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7oe €T, isoglobotriaosylceramide (iGbs) ASNKTHAR
UHRELTHEET DI END, iGhIIRANE
Lo &— « WRWEU T > ROBHE g/ & 7o 7= FEh
12 B-GlcCerD S DEEH)YS, iGbslLiGben 5 HexblZ L O
KIRUTHERT B EFREN, HexbDRIBTHATS
EENT (Figure 5). LML, iGhldIRICIZEEL R
WEWS EENEEDS & (v A TIIEEERRE
I DBFEIE?S, KAV DT I — T2 & DiGhsEr Al
FROKOT T AMNEH TN, B~ A CHENKTHMEE
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i
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Figure 4. iNKT cell ligands

Representative ligands for iNKT cells presented by CD1d molecules are shown. A prototype ligand,
@-galactosylceramide (@ -GalCer): (25, 35, 4R)-1-O-(a:-D-galactopyrano- syl)-2-(N-hexacosanoylamino)-1,
3, 4-octadecanetriol. Sugar moiety, acyl chain and sphingosine parts are marked as ellipsoids, and the
ceramide part as square. Th2-biased ligand, OCH: (28, 35, 4R)-1-O-(a-D-galactopyranosyl)-2-(N-
tetracosanoylamino)-1, 3, 4-nonanetriol. Thl-biased ligand in mice, &-C-GalCer (C-glycoside) does not have
oxygen between the sugar ring and ceramide, thus being resistant to hydrolytic cleavage. &-carba-GalCer,
known as RCAI-56, is Th1-biased ligand and has a cyclohexane ring instead of a pyran ring. NU (naphthylurea)-
@-GalCer is a Thl-inducing analogue for human iNKT cells for C-glycoside in mice. The naphthol-ring is
supposed to stick into human CD1d groove to stabilize binding.
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.
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(CD150: Slamfl) Mfl, CD48 (£2) Ly9 (3) 2B4 (f4) CD84
(f5) Ly-108 (natural killer, T and B cell antigen: NTB-A)
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SLAM-associated protein (SAP) Z/1 LT, Fyn&&&
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N5DSH B, protein kinase C theta (PKCH) 2/ L Bcl10-
CARMA1-MALT1 (BCM) # &7 SNF-k BRN\EET
5—7, HA5VESlamf6 B B ®SH2-containing inositol
phosphatase (SHIP) Dok docking protein (Dok) 1/Dok2/
Ras GTPase-activating protein (RasGAP) 72 E DV > B4k
WCEKODTCRI T FIVORFHFDAFETEH < LEEEFE SN
%, BRBEEMECLY I A el s v a e
THET D20, Y TFIEETREIET S 00
BElaOMd LN7sn,

CD4* THEfEZ, class T MHCS & Fofig b 2 ftiia ©
1372 <, CD4*BafRfiigIc UhRB S i ATH4
HTFToeeEs &, £ L =CD4* THIME (T-CD4 T)

al, 4-GalT ™~

(Gal(B1—4)Gle-Ce

Lactosyl ide <
Gz synthase actosy ceranu“‘e{;\:. X
al,3-GalT

NeuNAc(a2—3)Gal(B1—4)Glc-Cer

GMB

pi, 3N-acetylgalactosanﬁny‘

GaJNAc(ma;%)ééi('

Isoglo’_bé;i
Ganglio-series

Figure 5. Biosynthetic pathway of glycosphingolipids in mammals

Endogenous ligand iGbs is synthesized from lactosylceramide by transferring galactose with
«1, 3-galactosyltransferase (&1, 3-GalT) and then N-acetylgalactosamine with 81, 3N-
acetylgalactosaminyltransferase to give rise iGbs. iGbs had been regarded as an important
source of iGbs but currently is not.
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Figure 6. Downstream signals of SLAM-SLAM interactions

SLAM (signaling lymphocytic activation molecule) signal is transmitted through SLAM-
associated protein (SAP) to Fyn PTK (protein tyrosine kinase). Fyn then phosphorylates
multiple targets and spread the unique information through NF-£B via PLC6 and may reduce
or dampen strong signals through activating RasGAP that inhibits the Ras/MAPK pathway.**

‘Medulla ey
i

Thymus Stage 2

172 & Stage 3 Mature WKT cell
' ‘ :> Periphery

T T

OPN, D28, IC0S, IL-15, WASp? S$1P, -7
Eis-1, MEF, RelA, T-bet, VDR, IRF1  FTouP2 142
ltk, AP-17

T cDa4low

, NF-xB1?, PLZF, RelB, Dock2,
7, PKCB, TGF-BR, Dicer

Defect in afy/aly
1,8

Mainstream T
cell

To!erax.:gg9
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7 Runx1, Fyn, SAP,
CDid, JuiB

Figure 7. Intrathymic development and maturation of NKT cells in mice

NKT cells that receive the positive-selecting signals and SLAM signal (and the 31d signal from mTEC) must follow
maturation step from stage 0 (CD24*CD44°NK 1.1")>stage 1 (CD24"CD44°NK1.1")— stage 2 (CD24"CD44%NK1.1)
—>stage 3 (CD24 CD44%NK 1.1*) before emigration from thymus. Some NKT cells (NKT17) may exit from stage 2,
which may imply that heterogenous subsets are included on this maturation cascade and that not all cells follow 0—
3 stages. Various gene products are listed that have been shown to affect NKT cell development and maturation next
to the blockade marks.*
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Figure 8. Cytokines/chemokines/effector molecules produced by activating NKT cells

NKT cells could exhibit various functions with wide varieties and copious amounts of soluble

factors.
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Figure 9. Reciprocal enhancements of cytokine production by NKT cells with dendritic cells pre-
conditioned with cytokines. NKT cells produced cytokines opposite (such as Thl) to those that had

been used for pre-conditioning (such as Th2).
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. X R
1. Bendelac A, Savage PB, Teyton L. The biology of the NKT cells.
Annu Rev Immunol 2007, 25: 297-336.

..

Figure 10. Th1/Th2 balance is regulated through modulation of the expression of inhibitory
receptors between dendritic cells (DC) and NKT cells in negative feedback fashion. Pre-
treatment of @-GalCer-pulsed DC with Th1-biased stimuli, CpG, induced enhanced expression
of D¢ molecules on DC and resulted in enhanced production of IL-4 by NKT cells. Ab
blockade of D? in co-culture of NKT cells with CpG-treated DC reduced the production of IL-
4 to the level of non-preconditioned DC stimulation.
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Development and function of natural killer T (NK'T) cells

Kazuya Iwabuchi

Department of Immunology, Kitasato University School of Medicine

NKT cells constitute a unique subset of T cells that recognize lipid antigens (Ag) in the context of CD1d
molecules. NKT cells simultaneously express NK markers with T-cell signature, thus include natural killer
(NK) in the name. NKT cells are positively selected with CD1d + endogenous lipid Ag on CD4*8* thymocytes,
whereas conventional T cells are selected with MHC + endogenous peptide Ag on cortical epithelial cells in
the thymus. NKT cells exhibit an innate-like effector function and could promptly produce a large amount of
varieties of cytokines and chemokines upon stimulation. Therefore, NKT cells could modulate the development
of inflammatory and autoimmune diseases through the various functions, suggesting that NKT cells may serve

as a reasonable target for disease intervention.

Key words: innate lymphocytes, NKT cells, CD1, intrathymic development, lipid ligand
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Molecular Network Analysis of Neurodegenerative and Neuroinflammatory Diseases
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Jun-ichi Satoh

I, BN/ LOESIDE T U, E4OfiEICBHEET S I\ EORBIERZ BRENICETIEEERA M/ L
BUOEBRUE. BIEMROPOIHBBNAERI ZRE Ulcd = v O AMARICEBZEL V' / LEBENENS T LT
MUTe. & MIABREDFRY NO—O TREICBESNEMRTHD, SLOMRDY AT LEBEDHHEETH S
ONR PRADHEICIER Y 3. WEERIZEDNEWHREIRE 7 LY\ I —R O ERIRES SRR LIETIE,

D FREEOBIAS KUFHEOENS FICH I 2 EFNGRIENFFEINTNS.

Rill, BESIFMBREOAIVIRAT—

HICEALT, HFRYy NO—I%ZFRICHTLT, BRSNS TZERREU. SRS/ LD ROZTRY NO—UfEh

[ ®IC

7 VYA < —%i (Alzheimer's disease ; AD) I3, F&E4E
WICRREL, ETEoRMBREEL 2T 2 HMEEERA
T, WERBHEIZVERTH . BEREWIL, BEP
KR E % iz A B (amyloid beta) D& E BE Y VK
L% %2 ECMERRMEELOBIEE EHE L, N2
MasE % B 5. HEEBERKEADTIE, FLE=1) ¥
(PSEN1, PSEN2) 7 I 0 A Fiilkik% » /37 & (APP)
DEETERZRDD. —F, RKEHOADTEETFEED
BLMBEHTHY, WELEFHOBRIZLD A fEATK,
SRET, BEREZELT MICKEDA BVHERL, ¥
Y OREY) YEHALE MR SFEIhDE LEZLNT
Wa, BICRMA»SERT LA LAY T —IIHEEGN
v, 7%, SIS (multiple sclerosis ; MS) i, #
EINTIFF L, R HRAER AR KA A S T L,
Bee 2 ARERVERZRYVEL CETTAH%TH 5.
MS T3, BIZNER & BB T oM ZHEER 2T RIS
HOHL U 7= 3 AL B O RUSHE Th17 M <2 ThURI A3, did
BP9 %5050 L Cli e fFMicE L, ~2ao7—Y%3I70
YT REELLTHA M A4 2R E oA % L
L, Bz R s:E£2 50 Tw5A. MSTH, IFN- 84
CORIERMEI KL SN TWED, ) Y VARV I~ (&
BB S, BIEF T, MBI - RO

2

B, HERERORERIECAEEREDRDICE T T I EB LIRS BN,

FEZ 2L, FHOENIFICH T AN ZBEIFES L
TWwWhb.

20034E\Ce M7 ADBEASET L, 4207 Vv4, &
EANER, KRR -7 2 v F—% AW, iz offsics
FBBIRF RS vy HoORBUERE MBI T 68 7% K
Z by AERPEISR L 4, SIEEMIR o PO R
BB ERE LA I v 7 AFFRICEBZEL 7/ 24128
NERSFALT T ML FERCERY ) 27 2058
BRETET, EYREMOMAEZLHLBRETFNTRE 2
Y, ¥—9— 2 14 F[E#E (personalized medicine) DI
FR»NIZ. YR T AL 4 1Y~ (systems biology) DL
Mok, b MEIRBELSTFA Y P77 TREICHES L
REHATHY, L OWMHEP AT LAEEOUHERETH
508K b % A (robustness) DHFEICRIHT A EEZSNT
Wa Y. Lo THBERORBMAO LI, +3 v
JARICESE LT ) 274 FOGFH v b7 — 7 @D
BELMEFELELY S 5. &A 5O IHBREOF I v
PAF—FICHELT, 5FF 2y bT7— 27 ZFEICBITT A2
L2k, BIEENSTFERELRY. UTICESR S OH%
EHUGIGTF A P T = 2 T OERIZ OV TR 5.

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

HEZERNFIRERT D 5
SFRy bI—TERAN

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

2003412 P ERETF ISR S, DNAYA 2

fHiE T Vol.30 No.10 2011

- 183 —



BTN

RNARESL- 125 NN N

¥

N TYg4E—-3> %

24707 LA

ZF T — 2B

-IER1E
-

%”m

EHPESRM
- FEBHIPCREM “GO7 / F— 3 ViR
BB S X4 — R
RE®E
Y190 A B c

X1 SENFERERD SO FRY MU—IEANORN

HERSEEDBEFRBUANIVOREZHIEEL FOMBORGH S RNAEER L, S0Es
UT, PUALENMTUSL B~ a3 vETS. AFp%IC, YOFIVBREETERLEL, YT
IEOBGEFRBIOT « —IVEHIFNICHERITL, SEARRERFEY 3 EETE (DEG)
EHHL, EBMPCRTHIIY 3. £YENERETDREYD, GO (Gene Ontology) D7/ F—
¥ 3 (annotation) ZH/N, EEY S AY—EFEITL), KEGG, PANTHER, STRING, IPA,

KeyMolnet ZFIHLTHFRY NI—JEHIRT 5.

07 LAz HwT, e ofigicsi) 3 B0 BETORERE
W RIS 2 Z LW RIZ R o 7 BETW, &
KA~ 2 G —F T, BRECEVERTLED
T, ~EERETORBBNHATRICZ o Twh, v M
AT, A F9 - THATXFLV AR -7 - 45 -
ETI5 T4 va - ayYayNT - @ BER - KBHE
Th, ¥4 78T VAR THS. DNAYLI 207
LA, cDNAZEBEBLEIZARY ¥ —TRHETBAY >~
T4 —FHRE, MEEKETHTITXZ LI F FEA -
HET 27+ bV 7T 75RO GeneChip® (Affymetrix
IR END., &5, AT 54 AT 2 b OHER
BT RER L7V 7 LA, #iETEH~ v E 0 7 oi
KoV -—HEMITTELI ) ¥4 7T L4, ChiP

fHfATZ Vol.30 No.10 2011

(chromatin immunoprecipitation) on
ChipfEHICHWA Y /654 v 7T L
ABHREINTHD. —F, 7uif =
470743, EREECVaYEF b
FUNTARREEIIBELTSHY, ¥
> 2% 7 ¥ W 4 H.F A (protein-protein
interaction ; PPI) % 4789\ MEHT 7] ik 22
Fo 7 ThHAE ZOMWFEIL BE
two-hybrid & IC R L T B E MK
{, BiRBEBHEz STy "I 0L0
WAICHLTY, ST 2R808
H5.

4707 VAT, KBENRE22
BIEFERVARVERLL2EHEL Lo
MR e ML (Bl 202, IEEME & ma,
BEMZEOMRL L) 25 total RNA £
72 EmRNAZfIH L, cDNA®cRNA
AR L TEAERETERR. 7772
YRMZYULTANAL TY LA E—-T a3 v
24795 (D). 1®BETE1Iy Yy 7vicl
TLAZFERAL 74 HoERLL
BT 5, IS, B UERSEH
O TV LT, TV %22~3K
(VFU =M AT A Tusdirw
4707 VAT, ¥7&8mLi7
=78 R H 2TV Loy —ry
Y URIRERIGSE, BORERLA
oy 7HE TR 5. 7L zEHO
AFxF—=TAF¥ rBIZ, Y7V
¥ % IEHAL (normalization) LT, ¥ S VHEOBETFRE
TOaT A —VEREIFEICRBEN T 5. x4 20T LA R
T, —EIEREIS COBETFORAL AV ERTTS
7o, BEFIEIHELR ETEMT A&, BHBUTEET
B TLE . WEIESEMRTE % 1TV Bonferroni @
FIEZ M 5%, %213 BBYESK (false discovery rate ;
FDR) 253 5. BRI, Y IV TEEL R ER
% 59 %8 {5T# (differentially expressed genes ; DEG) %
ML, EHLALZELH PCR THRET 5.

KL, DEGIKH LU TERENEWRNS I ZITH. ol
il % D#IZF DT /57— 3 v (annotation) Zif{~N 5.
NCBI (National Center for Biotechnology Information)
DT — ¥ X— ZEnirez GeneZ FIAI L T, 129 2GO

3
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(Gene Ontology) @ Cellular Function, Cellular Process,
Cellular Componentz <% Z & & WHE A 25, DAVID
Bioinformatics Resources (david.abcc.nciferf.gov) @
VERWSE, BREBIET
tyb@?/%—vay%~%tfﬁﬁf§5” SH0
YT E BN T 20EE, Tty F OEREE

Z 3T 5729012, GeneSpring® (Agllent?i) % Cluster 3.0
(bonsai.ims.u-tokyo.ac.jp/~mdehoon/software/cluster) %
oy —nVEHWT, DEGEZ#ERICKN 2 7 2 5 — &
(hierarchical clustering analysis) 179 &, FH 707 4 —
NOYT 2T Vi HIRETE S,

oI, DEGORRT A0 F 4y VI =2 2B $5 L,
AMFERERT LY BREICICET 2 2 LT & A (M), &
AT, BEFTa—-FINLF NS HIIEML LY b
D=2 hBRA VAT AEMELTWAY . PPLICK, EHY
HEEROD L S, Wik, TEEL, BERIS, Sk 8
EREH: SRR BRI HIET 5. HMS KO

IV IAF— P IHEL TV ASTF Ry VU= RFAET S
721, A S NSRBI BN T S WAl Y —
NEES BDENDZ. Tabb, BRRIEIERD> o4 2
SFHRMEEEAZMBL, BEEFSVAREZEIELT, o
F U e LTI L 27— & X— R (knowledgebase) &
Aot Baokroiry b7 —27 %827 x4 (canonical
network/pathway) 12 b HVEUEEZE L Twahizown
T, BEFENFE TR T2 HETH S, MEATHATES
RFM 2 57— & RX—R121E, KEGG (Kyoto Encyclopedia of
Genes and Genomes) (www.keggip) ¥, PANTHER (the
Protein Analysis Through Evolutionary Relationships)

Functional Annotation > —

classification system (www.pantherdb.org) *, STRING
(Search Tool for the Retrieval of Interacting Genes/
Proteins) (stringemblde) 9723 %. KEGG & PANTHER
i, Fa =& —LIFENZEMRICL DB SNEET
PHREDCHET Z2BERZEFL T 5. 201154 A RE,
KEGG PATHWAY 1212392 reference pathways %* &
BB 134,607HEDIISR Y 2 4 BPEFE R TWE, HigL
T HBIEFRY 232 E Dty %, DAVID Functional
Annotation Y —WVIZAJIT 5 &, BEMEMBREZITY, &
LEHICHEL TWAKEGGSAY = A Z[ETE 5.
PANTHER THBEICY) 77 L Aty PEDIIKIZL Y,

FOVEOBGFWARIEZ S EROE TR 6 2 L ST E 5.

STRING 1 KEGG, HPRD (Human Protein Reference
Database), BIND (Biomolecular Interaction Network

4

Database), IntAct Molecular Interaction Database |2 58k &
NTVAERLHEG L TIURL TV 5,

¥/, HE Y — & LTI, IPA (Ingenuity Pathways
® (Ingenuity Systems, Redwood City, CA) %
KeyMolnet® (Institute of Medicinal Molecular Design,
Tokyo) %z EHd B, I LHITHE SN XLikE HFRDH
i LT, 2 FNAEERICET 2 BEEOTmCTRE &
WLTWEELTBY, BT vy 77— P ENR T3S
KeyMolnet Z HAGEANICAIE LTHBY, i 0)%"’2,@‘0)
AFLT— PO FRBEALTPELTWS, T2, BRAR
T2 ECREFORENOEMN I T IIRIN TS, WK
LT, #E - BEHE - WEAERT LENISH S RHD
1% (neighboring search), FEHFIMECEE 3 25N T8
% % 30 EFE 3R (common upstream search), #H
EREHDF y b7 — 7 2@ 508 SRR (N-points
to N-points search), MEOWME 2B E L LT, RELZHD
BEEPELRADHT Ay FT—2 %Bﬁ’\é’l‘ﬁhﬁ%ﬁ*ﬁ—fa
(interrelation search) % IR T X 5>

AHTY — LR L F 4 v T2 b5, BISRER S
FERETLHEE, ZROGFLrL0Y L—2 3 yHEH
LTWwab N7 (hub) EIFEN LG FERET 52 LA
BETHD. N7 OBGIEE TFHEELIEE, 2y by —2
DUINA PR AMEFFICE R HE BRI RREN - "IE
A & RiET?.

Analysis)

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

[’ﬁf?*&lhvnﬁﬁﬁﬁﬁfﬁﬂtADa)
EIEENS T

2004412 Blalock & 13, Fiiz —~H 37231 Gl 0E#HE
OB EECAIRMBE 2 S LAZRNAZ Bl v
GeneChip®HG-U133A CHEET H % MBI T L7
D AR HEAT U 7 4068 Mi A MMSE (mini-mental state
examination) D X I 72t~ T, IEHIB, BWADTH, &
SHEADSH, EEADTIFIC IV —TRGELL. HHIE
3ABEE O S ADMEEET (BH 1,977, FHRKT
1,436) L 609F3H O 4 AD WAL (= F (588 E 1431, 3¢
FUET178) 2w L, AW LA I AD SR ICE
WHREET AV I 7Y Fod 4 PEERTFERL T
oA, INSOGFARRT S 4y P XBIT I NG
ol FFHLFELOF—-5 Ly FEAIWT, KeyMolnet
O3 LR L T ADIRKIZ B AHBIERIZIE G LTw
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BEFRy M-I RBTLAY. ZOKRE, 2ADB LU
RMAD OBMEREFHIERT 25 F4Ay P72, W
# & HIEERF CREB (cAMP-response element-binding
protein) 12 X ARBAM L HRICHEL T3 I Libh o
7z. CREBH, RERTFRHANVE Y OREFTIIZMOEY ~
AL (Ser133) ¥ 7u54 v F—F¥APKA) IZXH Y >
Mibsh THELL, ENEEFTOE— Y —DOCRE
(cAMP response element) 2 & L, EHBET Ol
Ex @A T 5. 5513, ADHEKIM O pCREB
PLARIC X 5 B MLk 3= 10 > & pCREB % JH £ 22 i 25 1%
(granulovaculoar degeneration ; GVD) IZfERELTWwA 2 &
ZRWZLZ GVDREA—F 77TV =2k LTHATY
LIRS H Y, EFLOMAE, ADIZBT AT -7 7
V=X B8 v BRETHROBREEZREL TS,

F 72, KeyMolnet!Zid, ¥ S 0kA SEMRIZL D
PR SN REROADKRERA T 4 T — b5 F 2 URE
NTwa. KeyMolnet® EFH1/SAFBHEET, &
NS2FTFHERRT D4y PT— 2 EBFLE 2,
TIUCREBIZ X 5 BMM & o BEEMEI R D iR R
hiz (p=2.225E-308) (K2). BlEof#EiZ, CREBA®
ADFEA Yy P7—2ONTELTEHCILEZRLTW
%. KeyMolnet7 4 775 ) — HCREBIC X 5 BRI
canonical pathway i, 1624-F (CREB 8 X U'AJ1274F
EHTI1345F) THR S TWA (J3). Z09) L655F
(R3a@®) i3, BETRECHEEIFEL TV HEOEN
SFTHbH. cAMP/PKA/CREB ¥ 7 F VR {EHL % A
THERRAT7+VLATS5—¥4(PDE4) MfIETH LY 7
5 A (Rolipram) # ADB)#E€F W APP/PSL 5 VAV =
Sy Y AEST AL, BAEERSEELLY.

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

m PFRY FI—UBERDNSRIEMS D
BRI T

2008 4E1ZHan & i, 6 IO MSHAERK % v T, HEER
AF— YRR LEBRES S L—F =<4 7054 £
Ya YRR LY ¥ 7 v, SDS-PAGE TH#E#IC, ¥
YR ERMHL, VYTV VIEERTF FETA R RSN
TRIBRIRAT L7 WA A7 — VIl LT, J
PR L B E 28 L ¥ 2 2P (active plaque ;
AP), FKAEDBEMILBIFFIZIRR LT 28 MG mh B
(chronic active plaque ; CAP), &M ILUCZ L 7Y 7
W2 EHE T IR B (chronic plaque : CP)

6
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WAL BRI 2B O@RERO T O 74— A LT L7z
BEBRTEIRLINT, 2ORXT—VBENL Y VX2
HrxEH L, AP 158, CAP 416, CP 236 o 7 1 +
A=A F—FEAMLEY. KOS CAPIZB W TSHE
OMBEBEARY X HOFREZRD. ZOFTLcik
DWW, fiBtE¥ETH S oy ¥ U lEH#H Hirudin B X
Uit 7074 Y CE2RAWT, MSTHIWEFVTH B
< 7 A B O E M N AT # % (experimental autoimmune
encephalomyelitis ; EAE) Z it L7z, £H 5 OPugEE 3
b, PLEUFR Y Y oXBRoMii & 1L-17, TNF- o A 2 34
L7z, DIEORRLY, MKESEETRSY ¥ 37 FAHHBLMS £l
BEMTTFLRDILIRBENS. LELEFOKREHE
HOLBRERUND S o7 BIZH L TE, MSIHS TR0
CBITAERIIHAS SN2,

R 5, Han 5D 707 4 — 45— %% KEGG, PAN
THER, IPA, KeyMolnetiZ AL, A5 — VIR TS0 57
A—2ERDILIRMLTuBEGTRy b= 2RELL
W ABEORL DY - VA MBS TF A b=
A L7zas, L TCAP, CP 7o 5 —AXBF A5
A IEH (extracellular matrix ; ECM) -4 5 7Y v ¥ 7+
WMBEROHLIREIZRE LY. L v 770 YidEH
Da, 722y MHPOBERINL24HHEONT O 5 4
X—5FT, ECMYHr e LTHEBL. p14 57y
77I)-@dai—rr, 74 TRRsFy, I
L, ay A7 7)Y 773)—REraR I FrEEE
T5. ECM-4 v 779 »RIGMBEES, ik o1k, 85
SRRV T FVEEET B, MSEBERRICBWTIE,
BeMBROMELFELLZLY. Z0HBELT, 7Y TH
RIZEEINTHWBZECMPHANERT & L Tak:
R\~ 077 —VRI2u ) THEETSH S 8
VAGMERVECMIZES LTRINICRES L, 208
R, BEWREIBEALL T BT MDD 5 Y. BEKE
WKWBWTMSHERRH O =DIZ, adBlA T 7Y
(VLAY 2§58 MEE/ 70 —F ViiifkF 2 ) X< 7
(Natalizumab) R CHWONRTWAE, LA Ligds,
F 5 X TIBICH TS B BB SE (progressive
multifocal leukoencephalo pathy ; PML) % ## 3 % fibk
BBHY, BRELGEOHBEHFLETHS. ECM-1 77
Y ¥ 7P ME#ER TIE, FAK (focal adhesion kinase) A%
AT ELTH. &5 T LA WTAE226HE, ECMIC & 5
FAKDEHD) b BN HHI L, in vivoEF VAT
AR X I A O BIR & AT HT A 2 0l 5 12
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KeyMolnet [CIREFE N T V3 91 BADSRILELERBA T« T— MF (@D) EANLT, EFR1ABIBRTET, 9F*y MI—0ZBIFLRZ. VDR (CD) [C &2 RRHE & OR:StE
PEREMJIRRING.




L7z o TMSIZBWT, TAE22613FAK # ZERIA5T &3
DAY SR VE B BRI SE O B8 & 7 B W BEREDS B B

© %7:, KeyMolneti2 1, #58 & RS0k & BRI L Y
ESH79lBEDOMSESER 7 4 T— FMFFANESh

Tw 3. KeyMolnet® EFH17VAFBREFEET, chbd
I FFAMRTBAy PI—JRBH LI 5, EEHR
FThHHE S I Y DEA (vitamin D receptor ; VDR)
WE2RBRMEOMEENRDBTBEIN(p=
5.793E-237) (4). HMLEo#Rki:, VDRAEMSHEF »
FI=2ONTELTEHLZEEZRLTW A, HIREENE
VR I T I MS OFEEHUEATE WV & v D BT IL &
D, €5 I DIEIMSHEENHETFLLTEHCEEZONT
WwaMW, VDRIFEHHY ¥ I vD(A25-YVe Faf ¥
yIVD) LHEAETDE, LT/ 4 FXZEHK (retinoid X
receptor ; RXR) b ~nFu ¥ <v—%ER LT, E8EET
71 E—%—®VDRE (vitamin D response element) |2 #%
&L, BMBRETFOBETZEERALL, RERAGER 2SR
RERENERET 5. L LesSTEET MSIBWT,
Yy I yDORRENIRSNERERIIAEL S 2w,

BHb(C

V= EFEIBLENEDE. LELEFBHEITY —idwER
FEEZELPOHEHSETHY, BRETHE, Lov—nbH X
T4 AN T b, BRI, MRSFENREE M
B, BREEICE LTS HETE Twiwy, AH6H
REBR AT LE L TRZD VAT AN, F I — D]
HP 5T 2L, fRERTETT Ay b7 —27 %230 IET
THILIZLY, WO TIRER 2B EMT S - A
MO T2ENICRETAILRTEL L NbIS,

WRKEAI v 7 AT—S BT TFAy VI—2%F
B X (BT 27200100, BESNITHIERIZIE D BT

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) Mi H, 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
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FTRRRREbLNERR. HARBRENA(F AT 4T« VT ARER
ShF BB & OHBMRTHEEN, HRFHRERH R (C22500322) &
R ARPFHIRNARRBERI BEBRPERER AR\ T IOUY—F Y
& —HREZE (S0801043) BLUREHBBRHAIRETTRITREE
(H21-#5A - —f%-201 | H22- 854 -—R -136) DB ERIITC.
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for beginners
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DFEFINTI=UD5HT
ZHEEVEDBIEEZEN S F

temE—

hiR S R AR MERE T & 5 2 HEW LE (multiple sclerosis : MS) Tld, BERIE
T Thi7 $158%° Thi $BAR» i BAAFY (blood-brain barrier : BBB) 2 &8# L THYEHIC
FBEL, a7 r-TUR3Ioadf U EEENMLT, ERLBREEEERETS. BE
MS OEERTH, 18— 7z0/(FN)-B LG ENRERBEIRE &N T B 0 EED
HE <, HROENSTF N 3EHMNABEIrFEShTVS, BE, BT/ L0O8
HZFRTL, He0BRICSTIAERFPEDEORABHRZWBENICHMTELEAZ L
7 LBERAEEL, BIEMEORDEY /LBBAENRSELALYT L EREK
HBEFFRy NI THRBUBSESNBHRTHY, S{OHBFro X7 LEED
BEMSESTHIONA X AOBRCERT 3. B, bhbhiddEOMS F—2%N
AFA VT ARFAIAOTFRy T~ TRIFY~IVTHEERL, BEENSTEEE
L SBUESILTAROFF 2y M7~ J80FH, NS OFERS - ARERZEOE

HICERLPREFRLEHEEDNS.

Ui

%5 MMM LIE (multiple sclerosis @ MS) &, i
MR EICREENRETSE L, SFE8ER

MEERA I E C DRLTET T 28 TH 2.

MS T, BRI ER & BREERF OB 2 M E1F
17 B S U 726 AL 1 CBUSE Thi7 fily
% Thl HilE7s, MmEHB P (blood-brain barrier :
BBB) Z##i L TR HFMICERMEL, w70
Tr—=YR3Isus ) T ERGELL T, L

sk Saton Jun-ichi/WiB3EE
4F A4 TH2T 47 AW

FHEE SBIE vol 19 no.6 2011

[H-F (tumor necrosis factor : TNF)-a, —g{hzE
flammatory mediators) DAL FFE L, Btz
BRTLEEZLNTVA. EEWIC IR
ZD BN, KAEVRBELT B LMEGEL &
LTSRS 59R7F 9 5. IR T3 8
BYEWHC A 51 4 B9V A (intravenous methyl-
prednisolone pulse : IVMP) B Z %o\, Sz
1% —7xznr(IFN)-f OHFHBNES 2B
% fiosi b — i g e UOBRIRENT
WBHR, IFN-B// YL ARV F—=H %, MS I
FRERFE M 20 & PSR Y (relapsing-remitting
MS : RRMS), Z k#4578 (secondary—-progres-
sive MS @ SPMS), 1 JGET2H (primary-progres-
sive MS : PPMS) I & 41, #3403 T M
Noi i, Pudikas, 4V 7y Fad 4 P 7R b
SAOFRIZE ) AR ENTEY, 2ok

3(543)
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3 ISR ORI — (heterogeneity) A5 FEHENL
O—WehoTwa, JUEE T, HHPWEROWH
HEESE XA, RO ST A I
GRIZEFRHREN TS,

2003 4EiC e MY ADEFASET L, fH4 oMl
JZ 317 2 &R TFRRIE OB« MFEATICIE
W R R A by 2 ARUHFR L, BN D
S ) ABIEEANE RS A A7 b L
OB ERA LA I v 7 AW L Y,
A3 A RRFEHIR DEEWI A A = — 5 — RGN
BEPEOEOXW LI E N, FICERY
7 ARG BEETZEY, BYSEEEAE
HHBETHTRELLEY, 79 24 FER
(personalized medicine) D AILITHEA B Lz,
2 AT WS (systems biclogy) DBLE D S 1,
v MEIKBBL RS F Ay T — 7 THEBEICHBES
NEWHRTH Y. ZLOWHP L AT LEED
BifIAERE T & % 13X b & R (robustness) DRk
WKRETHEEZLNTWS., Lidio THHHO
WEMHO DL, 4 3y 7 AWRICHEF L
7 BT A RDGTFRy b7 — 7 BT S I A 1f
TFERLRA.

R, bhbh@akor—sz {44~
TERTATADGTFA Yy NI =TIV T
PP L, MS ORIZERNS T2 RET 5 LAt
TEZY UTbhbhoWgz fiic, MS
OFRERI R ERENEREZ I E L2STF 4
b — 2 T ICOVTEER T B,

1. #F2v M7—-7OBIMAE

HEERNTRENRIEERE Ay b7 — 225
BYAFAEFHEL TS, Ldo THEROW
HERI O 20121, e OB 15 H O BEREWENT 0 &

Bod. BAUIMELTWLIS T4y bT—7
RAy PT— OB ELETH B /13X 7 =1 D

EAEEE LB, —BWICEADTHEMAEN
(protein—protein interaction : PPI) {Z1%, M
EREWHEMROAZ ST, iHikl. R,

4(544)

Wik, MRS, BAEWERLR SR AHEER
BAPELET S, BHEEOFT I v 7 AF—412
BLE L TWB5F4y 7= 25 57201
&, KR SN RICEST S g oM
Wy —nNEELEPHD. Thbb, BhkiX
IEHR, O S E R0 THMEEIER ML L.
BREOBCEIREZEREL a7y E LTI
% L 72k 7 — 7 X — X (knowledgebase) % FI
LT, BMAOEDA Yy b 7—7%1 A7 241K
LEWHEBEZ B L TWARIoWT, HEHED
M R TS HiiTdh s, Web LT
7 ) =T & 51017 knowledgebase 2
&, Kyoto Encyclopedia of Genes and Genomes
(KEGG) (www.kegg.ip). 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) %
EWdHAH. EICKEGG & PANTHER I, ¥ =
L=y =t LENBHEMRI L - THA SR
EFRRHYOMHREZWNEL T 5B, 2011 4 4
A3, KEGG PATHWAY 2t 392 reference
pathways 2 HHIK SN 5 134,607 78277 = 4 7%
W Twna, FLABEOEVF— 7 X—
A & LT, DAVID Bioinformatics Resources(da-
vid.abcenciferf.gov) i, HEAENT TRIE L 72
KpdfaFey bOT7 /75— ares—fFLTH
ZhILDIIHEENY—VTH S, Func-
tional Annotation ¥ — VIZHIIO#@EETFE Y b &
AT hHE, MEHEMLRRERZ B %o T, #
B L CTuw A KEGG pathway #FETE
5. PANTHER T [ ££12 reference set & @ik
B &Y, BB OMEHENEEEL S ERET
P& A. STRING & KEGG, HPRD, BIND,
IntAct 7 KON PPIHHR L A L TIEL
TBYH, PubMed 7 7A FT 7 b HITHKR
AL (natural language processing) I2 X %5 5 F X

b A =7 LT SFRAREERICET S

PHE L S0IE vol. 19 no. 6 2011
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Rz ERZIIEL Twa.
FhGF Ry T IR0 E R
By —nE LT, Ingenuity Pathways Anal-
ysis (IPA) (Ingenuity Systems, Redwood City.
CA) (www.ingenuity.com) % KeyMolnet (Insti-
tute of Medicinal Molecular Design, Tokyo)
(www.immd.cojp) s £EHH B, ITNSEHES
T2 SCikE SRS L C, AT A AR
B2 EHEEOEVERZIELTB Y, S
7y 7= E8NTwAhA. KeyMolnet (X H K
MAICOHIELTBY., HF4y b—7 ORER
B LT, #A - SERE - BA MR T AR
IZWB 8% (neighboring search), JE3H]
B3 2 iR R B il Rk
(common upstream search), 45 & O & v
k7 — 7 BB I R B (N-points to N-
points search), BHOWE LA L LT RERK
DIREE ETRADFFy b7 —7 25

H I E M3 (interrelation search) 2 BT & 5.

2. MSRETOTFA—LEBERIPS &
RIZBESF

2008 412 Han 51 6 Bl MS BEfE I 2 Hv ¢,
SIS AT — VR R LR B laser
microdissection TR L 72¥% » 7 b % SDS-
PAGE Taiftaic, mpEzaunL, ry 7o
EALA T F WA & B 0T TR I ST L
78RBS A T — VUL, e tEMI R &
JiE % 3 5 AV B (active plaque @ AP),
RAEDSBABEHLIFEL IR LT B8PS TR
PidE (chronic active plaque : CAP), ZHERTRIZ
ZLLTA IS 7 ORRIERE Bl L+ 518
e RE LG 3 (chronic plaque @ CPYIZAHH L
7z FERZ 2 IR G 7 0 T A4 — 2 b EAT L
7. FOFER. AP 5 1082, CAP o 1728,

SO INTERSECT 707 7 4% H0T, it
BCRBIB SN PO EAT — VR R & T

e L I vol. 19 no. 6 2011

BF5 1 /e SRR DR LB

|OW L, AP 158, CAP 416, CP 236 #ifg) 5
RATUTFA LT FERALAET bR
PROTEOME-3D # HIWT 7 /) 7—¥ a v & it
L. CAPIZHWTHEEER%EHH SERPINAS
(protein C inhibitor), F3(tissue factor), FNI,
THBSL. VIN OB Z2EH. ZoOfRICh &
DWW, YRS TH % thrombin inhibitor hiru-
din B X UF activated protein C # T, MS &)
WMEFVNTHAH T X HCKRIEERHEFEREE (ex-
perimental autoimmune encephalomyelitis :
EAE)ZmM L7z ELo0hEEEDL, i
By YR OWIE L 11-17. TNF-a LT
L7 PEo®REYy, ml&EEREIEST
BLMS BIBEE DT & 25 T EAURIBE S LT
LA Ladsh KEBE 5 5 ERRUNOEITE
WK LT, MSHO-FRRIEIC BT 5 BRI S
WICBE N D o7,

Divbild, Han 5O 75O 7054 — 4|z
B4 % UniProt ID %, Entrez Gene ID B & U°
KEGGID (2% L €. KEGG, PANTHER, IPA,
KeyMolnet \CAJIL, &AF— VIR 7057
A= L& b BEMLTWEGF ARy P T—2
ZiE LY. KEGG TIE, CAP 7ust—2Lutk
focal adhesion (hsa04510) (p=5.21E-05) (B 1) B
& O extracellular matrix (ECM)-receptor inter-
action (hsa04512) (p=1.25E-04) & @ B % Z2
7z, PANTHER TiZ, CAP7u 7574 —4t
inflammation mediated by chemokine and cyto-
kine signaling pathway (p=2.63E-03), integrin
signaling pathway (p=3.55E-03), CP 7 a7 % —
2 & integrin signaling pathway (p=4.33E-02) &
OWEEEED . 45 KEGG & PAN-
THER D2 6, MS#EEHMEICH 1T 5 ECM-
integrin ¥ 7 F WARER OO EEIRE S 1
7z. KEGG & PANTHER {2 X 2 f##i Tid. AP
THF AL EERICEE T B8 o A 13
Shihor:.

—J5 IPA Tl AP 70 74 — At cellular as-

5(545)
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H

B 1 KEGGILL D MS K& CAP 7O74 —~LOFFRy b7 — 78K

KEGG = X 247 Cld, MSHE#H CAP Yo ¥ 4 —

4 (i) & focal adhesion (hsa04510 : COL1AL, COL1A2,

COL5AZ, COL6A2, COL6A3, FNI, LAMAIL MYLK, SHC3. PPPICA, PARVA., PRKCB1, MYL7. RACS.
SPP1, SRC. THBSL. VTN : ECM BRI ECM & L T—%) & o EEASRME ¥ 172, Focal adhesion kinase
(FAK)H, 52 M7—2DONTEHIN &3 Edbhrb.

sembly and organization, cancer, and cellular
movement{p=1.00E-49), CAP 70 ¥+ —&l&k
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 7’0 F 7 — A cell cycle, cell morpholo-

gy, and cell-to—cell signaling and interaction(p =

I — & ? dermatological diseases and conditions,

connective tissue disorders, and inflammatory

disease % v M7— 7%, BGN, CHI3L1, CNN2,
COLIA1, COL1A2, COL6A2, COLB6A3, CXCLI11.
ENTPDI, ERK. FBLN2, FERMTZ, FNI1, GBP1,
HSPG2, Ifn gamma, INPP5D, Integrin. LAMAL,
LUM, Mle, MYL7, MYLGB, NES, P4HAL, Pak,

6(546) P L %

PARVA, POSTN, PRELP, SERPINAS5, SER-
PINHI, Tgf beta, TGFBR3, THBSI. VIN # 6
M3 hT BY, ECM-integrin ¥ 7' F V{5&ER
DG ERE LTV, BB KeyMolnet % H
W, MS B 75 s R 0GR, AT — VIR T
74 —2DEFFERME LT, IHARSHE
TR E 2242y VT—2 L7, AP
7 4 — A1t IL-4 signaling pathway (p=1.79E~
13). CAP 707 4 — 4 ld PISK signaling path-
way (p=7.25E-18), CP 70 % 7 — Al 114
signaling pathway (p=1.04E-16) & & & B2
WML Twiz. F72 CAP & CP i integrin signal-
ing pathway (p=2.13E-12 8 £ U p=2.57E-12)
EDREYEL FRD T
Plokyic, 4l ORL LY~ KEGG,

PANTHER, IPA, KeyMolnet . 3F &% 490

vol. 19 no.6 2011
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