilanaiiauingaiu

Abstract
Bioinformatics is increasingly used as a tool to solve biological problems

asaumaiidon Toasrumsiannma TuTagRawsansieiing 1zt
doyavnalugluiealfiians Mediuru msasndinsziveya
msuaaseonvedduTaomaTuladluTnie 15156 (Microarray
technology) ¥3 881 F1 (GeneChip) (3] titouanslififiunmIausmves
nalnmaiauvesduszavd Tunlumsaouauesdonszyumni
mmwn«u‘lw 15U MIneuTuBIADMIBNIAY A

Wonsiaiuuazinizidoyalulaserdisd n'lé'umswmm
3mungauawmaﬂmnsmm mnms‘lmm Tdun gmm)qa GEO
(Gene expression omnibus) [4] AnmMsnus 1us1wa~uaga (Gene Data
Set; GDS) 1mwayan1suﬂmnamawu’luwmnwmmmanﬂosum
maTuTadluTasondisd ua~msmuuwnﬂmnsma”lmﬂumsammm
Faensaumadmiunsing unqa-\mgamsuﬂmaonumuu 18un
'hhuni woa1fud (Orange) 5] mnﬂuqamaﬂmm AMBIUNUITY
w3 eailomaFams e uavﬂs.nau'lﬂﬁ"wmsmuamqmmuuﬁ'
'naua (Machine learning) N13 amﬂ.mm:uﬂmumaua (Analysis and

at the molecular level in recent studies for analyzing and expl g their
mechanisms of interest states. In this study, we used the bioinformatics
tool in Orange program to search for the molecular mechanism of
data  of

lipopolysaccharide (LPS)-stimulated RAW264.7 macrophage. The results

inflammatory ~ response  in  microarray  expression
showed that the most of responsive genes associated with inflammatory
response were selected in 18 hours-stimulation that lead to be explained
more biological interpretation. It can be concluded that the bioinformatics
tools in Orange can be used to analyze gene expression data but it also

needs to be improved and developed for its better interpretation results.
Keywords: Bioinformatics, Microarray data, Inflammation

1. Ani )

mﬂm’n1‘5Euufnnd'm?nmmmﬁmmu'uuﬂnu' w3efisuni
Frasaumamani (Bioinformatics) [1] noduiiaulugavos
Tasan133503 Tunuywd luamassui 21 minanuswilelunain
sz '[aumsﬂs.qnﬂ"l%nﬂ'(u?aumsﬂumﬂﬂununumaé’w
$2inonTuana e l¥luns darususudeyai Tunvesdaisin
thnnmunuuuﬂuummlﬂu11]1&'11amamsnnaammwvmm"u
AounsAnIveluiea fiians (2] mwagasvauﬂuunmmwm
tfluungamwvmwnmwwun1mauaw'waummmmmms
Wamsawiuvestu snfunisulanatoyaiefesldmalulad

lization) Aidnyuzithiiadn (Widged Foimihiidhumiiousda
mqmswuuh]sunsumaumﬂ'ﬂumiﬂ%’nnsnmm (Workflow)
ﬂmsu‘h’ﬂumnms1~mmgam'lmaunﬂvmmmzﬂms1 Taviaidn
fnuaveanumisingy wumganmmnwanﬂawumnﬁ'umna'ln
n'u'[umqauazmsmlauamw'mmmnuwm woglunguiaia
Frasaumsa Taviidaidagaiuniesilondnniedrmsaumeii
ine9o3 1R GEO Data Sets, Differential Expression, Heat Map, Gene
Info 1oz KEGG pathways iHudu
maoniay lﬂuns-mumsmnnwmuauamammmmqam naz
Fananlasuiidnnnieluianme lwvaziiinszuuniaevaues
msnmﬂumawnmauun'(nsﬂwmui‘luwaammanamwuanuw,
uaamsﬂanmﬂuminnmuwamaq mamu‘lumsmnnqawua,m
mlam]aaummu umﬁmnmnn15nnuauammnmu‘lﬂnmmma
FowwAoirad iiioie na~na‘lmna'[sm‘s‘asmmuwnﬂﬁ'[6] ms3
m1nﬂauna'lnsoau'lumqaummmauﬂuaqmsomau valinnw
fuiwitomnud iz nadminoftensaaugumiaeuaues
mssnayhilignarmudadhuTsad o514 TaoedonsAnnnnya
doyalulaseriisdvesmsnansoenvesdunolumaauuainsve
RAW264.7 'nqnns~guﬁ1u1aTﬂ’lwmwnm15a (Lipopolysaccharide,
Lps) (7] TuanidsviiszdenldinieailonararsaumeninTlsunsy
oo1duy mﬂumna'lnvnulmaqammlmmga1u'[ﬂsmsnwumm:
aouauDIMIsnIAuVIXaaluA AT RAW264.7 Rildeminizdu
#20 LPS Tundazaana

=
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2. 3EmMInaang

mwswmﬁmamuﬁmmmwn 1naz3inIldveadsduiiumslu
Tsunsueeuiuansdanini 2 TavilsuaziBoadail

2.1 msﬁumua)‘ga (Data Collection)

maduniveyalul lﬂsmmumngmunga GEO Dataset Farilu3aiin
wuﬂu Tusunsy Orange NiiMsouToanisAumiygatoyalulns
msxsumngmuaun NCBI Hazuaaas wazideaveaamiseluyadeya
uu nazaunsnhienwazidoavosgadoyadind11d Tasvoua
mmzmnumﬁnm RONANMIYAAILA lmﬂmmnnid]uﬁw LPS
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doya T nsmaadan l¥maceuiinanua 8 53 14n 1) Fold Change 2)
Log, (Fold Change) 3) T-Test 4) T-test P-value 5) ANOVA 6) ANOVA P-
value 7) Signal to Noise Ratio 118 ¢ 8) Mann-Whitney HAZUAAIN an
3mﬁ1:14'"15’1u511m041munmmm%’au (Heat Map)

23 mi)lﬂﬂ ‘th (Gene Anal)\l\)
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(https://www.omim.org/) 11 @ & UniProt (http://www.uniprot.org/) nou
ummmannlmﬂmw Gene Info TasmsAaidonduinouauoIAoN 13
SnauAI63A13a Gene info naumwmuaua 11]')1 KEGG Pathways o
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2.4 mamawaiiy (Interpretation)
mimlawanNmmwmmuunqnﬂﬂman wihTavodvinin KEGG
Pathways F49ziaastoyanaz nMmIs NGV BUinouAUDIAD NS
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Aumgadoys lulaserdind singrudeys
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killer cell mediated cytotoxicity, complement and coagulation, NF-kappa
B signaling pathway, 1182 TNF signaling pathway Tugaan 6 v, 1dun
Toll-like receptor signaling pathway, NOD-like receptor signaling
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Abstract

Data mining is an important tool in the preparation and analysis of large
scale biological data, This research utilizes a data mining tool to prepare
and analyze gene expression data of inflammatory response in LPS-
stimulated macrophage cells derived from bone marrow. The results show
that the biological interpretation of genes involved in inflammatory
response at the time of incubation with LPS at 4, 6 and 24 h was different.
In conclusion, data mining tools can be used to prepare and analyze large-
scale biological data to describe molecular mechanisms of interest,

Keywords: Data mining, Biomnformatics, Microarray data, Inflammation
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