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BOFARy MU BERNLEY. FOKE, #ADB I
BEHAD 0 BEERTFHIMET 20F 3y b7 =2, W
# L SIEEHT CREB (cAMP-response element-binding
protein) 12 & 2 EHAM L FHICHIBEL T B 2 L2 bdo
72. CREB, BERTRHRLE Y ORETII3MOE] ~
Btk (Ser133) 7y 4 »FF—FAPKA)ILLDHY »
LS CTERLEL EMEEFTOE— Y —DCRE
(cAMP response element) IK#& L, BHEETOR
BEEEMET 5. S50, ADWEBME oK pCREB
PUARIC & 5 S0 I AL e 1 2 & pCREB % U 28 o 25 i
(granulovaculoar degeneration ; GVD) IR L Twa T &
zRWELE GVDEA— 77TV -2 LTHNTW
LU RN D D, EELOMIIL, ADIKBT 24— 77
T2k By vy FRBHHROREERRL THA.

F 72, KeyMolnet2id, #3230k 5 HMRICE D
W SN RFEHEOADELRA 7 4 2 — P FHFREFS
NTw5b, KeyMolnet® LT 1S A BBIRBET, &
NORGFHIHRTEAY DT =0 2@ L5,
FO'CREBIC X 5 HHM & OSSR M RIS
7z (p=2225B-308) (2). M Lok, CREBA®
ADWEEXA Yy T —2DONTELTHL I EEZRLTY
5. KeyMolnets 4 79 1) — ® CREBIZ X % % 313 Hi
canonical pathway &, 1624F (CREBB X A7 4F
EHNI1345F) THR SN TWA (M3). 209 H654HF
(F3) 13, BETHELHIEIFEL T 2 EOEY
5FTdH 5. cAMP/PKA/CREB ¥ 7+ VATEMLZ /R HE
THRRAT7 % VIAF 5 —¥4(PDE4) ¥ TH By 7
5 A (Rolipram) # ADE¥ €7V APP/PSL } 5 ¥ AV =
Sy Y AREST AL, ARk EYEE LY.

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

DFXY bO—UERHSRIEMS O
RIEFSDF

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

20084E 12 Han & 1%, 6Hl> MS SRS % F W T, HBER
AF—VEHRLEBBRPO V- - 705 LY
Va VTR LY v 7V E, SDS-PAGE THBERIC, ¥
VAZEEREL, P TV VBT iR 2 RS
TRIBACIAT L7210 WHEENA T - JWCHL T, &E
PRI & I % & 5 BB BN (active plaque ;
AP), S IBIEDERICERE L v A B MIS B RIS
(chronic active plaque ; CAP), #IEFTRICZ L 7Y T
FEEHE T 5 BUEIEEBELREE (chronic plaque : CP)

6

L7, R 2Blo@ERO 7T 7+ — 5T L.
BERMTIREINT, »OBATF—VBRNE Y V3
A& L, AP 158, CAP 416, CP 236 o 7o 7
A—AF— 5 EAMLAY. 5 CAPICB W TS
OMBEHERS X7 HoOFERERD. CoOFRICE
ST, BERETHS o v Y U EEA Hirudin B X
UCEEETe T4 Y CERWT, MSEH®MEFVTH S
< v A H O 5 M F B (experimental autoimmune

b, PR VX IROMTH & 1L-17, TNF- a B4 %
Lz, PLEoiREY), MBEERERSY > 237 ArHHMS 8l
YD FE LA EIREBIRL, L LEESREHE
LD EERIND F 28y BB LTI, MSBiOFRRE
BT ABHBRHLO IR

% 5, Han b D774 — 45— #KEGG, PAN
THER, IPA, KeyMolnetiCAH L, A7 —VBEH 77
F—AEBELILEMLTWAGT Ay b —7 2RAELL
W ABEORL B Y VA BB OSTFR Y FT -7
L2, B L TCAP, CP7 U7 —AllBIT 5HilE
MR (extracellular matrix ; ECM) -4 ¥ 7270 ¥ 7+
WRERO RO ERSMERE L2 A v 77 B
Da, fH 72y b ROSBREINL24FEONTIF A
T—HFT, ECMUA Y FELTHBL gl1A4v77Y >
T7rIV-RFaAT—F Yy, TATUARIF Y, TIZVER
AL, ayA¥F7Y 773 WL PIATFVLEMHR
5. ECM-A ¥ 7 7V ¥ RIaMMn g, &k, a6 8
CHER YT TV EEET S MSEEFREICBW T,
RMROBENELLZ LY. Z0HEL LT, 7Y 7H#
RICEETNTWAECMA A MERF & L Taglk
o, s u 7y —VRI IS Y THRET S U
PESMBEIFECMICHEA LTRGBS, ZOH
B, BURSHEEASBIEAL L T A B D A 1P . BIIERCK
CBWTMSERENHOZDIZ, adfl4 770>
(VLAY o3 58 MEE/ 70 —F itk %) X7
(Natalizumab) R THw O TW S, LA L&,
F U X2 T IIEIRY e AT B B (progressive
multifocal leukoencephalo pathy : PML) # ## 4 5 fsfi
WRHY, HELEORMREILETHS. BECM-4 77
Yy Y IFVEER T, FAK (focal adhesion kinase) 4%
NTELTEHL. B9 FILEWTAE2261E, ECMIZX %

BRI & 0 ARG o g & A 2 Wl )
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M3 CREBIC&2HERESR .
KeyMolnet 5 1 75 U—0D CREBIC & D5 canonical pathwayl&, 1629F (CREBBEUANZ27 DFEHI1349F) THBRENTNS. 655F( Y&, BEEGRECHEERLNE

FELTWSEDBENDTTHS.
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Cytopiasm

BX4 SREBLEDOS TRy NI—I8
KeyMolnet [CIRREN T\ 91 BEADSRUBILERBEX F « T— ) F(
a3 R ag bl

EANIULT, EFR1NREDRTEAT, HFry NO—0E@F L. VDR(£02) IC L DREH & OIS




L7455 TMSIZHW T, TAE22613 FAK #&i45-F & 3
BBk SV LB BE DB & T B T REMEDS D B

72, KeyMolnet ik, #i# & N723CikAh S HMRICL Y
PEINITHEHOMSERA 74 T — o FHRIUTER
Twh, KeyMolnet D EFHI1NSAFLREET, 2hb
IDFHAMET 25y b7 =2 RN LIcE 25, RER
FTHBHE S I DEEFH (vitamin D receptor : VDR)
WL BB OBERIRIBRBEINL (p=
5793E-237) (44). VLo RIE, VDRAMSHESR »
FT=Z2DONTELTH S EERLTWS. B RN
WERE B I T IE MS OIS BIEEATE &\ AT R &
D, ¥5 I VDIEMSEENFHETLLTHCEELLNT
wa'". VDRIEMREY ¥ I vDU25-Ye FuFy v
YIUD) LMEETHE, VF A FXEAEME (retinoid X
receptor ; RXR) A7 U ¥4 v —%BH L C, EMAEEF
7 0%E—%—®VDRE (vitamin D response element) {2#%
&L, BHBRTFOEST 2 ERILL, REREERL S
GHEMBIEETET S, L LMo BEE T, MSIZBWwT,

SHblc

WAL I 9 2 AF =5 IIHETBH TRy b T— 2 2 F
Bk CBRATY B 7oab g, Wi & 7 SEIRBE B 265 < e

DV EE)BLEFS D, LA LRSS —VidwE s
HEZEPOHERSTHY, PABEATE, LOY—LDH A
TS A AN T v, FEREES, BRI EE, M
Rl BRIl LCi+asis cE Tuv, ARE
REBHR VAT AL LTRAB VAT AN, F Y — D
A oT 5L, MERCEST Ay b U — 2 % B BT
FTHIEILED, WO TREARBHICEM T S Al
B FEBBICEET A LD TELEEDRS,

W AWTRAULHRL EiEs - SRERENR Ty 5 —EmR
Froe B RBRLUAREBR, BPARRRRFIA F A VT4 T 4 U AKRERE
SAFHBEOHENRTHIN, XBHPAREHR (C22500322) &
NIRRT R B RS R R RARR AR/ (T O U —F Y
&S (80801043) &5 K UL MFl S M RR TR R L
(H21- 8 - —fg -201 | H22- 3R - —i% - 136) OB R Tz

G oike—

0 BARRAR SRR ERBIERSH ATV I73IT 1 O B
[ E-mail : satoj@my-pharm.ac.jp

0 3k om0 D SALaFR

1988 FRREMERAZAZREXMARHE T HRET, Exgt 1
AHRRALEME BEORRT—T | SiREEREEEEGETFHOMN
FEBOREAT.

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) LiuTJ, et al: Mol Cancer Ther (2007) 6: 1357-1367
14} Ascherio A, et al: Lancet Neurol (2010) 9: 599-612

for beginners

RADOF7 LA F=FHEHBTTO b I—)U) B - BRI R, E1it (2008) (V4 2 0O7F LA F—5 B AFIE)
[BIER - SV NNOEMRDHDTOT A Y @i | NHES - RENE §, Fit (2010) (TOFF—LEAFAPIE)
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BFZY D=5 I
ZREHIE DB EEN T F

P

cf i AR R A M BB IE B T & B 2 R LIE (multiple sclerosis @ MS) T, BHTRER
 Thi7 §58 2 Thi 89 4° i 8 BRSPS (blood-brain barrier : BBB) %M@ L T P&k
BEL, vIOT7 -SRI 0T UTERELLT, RECHEEESERT 5. RE
MS OEEFRTIE, &~ T (IFN)-8 & EORFEREIZEMRE S h TV 5 »EHEN
%<, WHOENSFIOHT HBEBNEREMFESh TS, BE, £ LD
FEHRETL, HeOMRCS T 2REFPEQUORRER NBEMICHRBRLRA b
A7 LEERAFRSRL, SIEEMEOROERY S LBEAL NS EA L7 LA B MEK
RBESF Ry P77 CRBIUEEShAEBHRTHY, ELOHRYRAFLEEOD
PERHEH CH B LONAA PR AOWEICERT 3. 5, bhbhdaROo s F—281
AFALTATF 4T AONFFy MT—T TR~ CHEBH L, BEENSFEREE
Ui SHBUIETY L7 FOSF Ry M7 —T8ED, MS OFEEEE - BRSOk
HILBELMEFEREEHLEbNS.

-7 (tumor necrosis fac.tor CTNE)-a, —Alg

Ui " .
F (nitric oxide : NO) % & @ I ik K- (proin-
FEMMALHE (multiple sclerosis @ MS) &, H  flammatory mediators) O e & FFE L, Pifi%

%'-'M@?ﬁ?r’ﬁ’“l BRI E 5 L, 8 % fé“i S S R o A QLA SN I 8 A B o R
MERIRATIE 2 R LTI T 20 Ch 5. DI, KIENEIEILT 5 LllREr &7
MS T, B & B R OB 2o DEEAET B W TlLAE
J RO L L AL LB E Th17 Ml BN A 51 4 K289V Z (intravenous methyl-

__s..,

R Th1 g%, MBS P (blood-brain barrier prednisolone pulse : IVMP) % 38 & 2 vy, T
BBB) % L T M@QMK&NL,Vﬁm A=y UM@%@M%W%%%%C

9 FEk A b — Ry 2 bRk & LTRSS LT
WhHM, IFN-B /) v VARV ¥ — ‘B %w., MS I
I A el 0 5 U 58
MS : RRMS), 2 k778 (secondary-progres-
sive MS : SPMS). 1 AT H (primary-progres-
sive MS : PPMS)ZHH S, FRELSICIE T Al

7=V zus) T eiEELL T,

B (relapsing-remitting

|, Bitkibag, AV oTFr FadSf bR b
YADOFRACE Y 4TI E R TEBY, Tk
PO & vol. 19 no. 6 2011 3(543)
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9 R RE DRIk (heterogeneity) 2SR FENHEN
DO—WERoTWAE, BAEE T, BELHMEROMN

AARAESE T 72 < W BB S35 209 B AU
&EWW FH IR TWA.

2003 4RIZ e M Ao T L. e Of
TS BT B AR F R H0 0 B O FEBL A AR 12 1%
PrafaE R A b o ZCsEsle L, BIEIIZE D
HUlZ 7 ) AEIEEANE ST A v 7 ML
FEMSEBEIT 23 Lsd 3w 7 AR X D,
DA RN O FBWE N A A~ — A — TR
I B 4%Wbﬁfﬂﬂﬁ HIEANG S
37 ADSEHIBGIE R BT, SIS A
A d B BT TR & V) Fo—F A A NP
(personalized medicine) O 71 A7z,
¥ AT A (systems biology) DL A 5 13,
M R 7 ORI B

S5 b —
NRBHERTH Y, 2 O Y AT L[EHO

B Cd B 12 N A A (robustness) O GE
“Wm@

WRNT2EEZBNT0A,
AR IO J2 bV id, 4 3 v 7 AWFE
FINTA FOGFA b — IJMn:b L
GTFEL LD,

Blt, bbb ERIDF— 5 N A v
TFERT AT ADIF Ry T =T Y - T
TR L, MS ORISEREY 5T % [RES 5 2 & A
TEEY PFIChb ok b, MS
,0>}““ HEME I W B R & H & Ui v

— PR DN TS 5.

DBFRY NI =T OIS E

HAARNCREEE B A b7 — 7 0Bk
LY AT A f’f*"ﬁ*?-» LLCWA, L72AS TR O
IO 72021, W e OBV OTEES ‘J?H:JT‘U')%A
BT, RMEESHEL TWAG TRy FT—
Koy N7 OGN AT L.’fO)M
%ﬁﬁ%&&&‘~mﬂkﬁuﬂ%wﬂﬁ
(protein-protein interaction : PPI) {213, !iii‘--‘q’:iﬁ'?fﬁ

MRES AR MRS B9, JGMAL, 5P,

Lichio

4(544)

, BAEWIE e SR AR
i B DT I v 7 AT —#1
T ;‘J“Wf‘?ff\ v b — 2 R A T2
GO BB oM
Wiy =il lnid s, bbb, Wi
TR & S F & F R FHAHEEH 2 L,
FEMEOBVAREERLCa Yy 7y E LTI
§ L 22k — ¥ X — A (knowledgebase) & il
LT, IO EDI vy M7= 70827 x4 100K
bEVEE R LT AR iy
R 2 DTS TH A", Web 1T
7 —CFIHC & A0 knowledgebase (2

&, Kyoto Encyclopedia of Genes and Genomes

A L
LR S SR

r“).\(\"{‘

(KEGG) (www. kegg. jp), the Protein Analysis

Through Evolutionary Relationships (PAN-
THER) classification system (www. pantherdb.
org), Search Tool for the Retrieval of Interact-
ing Genes/Proteins (STRING) (string.embl.de) 7%
EWd b, & W KEGG & PANTHER i, F 2
L= =& JIEN B EMEI L o TR S el
Lx TR G OB A L Tw A, 2011 4F 4
FHE, KEGG PATHWAY 243 392 reference
SHEME S I A 134,607 N A = A Y

pathways 7> &

BN T D, E2AEO R 7 — & N —
A& LT, DAVID Bmuﬂormatms Resources (da~

K 7"“13"{:&1" R ]‘ T)F=YarE ~~«~4¢"* LTk
*9&@Vﬂ“*ﬂt/~»fm& Fune-
tional Annotation ¥ — MIZHMOMETE Y M2
AT HE, RN RBE L BT
R L T /a KE GC: pdth\my e C&
5. PANTHER T
AT &, U MR 7 u
il & A, STRING & KEGG, HPRD, BIND,
IntAct % & OHEHER PP # ’L{% LCg L
THY, PubMed 7 7 A b T 7 M b3 EAREH
WP (natural language processing) {2 & 5 7 F A
b=A =7 & LT BFHMEERIICEY 2

o T, fa?{!}

PoIE & g vol 19 no 6 2011
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BWRGHEMENEL TS,
LTy P T— V BR O DI S
FE Y — & LT, Ingenuity Pathways Anal-
ysis (IPA) (Ingenuity Systems, Redwood City,
CA) (www.ingenuity.com) ®* KeyMolnet (Insti-
Design, Tokyo)
(www.immd.cojp) e EM 5. TN HIEHHES
TSk R MR A LT, - F AR
M4 AEBEOSEWEREZIEEL B Y, &
W7 v TF—FENTWw5, KeyMolnet 1 F A
FEASICH IS LTBY, 9%k b—7 Ok
HE LT, e - SEBE - BA ORI R AR
Wi 5 ﬂi'lff!—% (nei«rhboring search), J&HLH
i P 5 ,?-*?YE#»%J‘.';]&,Z) ;"«Liiifﬁ L iﬁﬁ’[’*”?’“’*f’

tute of Medicinal Moleculdr

}~T7 7 % J‘}f\%&m‘l%&tt/{ Tt (N—pc>1nt<; to N-
points search), MO EHNE LT, BEK
DRI EECRADS ﬁ%“~v~9@m&ém

H AR (interrelation search) 2 3R ¢

2. MS R 707 4 — LR 5 &l
BIZEIRH 5T

2008 4EZ
FRELEEIIC A T ¥ B AR U 22 I e & laser
microdissection THIR L =4 & 7 & SDS-
PAGE THMERIC, |EEzHML, b7
LT P % B 00T CRESE I T L
7270 WS A T - VU, SO & i
W% B e 5 AR (active plaque @ AP),
S DN UL BUE L T BB B:
i (chronic active plaque : CAP), #83EfT RL iz
FLLTA MR T ORI T LM e+ 518

GNP DU (chronie plaque @ CP) IS L
TR 2 BRI D 70 T A — A B IR L
7o, ORI, AP 56 1082, CAP 6 1728,

CP 2% 1514, &rEl 4324 FRA O & & W L 7.

KHICINTERSECT 71 9 A% v, f
BRGS0 A T — VU 7 T

P & Sl

Han 51 6 #lo> MS Stk % v,

54 1 /A DR

HEOH L, AP 158, CAP 416, CP 236 A5
BhHTAFE—AF— 5B ALY b
PROTEOME-3D % {IWT 7 / 7— ¥ a ¥ Z it
L, CAP tZ3BwC I st i R 4 2 8 SERPINAS
(protein C inhibitor), F3(tissue factor), FNI,
THBSI, VIN O¥#lERoe, o iicd &
DT, PSR Cd S thrombin inhibitor hiru-
din B &£ O activated protem‘ C #HwT, MSH)
WeF N Cdh b~y AF TN B2 (ex-
perimental autoimmune encephalomyeh‘ms :
EAE) i L7z, 5 & Ok fé) PUI A
Y v SEROBGA & TL-17, TNF- ¥
L7 PLhofifdy, anmm&mﬁﬁm
BLMS ;‘ii §’-5l:l’J f & 7; B C cE 75‘11\1 7117”’

LT (i MS Jvﬁfu‘ J" gL -ﬂ’a f
SN hro e,

Hithbid, Han 65D F— 5 Q70574 — A1
W9 % UniProt ID %, Entrez Gene ID 5 & U
KEGGID (22540 L <, KEGG. PANTHER, IPA,
KeyMolnet ICAJI L, A7 —Vigkiy 77
A=A BhRD BBMLTHWEHFHhy bT—7
e LAY, KEGG T, CAP 7Ryt —»uk
focal adhesion (hsa04510) (p=5.21E-05) (B4 1) B
& O extracellular matrix (ECM)-receptor inter-
action (hsa04512) (p=1.25E-04) & & B % 72
Wiz, PANTHER Tit, CAP Jus+—A4k
inflammation mediated by chemokine and cyto-
kine signaling pathway (p=2.63E-03),
signaling pathway (p=3.55E-03), CP 7’1 7 4 —
A ¥ integrin signaling pathway (p=4.33E-02) &
OB RS T4 bbb KEGG & PAN-
THER Off#Tn 5, MS BRI IS % BECM-
integrin 3 77 IVEEETR O LRI DYRIZ B L
7z, KEGG & PANTHER & & A7 Tid, AP

integrin

T T N E RS B8 A = A4 SR
ol

=5 IPA Cl&, AP 707 4 — 4id cellular as-

vol. 19 no.6 2011 : 5(545)
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B 1. KEGG 2 &% MS [MiES CAP V74 —LDOHF Ry b7~ 7 1BiF

KEGG 2 & 200G, MS it CAP 7' v 5 4 — 4 (JK ) & focal adhesion

COLBAZ, COL6AZ, COLGA3. NI, 1
SPP1, SRC, THBSI, VIN : ECM
(FAKYDS, Ao b= ONT

sembly and organization, cancer, and cellular
movement (p=1.00E-49), CAP 7' u 74— Lk
dermatological diseases and conditions. connec-
tive tissue disorders, and inflammatory disease (p
=1.00E-47), lipid metabolism, molecular trans-
port, and small molecule biochemistry (p=1,00E-
47), CP 75 4 — A4 cell cycle, cell morpholo-
gy, and cell~to-cell signaling and interaction(p =
1.00E-50) & o Btk & fled /2. CAP 7T
#— A 0 dermatological diseases and conditions,
connective tissue disorders, and inflammatory
disease # v 77—k, BGN, CHI3L1, CNNZ2,
COLIAL COL1AZ, COL6A2. COL6A3, CXCLIL,
ENTPDI, ERK, FBLN2, FERMTZ2, FNI1, GBPI,
HSPGZ, Ifn gamma, INPP5D, Integrin, LAMAIL
LUM., Mle, MYL7, MYL6B, NES, PAHAL, Pak,

6(546)

BCM & LC—4if) & o Paiph At
NEGBILhbns.

S Ltz Focal adliesion kinase

PARVA, POSTN, PRELP, SERPINAS, SER-
PINHI, Tgtbeta, TGFBR3, THBSI, VIN 26
M sh TR Y. ECM-integrin > 7 F MR
DYG- %2R L TwahH, I KeyMolnet %
WT, MS B 75 40-F R IR, AT — SRR
7 F = A DEHTEMEE LT, IR
Uik & B ko b= TR L7z, AP
117 o — A IL~4 signaling pathway (p=1.79E~
13), CAP 7'a 5 4 — 443 PISK signaling path-
way (p=7.25E-18), CP 7 u 54 — &L IL-4
signaling pathway (p=1.04E-16) & it & 4% 12
WL CTwW/z F7:2 CAP & CP I integrin signal-
ing pathway (p=2.13E-12 B L O° p=2.57E-12)
& OB D 7z,
Pibo ko, 4 fig

DI By — b KRGG.

i
PANTHER, IPA, KevMolnet l&, & F &% 2l

PR L 098 vol. 19 no. 6 2011
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CAP, CPYus—2alZ

A Lz A8, Gl LT
B> %5 ECM-integrin ¥

7 F MAGER DR LRSI F R L72Y, Integ-
rin 3HEBO o, pY T2y PR ENS

UMEONT B YA 2 —3FT. ECMOY 7Y
F&LTiAsL, Blintegrin 7 7 3~ col-
lagen, fibronectin, laminin &#4& L, av integ-
rin 7 7 3V — & vitronectin & #E T 5. ECM-
integrin #HEAEM &9 5 outside—in, inside-out
: *“‘%na W MR D BYRESIE 2 403 2 Ml
Wk, b, W& o THUHTH A, MS
Hm 1“’71—1" 7 a5 — L CHE L7 fibronectin % vi-
F& L CHGEE L7: BBB &l LT
IS B IR % L 2 MAERC i i3k d 5. ECM,
integrin M LT B BEEH IS BV CLE R
PWEOHLENIHL CE LV, LOMME LT,
) THHERIZE FhTwad ECM & 1 Bk )33
1!|'3 RLWREOTERFE & LTz b
lmﬂﬁn T=TRI 70y THHELET S
Bt BRI )Y ECM «n"r‘n AL TR RIS
N, BB HIEASEEAL L T BRSBTS

tronectin i,

NCwas". ¥/ ECM-integrin ¥ 7' M E
i, ) YRR 3 7R MARSNE, T A b

o) 7RI us ) T, AU IFUR
o 7Y 7RISR O s b & A U<, B &
HHELMT 57,

BACHORICB W T, MS BIsifl oz,
adpl integrin (VLA4) X35 & MELE/ 2 005
WALk Natalizumab 25K CH W ST w 5,
L L&A 5, Natalizumab tEESTHES B0 58
I #iE (progressive multifocal leukoencephalop-
athy : PML) 2 il 5 EMsH Y, Lhia
BIRDWRIEE»LETH 5. 55‘:?‘ oy NI b5
BT 5 F 2 BERT A, ZRO 5 F
B L—=va vy LTwai T (hub) & Lid
NAPLGTRET S EDEETHD. NT
OPNFILE F 70 HALSRE, Ay P U =g ouxs
A b A ADHEFRHCE KR 2 A MITT. ECM~in-
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ABSTRACT

TAR DNA-binding protein-43 (TDP-43) is an evolutionarily conserved nuclear protein that
regulates gene expression by forming a multimolecular complex with a wide variety of target
RNAs and interacting proteins. Abnormally phosphorylated, ubiquitinated, and aggregated
TDP-43 proteins constitute a principal component of neuronal and glial cytoplasmic and nuclear
inclusions in the brains of amyotrophic lateral sclerosis (ALS) and frontotemporal lobar
degeneration (FTLD), establishing a novel clinical entity designated as TDP-43 proteinopathy.
Although increasing evidence suggests that the neurodegenerative process underlying ALS and
FTLD is attributable to a toxic gain of function or a loss of cellular function of TDP-43, the
precise molecular mechanisms remain largely unknown. Recent advances in systems biology
enable us to characterize the global molecular network extracted from large-scale data of the
genome, transcriptome and proteome by using pathway analysis tools of bioinformatics
endowed with comprehensive knowledgebase. The present study is conducted to characterize
the comprehensive molecular network of TDP-43 target RNAs and interacting proteins, recently
identified by deep sequencing with next-generation sequencers and mass spectrometric analysis.
Our results propose the systems biological view that TDP-43 serves as a molecular coordinator
of RNA-dependent regulation of gene transcription and translation pivotal for achievement of
diverse neuronal functions, and the disruption of TDP-43-mediated molecular coordination

induces neurodegeneration in ALS and FTLD.

INDEX WORDS: ALS; FTLD; KEGG; KeyMolnet; IPA; Molecular Network;
Systems Biology; TDP-43
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INTRODUCTION

TDP-43 is a nuclear RNA/DNA-binding protein highly conserved through evolution, encoded
by the TARDBP gene on chromosome 1p36.22, originally identified as a transcriptional
repressor of the human immunodeficiency virus (HIV) gene (Ou et al., 1995). TDP-43, capable
of interacting with UG/TG repeat stretches of target RNAs/DNAs, plays a key role in regulation
of transcription, alternative splicing, mRNA stability and transport, and microRNA biogenesis
(Buratti and Baralle, 2010; Lagier-Tourenne et al., 2010). Structurally, it is composed of an
N-terminal domain and two highly conserved RNA-recognition motifs named RRM1 and
RRM2, followed by a glycine-rich C-terminal domain (Lagier-Tourenne and Cleveland, 2009).
The RRM1 domain is necessary and sufficient for recognition of UG repeats of target RNAs,
while the C-terminal domain that mediates the protein-protein interaction plays an essential role
in regulation of splicing (Ayala et al., 2005; Buratti et al., 2005). In normal cells under
physiological conditions, the vast majority of TDP-43 proteins are located in the nucleus, highly
enriched in nuclear bodies.

Accumulating evidence indicates that abnormally phosphorylated, ubiquitinated, and
aggregated TDP-43 pfoteins constitute a principal component of neuronal and glial cytoplasmic
and nuclear inclusions in the brains of amyotrophic lateral sclerosis (ALS) and frontotemporal
lobar degeneration with ubiquitin-positive inclusions (FTLD-TDP) (Arai et al., 2006; Neumann
et al, 2006). ALS and FTLD share substantial clinical and pathological manifestations
(Mackenzie et al., 2010). ALS patients show generalized skeletal and bulbar muscle atrophy
owing to progressive loss of cortical and spinal motor neurons. Up to 10% of ALS cases are
caused by inheritable genetic mutations. FTLD is a cause of the second most common
early-onset dementia. FTLD patients show behavioral changes with progressive decline in
cognitive function caused by neuronal loss chiefly affecting the frontotemporal cortex.
Importantly, substantial numbers of ALS patients show cognitive impairment, while significant
populations of FTLD patients develop symptoms of motor neuron disease. Approximately 50%

of the cases of clinical FTLD exhibit TDP-43 pathology (Chen-Plotkin et al, 2010).
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Furthermore, TDP-43-immunoreactive inclusions are accumulated, to a lessor extent, in the
brains of various neurodegenerative diseases, such as Alzheimer disease (AD), dementia with
Lewy bodies (DLB), Pick disease (PiD), and the Guam parkinsonism-dementia complex
(G-PDC) (Geser et al., 2009).

Because ALS and FTLD show clinicopathologically overlapping features, they are
recently categorized into a novel disease entity named TDP-43 proteinopathy (Geser et al.,
2009). In TDP-43 proteinopathy, TDP-43 often translocates from the nucleus to the cytoplasm
where it forms detergent-insoluble urea-soluble aggregates. The accumulated proteins are
hyperphosphorylated, polyubiquitinated, and proteolytically cleaved to produce 25-kDa and
35-kDa C-terminal fragments (Hasegawa et al., 2008). Following exposure to stressful insults,
TDP-43 promptly accumulates in cytoplasmic stress granules (SGs) that regulate stress-induced
translational arrest (Colombrita et al., 2009). Impaired dynein-mediated microtubule transport
promotes aggregation of the C-terminal fragments (Pesiridis et al., 2011). The C-terminal
domain of TDP-43 contains multiple phosphorylation consensus sites, among which
phosphorylation of Ser-409/410 on TDP-43 serves as the pathological hallmark of sporadic and
familial ALS cases (Neumann et al., 2009). Hyperphosphorylation of TDP-43 promotes
oligomerization and fibril formation in vitro (Hasegawa et al., 2008). Overexpression of the
TDP-43 C-terminal fragment is sufficient to generate hyperphosphorylated and ubiquitinated
cytoplasmic aggregates that alter the exon-splicing pattern (Zhang et al., 2009). Importantly,
various missense mutations encoding mutant proteins with an increased aggregation property
are clustered in the C-terminal domain of the TDP-43 gene in the patients with sporadic and
familial ALS and FTLD (Mackenzie et al., 2010). TDP-43 A315T mutant peptides form prion
protein-like proteinase K-resistant amyloid fibrils with profound neurotoxicity (Guo et al.,
2011). The gene named fused in sarcoma/translocated in liposarcoma (FUS/TLS) encodes
another RNA/DNA-binding protein with the structural relationship to TDP-43. Genetic
mutations of the FUS/TLS gene are also causative for ALS (Kwiatkowski et al., 2009). TDP-43
and FUS/TLS are located in the common disease-related pathway involving RNA metabolism

(Lagier-Tourenne et al., 2010; Mackenzie et al., 2010).
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Transgenic mice overexpressing wild-type and ALS-linked mutant TDP-43 proteins
develop motor dysfunction and cognitive impairment with cytoplasmic ubiquitinated TDP-43
inclusions (Wils et al., 2010). In contrast, TDP-43 knockout mice are embryonically lethal,
indicating that TDP-43 is indispensable for early embryonic development (Kraemer et al., 2010).
However, conditional knockout mice revealed an unexpected role of TDP-43 related to fat
metabolism and embryonic stem (ES) cell survival (Chiang et al., 2010). All of these
observations, taken together, suggest that the neurodegenerative process underlying ALS and
FTLD is attributable to a toxic gain of function or a loss of essential function of TDP-43
(Kabashi et al., 2010; Janssens ét al., 2011). However, at present, the precise molecular
mechanisms remain largely unknown.

Recent advances in systems biology have made major breakthroughs by illustrating the
cell-wide map of complex molecular interactions extracted from large-scale data of the genome,
transcriptome and proteome with the aid of the literature-based knowledgebase of molecular
pathways (Satoh, 2010). The logically arranged molecular networks construct the whole system
characterized by robustness that maintains the proper function of the system in the face of
genetic and environmental perturbations (Kitano, 2007). In the scale-free molecular network,
targeted disruption of several critical components designated hubs, on which the biologically
important molecular interactions concentrate, efficiently disturbs the whole cellular function by
destabilizing the network (Albert et al., 2000). Therefore, the intensive characterization of
large-scale molecular networks and pathways that specifically regulate biologically relevant
functions in vivo would help us to understand the disease-linked molecular mechanisms. By
analyzing molecular networks, we recently clarified key roles of transcriptional regulation by
NF-kB in acute relapse of multiple sclerosis (MS) (Satoh et al., 2008), integrin and extracellular
matrix proteins in development of chronic active plaques in MS brains (Satoh et al., 2009¢), Akt
signaling pathway in the cellular prion protein interactome (Satoh et al., 2009a), transcriptional
regulation by CREB (Satoh et al., 2009b) and microRNA-controlled cell cycle regulators (Satoh,
2011) in the pathology of AD brains.

To achieve proper biological functions, TDP-43 forms a multimolecular complex with
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