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M THAME (mucosa-associated invariant T cell: MAIT)2HNK
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AT, R CHBRRMICOMT D &N,
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Miainstream T cell
MHC class Ia-restricted: CD8* T cell
MHC class II-restricted: CD4* T cell

MHC class I-like (class Ib)-restricted:
¥8-T cell (TL, etc)
H2-M3-restricted CD8* T cell-

CD1d-restricted NKT cells
type I NKT cell iNKT cell)
type II NKT cell

MR1-restricted NKT cell

Figure 1. Two major subsets of T-lineage cells

T cells are basically classified as mainstream T cells and innate T
cells. Mainstream T cells contain class I-restricted CD8* T cells
and class Il-restricted CD4* T cells. Innate T cells that are class

- Ib-restricted contain 70 - type T cells, H2-M3-restricted CD8* T

cells, and NKT cells. NKTcells (mostly ¢ 3 type) contain CD1d-
restricted type I (iINKT) and type Il NKT cells, and MR 1-restricted
NKT cells as known as mucosa-associated invariant T (MAIT)
cells.
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L, st H > R TGRS =D OBNKTHIfIZ /25

i

LnwHEZF LY aE®FIV) &, S RTEGH
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fasr LI HAEDEETF (Runxl, ROR7Tt) ZCD4*8*
(double positive: DP) &I /v 777 b (KO) T %
&, NKTHEEMSMEESRRN T &1, S0 L&D
7=DP/— )L & B X N TNKTHIZIIAE U 5 Z & &R
LTBY, L7 a EFIVEXRL TSR, —7F,
DPX ¥ & 5T RERS)E T BDN (CD48/CD4425",
lineage markers (Lin) 43 Td HDN4HP, 3 5K
B & U CIEDNIERIC B R % CD4-8-/CD44*25/Lin H 43 TH))
D FIINKTHIAE 2 457 5 s SR Aa A3kt 3l 5 DI,
TLAZIw A MEFINEZHTHHRETH S, @
EFIVHHHEHRHTH S O, NKTHIERAWTNO
BENSBERLEDDD, BERIEFLZNTNS,
(2) BRI AL & T ORFIT D B HH

NKTHIfE®, A A MU —ATHIREEFEEKEOE
AT RIS ASRETH 55, NKTHIAZILE HCD4*8 (B &L
VCD48) 7= /54 ToEFTHMMPTH DA, KRN
BT E T class IT MHCZ F T2 <16, ¥ iZclass I
MHCORREEZET B-I 717117 > (Bam) KO
IR THMEHSRIE B Z EMBY, L& —(IE
ORI B HEMEIRR S TESER-R VT 1 T
Loy =B LIy —E L) I3 RmEEsF—
b Belass IMHCH % Widclass I F—ThHh D 2 &
METHEBELE, 51T, HHEBHFASIIAD
DS BB BT TH, B ERIRARO RS HRIEPTE

' Thymic selection |

Precursor
Bone marrow

Intrathymic cellular interaction

Thymocyte/thymic epithelial cell

Thymocyte/BM-derived cell

- q/k Thymus

Periphery

o (6

sitive selection

[ainstream T cell
A

"Negative selection

Figure 2. Intrathymic T cell selection

T cell precursors interact either with cortical thymic epithelial cells (¢cTEC) or bone marrow-
derived cells, such as CD4*8* (double positive; DP) thymocytes or dendritic cells in the
thymus to be positively or negatively selected. Mainstream T cells are positively selected with
c¢TEC and NKT cells are positively selected with DP thymocytes. Negative selection could
basically be conveyed by any type of cells but efficiently be executed by dendritic cells.
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HIBIC TR <, RIP—HNCH BT IE OFRIR 221
B ENSGrino J= (Figure 2)'8, ZHUITHINAAS, Haip
B E R AIAE B Dclass I (CD8Y) 3 % VW aldclass IT (CD4%)
MHCHIFIZ LD, EOBREZTAERT S LI HME
R EIERMT, BEITREZETH D,

Z D%, ZOEBHERMIE EICRRINS BB H
4 FIICDIATH DY, NKTHIABIECD 15 I HiE 2
WETAHTMR TH S Z &AWL =, CD1dIZCD1

3A)2°, KVDIEMEHT 22 5E, DPRRMIE LD
CDLd4-FIT L D BIR TN B2, ERL L 7=NKL I HgfRA
fEBDPE THHMEAET T 2 BETHE YT A (TCRY
KO) MM CTRIM L 72 BB 1322 £ T 5208, DP
PIRTE T UL EFT Ui~ o 2 g (Ick
KO, TCRB KO) & DEEETIXIL-2%&EA LRV, 72
B, CD17 7 2 —DOHJACD1 (CDla~c) i, E b
WWIHFEET BN, YUATRERBLTWS, HHlY
CDLZDNTH, ZCDUHEMETHENEEL, aBb
B, v OROWTHIZ2EDA, THSIINKTHIME &M
i,
Gty —U N RENKTHIIEY A > R

NKT (F18K) #ifgid, CDILdIC & D IEDER 224

LT3, L7y —THAHCDIdLIIRRENTNYS
fISNDOUAY R (EL I =02 BERT) & FHEE
L TS Z &iT/eb, ZDZ Eid, CDIdkITHE
HHUR 2R 5 72 D 4-F —microsomal triglyceride
transfer protein (MTP)?, saposinZ 7ot v 79 5%
cathepsin L*DKO T, MRICHB T SNKTHIEMEA
BMEINDZENEDZOFENLHFIND, LD
F—UH 2 BIIRERETH SN, £TECHEHESIN
Fe FRANKTHI OFEME LU A > R (CATFRICU AR
EB)ITDWTHBIZHRS, B 7y —-UHREY
A2 REZBTUBRE—ThHHLEIRL<, THIETIE
Bz RTFR) EFEZS5NTWSN, NKTHIETE
DX D 7RBRITH DDA ST N TWIRN,
ERANKTHIRRD U > R, FUEBERZEEC
WBHERRY NSRRI N/ZKRN7000 (agelasphin:
(28, 38, 4R)-1-0O-(w-D-galactopyranosyl)-2-(N-
hexacosanoylamino)-1, 3, 4- octadecanetriol = ¢-GalCer)
ACD1dICHEA L, NKTH#ild2iE ke tah el
THE SN/ (Figure 4), a-GalCerld ZH BHET <H
VA RTHBN, U—MMeEHmELT, OCH(Th2
TR U H > RS, a-C-GalCer (C-glycoside: ¥ AT
WITh1BYRE Y A > B)®, a-carba-GalCer (RCAI-56: Thl

A
Human
= L T
Chrom 1
osome L] B B
Gene name: [Hay ) CD1A CD1C CD1B CD1E
Previous name: R3 R4 R7 R1 R2
Protein name: CD1d CD1a CD1ic CD1b CD1e
Mouse’
- Gene name: CD1D1 CD1D2
Chromosome 3 __D__I.__________ Previous name: mCD1.1 mCD1.2
Protein name: CD1d1 (CD1d2)
B
CD1 | human Ligands/function mouse
CDla + Dermal wax (Moody DB), Dideoxymycobactin (DDM) -
CD1b + Glucose monomycolate (GMM) -
CDic + Mannosyl phosphomycoketide -
CDh1d + Sphingo/glycero glycolipids - phospheolipids +
CD1e + Lipid chaperone -

Figure 3. CD1 gene loci in human and mouse and the ligands for CD1 molecules

A. Gene loci of human and mouse CD1. Human CD1 loci contain three sets of classical CD1
molecules, CD1a, CDIb, and CD1c, and two sets of non-classical CD1 molecules, CD1d and
CD1e® Mouse possesses only CD1d molecules, CD1d1 and CD1d2. In B6 background,
CD1d2 contains premature stop codon and is not expressed. In other strains, such as BALB/c,
AKR, NOD, and 129, CD1d2 has (C— W) mutation in @2 domain that affects surface expression,

suggesting that the function could be limited.
B. Ligands/function for CDI molecules.
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BURE Y H > R ER& I EYESEE R T 2500
EREINTHY, BETHHZRUACR@EIZE, &
kN OThIBMREA U > REL T, NU-a-GalCer®®) D%
B EBERIIFEN TS, BRAICHIBROCDIY 7 2
J—DEHTFDOY AL RIZDWTHHSNTE> TY
% (Figure 3B)., CDlallld, dideoxymycobactin
(DDM)?, CDI1biZ 3 glucose monomycolate (GMM)*,
CD 1clZ i3 mannosylphosphomycoketide®' 72 &, WEH
EEEEEDIEY R — LY RRTF ReE SRR
PEAT 5O T, CDUE, HBEEISHT 544
B2 D ZOIREET 20 FEEEEIND,
NKTHIf DL 7 &5 —1 7 > RERROFEEICR %,
YA RELTHIDTAT ¢ > OFERENHS NS
N2 &bdn, BIEAHREOERST D A0
EEIL /= /w7 7 YT AT, NKTHlEsLICEE
WEUZMMNENEFMEL, U2 RMEMOBRENTD
NTWa, FORE, NKTHEDOE > &0 Lz ki
EERT B DL B-glucosylceramide (B-GlcCer) & FL B
FER2DHT, sulfatideganglioside 5 H IZIL7RWN T &A%

Foth

ANz, Mo7 Fo—F & LT, NKTHIlEN- 7
U R—icka Rl E ) 2 REMEERL, 2L
TAI Y=o 7B E, A7 dIgERY VIEHE
I EARICEEEET BIEE 0L <MY A2 RITRD
BB EAVHBRL =8, UH 2 ROBEEITEKD, NKT
HIFZN— A 51 > & UTRITEEEEBICH D EE X
B EHHEETH D, 20044E121E, Sandhofffi§ DE T
& U THERL X 31TV /= B-hexosaminidase (Hexb) KO
™ AT, NKTHIEOMEEEN DS Z ENEHEh
7z. & T, isoglobotriaosylceramide (iGbs) ASNKTHAN
UHRELTHHRET D Z ENnS, G RN
L& — « NERMEY > ROEHE HER &Iz 7 (Hh
17 B-GlcCerDFE DFEW)®S, iGbsldiGbs 5 HexblZ & D
KIRL CTHRET 2 EFHEN, HexbORIBTHATSD
Lan/z (Figure 5). LML, iGhldMIRICIIEREL
NEWNSE(EFEEED S & (XA T ERESAR
il DALEIEYS, B WD T I —TIZL D iGhsfy ki
FEDOKOR I AMERE N, R~ A TIENKTHEAE
FRICEEEMNED SN/EWN I EMBiGhkst L 7 ¥ —ild

a~galactosylceramide (prototype ligand) NU-c-GalCer
Ceramide (N-acyl-Sph) 0
HO HN/U\II:I‘
o} 0
HO Py
HO HN O(SHZ)24CH3
a~linkage" Cf."C"GalC er (CH2)13CH 3
Sugar: D-galactose (C-glycoside) OH
Sphingosine HO OH
HO i
OCI{IO Shorter acyl chain: (-2) N O(’EHZ)MCH3
OH
CH,)45CH
0 o a-carba-GalCer (CH)1sCHs
HO (CH,),,CH OH
HO o HN OH N HO OH‘ bmethylene
(CH,),CH
\/H)\ 2)4CH3 HO )j\(CHZ)24CH3
OH Ho | HN oH
Shorter sphingosine base: (-9) Ox/k(L(CHz)mCl'ia
OH

Figure 4. iNKT cell ligands

Representative ligands for iNKT cells presented by CD1d molecules are shown. A prototype ligand,
a-galactosylceramide (@-GalCer): (28, 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: (2§, 3S, 4R)-1-0-(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.

102

- 238 —
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EENTzY, Hexb KOTNKTHIFZ DI/ DERD Sz D
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THlbNIFEINZDTHDEE LN, 277
L, UAZRELTOIGIIREI TH D, £z, #BiR
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LBHDZENHEINS, NEREEDVHT O RELTO
IChOBH/BEREAINTNS, UL, BRICKD
toll-like receptor (TLR) @ Tt Tlactosylceramide (LacCer)
EREEEE DHENR & 572912, LacCerDRIEEEIC H
% B-GlcCerD B ERIT X o TNKTHIE A E LT
BHEVND AN ALBRBINTNS®, FilL &,
B-GlcCerty B BE 57 D BAR FHE I TNKTHIE D LR s
MAHOLENDEND T EREHTTERIDE, B-
GlcCerBEN L 75 —U A R THLWRELED D
D, SBOMINNLETH 5,

4) IEQFEIRDE2L 7))

ITCRAY [CD1d +x] &EFEAL, ANEINDHEITTF
JV (TCR 7 F)b) OMIINKTHIIE O MEIciE, ©5—
DD T FININESITMEATH D, THIFETIZEN -
7= BUEHSERD 5 N7V iFyn KO CNKTHIEMEAS K & <
EIND ZENASNTNENY, Fynll L DEES
NBZTFINMEZZIOE2OT T FIVT, T
signaling lymphocytic activation molecules (SLAM) In 5
ANENDBDOTH S, SLAMIZL, immunoglobulin
superfamily (IgSF) IZJBL, BE®Slam7 7 2 U —%7H

5-glucosylceramiile sy

KT S, Slam7 7 2 U —FRAK(E L - TTXED
SIgAR) RICEBELU THEL, TN 5IESLAM
(CD150: Slamfl) D, CD48 (f2) Ly9 (f3) 2B4 (f4) CD84
(f5) Ly-108 (natural killer, T and B cell antigen: NTB-A)
(f6) CD2-like receptor activating cytotoxic cells (CRACC:
DM, VA —2FRLTNBEE, Zhbid, NKH
faTHIEH R/ SICBIE T 50 FTHY, HBEkkeE
WWEERREZRZLTNS, EL 75 —ELTODP
MRS I ZCD1d DI Slamf ISR L, —H D
NKTHIBK ML £ DSlamee EAHEAER T %, Slamf6s
SLAM-associated protein (SAP) 2/ L T, Fyn&k£&H&
U, BELIELITFIVERRED, ROFEHENTIC
FynDiEHALZ £ U, R4 RTHRSFHRTO U >
BICENTIT T ENFREINT NS (Figure 6)8, Z
N5DS B, protein kinase C theta (PKCH) %71 LBcl10-
CARMAILI-MALT1 (BCM) &N HNF-k BRAEE T
%—77, fiJ5idSlamf6 B £ %> SH2-containing inositol
phosphatase (SHIP) % Dok docking protein (Dok) 1/Dok2/
Ras GTPase-activating protein (RasGAP) 72 E DY 1L
WEODTCRI T F IV DWW DG EITH < EHEEFE SN
5, BHEEMECEBATY I LI a B2
THEET BRI, P TFIVEETREBTS I L0
Bz DM LIEW,

CD4* THIfE %, class II MHC?S B2 8 Ml b Rz il ©
1372 <, CD4*Buffifialc UovFH S hisn A T4
HrTobkEE 5 &, AL 2CD4* THE (T-CD4 T)

Gus synthaV

NeuNAc(a2—3)Gal(p1—4)Gle-Cer

GM3

p1, 3Nnacetylgalactosaminylﬁfaﬁ_sfé

Ganglio-series

Lactosylceramide N
al, 3-GalT

Gal(al

Isoglobot

Figure 5. Biosynthetic pathway of glycosphingolipids in mammals

Endogenous ligand iGbs is synthesized from lactosylceramide by transferring galactose with
a1, 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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AR it

CD4+8+ DP

CDld@i@f&

Selector ligand

iTC

Val4lol8 DP

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-k B via PLCH and may reduce
or dampen strong signals through activating RasGAP that inhibits the Ras/MAPK pathway.**

Thymus | [=> Periphery

T T

r 1 OPN,CD28,1COS, IL-15, wasp?  S1Ps -7
St ' D44 Ets-1, MEF, RelA, T-bet, VDR, IRF1  LTo4B2 12
age 1 | Nk | i apa? ,
S b -
o Egrz, NF-xB1?, PLZF, RelB, Dock2,
- IKKZ7, PKCO, TGF-BR, Dicer ""4 Defect in aly/aly

§

ol NKT cell "
AP-1?, Runx1, Fyn, SAP, ce

. Lek, Z'AP?Q\,_CD1d, Ja‘iBﬁ

e & Z{?hymo_{:ytes {

\ - IR ; & T, / 8 . N,/ [
« Cortex -~ - eeeewe”  Preeu ’ ’ ,
L PR T e © - Random gene rearrangement : o

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

NKT cells that receive the positive-selecting signals and SLAM signal (and the 3rd signal from mTEC) must follow
maturation step from stage 0 (CD24*CD44°NK1.1")—stage 1 (CD24"CD44°NK 1.1")— stage 2 (CD24"CD44%NK 1.17)
—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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(5) BEIR#E D ARBETE

NKTHIfZ I DPiRAfa» 5 BRI 7 IV E5T %
DS, FDHAD Dstage (0~3) & #E TR L RH~EAR
AND, RAGEFRIT, CD24*CD44°NK1.1"Dstage 07
5, DARRCD24" &7z o 7= Mg 2 CD44 ENK 1.1 (B 5 Wik
NK1.1JERI AR TIILy4972 &) DFIRIT L Dstage 1
(CD44°NK1.1-)—>stage 2 (CD44"NK1.1")—>stage 3
(CD44¥NK1.1%) LH#EfTTHRDITEAZSNTNSS
(Figure 7). stage LIC A B RIDERBET, 9 BAHEEST
PO kB S OBERE S IR FETRE D X & — M Tiddh
BTHD, Frexld, LIBINF-£B inducing kinase (NIK)
D FZERAER CSCHRICER) ICX> T, NKTHIlED
Bl MR BV 2 MEESEE T s 2 Le R,
W1, 5227 IV OMIINKTHIAE b Dlymphotoxin (LT)
a1, BEE IR R ICHIR T Slymphotoxin 8 receptor
(LTBR), & D FHONIK—IKK a—RelB/p100—RelB/p52
&S alternative NF-k BIRIE N 5B I N DA S M D

Immune surveillance
IL-2
TNF-x

RANTES
Eotaxin

Effector recruitment

Cytotoxicity __ 1!
FasL LI

WA, W3O JF IV E U TNKTHIIEO ML IC R ET
HBHTEEHEMILEY ZOXTy TIdAMERE
DONRVBRVEREEZ NS, —BZoJOy
7 &AMl dstage 3F THED T EQYRIBETH
D, REBEENGIZIONB LRV, i,
osteopontin (OPN) KO Tldstage 23D 7 0w 7 3 dH %
ZEERBHMUZNY, BEMBAIZXLEITHATDH
B, KB BYA Mo VEEDNDEENSE
Z % EGATA3ZITY 2 AIREMEDH 548, GATA3KOT
tdstage 2 | (stage 1=2D 7 0w 7 & B idstage 2D
D) TH B, O, NKTHIfaHMLicHEEZ 5255
T (ZAP-T0%Mth) VX, 5 DstagehBA T HIFEIT,
FOHERDOAT Y 270y 7§ BRFELTRLE
23 (Figure 7), ##L <IEX@R45Z SRS N N,
NKTHUEE RAICHRB L TWHBEESEFRT L
T, promyelocytic leukemia zinc finger (PLZF: & % Wi
zinc finger and BTB-domain containing 16: Zbtb16) A3 5
MZENTNBY, PLZFKOTIL, D NKTHIEA
FEW, stage 23D ATy THIEE N, NKTHIEOR
ERRESEDD TS, WESMLIENWY 2INEIT
NKTHIEAGED 5 N2 ONFETH D, EHIY1 b
T CEEANERL, EAOHRKEBED SR
B LAV T < HEAED T T binnateness 23D
TW=, PLZRIZE/-MAITICHHEBLY, 20 &id

NKTEMAITHAEI U A5V — BT Mg TH 5
TEERBLTNWS,

Th development

Antibody

L~ .
4 Production

IL-5

IL-10  Suppression

TGF-B

1L-21
GM-CSF

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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2. NKTHEBI D #ERE
(1) Type I vs Type II NKTHHfE

NKTHIfEE, SEI0BRR/=IiTCRZ W Stype I NKT
(iNKT) #ifft &, CDlAIZIZHIRE NS A, EDfMmD
TCRZ T Htype I NKTHIfZIC SN TV S, K
HEEIZE S Etype I NKTHIEIE, «-GalCer® U 72 R
EUT, Thi(Th2) T7 =7 % —#EE%, type Il NKT
MRV, sulfatide’z &% U A > R&E U THREHEEREZ 2
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FLTWEZ &S (2L, a-GaCerk D ® a-GlcCer
IZaffinity DS o 7). FE type I & type I NKTHEARH
Treciprocal R — TS NI NTH D2,
NK T AE O B RE 20V X FIEE THEIE (regulatory T cell:
Treg) 75 & b E OB OBAEHFI B E N TV B EE
HRH 5,
QYA NI TR - FTOMDLT 7 H —
SFDREE

NKTHIEE, THREROAA AT —I—F1 7J8&
MEENnsiEE, v b1 & UTIL-2, 4, 5, 6,

Opposite immune bias
to the pre-treatment

10, 13, 17, 21, IEN-7, TNF-¢, LT, GM-CSF/& &
%, 7EHA1 & LU TRANTES, eotaxin, MIP-1a,
MIP-18, MIP-27xE %, #h®4r+ & L CFas ligand
(FasL), TNF-related apoptosis-inducing ligand (TRAIL),
perforin, granzyme’/x &, PRAIREHEELELED,

LBWETH, THIGHEE D LIEE, FUdREEe 4 s,
IR, SRR, MEGE, MRBIERELER
MR % B9 2 A HiskE D (Figure 8). VEGFDELED
WEINTH O, NKTHIGIURAEHE SN THERn
&N s RTF R ARG TREED R EZ W, D
HNEEFENS OMEICHTEZEERERFDILICK
0, FRENOERSE ERTAREEND D, —HIEL
T, NKTHIZIZ 2 VT RLF U > (NA) SHREEZRE
LTWB5H, < X DFRKIKEIK (MCA) fE3#IC XKD
MAFEESTI T, BEBONAY T FINICL> TH
NKTHifa» 5 2B OIL-10MEEINS, TDIL-10IZ
K BERWE IR DEEER I IE R I & T D B R
HEBEEBILTWSZENRINSES, ZORT
1d, @-GalCeriZ & BIEMEALR° q-adrenergicZ KT > %
A b E7x & ONKTHIFEHREEARIC A dr PRI
THERBPRPBDENT NS,
Q@)NKTHIED R H T+ 77 14— RN w 7 il

FA — 7 CD4* THIIE D~V IS —THIIE Din vitro/Ht,
Z T, ThINOEIZIEIIL-1243, Th2N\ DMzl
IL-478, BEEWPICHETH D, TOLIIT. BKY
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A
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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 Th1) to those that had

been used for pre-conditioning (such as Th2).
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WML B AMER UYT A ONBREBICH S &,
FOHMZRERGEECBDT, MEERTT 17
TA4—RENy I THHlENTWEEEZBND, —
77, NKTHUfE DY A &A1 2 BEEDRERMAIT LT,
BREHOHA N 13 E DX D Fapre-conditioning®f]
HBERTOTHAIN, ZOXIRELNS, KRR
il (DC) IZ @-GalCer& /X)L A L, FDIERIL-45 5 W1 E
IFN-7 CHIYLE, NKTHIEEHRE#EL, NKTHifEM S
DYA NHA EATOT 4 =)V E2RIT Uiz, Z Ok
BOIL-4THIE U728 A IFN-743, IEN-7 THILE L
A RIL-4N K D ERMICHFEI N Z L2 EHL
7= (Figure 97, § 735, NKTHIIEZ OB E IR
R AT 4 T 74— BNy 7 THENTNWE LD
CEZLNE, £, L4EFLC 77 3IVU—IETS
IL210BEH I FO—)LITE U T, IEN-7EEENH
<FHEINE®, Fz, Y1 Mo T TRLS, CpG
(ThIRDISEBIL) OBEE S, IL-4DFEAEERICEN S
7zo IFN-7, CpGlz EZ4LE L TDCIZHHE =N /=Hilg
R T 295 &, CDId - 7 5 AIMHC - 4L
WO FOFERO LANRED 5z, CpGTDCE FiilLIE
U= REBR T, BICDCEOH2DY T DR RN
RBYH BN, H2DOKRIE, NKTHIEA S DIFN-7 B
HERBERT D Z M5B, H-2DY)F O F IR IR AIL-4
FEABBRICEIEL TWAHREENE A 5z, I T
a-GalCer/S)V ADC% CpGTHLEE L, NKTHIMT & Hhts
BT DHRIPIDBUEERML T, D&, BEH<IE

Qa-1v | ?

. Ly49?
o H-2D4 1 Relative dominance of inhibitory signals

CDR4/NKG2?
Relative decrease of inhibitory signals

NKTHIIE L o2 AR Ly49 DM EIER) 270y
7 UG E I CpGRIALE THTR U 7 IL-4ME 4 A3
ICRD BN 20 7% —7, IL-4DFHULE CIFN-7
FEEMIM U= E1T, DCLEOMEMIED T DQa-1°%
BHORT 2B, Fkick 370y 7 THRIZX
NTWRWAL, Qa-1%/CDI4/NKG2A > &7 F )L D IEMT
SR 7RIFN-7 DFBEIZ NI D 12000, 25 5 Bk
TR ZREORBEMIELOY M EEIT
BleEAECEZBDEEZ SNz, NKTHIROGEL,

T, MIED AR - FREDO T FINCE > THIl
HINTVSE Z ENHND (Figure 10). ZDEDI7RA
HZXLIWZED, ATIMhSE BB EZEOHHRASEZEZY)
B0 hETHIELICED, REREEIRENC
Th1d 2 WETh2 A EICRE LWL D IHBEIL Tha
£DICEDbNS, ZOERWREED, SEIELR
BOHEDEEICH LU TKEREEEEADSTHAD
Z &G E <,

BR TS EERBORIE - BRICHT ANKTHED
E| ENKTHI 28209 & U 7= 1 & dulic i~ = 0,

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 (NKTT) 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

FUHIC

T N4 < —%% (Alzheimer's disease ; AD) I%, FEE
FCREL, ETEORARERELET MR ERER
T, WERRHEIZVWERTH A, HEZHITIE, BER
KA E % 0 C A B (amyloid beta) DER L BEY VB
163 % % St iE ERE Lo M TME L, KA AHE
MRELRD L., BEBEREEADTE, Loy v
(PSEN1, PSEN2) # 7 3 U A FHEEf S v /%27 & (APP)
DBEFERZRED D, —F, KEHEOAD EEETFLEED
GRIMBEETHY, WELTFHOBRICL Y A pEENEX,
DIRET, BEREZRLT, BCKEDA BHER/L, ¥
TOREY VL L AR S FESND LERLNT
Wh, BIEEIOERTAAL T ) I — 3RS
v, —7, ZREEILAE (multiple sclerosis ; MS) &, &
EIFCEFRL, PEMBERAECKEERBESSZRL,
BRA GHBERFIEEZRVELCETTAHKETH 5.
MS T, BEENERCRERTFORMLEEABEERIC
B U7 EMAL B O 5US S Th1 7888 % Th1 MBS, Mo
B Z @8 L TRHPFRICEHEL, vsuryr—YR3isn
TUTREEAALTHA A VR EEBREOEL +HE
L, BBz ERTALE25NTHA. MSTH, IFN- f %
EORBERAMEIZG ENTVEY, J Y LVARYF—
e L. BEE T, MR - B oFEARE

2

BE, &b/ LOBSNET U, B4 OMEICSITEET Y /O EORRERERENCHETIEELRI MM/ A
FHUDEIR UTe. RISERS OO BEN AR ERE Ucd Sy S AAR(CERZEEL T/ LEIENENS T LY T
bUTc. £ MEREREDTFRY M-I TREBICEBESNEMRTSD, SLOBRDY T LEEOHERETSD
O hRADEHRICER T 2. WHIZEMEIEOWEREIERE 7 LY )\ I—ROMERRERR SREE(LETIE,
DT HEFORES JUHRORND FICTT 2EHNGREIMFECNTND. Bl SESEMBEREOAZIvIXT—
FIEALT, DFRY NU—OZFHRICERULT, BRSO TEREU. SRS/ LDA ROSFRY NO—T@iR
b, SR ORRRRR CARERREDOICE TR ITEELHARBRE LD EBDONS.

F32 L, HROBNGFIOTAEMNZEEIFEIN
TWw5,

20034 M7 LADBEZEASTTL, 4707 v, B
EONER, WERY -7 v —% BT, Fc oMk
I BBETRY V37 BORBERT BRAIET T RE 2R
AN ARRAEIR L. EE, A1 PO BEN
BEBEMERE LTI v 7 AFRICERZEL Y/ LAIE
NERGFTA LY T MLz, RARKEERY ) I 7 A05FR
BHEEEET, BURSEOBAEZZ D HIBREFHTIEE 2
Y, 75— 21 FE# (personalized medicine) DI7ITHE
PERPNTz. VAT AN Fu Y — (systems biology) DELM
PoiE, C VERHEAGTF A Y b7 TRBICHEELL
TEMRTHY, L OEERF VAT ABREOHHEETDH
ATSR b AR (robustness) DHEICEEAT A EE L 5N T
WaH Y. Liedto THEEER OMBMEE O, 3y
7 AMEWCERE LT, 574 ROSTF Ry b7 — 7
BEELHAFERLZY D 5. &b, EELIIHBREDTI v
ZATF—=FICHELT, FAy M- 2 28BN T5
LIy, AIEENSTRERELRY. UTIKEE S OR%
FRLCHTFRY b7 — 7 AT OBRICOVTHEST 5.
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EEEHREFEDEETRRELUANIVOERE2EEEL FOMISeEED S RNAZRER U, BXRES
UT, PUAENATUFAE—2a & TS. AFvIRIC, YIOFIVBERTEREL, YT
JVEOBGRFHRRETOT « —VEREENICHBER U, ER0EREREE T 5ELRTE (DEG)
ZHHL, EBNPCRTHRIIY 5. £EYRENEKMITORYD, GO (Gene Ontology) D7 ./ F—
2 3 v (annotation) 2R/, BEISAF—ERZETL, KEGG, PANTHER, STRING, IPA,

KeyMolnet ZRIFI LT FRY NI—J BB T S.

a7 A EZHCT, B4 0MBICBT 2HTRETFORIE
HETIFIENTT 2 2 EPTRIC R o7z, BETE, B&
KR Y~ 2V =2 AT, EHEVRVWEETIED
T, ~BEREREFORFENITEICLo TS, ¥ M
AT, IYRA G TATEN AR TV A R
BTG T7 9o - YayTayoNr - BERBER - KBEE
Th, ¥4 2707 VA BINPTEETHS. DNARA 70T
VA, cDNAZEBFICARY ¥ —TEHETBLAY
74— FhHRE, BEEEBEETH)IX7 VEF FEARK -
HWETE7 4+ MUV 75 7HRD GeneChip® (Affymetrix
HYICKRBIENE, S5, ATFAL XY 7V P OBEN
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(chromatin immunoprecipitation) on
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?D 5 — % N — AEntrez Genex F|H L T, 125 2GO
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(Gene Ontology) ® Cellular Function, Cellular Process,
Cellular Component % X% Z & $ W 7225, DAVID
Bioinformatics Resources (david.abcc.nciferf.gov) @
Functional AnnotationY — V2 w5 &, BALZBETF

Y FOT )TV avE—FBLIRBITTESY. SHO
VYTV RBBRN 2581, 75y bOEZEEN
T OHET 57201, GeneSpring® (Agilent#t) % Cluster 3.0
(bonsai.ims.u-tokyo.ac.jp/~mdehoon/software/cluster) 7z
EDV—VEHWT, DEGERRELKRE Y 5 A ¥ —BiF
(hierarchical clustering analysis) %479 &, BH7 07 4 —
VDOEY 2T VBN TE 5,

LI, DEGOWERTA5F Ay V-2 2@FT5 L,
EMERNERET LV ERICTET A LT 5 (M), &
AT, BEFTI-FENRLST YR BIIE 2Ry b
T=IRbWRAEY AT AEBEL TS . PPLICIE, E#EK
BEBROLR LT, EEL, NEEL BERD, i 8
BT LR EMEERABRIEET 5. BHEEOF
SV IRATF-FICHELTWASTF Ay VI —2 2 HETA
DI, WA S NSTBERICEMN T S 25 O Y —
VS BEFDHD. Thbb, BWREIEBBEER»OEL 2
SFRMEEEREZHBL, BEESBSVBREEELT, av
7YY E LTIERLm# T — ¥ X— 2 (knowledgebase) %
Aot BARoLrokry b 7—2 %82 % = £ (canonical
network/pathway) KR d BVWELNEZ 2L TWwaRICon
T, MEFNFETEN T2 HETH 5. BECRHECTE S
RFER 27— & N—RICiF, KEGG (Kyoto Encyclopedia of
Genes and Genomes) (www.kegg.jp) ¥, PANTHER (the
Protein Analysis Through Evolutionary Relationships)
classification system (www.pantherdb.org) ¥, STRING
(Search Tool for the Retrieval of Interacting Genes/
Proteins) (string.emblde) 4% %. KEGG & PANTHER
W, 2 =7 —LIFEN A EMRIC L VBEES N BETF
PREWICET 2HFME ML T 5. 201144 A HE,
KEGG PATHWAY 1243 392 reference pathways %> S
SNBI34,607TBEDNAT 2 A PR E LTS, e
TAREFRY VX7 ED €y %, DAVID Functional
Annotation VY —WIZANT5 &, MEFHREZITY, &
DEHICHELTWAKEGGRAT 2 { 2 FAETX 5,
PANTHERTHRERICY 77 LV Ry FEDREIZL Y,
BUBOREIFNEBRELLERECTHET A LA TE S,
STRING X KEGG, HPRD (Human Protein Reference
Database), BIND (Biomolecular Interaction Network

4

Database), IntAct Molecular Interaction Database i B85 X
NTVAHERDFE L TPSFRL T3,

¥/, HEY — & LT IPA (Ingenuity Pathways
Analysis) ©® (Ingenuity Systems, Redwood City, CA) %
KeyMolnet® (Institute of Medicinal Molecular Design,
Tokyo) ZEdH 5. TNHEREBS NI E BFARH
BELT SFHEHAEAERCETAEREEOE WSS E
RLTRELTBY, BRI Ty 7F—bERTWVES,
KeyMolnet it HARZEAICHHARLTEBY, BLrORAED
AFA = G FRERLTEEL WA, F7, B
HEEUCHFOREROBWSTFOIHEREIN TS, BEE
LT, e - RBHE - BEEERL TE/YICHARSEL
1% (neighboring search), ZHHAMICE ST 5 BE W75
75 HE LR (common upstream search), #B &S
EREEOAZ Y b7 — 27 BB EKERE (N-points
to N-points search), BEOW RS2 BEL LT, BEHD
ARZEDRADGF Ay VT -7 2 WAL HEBEBHRER
(interrelation search) % ERTE 52

BT —VTHE L28FAy bT—2 05, AIEEERS
TERETHHER, FROGTFILD) - a viskd
LTwab N7 (hub) LI HFOHFERETS 2 &28
BERETHD. NTOWUREEZIFELEL 2y by -2
DUNZ T+ AZEFICERZEE (BEDECEY - 8/E
) & Rizd?.

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

DFRY PO—TBADSREADD
BIEENT T

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

200442 Blalock b 1%, FE#ix —HK ST 31 MO EEE
DERBEECAINMAB» OB LAZRNAZ Hw T,
GeneChip®HG-U133A CRIZT R % MR TN L7z
DL EERC AT L 72 41 88 % A MMSE (mini-mental state
examination) N A I 7 IZfto T, E&EIH, BEADTH, &
SEREADSH, BEADTHICI V-T2 L7z ok
SABBHEOLADMERET (A LF1977, BEET
1,436) £ 609 EHED B ADBEERETF (RE LA431, %
BETI7) 2AEL, AW L% BEHADBEBEETF I
FHHREFRAVIF Y Fud 4 PEERFSER LW
72d, TNLOGFIVERT ARy P — 27 BT s NE

ol EELEBESOTF—FEy MEHWT, KeyMolnet

DB LEHRBRBEETADRICBI 2 RERRICHSE LT

#MEIETE Vol.30 No.10 2011

— 248 —



- 6V% —

L1LOZ OL'ON OE'ION ==L EfH#

(&)

Extracellular

Cytoplasm

-
w e S P e
S S e

5 stdaan, SRR

M;y o

B SR S T B AL, - ik e e mEEHC R
AN mA R EiEay & SN SRS S

ZHPUOUDOHIY

2 \g

L
Cueres
.?U 4

HE2 PILYIAR—RODTFRy bT—T8
KeyMolnet [CIRER &N T LS 42TBEOF LY )\ T—HRBAF  T— MITF (@) EAALT, LTR1/REBDEIRAT, HFRy MI—IEBHi U, CREB () IS D RIRRMED
eI BER RRS UL, RENEEREEERESLUERL, X by TREUSERRETEMEL, RS RREESEEL, X by TRENERREESIREERY .




BEFRY NI = BB LY. ZORKE £ADBIU
RHAD OMERETFHIBETA20FFy F 721, W
L HEEHF CREB (cAMP-response element-binding
protein) & & 2 BB & HREICEEL TWA I La%ho
7z. CREBi, RERFRHSNVEYOETI3MLOEY >
B Ser133) 7 uy 4 ¥+ —FAPKA) XYY ¥
BRIGENTHEELL, BEHWERERFTUE—-S —-DCRE
(cAMP response element) KA L, EMNEET OE
ExEELT 5. £5513, ADBEREKON pCREB
AL 2R EMABREE» 5pCREBY B ZRENS
(granulovaculoar degeneration ; GVD) IZEHE L TWw5B I &
ZRWEL]Z GVDREA— 77TV A ELTHNTY
LU EEEND Y, EELOMRAE, ADICBIT A4 —-177
V=& a5 vy BEREHHRORELRBL TV,

F7z, KeyMolnet 1213, BBES N XMAPSEMARICLY
PEINTL2BEOADRBA T 4 T — M FHINEG R
NTw3%. KeyMolnet® ETFH1/3ZAFBEMREET, =
NORTFPERTEEAY VI -2 BT LIz2EZ 5,
BUCREBIZLZHEBFAME OMEEFFE DR RBE
1z (p=2.225E-308) (€2). BlEo#Hi, CREB
ADWHERAY VI =2 DONTELTEHLZERRLTY
5. KeyMolnet5 4 75 U —OCREBIC X 2 RBEF
canonical pathway ¥, 1624F (CREB ¥ X ' AJ1274F
EHB134AGTF) THEEINLTWAS (F3). 209 b655F
(H3@®) &, BETRECHEEIFEL TV LEDER
TFTH5S. cAMP/PKA/CREB ¥ 7+ VRIEHAL 2 RE
FBERAT + VLATT— ¥4 (PDES) HFIETHHTY 7
% 2 (Rolipram) # ADE#EFIVAPP/PS1I 5 v AV«
=y s RCHET A E, BEBRERELY.

mﬁ?ﬁi I
RIERND T

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

20084EIC Han 51, 6410 MS BUE M % v T, HESEN
AT — VR LIIBBEE S L —F - 7u¥f ey
Va YCHRILLEY Y7 IvE, SDS-PAGE CHBERIC, ¥
YRZBEERHEL, M) 7Y UEERT T PR 2 EEBSW
THBREIICRAT L0 REERNR 7 — VI LTI, &8
HMRE e BEL T8 L T 5 BIEHBEE (active plaque ;
AP), JHENBREDFERICHEE LT 212 ME st biag
(chronic active plaque ; CAP), RIEFRICZLL 7Y 7HE
Rz ML T 2 BEREHENBESR (chronic plaque ; CP)

6

WAE L. FARC2AORERO 7O 4 — 5 S L7
BERTEIRBENT, pOKATF—VRENZSY V87
BEEH L, AP 158, CAP 416, CP 236D Y 1 7
F—AF—=FEARMLZY. O CAPICB W TSHEE
DMERERY YR BOFRRRBO. COFRRICE
W, MERETH»ALH oy EyHEHR Hirudin B X
UCHEEE7eF A YCERHWT, MSEIWETVTH S
< 7 A H TR IEERME B K (experimental autoimmune
encephalomyelitis ; EAE) ZGHE L7, &b o OHEERE
b, PURSREMY Y /3ZROBFE L T1L-17, TNF- o B4 % HH
Lz, DEoRRLY, MERERY V37 HHHHBEMSE
EEWRNFLRDIEMWRRENT:, LIALEFOoREHE
SO LEERUAO Y N7 BT L Tk, MSRSTRE
ICBITAERITALP SN o7

EE5E, Hin b0 70573+ — 45— % KEGG, PAN
THER, IPA, KeyMolnetiC AL, A7 — VRN TOF
F—rEEDLIRBLTWAGFAY V-2 2EEL:
W AREORLZ LY - ViERkA BHEOSFAY b U=
EHB L7225, ZBLTCAP, CP7RF—AICBIT A2
HLEEHE (extracellular matrix : ECM) -4 Y F 7Y v ¥ 7+
VZEROFLEREAZRB LY. A V77 VidER
Da, fFT2=y P oBEENL24BHEDONT I A
T —5FT, ECMUT Y FELTEL. pL4rsru v
77— RaAT—Fr, I4TRRTFV, FIZVER
EL, ey A YFIY YT 7IV—RBE ORI F VLS
5. ECM-A Y727 Y RITMPaES, e, 51,
WRERY 7T VEREET S MSEEREKXBWTE, 8
BRWBROBFENELLZILY. FOEHRELT, FYTH
RIZEINTWAECMPBABERTE LTE ThH
R, EEAY 70Ty VR zu ) THEEET B Y U
TESBEEFECMICES LTERICER S, 20
B, BRAESEELLTWATEEEND 2. BAKE
KBWIMSERHNH OO, ¢dflAVF Iy
(VLAY KT B M) 7 a—FVHidkr 2 ) A=
(Natalizumab) MR THWOS R TWA, LA L&,
T &) X TIEBFO R TS B BB (progressive
multifocal leukoencephalo pathy : PML) #&ET A/&K
Wrdy, REGEOHBESLETH S, ECM-4 V577
V¥ T FEES T, FAK (focal adhesion kinase) 2%
NTELTEHL. BFTFILAWTAE226iX, ECMIZ X %
FAKOETY YEBALZ BRICHF L, in vivoEF VR T
ERORSIC LY BEMROMEE EHFEL M52,
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EE4 BHERUERLEDD TRy NI—TEh
KeyMolnet[CS3 &N TS 91 IO SR LIEREBA T« T— M T
MBI RSN,

#AALT, LR RBEGEEAT, HFRY bO—IEER LR VDR (€y) IC K DFERE & DRSS




L7280 TMSIZBWT, TAE226 1 FAKZ NS TF &
BlIEMIE R OB L bk A WEEYSD 2.

%72, KeyMolnet 1213, #5382 h7=30HA 5 BRI L b
WRENZZINEHOMSEERX 71 T— T sh
Twa. KeyMolnet ® EFRINAFHIERFRET, b
INBFVEET A2y NI =2 2T L2 25, BER
FTHHYESY I DEEE (vitamin D receptor ; VDR)
WEAREBARAH L OBEEFRDIDBIRRENZ(p=
5.793E-237) (4). PlED#E R, VDRAEMSHESR v
PI—=IDNTELTHLZEERLTWAS, HERFEIE
WEREMIRTIEMS OFBEEESE V& W) ERNFTR X
D, €I VDIEIMSEBEMHETFE LB LELLNT
WA, VDRIZEEREY I yD(125-Ye Fus v ¥
FIVD)ERETAE, VF 4 FXZAE (retinoid X
receptor ; RXR) &EAFu¥ 4 2 —%BR LT, EXEETF
7 uE—4% —®VDRE (vitamin D response element) 1255
&L, BNBEFOESLERAL, fERGEALZLEY
GEBEEEZETS. L2AL2YSEEE T, MSKEBNT,
Y IV D OFHESHRENIGERBBRII AL 550,

BHDOIC

WREAIVIATF S CHEETESFAY VI—2%2F
BL BT T 270101, BESKZCEERICES R

VWM LEFD L. L L DT —vid v 2
ZEZLPOHEHETHY, FRATE, LOVv—-VH 2
TG4 ANYT Vb, MREGH, MREERNRE RN
BIEAL, BIREEEICE LT TE Ty, EHE
BRIV AT AL LTRAB VAT ANS T O Y —DE
BErbTdE, BRHRTIESTFIY T2 % 55BN
FTAHIELLY, MO THENRRIICEM T S AIEIE
B FERNICAET A LN TELLEDNS.

B ABTHROUCHRER. EMNHES  SREFRMRTEY Y —HRmeR
iR ARILUNERR, BaBRBAR/ A F A TFRT O ARER
ShFRBLORABARTHEEN, XBHSLBEBHR (C22500322) &
AT RABIRN TR BRI RERRREN AR/ A FOUT—F
& —RER (S0801043) BLUBEH BRI ZEAMRBTRAR SR
(H21-88 -—f-201 © H22- 256 - —R -136) DHEBIER 1.

(CETD (Ee— h
H OPARERI AR EMBIERER )\ A(FA Y TFRT 1 O BB
B E-mall : satoj@my-pharm.ac.jp

B Bk © b SERRE

1088 FRRERERAZAZREZMRBHELRRET, BEXEL B8
FHBEFAENE REOWAT Y  SREBREBERGETEOR

\%B’\Jﬁﬁﬁ. )

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
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for beginners

[NADOP A TR0 b O—)U] B iR - JBABIR R, 14 (2008) (WA 207 LA T—5 B AFTE)
- [ - SVINOBRADDDTOTF =0 A8 /INHEE - REEE 7, 14t 2010) (TO7F7—LBTAPIE)
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BFLXY T 5HIT
Z B LE DBIZEZR 2 F

R~

IR R AEEREEE T & 5 3 BB LE (multiple sclerosis : MS) TlE, BCRE
£ Thi7 $1E8% Th1 MRS & FEBFY (blood-brain barrier : BBB) 2388 L TP EHIC
BHEL, 07— Io0fUTEERELT, EHEUREESERTS. BE
MS DERETHE, A4 —7z0V(FN)-BLHEDRERMEFIBE I N TV B VERG
HE<, FROBWHFREMNTIEFNLGBEIFELATNS. BE, £/ LOE
BPETL, H-208RIISTIRRTFOPEQEORTIEHAEBENICHBIFTRLE AN
T LBRAIBEL, BIERMEORDRST / LBEALNRSEALIT7FLE EREX
HELEFTFRY NI~ TREBURBEN-BHRTHY, S{OHBFIITLEED
PBHSETHIONR PR AOFRICERT S, BE, bhbhEAHEOMS F— 251
1FA VT AXTATVADFFRY T~ TRV -V TEHERL, BEENSTFERE
L. SBRBT/LTAFORFRy b7~ 8K, MS ORERE - BRERFEOE

HILEBLMRFRELBEEDRS.

FUsic

% 5 AEE (multiple sclerosis : MS) &, K
MEERAECIEE MRS, 88T R

MEFERA IR C DRUTHETT 2 TH 2.

MS T, SBEMER & REEEF OB e
M2 BLU 720 AL B S BUSE Thl7 i
R Thl M5, Mm#EEhsBIPM (blood-brain barrier :
BBB) it L TR FHIICEML, v~ 20
Tr—=YRIsuy) T EIFHLL T, HEEE

* Saton Jun-ichi/HiH3ERNL
AA 4 THTT 47 AWEE

2R L SRE vol. 19 no. 6 2011

A-F (tumor necrosis factor : TNF)-a, —@{b5
# (nitric oxide : NQ) % &0 SRHEH IR HF (proin-
flammatory mediators) DA #5538 L, i3
BETDHEEZOLNTYS, [EICIZ BN L
ZD LN, RIENVEEALT L LR GEL &
L AR TR PR D3RI 37 4. RIR T3t
BB A 710 4 ¥V A (intravenous methyl-
prednisolone pulse : IVMP) % B = & vy, ERHHC
1% —7x20 v (IFN)-B OEFmEs 282
) JTEAR S — W R e LTHBIRENT
WAHM, IFN-f /YL AR Y F—H %\, MS I
R % ¥ 2 & M FE M (relapsing-remitting
MS : RRMS), 2 AE1TH (secondary-progres-
sive MS 1 SPMS), 1 %7 (primary-progres-
sive MS : PPMS) 12501 & 1, #BaE9I1iE T M
oz, bufkibas, £V I7 > Fad 4 F 7R M-
PADFTRIZE Y A TNISF ENTEY, Zok

3(543)
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