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of miRNA-recognized targets. By targeting multiple transcripts and affecting expression
of numerous proteins at one time, miRNAs regulate a wide range of cellular functions,
such as development, differentiation, proliferation, apoptosis and metabolism. There-
fore, we have the question whether a set of miRNA target genes regulated by an indivi-
dual miRNA generally constitute the biological network of functionally-associated
molecules or simply reflect a random set of functionally-independent genes. If the for-
mer is the case, what kind of biological networks does the human microRNAome most
actively regulates?

To address these questions, first we identified the set of credible target genes for all
individual human miRNAs by using the Diana-microT 3.0 program. Then, we investi-
gated miRNA target networks by applying them to KeyMolnet, a bioinformatics tool
for analyzing molecular interactions on the comprehensive knowledgebase. Diana-
microT 3.0 identified highly reliable targets from 273 miRNAs out of 1,223 all human
miRNAs. Previous studies showed that the list of predicted targets for each miRNA
varies among different miRNA target prediction programs armed with distinct algo-
rithms, such as TargetScan 5.1 http://www.targetscan.org, PicTar (pictar.mdc-berlin.
de), miRanda http://www.microrna.org and Diana-microT 3.0 [25]. Therefore, miRNA
target networks are to some extent flexible, depending on the target prediction pro-
gram employed. Among the programs described above, we have chosen Diana-microT
3.0 because of the highest ratio of correctly predicted targets over other prediction
tools and the simplicity‘of setting a cut-off point for detection of reliable miRNA-tar-
get interactions based on the miTG score [11].

Here we found that highly reliable targets of substantial numbers of human miRNAs
actually constructed biologically meaningful molecular networks. These observations
strongly supported the theoretical view that miRNA target genes regulated by an indi-
vidual miRNA in the whole human microRNAome generally constitute the biological
network of functionally-associated molecules. A recent study showed that interacting
proteins in the human PPI network tend to share restricted miRNA target-site types
than random pairs, being consistent with our observations [26].

We also found that there exists a coordinated regulation of gene expression at the
transcriptional level by transcription factors and at the posttranscriptional level by
miRNAs in miRNA target networks. Recently, Cui et al. investigated the relationship
between miRNA and transcription factors in gene regulation [27]. Importantly, they
found that the genes with more transcription factor-binding sites have a higher prob-
ability of being targeted by miRNAs and have more miRNA-binding sites.

A recent study by miRNA expression profiling of thousands of human tissue samples
revealed that diverse miRNAs constitute a complex network composed of coordinately
regulated miRNA subnetworks in both normal and cancer tigsues, and they are often
disorganized in solid tumors and leukemias [28]. During carcinogenesis, various miR-
NAs play a central role, acting as either oncogenes named oncomir or tumor suppres-
sors termed anti-oncomir, by targeting key molecules involved in apoptosis, cell cycle,
cell adhesion and migration, chromosome stability, and DNA repair [5]. Many miRNA
gene loci are clustered in cancer-associated genomic regions [29]. Furthermore,
miRNA expression signatures well discriminate different types of cancers with distinct
clinical prognoses [30]. In the present study, KeyMolnet analysis of miRNA target net-
works showed that the most relevant pathological event is ‘cancer’, when top three
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pathological events were overall cumulated. Furthermore, the highly relevant diseases
include ‘adult T cell lymphoma/leukemia’, ‘chronic myelogenous leukemia’, and ‘hepa-
tocellular carcinoma’. These observations suggest that the human microRNAome plays
a more specialized role in regulation of oncogenesis. Therefore, the miRNA-based ther-
apy directed to targeting multiple cancer-associated pathways simultaneously might
serve as the most effective approach to suppressing the oncogenic potential of a wide
range of cancers.

Conclusion ,

The reliable targets predicted by Diana microT 3.0 derived from approximately 20% of
all human miRNAs constructed biologically meaningful molecular networks by Key-
Molnet. These observations support the view that miRNA target genes regulated by an
individual miRNA in the whole human microRNAome generally constitute the biologi-
cal network of functionally-associated molecules. In the human miRNA target net-
works, the most relevant pathway is transcriptional regulation by transcription factors
RB/E2F, the disease is adult T cell lymphoma/leukemia, and the pathological event is
cancer. In miRNA target networks, there exists a coordinated regulation of gene
expression at the transcriptional level by transcription factors and at the posttranscrip-
tional level by miRNAs.

Additional material

Additional file 1: KeyMolnet identifies microRNA target networks in 232 human miRNAs. The prediction of
target genes of individual miRNA was performed by Diana-microT 3.0. Entrez Gene IDs of miRNA target genes
were uploaded onto KeyMolnet. The generated network was compared side by side with human canonical
networks composed of 430 pathways, 885 diseases, and 208 pathological events of the KeyMolnet library. Top-
three pathways, diseases, and pathological events with the statistically significant contribution to the extracted
network are shown.
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STy, AEENATERELRY . LTICEES OR
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RUTIMELTHY, EHMICT v 75— F SR Tw5,
KeyMolnet i HAFEANICOMIBLTEY, HroEBO
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BOFHRy NI—0 BB LY. ZOHE £ADB LY
BEHAD OBEREFHIMNT 20 F Ay b7 =21,
#H L b EEREF CREB (cAMP-response element-binding
protein) I & 2 RBMM L HHCWEL T2 2 Edtbhho
7z. CREBI, MERFRHANVEVORMPTII3LOLY ~
WAk (Serl33) 237 uy 4 v ¥ F—¥APKA) KLYy~
MILS N THEMEMLL, BWEETFTYOE— % —DCRE
(cAMP response element) K& L, ERBEET OE
By s. #5513, AD#HEMER O pCREB
PRI & B0 EAMM Y02 5pCREBA Bk 22 fa &5
(granulovaculoar degeneration ; GVD) IZER LT WA I &
ZRWZEL GVDIZA— b7 7TV -2 8 LTHW TN
LMD D Y, EELOMEE, ADEBIEF -7 7
VR EB S AREHHROREERBEL TS,

7z, KeyMolnet 121, ¥B SN XXM S EFKICLY
PWRSNZ-Q2WHOADKRB A 7 4 = — b GF 0L S
NTwh. KeyMolnet® LT 1/8A HERFET, 2
NLRFTPERTAAY VI—Z 2T LAZEZ S,
FUCREBICX 2HBIMAM & OMEEAR D 5 RIS
N7z (p=2225E-308) (2). LLEo#Rik, CREBA
ADJWREARA Y b7 =2 ONTELTHLLIEEZRLTY
%. KeyMolnets 4 75 Y — OCREBIZ X 5 BB FALH
canonical pathwayid, 1624-F (CREBE L WA 27 5F
EWITI1345F) THRINRTWS (F3). 209 56549F
(H3@®) &, BIETRECHBERESIFEL T EEDER
BFTHA. cAMP/PKA/CREB ¥ 7 F IV RIEMAL & B
TAHKRAT+ VILAT T —Y4(PDE4) PIfIEETH AT ) S
7 & (Rolipram) % ADBMEFIVAPP/PSI F S v AV =
Sy IR UREEST e, RABREETSELLY.

.......................................................................................

[]ﬁ?*whvuﬁﬁﬁﬁEEKMsw
BRI S F

20084EIC Han &3, 61O MS BkER 2 H T, HEZWN
AT—TVEMRALIEBHEELS L —F—<f 708y
Ya Y CRIL7zY v I V%, SDS-PAGE TH#RIC, ¥
YRTEEHBL, M) TV VEARTF FiTR 2 BB
THINCIAT L7210 . WEENR 7 — VI LT, £5E
PR & RIE A R L T 5 BMEREEE (active plaque ;
AP), RIEAWERERE LA ICBR L Ty 1B M5 B DR 3
(chronic active plaque ; CAP), REFTRICZLL 7V 7THE
W EME T 28 MIEFEE M REE (chronic plaque ; CP)

6
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WKL, MBI 2HORERO T 07 4 — 2 ST L7z,
BERCTIMBENT, 2ORATF—VHBRENRY V5
HEEW L, AP 158 CAP 416, CP 236 E» 7 a &
A—LF—FEABLAY. HOSIXCAPIKB VTSR
DMBEERERSY Y7 BORRERD. TOFRICE
DSWT, UBREETHL PO VBER Hirudin B &
CEHELTeF A Y CEHAWT, MSBIWEFALTH 5
< 7 A B CRE S #E B % (experimental autoimmune
encephalomyelitis ; EAE) ZiE# L7z, £H & OPiEREZE
b, PURSFRIYY > /S BROMH & 1L-17, TNF- o B4 & i
L7z, BEO#RIY, MEEER S v 7 B2HHEMS A
BRI F LB I LIRBEN. LA LEDNSREH%
HOBEERUNAD S 87 HICH L T, MSHAF R
KBITA2ERIHO»L SN o7,

#FELWE, Hn b 7o 54— 45— %% KEGG, PAN
THER, IPA, KeyMolnetiCAJIL, 25— VRN a7
-2 BDEHBLTWAGTF Ry hTY—22FAELE
W ABEORR DY - VB BHMEOST Ry b U=
TR L7228, 3B L TCAP, CP7uy — AIBIT A4
S8 (extracellular matrix ; ECM) -4 Y57V v ¥ 7+
VZZEROFLIBREEZRELZY . 4 V770 v idER
Da, pH72=y M rOHERINE24BEONT T 5 A
T—FT, ECMY A Y FELTHL. gl14 V57 Yy
T77IV—Rags—Sry, 7470k sF Y, SIS EE
EL, ay A YT YT IV—BE N Ok F LS
§5. ECM-A Y7 7)) VRIS, ek, 510, We
WCHHRY TPV EREST S, MSIEMREICBWTIL, B
WRUMROHAENELLZLY, ZOEHRELT, VI THE
RICEINTWLIECMPBABERTF L LT Wi
R, FH b 0T =TI o0 ) TEEET A V8
VEGBEEVECMICEAS L TEMICRESR, 20
R, BERESEELL T LTSNS 2D . Bk
KBWTMSERAMOZDIZ, adpl4 v F 7y >
(VLA4) T § 5 MEEe/) 7 a—F ViitkF & ) X< 7
(Natalizumab) R TCHWORTWA, LI LEDD,
F 5 ) X T3 R EIT S B FUEE (progressive
multifocal leukoencephalo pathy ; PML) % &84 5 gk
HHDHY, RELEOHBENLETHS. ECM-4 V57
Y v 7P VEEFR Tk, FAK (focal adhesion kinase) %%
NTELTHL KBS TFILAWTAE2261, ECMIZX 5
FAKOHT ) Y BALZ BIRIICHHIL, in vivo BT VRT
BREOHRSIC X Y BRI oM & A& % I+ 51,

#WEET% Vol.30 No.10 2011
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L7228 TMSIKBWT, TAE226 3 FAK B 5F & ¥
BB RIS OB L R AW H 5.

% 7z, KeyMolnet [2i3, HE I N2 SEMRICLD
WESNZIBEHROMSERA 74 L— MrFasIEEs
Twb. KeyMolnet® ETFH1/SABAMEET, Thbd
NFFIEETEH Y VI —2 kBT LIzL 5, BER
FTHAHE ¥ I DEE (vitamin D receptor ; VDR)
CE DR & QWA RS B RRE NI (p=
5.793E-237) (4). Ml EO#HERIE, VDRYEMSHES v
FI—2DONTELTELIEERLTWA., HEBREFE
VRSB TIIMS OBIEREDS T &V ) EFENATA X
D, €3I YDIIMSEEIFIRFLLTHCLEEILNT
Wa™ VDRIEREY I vDA25-Ye Fufxi v
yIUvD)LERTRL, VF A FXZEME (retinoid X
receptor ; RXR) &EAFusy 4 <v—%Hl LT, EHRET
7t E—4%—a VDRE (vitamin D response element) 1255
&L, BHRETFOREZHEAL, RERGERRZ SR
THABMERETETS. L LeMoBiEE T MSIZBVT,
Y5 3 Y DOEMENHERENERERIIRLZ5 20w,

BHOIC

BKEAI vy 7 AT =5 WS T25FT4y b7 —2%F
B & CIRIT9 A 7201213, BE S EBEHRICE D T

V= VEEILENRDE, LEALEBSBITY —idwnwt 2
REZEIOHEHSTHY, BRETE, LOV—IDH R
TIARNYT b, BRI, MRSRNREH, RN
BAEAL, BRI LTS TE TR, A
RERGER VAT AELTRR DB VAT AINAF Y-
ADbT 5L, MEEETEST Ry bY— 2 %I ET
THIEILY, MO THRENZIRFICEMST O AR
BT esBRCEET A ENTELLEDNS,

BE ABTRNAUCHREG, BIBH - BRERMR Y I —HEMR
s BB LA B R, BARMKBI (A A VT FNT A DARERE
ShFBVBEDHBWMERTESN, XERFZEEMHIZR (C22500322) &
AT ARZHRNARERE NI BSEWABERAZE/N\A(TIUT—F
& —HFEZE (S0801043) B LU BREH B ZHAMRBTRIARER
(H21-%55 - —#R-201 | H22- 858 - —i% -136) DMWBIZER(ITC.

e h
H BPAERAREPE ERBIERER AT AV T3k T4 OX B
@ E-mail . satoj@my-pharm.ac.jp

H Bk | Bh SRR

1988 FERRERERAZAFREZMREHGLEIRET. BEFEL. B
AHRFREME BEOMRT < | R RSREEEECTHOB

SOV,
- J

1) Kitano H: Nat Rev Drug Discov (2007) 6:202-210

2) Satoh J: Clin Exp Neuroimmunol (2010) 1: 127-140

3) Huang da W, et al: Nat Protoc (2009) 4: 44-57

4) Kanehisa M, et al: Nucleic Acids Res (2010) 38: D355-D360
5) MiH, et al: Nucleic Acids Res (2010) 38: D204-D210

6) Szklarczyk D, et al: Nucleic Acids Res (2011) 39: D561-D568
7) Blalock EM, et al: Proc Natl Acad Sci USA (2004) 101:2173-2178

8) Satoh J, et al: Dis Markers (2009) 27: 239-252
9) Gong B, et al: J Clin Invest (2004) 114: 1624-1634
10) Han MH, et al: Nature (2008) 451: 1076-1081
11) Satoh JI, et al: Mult Scler (2009) 15:531-541
12) van Horssen J, et al: J Neurochem (2007) 103: 1293-1301
13) Liu TJ, et al: Mol Cancer Ther (2007) 6: 1357-1367
14) Ascherio A, et al: Lancet Neurol (2010) 9:599-612

for beginners

(RATOP VA F—FHEETT0 S T—IU) B - BB R, Fi 2008) (R4 007 LA F— T BT APE)
- [BIZE - SV IOERRDIHDTOTF =0 X8R /I\HES - RENE &, F11t (2010) (TOFA—LEBFTAFIE)

MT% Vol.30 No.10 2011
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BFEZYNT=0h 5 &K
ZRMEFEOBIEIEWw S T

fepEE—

PR AR R AETE B DR B T 5 2 B AL (multiple sclerosis : MS) T, BRER
HE Thi7 {153 Th1 4859 4t B BIFY (blood-brain barrier : BBB) AL T MR BRI
BEL, w077 Y0300 07 5EHKLT, e MEEEL+ERTS. HE
MS DRETH, 1 &=7 10 (FN)-5 & EDRBRENENIRE E RT3 P EEAH
EC, HAOBRYSFEHT IEMBLMEIFLEEATING, EE, LY/ LOM
BHOETL, f@é@%ﬂﬁ@(:#ﬂ‘}‘6iﬁfi?’@ﬁ@%@%iﬁ’{%?ﬁ%mﬁﬁ@i:%ﬁﬁﬂﬁ‘é&Fi‘fZ b
T LBRABEL, MEMEORNIS S LBEEANENSEL LT LA B MEXK
MBLEAF2Y M7 THBUREShAEERTHY, £< DEF/HF Y X5 LEHO
BB THIONR PR IOMRICEEYT 5. wE, bhbh{IA®n MS F— 453
TALLTARTA VAORF 2y b7~ G WIFY — b TEBIF L, BEENSF 2 EE
Lk, SBUETF/LIAFODF 2y N7~ T, MS ORFERE - AREER0

OEERGWMAFRELBLEDNS,

L IEVERILAE (multiple sclerosis : MS) (3, g
HHER PR S B s % 58 L. S X3 4

TR & < DK L CHEAT S 2 B T .

MS Tk, SEIRIYBP & BEEE DL OB 70 M 10
U ARSI U A3l AL B RO Th7 gk
> Thl MEAY, MU (blood-hrain barrier :
BBB) Zaliath L CER A BB ML, v o0
Tr=YRIZay) T ERGCL T, M

ATOM Jun=ichi/WITHIEE A
AFA LT AT 4y A

AR & SE vol 19 no. 6 2011

N1 (tumor necrosis factor : TNF)-q., —[is{k 43
3 (nitric oxide 1 NO) 72 & 0> Jediz 5 ih [ - (proin-
fammatory mediators) @2 % 35 L, Bifi%
BT 5 22 SN TW A, [N B0 4
ERRD LS, ALY B Bl % & 7
U CORLT I B R 000§ B . Bpe Cix ok
BUENZ A 5 1 4 F79v 2 (intravenous methyl-

prednisolone pulse 1 IVMP) % 35 2 2o v, S5

125 —720(IFN)-B OMEEI08 S % 45 =
Y B UDRS —E  dhE E L ORI S T

WVOH, IEN-B 7 v L AR Y ¥~ %, MS 1
AR PIS A58 38 700 & T 5% B i 260 (relapsing-remitting
MS : RRMS), 2 Wik 57
sive MS @ SPMS). 1 YGEFTH (primary-progres-
sive MS : PPMS) I S A1, #illioemyizid T 4
B, Sudkibss, A0 o7y Fud 4 7 p—
CADPRIZ LN AR HENTE Y, ok

M (secondary-progres-

3(543)
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3 RIGE DL~ (heterogeneity) D3Rk
O—H{ER>TVDE, BHEE T, M EE oM
et 3T e < BB 45 TR A WY
LRIBEPER STV A,

200342 M LAORESET L, e ol
NAZ 334F 2 e MUR L VR O 83 2 AR L
Frrfga R A Mo 20U L. ISR
it AN E NS L 07 P LA 8
MEROSEHUBI A A Lo 4 3 v 2 AR & b,
AARPEEHER OB WA A~ — 7 — R
i SO R- S -S1 o AR S AW AN ] rL"ﬁil‘? 5
3y ZAOSEHTEORET B, SIS AL
R HLBE-FMREE Y, T A4 FEH
(personalized medicine) OB L IZHEA B ALz
3 AT LA (systems biology) O BLIA & 1.
MBS Ay b7 — 2 TR RS B
NEBHRTH Y, EL O AT LEH O
FisHETd A 123 A b & X (robustness) O i
CREET A EZELLNTWA, Lid - Tilio
R O iz, 3w o AWPRICEAS L7
B IBTAL BOGT Iy T — 7 S TR 2
RFE L5

B bhbhiRkonF—s & 4% 4 >
TARTATAD ff}~-~j~- Ay T =7 Y — LT

AT L, MS OMSEEN S F R RET 5 &8
TELEY DT bhbhoiifkt i, MS
OIETEM R R R T & L4
NVASE S ¥ MSIRNE % A

BF 2V b7— 7 OBEFHE

AN TIEEM LAy VT — I B
BYATLERMEL TS, Lizdto TR O
TEMEWI O 70 i, M« OB F1VE O BERBIRAT o A
63, WUNEIRELTOEHT Ay T~
A2y PT— 7 OWEERETH L3527 x4 Ol

SENTEE L B D, - #0Y R
(protein—protein interaction : PPI) {21, HifliZ
HENHANROR R LT, WAL, SRR,
4(544) P & s

R, MEEBUS, HAWEN A EE AR
PSS 5, BMEROT I v 2 AF -5
WL TR A oy M7 — 7 RRTd 572012
LR S NI BV SN O
Wy —WEalLEXS L Tabb, WAEX

s S 2 F & T WHEEH 2 M L
BEEO@EVIRE L Ca 7Ty e LT M
& L7257 — ¥ X — 2 (knowledgebase) 2 T
LT, MHMoEndy b= R08Z 07 2 4 108
LWL EZ R L T0AENIonT, ¥
M FEER TR HETH LY. Web LT

7 —ZHH T & B A4 knowledgebase 12
&, Kyoto Encyclopedia of Genes and Genomes
(KEGG) (www. kegg.jp), the Protein Analysis
Through

THER) classification system (www. pantherdb.

Evolutionary Relationships (PAN-

org). Search Tool for the Retrieval of Interact-
ing Genes/Proteins (STRING) (string.embl.de) %
ENH L. & IKEGG & PANTHER &,
L—¥ =k JIENLHEMEI L - TS /ol
SR AL o) '1*1115:55% LTwh, 2011 44
e, KEGG PATHWAY 2 1d 392 reference

pathways 70 SHUE 3415 134.607 7827 = 4 5

SN Tw5D, FMEMEOE T — 8 R—
A & LT, DAVID Bioinformatics Resources(da-

vidabeenciferf.gov) &, SEERYIAT CRIE L7218

KdHE Ty NOT I 5—Ya KL TB

T oI EE sy -V TH A, Funce-
tional f’\nuotation v—NIHBOEEFEY M7

E AR %
% KEGG pathway 2 HE TS
ITHER €3 [ reference set £ Ok
Bz kY, FOMEORENAEEETSERET
FHMIET& A, STRING & KEGG, HPRD. BIND,
IntAct 7 X OMHEM PPLFHR L HA L TSR L
THY, PubMed 77 A+ 52 MG E Y
LB (natural language processing) 12 & % 7 F A
M Ay e LT, SFRMEEHIET 5

BB o7,
PR
A, PAY

119 no.6 2011
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W R M U LT B,

EQAY e N S RS 2 N AVAT S N | RV S
Ay — & LT, Ingenuity Pathways Anal-
vsis (IPA) (Ingenuity Systems, Redwood City,
CA) (www.ingenuity.com) % KeyMolnet (Insti-
tute of Medicinal Molecular Design, Tokyo)
(www.immdcojp) % EWH 5. TR HIFHLES
V72 SR B ZEAYREE L CL 4T BT R
B 2 EFMEOBOIFRERLE LTS Y, Eln
T v 77— PENRTWw5h, KeyMolnet (2 H 4
AN HIELTBY. 9%y b—r Ol
e LT, A - SEEIE - B A HOREE E ALY
W B B (neighboring search), 583
(NG R A pP Y AR O o BNV B B B e
A& RN A
b= 7 R B D AR M (N-points to N-
points search), B DM RN E LT, KL
DI E FOLRANDIGTF 2w b7 — 2 2R~ BH

TR HER (interrelation search) 2@ T X 5.

{common upstream search), I

2. MS MR 7074 — LERD S &7
BIRBSF

2008 FE L Han & (3 6 Blod MS BfUs i & v,

PSRRI R 7 — PR il RE L AR HE A S laser
microdissection THRWL 72~ 7 % SDS-
PAGE Torlifels, Sprmaiiie, ru 7o
AL~ F WA % B 2000 TS 09 42 b7 L
7P RRELEEIN A T — S, REEMEMN Y & i

Iifi % G & 9 5 SR BB (active plaque @ AP),

JEHE DS BEBIRL AT A BB LT BB RE BB
fili 5% (chronic active plagque 1 CAP)., ZJERFELIC
ZULLST R buas ) 7 ORI E Bl e T 518
PRI EEEPEBLEE HE (chronic plaque @ CP) 2408 L
7o NS 2 BIOERING 70 F 5 — 4 G I L
2. FOHYE, AP 25 1082 CAP » & 1728,

CP % 1514, AR 4324 FEM o0 B P P % FsE L7

SHIZINTERSECT 707 9 A& v,
BTV S D B A T — DR R 72 B 1

FERE LTI vol 19 no. 6 2011

FEHe T /WA S0 O T L B

.

THUMI L, AP 158, CAP 416, CP 236 filin o
RAETUTA LT ELBLEY. EHE
PROTEOME-3D ZJH\WC7 / F—3 3 v 2 fight
L. CAP BT R & 11 SERPINAS
(protein C inhibitor), F3(tissue factor), FNI,
THBSI, VTN @320/ ZoRiicd &
DT, BUBEEISETd B thrombin inhibitor hiru-
din 3 & U activated protein C & VT, MS @)
WEFLTHEH< Y A HCRIEERNEB% (ex-
perimental autoimmune encephalomyelitis
EAR) 2@ L7z, B O OBENIES, Fokiy
YY) v RER OB & TL-17, TNF-a 4 % 5
W7z Dl odf e &0, st iR 5 2 ASH
BLMS BIEEREG 20T & 22 B 2 EAURB S Nz
L Land s RE B & Yo B2 DS o 8 18
KL TR MS BT B 5 358120 5
BN e 7

Litbid, Han 50O F =¥ D705 4 — 4is
P44 5 UniProt ID %, Entrez Gene ID 8 X UF
KEGGID 224 L€, KEGG. PANTHER. IPA.
KeyMolnet iICAN L, & AF— V87 a5
A= L EBRGBLTHBF 4y b7 —2
ThE L2 KEGG Tld, CAP 7us4—2ak
focal adhesion (hsa04510) (p=5.21E-05) (& 1)
£ U extracellular matrix (ECM) -receptor inter-
action (hsa04512) (p=1.25E-04) & o ik % 2
Wiz, PANTHER Tld, CAP Ju54 — 2 &

inflammation mediated by chemokine and cyto-

4}

1

kine signaling pathway (p=2.63E-03), integrin
signaling pathway (p=3.55E-03), CP 71 5 # —
4 & integrin signaling pathway (p =4.33E-02) &
DB EED /. ThbH KEGG & PAN-
THER Off8TH 65, MS BB 5 BECM-
integrin ¥ 7" F WAZE R O LG R ARG X 4L
72. KEGG & PANTHER |2 & A5 Cld, AP
TETA =L LRI 28R Y o 4 12
SN

—JFIPA Tld, AP 70534 — Al cellular as-

5(545)

— 169 —



FCCAL ADHESION

l'——-» Celsurvray

r oz |

oA

B 1. KEGGIC &% MS BEE CAP 7074 —~LDSF Ry b7~ TR

KEGG 12 X A W47 ¢k, MS WU CAP w11 7 4 — & ({4) & focal adhesion (hsa04510 @ COLIAL
IAL. MYLK, SHC3. PPPICA,
B ECM & LT
hip b,

COLBA2Z, COL6A2, COLGA3, FNI, L{
SPPL. SRC, THBSI. VTN : BECM Bk
{FAK) A%,

B
Fw b T=rONTHIID LR DI LA

and organization, cancer, and cellular
CAP 774 —4uid

dermatological diseases and conditions, connec-

sembly
movement (p=1.00E-49),

tive tissue disorders, and inflammatory disease (p
=1.00E-47).
port, and small molecule hiochemistry (p=1.00E~
47), CP T+ — Al cell cycle, cell morpholo-
gy, and cell-to—cell signaling and interaction (p =
1.008-50) & o i & o, CAP o7
# — & dermatological diseases and conditions,

lipid metabolism, molecular trans-

connective tissue disorders, and inflammatory
disease v M7 —2Z k. BGN, CHI3LIL,

6(546) YOI & g

CNNZ,
COL1AlL COL1A2. COL6A2, COL6A3, CXCLIL
ENTPDL ERK, FBLN2, FERMTZ, FN1, GBPL
HSPG2. Ifn gamma, INPPSD, Integrin, LAMAIL,
LUM, Mlc. MYL7?7, MYLG6B, NES. P4HAL. Pak,

COLLAZ,

PARVA, PRKCEL
~§if) & O WGEYAURIE SR

MYL7, RACS,
Focal adhesion kinase

PARVA, POSTN. PRELP, SERPINAS5, SER-
PINHI, Tgfbeta. TGFBR3, THBSI, VIN #*&
ks htTsh, ECM-integrin ¥ 7 F IV {&E%
DL ERELTVAS, B2 KeyMolnet %

VT, MS B 75 R L, AT — VRIS
UFF—LOGHF o LT, RS
TR E b Ay PT— 2T L7z, AP
W F F — 413 IL-4 signaling pathway (p=1.79E-
13), CAP 717+ — A& PISK signaling path-
way (p=7.25E-18)., CP 7V o7 # — AL IL-4
signaling pathway (p=1.04E-16) & b
LT/, T2 CAP & CP i integrin signal-
ing pathway (p=2.13E-12 B X U p=2.57E-12)
& DB S D T

Bilokyie, 4o R% % 7 — v KEGG,
PANTHER, IPA. KeyMolnet 1, 3£ &

CE B ﬂl

vol. 19 no. 6 2011
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HosrFay b7—2 2 Lza, Jail

CAP. CP 7’2 ¥ — Al BIF % ECM-integrin &
T F MRER DL R A RE L7227, Integ-
rin 3B D o, B 72y oo s NS
AHTHONTOTAL < —=5FT, ECM DY # >
F& LTk <, Blintegrin 7 7 3 Y —1d col-
laminin &#4 L, av integ-
ECM-
integrin #1EAEH % /9 % outside-in, inside-out
T UF v MR OB RERI & 3 B A
A, R Sl BEHIZE o THETH D, MS
B 70 7 — 4 TR L 72 fibronectin % vi-
F & LTHESE L 72 BBB %3 LT

lagen, fibronectin,

rin 7 7 3 — & vitronectin £ #5615,

tronectin 3,

s L L7z s iS4 3. ECM,
integrin 235 L TV B 18RI NS 3B v Tk

PCHEDOHESEHELLZ L, 20l LT
U THEICE TN TWA ECM 25 [ B kit
=2 il 2%
Wik~ a7y =Y 3y as) 7oL 2
.fxl |’£ﬁﬂ JRBESEDT ECMAZAE & LTI &
. BRSO I BEASBIEAL L T A TTREE A B T S

NTWaY, /2 ECM-integrin ¥ 7 F V55
i, ) YNEROR — 3 2 SR MAESLEL, T A b

Ry TRIsas )7 @;Vﬂ ﬁU‘TVF
O 7 7 ET SR o oAb % Jhidt & il

RGBT B,

WAERKKIZBWT, MS fﬁéﬁ“ﬂ o=z,
4Bl integrin (VLADWINT A MEE/ 7 0
VHLK Natalizumab 2B CH W BTV 2
L»LZ&A%5, Natalizumab (3EF7F 2 Bk 15 5
I 9 (progressive multifocal leukoencephalop-
athy : PML) 2 8T 2N H Y, L h%ie
BIDORFESLETH D, 5TFy b T—rhd
IR T 2 BT DY HIZE, BRO ST
BY L= v LTwA 7 (hub) & i

NAPLGTFERET LI EREETHL, T
DG F 7L, Ay b7 —2 oo

2 bR RO R SR R34, BCM-in-

JefiE &t

ROMAENERT &L Tid e e,

vol. 19 no. 6 2011

AR T/ H0ESIE O H T

tegrin ¥ 7 VAREFRE, SR ST Lo )
HEEDOBW /S A 2 4 T Y, focal adhesion
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& 1. Thi7 #1553 LBAE 57 Wi F

Entrez Gene ID Gene Symbot Gene Name Ratio
70337 ivd iodotyrosine deiodinase 11.06
16171 ILI7A interleukin 17A 4.30
76142 opplride protein phosphatase 1, regulatory (inhibitor) subunit 14c 4.25
193740 Hspaia heat shock protein 1A 3.47
50929 interleukin 22 3.39
15511 heat shock protein 1B 3.38
56312 nuclear protein | 3.23
14538 GCNT2 glucosaminyl (N-acetyl) ransferase 2, I~branching enzyme 2.79
74103 Nebl nebulette 2.76
75573 2310007L.24Rik RIKEN cDNA 2310007124 gene 2.55
68549 SGOL2 shugoshin-like 2(S. pombe) 2.5
237436 GAS2L3 growth arrest-specific 2 like 3 2.47
76131 depdcia DEP domain containing 1a 2.4
100043766 Gm14057 predicted gene 14057 2.37
14235 FOXMI forkhead box M1 2.37
230098 E130306D 9Rik RIKEN cDNA E130306D19 gene 2.30
171284 Timd?2 T-cell immunoglobulin and mucin domain containing 2 2.29
12235 BUBI budding uninhibited by benzimidazoles 1 homolog(S. cerevisiae) 2.26
51944 D2Ertd750e DNA segment, Chr 2, ERATO Dai 750, expressed 2. 24
17863 myb myeloblastosis oncogene 2.24
229841 CENPE centromere protein £ 2,22
270906 PRR11 proline rich 11 2,19
12316 ASPM asp (abnormal spindle) -like, microcephaly associated (Drosophila) 2.18
108000 CENPF centromere protein F 2.18
17345 MKIG7 antigen identified by monoclonal antibody Ki 67 2.16
14432 gapd3 growth associated protein 43 2.15
105988 ESPLI extra spindle poles-like 1.{S. cerevisiae) 2.15
15366 HMMR hyaluronan mediated motility receptor (RHAMM) 2,15
27053 asns asparagine synthetase 2.15
52276 CDCA8 cell division cycle associated 8 2,15
18005 NEK2 NIMA{never in mitosis gene a)-related expressed kinase 2 2.15
72080 201031 7E24Rik RIKEN cDNA 2010317E24 gene 2.15
74107 CEP55 centrosomal protein 55 2.13
29817 igfbp? insulin-like growth factor binding protein 7 2.13
71819 KIF23 kinesin family member 23 2.10
75317 4930547N16Rik RIKEN cDNA 4930547N16 gene 2.10
12704 CIT citron 2.10
72140 CCDC123 coiled-coil domain containing 123 2.08
234258 Neil3 nei like 3(E. coli) 2.08
12442 CCNB2 cyclin B2 2.07
72118 Tpx2 TPX2, microtubule-associated protein homolog (Xenopus laevis) 2.07
68743 Anin anillin, actin binding protein 2,06
20419 SHCBP1 She SH2-domain binding protein 1 2.05
208084 PIF1 PIFt §'~t0~3'DNA helicase homolog(S. cerevisiae) 2.04
17279 Melk maternal embryonic leucine zipper kinase 2.04
19348 kif20a Kinesin family member 20A 2.04
21335 TACC3 transforming, acidic coiled-coil comtaining protein 3 2.03
208628 KNTCH kinetochore associated 1 2.02
19659 Rbp1 retinol binding protein 1, cellular 2.02
72155 CENPN centromere protein N 2.02
257630 n7f interleukin 17F 2.02
215819 nhsl1 NHS-like 1 2.02
54141 SPAGS sperm associated antigen 5 2.01
12189 BRCA1 breast cancer 1 2.01
19362 RADS1AP1 RADSY associated protein 1 2.01
110033 Kif22 kinesin family member 22 2.00
69534 AVPH arginine vasopressin-induced | 2.00
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THB. GSE241 KL T, W UHIZWT-DMSO & KO-DMSO %l L, Thi7-inducing condition 1250 TRIZE T 2 {81 LS
BREALLTHTHRMEBBE S EETERMEL L. DEFCWT-DIG & WT-DMSO % BB L, $1E 7 0.5 &0 T RBEET L

7 DIG SEM N 2RETFERE L (TH).
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