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Abstract

Macrophage RAW264.7 stimulated with LPS is a model to learn about the mechanism
of inflammation. It was used by several research groups for testing anti-inflammatory
compounds by using microarray technology. This technique can simultaneously detect the
response on whole cell in interesting condition by measurement of mRNA levels. There was
a huge of submitted microarray datasets of LPS-stimulated macrophage in public database.
These data can be used for analysis with several bioinformatics tools or system biology
approach to investigate the mechanism of inflammatory response in murine macrophage.
Gene selection, co-expression network, gene regulatory network, biological data integration,
and biological interpretation techniques were used in this study for finding some interested
modules and their responsive genes. One selected inflammatory responsive gene, SOCS3,
has already validated with real-time PCR to measure its expression level on time-series.
SOCS3 is gene that encoded for suppressor of cytokine signaling protein which is negative
regulator of immune responses. In conclusion, system biology can be used to discovered
more knowledge which are concealed under a huge of data that cannot be found by
conventional methods. This leads to find a novel responsive gene from the traditional public
microarray data that make a new model for understanding the mechanism of inflammatory

response.
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1.1 anudrAguaziuvesdgymininnisidy

a a a . I3 = A o v a

IINYUTITLUU (systems biology) tun1s@nwieyinnisitnlaszuunagnalnnisdininlu
LuuanIng1n1s lunsiansanuduiussenindiluana/aseiinglussuunisdinin lagende
N13ANANLLAEATIVIAYILLENE/aNSALsTEULUTTNSRansaneldlwadvsoan s NAN Y F9n13
asvinnananazvihlilddeyanisuanseanvesdluana/asiaiifudwauuinlunisnsiainnsen
o A & a . - v YR o Aa a X a ada
fuinseife (Kitano, 2002) InnsAnudeyasianugnssuseauluaniiiuannduluddain
yilasnae Toglanzlunywduardniitesgnaiguy silrinsdideyasvaiugnssuseauiluniluly
lunsAnwndeantnseauiluy (functional genomics) NilAudeniuag1sunsuatsfine n15in
Toyasianiugnssuszauilunineeniuululasesisdiefinuinisuanseenvesdurianuaneluiead

N A a ! a A ¢ . . = o ¢ & o Aa

wsoMTenimitaniulaind (transcriptomics)  lagianizni1sfnunludniifesgnaieuuiiaiy
InaBafunyedfeny (murine) inlilulagduiiteyailaannis@nuilulaserfisdvesnisuansesn
v938u lnglanzMingidesiuwaniualasiig vewmudmsufnyinalnnisnevauessodygyiuan
daudanvasuvesgaagaunidlaganizlalulnduennilse (lipopolysaccharide, LPS) Hagilu
F1uruun (Gold, 2012 and Kollipara, 2010) LPS fllupsAusenauddnueniagaaduuanaos
wuAIlSBLATUAU (gram-negative bacteria) (Poltorak , 1998) FneluiAalsailAgitasiunsiia
nsentaulus1anig (inflammatory response) o nMssiusindeyanlaannisdnwlulasensisdves
nsuanseanvesBululszinudniuanainaienguive asvilisiaunsedudunalnidunusiu
NIREUANBITRITAALUALATINIVDMIYAD LPS wi3analniiigivesiun1seniaulafunngs

yndoyalulasensisdnisuanseanvesdu NlunisesniavlauasUiuinersiduweiignadn
Fuuvesdaditinngleannendnulurasisialanaimils Fansfnwlulasensisdlduegiu
A ladeyaiugnssuseAudlunvesddidinuug saudsniseenuuululasersisdnldlunisfinw
! = a YY) a ada a v = .
TIrATeUARUEuYSeTiaTUgNSTuvesdlInaulaundesiiesls (Lipshutz, 1995 wag Schena,
1995) uenannuunsldiiiestoyalulasensisdvesnisuanteanvesdueavililadeyanliasuiiu
auysaineazinesuenalnnsnevauss LPS Miiedunisluwaduualasnnavemyegiaiy
szuuld WesanidunisliteyaiisaszduiieafoUsununisuanteenvesdulussAuuiunuvedsis
Wity mndinslddeyanisnsiaindluanasinduneluddidin Ndrdgyfenisldteyanis
wanganszaulusiu vsen1snsiadaviiauazUsunalusiungnaiadunnluwadneldanizuay
Franaiauls Aavinliniseluienalnnismevaussvewaddussuuiidamnuasudiuauysali
WINBTU (Ge , 2003) MNNSANWILAY Chantimal (2012) NldviinsAnwinisuandeanseaulusiu
(proteomics) Mewatia nano-LC-MS/MS luiwaduualasniavesmylunisneavausdso LPS 53U
TafsaNaAntueIn1s1d EAMA (Ethyl 2-Acetyl-3-(4-hydroxy-3-Methoxyphenyl) Acetylate)
A ] A A v a a I3 . . =
Niinalun1sdugainisuanieenvedlusiuimfeitesnisndn  lunsneanled (nitric oxide, NO) Failu
Y Y] A a X 9 = . & A YY Y U o q Y =
AURYRINITENEUAnTUlA N1sAnwilag Chantimal (2012) duenanuanlatnasy guinlmsndl



Jayanisuaniaanveslsauniuaniglianiiznisnevaueasde LPS vaugaduualasniais,
anunsathunldiedivesuienalnanisnevausslaegeauysalundsduuenainnslidteyanis
waneanvesduszivasidueantoyalulasensisd

mMsnusteyalulasensisdvesnisuansesnvesduiiing Asaiunsnevauessie LPS Tu
L%aéLLimiﬂiW’]%aww ngmeﬁamuamﬁ’limz WU GEO (Edgar, 2002, Gene Expression Omnibus,
http://www.nebi.nlm.nih.gov/geo/) NuaINaIengaive szhsw‘iﬂﬁmﬁ%’agaﬁﬂwL%aﬁ@uﬂﬂéa%u
derhuieseiiftesumiuiidenuddyuazannsasiuenalniiddiuiedestunisnevauede
LPS veswaduualasvhavesyldfinndstuninslideyaannguitefissnduiiion venaniuwa
fldannsiesgimenssuaunmsmadninedeszuuvesteyalulasendisdfgdutoyandfod
svihuldlunisadaunannesuvesguuuunsaevendyyiaveInisianioonlusyAuensiduLe
dieanldysanmssmdudeyansinmnisuanesnszdulusiu Faduteyailsnnnis@nuilae
fnanugide Asvilinaunsamduvdelusiudmnoilothuinsvsaouuas Sudunaiiisiiama
HosUftRnng ilevinsanaiatiiumsuansoonvesBuuay lusiumanematy Ssagyilis
annsavihanudilasazedurenalnnisnouauassie LPS Tulwaduualaswiavesvyilauysaluin
S99y Fellduddsonsiauunanieiudmsuldtslunsinauladmiunsanuinaveasada
mndiwaulng vieasduaneifioongrssunssuiunsdniay Afdmddasonisiianissnia
Tunydadulumaiiddysensimuinalnnssnulsafifedodunyudsioly

1.2 IngUszaenvalasanisivy

1. ensaasuteyalulaseriisdvosnisuanioonvesduanuainmansnguidsuugiudoya
s saiEAAnwIRIUNImeUaussse LPS Tuiwaduualasviavesmy dmduthunlddum
nauvesduthnue niouadunanosuvesnisanenendyyiunisuanisansefue1siou
lfiinanmsysanmstudeyamsiinmsesudue 1

2. ilemuiuwanwosuvesnalnnismevausssie LPS Tuiwaduunlasviavesny dmduiimn
Hulieaiitelfluns@nwmaniseengrsvesasatnaniivasyulng vieasdunasizilunis
Sudamssiuay

1.3 VaULIAYRIIASINISIAY

1. fumnguiudmnelagendensysannsimiuvesyadeyalulasensisdilinngiudeya
as13ady N1sliteyanisuandeenseaulusiu LLazmﬂﬁﬁﬁﬁagamﬁammzﬁuﬁlu6] UINAIUN
uwanvlasuiiadestunismevausssio LPS veawaduualasrinavy

2. vhnmsanedeusnanrlesuvesnalnnsnevauesitadietuan Tnen1stusunanisuansean
ﬁuaaﬁué’wﬂWimw’s’mﬂ%mmmiﬁmamaﬁuLflmmamﬂﬂaiﬂﬁgﬂﬁmLﬁaﬂ nelen1svnaes
luresufumnis



unasvasuilansivgeuuasUiuumas unldlunisesuienalnnisneuausssa LPS 109
waduuAlasNig W ldiiedndulalunisfnwinavesansadinainiivayulng vseans
dunsennisenisduganisenausolula
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1.

Iinaudunselusiutmineiiednnldesuenalnfiiisadostunisnevaussde LPS Tu
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P 1

maLumuumLwﬂmmswmmuﬁﬂmmauaimm‘lumamuw (Lander, 2001) szaamuﬁ;mimwum
msfnsuseirradlanalaneludaifinse fulun wefienh Fiimedoruy Feodeutoya
seaudluadlalunmsesnuuunmsnmainviauazyinaesdlianaiinisuansesnlusefusineg
Wi nsnsaiarianazUSuianisuanieanvesdulaen1snsraineisiows wasldsiiu wsenis
nrrainvdanazUiununisuansesnvosumuelad LilethinAnwinaveanisidsuulamianis
povauIesaNIE ANy Faazvinlilsdeyanisuansesnvesiiluanaluudazviinegradussuy
iiisanunsavianudnlanagesuienaln uudddnsdsudygiuseivluanalansudiu
auysalldAtunmsfnudluenalusuudaduidunisfnsnanisdsuuamiensnouauas

Yearluanaievilapigvisenduisen (Kitano, 2002)

waluladlilasonsissiSumaluladilesumudouiiotunldlunsdnwnisuansesnvasiy
saulundnuiiugulutiananiondu TnensasiaiasdauazUSunameondiduevesdunmus
meldannediaula Fanswawineluladifiegsmndnanduidenlunsldoy Senlainisadng
Joyasnnistiaululasersisdneldaniizaiee egidudiuauuin warinisiusivsiudeyanis
LLamaaﬂéuaﬂEué'halsﬂlﬂSm%Lﬁs?ma'wﬁiuﬁmﬁﬁammmsmv%qL“‘ﬂumuﬁamaLﬂﬂﬁﬁﬂ%ﬁ&lﬂaﬁ'ﬂﬂ
annsadluamiivandioiluldlunisAnen3dels (Edear, 2002) ewuauaﬂmmmaaﬂmmauma
laﬂ,mmmwuaammuﬂwisLmumiﬂﬂmmawmﬂwma way ﬂwmaﬂamaaﬂmmmsma‘lu
Usziiufimilouniondneiu muuwﬂﬂ‘wmﬂsqma;ﬂalmimmsLiawlmmﬂmsmmmwiume
AdAEIRY Wy MsAnwRetunalnnisshay Fadunmsfnewirnanismovauesse LPS luwaduun
lasnaveany ﬂﬂaiﬁam’;zmiwmaauﬁ’umiaaﬂﬂ%é%’%@ﬂﬂié’ug’aﬁuﬁl,t,mﬂﬁhdf“fulﬂ (Gold, 2012
waz Kollipara, 2010) Fedordunmsinudulumadunuudmsuineinismeuaussenise
vouwaddniidsignisuniesinisianndeiielflunisinulsafiAsadestunssniauluywd
folu mﬂ%’aualuimm%lﬁémdwﬁﬁ%Lﬁu%’auaﬁ%ﬁﬂﬁmmmiaﬁumﬂdm%‘uﬁdﬂsﬁuﬁﬁwé'fmm'a
nsnavauesie LPS luwaduualasniaveany Lwaumﬂﬁﬂumawwmuwamwaiwmmimmmi
SUEJiJai’JSJﬂU?JE)?,Jaﬂ’]iLLﬁGNEJ’e]ﬂiuﬂ‘UI‘LJiGm‘Vlﬂ‘VilIWNL‘LJ‘LJ“UE)iJa‘EJENNi’J?,J’JR]EJGUENWNﬂmJ’JR]EJLEN RO
'WﬂﬁlmLL‘wamwaiwummmumuamyﬁmwmmmu Lwammﬂsﬂuﬂ'ﬁaﬁuwmlmwmUIuLaqa‘ﬁ
Antu wazanunsathandulinadmiviiedndulaiionisnsvaeunsviosufiinsidenagnios
ualugiuLnTy

éffgaa'wuaqmigizmmimmiﬁiéfmﬂ%’ayjaiuiﬂsaﬁlﬁémaqmummaamzé’uawiﬁmaLLag

Gﬁ’amammamaamzé’uiﬂiauimai%’%ﬁwml,%ai“wLLamé’ﬁmwﬁ 2-1 Fadumsinwinisnevauss

aqwmwmamimLsuahsaLasuiaa (Tan, 2007) mwaqmiamw mwumwmwawaua‘lama

lunsazseauuilagngseauasiduawazlushu LLauLmamumammsmawmamawmmwma A
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sgyhllanguiuvsensndndAyduneitesivanwasnisnavauasdonisinelifanaula win
navesnsinsziwazlunauasisduauuigiuludierienudilanalnnisnevaueslu@sdn
TunBaTu naunazunsaauranislinismaaesluesfuiinisietuduauufgiutnenu wai
13 1A v = av & Yo a v A da v ] 1%
aaAnu3llannisinyidewmantlunUssendldiussuuvedsalsdouduningitesaluls

Hypothesis ?

In vitro experiments

generation %"
 Virus )
- Virology data
Iterative T A
processing
Samples, multiple
Key genes t;mtij points and
and pathways — —— ——— conditions
Data analysis and High-throughput data
modelin T —
< Other 'omics
N
Proteomics
Application to more
complex systems
Systematic evaluation
of the host response
Data Gene A Data
integration Gene 8 processing

Gene C
Gene D
Gene E
Pathway A
Pathway B
Pathway C
Pathway O
Pathway E

Pathways Genes

Viruses

a v U o A e a & ) A & a v P
AW 2-1 M3ysannsteyaseiuiluiiiefnwinmsiaielfaevleisuussuulsaedoulagld
PANNITNNTIINYISLUU (Tan, 2007)

2.2 ANSNUNIUITIUNTSU/AN5dund (information) NNg9U949
2.2.1 n1sankdu (Inflammation)

nsdniauitufiseniisunmensuaussdedsiivilfdadevesirsneldfuunidu Wy e
15A N13M18VDUYAFIINNITVINEOANTBVINBNTIAY Nz UIUMIenaudnlunalnddglunis
Hostudauandaou wiedsiagiilisadviodlaifovesaneldduuiniiu navesnsdniauasiin
IAnnshindautandasundeidelsneenly uenanidstimeadiilasuunduniemeninnig
\ihunuesdantantasudanann (Wieun Tnamnily, 2551 §198997n fisgws avdlaeana, 2551) B
nsniautuandulfiseiismeneuavesuulisungdenisiadenielildnisiadedls o
Busu gliduiuresianisagyhnismunuuaziaedulantasunounissniauluiui saufenns
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srdmoifiefidome TnsaziSonnisnevausnduiii msshiauideundu (acute inflammation)
onsTiinTufiseInswIn wae fou wasiutinusnawendede msviniiintwiesainnisd
Gummm‘méﬁaaﬂmmﬂﬂaamﬁammmauﬁaagﬂmﬁatﬁa liaainwanwilaley (phagocyte) Ly
waduualasHAY (macrophage) ¥n1sasslumsnaenlad (nitric oxide, NO) Mt duansde
fyaihnmiduivtowuafiFewssdolsaiiyngniduluinanie Taserdenisvhauesioules]
inducible nitric oxide synthase  (iNOS) 1umimauauawaﬁ°wﬂﬁﬁmﬁ’mijwmiam%a Vil
cyclic guanosine monophosphate (cGMP) Wiady Lﬂuma‘LMLﬂmﬂﬁmawmmaaLauLaam Favilod
Feaumaerdssuinatuunniuly dwaliisnistouunsuanidodevinaduiinssney {u
NUDY

suidainsndansdonissniavau wu Tnsanunaudiu E2 (prostaglandin £2) uazleln
T (cytokine) WHudu uonaniideiiwaduiindu wu wulaila (basophil) egshnisudesansiadl
wan Samilu (histamine) anvhlsaonidenvenssh fidenlamusnasiuan luvasiorfuiven
Tveavarluvaendenniuesnuin deagvhliminanissniauls WA szUUQiANAuveIsaniely
mmaamummmmmsaﬂLaULLUULaauwaulﬂ mmﬂwmmmimmaLLavaﬂamammaLuaq Tneay
Benan1aziuinnissnauiaess (chronic inflammation) waawaim%amaLuawaaﬂmmamﬂmu
quonavilinatedulsasneg wu lsauzise lsaladedniay Iﬁwaamaammumm TsaLuInIu
Dusiu (fadnn Urazlef, 2550 91989970 wadnual @155uiida, 2547) 1ae Srisook wazmme (2011)
Igvhnisfnuansaaefiaesdinn (ethyl acetate extract) ndunvsdeenafivandlifiudegns
NIADAIUNITONIEU (anti-inflammatory activity) 1ngn15A$19@0UN1INDUALDIVDIGAALNALATHA
vl LPS wmansvasewuandlifiuinansataanfivayulnsiaunsodudansudnlunineanledly
waduuelasving Svansafaaniivayulnstagdaildnmshaureaouled INOS anas  uazans
af‘ﬁ’mmﬂﬁﬁuagﬂmé’aﬁma&iammamaaﬂﬁLﬁﬁ]{ummwui%ﬁ guean®iLua-1 (heme oxygenase-1,
HO-1) WieluseduasiduiouasTusiu daeulesd HO-1 ﬁﬁmﬁﬂﬁLﬂumiﬁmmsaaﬂ%m%’u%agﬂ
Faduweulesiiitiesunssnau annsvaassisdusandliiiuidneaensinwnuusunizfu
ulesivieufAzerfiAsatestunalnnsdniaulaonss wilutiagtunsAnwedaduszuuiuy
FinedesruAemsvhmnudlanietensdidygnaiiiesteriumssnaueszu Feassili
sweatiunmuazdilavesnalnnisdniaunaznalnnissediunisdnauldasudivanysaliag
ATOUARNNINETUL

2.2.2 myaneilulasansisdvesnisuaniaanvyasdy (Microarray gene expression analysis)

weluladAduelulaserfisdaunsnihludssgndldifiensavaounisuanieonyasdusiuiy
winnegluanigitusarinisiluldedrsunivarslunisfneidensdinmuiazlualiidves
AfidAndiuarnuans (Brown and Botstein, 1999) n1sifiusniuvesdeyaiiléannsnsaainnis
uansoonasBusemeluladlulasorsissvlnAngudeyaassasfiussytoyamaogunineds
srannsaalFeonld amelugudeyamaivsznoulufedoyalalasorfisdilldannsne
aeldmannnangannziaduuvdadoyaiinuidmiunisilviensiiedumanuiiteusy
ety (Gollub, 2003; and Barrett and Edgar, 2004) '«gm'%'mﬁwummduiaﬁﬁLé‘malmimm%méﬂﬂ
grisnldifionsfuaiddeaeluriosufoinmemadinmiitevihaudrlanszvaunismsdanmis
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3
UURNsBeeatndanlnanunsleiina3aunngstu (Sandvik, 2006 way Pusztai, 2004) §9013
MUl aneaddniienisnyaiidadelsatudesnisaugndssudugdiiven1ssnewiia 1nn1s

2=,

Anunifelutigiunuimneseunisuansesnvesdulaemaluladlulasenfisdtuamisntun
Uszgndliiiloriemdelunsitadelsasefunainld ilosainnisuanseanvesduasiiLuuunud
aenndasfuanmgiiaulafinw fenaudsuutasiiRetuunsegstussldausansanuldmnld
Wiestoyavang1danin (Golub, 1999) msliasziteyalulasendisdfiieadestuanneiauladed
duddyiinihlvisdlanaluagnszuiumadsuuamatanmseduluanaldftedu waeds
anunseieiesineszsuluanavieinie e fuiiiotiglunsiuunvideiadelsalvidaina
Qﬂéfaﬂl,l,ajus‘hmm%ulé’ (Basil, 2006, Yap, 2007, uay Zhang, 2007)

2.2.3  dagan1sfnelulasensisdvasnisuanseanvesduluwaduualasniany waznisysan
nsdayalaganfenannisiningileszuy

Hagthuiiteyafidnuinalnnismevaussiiisadeatiunssniaulaelisadunnlasviave sy
Husuwuvegfuswauinn Sdeyalilasorfissvosndeyamariignussqeglugrudoyaasisase
GEO (Edgar 2002, Gene Expression Omnibus, http://www.ncbi.nlm.nih.gov/geo/) Fausranunsn
dluRsdoyamanialdnuld snfosadudeyalulnsonfisddss se32359 Aldlulaseorfisduuy
Affymetrix Mouse Exon 1.0 ST Array @5ufnein1suaniaanseiuasiduiavadsaduialasmi
anlunszgany Fausznevlufmeegeildsunisnszduse LPS Audilignnseduetisay 3
fireene (Gold, 2012) uaﬂmﬂﬁ?ul,iwé’qamﬂiawusﬁa;ﬂaluimmiiéﬁLﬁm%’aqﬁumwauauaqﬁ@
LPS veawaduualasvhanylugadeyaimiujiflulasendisdmeldunaniesuieadiufie Affymetrix
Mouse Expression 430A Aray @eanunsansianuléda 3 Yadayans GSE1459 (Murray, 2005)
GSE2002 (Shell, 2005) waw GSE3565 (Hammer, 2006) Ssyadoyalulasenfisdmaniifufiosun
fhogavesyndeyalulasensisdiiannsansanuldnnundeioya GEO (Edgar 2002) Fstoyaimail
widudoyandfyiitednnlilunisiinseit evhnsdumnguiuifinudifyuaziieidesdiv
nalnnisnavauessie LPS veugasuualasHiany WA U ULRLYBIN Sy
Aendos umamnsailudszondldlslumsaaunanesudedoyaiiotstis fusunuilunis
fodulanaziasanimaiivzintuainnisageuanseengnsiiddenissniau wavnsieseilag
mMsmsnuTdeyanisuansesnsziuesidueildandeyalulaserfisdiedusmiudoyasesu
Tusfuimedsitevesnguiteléhlifasdailiaannsovhanudlanalnfifinduldasudan
uarRunndady Fegratunsiengiiuturestoyaszdvensiduonarlusiulnglitiingds
szuuflomsfinuiniseuauasesitefifinenisinidelameslo (Tan, 2007) fegudl 1 Fannsys
anmseuiildandeyalunsorseduidndetuasyinlisldnadnsidumnuslndifinnniuan
i Fee1vvzuansiinuanifvienudnuaslnifldamnsonldannsinnzidoyafisassfu
LAe (Joyce, 2006)
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Y89 aunsal wazisn1sveas

3.1 80 wazaunsal
3.1.1 S silauazlusunsuniedansaume

1. Lﬂ'§SQﬂauﬁaLma§dauuﬂﬂa (Personal Computer)

a. Processor: Intel® Core™ 2Duo P7450 @2.13 GHz
Installed memory: (RAM) 4.00 GB
System type: 32-bit Operating System

b. Processor: Intel® Core™ i3-2365 CPU @1.40 GHz
Installed memory: (RAM) 4.00 GB
System type: 64-bit Operating System

c. 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

d. 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

e. Processor: Intel® Core™ i5-2450M CPU @2.50 GHz
Installed memory: (RAM) 6.00 GB
System type: 64-bit Operating System

f.  Processor: Intel® Core™ i3 CPU M 330 @2.13 GHz
Installed memory: (RAM) 2.00 GB
System type: 32-bit Operating System

g. Processor: Intel® Core™ 2 Duo CPU T6400 @2.00 GHz
Installed memory: (RAM) 2.00 GB
System type: 32-bit Operating System

seuulfuRnislulasveniuladaniu (Windows 7)
Wswnsululasganiendiaa (Microsoft Excel 2010, 2013)

4. TUsunsu DAVID (The Database for Annotation, Visualization and Integrated Discovery,
version 6.7; Huang, Sherman and Lempicki, 2009)

5. lUsunsu Cytoscape version 2.6.3 (http://www.cytoscape.org; Cline et al., 2007)
1Usunsy Arraymining (http://www.arraymining.net/R-php-1/ASAP/microarrayin
fobiotic.php; Glaab et al., 2009)
1Usunsu String (http://string-db.org/; Szklarczyk et al., 2015)

TUswnsu Cladist (Fukuchi et al., 2009)
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10.
11.

12.

13.

14.

15.
16.

17.
18.

1Usunsu DREM 2.0 (Dynamic Regulatory Events Miner version 2.0; Schulz et al,
2012)

TUswnsu MEV (Multi Experiment Viewer, version 4.8.1; Eleanor et al., 2011)

TUsnsy WEKA (Waikato Environment for Knowledge Analysis, version 3.6.2; Hall et
al., 2009)

lUsunsu Polysearch (http://wishart.biology.ualberta.ca/polysearch/; Cheng et al.,
2008)

TUsINTu CyNetworkBMA (http://apps.cytoscape.org/apps/cynetworkbma; Yeung et
al,, 2011)

TUsunIu JactiveModules (http://apps.cytoscape.org/apps/ JactiveModules; Ideker et
al., 2002)

1Usunsu R version 3.1.1 (https://www.r-project.org/; R Core Team, 2013)

TUsunsu BINGO  version  3.2.0  (http://apps.cytoscape.org/apps/bingo;  Maere,
Heymans and Kuiper, 2005)

2114{1}@33@ GEO (http://www.ncbi.nlm.nih.gov/geo/; Barrett and Edgar, 2006)

2114{1}@33@ KEGG (http://www.genome.jp/kegg/; Kanehisa, 2010)

3.1.2 Jaquazaunsalniaiasufunns

N

g’fﬂaam%a (laminar flow class II) (NU-440, NUAIRE, Useineianigaisni)
gunwaduwuuldaisueulaeenlen (CO2 incubator) (CB210, Binder, UssinAaniius
GULREDIEE R

N&BIgaNIIAULUUNG U (inverted microscope) (OLYMPUS IX70, Usmm@ﬁu)
winsdumies (centrifuge) (K240R, Centurion Scientific, UselnAansnvo1aniIng)
\Teadanaten 2 wag 4 fumds (Precsia, Useinaauniiussgeia)
iwsosinAmsgandunasiuululasinan (VERSA MAX, Useinransgelsisni)

Lﬂ%‘m PCR (T-gradient, Biometra® , ‘Uizmﬂa%%ﬁmﬁm)

Lﬂ%‘m Real-time PCR (iCycler, Bio-Rad, ‘Uizmﬂa%%ﬁmﬁm)

A38e UVAVIS Spectrophotometer (GVC CINTRA 40 , Useineauni)

MR LYadLUY 24 %au (Coming, Useinansgelaisni)

MuAsuEaduLIA 60 1. (Corning, USEANAANIgalsn)

MuERsNEaduLIA 100 1. (Corning, USEinAAnIgalsn)
yansesUaonitedmiviniurinvuinduinugudnaisnses 0.22 luaseu (Coming,
UseinAanigowsn)

lulaswanuuy 96 nau (Sterilin, USeneans1geaunansg)
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3.2 @15.Ad

Dimethyl sulfoxide, DMSO ( Sigma-Aldrich, UsginanigaLisni)

2. DiSodium hydrogen phosphate , Na2HPO4 (Carlo Erba, Usginmaniusansisnsy
wosuil)
D-Glucose (Sigma, Usgineanigalaisni)
Duldecco’s Modified Eagle Medium (DMEM) I phenol red (Gibco, Usgind
an3gelsnn)
Fetal bovine serum (FBS) (Gibco, UsgineanigaLisni)

6.  Lipopolysaccharide (LPS) 21n Escherichia coli 0111: B4 (Sigma chemical, Usgine
An3geLasnn)
Penicillin/Steptomycin (Gibco-Invitogen, Usgineanigatsisni)
Potassium chloride, KCl (Carlo Erba, Usgimnaaniiusanssasgieasuil)
Potassium dihydrogen orthophosphate, KH2PO4 (Analar, UsgineiansIva1unansg)

10.  Sodium bicarbonate, NaHCO3 (Sigma, ﬂﬁzmmw%’gam%m)

11. Sodium chloride (Carlo ERBA reagenti, Uazmmmmm%’gﬂ%’ma)

12. Thizolyl Blue Tetrazolium Bromide, approx. (MTT) ( Sigma-Aldrich, Usginda
GUERIMERR)

3.3 2511519299

MaawnaarleTuMPingnssuudmiumaieneiuasduAunalnnisnevaussdionis
sniavluwaduualasrnvemy daduwadifelddmivdulunariefuuuuiiionsanulusywd
nwsmveauideiifiduneulunisiaudiuuaugud 2 fusenoulufie MssIusmLazoonLUY
unanasuandeyalulasorfisd mafauunanesuiysanmsiudeyaszAulusiu nsmsrvaey
ANUYNABIkAENSUTULIUNanasY N1nTIvaeuBuduNamedBSualndiigens (real time PCR)
wazmsthunanesululd 9nnnil 3-1 gnesuansnmsvisuanduneunialugdndunauseld Tae
freazBoavoamsiunmsifoluuiasdunoudielud
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AW 3-1  H997UP99lASINISTIINeNBIsEUUdmMSUAUAUNalnnIsnavauaranisenauluad
LuAlATINIVDINY

3.3.1 MITIUTINLaznsnseudayalulasansisd

nsvnanstiazlideyansuanseanvesdusianualuiluniildarnnisldlulasensisdnele
anensAnuieadestunisnsivasunanisnevausdse LPS lulwaduunlasaiavesny ain
vannuanenguiteiianunsoandivangndoyalulasenfisdimarildangrudouaast say GEO
(Edgar 2002, http://www.ncbi.nlm.nih.gov/geo/) T,msﬁﬁayjauﬁﬂﬁiﬁﬂumiwmaaqﬁﬁﬁwm 3 Yn
Uoya LAl GSE4712 (Comer et al., 2006) GSE21841 (Hammer et al., 2010) kag GSE2002 (Shell
et al., 2005) lnsgndoyalulasorfisdiliinuinsesitu axdndonin 2 nqunisnaassite ngudl
gnnszdudie LPS  waznduilliganszdusie LPS  auvasnan luwadunalaswiaiadlad
RAW264.7 waany fafildiansneaziBenvesyateyalunisisi 3-1 nouflagihdoyalulasensisdi
ansnsonillnaldslusUuuurestoyaiu feyanin viedeyanisuantoan vosusazyateyaun
shutuneunsinieudeys warUiuiflevmsgutoyavesudasgadoyalioglummsguiedu
dotdoyalilasorfissiomeildluflunsiinsgineliismadsiulusuneudely wiedum
nguBuiifinnuddyuanistostuannedifnuwianielugadoyn warsswinsadeyalulasofisd
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ﬂl a ¥ [ s
f19719N 3-1 LLﬁ@QiWUaSL@Uﬂﬂ@ﬂﬁﬂ‘ﬂ@mﬂﬁimiﬂi@ﬁilﬁﬂ

i Sources of
GSE ID Title References Platforms Samples Lps
Affymetrix 9 samples LPS
Edema Toxin-treated Comer et al., Mouse Genome | untreated=3
GSE4T12 ~ (0.01ng/ml;
Macrophage Study. 2006 430 2.0 Array 3hr. LPS=3
(GPL1261) 6hr. LPS=3 | Sigma Aldrich)
Expression data from
LPS-stimulated RAW Affymetrix
264.7 mouse Mouse Genome | ¢ samples LPS
Hammer et 430 2.0 A
GSE21841 macrophages treated L Array untreated=3 | (lug/ml;

i | al, 2010 (GPL1261) i i
with Hypericum 8hr. LPS=3 Sigma Aldrich)
perforatum fraction and
bioactive constituents

Affymetrix 6 samples LPS
CstF-64 Influenced Shell et al,, Mouse
GSE2002 . . Untreated = 3 | (100 ng/ml;
Gene Expression 2005 Expression 430A ’
Aray (GPL339) 18 hr LPS = 3 | Sigma Aldrich)

3.3.2 NSAUNIYATUNNGIVINUNIINDUEUDIABNITINLEY

o v

Wrtayanlauiiinisusuamsgiuanisuanseenvesduluudasynveyaloglugiuuy

WeantunulagldA1uInggu z score Faanunsaruinidn z score 19a1naun1si 1 weideyanis
wanseanveasBuanyadayalulasensisdiAndentuliaseiludunausaly

z score= ((x-mean))/SD (1)

A 1

lng x  flB AIN1suanteenvesvedlnsulsayiiegslugnteya

& i a

Mean Ao ANRAEYBIAINITHAAIDBNTDILNTULAZINTY
SD Ao ANJRUULINTTINAINITUARIDRNVBINT ULAaEINTU

mendinsUiuifisuinmsgudoyalulesendisdueanyadoyaiousosuda Tunausouie
mathgadeyalalasenfisenlinnsisaounariinsgimelusunsuanznsiiieides wevinis
Andenyndudisinuddguazifstesiunisnevaussienissniay vieldunisnevaussse LPS
Tuwaduualasrhavesymutiana lngismsdadeneadanussgegmelulusunsunisyimilos
Yoyaoeulatl ArrayMining (Glaab et al, 2009) dslusnAdetiléidonld 338 léun Significance
analysis of microarrays (SAM) (Tusher, Tibshirani and Chu, 2001), Empirical Bayes moderated
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t-test (eBayes) (Smyth, 2004), wag PLS-CV-Partial Least Squares Cross-Validation (PLS-CV)
(Hall, 2000) Tnednidendudidnisuansosnatamudely 100 Insuusn anduinsdaEenane
Tnsufigndmientae 2 38 9inviovun 3 38 wdanduinisnssaeuyaduiidadonldlasfiansan
A1ANYNABIYBINITIMUN (classification accuracy) mglusunsd WEKA (Hall et al., 2009) lagyin
namsnaeunslugadoya uarszuingadeyaveslulaserfisdiandnu el il dyaduid
ansidedeuarduiusiudnuaznisneuaussiensdiausnTign (Rotter, 2008)

3.3.3 msAnwuazesnuuuunannasuandeyalulasaisised

Tumsnwuazeanuuuunanslesundeyalulasendissitnuninnisadoyauiud Tudu
wsnueINsAnwazunmmeasinIsaisaserInIsLaneanTNLazIA3a U8 U Auiudse ninabu
vesteyalilasenfisdlnedonlilusunsumanuanssiaiefumlusunsuiimungan funislda
uniian TWsunsudilsvinisnaasdliifieasraniedisussnouluse Tusunsu Cladist (Fukuchi et
al., 2009) TUsunsu Network Analysis ﬁagjiuiﬂﬁl,mﬁmaaulaﬂ Arraymining (Glaab et al., 2009) i
Jzinsadaesetienisuanseansanszninedu TUsunsy CyNetworkBMA (Yeung et al, 2011) &s
Huudnsuvedusunsy Cytoscape (Cline et al., 2007) ﬁaza%ﬁam%mhaﬂg’jé’mﬁuﬁ‘mﬂmiﬁwmm
ANUFNNUSVBINTITUENIDDNVDITY wazlUsunsu DREM 2.0 (Dynamic Regulatory Events Miner
version 2.0; Schulz et al, 2012) ?i'qa%ﬁaLﬂ%sziwmimu@mmmamaaﬂmmﬁu TAgp1AENIS
Aaszinazianinan1glulusunsy Cytoscape (Cline et al, 2007) laglalusunsy MEV (Multi
Experiment Viewer, version 4.8.1; Eleanor et al., 2011) éfm%’umﬁLﬂiﬁsﬁ%’@gﬁlﬂﬂi@ﬁlﬁélﬁa
MsuanInmsinnguBuiidfny

uamawnﬁus’]’qﬁwmaﬁmﬁmﬂﬁjmﬁuﬁﬁaﬁaqﬁumaé’ﬂLau (inflammatory genes) Q1A
g1udioya PolySearch (Cheng, 2008) #aiugrudeyafifinsdumdeyanngudeyaionans (text
mining) lumsaumiuiiieadosfunissniaulneldmdfalunsdumin “inflammation” a1nty
ﬁﬁiw%ﬁuﬁﬁuﬁﬂﬁmﬁmeﬁ'ﬁ’gmﬁuﬁuﬁgﬂé’fmims‘iﬁmiﬁﬁmﬁaaﬁﬁa%aﬁlﬁﬁﬁmﬁaﬂﬂ'awﬂwﬁ
waziBuiigndnideniisaesitunadiueietiennuduiussznininisuanseaniiuvedu (co-
expression network) Tneldudnau Expression Correlation Network ﬁQﬂU’iif\;mﬂIéﬂULLﬂiM
Cytoscape (Cline et al., 2007) awnﬁuﬁwmaﬁmL%EmLﬂ%aﬂhaaiaaﬁmaﬂaﬂmai%’ﬁuﬁgﬂé’mﬁaﬂiﬁ
angiudieya PolySearch ifuvdn wastinedetiedenidnidentdluinseiluiunousely ielsld
LLwaWWaﬁ‘maququmidamué’ﬁgfmmﬁLﬁm%’aaﬁ’ugﬂu:uumﬁLLamaaﬂiz@fwaﬁLﬁuLamaaﬁué’wﬁfg
wiazaia Ssavdudeyaiddamaiwiounanrosufiddydmsniluliluduneudely

3.3.4 psysannisteyaunaavasuildaindayalulaseisisd

Tunsysannistoyatadudeyanisuansoonauasssduiu 51asdedldniuiiuguiiie
unltidudeyasrdafiotislunsysanns wu nslideyavesifumuedda (metabolic pathway)
flanunsamldaingiudeyaaisisasy 1wy Yeyaiaiovneufauiusszninalsiu (protein-protein
interaction network) lugnudayaansisaizgiudeya STRING (Szklarczyk et al., 2015) wazdaya
UfFustusueanIseuauszritmsuans U uurinmesfuBuitmane (TF-TG interaction) dslufi

aylddoyaromyiund (Mouse; Mus musculus) (Emst et al,, 2010) 1Uudu lngaden1sysannis
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Payaniglulusunsy Cytoscape (Cline et al., 2007) waznsldudnsumelulusunsu Cytoscape
loun JactiveModules (Ideker et al., 2002) Lﬁ@ﬁdasiuﬂWiﬁmLﬁaﬂim@asiaaﬁuaqLfﬁam'wﬁLLamaaﬂﬁq
auduiusogranuda TUsunsy BINGO (Maere, Heymans and Kuiper, 2005) fignglunisulana
matinmlagadedeyatussulnlad (GO; Gene Ontology) Guaaﬂzjuﬁuﬁﬁﬂmiﬁﬂm et
Tumsinduladnidonnguiuiunaziunumuazenudfglunismevaussdenssniau Tngerfenis
av1adeuNsuUaram TN miisiinnTusunsueaula DAVID (Huang, Sherman and Lempicki
2009) Tiflgudeyavesnisulanamsdinmmainvatevina Inglddeyanisutananngiudeyaves
Bueaulnlad (Gene Ontology; GO) (Ashburner et al., 2000) waz KEGG (Kyoto Encyclopedia of

Genes and Genomes) (Kanehisa, 2010)

3.3.5 MInsRseuLasdudunatungnAnianiin1snauauaran1soniay Walin1snszAuaiey
LPS magaarian Tussauaniidue

nNMsAaenduinmnenianudfysanisnouauesnIseniay Wedin1snseAusie LPS
AutIIANlaINNITInTgdteyalulasensisd saudunsiasIeieTeu1un1INBUANRIRBNIS
SNLEU NMTYIUNISTayaLNanasy uazn1sEuduran sAnRannguduiuenasuITeNneITes
lngagyihn1snsiaaeunIswanisanvesduignandonuniurantiannsitaseideyalulaseniisd
lgi3uannnIsiniziiedraduialasniaaneiug RAW 264.7 angldaniizliinisnsedueig LPS
Lazdin1sNTEARAIY LPS 381 3, 6, 8, 18 uag 24 1alud 1iansivinnisnavauasiliintulagnis

a ) ] Yaay . A A o oA °
n3RdeUNsuanteanvesduluszAuenowelagldls real time PCR Y0s8uiignAnidenundIuIu 1
a oA Yl o oa % & A A9 vy a Y] a aAa
gu e SOCS3 lagnsaainsiuiudu iINOS Fauludunlionsdavesnisnouausiniseniay uagduidl
::4' 2 & A Y a . A @ ) v

NsuanseanAI EF-2 B9.0ududneds (housekeeping gene) tiatlunisudunaniglinisvaaedly
Mol URnT Inediseazdenradidnis el

3.3.5.1 nswngideaead (Cell culture) (N@1visy A3aw, 2555)

MMamziResgaduualasiiavemyaneiug RAW 264.7 Tuewnsideswadviln DMEM
Mlansazangendidadu(10,000 gin/ladans) amsulalugu (10,000 lulasniu/dadans) uay fetal
bovine serum (FBS) (10%) Uuluginizidesninsveulasenlanlueinia 5 % gaumgil 37 a9

walded Auwaalinsasgfulafouduiuian susmziies wivin1sgaiuwad
3.3.5.2 N3 sub culture

@ﬂmmil,gsmL%éﬂ%mmm%aéﬁq WAuansazanetinles HBSS AUsANLAITENLAY
wunfiBenfidusau 10 faddns udniluldludideeadiigungli 37 ssaueadea Wunat 10
uit Pnfuthanuwzwadosnainguasihludnguaeadefioyawadlimanoanananuiniziead
Tneyasadiuliamanafinaunn 10 Sadans gaamsazanetvllesiuamanaqads wdldtiund
AnesuUUABeIadlavasanaaRnuuIn 50 Tadans waztludumiead 3000 ¢ e 3 uni
anansazanetilies HBSS fis udufnomadsnsadiiadude 10% FBS adluvaesmaaindild
Husdsadninsnsznwadlngldtiafiuasszanm 20 ass udwhnsifusiuueadiddie
uaznszeadadlunruzdsssadsullnudnduiidosnis
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3.3.5.3 NN5AIAB15LOULD

YUYaakuALATNID RAW264.7 1 WIZLa89 b UATUMNZ AU RaTUIN 60 NAALIATIUDNNS

\Ae9wad DMEM Masusig 10% FBS Tasliiusuaieadvindu 1x106 wadseanuduszeziian

18-24 Fludluginzidesiidarsveulasonludlueina 5 % gamgl 37 ssrnwaidia gretmsides
wadoonIuvIALazfe M AsneadlungunUANLAsIRLa WS TE LPS Anandudy 1ug/ml udn
ihluvalugmzidoandunm 3, 6, 8, 18 uay 24 $9lus Mndurhnsnfueaduazataendiuelag
Iﬁ%maﬂmmm}iﬂ llustra RNAspin Mini RNA Isolation Kit lngvimnuaiienisadnainuigniaedl
Funoudail

1.

10.

@Gla’lmngmmaéaaﬂiﬁwum W lysis buffer RA1 350 pl wag B-mercaptoethanol 3.5
ul ﬂﬂmsaumaﬁuumaLﬂummawfaaaaﬂwaamum 1.5 ml wdrsalulasaumaiiiie
fudansviieruwes RNase uay DNase Tnganunsaifiusiogneliigaumnd -80 ssrivaiTes
ihasazanenynowwadiiuliunazany wazvortex w3 wanhasazanglulnanasly
AoduLRT A thlutuwiesinenands 11000xg figumgil 4 ssrmiwaldea (Hu
a1 1 W

sl 70%ethanol $1uau 350 pl lasgatuasuszana 5 ass ieliansazareuie
Ciehi!

wsumedutfiTsmudildlunaentuin 2 ml wdihasazanslude 3 uilvanadly
Aodud1uIu 750 pl Wludusiosieainanda 8000xg figumgil 4 ssmwaldea (Uu
a1 30 3t wazthreduiT Ui lduvasnuun 2 ml (vaeslv)

\iy MDB (Membrane Desalting Buffer) 350 il aslupaduiififnawmuddufiedaunde
oon thludumissiienmuigy 10000xg Agumad 4 ssmwadea 1unan 1 Wi 1
AedNLATwuATldnaanvng 2 ml (Maenln)

L@ DNase reaction mixture 95 pl (reconstituted DNase | 10 ul + DNase reaction
buffer 90 pl) asuFumsinatosnedutl udrandligumgivonduna 15 uni

i buffer RA2 $1u9u 200 pl ludusilesneauidy 11000xg figauvigil 4 aemm
waldea Wuan 1 undl

i buffer RA3 $1u9u 600 pl iluduslesneauisy 11000xg figauvigil 4 sem
wadea Wuan 1 undl

B buffer RA3 d1uau 250 pl ihludumilsasneainuda 11000xg igamndl 4 aaen
waldea [Wunan 2 ud wanheesuildasluasnwuin 1.5 ml (naenln)

/iy RNase-free H20 $1u7u 50 ul (Afaae 25 w0 dluilumiesdaeninuids 11000xg 7
9ol 4 esmwadea Wuan 1 il wasiivansazany RNA

wanvimsaineisidueaiudazinlvinsgiaududulazauu3gvsvesensidu

1@ Taen RNA 31331 5 il Feanseinduiinay 0.1% (v/v) DEPC §1uau 495 ul wazaludnan
miamﬂﬁmm‘ﬁ' 260 nm wa 280 nm lneldiA3es Spectrophotometer LLazﬁﬂuamﬂaﬂmu%qwémaq
orfiduelasrmsaglut 1.8-2.0 azuandliiiiuinordiulefiafaldfinuuians weflagily
d9.A312% cDNA mial
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3.3.5.4 n1583AT1%% Complementary DNA (DNA)

ensioutenanalaludunsieit cONA Tagld 5X  iScriptTM  Reverse Transcription
Supermix 31U 4 ul RNA 2 pg kagiiniiNusaan nuclease liusunasaavinewintiu 20 pl aslu
waon PCR anzflglun1sdaasizit cDNA il

Priming 25 DFNTALTYE WU 5 W9
Reverse transcription 42 FmgalTyd U 30 Ui
RT inactivation 85 DIANYALTYE U 5 WIN

U cONA Nlaunsiaaeurnun nLazUsunalagld agarose gel electrophoresis ae
111 cDNA nidapszsilaliiimszilagltinata Real- time RT-PCR sioly

3.3.5.5 M1590nwUUlnswasnImwIzmay

Fumdduiuavesdu INOS (NM_010927.3), EF-2 (NM_007907.2), SOCS3 (NM 007707.3)
wag IL-11 (NM 008350.4) 91ng1utaya NCBI (http://www.ncbi.nlm.nih.gov/) MnduthdTuUET
TalUpanuuulnsinesuaznsiadauainuidnnizaedu tagldlusunsy Pimer  blast
(http://www.ncbi.nlm.nih.gov/tools/primer-blast/) Iugmeﬁaaﬂa NCBI

AN5N 3-2  asuiiardlelnavaalnsiwesildlunisnanasd

Gene Sequence Product Length (bp)

iNOS 5" -GCACAGCACAGGAAATGTTTCAGCAC-3' (F) 156

5" -AGCCAGCGTACCGGATGAGC- 3' (R)

EF-2 5' -CTGAAGCGGCTGGCTAAGTCTGA- 3' (F) 155
5' -GGGTCAGATTTCTTGATGGGGATG- 3' (R)
SOCS3 5' -GCACAGCCTTTCAGTGCAGAGTA- 3' (F) 169

5" -GAGACAGCGGTCGTAAGAGCAG- 3' (R)

3.3.5.6 NTIATIERNTuanteanvasduluszdu mRNA Tngld real time reverse transcription-

polymerase chain reaction (Real- time RT-PCR)

11 cDNA  Adsasiziiluduiuu virujAsendae 2X iTagTM Universal SYBR® Green

. cal o 1 a a g Yo a A [ <@ o
supermix kaglnsiuasdmgveusaziunuusunsnldnmsni 4-3 wasillonauiuasaazinly
MUfAseluLeseq real time PCRInsan1eilglun1s9iuAzenvesdu iNOS, EF-2, SOCS3 uay IL-
11 AI915°99 4-6 NUWINITIATIZN melting curve Naamall 95 esaeadua LUwan 10 wndl
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weiugamniann 65 esrealded 69 95 esrealdualaeiiuiiay 0.5 sarwalded Wuian 5
T wagaunsaA I UIAOUlARERS

AACq = ACq (sample) - ACq (calibrator)

way ACq = Cq of target gene — Cq of housekeeping gene

71U target gene expression 79 normalized @18 reference gene wagliisuniu

. o AAC
calibrator azwindu 2=

M19197 3-3  asuasUSueslglunsiufisen real-time PCR

819 U3anasild (u0)
iTan| Universal SYBR® Green supermix 10
Forward primer 0.5
Reward primer 0.5
distilled water 7
cDNA 2
Total reaction mix volume 20

M9dl 3-4 aneildluufAten real-time PCR

Tumay aaumil a1 (W)
(@A AL TEH)
Step 1 Pre denature (158U) 95.0 3
Step 1 Denature 40 seU 95.0 0.10
Step 2. annealing/extension 63.0 0.20
Step 1 (1 99V) 95.0 0.10
Melting curve 65.0-95.0 0.05

1

(@aumgiliiauduiiay 0.5 derwaLgya)
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3.3.5.7 MyLATIEUoyaN 9ans

SﬁagamﬂwamimaamﬂﬁaashﬂumjmmuquLLazﬂzjwmaaU%ﬁw};m’jwm 3 41 uazay
uanadoyaluguvesdade: Andoauunnnsgiu (meantsp) lngldnsinsizinanuuysusiu
(analysis of variance)) \JunismageuAedsaindeyadildainnguineiamaiongy uaznis
Wiguigumanuuane19eg 19ildud Ay nsadfiseninanguaivnuuasnqunadeuageiteddgy
n9a0A 1ngld Student’s t-test A1 p<0.05 DINHUBEAYNINADTH
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uni 4

NANIINA/DN

4.1 ANSAUNINTZUIUNISNNTIENTAUNANAUZEY

n13fnuTInenTesrsuvdmivavaunalnnisnevausnenisoniaulugaiiualasrig
RAW 264.7 vaany unsendenszuiunisnndiansaumnalunissumngudunazaiuduiusves
nguiAITestunsRoUALBsonsSNIaY FeanansadensuuuvesaNduiusilFullunns
oSuenalnnisnouauesnssniauiintu ietunldd uteyafitnslunisinduladmiunnsg
Aaidennguiufifiunumitddnysonisnevaussnissniauiiio Anwluseiuve s foaniseely Tng
Srvnzveaunamiosuvieluinavosnalnmssniauiléluiit azegluzuuuuveaedotioufduius
spvhanguiunselusiuilddeyalulasensisdvosnisuansvesdu luannefiinsnouausssonis
SniaufiAntulaensnszduiraduualasing RAW264.7 #e LPS uvinn1sdinstzsidnelusunsuma
Fransaumadsusznaulufie nsfnidendu (Gene selection) (AAruIN a1, ¥, 3) Tnelusunsy
SVM (Support Vector Machines) fidulusunsugesnielulusunss WEKA (Hall et al, 2009)
Baswisudisulrladiwuinsefuuinndi 1.4 Tussdumnadeiudl P<0.05 waznsliiaiosile
Anaendu 3 lia LawA Significance analysis of microarrays (SAM) (Tusher, Tibshirani and Chu,
2001), Empirical Bayes moderated t-test (eBayes) (Smyth, 2004), wag PLS-CV-Partial Least
Squares Cross-Validation (PLS-CV) (Hall, 2000) #ignussqeglulusunsuseulayl ArrayMining
(Glaab et al., 2009)

wanniifofenmsaiuaietiennuduiugannsyfunisuanseanveiy (Co-expression
network) (MANUAN 9, 9, A, 9, way n) Ineldndnn1sves Pearson Correlation Analysis nele
TUswnsy Cladist (Fukuchi et al., 2009) i r-value 0.9 (+,-) waglty JActiveModules (Ideker et al.,
2002) iletaglunisdnidenlugadesveaniedisiuanseanieanuduiudoadudn uaynnsld
TUsunsu Network Analysis ﬁagﬂulﬂil,tmuaaulaﬂ Arraymining (Glaab et al., 2009) #2113
A519LA39U18N1THANIDBNIINTENINNEY 30ALALEITN1585191ATBU18N1IAIVANNITHANID DN VDY
gu (nARWIN 2 way n) laenslalusunsy DREM 2.0 (Dynamic Regulatory Events Miner version
2.0; Schulz et al, 2012) (nAKUIN @) ﬁmﬁsmwsysmﬂmaﬁu%;&aﬂg’jﬁuﬁuémmmimwg:u
sgiansuaniuiuuinmesfuButiming (TETG interaction) dslufiiaslideyavasvyiund
(Mouse; Mus musculus) (Ernst et al., 2010) LLﬁsi@gﬁﬁlﬁﬁ]ﬂﬂWﬂ’ﬂﬁ%’ﬂ LAENISANEILUTHATY
CyNetworkBMA (Yeung et al., 2011) Faduldnduvoslusunsy Cytoscape (Cline et al., 2007) R
SuldsunsusiuAulusunsy R (R Core Team, 2013) ﬁ%a%’wLﬂ’%@ﬂhEJmuanmiLLamaaﬂﬁumﬁuﬁ
adandnn1svesdanasiiy regression-based Bayesian Model Averaging (BMA) (n1awuan n) niow
N3ARNTONLATENIETIUNUTBYAEUNTENIAUIN PolySearch (Cheng, 2008)

= S v o % =~ A o o A oA
PNNsAnwTuswilrlanssuIunImsBiasaumaiediunldlunisdnden nauduuas
\ATeYIg U JEuTuSIReITeIiUNITROUANRINITENIAY 1YIINITIATIEYSTIAUToYaN 19T INN
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Taun Buseulnlad (Gene Ontology; GO) (Ashburner et al., 2000) wagn1siigl KEGG (Kyoto
Encyclopedia of Genes and Genomes) (Kanehisa, 2010) ﬂ'au‘ﬁ%ﬁ’]ﬁa;ﬁaﬁlﬁmﬁﬂﬁﬂﬂiwﬁJ‘U
foyavosunamifoiiisadesfunduiuiidaidonivardu oumdusunaluszfuves
WesfuRnissely

4.2 nswseutayalulasensisd uaznisdnannguduiieidasiunisnauauassa
N15ONLEY

mawdsudeyalilasenfsdisauyndoya nensuummsgudeyalfegunsgrudoadiu
Tnusudeyalviegluguesdnnnigiu Z score aznuinteyalulasersisdndslinunszuiunis
Iawsoudeyauaznszuiunsusiueladieduiiiavvesdoyatziinisnszats (Fanwd 4-14) us
ledeyalsriunszuiunsussusladiutuaznuinddiavvesdoyaazogluinnsgrudentu (Fanm
i 4-1B - 4-10)

HBH B BH H B B B H BH H
3 hr B | vwewet | varened cated Ps s Ps
;
e A R~
e R T R R
i i i
' — BE BB H B B
e
10000 T Unrented rested —— Les ps I
000 :
e T T
i — ———
bsooo . 34 2
T |sw | = - Umomed | Unsed | Umremed | 125 s ™
T e T T R ™
e R e e
* Min Outlier * Max Outlier * Min Outlier » Max Outhier * Min Oulier + Max Outlier
HENEBEEB
18 hr o e T T L
13000 1
‘‘‘‘‘ R e R e ~
=

AN 4-1 Toyalulasesisdns 3 yadeyanaunazvaIiIunTEUINITUTUNIRTgIUTaYa Box plot
raw data (A), log;,-transformed data (B) wag normalized data (C)
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nsfndennguiuiinismevaussdonissniau efinisnseduse LPS finan 3, 6, 8 waz
18 4904 Wnel33n153n s ineadATiunndneiuauids Ao SAM, eBayes uway PLS-CV Tnevisany
FBilarussgegnislulusunsunsiniiesdeyaseulatl ArayMining nafildazdmienTnsuiiing
uanseonogeLdn 100 Insuusn uwasiftelinmsdaideniimunindedefiuiuiadonanislnsui
gndnidonedutiosaesitdamaiiuandlunisned 4-1 uaznmil 4-2 Feaznuitluyadeyadisinig
nszdudie LPS fiaan 6 Faluaneilinsuiigndmidenunndig aandutlnsuiigndnidenluudas
Pranaludundeiulugpdeyalilaserfisdasnuinilenisnsedudneg LPS aan 3 dalus Hduauy
70 B lonsedusieg LPS fnan 6 $alas $1uau 65 Bu ilonseduse LPS fnan 8 9alua d1uau
61 Bu uaziilonseduse LPS fnan 18 dlus $1utu 80 Bu seTovesBuiigndmdenlunsias
Pranauanslumsed 4-2

M1519% 4-1 ulnsuignanienlagldd SAM, eBayes , PLS-CV uaglnsuiignAnidenatieioy
239N 375

. SAM eBayes PLS-CV Sulwsuiigndadenaesluau’s
yadaya
(wsv) (wsv) (wsv) (wsv)
GSEAT12
100 100 100 90
(3 hr_LPS)
GSE4712
100 100 100 99
(6 hr_LPS)
GSE21841
100 100 100 93
(8 hr_LPS)
GSE2002
100 100 100 94
(18 hr_LPS)
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3 hr 6 hr 8 hr 18 hr

SAM SAM SAM Sam

a

A 4-2 lpezunsunansdnuiulnsuiignAnidentagds SAM, eBayes , PLS-CV  waglwsuiign
AnLdpNag9tey 2 35

I v

a a A i v s ¢ a | v ax
M1319N 4-2 fJu‘VlW'UsLuLLﬁagﬁqﬂﬁJaﬂuavLﬂﬂﬂ5@']5L55J<'U']ﬂI‘WTUV]QﬂﬂWLa@ﬂ@ﬂqﬂu@ﬂa@\ijﬁ

yadaya FuIuby g

CD83, TGFB3, TGM2, 1190002H23RIK, CYTH1, CREM, NFIL3, TERF2IP, CLECAE, SERPINAIA, BLCAP,
SLC15A3, VEGFA, 2310016CO8RIK, AREG, CSF2RB, THBS1, ABCAI1, PLAU, PDE4B, AHR, B3GALT2,
2010002NO4RIK, TRAF1, PTGER4, RUNX2, TRIB1, TNFRSF9, NUAKZ2, 9530003J23RIK, 4122401K19RIK,
70 4931439C15RIK, NFKBIE, MAST1, ATMIN, FNBP1L, CSRNP1, BCL2L11, 1110003E01RIK, CYTIP, DUSP5,
FOSL2, GPR85, NR4A3, H2-EB2, D5ERTD163E, CD93, PEX19, LRIT2, E230029C05RIK, NR4A2, THBD,
IL7R, HOXBZ2, IL11, CXCL2, MXI1, ENTPD1, APOBEC1, TRP53INP2, DZIP1, MPP7, CD302, AGPATY,
TSC22D1, 1200011118RIK, SPTY2D1, FGD4, NAAI1

GSE4T712
(3 hr_LPS)

CD83, TGM2, VDR, CYTH1, CREM, NFIL3, AVIL, ISY1, CLEC10A, CLECAE, RAMP3, PROCR, SLC15A3,
2310016CO8RIK, AREG, CSFZRB, THBS1, ABCA1, PDE4B, AHR, SRC, 2010002N04RIK, TRAF1, PTGER4,
GSE4712 OSGINZ, RUNXZ2, TRF, EDIL3, MXI1, TSC22D1, BCL2L11, EGR2, TNFRSF9, CHST11, 1110002L01RIK,
(6 hr_LPS) e NFKBIE, PRUNE, CSRNP1, 1110003E01RIK, CYTIP, EGR3, LATS2, DUSP5, FOSL2, CLCF1, FRMD4B,
TMEM56, CD93, E230029CO5RIK, PTCHD1, ZMYM3, NR4A2, THBD, IL7R, CSF2RB2, 1200011118RIK,

GPR35, CXCL2, CSFZRB , ENTPD1, ACSL4, TRP53INP2, ANKRD33B, GALNT13

MARCKS, CD83, TNFAIP2, TNC, SOCS3, PTGS2, F8A, NFKBIZ, CCL22, CCL5, PHLDA1, ST3GAL1, CSF3,
HOXB13, CCL2, ACCN5, RSADZ2, LIF, IL1A, IFNB1, PDE4B, RAB3A, TPBG, TRAF1, ARHGEF3, TSC22D1,
UNG, CSF2, CEACAM1, CCRL2, 1200003110RIK , MIR155, PPFIA4, CDC42EP2, EXO1, 4921515G04RIK,
61 4930526HO9RIK, RSPH3A, WDR37, 2610021J01RIK, PLSCR4, TNFAIP3, GBP6, 1200015M12RIK , PIM1,
NEURL1B, A130040M12RIK, GBP2, E2F2, DUSP5, PRTG, CD40, RALGPS1, VEGFC, PRRGI,
C130050018RIK, PPP1R3E, KBTBD11, SDC4, CSF1, IL1B, CXCL2, IL6, DUSP2, IFIT1, GADD45B, EDN1,
1200016E24RIK, 3930401B19RIK , HHAT, MAF, SHISA3, FAS

GSE21841
(8 hr_LPS)

MARCKSL1, MARCKS, EHD1, NUSAP1, SOCS3, GLRX, SLC6A4, IRF7, PTGS2, C2 /// CFB, NFKBIZ, CP,
CCL22, TNFRSF1B, CCL5, GBPZ2, GBP3, RTP4, SLFN1, MAFF, PDPN, VEGFC, MS4A6D, IFI204, ZBP1,
CLECAN, CD274, CCL2, GBP1, SLC15A3, LGALSY, IGFBP4, IL13RA2, UBE2T, IL1RN, TRAF1, BIRC5,

80 APOL9A , ERCC6L, WDR62, BST2, MYC, HMMR, SLC7A2, MKI67, PTPN23, CENPF, ZC3H12A, IRG1,
LCNZ, 1200003110RIK , MIR155, NUF2, GM9706 , PLK3, SEMA5A, KIF11, KIF2C, ERI2, MPAZL, CDC20,

GSE2002
(18 hr_LPS)

C78513, MMP9, POLE, KIF20A, IL1B, DGKG, SLFNZ2, H28, SAA3, CENPA, CCNB2, KIF22, CYTIP, BRCAL,
HDC, 1200016E24RIK, UBE2C, OASL2, 3930401B19RIK , GM9706
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4.3 MseRnUUULATYIMINITUNanWasuIndayalulasansisd

ﬂﬂiﬁummjuﬁuﬁLﬁﬁﬁ@ﬁﬂﬂﬁé’ﬂlﬁu (inflammatory genes) 3ng1uveYa PolySearch
(Cheng, 2008) TunsfumBuiiiedestiunssniauarldmadalunisdumin “inflammation” 3
wUIngTeteiufiiedestunissniauiiomn 329 Bu uasisedesuiiduduldluivisudeui
Fuitnulugadoyalulasenfisdaauyatoyaaediduianun 187 Bu (Femnsnadl 4-1) nqudud
Rendestumssniauiildannnisduduaingiudeya PolySearch wazBuditinisuansoeniidudndign
daldonetdetenaniizanismsiianeiiuandsfuiivssgaelulusunsunisinmileadeya
poulatl ArayMining fisuauiiavun 312 8u zgniuEnaiuaIedIemNduiussEninenis
wansoandauvesiu lngldudndu Expression Correlation Network #ignussgnieléluunsa
Cytoscape lagazidonaauaruduiusiidlen rvalue 7 +0.95 wzilusionun 100 Hu 333
Ufdusiug FeasduduiigndmdenseiBnmsvivilesteyalulusunsuseulatl ArrayMining 112w
84 B 238 Ufduus Buiildainnisdudugiuteya PolySearch $1uau 11 Bu 45 UFduS uagdy
figndinidenainnisvinmilosteyalulusunsueeulatl ArayMining uazainnisaufuanguteya
PolySearch #1u2u 5 Bu 50 Ufduius fsnmil 4-3

NUUYIINITAALEBNLATEUIBEREINLATOUNLAINFURNUTTENTNITUANIBBNTINVDIEY
Welihesen1sinssikasnsulanalneAndenaindunlaainisdusuaingiudeya PolySearch
Junan Wesnndunguiuilafinisfinwudrinfeidesiunszuiunisdniau azAndeniaiot e
goalaninun 2 130918 dannd 4-4 TueSeges? 1 azdidudiuwiu 12 8y 34 UJEuRUS uay

A | a' a0 = awv o ¢ = a & A
W3 ReTl 2 PUTIWIU 17 Bu 50 UFduTus lnuasuanisneasiBunvogurivaansadiely
M3 4-4
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RAMP3

P CEACAM1
CENPA Rl \Pu\zcm 7
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/7 Qmp—"

w/

: ms
0SGIN2 NFu.a . l ARk
23100!%08#!{ / mum 4
TRAF1
e TGMZ 1200011118RIK _1200015M1ZRIK
cm TNFRSF1B
ATMIN
SLC15A3
'rspm NFKBIZ
c'm pTGS2
GBP2 \
WDR62 \ /GBP1
B'Rcs NUF2 RSADZ s GBPE
RTP4 -
ERCCHL /
sLcead > ,/
TSPO Gmm 3
WKIT e noeap Y 7 / Y,

WEGF> T /CENDE) =3, LOALS® il
- IRG1
HMMR " ey /(/ APOLOA
~S \ IFI204
GLRX /
GBP3
Lon2 e
28P1
cp \
ccL2

PRKG2 PPARA SLFN2 s ATF3 UBE2T s PARP1 TNF MARCKL1 EHD1

s ot | st

@ polySearch ©F  ArrayMining ArrayMining&PolySearch ArrayMinig 84 238
= Positive interaction 7 Negative interaction PolySearch 11 45
ArmrayMining & Polysearch 5 50

2MA 4-3 LAY IUNSUENIDBNTINVBIBUTLAIINATTAREBENAINIUTUASY ArrayMining wagBuila
INMIAUAUIINIWTBYA PolySearch

Module 1 Module 2

Al 4-4 \PTeUnggeigNAnLEeNINIATEUIUNTLARIBBNTINTDIEY
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o = a ! R | & A
M1319N 4-3 378@3L@EJG]‘YJENEJUIULLG]@%Lﬂi@'ﬂ’]ﬂﬂ@ﬂmﬂa@ﬁlﬂi@sﬂqﬂ

Gene Symbol |

Gene name RefSeq Transcript ID
Modulel
NM 001159555 /// NM_001159556 /// NM_ 001159557 ///
CD36 CD36 antigen
NM 001159558 /// NM_007643
WDR62 WD repeat domain 62 NM 146186
NUF2, NDC80 kinetochore complex component,
NUF2 NM_023284
homolog (S. cerevisiae)
MKI67 antigen identified by monoclonal antibody Ki 67 NM_001081117
excision repair cross-complementing rodent repair
ERCC6L NM 146235
deficiency complementation group 6 - like
BIRC5 baculoviral IAP repeat-containing 5 NM_001012273 /// NM_009689
NUSAP1 nucleolar and spindle associated protein 1 NM_001042652 /// NM_133851
LGALS9 lectin, galactose binding, soluble 9 NM_001159301 /// NM_010708
TSPO translocator protein NM_009775
IRF7 interferon regulatory factor 7 NM_016850
solute carrier family 6 (neurotransmitter transporter,
SLC6A4 NM 010484
serotonin), member 4
VEGFC vascular endothelial growth factor C NM_009506
Module2
IL11 interleukin 11 NM_008350
GPR35 G protein-coupled receptor 35 NM_001104529 /// NM_022320
phospholipase A2, group IVA (cytosolic, calcium-
PLA2GAA NM_008869
dependent)
TRF transferrin NM 133977
PRUNE prune homolog (Drosophila) NM_ 173347
NFIL3 nuclear factor, interleukin 3, regulated NM 017373
AREG amphiregulin NM_009704
BLCAP bladder cancer associated protein homolog (human) |NM_016916
IL7R interleukin 7 receptor NM_008372
NM 001025250 /// NM_001025257 /// NM_001110266 ///
VEGFA vascular endothelial growth factor A
NM 001110267 /// NM_001110268 /// NM_009505
colony stimulating factor 2 receptor, beta 2, low-
CSF2RB2 NM_007781
affinity (granulocyte-macrophage)
PLAU plasminogen activator, urokinase NM_008873
THBD thrombomodulin NM_009378
nuclear factor of kappa light polypeptide gene
NFKBIZ NM 001159394 /// NM 001159395 /// NM 030612
enhancer in B-cells inhibitor, zeta
SOCS3 suppressor of cytokine signaling 3 NM_ 007707
GBP1 guanylate binding protein 1 NM_ 010259
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a 4 I A da %4 1 (% a 61 [
4.4 n3IATIVNguEUNILLIYNNTIANIBNSINAN KAZNITAATILNTIUNY
= 1 a o [ 1 1 =
38U duNuETEndnelushu

INNANTIATIENATEVIINITHANIBBNTINVBITULAENITANEBNLATEYBE D8N
Y I & aa ax L. ! Y] oA
Janguiuniniugliuunisuanteanlagds SOM (self-organizing map) Wuitaunsadnnguduniy
JULUUNSLERg0BNLU0eN AT 3 NdY Ao NauR 1 AwlFULUUNTUANIDRNgTlUTINIRAT 3 wag
6 TINILAZAANITUANIDDNAIEATNYINIAT 8 wae 18 Falae nguit 2 aelguuuunisuanseangsly
a1 3 war 6 Fluaiazannisuanteanasidiian 8 Filushaziinisuanseeniurudniy
391381 18 ilus wagnqudl 3 azlisuuuunisuanieaniigeludiana 8 uag 18 Halus Aenni 4-
5A way 4-58 Tungquil 1 agfiguduiu 14 8u nguil 2 99u9u 3 u wagngui 3 91wt 11 Ju d

= N A oA oA

P399 4-4 IngBudnlngjasisusuunmsiantoanlungud 1 uagsngui 3

U

nnnsdndoniatetisdesiuilognisluivasnaiodisgosazgminluairadueiods
Ufduiussewinalusiulugiudeya STRING (Szklarczyk et al, 2015) Fadugrudoyansdanimd
anunsaldlunsviuneyfiuiussevilusiulaegiutdeya STRING 953uTiutoyaannunassingg Ly
Uszneusedeyailiainnismaasa (experiment) foyaaingiudoya (database) Toyaainnnsg
LERAIEBN33L (co-expression) TayaaINN13AUMAINFIINTBAIIN (text mining) Lusu 9z ldnads
AW 4-6

|
W
o
o
o
w
o
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LPS _18hr

I o et ‘
CcD36 ‘
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\
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SOCs3 x|
LGALSS

SLC6A4 ﬂﬂ“uﬂ 3
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BLCAP } ) [ ——
IL7R = —
CSF2RB2 ﬂf.lu'ﬂ 2

IL11 =9
AREG
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TRF

PRUNE
NFIL3 o2
GPR35 nawn 1 i —

WDRE2 b & . ™
NUF2
NUSAP1
ERCCEL

BIRCS
MK1&67 _J
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B

Y
\
[
|
f
|

AN 4-5 Heat map JULUUNISUAASDBNYRIEUINAUNGN (A) kaznsiianauualdusUuuunis
LEP90NURIBU (B) LilagnnszAusIe LPS kian 3, 6, 8 kay 18 Tilus 31nnsdanay
IS aq
mugliuunMsLanseanvesgulagds SOM
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A13197 4-4 MITANFUBUTINITHARIERNTINAULBINNINTEAUME LPS 11387 3 6 8 uay 18 Talus
17835 SOM (self-organizing map)

Nl Uy (Bu) g
IL11, AREG, THBD, VEGFA, TRF, PRUNE, NFIL3, GPR35,
1 14
WDR62, NUF2, NUSAP1, ERCC6L, BIRC5, MKI67
2 3 BLCAP, IL7R, CSF2RBZ2
CD36, IRF7, NFKBIZ, TSPO, SOCS3, LGALSY, SLC6A4,
3 11
GBP1, VEGFC, PLA2G4A, PLAU
mpkl
e
vak
A
- OV'—‘Q'A
00— °©
S

Bicap
A

@

Cd36

@

S\ Neighborhood
\Gene Fusion
S\ Cooccurrence
S Coexpression
\Experiments
\Databases
Textmining
[Homology]

A 4-6 Jfduiusseninalusiuvesduluaieiedesivaedsednglugiutoya STRING
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4.5 N1TAATIIATIVINURAUNUS wazn1sulananieganiw

Mnmsdndeninietnedesfufiegmeluisaoaaietnedesasgmituiaseinmiiiua
anuddglunszurunmetinnlugiudeyaaisisae DAVID (Huang et al., 2009) uianalagly
gusaulnladl (Gene ontology) uazguteya KEGG (Kanehisa, 2010) Feazdmdenianiy
n3EUILMSTElAT pvalue < 0.05 Tnsnsuianavesdueaulnladavdszneuse 3 ngu fe 1)
N3¥UUMNTNETIINEN (biological processes) agnuinnguiuaziisatosunszurunsmedaine,
v 19 nszuiums TnsBudiulngasiendesiuiginsvensad fmsedl 4-6 2) esddseneu
10919ad (cellular components) aznuirBudilvgazaginishauninabedudunenuas
TasTalew fans9fl 4-7 waw 3) nihilveshnanaluiead (molecular functions) aznuinnguduasl
wihfAdesiunsiuveslelaleniaznisnszdu growth factor fansnsil 4-8 uazlunisdum
Mﬁwﬁﬁumﬂfju@‘ﬂugwu%’aga KEGG pathway aznuidudilngasifieadeatuifinisaadygie Jak-
STAT signaling pathway wazUjdunusssninglalala (Cytokine-cytokine receptor interaction
Fapns1a?l 4-9

#1319% 4-5 Biological process (BP) vasduluviaasnsotisdoslngltdusaulnlad

GO term ID Go term description P-value Genes
GO:0000279 M phase 1.40E-03 MKI67, BIRCS, ERCC6L, NUSAP1, NUF2
GO:0045597 Positive regulation of cell differentiation 3.50E-03 CD36, IL7R, SOCS3, VEGFC
GO:0007049 Cell cycle 3.80E-03 MKI67, BIRC5, ERCC6L, NUSAP1, BLCAP, NUF2
GO:0007067 Mitosis 4.40E-03 BIRC5, ERCC6L, NUSAP1, NUF2
GO:0000280 Nuclear division 4.40E-03 BIRC5, ERCC6L, NUSAP1, NUF2
GO:0000087 M phase of mitotic cell cycle 4.70E-03 BIRC5, ERCC6L, NUSAP1, NUF2
GO:0048285 Organelle fission 4.90E-03 BIRCS5, ERCC6L, NUSAP1, NUF2
GO:0007059 Chromosome segregation 5.60E-03 BIRC5, NUSAP1, NUF2
GO:0001666 Response to hypoxia 5.60E-03 PLAU, TRF, VFGFA
GO:0070482 Response to oxygen levels 5.80E-03 PLAU, TRF, VEGFA

Positive regulation of developmental
GO:0051094 6.10E-03 CD36, IL7R, SOCS3, VEGFC

process

G0O:0008283 Cell proliferation 9.10E-03 AREG, MKI67, IL7R, VFGFA
GO:0051301 Cell division 1.30E-02 BIRC5, ERCC6L, NUSAP1, NUF2
GO:0000226 Microtubule cytoskeleton organization 1.60E-02 BIRC5, NUSAP1, NUF2
GO:0001763 Morphogenesis of a branching structure 2.00E-02 AREG, SOCS3, VEGFA

Vascular endothelial growth factor
G0O:0048010 2.40E-02 VEGFA, VEGFC
receptor signaling pathway

GO:0060749 Mammary gland alveolus development 2.60E-02 AREG, VEGFA
GO:0000910 Cytokinesis 4.70E-02 BIRC5, NUSP1
GO:0006955 Immune response 4.90E-02 IRF7, IL7R, GBP1, VEGFA
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#1319% 4-6 Cellular component (CO) wasduluvivanansotstoalnsltdusaulnlad

GO term ID Go term description P-value Genes

GO:0000775 Chromosome centromeric region 1.20E-03 NUF2, BIRC5, MKI67, ERCC6L
GO:0005615 Extracellular space 2.50E-03 IL11, AREG, THBD, TRF, VEGFA, VEGFC
GO:0044421 Extracellular region part 1.40E-02 AREG, IL11, THBD, TRF,VEGFA, VEGFC
GO:0000793 Condensed chromosome 1.80E-02 MKI67, ERCC6L, NUF2

GO:0044427 Chromosomal part 2.20E-02 MKI67, BIRC5, NUF2, ERCC6L
GO:0005876 Spindle microtubule 3.20E-02 BIRC5, NUSAP1

GO:0005576 Extracellular region 3.40E-02 AREG, IL11, LGALSY, PLAU, THBD, TRF, VEGFA, FEGFC
GO:0005694 Chromosome 3.50E-02 MKI67, BIRC5, NUF2, ERCC6L

M15199 4-7 Molecular function va98uluagamsetnetaelnaltiuaaulnlad

GO term ID Go term description P-value Genes
GO:0008083 Growth factor activity 1.20E-03 AREG, IL11, VEGFA, VEGFC
GO:0004896 Cytokine receptor activity 3.00E-03 CSF2RB2, ILTR
GO:0019955 Cytokine binding 7.60E-03 CSF2RB2, IL7R

A135199 4-8  MUITLAENTEUIUAITNTINNVRIRsduluTIdR AT aUNgR g IuTaYR Kyoto

Encyclopedia of Genomes pathway enrichment analysis (KEGG)

Term P-value Genes
mmu04060 Cytokine-cytokine receptor interaction 4.00E-04 CSF2RB2, IL11, VEGFA, VGFC
mmMu04630 Jak-STAT signaling pathway 6.70E-04 CSF2RB2, IL11, IL7R, SOCS3
mmMu04640 Hematopoietic cell lineage 2.20E-02 CD36, IL11, IL7R
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4.6 NIARLAINEULAZNIIATIVFBUNITUANIDBNVBIEUTEAU MRNA luriesujjinnis
Ingldinaila real time PCR

nnmMsaTzimminiwezmnuddlunszuiumameiinmestuluideunietedes
NgIuleya KEGG pathway sznuinBudnlvajizieestuidnisdedayains Jak-STAT signaling
pathway fanwdl 4-7 Uatiani et al., 2010 ) Inedufildanmsdmdeniiiendestuitidsznoude
4 8 Ao CSF2RB2, IL11, IL7R wae SOCS3 @98y SOCS uduifanuiaulafiinlunsivasusedu
nsuanseenvesBuluiesfifinisdely osandu socs3 WHuBufigndmienldansisisnis
willaadayauazn1sauALAINgIUTaYa PolySearch waziisuuuunisiantaanadluliaian 8 uay 18
Flus ($re7he) wazvhnsasadeusedunsuanseenvesdusandudu iNOS Fudufuindeamuned
ddnyuesnsneuauasiensSNEUTTIEANwAUIN Welhilaindnssnauinatuuiuey

JAE-STAT SIGNALING PATHWAY |

__ Uhiepuit
G g O
| S
S ot ! |
rec%gtor mﬁé;"a?;twn | @
) e (B3 JMELL i
! e
}-{Rmepwﬁ T8K | P w[Emr]-——» gﬂ S0 e My [ CyeD |- Cellcyele pmgzessm
i Moo Co ell oy
; . " pal » Cellcycle inkibition
P STAT diterization FFe ﬁ SLIM ! 0% ————— » Lipid metabolisra
[re-rTH[ s | "
Frotetsome Yomap b ———— - Differentistion
T4,
hwray
@‘ signaling pat]
[ supa |
77777777777777777777777777 Proliferat
s0s » Eolifemtion
e FIEICAKT
signaling pathreay
B ) e - S

0dé30 9720915
() Kanehisa Laboratories

Al 4-7 Ann1sdsdyyiau Jak-STAT signaling pathway (ﬁm: http://www.genome.jp/kegg-
bin/show_pathway?hsa04630 duAuilloTun 23 &mau 2559)
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Jatiani%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=21442038

a

NAN1TILATIZHIAUTHI MRNA  vB38U INOS  way SOCS3 Tnedlgu £F2 1 Tudusedy
(Housekeeping gene) Tngldinadia real time PCR wuindu iNOS axdiseiunisuanieantuan1iziiil
n3nsEAUfeY LPS fitaaian 3 6 8 uay 18 Falusnuandiu uaviinisuanioonanasilofinisnsedu
¢ LPS faaiian 24 alus Taglutaeiiiinnsnszdusne LPS fnan 24 dalua azdisedunns
LAnIDENTIgeEA (Nl 4-8) wazBu SOCS3 axiinsuanseeniianadluanniziiinisnsedusie LPS
fitnanan 3 uay 6 Hluseuddu antudedinsnsedudie LPS fidasnan 8 wag 18 Halus el
sefumsuansoaniiintulngdisnariiinisnsedude LPS 7l 18 Hilusasilszdunisuansoongean

'
[y o

uazliledin1snseAunly LPS e 24 filusaziisgaunisiantoananasinga (2 4-9)

2000
=]
.2
E 1500 -
e
L)
5]
s 1000 -
G
(=]
o
Z 500
)
o
I~

0 4
control 3hr 6 hr 8 hr 18 hr 24 hr
Time

AT 4-8 SEAUNISLARNIDBNYBT MRNA 898U INOS Tuwadwualasnia RAW264.7 aelaaniigi
{n13n3¥AUME LPS aagiaian 3, 6, 8, 18, uag 24 Falu

Relative of gene expression

control 3 hr 6 hr 8 hr 18 hr 24 hr

Time

AN 4-9  SEAUNISHANIDBNUBY MRNA U898U SOCS3 Tuwaduualasnia RAW264.7 aeld
a1 Nin1INTEAUAIY LPS muvaania 3, 6, 8, 18, uay 24 alus
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unin 5

2AU518 a3UNaNITNAADY LazUalauauuE

5.1 aAUs1gNanIsnNaany

mnmsfnvidesiulnefiunuresitefiiutostunsdndenuiiieatunissniauanga
foyalulaserfisdlviliamnuindedenindatu lnsordenszuaunisvesnmsdaduunngusiiogn
(classification) wldlunsairslumavesnsdaduun neuinsmaaeulunailésivlinuindsusin
ANgnFiBsvasnsdaduunaziiings wiidosanduusegeilldlunismsrnaeuiiiuduiudes
Aefidnuuieesluudagnguiiies 3 fogrs iliannsaindeianaialunstudunaveangudud
gnAnienulalweiu USall, Tuns) wagiiving, 2556) LLasLﬁ'aﬁﬁmiﬁ’@Lﬁaﬂﬂdmﬁuﬁﬁmi
uamnssenuANsseEaAuTnNAs s mUTeyansddmau 6 wisd MAdestunszuiums
MOUAUDINITONLAY S?fﬂé’mﬁaﬂmmngwu%’ayja KEGG (http://www.genome.jp/kegg/; Kanehisa,
2010) wuirdsnsmudediialundvesnisesuenalnfiiinlureanssuiunisnevaussnisdniaud
Aoty lesnnnsdadenanenguBudsiidnaudeseasililiamisaeduieninsnwesnis
nevaussiinsaziluld (nilouilu, neuing wagfiving, 2556) Faduiurveanis@nwinalnnis
pevAuBINIENaUIievnnTyTAINIIANTIRTEiteyalalasesisd Tasendunszuiunisma
Frensauma an1sAnidoniu (Gene selection) (MARLIN &, %, 9 ) M3a3aAIoTIEANELTTUS
PMNTTAUNITUANIDDNVDITUY (Co-expression network) (ANANUAN @, 9, A, U, WAz N) N1TATN
A30YIBNTMUANNITLARNIBBNYBITY (MAKLIN 2 wag n) Tnsiteyavesnguiunisiadetneiign
ARNLEDNNIMINITIATIENTINAUTOYAN19TIN N bawn Busaulnlad (Gene Ontology; GO)
(Ashburner et al., 2000) wazn1siie) KEGG (Kyoto Encyclopedia of Genes and Genomes)
(Kanehisa, 2010) fiouflagtihdoyailfundnaulasimiuioyavesunauiseiasdesiunguiud
fnidenvanty iWiennfusunalusesuvesesufjiRnissely

MnnsTusdeyalilasensisduesnisuantesnvesduiiussqeglugiudeyaasisae GEO
(Edgar 2002, http://www.ncbi.nlm.nih.gov/geo/) Iﬂasqmsﬁa;galmiﬂsm%méﬁlﬁﬂ’mﬁLﬂswﬁﬁ?u QW
fnidonun 2 ngunnsmeassie nguiignnszsudie LPS uaznguillignnszdusme LPS mugaaam
Tuiwaduualasvhawadlal RAW264.7 villdyndeyalulasensisdfinseungu 4 Fr1ana1vesnis
nszdulmadde LPS $1udu 3 yndoua 1éuA GSE4712 Tutisian 3 waz 6 92lug (Comer et al,
2006) GSE21841 Tugnat1an 8 ¥l (Hammer et al,, 2010) way GSE2002 Tugasinan 18 4alus
(Shell et al., 2005) mﬂﬁayjahimaﬁwéﬁlﬁ%qiaq%’umiﬁﬂwmalﬂmié’ﬂLmﬂ,u 4 939981 Ap 3,
6, 8 Lay 18 F2alus lun1sAnLaenduy (Gene selection) mﬂ%ﬁﬂaﬁlﬁﬁummiﬁﬂwﬂu AAKNUIN Y A
wuinilernszuiunsindendulagldis SYM (Support Vector Machines) 7idulusunsuges
nelulusunsy WEKA (Hall et al, 2009) vinnisAataendudifey 100 SuduLsn ndutanun
21,678 Bu SauAulHIEnsWSeuisulnadsuiiisesuninnda 1.6 Tuseduarnudesuil P<0.05
nduBuiigndmdensenudsliamsoulanaliaenndosiunsnavaussnissnauiiintuldesns
Farau wanslidiuinnsindontulneianistrsiuensesdiliiimmumnsauiivme dofuileass
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Usuaeuisnsfnidentunldintesileniinmsinmililneamedmiunsdmdendeyalulnsensise
fiftduushegnetiesluvarfisuuBuifuswaunn (manuwan 1) Saedesdionsdadonmaniign
sumunllulusunsueaulal ArayMining (Glaab et al, 2009) Tngldia3asiiodmdantu 3 v
1A Significance analysis of microarrays (SAM) (Tusher, Tibshirani and Chu, 2001), Empirical
Bayes moderated t-test (eBayes) (Smyth, 2004), wag PLS-CV-Partial Least Squares Cross-
Validation (PLS-CV) (Hall, 2000) Tnefinidenduiigndnidenstnaties 2 91n 3 35 iufuiineuauss
sonissnauluniazdaaan Wewuiwlanan1sdanimiaeld DAVID (Huang, Sherman and
Lempicki, 2009) Aifigrudeyavesnisuanamsiinmmarnnanssin Inglddoyanisudanan
guteyavestuseulnlad (Gene Ontology; GO) (Ashburner et al., 2000) fiUszneulusngnisuta
NA 3 SNWEAD Biological Process (BP), Cell Component (CC), wag Molecular Function (MF)
wuh aunsaulansesninaenedasiunalnnismevauesnssnauiiintuludisna 3, 6, 8, uas
18 Hilus usiosanlilannsneduienundenlosvesmsuanioonvesnguiuusasiaseninadule
mafidedsiianufAniaziersuuuuvesnsaiaedetsuféuius uazia3otnenismugung
LanIeeNYeIdy TIudinsysanmsiudeyanistinmdu iesntisesuienalnnsnouausinis
SniaufiAntulidauasBenuasdniauieu

N1583191A399189AMUFUNUTVDITLAUNITLANIDDNUDIBU (Co-expression network) 1A
nARuIn A lagldudnnisves Pearson Correlation Analysis anglslusunsu Cladist (Fukuchi et
al,, 2009) Suaamju@uﬁﬁ’mLﬁaﬂmmﬂwwms‘]‘ﬁLﬁmﬁaaﬁ’umsmauaummié’ﬂLauai’ﬂmuﬁgaéu 659 8u
Al d U duR st uiedy 434,281 UFduius WedmdeniaweBuiidatradivus
WNNT 1.4 Azmdoduiudu 48 Bu 2,304 Ufduus dlodenanzil r-value 0.9 (+-) fAagld 352
Ufduius waziileld JActiveModules (ideker et al, 2002) iitetaglunsfnidenlugadosvos
\3eveiikantoonismnuduiusonadiuda Aegyinlild 34 Bu 155 Uduiug iletiaTovned
luvhnsdanquuarladoyassiunisuanteanluudazyisaandily Aagarusadunldlunis
s3urenalnvesnisdnauiiintulundazdasaatld (manuan a) wiiosannisadruniedie
s tuiinsldtuiiowd 659 Bu Sulinisasavaeunalniildiiamus e iuia
wisdTidenuwinty liansassfunuitnsndlmlle uIdedslaneaesfnyinisasiaaiete
Arwdiiusvasszdunauantoanvesiulaslddoyanninsuiianua 45,037 Insu finsounqudu
Wenun 21,678 8u (nauwan 1) aeldlusunsy Network  Analysis ﬁasiiuiﬂmﬂiuaauiaﬂ
Arraymining (Glaab et al., 2009) flagrhnisasaaietienisuanioansausenineby Jansdaden
mumaalmasmsmmmm 2,000 TWsU waz 61,096 ﬂgauwuﬁ ﬂaumLﬂsamawimmumwumamu
nauBuTignAmdenuiiuiETuNsAnwneunthilfifinisdadenduiigndaidenagiaiies 2 910 3
35 16un SAM, eBays, uag PLS-CV (mawuan 9) usnailalsidulumuiiaamialiidesanngudui
gndndonindsiinrudiiusiluedetisdnlvglsifmnuiidesiunsnevausinissniay sivly
laansnesuienalnnsmevaussnsenauldegstniau

UANIINNITATILATOUILAIUFUNUTVBINITUANIDDNTINTYDITUTIIAULAY MIEITedala
VAS09A31ATEUILAIUANNITUANIDDNYDIBY tnen15idlusknsy DREM 2.0 (Dynamic Regulatory
Events Miner version 2.0; Schulz et al,, 2012) (n1ANWIN Q) %aﬁﬁmia%ﬁaLﬂ'%@sdwmimmmmi
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uanaponvesBusiuuiieiu 21,678 Bu laordenisysannstudeyaufduiusvosnisaun
sgiansuaniuiuunnmesfuBuitimineg (TE-TG interaction) #slufiiaslideyavesvyiand
(Mouse; Mus musculus) (Emst et al., 2010) vilildiadetnefiusznaulusensuariuduuames
335 Bu wazBuillmang 1,636 Hu Afufauiusiiedu 44,000 Ufduius wasilednnsesdayary
mATeiReTesiunsdnauinliindelnietisiuszneulde nsuaaiuduulawmes 5 Su du
e 621 Bu wazUfduius 1,022 Ufduius wazgavineviinsdansesseBuiifidliadioud
1NN 1.4 uaznsuianguileditu shlvdeirieteiiusznoulufe niuaniuduusianes 5 du
Butlhvinneg 6 Bu warufduiug 10 Ufdusiug Adeuazazandensnsiaaey wiillosanvuiaves
\n3evneifvundniionaliinseunquniseduienalnlagsinveanisneuausinis sniauldd uag
AmeaeInvesnsltenlusunsy DREM Aifsdesnsnsufuiasudeyaiieliannsatimnldenls
fumsieaekazuanaanelulusunsu Cytoscape (Cline et al., 2007) FavilvningIdulavaaes
141Usunsa CyNetworkBMA (Yeung et al, 2011) ufiuudnsuveslsunsy Cytoscape (Cline et
al, 2007) Fs5ulusunsusaurulusunsy R (R Core Team, 2013) ﬁaza%fmﬂ%aézhammmmi
LanseanveduTiondendnni15u098anea3iu resression-based Bayesian Model Averaging (BMA)
(AAKWIN A) Lwimimaaﬂﬁlé‘lsﬁsqm%a;ﬂamiLLamaaﬂsuaqﬁu GSE52320 (Schott et al,, 2014) &g
Lﬁusﬁa;&ammamaaﬂmaa%‘uﬁlﬁmﬂLwﬂiuiag RNA-seq fivszneulugetisavesnsuy LPS 7 0,
15, 30, 45, 60, 75, 90, way 120 U1 lnge1duN1TAANTBILATEYY I UTDYAEUNITNLEUIIN
PolySearch (Cheng, 2008) n1sfnBuiifinisuanseenties nsiasizilasiadiuniotie wunsu
anufuuiawofiiuau 8 Bu wazBulmanedwau 85 Bu uasidlevhnisdadeniaiedisdesing
afan1sdanaudunugULuuNIsuanseen (Expression profile) saniliu 5 ngu asnuinduusasngy
finnsmevausson1snsEdues LPS fitasnauananaiu wiidesfeguuuuvesteyadilidaig
unnssandeyalulasordisdludesvessiurudivesiiesadoya vlsiugidesdliausni
P13 CynetworkBMA sldsamfugatoyalulasendisdiduiislegle

NnransAnuisiumsinidedsldsnunuiuimamsdenlfisiesionsdimsauma
Basiesginazulanatoyamsinmeeanguiuildainnisdnidenlnonisldiasetneu jaumius
MsuanseenvesdularnsAnIdendy (n1aNwan v) ievinsAunguBuRunumddnsonis
novaussmssniauiiAntulaemsliapdoyalulasersissiiamgndoya 1éun GSEAT12 (Comer et
al., 2006), GSE21841 (Hammer et al,, 2010), way GSE2002 (Shell et al., 2005) ﬁsaﬁumiﬁﬂm
nalnmsdniaulu 4 Fasnan @o 3, 6, 8 uay 18 Ylus Aeufiagyhmsdaidendulnonisidennguiu
ﬁgﬂé’mﬁaﬂiﬂa 2 3% 971 3 38 1Aun SAM (Tusher, Tibshirani and Chu, 2001), eBayes (Smyth,
2004), wag PLS-CV (Hall, 2000) deuflaztiundnnsosnguuiigndaidonlidnadsedeyausnay
fdudul@ann PolySearch (Cheng, 2008) udtnldadraniadionisuanseansauaaslusunsuuan
du ExpressionCorrelationViewer va4lUsunsu Cytoscape (Cline et al., 2007) m§snufiTiing
Aaideniedonegestaiiufduiusveanguiuiinala famaniviagldmwunguiuiinisuansesnisl
wiudn udeginunansufduiusvesdudiiinsuansesnstrusutavielduduiisinuddnsonns
novausinssniay Me1vaziludmnevesnsinulusunansioly
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PMNHaNITMAaediiodasizinintfiuazaiudrdnylunseuiunimiatiainvesduly
\3etnedos (Al 4-4) lngendegiudeyavesdiueaulnlad (Gene Ontology; GO) (Ashburner et
al, 2000) wazgudeya KEGG pathway sznvuinBudlvgazifeadostuidnisdsdymin Jak-
STAT signaling pathway Lﬂuiﬁﬁﬁﬁmmwmmﬂmimﬁﬁa&_juam%aé (extracellular chemical
signals) WhludineludupdeariliAnnisaensiauaziinnisuanssenvesduiiieadestuszuy
QAU NSNS ILILLEAd (proliferation) wagn1sRNEYBLYRE (apoptosis) lun13nseeu cytokine
receptor Sufi’mimyj%ﬁhuiﬁﬁ Jak-STAT pathway 1ag JAKs 18y tyrosine kinases ﬁ%’uagjﬁu
cytokine receptors gy STAT Ju transcription factor Fanssuredlelalaiiu cytokine receptor
yadanalviiin dimerization 484 cytokine receptors Waglinn13nTEAY JAKs Tvlin1sidureains
AU JAKs wag receptor vl STATs @13150113URY receptor wazgniduaamnlag JAKs v
1% STAT figniusleauisuiin dimerization nanewdu STAT flegluguiivihauld (active form) wes
transcription factor #lUnszdumsuanseenvesduiiiendastumanevaussselelnlevidug dnm
71 47 Uatiani et al., 2010 ) feduasiiulgidanisdedayans Jak-STAT Suflanuddey Tneduitld
MNMIfdendiiisitesiuiniuseneudie 4 du fe CSF2RB2, IL11, IL7R way SOCS3 @sdu
socs Wuguidmniaulaiihlunnaseussdunsuanioonvesiiluresujiiiniseely esan
fu socs3 WuBuiigndnidenldaniiaisnisimilesdeyauaznisduduaingiuteya PolySearch
wazilsuuuunsuanseangslutiana 8 uas 18 Falus (Hewhe) uazvhnnsasivaeusauduiu iINOS
Weliulanfinisdniauietuuiuen wWeswn ivos Wuduillddinisdnwedrsunniniestestu
nmsonau Ineladu EF2 1JuBusnedanie housekeeping gene

91NHAN1IATIDTAUTUIL MRNA  9098u INOS  war SOCS3 Tnedidu EF2 1Jubudneds
(Housekeeping gene) Inglginatia real time PCR agwuindu iNOS azilszaunisuanioonluanig
ﬁﬁmimzéjuﬁw LPS fignaiian 3, 6, 8, waz 18 Talasauasiu uaziinsuansosnanasiiofinis
nszdusY LPS vaanan 24 $lus Taslusasiifinisnsedusng LPS finan 24 dalus axdisziunns
LanIeBNTIgsgn (1Al d-11) Faaonadesfuauidovesiiudidealitu ivos Wuduiuansesnda
anmmIneuauBIfeMISNEuTitiana 18 ilus veswaduualasring RAW264.7 fignnszdusie
LPS Faaeldidulamalunsinwiguisunissniauvesanseangms segnatu nsnunlng Srisook
wavay (2011) Alevinisanwiansadaefiaasdien (ethyl acetate extract) 91nGUNTTE AT
LLamﬂﬁLﬁuﬁaqménwaﬁaﬁmmaé’mLau (anti-inflammatory activity) fikan1snaassuandliiiuiiags
afaanfivasulnsiiansnsodudinssdnlunineonlaflumaduuealasiie Ssasataaniivayulng

PJagdalin1svinauveseulesl iINOS anad lagannisikandaanvaadiu iINOS Tudruvetiu SOCS3

]
=

NONAMLEDNU1ANNLATDUNLEREALTNITWAANIDDNNANAI AN NTNITNTLAUMIY LPS A998 3

Y 9

Laz 6 TIluanudIfu antuliedin1snseguaie LPS 191981 8 wae 18 43w aslisedunis
LEneNLTY Tagyiaanidnisnsedueaie LPS 1 18 TrluwazilseAun1sianisangign uaziiled

=

N13NTEAUMY LPS N19391381 24 9Il199858AUNITHANIDBNANAIANER (NN 4-12) Badlseauns
LARIBBaNYBIBY SOCS3 Naanadeaiunuddeves Qin uavanly (2007) Fa8u SOCS3 Tiluguiiaggn
wlasanalulamdulusiulungu Suppressor of cytokine signaling (SOCS) proteins @flunuinty

madusiimuaudsau (negative regulators) ¥84n1590UALEIIUTTUUANANAUILUUNAAFIL LA
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[J a A a . . . A a dn( v =) I . . .
AUANIDBULUA (iNnate iImmunity) AW UUNNAYULINEYIUTBREWAUNN (adaptive immunity)

FaflanuigtesiunalnnisneuaussioniseniaudniieItesiuss uunliduiu

5.2 @junaniivaasg

1.

MnnsAnwagneasdlinszuauntsnadiasaunavalnuateiiaiiiounvaelunig
Ainneideyalulasensisdmsuansoonvesduiliiertunisnevausssio LPS Tuiwaduunalng
vhaueny e lldnsAnundinendassuudmiududunalnnsnouaussdenissniay i
Tl#nszvaunsmediansaumaiiszneuluse nsdamiendeyanisuanoonvesdy
(GEO: Edgar 2002) maﬁmLﬁanﬂduauﬁﬁwmmﬁwﬁ@ (ArrayMining: Glaab et al.,, 2009)
n1sas1aaseuneU JauNus (Cladist: Fukuchi et al, 2009 wag ExpressionCorrelation
Viewer: Cline et al., 2007) kazlA3818N13AIUANNITHAAIBENYBIEY (DREM: Schulz et
al,, 2012 uaz CyNetworkBMA: Yeung et al., 2011) uazn13yIaINIsiATaYIgiutoyanis
301 (DREM: Schulz et al., 2012; PolySearch: Cheng, 2008; STRING: Szklarczyk et al.,
2015; Gene Ontology: Ashburner et al., 2000; way KEGG: Kanehisa, 2010) ﬁ'ﬁﬂﬁléf
\3ernegosdaiinguiuifiunumuazanuddgiiiferdestunisneuausssonisdniaui
d130ATI9d0UNALUIEAURIUHURNSLA 9nfeg1ansnsiadeuvesdu SOCS3
msiTeilfudunuuresmsfinuiiiowaunasosuveanalnnisneuausse LPS Tuiwad
uuAlaswiaveany dwduihandulunaiieliluns@nvinanisesngrsvesansataaniiy
awulng viemsduaneilunissudinmssnausioly

5.3 ULAUDLUL

Julassnsisdedideddinaifunisdmdeniadosiionasnszuiunisniadiasaunad
wnzandunm wasdetosirvesiugiuaiudvesifediiniunisiidefdnlvgidu
fAnseiuUiyges vvitynlunsienudilasarnisldaueiosiensdiasaume
Fadulasinnsisonuuisunnsaufuddnnietnanulussiuuiag lnuasUSyaien
11NN LWim’fmmiﬁﬂmeazmmL%wzmgﬁqmdﬁzﬁuﬂ%@fyw%

[
(Y]

¥ = a o v a wa a =2 ) a a o <3 ¥ r-glj v
suvulunsAnuidelunesljiRnisiigannisililasinisideiidndunesaaiiionuadl

o
v = =

waewiean1InIvaeuluvesUuinislusedu mRNA Wity 3sadsiinsneassluseau
TUshusaly

Ifmmﬁ%’ﬂé’ﬂmﬁf]mwﬂm‘%awmmiﬁwLauagﬂLLUUS{Jmﬂalﬂﬂﬂié'maUﬁlﬁ dlosnndans
thiausluzuuuveneietioufduius shlvindenisuanauas msvhennuidnla fadudn
winausatnavenalnnsnevauesIn gt dlugukuuresnInnsndin Azl
aradilanazutananalnmsnevausdliedeiy
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Abstract

The objective of this research aimed to investigate the mechanisms of the inflammatory response in
macrophages RAW264.7 cells stimulated with LPS by gene selection which is integration of gene clustering
and gene expression network. The results from gene clustering with k-Means/Median Clustering in MeV
program demonstrated five different profiles of gene expression. They showed the mechanism steps of
inflammation within two hours. After analyzing the previous results with gene expression network
reconstructed by CyNetworkBMA in Cytoscape and transcription factor data, interested group of genes were
found. These results showed sub-network of transcription factor and gene targets which had the functions of
protein receptor activity and protein binding. These genes were important in the role of regulation of
inflammatory response process of immune system since one hour.

Keywords : Gene selection / Gene expression network / Gene clustering / Inflammation

*Corresponding author. E-mail : pitak@buu.ac.th

241

45



Proceedings The 8" Science Research Conference. 30-31 May 2016. University of Phayao.

1. uni
. - L 2 : o ca o d o s

nssnia (Inflammation) hinalnflesiu@awlandassnizedenseiuiivniisadizaitia Biagninate vinliiianisnssfu
wadluszuu iAW 1Hun wadunalasiia Wilnisneuaussdenisdniaulagniswasansdenaranissniause (pro-
inflammatory cytokine) 111 lusFnaan’as (nitric oxide, NO) uarnsaanIunauAu (prostaglandins, PGs) (Kwon et al, 2013) lu
nsAnsnalnnismevauessianisenauiiesendanisfinedaingndesruy laan1sBougdeyanisuanseansesdwionuanily
AflERndlvang annisiaszinisuanseantesBungneausanlilugrudieyaansnsni GEO (Edgar, Domrachev and Lash,
2002) Faflugnidieyaansrsasfiansniiieyauniifiensdnmuasdss nefifAnwnalnnsaevausssenistniaulngldge
fayansuanseanvesdulugadunnlnsmia RAW 264.7 ignnsziufianlatwnedusandlsd (LPS) s lilinssilfduiuiaes
neugsduuAme STUEuE NN (TF-TG interaction) wasa34iAsatansuantaanaesdiufoaiilsunsy Cytoscape (Cline et
al., 2007) wWelflunsesunenalnnisuanseantestiuiineuauesianissniay (Wan, Flans waz fvinw, 2557) uazdadldsunsu
audnunue i lunnsasrarrednanisuansaanaesiu iy Tlsunan CyNetworkBMA (Young, Raftery and Yeung, 2014) G411
Tsunsuiitagnals Cytoscape (Cline et al., 2007) Afimsyineusauriulusunsu R Salsunsuazdndeniuni avuduiuiaes

o m e " S a dd e o o
nsuanseennaiafhuasadanisuaaseentestiu lunsdnsildfeyanisuansesnsasduiiinesdiesiunisnauauesnisdniay
waasadunnalasnig Raw 264.7 fignnsebiubian LPS lugadiaya GSE52320 (Schott et al2014) nvinisAnnsassedatiui
Nenfasfunsdniay uasaiaAsatnansugnsaanaastiufaalilsunsu CyNetworkBMA (Young, Raftery and Yeung, 2014) $4az

ST s o e o ; o i i
Tiwadneielflunisesinanalnnisneusussnissniauiifialumudaanaiang feuszyadavesdudniunsussilduuna

cm sy S = oo o

waHitedwilmng danguiunngluuunisuansesnuazilananisdanmluudazngy Renisednudesainisedienis

o N o o d A4 a o e
uanseanzesiulanendedeyantsdnnguiuiiiaulauudlananisdanan eesunanalnnisneuauesnissniauiiinduuas

v o o = i 4 o au &y o ¥ o = yaia &
wmwmimmummﬂu’lunqumuh mm’l‘nmmmwﬂuguazmmmwn'l'-\na'lnmianL@u‘luns‘zmums‘mmmw"lmmm‘nu

2.38ms
neaiAsedianisuaneantesiiwiesiunanalnnsneuauesniseniauaindeganisuaaceanestiu lugadunalas

T 2 o
4 RAW 264.7 igniientidiag LPS Usynevufaadunausauanslunini 1

A ¢
P yNetworkBMA
arch mp ( vpuioe | mmp o 2NN
o
Gene Expression Omnibus
amiluanyadona GSE52320 msfansesduiineuauss afuatetumununs

Aemsdniay uanseanvasdu

Tianvituluiaety Jnnguduiy MeV wdlanamsdanm

wiaeafhand

soyiaituvesBuluinietigosiny BINGO

M 1 DINIINNINARDY

242

46



Proceedings The 8" Science Research Conference. 30-31 May 2016. University of Phayao.

Tmﬁ%mm:ﬁ"nﬁumnmﬁuﬁu%m,lu@n’mmm@fawmﬁuﬁﬁm%dﬁunﬁi‘mfauﬂumﬁifama‘ﬁntaugﬂw”my“ammimz
GEQO (Gene Expression Omnibus, http://www.ncbi.nim.nih.gov.geo/, Edgar, Domrachev and Lash, 2002) Bun fqmﬁmﬂa
GSE52320 (Schott et al., 2014) %qLﬂu%@uw@mmmmmnmmiuﬁ'mm 0, 15, 30, 45, 60, 75, 90 uaz 120 w17l lusaduunlasiia
RAW 264.7 snauyfignnsziiukias LPS thundnnsaduannisdufufasmedeiuliiestiasiunissnauningdeyaaisisass
PolySearch (Cheng et al, 2008) iila 1Azl anupseup quianIznguEuREnIABLAUsssiaNT8NAL Hauhanging
irndnannsuaneanaasElullsunsu CyNetworkBMA (Young, Raftery and Yeung, 2014) ﬁmi@”[u‘fﬂmnw Cytoscape (Cline et
al., 2007) N CyNetworkBMA aza1fan1niarueiuinainalullsunsu R (Young, Raftery and Yeung, 2014) Taaililsunsuas
Ardenian st nsuaneandurisTsnaiafiuadnan1suaaInenTedEiny (1 14)

amitetenausaseaniesiuhiszyaiaestuindunsarilsusame Bitetul e taedeuiudeya
nsuarstduunanasannllsunsy DREM 2.0 (Schulz et al, 2012) uazdangumiuglununisuanseanaestiulaell
k-Means/Medians Clustering Tulllsunta Mev 4.9.0 (Saeed el al., 2003) Lm;ﬁﬁn@"aﬁuﬁgm’mn@jumLgﬂammﬁmwﬁaa
Talsunsa DAVID (http://david.abce.nciferf.govi; Huang, Sherman and Lempicki, 2008) ‘ﬁ’ﬂiﬂuﬂ'ﬂim@ﬂ?ﬂ‘fmm:ﬁulﬂ'mma uae
Fayanmsdnnguiuauglununisuaaseansastiugninunlflunisiemedianiuaradne lulisunsu Cytoscape (Cline et al.,
2007) L‘ﬁ@ﬁmmﬂmwﬁmﬁ'uﬁ'mmﬁmm:ﬁmﬁ'aﬂLﬂ?@“ﬂﬂﬂﬂﬂﬂﬁﬁgﬂm_l'umﬂ?LL@ﬂqaaﬂﬁﬁﬂmulqimﬂ@fv‘mmgﬂLmum“mmmﬂ“ﬂm
nenarslduuramafuasiuiiUfdudiug douimiudananisionow uaskunadinfinsdinmansiuluredodenlngls

Tusunsu BINGO (Maere, Heymans and Kuiper, 2005) ﬁu‘ii'ﬂﬂfgmﬂiﬂﬂﬂmm Cytoscape (Cline et al., 2007) (mwﬁ 1B)

3. nanaraiilsa

uasINnIPATATeT ENsudaseanestuiieAnnalnnirrauauassianisdniaveesdu andayanisumeanyasiiv

P

Aneafasiunrauauessansenianuadunalasia RAW 264.7 Wagnnaziuian LPS UssnaufasEuduou 23,143 Bu usz

= P o >

gnAmnsaalaesadaduiinasdesiunisdnianinlinge 314 Su wazrnduniiniswanseantesaaniilivie 179 8u ai1g

wiednenrudnssenesiuuasszyTilovesBunenudn fmsmuariiuuramed 8 Bu Sudluane 85 Budedl 112 Ujduriug de
émﬂuﬁuﬁmuﬂwﬁmnimLm:mﬁmw:w"lmfuﬁ'auﬁhqj uaaslunnasd 1 ilediamezilarsdraiatnanudy fidauau 3 Bufign
ﬁm@ﬂﬂLfimmn“l:iﬁﬂﬁﬁ'yﬁuﬁﬁmﬂ%“ﬁm'mrg WnlilAtedneAs 81 Sullmene fgnacuaslaemeuariduminaeg 8 Hu lun
Stat3, Pparg, Stat1, Nfkb1, Cd40, Rela, I uag [110 wamsianmd 2 Seliednanisusnieentadiy infummalusdegnesn
ArngunngUuuunTuARsEBn e wnNTeLIa R k-Means/Medians Clustering wazutlauan1sdanTn wudnaunsndnnguiu
mugLuuunsuanssantd 5 ngs (mﬂqﬁ 2) Fugasliiudinalnnimeuauasnissnauacraiudifusuntelugaanatans
aluauan ’LumiLsﬂamamﬁqmwwudﬁu@'fzu’vargﬂ:gﬁm%mﬁuﬁuﬂﬁﬁaﬁuﬁm Fafulalalmi-lolnla (Cytokine-cytokine
receptor interaction) i F1 110, 116, H1b, Tnf Col2, Cols Thibiu uazfenliaadiBa JAK-STAT pathway 1y B Jak?, ffgrt,
1110, 116, Stat1, Stat3, Socs? \Jlufiu Lﬁmmnﬁumsnizﬁu cytokine receptors AKUATNIEIATYQ L JAK-STAT pathway 1ae
JAKs axAuatliul cytokine receptors U STATRuflu transeription factor 171'@zlﬂﬂftﬁumﬂmmmnmmﬁuﬁﬁ'miﬁmﬁuiﬂmiﬂﬁ
tha v B 16 waz 170 aznsviu Jak? was Stat3 (Niemend et al., 2003)

mﬂ‘i@;ﬂmmﬁ:wmumﬁﬂfuwmLm@%mtam’ﬂmma uazNIIANGNEL ‘ﬁﬂﬁmﬂMﬁmﬁ:ﬁf‘qm“um?@ﬁmﬁ;ﬂu

f e e

T ol c ¥ H . - 5 o 4
wsinadfAaufuesmusailfuuare Sudazdiuguilwvnedme uazihieyanisdpnguanlilunisudananiadannis

- .

" il o o o P = PO .
LLU\MW’Wﬁﬂ}lﬂ'ﬁ‘“\ﬁ"lg"ﬂLLUUﬂ’Ti‘LL@Eﬂ\‘l@@ﬂiﬂﬂl@@ﬁﬂ’aﬂﬂw A szFunisuasseanaastiulafinisialfouulas Adn WUABNEN B N3

]

S e

wanseenvestufeuuladuaudniien Aunsrengu C Tszdunsuanseanvesdudfndusiousides 30 wirun ddengu D inns

uanseeninusius 45 nituhl warddesAa E Ansuansasnifinduidoadaannnisnisnszfueiig 1 4alueludia azidiulidn
. o 2 oo o . ‘

ngw A wazngy B delsignnszfiuludag 2 dalususn Bunguusnignnszfuliiinisuansesniiiniude ngu C slannAe ngu D uaz E

LU ) I N SV o
ANHAAL ‘ﬂdﬂuklﬁlﬂ&’ﬂ@NNﬂﬂﬁNWuﬁ UASNINN 2

243

47



Proceedings The 8" Science Research Conference. 30-31 May 2016. University of Phayao.

&, 0 a2 co v o a o oal o o = < .
A197199 1 Suaunsuaeslduunamed Bwdvane lLﬂ:’Q’]uﬁuﬂﬂﬁ/ﬂWuﬁWN’]uﬂ’l‘iﬂmﬂi”ﬂ\lLl@xﬂﬁ?ﬂlﬂi"\:ﬁ“ﬂu‘ﬂuﬁl'ﬂuﬁl’]d"}

NSARNSAILAZNNSALASI=N 37U TF (&) AU TG (81) 37191 Interaction (Edges)
gafieyn GSE 52320 23,143 267,799,225
nsAAnsasiiudae PolySearch 314 49,298
mssadufitinisuansaantion 179 16,021
AAzibiael CyNetworkBMA 8 84 112
Anszilasaiaeiatng 8 81 110
madanezatnasias 2 13 17

o & a e rala o P P T Y a
ﬂmﬁ@nﬂuua:wmu@mﬂfnuwﬂmeﬂu@ﬂtmumnmmaanwmau‘h iadndaniasednatasunlfaiuranalnnis

P - PP

o o o oo ¥ s O | P a1
UAANDBNUBILUNNNITNITAUNTDNLAL Iﬂﬂﬂ@“ﬂu‘/\ﬂu‘l‘i 1Hun LUNQUN 5 ﬂﬂﬁUﬂNﬂQﬂﬂ?ﬁu@ﬂ?ﬂ%uLLﬂﬂLﬂ@?ﬂ L'I.IEJ’J“MJ?IJLLUUH@S

R T o P TP o o1 S o oA PR g =
meaanmmﬂwuﬂg&’uwuﬂmﬂmatm:ﬂuwuﬂga"uwuﬁmulugﬂ WULLAEANUABNANTULAANDANUBIL NN UUNTAIIAT 90 UINUIN

el a

gasnansziuntsdniay Tnamsuasiufuraneifideninunliun 16 uaz kb1 SenaunuBudaiaaiufie Nos2 uazihis
UFfTERU Nos2 HgtuuunsuanseenTuguuuiieatu Seifendy E uas 16 fapuaun1suaneanyesiuin 2 Su fe Cols
uag 27 Iihustednudeniisl 2 nearslduudanesi 13 futhuune Teusnusiadnadenidnidanaingiluuunisuansean
faulagenmdl 2

Tulsiu Nikb 1 dunsuariiiuunanasineuauiu Nos2 Lﬂ@ﬁm?nszﬁumn?iqL'éwhaqvﬁ:mnmﬂuuazmﬂu@n Nikb

azdilUufaedeauaznsvfunisuanaseantestiuiiieadesiunisnevausssanissniay uay 16 unsuariduunamain

4o dd o T i vl j
ATLANNNTUANIBBNTDIE Nos2, Ccl5 uay 127 Setiufitandiesiunisneuausssanisaniau ne 16 suthidulalalaideaznds
a1 T cell wazunalasrhainszfuliiianauausssienisdniay uanann Nos2 azfiufduiuiiunsuasiUdunaneiiia 2 1in

o

D T P = o4 - A a o A =
Lmdﬂuﬂuﬂumuﬂgﬁuwu UEHUBUT ANl 'JNmmamaanmwummuuugﬂu.'uun”mmmaanmuaunu Nos2 11a3and

diduiusmeaniunsuasilduuraneiivaadinel Nos2 ilugudnans (hub)

) = s P sooS Y Lo : o =
NN 2 lﬂi‘ﬂ'l]’]tlLlﬂﬂ\iﬂﬂz{uwuﬁ'ﬂﬂiwi’]uﬁﬂﬂ‘]uLLWﬂLﬂ'ﬂiﬂuﬂuLﬂ’]MN’]ﬂTﬂﬂLLUQﬂH’]HﬂQNﬂ’]?’iﬂ?ﬂLlUUﬂ’]TLLﬂﬂ\]’fJ‘Bﬂ Taa@an

TRY was i wazi@ien ununga Custer A, B, C, D uaz E mnasil

244

48



Proceedings The 8" Science Research Conference. 30-31 May 2016. University of Phayao.

= = A oo 1o PR =) CERr
’Q’mﬂ’]i‘LLﬂﬁﬁJ@ﬂ’NﬂJ']ﬂ’]W‘ﬂEdﬂulumi‘@ﬂﬂﬂﬂ@ﬁﬂ‘ﬂ’m’ﬁ‘aﬂ‘hﬂ WU’}’WEI'I«LN’J‘H’LWU‘_,IMMNWWLT']EI'Jm_Iﬂ‘QﬂTiu“ﬂ’ﬂdi‘ﬂil’ﬂuﬁ’;?u

>

waznsdindueslilsiiy laafinnsiuiemeuenuazae luad Sunquiliunumdrdnlunszuaunisasuaunisneususide

.

mssniaueesssuunfifuiulugaeadtuduihda luafufiuly fiunisedraaisdianisudnsaenaeanauiiuiifesdosiunis

. W o vr Ao e
mavaueInstniauaniieysnsuanseanaesiu usznsldfeyafiiostioq 15w

a

L x

p

A faystunnusdieaiunisnevanesnisdniay

doyansdangniu uazdeyansuanifuuname’ aunsmiunllunsdadenadetretdesfiamisaiiundan lunseiuneuas

%
AUUIN

3

st o o

Zillﬂu'ﬂﬂﬂ’]']ll@’]ﬁfy[iiﬂﬂ’\ﬂl@ﬁdﬂ’ﬂﬂ

= ' o
A159N 2 BJﬂ'ﬂWﬂ?ﬂﬂﬂ’lw‘ﬂ‘ﬂdﬂﬂhﬂﬁﬁ‘hlﬂﬂﬂﬂ‘ﬂn A, B, C, Duar E anuanal

luszdt mRNA 9asEiuniineravauessanissniay

sUwuumMsuansaanuaIEu

Fasune

au

A

TaifinnReuulas

TranuemeavitasAnAndesauuriouaales Anniagedeyyin
P

Faauaaien Adneddnueesdialel Atnededoynn

Jak-STAT dfduiugasindylels Lo lalnlml

Stat1, LaceT, Sirt4, Aimp2, Cbx8, Cd97, Ccr5,
Nbr1, Tnip2, Casp1, Cor2, Cox20, Ifngr1, Kif2,
Lgmn, Mst1, Nos1, P2rx7, ll6ra, KIf9, Ltbp4, Nircd,
Nos3, P2ry6, Pdeba, Prtn3, Ripk3, Terc, Ager,

Ache, Ppp3cc, Ptpro, $100a8

a e
wiAsuw ladiiuag

Tsadalmued Al Jak-STAT Tus@lalnauanlulsauzde Tulnsend
duelulsanzds Ufduiufeecinfulelnlad-lalnlag ns

de 1w " - -
AouARffnnFasmisnenmialulsauzse Stnsdadymnm

HIF-1 nnsiandiaueuaniiu atinnsdsdnynnns Foxo

Socs1, Vegfa, Zfp36, Pparg, Apoe, Hmox1, ll2ra,

Ly96, Mre1, Sirt1

dntiee
e [ Atinnadadiynn: NOD-like recepter Ujjdiiuiuesiniulalnledd  |Cd83, Cxcl2, Cyp27b1, Tnf, lcam1, l123a, Tnfaip3,
lalalad AtmsdediynnnezAtnlalnlmd Bnrdediynin Nfkbia, Serpine1
l‘?«‘uﬁuv{q g RIG-I-like receptor
30 WAfusn

A
FANTURN AT

Atinnsdadtynnns Tolklike receptor $raneufiaseduasiiiomn
dgndnelii lsnlnsasddniauuuuniifiunues Wethsaasszuy
-

iRl lEd mFunnauEn IgA Finsaradu Cytosolic DNA

JfguiuFee sy lalalend-leTnlend Tangla Tsafia nnasadin

Cdd0, INb, Cd14, Cxcl10, Ticam1, Tnfaips, 1110,

TIr2, Cd80, ll1rn, Mdm2, Traf1, Rela

nazfusiiu 1 daluliludia

dffuiutrasidulelnlendlainled wsdedvuden Ufduiud
a9l ECM uzfulenlingadidn ninsigiulaeesaadide

\dan Annsedynnn TGF-beta

45 )
viad B manieglon wwaalle 1 ATnadedtynnn MAPK
€ Atinnsdadtynnns NOD-like receptor Ailulsans(Ge Fiinnsasady |16, Cdd4, 127, Pla2gs, Tgfb1, Acta2, Cel2, Mmp9,
Cytosolic DNA AanwasdtunmesAtilalalml Fnnsas Slc17a7, Spp1, Acvr2a, 1133, 11111, Nos2, Smug1,
e Arynynszed il 38n1saadtynnnd Tolllike receptor Xiap, Bdp1, Ppp2ca, Jak2, Slc17a6, Sod2, Nfkb1,
dsdndamdennig

Cd36, Psmd10, Stat3, Ccls, Slc22a4

4. unagu

v oA, R o o o gy A e
annsaRatediansANnsIansesnTeanguivinectiasiunsneuauaentsdnaun i AT e deRd 93 B 112
dfjduning TlsznavluBisemsuariiduurawmed 8 i fe Stat3, Pparg, Statt, Nfkb1, Ca40, Rela, 16 waz 1170 wazduwdiusune
85 fhu annsdanguaestiunuguuunsuansaandhy 5 ngu azifulddntuudaznguiinsneuauessanisnsz i naisinami
uazlwadednadasidandnmaznunsuanidduwiamed tHun 16 way NkbT TapaupuEusafesiuie Nos2 uazluii
UNAURLETIL Nos2 waz 116 SemauAnnsuansennTasiugn 2 Bu Re Cols usy 127 fiu 13 Buihwene Inefigluuunisuansaenly
A da cl b .. N
gueaiu GefiRengy E lunnessyiaifunudndunguiidunuimdndn lunsyusunisarugunisnausuessanisaniauned
ax cn o i ay e o C o g .
sruunAfuilugosnatsous 1 flnadufivhl wenandnisabraateteduilusmdaslunsdnidenirdadiatandmioiong

AnwnalnnismeuanasresBusranisnsziuntsdnayussiusaly

245

49



Proceedings The 8" Science Research Conference. 30-31 May 2016. University of Phayao.

5. inAngsHlsznA
- e 4 . . R
w@m@uwa‘:@m@m:qwmﬁmm quqwm@ﬂijm ‘lelﬁVluﬂuU@L}uﬂWi‘u?l@u@EJ@\'ITHSL‘LA\T]'LA']’QFJ LAZITUR Elﬂ’ﬁﬂ_{

NUBANULNEIAY W Anendtysnn Ussatthulszuos w.a.2557 &uisan 87/2557

6. land19a1eaa

wAnn Tuen, Flaws ridnzyns uas find greeniud. (2557). wﬁam‘wmuaumaLmmw@nwaﬁuﬁLﬁm%mﬂ“ﬂmmamummw
sniauannfiayalulasenfisd. 2rsssTneraiaaiysn atLivey nstlreqainnIsssAuTIA Inenaansiay adeil 6,173
—184.

Cheng, D., Knox, C., Young, N., Stothard, P., Damaraju, S. and Wishart, D.S. (2008). PolySearch: a web-based text mining
system for extracting relationships between human diseases, genes, mutation, drugs and metabolites. Nucleic Acids
Research, 36, W399 - 405.

Cline, M.S., Smoot, M., Cerami, E., Kuchinsky, A., Landys, N., Workman C, et al. (2007). Integration of biological networks and
gene expression data using Cytoscape. Nature Protocols, 2(10), 2366 — 2382.

Edgar, R., Domrachev, M. and Lash, A.E. (2002). Gene Expression Omnibus: NCBI gene expression and hybridization array
data repository. Nucleic Acids Research, 30(1), 207 — 210.

Huang, D.W., Sherman, B.T. and Lempicki, R.A. (2008). Systematic and integrative analysis of large gene lists using DAVID
bioinformatics resources. Mature Protocals, 4, 44 — 57.

Kwon, D.J., Ju, S.M, Youn, G.S., Choi, S.Y. and Park, j. (2013). Suppression of iNOS and COX-2 expression by flavokawain A via
blockade of NF-kB and AP-1 activation in RAW 264.7 macrophages. Food and Chemical Toxicology, 58, 479 — 486.

Maere, S., Heymans, K. and Kuiper, M. (2015). BiNGO: a Cytoscape plugin to assess overrepresentation of gene ontology

categories in biological networks. Bioinformatics, 21(16), 3448 — 3449,

Niemand, C., Nimmesgern, A., Haan, S., Fischer, P., Schaper, F., Rossaint, R., et al. (2003). Activation of STAT3 by IL-6 and IL-

10 in Primary Human Macrophages Is Differentially Modulated by Suppressor of Cytokine Signaling 3. The Journal of
Immunology, 170(6), 3263 - 3272.

Saeed, A.l., Sharov, V., White, J., Li, J., Liang, W., Bhagabati, N., et al. (2003). TM4: a free, open-source system for microarray
data management and analysis, Biotechniques, 34(2), 374 — 378,

Schott, J., Reitter, S., Philipp, J., Haneke, K., Schafer H. and Stoecklin, G. (2014). Translational Regulation of Specific mMRNAs
Controls Feedback Inhibition and Survival during Macrophage Activation. PLoS Genetics, 10(6), e1004368.

Schulz, M.H., Devanny, W.E, Gitter, A., Zhong, S., Ernst, J. and Joseph, Z.B. (2012). DREM 2.0: Improved reconstruction of
dynamic regulatory networks from time-series expression data. BMC Systems Biology, 6, 104.

Young, W.C., Raftery, A.E. and Yeung, K.Y. (2014). Fast Bayesian inference for gene regulatory networks using ScanBMA. BMC
Systems Biology, 8, 47.

246

50



Proceedings The 8" Science Research Conference, 30-31 May 2016, University of Phayao.

2 o S 9 o ' ar 3
m‘mu‘mﬂuwLnF;I'J‘umn'umﬁ‘rﬂ'ai.lﬂummams"anmumn‘mgalﬂﬂs‘m%wﬁ
TnensAnAaniuuazn1sIlATIEAlATaTENNSLEAIRRNSIN
Inflammatory responsive gene finding from microarray data by gene selection

and co-expression network analysis

1

fndiniud snsziami’, FA50 yadan’, e Townsndn’ uay fined greatisl”

Kittipan Tharakhet', Thitirat NuchsiIaQ, Muanfan Wohankla” and Pitak Sootanan'

" madeGandl anisingaanaaf swidngnatysg

* Thranizsiaver v ran e S pasiea sed wwine doym

uUNAREa
v dd e . e e e e, - .
msRuwLEuRRedaiunReusueiRantsdnial Sdaudrdtyranistiun 1 lunnsesuienalnsziy

= tx

Tuanagssnsdniauiifandas Tnaanunsofumtudhunnsiwssiiisyalulasanfied luewiseiiienlideya

'
= |

Tulasanfistdauan 3 gafiays saugadunalamia RAW 264.7 Addaanainisiufian LPS uansnaiu 4

@ @

1991981 ANsETIATaT LN sLARIREnTacuAsz I AdayaRon Network analysis 129 Tusunsueswlad

L -y \ ' o w =y | w o= e A P
ArrayMining lL@zlLﬂﬁqLW?'ﬂmﬁﬂN"luTﬂTLLﬂ?ﬂJ Cytoscape ﬂ'ﬂquﬂqi@@La'ﬂﬂLﬂi@ﬂ.ﬁﬂﬂ’ﬂﬂWQHUuwﬂﬁL@@ﬂ‘L@qjﬂ

Tusunsu Gene selection 124 ArrayMining u&1innisnsnaaeumiinizaanguiuiignAnidan wudiduiamunls

'
w w

' R T " = = = A = S w ww
LﬂﬁElﬁ"]'ﬂWLl:JflnﬂWJ'wLﬂﬂﬂﬂl‘adﬂUﬂ’li‘ﬂﬂLﬁULWﬂL‘iﬁﬂﬂLﬂﬂutlu%‘[@ﬁ'luﬂl’anﬂ PolySearch Q\'iﬂqﬂqﬁ'ﬂﬂ?ﬂl,ﬂ@\“ﬂulﬂ

48 U

| R . D » z,
denadunguinliifesdesiunsmauswesnmednay wisndufiesinnnsfigaillunnsfnenasasald

a @ . A T L4 o =i = A | I [
mﬁ'lmg L NNTRNEY / WENWQ‘LNTFIEETEL?FJ / NITAALRBNEW / NNTILATIEULATETIENIILAAIDRNTIN

Abstract

Inflammatory response gene discovery are important to explain the mechanism of inflammation in
molecular level. Microarray data analysis has been applied. Three microarray datasets of lipopolysaccharide
(LPS)-stimulated macrophage RAW 264.7 with four different incubation times were used in this study.
Selected microarray data were used to reconstruct co-expression network with online tool, Network analysis of
ArrayMining. These networks were shown through Cytoscape. Sub-networks were chosen with a set of genes
which were selected from Gene selection tools of ArrayMining. These results showed that the selected were
not reported to be inflammatory responsive genes when compare with genes from PolySearch database. In

summary, these genes may be novel inflammatory responsive genes which must be proved in the next study.

Keywords: Inflammation / Microarray data / Gene selection / Co-expression network analysis
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Abstract

Lipopolysaccharide (LPS), an endotoxin present in gram-negative bacteria, is known to activate
inflammatory signals in macrophages. LPS-stimulated macrophage causes stimulation of pro-
inflammatory cytokine gene expression and cytokine production. The finding of key responsive genes
helped for better understanding the mechanisms of systematic inflammation. Feature selection
methods in microarray data such as SAM, eBayes, and PLS-CV were used for searching of high
differentially expressed genes to be the key responsive ones. However, these methods could lose some
important genes that have low differential expression levels. Therefore, microarray gene expression
datasets involving LPS-response in macrophage cell obtained from the open-access database were
investigated in this study. The low differentially expressed responsive genes were identified by using
the integration of feature selection methods, literature mining tool and gene co-expression network
approach. The results demonstrated three low differentially expressed inflammatory responsive genes,
i.e. CD36, TSPO and PLA2G4A from two co-expression modules. These genes interacted with 19
high differentially expressed genes. Three selected inflammatory responsive genes and some high
differentially expressed genes will be further validated on time-series wet-lab in the near future.

Keywords: Inflammation, Feature selection, Literature mining, Gene co-expression network,
Responsive genes

Introduction

Molecular mechanisms within cells that respond to stimuli can be understood from whole
gene expression. Microarray technology can measure the expression level of thousands of genes
within a particular mRNA (Watson et al., 1998). Microarray data are submitted from several research
groups in public databases such as Gene Expression Omnibus (GEQO) (Edgar et al., 2002). Some of
these data are associated with studies of the lipopolysaccharide (LPS) response in RAW264.7
macrophage cell (Hammer et al., 2010). LPS activates inflammatory signaling in macrophages and
stimulates pro-inflammatory cytokine gene expression (Fujihara et al., 2003). Thus, identification of
key responsive genes is important to understand inflammatory response mechanisms. Feature
selection step is a challenge in microarray data analysis as datasets are commonly very large. It is
extremely useful to select gene sets important to the conditions under investigation (Selvaraj et al.,
2011). ArrayMining includes several feature selection methods to identify high differentially
expressed genes such as Significance analysis in microarrays (SAM), Empirical Bayes f-statistic
(eBayes) and Partial-Least-Squares based filter (PLS-CV) (Glaab et al., 2009). These methods might
also suffer from incompleteness or missing some important responsive genes that have low
differential expression levels. The issue is being corrected by integration analysis of gene selection
with the information of known inflammatory genes. It may be arriving at a comprehensive to identify
low differentially expressed inflammatory responsive genes. Inflammatory responsive genes can be
found with literature mining tools, i.e. PolySearch database (Cheng et al., 2008). Another integration
analysis is to analyze with gene co-expression network (Stuart, Segal, Koller and Kim, 2003). This
co-expression network helps to find the correlation among important inflammatory responsive genes.
In this study, low differentially expressed inflammatory responsive genes were discovered by
integration of gene selection methods, literature mining tool, and gene co-expression network. These
inflammatory responsive genes are important to explain the mechanism of inflammation in the LPS-
stimulated macrophage system. It could be applied to be a model for the other related studies, e.g.
investigating the mechanism of anti-inflammatory effects of plant extracts.
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Materials and methods

Identification of low differentially expressed responsive inflammatory genes consists of six
steps, summarized in Fig. 1.

Step 1: Retrieval of three microarray gene expression datasets involving LPS response in
RAW264.7 macrophage cell line from Gene Expression Omnibus (GEO) database (Edgar et al., 2002;
http://www.ncbi.nlm.nih.gov/geo/). All datasets were normalized by log;, followed by z-score
transformations.

Step 2: Selection of differentially expressed responsive genes by three feature selection
methods such as SAM, eBayes and PLS-CV on a web-application ArrayMining (Glaab et al., 2009,
http://www.arraymining.net). A total of 100 top ranked probes were selected from each method. Only
probes that selected more than one method were chosen. These probes are annotated as their genes
and had high differential expression levels.

Step 3: Retrieval of inflammatory genes from the literature using PolySearch text mining tool
(Cheng et al., 2008, http://wishart.biology. ualberta.ca/polysearch/).

Step 4: Integrative analysis of inflammatory genes and the high differentially expressed
responsive genes.

Step 5: Construction of gene co-expression network with data obtained from Step 4 via
Cytoscape plugin, ExpressionCorrelationViewer (Cline et al., 2007).

Step 6: Selection of sub-network for gene co-expression network from Step 5 that have
interesting interactions among these genes. Low differentially expressed responsive inflammatory
genes were identified and their function analyzed with Cytoscape plugin, GOlorize (Garcia et al.,
2007).

Step | Step 2 Step 3
B |
R - z-score —
' = transformation
Retrieval of microarray Selection of diffe ally R ofinflammatory
gene expression d: P d sive gemes genes from PolySearch
from GEO
st
A--a g ! <
Pt % LR . = -
. )
.. ? v Y “,-.Cw N ==
Modde Modale 1
Selection of sub-network Construction of gene Integrative analysks of
for gene co-expression co-expression network with inflammatory genes and the
network from Step § data obtained from Step 4 high differentially expressed
by using the Cytoscap sive gene
Step 6 Step 5 Step 4

Fig 1: A brief overview of the identification of low differentially expressed responsive inflammatory
genes.

Results and discussion

High differentially expressed responsive genes were selected with more than one gene
selection method including SAM, eBayes, and PLS-CV (Table 1). These methods are available in
ArrayMining (Glaab et al., 2009, http://www.arraymining.net). SAM is a method to identify genes

with statistically significant changes in expression by assimilating a set of gene-specific #-tests
(Tusher et al., 2001). eBayes is method used to rank genes in order of evidence for differential
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expression. Bayes approach based on this rank statistic ranks genes by testing whether all pairwise
contrasts between different outcome-classes are zero (Smyth, 2004). PLS-CV is estimated from
magnitudes of the efficient obtained from training a Partial Least Squares classifier The number of
PLS-components is selected based on the cross-validation accuracies for 20 random 2/3-partitions of
the data for all possible values of n(Hall, 2000). These three methods were selected dependent on the
analysis of their different algorithms. This would be enhancing the credibility for selecting the high
differentially expressed responsive genes. These finding could lose some important genes that have
low differential expression levels. However, integration analysis of gene selection with the
information of known inflammatory genes may be useful for more reliable analysis to identify targets
of key responsive genes. Inflammatory genes can be retrieved from PolySearch database (Cheng et
al., 2008, http://wishart.biology.ualberta.ca/polysearch/).

Table 1: Number of probes selected by three different methods (SAM, eBayes, and PLS-CV), number
of probes selected more than one method and the number of genes found in microarray data.

SAM B PLS.CV Number of probes selected Number of

GSEID S it 5 . more than one methods Gene Symbol
(probe) (probe) (probe) .

(probe) (gene)

GSE4712 (3 hr_LPS) 100 100 100 8o 70
GSEA4712 (6 hr_LPS) 100 100 100 08 64
GSE21841 (8 hr LPS) 100 100 100 92 61
GSE2002 (18 hr LPS) 100 100 100 [ 93 80

Low differentially expressed responsive genes were found by their interaction with high
differentially expressed inflammatory responsive genes in the gene co-expression network. This
network was constructed by using the expression data of 312 selected genes which had high
differentially expressed responsive genes and were in the list of inflammatory genes. The network
consisted of 100 nodes (genes) and 333 edges (interactions). It was created with default
correlation cut-off values of +£0.95 (Fig 2A-2B). Two modules were found with their interested
interaction among the nodes which represent high differentially expressed responsive genes
(ArrayMining), inflammatory genes (PolySearch), and both of ArrayMining and Polysearch (Fig 2C).
Three low differentially expressed inflammatory genes, i.e. CD36, TSPO and PLA2G4A, were found
from these two co-expression modules (Fig 2C-2D). These were inflammatory genes which had
interactions with 19 high differentially expressed responsive genes. Cytoscape plugin (GOlorize;
Garcia et al., 2007), was used to analyze and visualize these genes in the network with their biological
processes. Overall, 13 GO terms associated with inflammation process were selected as represented in
Fig 3. The main biological processes form GO were as following: regulation of macrophage derived
foam cell differentiation, immune system process, cytokine metabolic process, activation of innate
immune response, regulation of I-kappaB kinase/NF-kappaB cascade, regulation of tumor necrosis
factor production, regulation of MAPKK cascade, regulation of cytokine production involved in
immune response, lipid biosynthetic process, arachidonic acid metabolic process and cell cycle. The
results of three genes demonstrated that these genes are associated with various processes that will
lead to inflammation (Fig 3).

These three genes were associated with those that are highly differentially expressed. CD36,
family members of class B scavenger receptors, is widely expressed in a variety of cell types,
including vascular endothelial, smooth muscle, macrophages, adipocytes, and hepatocytes. It plays an
important role in physiological processes, including regulation of macrophages derived froam cell
differentiation, tumor necrosis factor production and regulation of MAPKK cascade (Febbraio, Hajjar
and Silverstein, 2001). TSPO is a 18 kDa outer-mitochondrial membrane transporter which has many
functions including roles in immune response, steroid synthesis and apoptosis (Daugherty et al.,
2013). PLA2G4A is a member of the cytosolic phospholipase A2 group IV family. This enzyme
catalyzes the release of arachidonic acid from membrane phospholipids which is further metabolized
to eicosanoids that play important roles in inflammatory responses, and other intracellular pathways
(Sheridan et al., 2001). The approach used in this study could be implemented to find low
differentially expressed genes that are the important inflammatory responsive genes which could not
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be found by several feature selection methods. A combination of other network approaches such as
gene regulatory network and protein-protein interaction network can help increasing the reliability of
a network result. This approach can be implemented for prediction of other candidate responsive

genes that can help to explain the mechanism of the inflammatory response process and might help in
the search for a cure for inflammation.

A C
s’
| )\_.é &
&
Module |
R
R/\®
/BALIN
</ JogEs)
| ST 7
Za-
=\117
o o
- el e Modube
D
n i — L e
Cluster Number of Namber of Gene Number of edges
nodey g coYe [
Artav\ieag X n ™o
PeolySemch " © PLAJGAA
LU TR T S— —

Fig 2: Co-expression network analysis of selected genes from literature mining tool (PolySearch
database) and feature selection methods (ArrayMining) (A), Number of nodes and edges in co-
expression network (B), sub-networks of co-expression network were selected (C) and number of
edges of three low differentially expressed inflammatory responsive genes from two sub-networks

(D).
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Fig 3: Biological functions of genes in two sub-networks (Fig 2C) interpreted with biological
processes in Gene ontology (GO) using Cytoscape plugin, GOlorize.

Conclusions

In this study, feature selection methods, literature mining tool and gene co-expression
network approach were integrated to identify the low differentially expressed inflammatory
responsive genes. This approach resulted in the identification of low differentially expressed genes
that could be potentially important in the inflammatory processes. The results help to better
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understand the mechanisms in the inflammatory response of LPS-stimulated macrophage RAW264.7
cell and represent targets of key genes for further investigation in wet-lab.
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Abstract
Gene co-expression network is used to study the molecular mechanism response of inflammation in
RAW264.7 macrophage cell line. The inflammation of macrophage cell line was induced by LPS over 3 to 8
hrs period. This network can be constructed with correlation of gene pairs in selected inflammatory pathways
in microarray data that are retrieved from the public database GEO (Gene Expression Onibus). These results
showed that the use of co-expression network can be identified some responsive inflammatory genes that
cannot be detected with traditional tools. This help to better understand the mechanisms involved in the

inflammatory response of LPS-stimulated RAW?264.7 and the further interested studies.

Keywords : Macrophage / Lipopolysaccharide / Microarray data / Co-expression network

*Corresponding author. E-mail : pitak@buu.ac.th

BI-P-048 | Page 1 0of 6

65



Proceedings The 7" National Science Research Conference. 30-31 March 2015. Naresuan University.

1.umin

138N (inflammation) ﬁuwmwﬁ’nﬂ"nﬁn'n‘JuQmﬁ'uﬁu'luni:mumiﬁﬁa'lﬁﬁmiiﬂmnmﬂ Funvulunis@neinis
mauaumm’anqﬁ-a’nLamfuq:ﬁﬂmlﬁmﬁﬁuuﬂiﬂqummﬁuﬁ RAW264.7 Tignindientidias LPS Faflugnsiuiieyluniugadues
wARBounsuay emad Lguﬂimﬂqumﬁmﬂﬁau LPS azinlifinnsmevauesinun1inadlasiiovines 4 (toll-ike receptor 4,

TLR4) uazdednynnnueinddtne inliiiannsuanseentasduiifeadosiunisgniauannung (Comer et al., 2006; Hammer et

P I B e - o

. .
al., 2010) AndunsBefiiefunnauuiinasdasiunismavaueenisdniau lusaduualasmna Asidud Ay ldiaanndin

A lanalanisreuauesnisenauiiiadulé (Nisson et al, 2006) n13AaadAiuIIzAUNNIuansaantesdEulussiy

mRNA melFannziAnmfamalulailulasanfisdazdae lidnlanwainaenalnnsdniauinadunie luimasd (Watson et al.,

1998) uaziimamusindiayalulasanfisdanuainuatanguenAdulilugiudey aans1anie Gene Expression Omnibus (GEQ)
(Edgar et al., 2002) Gaanunsatinanldlunnsdnu1é

R P - o X I R

maAnwna lnnsrauauasranssniaufieliulaanisinssifieyalularenfisd dumaunisdadenuiudunauni

. 4 x . o Yo e s e o . . .
AHEI AN Wasanndiayalulrsanfsdilsznauaativauaunnn i linsnnsifianndufeusaratadanaliiiam u
fanannldige AafiesdimsdnidanawznguiuniianudAysieannsiiauladnm (Selvara et al., 2011) Ingdansifiaaldlung
N
ot o a

Amdantu laur SAM (Significance Analysis for Microarry) (Dziuda, 2010) usiigfiazAmaanianznguiuniinisuanieanasig

VR -1 o g 2 BRI P > o e o o P =
LAUTAN UL ﬂ’]’i‘i:ﬁ‘duﬂﬂﬂlﬁuﬂﬂ?@fyLaﬂ"llﬂS;IIQWT'E]ﬂﬂuﬂu“ﬂuﬂ"ﬁuﬂﬂd'ﬂﬂﬂu'ﬂﬂLLlﬂNﬂ'J'"ISJﬂ"IFIFL_Jﬂﬂﬂﬂlﬂﬂ'lﬁ"ﬂmﬂuslm VINHNIT

ool o

Andannguiulaglifayanisndifandasiunalnninausuesrenisdniay azinlintsdaideniuiirnasimnznnieiu
(Sootanan et al, 2012) uaziinieyallarenfsdrastuiidndanindiasm situiunsaiasietnanirudaseanionaesdu (gene
co-expression network; GCN) f-az‘ﬁqu'LﬁLﬁmmﬂuﬁmmLﬁﬂf-:mws-wna’lnms‘mﬂuﬂuﬂwiam?ﬁnLnuﬁtﬁmﬁyulﬁmjmﬂmmu Hn
fivii (Mabbott ef al., 2013)
'Lmu'if-:"aﬂ%qilﬁﬁﬁwlﬂmmammfaﬂﬂﬂqiumniﬂﬂ?ﬂqiiﬁ'Lﬁ'mﬁmﬁum?wmaaumimﬂummmiﬁmawmmﬁ
unalaswia RAW264.7 Lﬂanizﬁuﬁqﬂ LPS muda9i9a1 arnguiiayaanssnis GEO (Edger et al, 2002) 4w 2 gadieya Aa
GSE4712 (Comer et al., 2008) Lax GSE21841 (Hammer et al., 2010) %'w:ﬁqm?‘jmiq:vﬁquﬁumiﬁ“mL‘é‘ﬂnﬁu'qwnﬁaa‘J‘QWqﬁlqﬁﬁ
Rurdieaiunismasauasrianisdnia (Sootanan et al., 2012) WAENAMATAAANNANTUS s EUN W lumsad ety
nMsudseandLTasEuRAEa T e TN IRa LA UBIFaNA IS NIAL (Mabbott et al., 2013) uﬁqﬁmwmﬂmmmﬁqmwiﬂamfﬁ?mm@'u

windnunsudnseansangesiumudayansidinesdesfunssusunisdniay

2. 98ms
2.1 msfuAufieyauasisiusdosyalulasanfisd

ailvangaiieynlularanfisdanng udiayasnsnsniz GEO (Edger et al, 2002) ﬁaLﬂuﬁﬂnniglamaanﬁlmﬁuﬁ'aq'lu
jﬂLmﬂMﬂ' gene expression matrix V';"dmlﬂ 2 gadiaya 15un GSE4712 (Comer et al., 2008) WAz GSE21841 (Hammer et al., 2010) 7

atjnelfunanaiudeniufia Aflymetrix Mouse Genome 430 2.0 lasgafiayalulnsenfistmlftauniians iy azdnidanan 2

ooy P P

ngunINAAeIAe nquAgnnziudian LPS uaznguilignneziudiag LPS mudawnan lusadunnalashamadladaneiug

) W 3 ]

. y "
RAW264.7 zasuy lunsvaaaslulasanfisfiluanainisinnismanesd Gsazinlii 1 Buluivaneinsy Asisainnslfudeyals

e

Tasenfisd e luguluuy 1 8w 1 Tnsu Taentsdentwsufidrnefseesdniswanseangsiign anlugaiiayalulaserfisdlisvan
45,101 Twsul fanuauiu 21,678 Bu amilwinisfusnarguanisuaaseantestulunsasgadieyaliaglupluuuidesiulagld
neAUIMANREN TN WAL wazdfuAnsuanssantesiuliieglugaesdinafioud (fold change)

P P)

2.2 nsAmAeniayauazmedangumsuaneanteunm G

¥ I
v & o oo

amiddtiiaslifanansndlunsimdanuazdangsiu dnhdlifadenmsudiinuaiunalnnisdedygnmssniay
M'ﬂ:wum 8 wagiad 1fuA Chemokine signaling pathway, Cytokine-cytokine receptor interaction, Jak-Stat signaling pathway,
Nod-Like receptor pathway, Notch signaling pathway, P53 signaling pathway, Toll-like receptor pathway Waz MAPK signaling
patway Tnaaradluaadayanisindaingiuiieyaaisnsniz MsigDB  (Molecular  Signatures  Database  v3.1,

http:/Awvww.broadinstitute.org/gseal msigdb/index.jsp) Insaanianiziayaaes KEGG uazamngunIsudntaanaaiiunumisiad

BI-P-048 | Page 2 of 6

66



Proceedings The 7" National Science Research Conference. 30-31 March 2015. Naresuan University.

2.3 nMImsIaANNENTUSMILARBENTBE
o x D . ‘ Sodd e .
ihdiayalulaserfisdsBusiindiusminnemmamanuduiuinisuaaseansonsesiiulifes fesfunisnissniay
Ineliudnn1s189 Pearson Correlation Analysis nelélilsunsu Cladist (Fukuchi et al., 2009) TaznamszALAINENRUT9
S e o da 2 s oo do P - o . oa
msuamsantasiuiiazAfuaniuiilegionun azlinguiuiflanuduiuinfuuuununisuanteansaniu aandwiinisdadan
nauEunHAANNANTLS (- value) Taafiuasn cut-off szdL +0.9 (Mabboott et al., 2013) uazfnAANANRUF LA wWAST AN
Fen uinh lahaediemuduiusmsuansesndongeddusialy
2.4 neanawsate AN TLansTasiiusuTasiy
ihdiayapuduiuinmsuansaensesduidiunisdansesdeyaunuiin faufudAnisusnseansesduiidiunisdanses
. cdd L Lo o oo ‘ s a o >
andieyaniaindinaedasiuniseniay saharsetisanaduiuinisuanseansuaasduiinsdssiunissnisulan 1l sunsn
Cytoscape (Cline et al., 2007) azlflAsatnenisuanseandauaastiuiiiaadasiunisneuauanissniaulwsaduualamia diadl
nsnszfufiag LPS mudaanan
2.5 MsAARBNNgNEanTBIATATELARIA AR LE N TUAARaENIINT a9t
NNIETIATRT B AHANTUEINsuA AR an TN aasiuaz ATt e A udiuirsanguiiui iaualug) waliinag
Aiarsiuaznisudanailrnuarauagu A9ldinisAndanngudeserTadiauansanuduiut veanguiu lnaliands
JactiveModules (Ideker et al., 2002) Taiflulandufiussgnieluldsunsy Cytoscape (Cline et al., 2007) nafiliazaanuniuluga
(module) taanaralugazausszdiaa inansziudiag LPS arniuiimsAmaensaunmilugadesiaulau 1 uga las
AmaanAuniluganfiuuuuaunisuanseantasduadrasiuin vanduaiedieildfinmduiawninazinlitiadaniinest

uazurlana udainnisulsuslaansdanguiAredunisuamsaannzasdunadoyanisndiifeadeaniunszuaunisdniay

N
3. Hauazanlsie

Pl
= o o

aidsliliindeyalulasanfisd nsdm@aniuniunisiad uarmsai1ausiedioaouduriuinisusaeaniasyesiu

defunuaznmagaupduiutszniiuinaunauaussranssnauluasdunalamia RAW 264.7 fagnnszijufian LPS

ol ol

Amgaa wudmsARdannguEuiinsdieaiunmreusausansdniay trenisdadensawisndiiiarisaiuntsnauauaanis
Snauianug 8 wisid nsARRaNANAIANNENRUS (- value) uaznisfnidananAiadiaud azdosAnnsaanguiuiinaades
funsneuduasrianisdniaulfetnarauagy Muanialunimad 1 Wessinlunmdmnsideyalulasefod dursumsdnidan
T . . . - Y cn o . .

fudluduneuifianaddnann wnsdeyalulnsenfediulneufaiusmuaunn ildmfensifiadudeuuszanadiua
UifnAulanaraligs Safesinsfndenansnguiuniiaouddydsaniaziauladnm (Selvaraj et al., 2011) uazannns
aFaATedeAuduiuinsuaneaniontesiu JegresduiignAndaniuasiuunuauanudiiusnisugaseandauniu winli

L . o 4. o . W day . ‘ dd a o

gueraATaTNaLazAuILiiuanasTadaAen ez ila s ulanan s uAR A estiuluusaznalnifeadasiunis
pauauaen1san@uld (Medzhitov and Horng, 2009 was Nilsson et al., 2008) d4luunaaiaAduaes Le uazans (2013) 1A

ynsAneuasAiamzilaietnaliifistete fidnaafia e sanisulanantedanw

AM9197 1 uansd vy (Tuun) uazduulfaniud (ead/mnudiniug) luudaziunsunimeans

T —— Ui Al jduiug

gaieyalulasanfied 21,678 469,935,684
Apdantiuann 8 wisneinaadeaiunisnauaLeanFanaL 659 434,281
Andenentiadiaud > 1.4 uazasaannanuduiuslullsunsy Cladist 48 2,304
ARLRANATNAN r-value 0.9 (+,-) 48 704
AnauduiusanldnaulfmaeiAniafen 48 352
FrBaniatiadesisazdaatlng jActiveModules LazFATATES 34 155
LA fupan

BI-P-048 | Page 3 of 6

67



Proceedings The 7" National Science Research Conference. 30-31 March 2015. Naresuan University.

P v
R KA

o A T yo o .. . o o o s s .
anmsAnidaniaTatnetiasineliAde jActiveModules uaxmmi‘ﬂmn?ﬂmuwumm'\ud’uwuﬁi:mqumwmnuaﬂn

' ' 2
a

azliguifiauduiuisienisneuaussnistniaulugonsn 3, 6 uaz 8 4alue A1uau 34 fiu 155 UJuius (ansei 1) aaniuia

oS Ay P o ed &9 o . o <. - od P
nﬂ‘uﬂuwimnnmmmm'an‘thJﬂuaTﬂumﬁmna‘umuMﬁmﬂwmm‘umnnn'ﬁwauﬂwaman'ﬁanmum 8 WIBLIE LWHBNTTHUNIE

oo o

LPS mndaaiaandi 3, 6 uaz 8 dalue (Uil 1) iAsedraAnduiuinsuanseansesduuinguasdayanisndninesdiasiy
nazuaumsnssnisudiegnnezsudion LPS fiaan 3 dalus (37 1A) ansiaatine Jak-Stat signaling pathway azwudnilet 2 &

1uri Tpo uaz 1122ra2 ignamngulifegluwisiod wnauladnuniu 122re2 fifimsuansesnilivudauifiaudiusuazely
nguwIsEREaiy Tpo FRnsuanseenilfsausiugn (up-regulated) $lfignunsarnunglEdniufiaulaunazinsmnaudaniu
Tpo videfinnsuamseeniifedieaty Jak-Stat signaling pathway Lﬁﬂﬂi‘:ﬁul’ﬂ’qﬂ LPS fidaatnan 6 alue (gﬂﬁ 18) lunnanduudle
nIzsubiat LPS fidnaioan 8 Falus (j;ﬂﬁ 1C) a1n Jak-Stat signaling pathway dlanansilinisuanieenaestiu fiinnsuansesndi
Waell Taemudn 122r2 aanitlaifinnsuanseanatinaiudn uatiiogn 8 daluanduiinisuansaaniianasatnaiiuda (down-
regulated) Ws Tpo anfifinsuanieaniiauethasuEang LT Nsuaneani g udannsuanseaniiaaatetasiiaTes
112282 ¥ anansniiagidludaganlunsiineniiu Tpo 1 m"«fumm%wm‘imhﬂmmﬁuﬁ'uﬁﬂmmmﬂmaﬂnﬁmm:fa’mnq‘umi
uanseantastulaglifayamsind azgatlunseunanszsuaunimisianmilfendasiunisneusuesrianssniay uazdasly

o e

nsAndeniunfiszAunisuanseannisuansaanitldisiudn uilinouduiusiunguauninisuanseenatasudalisnmiziu

P S & 3 &
ﬂQNMH’WIVI’NT'Jﬂ1WWNH1Q1QNWH1IM

6 dal

TOLL LIKE RECEPTOR PATHWAY

JAK STAT SIGNALING PATHWAY

CHEMOKINE SIGNALING

PATHWAY INTERACTION

CYTOKINE CYTOKINE

RECEPTOR INTERACTION

|

MAPK SIGNALING PATHWAY

TOLL LIKE RECEPTOR PATHWAY

CHEMOKINE SIGNALING PATHWAY JAK STAT SIGNALING PATHWAY

INTFRACTION

CCYTOKINE CYTOKINE RECEPTOR

INTERACTION

NOD LIKE RECEPTOR

MAPK SIGNALING PATHWAY

P53 SIGNALING PATHWAY

= | o . ' i o < o d
5 1 wavevAatneAduiuEMsusaeentasiiuuinguasdeyanadTifatiesiunssuaunsnissniauiegnneiu

fael LPS mangaaiaan 3, 6 uaz 8 dalue

BI-P-048 | Page 4 of 6

68



Proceedings The 7" National Science Research Conference. 30-31 March 2015. Naresuan University.

4. unagy

el

anmsnmsifiayalulasenfisd medndeniuandeyansnimifesdesiunsmeuaueinsdniay uaziwssinig

uanseansanzasiu luadunalasrha RAW 264.7 Wagnnszéudiag LPS mndawaat wudrduignanidanazilanmouduiug

ool &

P o A o da e e . P S P
msuaaseaniiiudaainnisAmdenduiifirTiamausuinndt 1.4 LAZNITAALABNEIUAILTDYANITIEVINENIBINLNITABLAURY

o 4 e 3 o P | = o 9e @ o T P .
N1FanNLALl mammmwmi‘mnammﬁuwuﬁmﬂmmﬂaﬂmu'u'awuﬁi:m'l.umummﬁuwuﬁ?:mmqawumﬂmmaanm@mi‘

o

AauAuRINsaNIAL Wagnnszfiufae LPS finan 3, 6 uaz 8 dalus lnelinisdangumamisndfinaedasiunisnevaneans
- c 4 - oL [ & oA aa o
fniawis 8 wiaind adaslunisesunesaaziBeniedanlunsAndenduliawizandu uasnudn Wenszéiubion LPS finan 3
uaz 6 Folus dausnasudniuinisuanseendantesdulumsndazinmuanseaniiindu (up-regulated) wazilansziudiog LPS
finan 8 $alue aziianuduiuinisugansaaniaurestiulunisindaziinnsuanieananas (down-regulated) TINNIADLALBITDILA
aznnsidaziinsuanseaniuAnAeTuANgRa"

5. NARNgsNUszMA

»
o

10IBUNTTALANEANEIAART inAnendaysw Dluaiuayunisiiauenanuluenudds uazouideilii

MUEAMUUNTAIAE IAnenay s dszdntlaudlszanm w.e.2557 dryynadl 87/2557

6. landNsAN9BY

Cline, MS., Smoot, M., Cerami, E., Kuchinsky, A., Landys, N., Workman, C., Christmas, R., Campilo, IA., et al. (2007). Integration
of biological networks and gene expression data using cytoscape. Nature Protocols, 2(10), 2366-2382.

Comer, JE., Galindo, CL., Zhang, F., Wenglikowskl, AM., Bush, KL., Garner, HR., et al. (2006). Murine macrophage
transcriptional and functional responses to Bacillus anthracis edema toxin. Microbial Pathogenesis, 41(2-3), 96-110.

Dziuda, DM. (2010). Data Mining for Genomics and Proteomics: Analysis of Gene and Protein Expression Data. John Wiley &
Sons, Inc. Hoboken, New Jersey. 336 pp.

Edgar, R., Domrachev, M. and Lash, AE. (2002). Gene Expression Omnibus: NCBI gene expression and hybridization array
data repository. Nucleic Acids Research, 30(1), 207-210.

Fukuchi, S., Homma, K., Minezaki, Y., Gojobori, T. and Nishikawa, K. (2009). Development of an accurate classification system
of proteins into structured and unstructured regions that uncovers novel structural domains its application to human
transcription factors. BMC Structural Biology, 9, 26-35.

Hammer, KDP., Yum, MY., Dixon, PM. And Birt, DF. (2010). Identification of JAK-STAT pathways as important for the anti-
inflammatory activity of a Hypericum perforatum fraction and bioactive constituents in RAW 264.7 mouse macrophages.
Phytochemistry, 71(7), 716-725.

Ideker, T., Ozier, O., Schwikowski, B. and Siegel, AF. (2002). Discovering regulatory and signaling circuits in molecular
interaction networks. Bioinformatic, 1, S233-S240.

Le, TD., Liu, L., Liu, B., Tsykin, A., Goodall, GJ., Satou, K. and Li J. (2013). Inferring microRNA and transcription factor
regulatory networks in heterogeneous data. BMC Bioinformatics, 14, 92-100.

Mabbott, NA., Baillie, JK., Brown, H., Freeman, TC. and Hume, DA. (2013). An expression atlas of human primary cells inference
of gene function from coexpression networks. BMC Genomics, 14, 632-645.

Medzhitov, R. and Horng, T. (2009). Transcriptional control of the inflammatory response. Nature Reviews Immunology, 9(10),
692-703.

Nilsson, R., Bajic, VB., Suzuki, H., Bernardo, DD., Bjérkegren, J., Katayama, S., et al. (2006). Transcriptional network dynamics
in macrophage activation. Genomics, 88(2), 133-142.

Selvaraj, S. and Natarajan, J. (2011). Microarray Data Analysis and Mining Tools. Bicinformation, 6(3), 95-99.

Sootanan, P., Chan, JH., Prom-on, P. and Meechai, A. (2012). Pathway-based microarray analysis for robust disease

classification. Neural Computing and Applications, 21(4), 649-660.

BI-P-048 | Page 5 of 6

69



Proceedings The 7" National Science Research Conference. 30-31 March 2015. Naresuan University.

Watson, A., Mazumder, A., Stewart, M. and Balasubramanian, S. (1998), Technology for microarray analysis of gene expression.

Curr Opin Biotechnol, 9(6), 609-614.

BI-P-048 | Page 6 of 6

70



AMANUIN

UNLAUBUNANED MUUTEYUNIIYINITTEAUUIUIYIA

The 1st International Conference of Pharmaceutical Sciences and Medicines,
22 - 23 January 2015, Burapha University, Chonburi, Thailand.

Wohankla, M. and Sootanan, P. 2015. “Inflammatory network inferred from microarray time
series data of LPS-stimulated macrophage”. PP17. The 1st International Conference of
Pharmaceutical Sciences and Medicines, 22 — 23 January 2015, Burapha University,
Thailand.

71



ICPAM 2015 27-23 January 2015, Burapha University, Thailand

PP17

INFLAMMATORY NETWORK INFERRED FROM MICROARRAY TIME SERIES DATA OF
LPS-STIMULATED MACROPHAGE

Muanfan Wohankla' and Pitak Sootanan®*

! Biological Science Program, Faculty of Science, Burapha University, Chonburi, Thailand
’Department of Biochemistry, Faculty of Science, Burapha University, Chonburi, Thailand

*Corresponding author: pitak@buu.ac.th

Abstract

Network analysis is an alternatively effective method to select responsive genes and to systematically explain

the infl Ty response mechanisms of LPS-stimulated macrophages. In this study, we analyzed microarray-time-

course gene expression datasets involving LPS-response by RAW 264.7 macrophage cell line. These microarray
datasets were retrieved from an open-access database and selectively analyzed to identify key inflammatory genes by
using data mining techniques and network approaches to construct inflammatory network. Finally, our analysis could
help for further studies to better understand the mechanism of inflammatory process in RAW264.7 macrophages cell
line as well as providing new target candidates gene for inflammation’ therapeutics. Validated inflammatory response
network may be applied to be a model for studying to discover the mechanism of anti-inflammatory effects of plant
extracts and the other related studies.

Keywords: Microarray, RAW264.7 macrophages, Inflammatory network
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(Significance analysis for microarray) eBayes (Empirical Bayes moderated t-statistic) waz PLS-CV (Partial
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ABSTRACT

Microarray technology is widely used in the study of the mechanisms associated with the effects of
anti-inflammatory response. LPS-stimulated macrophage RAW264.7 is a favorite model of inflammation
study. These microarray data can be retrieved from the public database GEO (Gene Expression Omnibus).
Only two groups of samples such as control and LPS-treated cells in different time were selected. There are
three microarray datasets with 4 different incubation times. Selected microarray data were prepared before
selection of responsive genes by using 2 of 3 methods which are add-in of online data mining tool,
ArrayMining (http://www.arraymining.net). These chosen 3 methods are SAM (Significance analysis for
microarray), eBayes (Empirical Bayes moderated t-statistic) and PLS-CV (Partial least squares cross-
validation). The selected genes from different time period were interpreted in biological function by using

functional annotation tool, DAVID (http://david.abcc.ncifcrf.gov/) with gene ontology (GO) information. We
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found that the function of selected genes in each different incubation time was related to the inflammatory
response mechanism of LPS-stimulated macrophage. In summary, there are many useful microarray data
and online tools to support research in the field of systems biology for more understanding inflammatory

response and the other biological mechanisms.
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Keywords: Inflammation, Macrophage, Lipopolysaccharide, Microarray data, Data mining tools
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Figure 1 Biological interpretation of 4 selected responsive genes in different microarray datasets by using

GO in functional annotation tools, DAVID (http://david.abcc.ncifcrf.gov/).
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Figure 2 Functional preparation between 4 selected responsive genes in different microarray datasets and

TIR signaling pathway from BioCarta (http://www.biocarta.com/genes/index.asp)
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Abstract

Inflammation is a process of vascular tissues that response to harmful stimuli such as injury,
pathogens or irritants. Study of gene expression regulatory network of inflammation leads to more understand
of involved mechanisms. The use of microarray datasets of LPS-stimulated mouse macrophage RAW 256.7
and TF-TG (transcription factors and their target genes) data were used to search for the responsive TFs and
their TGs by constructing of gene regulatory network and data filtering with literatures. The results found
5 genes such as MEF2A, NFKB1, NFKB2, NFATC1 and NFATC3 that encoded 3 TF proteins such as MEF2,
NF-kB and NFAT. These regulated 64 target genes with more than 1.4 fold change. There were
6 inflammatory responsive genes regulated by various TFs according to time-series. TF protein MEF2 is the
important hub to regulate the expression of four inflammatory genes at 3 and 6 hr. In addition, public
microarray and TF-TG data can be used to discovered gene regulatory network to more understand

inflammatory mechanisms.

Keywords : Gene regulatory network / Microarray / Inflammation / Transcription factor
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uwia wazfieyafauassszAunisuanseenaasBuuuuivafiows dinnasrumsetnonisaruaunisuansesensasduiiiases
fumsmeauauaanizeniay Inel4llsunsu Cytoscape (http://www.cytoscape.org; Cline et af., 2007) Inedayanisuansaantestiu
Auananasuyinafimuduniinsuaaseanidinainiuluanazidlaluweduaaan lsdasuaninazasduflug@una (fold change >
1.4) uwazmninisuasseanianasluanioziillalunedugran lsdasudansaaresdufludiden (fold change < -1.4) uazldnng
P [ JE , e s

NAAAUNNAD#A one-sample-t-test lunnsAnidentiunilsziintsuansnanialasuuslasmrudaananesneddednAty (P<0.05, fold
change > 1.4) wdsaMmiviimsdiansiiudlmunasoaialn (BINGO, Maere et al., 2005) lnaiannisdnnguiunuluiagand
larfdu (Ashburner et af., 2000) Wapseaaeunihinsitauddanmeesdudvane uazazlfiedetnanisaiuaunisuansean

[ . . d ey U o .
gastiuiifadiasfunsmauguninssnaulumaduualasvie faededranlstazuansliiiiuisfanssuaamauaridduuanas

I ] I

Aflaatiuimuny uazszdunisugmpanaasiiuiinasdiesiunmsrauauaanssnsuluwss s naula
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3. wauazansie

2

TwsnAdeiili Gusulaunislifeyad jaurusvameua Atddundawma fiuduilwanstaduiaysivesgeslu
Tisunss DREM (Schulz ef al., 2012) 1e9using (Mus musculus) (Emst et al., 2010) Sadsznavlufaensuasiduuaned
Auau 335 2ile Buidlvsnesiuan 17,090 fu wazljduiuiraansauguszdtanmuarilduudamaiiviuiwnesouan

468,319 UJduus (msaft 1) dlaideyadinanannaseaaauivdeyslulaserfisdiinesdesiunisneuaussesaadinalamie

Aflralaliweduaaanlsaludaanan 3, 6 waz 8 42lus (Comer et al., 2006 uaz Hammer et al., 2010) azlAnsugrsilduunpned

Aunu 335 1la. Bullhuneanua 1,636 Bu uazjduiusauau 44,000 UfFUE (A19197 1) anuanIneaazifivinaln

Afgadeaiunimrevgusanigniauassnguduignandening DREM tuazgnatupulnensuaridduwlamefidudiuaunn

P . o

P < S . = e & e o
AsRNBINUNANNA NTwiaya  widwilvinefineiasfun1saniataslia wIua AN IUABLAENTalAT 15.27 NMEUAY

et ]

ng AnnsaansuasTlduuiameiainaddefiinesdes (Medzhitov et al., 2009., Nilsson et al., 2008., Ravasi et al., 2007

uaz Weintz et al, 2010) azlénmuaailfuurameddiuan 5 1ia Bwiuniediuo 621 Bu waziljfuiugaiuan 1,022

- - .

Uffuius uasniledndendwilmananidtlafisuduannds 1.4 dduiianisusnuazay AsdinisuaneanifinuinTuazanas
a1nandy Az 1WA neuaatlfuuamefarua 5 9l Swldlvunediuon 64 By wazdfduiufdiuay 100 Ujduiud
(m15197 1) nsidanlifioys neusridduuiameildannisamadassiuaalnllsiu e duntsdududimauasildy

. . .
wlamafriiaduiinisinewindiues (Weintz et al, 2010) vinlfisaunsnansavasstiuiivunaasliunialiiesanis

f P

P o A e .

utlana wazlilanniuniimaulasunlasziunisuanseaniitasfuno mRNA Anfudledansaaanarinafsudaastiudaiunsa
ansnuiiutlhnineaslimdaennziuiinsuldauwlasdaauad e itud Aty (P<0.05, fold change > 1.4) uaziilafansun

4 d P a sy . o ay e U
wwnziufiperoauinendufisafisatunisdnisuaswdefudlmunadiuou 6 Su uazufduiuiduau 10 Ufdniud

o =

Turngisuaunsuaailduuamaidinuin Aazinlfnsulansiifacdiesiunisnauduasnudaanainssaaylfdiadu

et 1 Annunnuseiiduuases Sullving wesdfdsiuaaanisaaunusswdimsusrilduamefiududimang

.
MemaemsIATina luusaziunau

= - == 21 =% Y]
NAMSIUATIENR vswarslduudaines | Buihuwing | djfuiuseesnisaiuau
(dtim) (Eiw) (Ufeunus)
Faymlfdiugannisauanszudntamsusges] 335 17,090 468,319

Fuunawmaiiugudhuanauyend

N‘E‘l"‘l’]ﬂﬂ"\ﬁLﬂ‘i"]z‘lﬁm;{'ﬂﬂ’]ﬂmﬂ\lﬂﬂﬂ‘ll'mau 335 1,636 44,000

lugadesyalulnsanisd

naaNNNTARIRaNNTUAATduLALAaTaN 5 621 1,022

P

AseRRaadeaaiunsdniauuazaainlysfiu

]

naannsAaRendunilen Wasmuduinndi 1.4 5 84 100

da o oo dd w
Fanatluiuninaediasnunissniau

HaANNNTARIAeNfuTinaLALRINTIENLELANN 5 6 10

msulanguiaridusaatiu

anuanisfpdemmusaTlduupme? Bullhwing wazljduiuseainiraiuauszndnmeiarilduuanaiiy

P L ¥ o o, 4 oA e = x =
fudluang azanunrouanasiataielffanmi 2 Ganan 24 Lﬂumﬁ‘ﬂ’mﬂﬂu'\"ﬂﬂuﬂﬂW‘i"lLﬂ‘i"‘l;‘:ﬁ‘il'E]}‘J‘ﬂﬂ’T‘i‘l.mM\!'El'ﬂﬂ’ﬂﬂdﬂu

= o o = - aa ae L4 o =
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< o

lugadiayalulasenfisd naw 28 \huedetrefinnanuanisdndenaneiddeiifasdasiunisdniay uaznw 2¢ durtedne
Munarnuanisdadendudl e Madisusuinnd 1.4 fefiedududuiiifeadesiunisdniau Inedmasu@iiuans
naugafuunames asnandinmausastiuimunesdailuiiuineuauasniseniau (inflammatory response genes) A1nnNg
urlinguariduaestiu (Ashburner et al., 2000) A wFuaanauddnazuaastiudhvanedy anamii 2¢ uandliiutaeiedie
, i . 5 5,59 i
Adnsuamsnnnguiuinsasaauuiadfedesiuntsdniaulusainasdinanadiuauiadu 6 Bu Jelszneuliian ANKRD42,
CXCL11, IL5RA, LTA, PLA2G7 uaz TYRO3 (Ashbumer et al., 2000) Teazgnilledunsdnwmuznisuanseanluusazdaonn
P - O G g I 3 i gl o d
gnafadan il 4 anamuandliiiiuinnsdansesdieyaieainnsuarildunianeiineadesnazduiivunaiuanseen
aanARasiuNRaLALEIN1IENiaY daaaannuiudeuuas Funneedeyaialimmnzand iUl lunsulsnanisdanam
dad v owyd s da a o . . — o
nneatevie X Fdudmneniduiuineuausinissniauazgnasdnuauasainnisdnnsesdieys uaznsuanmanInIATeTE

anfeyaufduiuilagaidulsunsu Cytoscape (Cline et al., 2007) fidoavinliinnsnsaagaunarinlfiredu

1,636 Genes 621 Genes 64 Genes

= A o S &y = v o P £ 0 o
WA 2 eTadnsuazduauiiuiiliainuanisiiaszi aqan'1mﬂﬂman'uawuiwqmaqa'luTmmmﬂf-nuau 1,636 8u (A)

P

o oo o o o P o o = o oo o o
LATATNENNIANNANTTAALAANAININUIRLNINAUDINLNITANALRUIU 621 81U (B) LAZIATAILNNIAINHANITAALADN

gudlhvnefia asiudunnndn 1.4 41uau 64 &u (C)

& T TR i y & e S a1 <
[RIMNNINN 2A q:mufnwmmmﬂmmm'l.my'n\iﬂ:r:nﬂumuaummumannmuQuTmﬂwmuamﬂ‘nuuﬂmmm Taaaznu

= o o o o, o, = o o o s S ey 4 e & o oo
ﬂummuai‘ﬂ.ﬂuLaqmsﬁmmumm ANNINN 3 -nquammmaazmmmmuﬂuwwu'lui'umgmsﬁmmummuﬂmmwﬂunummu

v
<

fuiunzeariatie 3 1ila NHsuau 1,636 81, 621 Eu uar 64 Bu Tluspaniteaiduinufiauinastesiunalnnisneuausas

nmssniauilsznaulifaafanssuaes neuassiduunames (Transcription factor activity, Transcription regulator activity

uaz Sequence-specific DNA binding) fanssuaaslainlal (Cytokine activity) nsduiuaesllsiu (Protein binding) Tusiusaiu
(Receptor binding Waz Scavenger receptor activity) lusAvaudsdaauuazindans (Potassium channel activity Wae lon channel

e A o o e o o & s e = = . Y
activity) UAzLIaNNITAAT AT BILATETN 8 NILATI A ITIANAIAININT 2B way 2C nﬁ:mmwuwauw-nn'luumﬁ:nfgumqnu

& ) o o o a = o cor. oo ) ° o 4 o
NEIAEAAIUTDIFREAZUDINNUIUEUNN LRGN nmemnquTumqmiﬁqn'numawuum’mmmyﬂana'l.nmimauﬂummmnmu

g & Ja s : 3 = .
Ninlurassasunnlasiamy RAW 264.7 filsansnsziiulae LPS Wawnainnszuaunisnauauaanssniauiiinainnisinau
fanfuannisuanseangesiiu leALANNIzUIUNSENIALLAzIsEARNSENIALTRTRA L (Ashbumer et al., 2000) e liinalu

famnadzanunfimsAngnisnauausnisiniauaesaysd (Chen et al., 2008)
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700

63.0
62.

1,636 Genes
M 621 Genes

64 Genes

sauare Luduivuue

v

&y o oo . . o co o & S U™ S R o -
NN 3 ﬁma:'uaammuﬂuﬂﬂf’mg’luuma:nquTuLﬁqm‘n’hn UNYNARABNANIATEINLINDNELNLEUYNUNARIUIU 1,636 £,

>

621 fiu uaz 64 u Taunu X st luaganifafiu uazunu Y uaadsasazrasuouiuiomangnnuluusiazluanand

Waridu

o R ~ S < = PO ST
ANNINT 4A Lﬂummmﬂm?muQunmamaﬂn‘nmﬂuluma'm 3, 6 Az 8 d2lus Ten1AINuANITARLAANEUNTAY

Madiaudunnndi 1.4 aziudrdufiszaunisuanseanlunaii 3 uaz 6 iniige wazlunai 8 dalus Suwluiiszaunisuansaan

A o 5 i o )y % g o o A e g
anasiinseuanlaenusrslduuamefuanasignnszudaelalineduanpnlsd anisedneliaziiuineadasiunis
o

pauauaansanauseuantlunng 48 Fadlurtatranismiugunisuaaaanaesiiuiiiaadesiunsmauauesnisdniauifinas

uaneaanioaf 3, 6 waz 8 dalne daedadnsfilszneusansuaailduunamaidanuan 5 alia Swilvunasiwiu e du

s 4 a

uazdjduiusaanisasuauszndtanuaeilduuameiiuduiivangduau 10 jduiug Wefiansunszaunisuansaan

P P

Auldsumlasmudaanand 3, 6 uax 8 Falus waenguiunineadiasiunsmauauainissniay (nnd 4B) aznudnguiifaadeeiu
msmaumummm’nmuw:qnmuﬂ‘umsuﬂmaanTmﬂwﬂuaﬂ'ﬁﬂ'ﬁ’uuﬂﬁma%‘?';umnshaﬁu ToeiiEu LTA ATYNATLANNTUARAIREN
Tnansuaaiduunaimaf NFAT (NFATCT uaz NFATC3) uaz NF-kB (NFKB1 uas NFKB2) azfinnsugaseaniinan 8 dalua
il TYRO3 azgnAsuAunsuanseanlng MEF2 (MEF2A) uaz NF-kB (NFKB1) azfimsuamseeniionn 3 uas 6 dalus i
ANKRD42, IL5RA Uz PLA2G7 azgnaauANnisuantaaning MEF2 (MEF2A) Tneifiiu ANKRD42 azfinisuanseaniiinnn 3 uaz 6
daTus dauf IL5RA unz PLA2G7 axfimsunseeniiingn 3 daluawinidu uaziiu CXCL11 azgnAUANNITUanseaning NF-kB
(NFKB1) aziimsuansaeniiioan 8 dali u.a:mnﬁm?mqﬁquénmqmimuqum‘mﬂmaanﬂmﬁu ann I 4B wudmsuaadl
Fuunamed MEF2 (MEF24) {lugudnaransaaununisuanseantasiulugeanat 3 uaz 6 g Tnaaruanliifianisuansann

7 innnduaesiiu TYRO3, ANKRD42, IL5RA uwaz PLA2G7 luaan 3 dalue  uazazmdanisasupuiiiesiiu TYRO3

uaz ANKRD42 ludaanan 6 dalue daulugasina 8 dalua NFkB (NFKBT waz NFKB2) aznduanfiunuivlunisaauny
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P

nisuaneaniiuniniuaesiiu CXCL11 uaz LTA $a8iu LTA flazgnasuaulifasnsuaasduurained NFAT  (NFATCT

= P

uaz NFATC3) iiuiu Jeuansliiiufisuununusesnsuanseensasduiifesdesiunismevaussmssniaufignasuauiaanga

gamuaAilduuameiiuanAiullmuusazderesoan

3 6 Gl 8

P

&, a o d G i S da
a4 dednanisrruNnsuaaeantesiiuliisadiesiunisaeuauesnssniau iananuamsdndendudivana iflAn
Tasfigudunnndn 1.4 (A) uazileAndenaniznguiudimaneniiuiiuneuausinissniaudiua e du (B) Teazuans

. o e e e o - o Ao o
szAuMsuaseanaastunnA iafisusannsuanseanianas @dies) ludinsuanseaniiiaiu (Fuag) Ande

ugnmsugesiuunarnes asnanuansiiuilmung

P {

nniazadnensaruanduiiduiiuneuauaintsniauduau 6 8u (nni 4B) aznuiudlmanefiinisuansaen
putaaaiuansnaiily Taefitu ANKRD42 uas TYRO3 aziinisuaneen i ufiAmnaieafuuasfinnsuanseenanlunaid 3
e 6 ol (mwﬁ 5A) fiu PLA2G7 uaz IL5RA axfinmsuamsaninnlunani 3 4alus wasinnsuanseeniianaslunaii 6 uas 8
dalua (it 5B) i CXCLT1 uax LTA aziinnsugmeaanynnlunanii 8 dalug (mwf'i 5C) @il MEF2A, NFATC1, NFATC3,

Soa oy

NFKB1 waz NFKB2 Falutiunaalisfiunsuasiiduunamad MEF2, NFAT uaz NF-kB Sanauannisugssaanaasiiudlmang

: P

(N 5D) ugmsliiuindufiinandasiunisneuaussnm ssniauaziiszaunisugaseentasdiuiiuansranullmugasnaidne
TnaszAumsuanseenaasduiaiimuarsUfuuamefazinisuanseaniion naldianizfignnsziusalaluneduannlsd
Hasannmainanuramaudrilduunamefaziiaiulussiuninfauulssasdilsiuidensifianszusuniswas Inaisdunideus

siansifianaanlusiu MinliAanszusunsdaiudieysvednyonnluszauluans (Weintz et al,, 2010)
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o 3 3 s o 3 3 &
i () D@ (1)

i 5 namnsuanssenaesiutimnefidufunesduasnisdnELSuen 6 B1 (A, B uar ©) uasEuiigia gy
Fuunames (D) Faunu x me‘n'ammﬁmﬂuaﬂ?ﬂﬁuu.wﬂLma%m:ﬁuﬁ]mmmfuﬁmmnmaan WNU Y WAANTTALNNS
uaARanTaduLLLA T ATUdA NN sLERIRanTiaAa (fold change < -1.4) AT usAIBaNTRNTY
(fold change > 1.4)

m‘i'a'u'ﬁnm?munumﬂmm'aanﬂmﬁuﬁ'LﬁﬂQﬁadﬁunqﬁmaumuaqma-ﬂ”mmu (N 4B) 39 MEF2A WuEuiiainallsiy

MEF2 Sannuduiusiu  NF-cB finuluedetsvasiufiiaodasiulalaled ﬁn&:ﬁulﬁmﬂm?ﬁmmu (Chen et al., 2008)

flu NFKBT AxaBnalUsin NF-kB TilmanaifinodieaiAd MAPK Awiailfifanssniausinldinelseuz 3 uanannil NFkB1

TalAnnuduwusiu NFKB2 ’lummouqmminamﬁ’ﬂﬁLﬁlmﬁmﬁumfﬁnmmmzimu:ﬁq (Nair et al, 2008) & NFATCT

, ; ‘ ‘
uaz NFATC3 aza$nalilshiu NFAT Hawnsavin liifianisaniaulunduiiareamy Tantsuannaniigeans NFATCT ans1sowy

luwaduunalasinazasiilaelsaladiednia (variina et al., 2011) uaziianuanansofiaznszfwiiluauubadeliiianisdniay

>
e >, o

luiadierasiugauiiszazsnteuramy (Awla et al, 2012) wananigedifiudlvansnifaedssiunisnauauaimsaniay Iaafiu

ANKRD42 aza31alilsfi 8 ANK-containing protein fiflanupdnaadaiy kBp fallsfufiiiu ANKRD42 @593 unnazanda

agluflamAuduazduny pso 289 NFKB (Chiba et al, 2013) dwmfudiu CXCL17 arwnsoudmseenlugasunnalmpsviie
a2

anmsgnnszéubitauuafie (Liu et al, 2011) doudiu IL5RA Hunumdrdnylunisudngladiufla (Eosinophi) waz IgE

AauauAtauiillgnisdniauaesiamisuazlsaveudin (Cheong et al., 2005) fiu LTA fuasesziuassnissnduuazin e

o

{2aiala1A@BA (Tanaka and Ozaki, 2006) Shugnuikiiinfidanssnauinenss PLA2G7 uteduiinelfifaussiiunis
Aniay (Pro- and Anti-inflammatory) FiAaatastunszuaunstniaufinelifalsavaen denuazinla (Sutton et al., 2009)
waziu TYRO3 fluansznusia Gass lunszuaunavinlsivdauaznisnausussnssnusuiifieatesiunisnsziuntsineu
904l1/sAU Mer uaz Axl (Zheng et al., 2012)

manmesiiudlmnefiAeidesiunisaaaueantssniauEan DAVID (Huang et al, 2007) lawanAugrudioya
484 KEGG pathway (Kanehisa et al., 2010) fauanalunind 6 azpanunalnAsuANNIsLaAteangesiiu ANKRD42, TYRO3,
PLA2G7, IL5RA, CXCL11 uax LTA %4LﬂuﬂmﬂwuwaﬁﬁmﬁmﬁummamumﬁﬂLmJﬁ'gﬂmuqummmmaﬂnfmﬁu MEF2A,

NFKB1, NFKB2, NFATCT uaz NFATC3 Jaflufiunairalshunsuassiduunninel MEF2, NF-kB waz NFAT fiaaunu
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nsuassaanaasdiuiivang laafitlu ANKRD42 nsuamsaaniduwusiuitaiinisuassaanlllufiAmadeniuiuiu TYRO3

&

fwutiu PLA2G7 aziinnsuansaaniidunusiiutiu IL5RA Seiiu PLA2G7 dhuBiufifianuifandasiunszusunisaiuazaaiediln
uaztlu IL5RA Hannuinendasiunsdedtuunnuiiual Jak-STAT Elu CXCL11 aziinnsuaasaanduiusiugiu L TA dedlu cxcL11

fanuinandesiunisdedyyrnsindinlalend (Chemokine) waznisdadtyeyrnuritudd Tolllike receptor uasfiu LTA HAau

B s o < 5 s g il w e
MenfesiunszusumstesssuugifuivlumsnanuasinausnsuAiauliiiu T-lymphocytes uaziflugiufifieadesiulsawmau
afiafl 1 wenaniliiu IL5SRA,  CXCLT1  uaz LTA faiflaanaifeadesiudfduiusnisduiuszudnelelnlad tneiilalalad

dusnsararalisfiunegnmeuansasisailiulnalalusiu Seedssninmadivihnasuannnitcuressas lugRAsiuusindia

=

gy nsilesiunisdniauseatadidnting maRsyresaad uazmeaneegad Wusu aanamuansliiviuingiu ANKRD42,

TYRO3, PLA2G7, IL5RA, CXCL11 uazLTA fufluifianiuifeedasiunisneuauainisdniauiignasuannisugansasan

Tnemsuarilduunnimaietiuia 6 v lifidaddty (P>0.05) sesmsuldsuutlasfisziunisuansenn Auiudssniluiaziia
T 4 oo . A . . 5
finmstudunadadainenainduougaieyeillunsdneussiindwauieys TF-T6 angudiayaiialilunisdaidan

id e o

dffiufuaznquiiuiiendies neunnsinnsnsmasaulusziuieal fiEnissialy

CXCL11

/!
Chemokifie signaling
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Inflammatory Response

P

a6 nalnmsauanmsuaaseantesBiuiimunefifefesiunisneuauanissniauiignasunuinansuaAllduunnines
Fanaesdmdsudununsugailduurninef  nass@mdsu@desunuiudlvung Buidmuunuiudivang

Aflgduuunisuanseenfidvnadeniu gnasdsunu jeuiuizeanisaupusznianmuaAsdduininefuasiiudwane

P

qnasdafiidududszunuiuilwineiifeadesiunisaeuausinisdniay asiuasnaesdmasndauyunuating

Tuusaziumung

4. unagu

- Py . - e P Y y &
uamnmm‘n%ﬂum?amuﬂgﬁuwuﬁﬂmmi‘muam:nmmﬂuﬂﬂﬂhuuﬂmﬂmnuuusﬂwmu azl#Tednaiunann
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Anandasiunisdniay wsatiaunanuansAndanguinaRfA Inas s usuINngda 1.4 uaziATatNENNIAINRANITARLAEN
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uifeadiesiunisdniay Gartedeflilsznaufiaafiu ANKRD42, CXCL11, ILSRA, LTA, PLA2G7 W@t TYRO3 illNN3ARLANNNT
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wansaanlnanauarILduuwama; MEF2 (MEF24), NFAT (NFATCT uaz NFATC3) uaz NF-KB (NFKB1 WAz NFKB2) aziiuin

o v »

lunan® 3, 6 uas 8 dalua asilsziunisuaaseanaastiuiiuansraivluantesignnszfusnglaluneduganilsd Tauanaliiiu

@

=

fuusursensuaaeanuasiiuineciasiunisrauauansaniay AgnasuAnFaanguamsuanilduuaeaiiwans iy
llauusazdasreanan mediasziuiirfisesduilwaneluluagan faddy wudnfiaanuiiesliesiunisuansaanaasdu
lunsuiuniTnauaueenIstniay nsasuATatuAIuANNsuaasanaasiuanieyalulasanfisdlanandudayafduiug

nsasuANTemuaAilduunAmainiise Budlane amnsmiwndaglunisulana@danineesanaziaulsliAundedu
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Gene expression analysis in microarray data of LPS-stimulated macrophage
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Abstract

Macrophage cells are stimulated by LPS response through toll-like receptor 4. Cytokine, chemokine
and inflammatory mediators are produced to begin inflammation. In this study, gene expression microarray
datasets involving inflammatory response by RAW 264.7 macrophages were retrieved from an open-access
database. Classification with SVM (support vector machine), fold-change approach and clustering with SOM
(self organizing map) were used to find responsive genes of inflammation. We found 4 genes such as Cr2,
H2-D1, Trpv1 and Gap43 are associated non-specific immune response. Using of public microarray datasets
lead to pay less cost and the use of combination of difference gene selection approaches can be discovered
a novel set of responsive genes.

Keywords : macrophage / LPS / microarray data / gene selection / fold change / SYM / SOM
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Responsive-gene Finding of LPS-stimulated Macrophage via Network
Approaches in Microarray Data

Pitak Sootanan®

Department of Biochemistry, Faculty of Science, Burapha University, Chonburi 20131, Thailand
’ Corresponding Author: pitak@buu.ac.th

Macrophage Raw 264.7 stimulated with LPS is a model to learn about the mechanism of
inflammation. It was used by several research groups for testing anti-inflammatory
compounds. Microarray technology can detect the response on whole cell in interesting
condition by measurement of the expression of mRNA levels. There was a huge of
submitted microarray datasets of LPS-stimulated macrophage in public database. These
data can be used for analysis with several approaches. Network based analysis approaches
of microarray data were interesting method because some interested responsive genes,
that can not be found with conventional methods can be detected. In this study, three
difference kinds of the network approaches such as protein-protein interaction, co-
expression and regulatory networks were used to find the responsive genes in microarray
data of LPS-stimulated macrophage. The results demonstrated that the responsive genes
which are encoded transcription factors, such as MEF2, NFKB and NFAT, were found
with their low expression but important for regulation of the several high differentially
expressed genes that responded to inflammation. In conclusion, the network based
analysis of microarray data can be used to discovered more knowledge which are
concealed under a huge of data that cannot be found by conventional methods. This leads
to find a novel responsive gene from the traditional public microarray data that make a
new model for understanding the mechanism of inflammatory response.

Keywords: co-expression network, microarray, protein-protein interaction network,
regulatory network
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Abstract: Cadmium contaminated soil was collected from paddy soil in the Mae Sod area,
Tak Province, Thailand, and generally ranged from 0.5-284 mg kg™ soil. The aim of this
study is to study the ability of biochar and microorganism additions for cadmium
contaminated soil in order to stabilize cadmium soil. Rice plants were grown on no
cadmium/free cadmium soil (N), cadmium soil (Cds), and cadmium soil amended with 1%
w/w sawdust fly ash (SDFA), bagasse fly ash (BGFA), rice husk ash (RHA), 2% v/v
Beauveria bassiana and Pseudomonas aeroginosa. The results showed that the addition of
biochars and microorganisms enhanced Cd reduction in rice plants. Pseudomonas
aeroginosa can increase the dry weight of the rice plant up to 20.01 g/pot compared to other
conditions. Pseudomonas aeroginosa was the best for decreasing Cd accumulation in the
roots, shoots, husks and grains in rice plants. It was found that after the microorganisms were
grown in the system, the increased pH resulted in the stabilization of Cd in the soil.
Therefore, less Cd was taken up by the rice plants. Sawdust fly ash is one of the best
biochars for decreasing Cd accumulation in the roots, shoots, husks and grains in rice plants.
This might be because sawdust fly ash itself can adsorb Cd higher than other biochars. (full
paper available on CD)

F_F0024: COMPARATIVE PATHWAY-BASED ANALYSIS OF GENE
EXPRESSION PROFILES BETWEEN TWO MACROPHAGES STIMULATED
WITH LPS

Muanfan Wohankla,1 Pitak Sootanan®*

'Biological Science Program, Faculty of Science, Burapha University, Chonburi 20131,
Thailand

*Department of Biochemistry, Faculty of Science, Burapha University, Chonburi 20131,
Thailand

*e-mail: pitak@buu.ac.th

Abstract: The use of public microarray datasets to analyze the LPS-stimulated macrophages
can reveal systematic inflammatory responses. Diverse microarray datasets of macrophages
were publicly available. The macrophages are usually divided into two types, primary and
cell line macrophages. In this study, microarray datasets involving LPS response by murine
primary bone-marrow-derived and RAW 264.7 macrophages were retrieved from an open-
access database. These datasets were comparatively analyzed for their differential expression
according to the response to LPS. Pathway-based microarray analysis was used to explain
the mechanism of LPS responses by both macrophages. The responses to LPS of both cell
types show similar profiles but different level of expression in the most of selected pathways.
Finally, our analysis could help for further studies to better understanding the mechanism of
inflammatory process in different macrophages. (abstract only)

F_F0025: DNA ORIGAMI COMPARATIVE DESIGN BY TWO PROGRAMS:
CADNANO AND NANOENGINEER-1

Pajaree Chaovadee, Pitak Sootanan, Anuttara Udomprasert*

Department of Biochemistry, Faculty of Science, Burapha University, Chonburi 20131,
Thailand

*e-mail: anuttara@buu.ac.th

Abstract: DNA molecule has been widely used in nanotechnology, which is useful in many
applications such as cosmetic and medical applications. One of the fascinating properties of
DNA molecule is self-assembly due to its specific complementary base pairing. DNA
origami is a popular technique used to create nanoscale structures with DNA molecules by
using a long ssDNA from viral genome M13 (7.2 kb) as a scaffold and hundreds of short
synthetic ssDNA as staples. The design process of this technique is labor and time-
consuming if every step needs to be done by hands. Nowadays few computer programs were
already developed to make this design step easier and faster. However, each program has its
own advantages and disadvantages for designing different DNA nanostructures such as
planar structures and 3D structures. In this study, two different programs, Cadnano and
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Nanoengineer-1 (free software), used in the structural design step for DNA origami
technique were compared. These include the accessibility, limitation, and flexibility of the
software on designing various DNA origami nanostructures. It is necessary to learn about the
limitations of each program before deciding which program is suitable for the designing step
of any desirable DNA nanostructures. (abstract only)

F_F0026: COEXPRESSION NETWORK APPROACH TO EXPLAIN THE
RESPONSE OF LPS-STIMUATED RAW264.7

Teppanom Arunphanu, Jarun Rungrueng, Pitak Sootanan*

Department of Biochemistry, Faculty of Science, Burapha University, Chonburi 20131,
Thailand

*e-mail: pitak@buu.ac.th

Abstract: Inflammation is the response of the various cell types to the foreign matter that
caused various kinds of harmful diseases. Macrophage RAW 264.7 cell line was often used
as an indicator in the study of inflammatory response especially with LPS stimulation.
Microarray technology can be used to systematically monitor the mechanism of the response
in LPS-stimulated RAW264.7. This study examined the inflammatory response mechanism
in public microarray data studied on LPS-stimulated RAW264.7. The approach to identify
differences in the coexpression genes between phenotypes was used. These results showed
that the use of coexpression network can be identified differentially expressed genes that
cannot be identified with traditional tools. These gene-gene associations and coexpression
networks have been correlated to inflammatory response that verified by functional
annotation tools and literature reviews. In conclusion, public microarray data analysis by
construction of coexpression network help to better understand the mechanisms involved in
the inflammatory response of LPS-stimulated RAW264.7 and the further interested studies.
(abstract only)

F_F0027: IDENTIFICATION OF A NEWLY ISOLATED Bacillus sp. H15 FROM
BATONG HOT SPRING AND ITS THERMOSTABLE PROTEASE PRODUCTION
Ubon Wawwanjut, Montira Leelakriangsak™*

Biology division, Department of Science, Faculty of Science and Technology, Prince of
Songkla University, Pattani 94000, Thailand

*e-mail: montira-l@bunga.pn.psu.ac.th

Abstract: Thermostable proteases producing Bacteria from Betong hot spring, Yala province
were isolated. The total of 35 isolates identified by morphological and biochemical tests,
were members of Bacillus spp. Isolate H15 determined by measuring the clear zones on skim
milk agar, from soil sample showed the best Relative Caseinolytic Activity (RCA) of
2.2540.10 cm. Therefore, H15 was chosen to determine the optimum conditions on
thermostable proteases production in nutrient broth+1% Skim milk culture medium under
200 rpm shaking condition. Based on the morphological and biochemical characteristics, the
HI15 isolate is identified as B. pantothenticus. Protease activity was measured by using
azocasein as a substrate. One unit of enzyme activity was defined as the amount of crude
extract causing an increase in Ay of 0.001 got | h of incubation at 60°C. Protein
concentration was determined by Bradford Protein assay (Bio-Rad) with BSA as the
stardard. Optimization of growth conditions for protease production was carried out within
various incubation periods (8, 12, 24, 48, 72 and 96 h) in nutrient broth supplemented with
1% skim milk. The effect of temperature and pH on enzyme production was studied at 25,
37, 60 and 70°C and in pH of 6, 7, 8, 9 and 11. The maximum protease production
(30.51+0.92 Unit/mg protein) was observed at 48 h of incubation period, 60°C and pH value
of 8. The thermostable protease from H15 was considered to be extracellular proteases which
mainly were serine protease due to the inhibition by a specific protease inhibitor (PMSF).
Furthermore, H15 will be identified by 16S rDNA gene sequencing for further taxonomic
purpose. (abstract only)
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“Department of Biochemistry, Faculty of Medical Science, Naresuan Univerisity,
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5Collage of Life science, Ritsumeikan University, Japan
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Abstract: Acrylamide is carcinogenic in animal and humans. Several researchers have
established that the main pathway of acrylamide formation in foods is linked to, and, in
particular, the amino acid asparagines Acrylamide formation in food is naturally during a
series of reactions between an amino acid, primarily asparagine, and a reducing sugar such as
fructose or glucose, that reaction is known a Maillard reaction at temperatures around 120
°C. Thus, acrylamide is formed during frying, roasting, and baking. 43 isolated of
asparaginase-producing bacteria were isolated from Thai fermented food and screened
asparaginase producing by modified M9 medium agar adding 0.15% asparagines and phenol
red. TNL5.1 was the strain that shown the highest asparginase enzyme activity was 9.46
Units. The study of bacterial identification by Gram stain and cell morphology, the data
showed TNL5.1 would belong to the genus Bacillus sp., because they were Gram positive,
spore-forming and bacilli bacteria. Also, to eliminate pathogenic bacteria, Bacillus cereus,
the isolated were determined by negative lecithinase production strain on Egg Yolk agar and
alpha-hemolytic bacteria. Optimization of asparaginase producing condition illustrated that
the TNLS5.1 produced the highest asparaginase (10.09 Units) in Potato broth in 18 hours. In
the study of partial enzyme purification by gel filtration chromatography presented 20 fold
times purity higher than crude enzyme and 19 % yield recovery. Stability test of the enzyme
for industrial application explored by Freeze dry storage test that showed the enzyme had no
activity in powder. (abstract only)

F_F0049: FINDING DIFFERENTIALLY EXPRESSED GENES WITH DATA
MINING TOOLS IN MICROARRAY DATA OF LPS-STIMULATED
MACROPHAGE RAW264.7

Wanchalerm Ginou, Kittisak Wichanprecha, Pitak Sootanan*

Department of Biochemistry, Faculty of Science, Burapha University, Chonburi 20131,
Thailand

*e-mail: pitak@buu.ac.th

Abstract: Macrophage RAW264.7 is cell line that commonly used to study the
inflammatory response and the effect of extracts on the inhibition of inflammation. There are
several microarray experiments in public database studied on the response of RAW264.7,
especially the response involved LPS stimulation. In this study, microarray expression data
from public database were retrieved. Only samples that represent control macrophage
RAW264.7 and LPS-stimulated cells were selected. Data mining tools were used for finding
differentially expressed genes involved with LPS response in macrophage RAW264.7.
Biological meanings of these genes were interpreted with web-based tools and literature
reviews. These results showed several sets of differentially expressed genes, selected from
different microarray datasets, which associated with signaling pathways and the secretion of
inflammatory mediators. Thus, a variety of microarray dataset on public databases can be
useful as preliminary data for gene selection in order to determine the response of
RAW264.7 stimulated with LPS or other interested studies. (abstract only)

F_F0051: EFFECT OF CYP2CI19 AND PONI POLYMORPHISMS ON
CLOPIDOGREL RESPONSE IN CORONARY ARTERY DISEASE PATIENTS
Ruttakarn Kamkaew,‘ * Atip Likidlilid,] Bhoom Suktitipat,‘ Damras Tresukosol®
'Department of Biochemistry, Faculty of Medicine Siriraj Hospital, Mahidol University,
Bangkok 10700, Thailand

“Department of Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University,
Bangkok 10700, Thailand

*e-mail: rkmahidol@yahoo.com
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