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1. EINRARALIE DRLEA

HE, AARANDOEROE—(LIEEHERE TH D, F . =0T
EEELLDEERTHYIER,. SLE. ¥BR&E., BIELEREORANRERE
DRIEIZESBEE LT\, IBE. FBERBEETOMBITR AR OREL &
D5 ETRAIRTH D,

R ENARRE (L D R AEMEF1IRoss B 1 & DG ERISIRD S —ARATIC
ZTFANLNTNS (1), MWREWREE(LAE ORI B B O R B F AU T AR
FARNICKRED I VAT O — VATV EER L 1AEEETH B, VA
FROBFITERBERXRD~7 07 7 — VB LI UONELEHHIRETHY | FiZ
M ORETIZIZFD RN~/ a7 77—V Th D, MEENIZEALE
v/ n 77— VdEB{LKE U RN E H(oxidized low density lipoprotein ;
LDL)72 £ DZEMELDL 2 MfRNICERE L B & S b A ¥IEIRE 2
LT 5, & OIME EIEFHHIRA F D b NIE~EEE LI A 5 Ak
CEERT S, L Tad—F R AF vt ofifast~<hl v
JARBEATDHZLIZLY, NEEEEZ{EE LEREVEL ER ST D,
ZOWRBIZBWNTE, MEAKMEBIMEA L7 27 7 —URME
VR T 54 DERFZEL, BT 5, £z, BREBIREELDORE

NI THIEDEELS M DIV, THDLDEAT DT A M A VIR EDBR



EOERIZEBETLLEZLNTND,

2. 7T — 7 OHE

OFRERCHIOREFT RO, BEERE L R EBRREDZ
IHBREERSOWUT EEETHDLZ ENMBNTWS, ZDXHIT0Mm
AR NRIEICITEBROEEORELY b, 77— 7 OME (ZENH)
NEBETHD, 2%V 7 T7—7 OBFEL TIH MEFERIZE Y, &
EENEEREDSRAET 2,

T — I EROERIIZZOORFREET S, F—ICmEREICE
TEHAVATr— VAT NVOER, BLICMEREICRT SRS DR
STHD, TELTARRET 77— 7 ORILT 7 — 7 WTOMIRRK D DR
EERMRORY, 27— EORDICERT S, 77— N TEME
fbtasnfc~wrso 77—~ ) v 7R AZa7 a7 7 —E (matrix
metalloproteinases ; MMPs) %4 L7 T — 7 OEE/LERAS TH H Al
Shv N v I RESE UBHEREIRZ 5 bS5, E2kE0RE O
M EFEICEHAMMPsORBEDOZDIEF TH Y, MENEICEYHLT
WBDT, EFENROTHDOANZZTRTN, w71 77— VTR

FrEER L, 77—/ BREROMBRFRICEELEZ b TWD, £

=1



RHEMEIE A R T 2 LI AR O T AR b — U X7 B3R OMKE L &
=L, BMEESIREEREOBEIZINEDEEXLNTWND 2-4), REE
P EFRERICE L, MEFEHOT R F—T AREML TS, In
vitro DFEHT TER{L A b L A X 0 B FEERHIZEBVNT, p53. Bax, Fas,

Bcl-272 E OB FREAN RS LT D,

3. BERRBE BT B ENREE (L DR

FERR CITH/ N E A HERS T T, RILEAHHE b REEN
BNZ ENMONTWS, X 5HIZ impaired glucose tolerance IGT) @
BETHLINDOOEMENZN I EAFBITHY . Z 0 RSH/NLE
BHHELRRY | ZORERF L TRICH OISR > TR, EbIT,

BIFED LAPMEECHEBMEE LEETL Z L BNHESH., R

e

EMEICIZEEH2IEO L)L L0 & ED TR F DR E

i

LEETHD, HRFEERLESFERED A I =X AZIEELE. U
REARHET. NBEREELERE LT 2ENMRBRAEEEEYE
(TTARFA ML) RE, ZEORFHBEHICES L T2,

A VAY SARFIMEITEA VR Y VIEE R E . BIARECREDE

REAFTHDH, ErOREMTA ML URBA 2D AARFUE & EREE



{LIEEDWE IR BEET 5,

4. FERARUERMERESES, WREBIRE(LE & RERIT & DBEE

TE, BRELEZREERETHALLTHIELXFIELL., A
BEMTORELA DT A MIA RESERFORBATENEETHDH I &
WA B E T2 o T2, SEREIAREE LIS MITIZ & 5 shear stress °BE{k LDL,
VELEY RS ESERBERICLIMENRMEBOEETIZILE D, 1
U dICE{L DR EPMELV minimally modified LDL (mmLDL) 23 f1 %
MM E#EER LT MCP-1 0RRZFEL (5). HERPSMEEIIFV
FRHONDZ ERDNhoTET, BERPMEEICEAT HIZIIER LS
NIZANEARAIZ 5T 5 VCAM-1, ICAM-1, PECAM-1 &\ o /=855
FHRLETHD (6,7, BEEKIL, KERFT CEMEL I 7= B NI
KETHP-ELIFLUURERLIFULEAL, 20%, MENKM
fa D VCAM-1 ° ICAM-1 L3REICEE T 5, MENEICEE LI BEER
IMEEEZRVBZ THNETICBITT 5, EEMEELZMERNEM
12 MCP-1, IL-1, IL-6. IL-8 2 DY A MU A L HELELEY ., HAEE
F(tissue factor), 7T A /) —F VT I FR—F—A( bbb F—

1(plasminogen activator inhibitor-1; PAI-1)72 E OEEE RN FEHE L,



BEZRDOFEMHLEZET 8), ZhbOREMRFOREIL, FIHEREL
BRI RIRAIC BB Y VR B BB T 5 2 L L2 B,
EBNICBITL-ERI~ 7 07 7 — O~ ML LEBERM LT
& —% 4 L CE{t LDL Z BV A28k b L IEI# & (fatty streak) & FF
EN AR E R T 5. B S M N R AR ) DI MR
SeHETEK F(platelet derived growth factor ; PDGE)e~ Y U #EE B
#5E K F (heparin-binding epidermal growth factor ; HB-EGF) &\ o 7=
IR FAEE SN, LB FRHHEROPE L NE~DEE & HEE
BRIED, BEbshiz~s v 77y — U0 @EMERIE TNF-oX IL-1,
IL-6 T ETHHA ML ZHZWL, TAHEDHA A A

ENEMIEEZ S OIEMEET D (9), £72 TNF-of IL-1 (3 E M i

-

RMEEEHHBIER L~ N v 7 A X Far a7 7 —EOREELFH
L, InblizXrMifas~ Y v 7 AOGERMENK T~D~ 7 1
77—V ORARLEIRHMIEONE~DEELZRESIC L, BIRERE
DERBIZP Do TR EEZLND (10, Z0 XK 5 IZEREEWEIFR
ERG. BETTE, v b v 7 ZASROBREZR TEHK S NEHEREEIR
EBRFICN 2D

—FHA v F =7y ((FNy)IEHERELEREZ b H, A~

10



VX =L T E—ORD. 2T =T UEROME. £ L ThE IR
MR OEREMEER 27T, THE & IFNYyOX TV ) v 77U b=
RBITRE OHD/ v 7 TU b~y R LR U CEIRELE DR B E
BIIHHISh T2 e, a7 —Fr0a@imEEnTtnad L,
MBARELEY REATHHTH A BEMLTWE Z LRRESNTE
(1D, E72  BRECOEEER L LT, w27 07 7 —URME N A,
MEEHHIBIC L AREZRETA N IA LV OEASS T X 11 £EHE
iE S URMHC) 55 FORBZRET D,

&I, mKE CRP BIEDRRBICHEV, #ED CRP OEMAEE)
REBOY R Z&EmDBIENHALNIRY  AFF 12 CRP K TEA
EEOZENREENT (12), R ZF LN IFNyD L 7 F L % i
THZETMENRMEOTURRREZIGI L, T MEOEME(LZ I
THZENRESNT (13), TOLHICRAFF U BIEERBUEERIC
Mz, pleiotropic effect &I HFBIARE(LIEAZ H o TWNDZ &N
BT 72Tz,

FERIFIZB T A RMBEEED A H = X LIRFEMEY A P IA =0,
feRBE{LEEY (advanced glycation endproducts ; AGE), B{bR F L X7

ENBETMERNREENERESN, SO 6 DORFHFIEFHH,

11



vr/nu7y—v, REME, THIIZY 7T rsEz,. NFxB 28

BAOBLEFIZEAERERSE LT, TNF-a, IL-1, M-CSF 72 £fEx D
BHEARTAZELHALNIENSOHD (14), F-TF 4 BRI F
CHIEREE o TERE CIIEBEREMENSEESNIRFLELT

EHE=NTWB,

5. 7T A4 RY¥A NhA v LENREE{L

T, BRBICESS B EREN A VR Y VIEFIEB XU 2
ARRFEORELEEBIZEE L TWA EEbh TS, EHMEILT T
ARY b IA L EBREND LY RABEEDE 2 HWT B, TTF 4R
YA b A 1 TNF-o%° PAL-1 72 ENERASHA O EFEIT 48 ML R EE 34
My2eDE, FZTTARRIF LR EMPEEMET T2 0ONRE
E$ 2, INF-affEOBEIEA VA Y VBFEE2 &R L, PAI-1 OEAE
BT MBRERERET D (15), 7T A RR 7 FUIITEHIRESR. BER
RERMLESIHECERICEETHY . MPEEIZA R VESHD
R LBVWEMBEZRT (16), 77 4 AX7 FrRB~ 7 R TEENS
BB TEARA LAY VEFUEERL, 75 4 BRI F U iBEER

BIZBWT, A VR VEEREORECEEABRE 22 L TWVWA L E

12



DD,

TTARRIFrOMECHTHERE LTEEMTICERL,
MAEANEHIEIZRT 3 BEREE S FORE (16, 17), v/ u 77 =YD
1B L (18). MEFEiBfH DB & WV - -ERE(LOERREF 2+ TH

4B ERW|EINTVS (19),

6. v/ u”y—UlEERIERFDORR & H#EE

~ 7 v 77— iEEFRIERF (macrophage migration inhibitory factor ;
MIF) (3EBERT L X —RISICBEET 2MERF & L T30ELLE DRI
REINTER, TOBESCHEBIZBITAEZIIWELTREARANS,
19894E, B RMIF cDNAMZ B —=1 7 S TSR (20). MIFALE. 4
RIGEDHIR O TEEDOEEMEDOHER 2 SIEAWVAEMZRE 285 FER
R2WZHE Iz (21), MIFIZTY U RBROF72 BT~ DA TRIE L
TVLZERHESNTND, RERTIETY 38k BEK, ~/u77
— U MFERER ENEEREAMETH D, LT _NEMIFOMEE L LT,
TEEFENO W EINDIZ LV FFF VT a vy OBRREEDDHE
BRRFTHHZ L (22), ZVvazaLFal ROGREERZ I LEARE

PEETDI == REREZET AL (23). 2TV o/ EROEHEIZ

13



VERRTFTHEI LR ERBHTOND (24), —FH. MIFRRERF DR
IR ORENIBRNENDZ L (25). L ZHIRECM O R A BRE TR
FROIZEREIN, BEEERICBETLIREEOH DT & (26, 27). £
BESAER & OBIEORABREEMIE RS2 EF I TREAN
BMLTHAZ LR ERREINTERZ 28), 2D L bMFAKIENE
YA RIA DRI HT, MlaDs b, BEICEWTHEERKE ZHE-
TWABZEBRHALNIRS TE T, S HIIMIFOREPESEHERD 2 VI
BEBETE L EFLTVDZ L bHEIN (29). BHIEOEESCES

BT AHERE L FRENZOWTHELNEE > TV B,

X HIIMIFIZ, EER, <7 a7 7 —IIZ8I1F AToll-like receptor 40

REEZFEL, REIIEWTARERIGEE#RTAHZ ERHREINTND

7. MIF &2 7 F{miER

WEHESE MM % MIF TR 5 & phospholipase A2(PLA) 23EHEAL
SN, FlERVTHABHEAFEIND Z LRES L (30), PLA,
IT7 S RUBED Ry — Kb OABEEMRISEDEAZ2FET M,
MIF 3% D ¥ 7 F URERIC p4d/pd2 ERK OGN 2 A %/ L CES

595,

14



) Uv~FRERROEEREMIEEL MIF CHIET 5 &, matrix
metalloproteinase (MMP)-1,3 RIS EH 425, MMP mRNA O
D EFITHEE 6 BFRENLALIL, FORBEIZIHITL T cjun/efos
mRNA @ _EFEZRB D7, & DFEBUTL tyrosine kinase DPAEA (genistein,
herbimycin A)$ X 0" protein kinase C D FAZEHA|(staurosporin, H-TIZ
LV HEIZIH Sz, R AP-1 OFRERITH D curcumin 12 L > T
HEEE X7, L7=A - T MIF i3 tyrosine kinase, protein kinase C.
AP-1 2N T58EEZNM LU TMMP ORRZ LR IEE LHEINTND
(31,

BT MIF 7% endocytosis (2 & Y MIFENICE Y A E ., MERNEH
BTh? Jabl LREERMICHET D Z LRHME S/, Jabl 13 INK%
EEET 20T, MIF X Jabl EEF THE L. JNK OFEMHE(LZFE
FTHZLITEY, cdJun DY VERILZHIRI L. AP-1 OIEMELZRET
BHERBINTWSD, F7= Jabl IE cyclin-dependent kinase inhibitor
(CDK1)p27kinl D43 fR % RS 5, MIF 1Z Jabl & #4& L T CDK1 p27ki!

DHRZIRET A Z LI LV BEBZHIET 5 (32),

8. MIF & EhfiRasf, HEMUEH & OBEE

15



AT D & 5 IZMIFIZRIE BRI BT D EEZFAEHRF TH D |
EAEMIE, BREE(L & DBEEZTFRTOHED SN TS, 7 v MIBIS
DRI AEFRAKRKEEET VIZBW IMFABBRICERHA L TVWE D
& (33). t MEAREE{LEICMIFA mFEH LBINRE(L DOHEFT IS CTMIFD
RENERLS 2B EPHFEINTND (34), £7-. MIFIZ 2 BIERFEE
TOMPBENER ACHE L TEWI & 35). KEpHIIZRRTHA v
2V o DHIMRERF TH 5 Z & DRI LINF-a°1 v A Y |
TN a—RADFETHWINDZ EDRHLNIR>TND, LEER-T
MIFIZRIEMEY A MU A & L TRERBICKBIT 2 RLEEE, L<IZ<7
077 — VORISR EET T — 7 OFRICEE T HAERH 5, £
T T ARYA MIA L ELTA VA VEFECHENRS & L EZEICHE
E5 2R 5, SEFRIIERRFEEICEBIT 2 KMLEEEORKREICHE
TOMIFOZEENCE LT, BALLDLAIEIC X DMIFORE L5, <78
77— VBT HE{LLDLOER Y iAH & S FRICE L TRET LT,

FE=ZETIE, MIFOERBICBT 2 BRENZHRAT LD, FE
RFEFIRBRE CTHHERHOA L RHBIZE T A ERBTTEICB T D

MIF O£ % in vitro. in vivoD D HRRET L 7=,

16
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H B
B A

E R ME AR D EELREREFTH 5, mIELEIZE->T
FE SN D MEREOHIIRE & BAEITBIRE(CREOREFIR/FE L L
TULRELIERZ T b5, BIREELE CTIIERLE Y AEH (ow density
lipoprotein : LDL) OBALEIEMNEERRT v 7 Th 5, LDL KL FA
BRNIEICBIT T2 L MERNKMRS~ 7 n 77—V R EICL-2TT Y
—ZVANBRES LDL Bgftansd, w7 a7 77— 3 TNF-a,
IL-1 R EDORIEWY A S AV EZEELAL, MEELERTI I~/ 277
— OREE MR ATEELT 5, FICBME LDLIZZh & OEMEEDOS
WHRFOELAZRB L~ 707 7 —VOBELHFET D1, 2), -8R
FE{LEIZIEER{L LDL © & 5 2% LDL %, BEHL T —% N LT
BoAATE<wr 77— (QAKMRE) 28 LIXLIEFEET 50),

v/ a7y —ViEERIERY (macrophage migration inhibitory
factor : MIF) |ZBIEALEHISIZEAE T 2R TF & L THR I NP,
RIE, REKGDOHR O TRBIAVABRNREZHE D Z LARL LHRES
iz, IEFE, MIF BERFORIEICEV REBMEIND T EOMDFE
AEE TREFENICEEIND Z L bHEIN, Mlann{t, BiES
HIZMEFHEICHEET LI RHMbNA TV AH4, 5), i MIF i,
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JRT7—=VDITT I AC—RAEREOTLECA— N7 T T
774 TERT56), 7z MIF iZ MMPs OEAZFET 5 Z & HH
SNIIa o7z, Licid-> T, MIF i3k LDL OfE T~ 7 a7 7 —Uh
SEA. S IIERMEOBAS., fii TR Z 2R, BERE
DERIEL R DOTCRIBTE & DICARREET 7 — 7 DAL & S EENRE 5
FIZBE L TV D AEEMER ® 5, it MIF AEIRECE TR BRL T
WD Z ERHE I BIAREE(LEICB T 5 MIF OFENEE STV 5,

ARFFE TI3EE LDL AT & 5 MIF 0% ¥ L Ok LDL O
D iAG & RRIZRTT 5 MIF OERIZ-OWTHEST L, MIF OEIREE({LFIE

HE~DOEEICONTHE LT,



K5I

1. EBRME

RY 7 m—F i MIF fifsid) =5 85 v b MIF % New
Zealand white rabbit {26 L CTIERL LTz, IgG mBEIOEEBUI 7 a7 A
Y At77yra—2%MHA, LDL (d=1.019-1.063) {F#EELIEICZE - T
[ A ZEREE MLEE DS 478 L7 (7), BE{k LDL 1% LDL 12 5 uM o CuSOq
WL, EEIC 3TC, 24 A v F2~— 3%, 1ImM EDTA
MUK ZEE XY, 1mM EDTA &F PBS TENTHZEMR LAEL
oo 7HBE—RFVEKIKE T LDL OME 2R L71-(8), BERLIEE X
malondialdehyde (MDA) ##Z ¥ |2 L 7= TBARS (Thiobarbituric
acid-reactive substances)iEF LT o — R FIVERIKE) THER LT,
AGE-BSA |2 50 mg/mlBSA%# 05M U8y 77— (pH74) #T
2.5 M D-glucose & 37°CT7THEMA »F=2X— 3 L PBS T&E#HT LA

L7,

2. MR

YR a7 7 —UfFEMEKTHS RAW 264.7 % American

Type Culture Collection (Rockville, Maryland, USA) mbEEA L7z, #

o
[



fai¥ 10% FCS. 2 nM glutamine, 100 U/ml penicillin, 100 mg/ml
streptomycin &4 Dulbecco's modified Eagle's medium (DMEM) T

37OC\ 5% COZ Tsi%% L/f:.o

3. Northern Blot analysis

=V 7oy METBEROFEIZEL TIT-7-09), Isogen
(Nippon Gene, &) 1= XY RNA ZHliHi#, total RNA (10 ug) % 0.6
M 74 NVAT AT REFET o —RAFX NV TESKEIL, ARV AV
TV NI VAT 7 =1Lz, FVFLATTA~—TF_Y 7 Fy b
(Takara, =#B) ZF\ T MIF ¢cDNA % 32P[dCTP] TiZE# L. 42C,
16 BrfINA 7Y F A E—3 g 2T LIz, BT 0.2XSSC BX T
0.1% SDS %#{FEMH L 7=, glyceraldehyde-3-phosphate dehydrogenase

mRNA EREZXRICH BT,

4. Enzyme linked immunosorbent assay (ELISA)

96 U = /L7 L — MZH MIF fifE & EHE{L L. 0.5% BSA &5 PBS



T7uayX 7% Lz, BELEZ I0EFRL, 7oy /7L —
MIEMEBER C—REEHE Lz, 0.05% Tween 20 &4 PBS T=[H
Telgte © 4 F VEZRP MIF i 2 N L7e, BIRCT—RFRIHER. s
Ny 7y7—TC=ZE¥EE Lz, TEVVE#H VA —EEHRMNL,

ERET 15 B Lz, ZEEEER. ZEZRML 20 2% 4N BB TX

JELE 8, 492 nm ORIEEEZBIE LT,

5. BR{t LDL D4y fRiE M & BUA AHEHEDEIE

LDL @ 125] #5513 Iodo-Gen (Pierce, Rockford, IL, USA) #{#
L 7= (specific activity, 110 cpm / ngLDL protein), RAW 264.7 I
125]-0xLDL % it 4 FFHIFFE L. & RIE 2RI L72(10), 40% Kim
M7 ooFEiiml ., L2, 2000 rpm. 10 /fEELOEEL
Tzo EETBENEHEZRIE LaofEE L Lz, £7-/la% 1% BSAEH
PBS TIEWH#%. 0.IN NaOH THME LEGAAEEZBIE Lz, i
TEERNY = NVERE LT, E-3ERRNEL LDL OS5, BUAA
[EMEE . 50 FEDIEE#E LDL OFE T CHEIE L. BIEE S IR

EREEZ IV TRENS M, DALY LDLIEM L L7211, &

no
~1



FEE % BCA 3% (Pierce, Rockford, IL, USA)THIE LSAIEEZEH

ECTHEL®,

6. HaTALHE

AT FEISHT 1L unpaired Student's t-test & AV 7=,
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S

1. B{k LDL #liz & 5 RAW 264.7 12317 5 MIF mRNA FHRFHE

RAW 264.7 #®{t. LDL (10~50 pg/mDT 12 ERFMLNE L, MIF
mRNARBREL /) —¥ > 7 vy METEF L7, Bt LDLIZ RAW 264.7
® MIF mRNA OREHREZ BERGFHEICEMES &=, L L native LDL
i< MIF mRNA BB EIZE{L % 5 272> 72 (Figure 1), F£7-E{t LDL
ERBRICHERFRMERMEESEOKRRIZEET2EE2 61 T5 AGE
IZOWT S REDBE 1T -7, L7 L AGE-BSA iZ BSA & FI#:C RAW

264.7 12817 5 MIF mRNA ORBBIZEELY 5 2 72hxo7- (Figure 2),
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Figure 1. MIF mRNA expression of RAW 264.7 cells induced by native
LDL and oxLLDL

Cells (8 X 105/ml) were harvested and then resuspended in DMEM
containing 10% FCS. After incubation for 3 h at 37°C with 5% COsg, the
cells were stimulated for 12 h by oxLLDL (A) or native LDL (B) in
DMEM containing 1% FCS, and Northern blot analysis was carried
out. The cells’ expression level was normalized relative to that of
GAPDH mRNA. The upper panel shows a representative pattern of
three experiments, and the lower panel shows the mean * SD values
after densitometric analysis of three blots with data expressed as
the % change compared with the control value. ¥*P<0.05, **P<0.01,
***P<0.001 in comparison with control using unpaired Student’s

t-test.

30



(R (B)

MIF MIF
GAPDH GAPDH
100 250 500
AGE-BSA {pg/mf) BSA (ng/ml)
381 860 -
260 200 ~

B
1
g
1
.l

MIF/GAPDH mRNA Levels (% of control)

MIF/GAPDH mRNA Levels (% of control)

]
|
(-]
I

0 100 250 500 0 100 250 500
AGE-BSA (png/mg) BSA (ng/md)

Fifure 2. MIF mRNA expression of RAW 264.7 cells stimulated by
AGE-BSA and BSA.

Cells (8 X 105/ml) were harvested and then resuspended in DMEM
containing 10% FCS. After incubation for 3 h at 37°C with 5% COg, the
cells were stimulated for 12 h by AGE-BSA (A) or BSA (B) in DMEM
containing 1% FCS, and Northern blot analysis was carried out. The
cells’ expression level was normalized relative to that of GAPDH
mRNA. The upper panel shows a representative pattern of three
experiments, and the lower panel shows the mean + SD values after
densitometric analysis of three blots with data expressed as the %
change compared with the control value.
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F 7Bk LDL 12 & 5 MIF mRNA ORI EFEMEIZEML, 12 B

FT&®ICEL, TOBRREEITRED Lz (Figure 3),
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Figure 3. Time-course study on MIF mRNA expression of RAW 264.7
cells, as induced by oxLLDL

Cell culture performed in the presence oxLDL (50 pg/ml), and MIF
mRNA levels were determined in the same manner as described in
Figure 1. The upper panel shows a representative pattern of three
experiments, and the lower panel the mean * SD values after
desitometric analysis of three blots with data expressed as the %
change compared with the control value. *P<0.05, **P<0.01, in

comparison with control.
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2. RAW 264.7 18T 28k LDL HREIZ & A MIF & B D45k

B{t LDL REUC £ 5 RAW 264.7 D MIF 53 RE R RETT 5729,
B2 FiEF MIF BE % ELISAVETHIE L7z, MIF OE EEF~0%
WAITER{L LDL OB EHRFM(10-50 ng/mDIZH &8N L, native LDL
ITEEE LT MIF BEICEEE 5 272 - 7= (Figure 4) , £ /-8t LDL
(IRFRMKEIEIC SR HIE MIF BREZ MM E¥7=, L’ L native LDL
TIEHEEELFEH MIF BEEZE{ L2 o7 (Figure 5), & H1IZ
AGE-BSA HlIEHTH MIF OEELBEF~ODWIIRD NN T2

(Figure 6),
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Figure 4. Dose-dependecies of MIF release induced by native and
oxLDL.

RAW 264.7 cells (8 X 105ml) were incubated with various
concentration of native LDL or oxLLDL for 24 h in DMEM containing
1% FCS. MIF content was determined by ELISA. Values represent
mean = SD of three independent experiments. *P<0.05, **P<0.01 in

comparison with native LDL.
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Figure 5. Time course analysis of oxLDL induced MIF release by
RAW264.7 cells.

RAW 264.7 cells (8 X 105/ml) were incubated with 50 pg/ml of native
LDL or oxLLDL in DMEM containing 1% FCS. MIF content was
determined by ELISA. Values represent mean * SD of three
independent experiments. ¥*P<0.005, **P<0.0005, ***P<0.0001
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Figure 6. Effect of AGE-BSA on MIF release from RAW 264.7 cells.

RAW 264.7 cells (8 X 105ml) were incubated with various
concentration of AGE-BSA or BSA for 24 h in DMEM containing 1%
FCS. MIF content was determined by ELISA.



3. RAW 264.7 (2 BT 58 LDL OBEUAA, SfRIZ%4 2 MIF OEE

MIF OAYFEISREZ FENTT 572, MIF @ RAW 264.7 (2817}
LAt LDL OBGAR, HFRIZE 2 AEEZHE LT, MiLE & ERSH#
(Cos medium : Cosmo Bio, HENIEE% MIF Z¥0 L 48 B[ 37°C T
B U7z, 125] #5255 oxLDL Z BN 37°C T 4 R 2 U HEM 2 HIE
L7z, MIF X RAW 264.7 (2317 5821t LDL OBUAZ, 5 fE% B #IZH8

M7= (Figure 7).
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Figure 7. Effects of MIF on cellular association and degradation of
125]-ox LD L.

RAW 264.7 cells (4 X 105 per 16 mm dish) were preincubated with MIF
(100 ng/ml or 500 ng/ml) in serum free Cosmedium (Cosmo-Bio, Tokyo,
Japan) for 48 h at 37°C. Then 20 ng/ml of 125]-labelled oxLDL was
added to the cells which were further incubated for 4 h at 37°C. (A)
cellular association, (B) cellular degradation.Values represent mean +
SD of three experiments. *P<0.05, **P<0.01, ***P<0.001 in
comparison with non-stimulated control.
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v 7 n 77— VITBBLEE OERSRESEY A AV OEE
REDATERBEILOBRICEER R Z RT3, b A bAoA
VAMERICTFET AFEGME, v /uT -k EEELT S,
&< IZBfb LDL IZABEH OB WS TOELAZRIET S L L i, #Mia
HIELHET 5(12), MIF IIREMEYA b4 LTRESH, Zu
aa)Faf FOERZIME T 513), FOASEOHZE TE{L LDL 783~
7177 —Y0OMIF mRNADERZFEL MIFEROQUWERTZ &
PR SN T, E7 5K MIF DSBS OEEZ M+ 2EA%2E 7
5ZEHHWEINF14), Lz -> T MIF iZmEEEIZ 1T B RERKD
HRHT, = r/n Ty — UG MROEBEEREFE T A EEND
5, EBLITMIF i~ 7 v 77 —VEEMHAL TNF-ad & 5 2ho3A k
A DEAZRETT DI ENHRESNTVAS(13), TNF-as b MEIREE
{LETRIEINTWA Z L BEEY, # L C INF-oTfasEsE, e
PrE. MIERR RS SR I, Liza > T MIF & TNF-alZEVICEE L
TEINREE L Z TR L T < AIREMED B B,

MIF /X RAW 264.7 12 81T 5B{t LDL OBUAZ Z R T 5 Z & 23
A STz, MIF =7 u7 7y —VORMERRELZRE TS LV O®E

40



tEZbbE3E, BIELLDLIEIMIF OA— b7 T4 RNTTT74
e %@ L CEk LDL BHOBUALZFIE L TV A RREER H D, £ L
T MIF 28 MMPs EEFEEREZ HZ L0 b, MIF kRO
REBEL., BBREOER. FAEET T — 7 OF. 77 72— Ll
DERIZEET A LEZOND, MIF [ZMENEMEE, ERFEFZER
FRIZDREIAL, v/ e 77— VIZHERT S MIF & &b ICEFEHO
HEICHLBERT DI LnNEZILND,

Z O#FFECEL LDL 23 MIF OFBREZFE L, 7= MIF 34— b
754>, T 7 54 AEATEL LDL OBGAL, SEZBIEL TS
ZEMTRENT, £ LT MIF IXEIELE, IEF. FERBER EDRARD

RRBIZEE L TV D AR TR S T,
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Ao &=
=N

SME. B, HEEEARSOX P LA LI LIERAKES, B
B, ERE0HRAZE) 2 X AVF—RBBEZ D, ZORIRIZEIT 7]
BB P CHRERRIC R T A ALEBREA DM, —EMEEIER LA R Y v
EFMERER SRS, BOWTIFBICB TS 7Y a—F v od & —i@HE
[EMENEZ 5, b LRERGHTDICHRINZ2TIUT, BRIZT X
AE—MEEPRX, BRE., EHITEA~EWEDE D, ZOBERADE
BIZIINOWE S & RIEWES A MLV OBEREETH D, RERIS
CBWTERBETERL WD HA MIA v OF T, TNF-aldZ ORGEH
FERANEEENTVS (), EFRICBITA27 FUBEIROEERESRTH D
ERHF T, INFOIBMBEROEITEREHELLER FTH D
Fructose-2,6-bisphosphate (F2,6BP) OEAZFHE LABMEAZENS
5, L LS TNF-udBEEETRHOERFNCEET S0 TiRZ<,
TWICEETAB2EFENLTERT 2L 0E260 TS (2,3), —
5 TNF-alZ 2 FMRERGOBREZ 54 VR Y VEFUEICEE T D,
ZLTIERS, BERBICBIT A VR Y VIBFIEORRIZEE LTS L
EZE2bR T35 (1, 4,5),

v a7y —YEERERF MIF) X, RE, RERIGICET
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HEELAGRFTHS 6, ), MIFIZT U EROI7Z2 L THEL O
A CRBEL TVB I ERFEINTVD (813), mERTIXT U o738k,
HEk ~rnry— HBELENEELREAMBTHD, MIF T T
UV REREFEMEEL B VUKL L DRBRELEICKLETH D (10-16),

Rl 4 & MIF O#gE & LT, TEFRIEIOHWMSNHZ R ¥y
Yav I DBEREREGODLIEERRFTHLHZ L, JvzaaFag
ROIREEREZIG L RKELZERET 22— REAZETHZ L2
EnbiFonsd (916,17, 7= MIF i3ERO T v ZED B
JAIZRBR L, A VAU VORWIZEHEE LTS (18), 2D X 512 MIF I
AR, RERECLRSEAICEELTEY , BREICHECEBEELTY
HARMEDRH D, ZOMETITEFEREFGRA MV ARISIZRIT %

MIF & 88 L OBIE A in vitro & in vivo O E A HFEST L7,
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KR ITIE

1. EBHet

2-Deoxy-[3Hlglucose % NEN Life Science Products Inc. (Boston,
Massachusetts, USA)HEA LT, U AU arEvF > b TNF-ald
R&D system (Minneapolis, Minnesota, USA) b A L=, b bk
TNF-a¥ L O~ 7 X MIF 13 Metzt#+7> 565 X 7-, F 7= chromogenic
Limulus amoebocyte assay (LAL-Test : BioWhittaker Inc.,
Walkersville, Maryland, USA) IZX > THIELZY =) b MIF
DT N k&% 0% 10 pg/ug recombinant protein LA T Th o7, <
UV AT/ 7 a—FH MIF HuifiZ 20 E TIZ, in vivo, in vitro T¥ Y
A, 7wk MIF OEYZENEEZFFT D LHEShB Y (11-13, 19,
20), ZTOMEICERBINEZREBRERFOZ L F X2 003 4 pglug

immunoglobulin Th - 7=,

2. MIfaEEE

7 v M ZEMEEE TH B L6 1E American Type Culture Collection
(Rockville, Maryland, USA)#*&8A L7=, #ilaix 10% FCS &%
Dulbecco's modified Eagle's medium (DMEM) T 37°C. 5% CO2. TH:
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ELI, HEMEOSLIT 1%EMEEE DMEM IZ 0.8 mM &3/ A A&
VoZEML, 3 HEEEE L, TNF-a, MIF 2 X 3%E: 24 758 72

H‘\if’aaﬁf:fo f:o

3. F2,6BP DlE

Tk Uiz Le #ifa % €/ 7 a—F )V MIF HifEdH 5\ it
B7A Y547 1gG (10-100 pg/mD T 2 BERIATAE L, TNF-o (10-100
ng/m)TE HIZ 24 5 72 FEfHFRNE Uiz, FM %2 EEMIERE H CYER 1L
50 mM NaOH % #sh1 LA#E% Van Schaftingen ® 51 T F2,6BP £ %

FEL= (21),

4. 7N a—RABUAHEOHE

Tk Uiz Le fifax € / 7 v —F Vi MIF Hiikd 2\ Ext
B7A4 Y547 1gG TRILEL., S 5612 TNF-a (10 ng/m)DEET. &
DVIIIRFET T 24 BEEE L7 M3 % b Z o 2R — MK (140 mM
NaCl, 20 mM HEPES/Na, 5 mM KCl, 2.5 mM MgSOs and 1 mM
CaCly) T 2 [E¥EE#%. 0.3 uCi/ml 2-deoxy-[3Hlglucose & 10 mM

2-deoxyglucose T 10 offEE L, FT VAR — MAKR T3 EFEE L, 50
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mM NaOH THIMaZ BE%, Vv FL—Ta by —TCHREEZ
BIE LT, Yo 7V E B £ Bio'Rad Reagent (Bio-Rad Laboratory
Inc, Richmond, California, USA) Z V., FEFFE T NUFERY AT

Cytocalasin B (10 pM) 77 F CHRIE LFHE L7z (22),

5. fHigN S Y a—4 L E0RIE & AL FRIRE

gz iR EREET CHERL, 5f5& (HE) DOK#& perchloric
acid (10 %) THREVFA A LT, T/ 7 NavF—BEEzHANWS Y =
— 7 BERBE LR (23), mMAHE, 7 Uk, PHEAENIZ Sigma ££O

v FEAWTHIE L.

6. mRNA I EDMENT

total RNA 3471k L7z L6 #fas 5 RNAzolB (Tel-Test Inc,
Friendswoo, Texas, USA) THitH L7z, 7I7A~—ZLUTFTO LT H
A4 > L 7., GAPDH (360bp), 5-ACCCCCAATGTATCCGTTGT-3',
5'-CCCTGTTGCTGTAGCCATAT-3', MIF (430bp),5'-CCTATGTTGATC
GTGAACAC-3', 5-AGTTGATGTAGACCCGGTC-3', rat muscle isoform
PFK-2 (780bp), 5'-CAGTATGCAGAGGACACTTG-3', 5'-CACACCTCG
ATCTATCTACC-3' (14, 24), 3 ug total RNA % vy, 400 U ® MMLV
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Reverse Transcriptase, 0.25 ng @ oligo-(dT) #&%r 0.1 ml DRIGIEES
T cDNA =&R LT, 3ul @ cDNA O LD 77 A4 ~<—%H\ PCR
BITo7-, &I 95°C 300, 53°C30%, 72°C 30FT 27 %A 7 VAT

277,

7.MIF ® ELISA £ =X &7 yu bk

L6 ffanti BE L MlambE s o MIF &9 FA v F
ELISA (5 CHIE L7z (10), €/ 7 u—F A4t MIF i &5 L~y
ZDMF MIF BEIZY > A vF ELISA Z B &/ICTFHT 50T, LT
DEIICTVTRE T ay METHT L., 10yl O A 4 KT
2EIZHRLYED Laemmli P —7 4 VI RNy 77 —%RE LT,
TNVE 5 4yREE L SDS-PAGE T4BfL 72, Immobilon-P (Millipore
Corp, Bedford, Massachusetts, USA) IZ h T VA7 7 —#%KRY 7 a—F
VL MIF fifE xR S8, meiifkis HRP FE# v ¥iv ik zX
JGEH ECL ¥y FERAWTRASHEMIF IS5 —AD NV N &
TV RA N —TRESTL, —RICEKKEI L7z tMIF ZEEIZmEFR

MIF REZHE LT,

8. ENEER
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< A (Balb/e, 18-20 g, &) X5 BHEOFHEEATHERICAN
7ro &/ 7 v —F 5 MIF HiiEd 5 W idx B IgG1 (100 pg/mouse) % 8
BerNlc# 5 L, 2BERI% Y = B b TNF-a (160 pg/kg, #ARM) % &
K L7, TNF-a/ v 777 b= ALt~ T RT 16.6 mgkg ® LPS
ZIEENICEES LIREZEIR OB T TR L7z, £ L THFRE B

R L, IEERTHEE LT,
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R

1. BEMIaN F2,6BP &, FLEBEAEIIHT S MIF 0L

F2,6BP (3#EFEROBARFHAFTH Y . £ OREDORIEITHER
HED ETHEEICERATHH(25), F2,6BP iL Phosphofructokinase-1
(PFK-1)?® Fructose 6-phosphate (F-6-P) |Zx3 A2 EMIE5
Z &2k PFK-1 OFEMZFE L. ATP L 5ARADTuRT Y v 7%
ZHETD (26), BEOHRED L ST (27), TNF-ait L6 FHE MR D
F2,6BP OEAEZHEMIE-, MIF HLBEKEME (5-100 ng/ml) 12
F2,6BP &% #i1 & ¥ 7= (Figure 1a), #HIEAN F2,6BP EE X MIF, TNF-a
BE5% 24 BRI CHEESDD b, F2,6BP O& /K EMET 2 DI
6-phosphofructo-2-kinase (PFK-2) T&® 5 (26), PFK-2 32T
AV T A —LPREONREINTND, PI2iEe FERIZKEEREZ
523 & 3UTRIZAUUUAEFI %2 &L PFK-27 4 Y 7+ — A D mRNA
HHEANT 5 (28), TNF-adh 5\ & MIF flilz L 5 F2,6BP £
muscle PFK-2 BEFORBICETLTEMLE (Figure 1b) ., S HIZ
TNF-a DRI WBELEOBMIZEOMB TH LN TV DH N
(29, 30). Z D3EBRT TNF-o.& F#EIC MIF 12 L6 & MEICET 55,
BEEEAOEIWER N H 5 = & NHER & 7= (Figure o),

52



160{ ] 24h
- B 72h
E 120- _ 120
:
Ew 3 80
8 E
g 40-]’1" 0
0

0
TNF-a (ng/mi)-> 0
MIF (ng/m)— 0

b

TNF-a—> - - + - + - -
MIF —> - + - + - + - 8TDs

PFK-2 [
GAPDH [

Time (min) 0 30 80 120

Figure 1 (a) Intracellular F2,6BP levels in L6 myotubes. Fully
differentiated L6 muscle cells were stimulated with TNF-a (100
ng/ml) or MIF (1-100 ng/ml for 72 hours at 37°C. Lysates were
prepared and analyzed for F2,6BP content as described in Methods.
Data are expressed as mean + SD (*P<0.05 versus control medium) of
triplicate wells and are representative of three independently
performed experiments. (b) Induction of rat muscle PFK-2 expression
by TNF-a or MIF in L6 muscle cells, as detected by RT-PCR analysis
using gene-specific primers. (¢c) Lactate production by L6 myotubes.
Differentiated L6 muscle cells (1.4 X 106 cells per well) were
stimulated with either TNF-o or MIF (each at 100 ng/ml).
Supernatants were collected at 24 and 72 hours after stimulation, and
the lactate levels were measured. Data are expressed as mean £ SD
(*P<0.05 versus control medium) of triplicate wells and are
representative of three independently performed experiments.
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2. FEMAIZIT B MIF 5Nkt 3 5 TNF-aD g2

MIF i3« OMRIZHER L, WEE MIF Opwa~r a7 77—,
T #ifa, MEFHERORGEEEST S (10, 11, 200, TNFalv/ 2>
7= b MIF OQWERET 2 Z EBNRENTWEOT (10), L6 #
faizB13 %5 TNF-alZ & 5 PFK-2 ORE L EERDOTTER ., TNF-ofilid
IZ L 2REM MIF 05 E2 04 5 eEErH 5, Le HEMIEE TNF-o
THHE 5 L5558 B MIF BENEM L=, REICHBEANO MIF £
A U RN O MIF 7°— /L3 TNF-aO i TR M oW En 5 Z
EWRBE Tz, £z TNF-al £ 2HIE L MIF © mRNA % BRI

(s w7 (Figure 2),
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Figure 2. (a) MIF levels in L6 muscle myotube cultures. MIF was
measured by ELISA in culture supernatants (solid lines) and cell
lysates (dashed lines) after treatment with 10 ng/ml TNF-a (filled
circles) versus medium alone (open circles). There were no detectable
differences in cell death as assessed by viability testing with MTT
(data not shown). Data are the mean (#SD) of three different
experiments, each performed with triplicate cultures. For culture
supernatants, P<0.05 for all TNF-a-treated points >24 hours versus
medium alone. Error bars are absent for those points in which the
width of the error bar is less than the plotted symbol. (b)
Time-dependent increase in steady-state MIF mRNA levels in L6 cells
after treatment with TNF-o (10 ng/ml) as detected by RT-PCR.
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3. TNF-alZ k% F2,6BP EADEM, 7 N UREBALTTEICKT D5
MIF SiiA D&
KIZ TNF-alZ & - T L6 FE ML b 45 <7z MIF @ F2,6BP

AR T 2B OWTHRE Lz, 2k L7z Le fEMiaz i MIF 1

AN

EHDVEBT A V& A 7 1gG OFET T TNF-a (1-100 ng/mD T
& L7-, F2,6BP EA E1IH1 MIF & 58 T 70%IZfLE S 17 (Figure
3), T b DOFERIZAEMED TNF-a2t MIF 2/ L T F2,6BP DEA %15
MERDEVHIRFEZENT D, TNF-oit L6 HEMIEOT RUFEDRY
RAAZEMESEDZ ENMBNTWS (27, 29, 31-33), LLZDRIFE
FERETVICE o THERD NN ETEHELH D (34-37), £Z T
TNF-oulZ Lo THWENAMIFDT F 7RV AL ~DEELZBE LTz,
#ifE % TNF-a (10 ng/ml C 24 i) 443 U 2-deoxy-[3H]glucose DELY
AHZH MIF $iiEH D2 WIERBT A V#2147 1gG OFE T TRET LT,
TNF-alZ 2-deoxy-[3Hlglucose DELY iAALZH ZIZHME &, HL MIF Ht
BRXEERECZZOMEEZEE L, it MIF iDL DO®E TIX

2-deoxy-[3Hlglucose DEL Y IAITEE L IRD> o7,
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Figure 3. (a) F2,6BP levels in cultured L6 muscle cells (1.4 X 108 cells
per well). Cells in triplicate wells were pretreated with medium alone,
anti-MIF mAb, or control mAb, and then stimulated with TNF-a.
After 72 hours of incubation, the cells were lysed and the intracellular
F2,6BP concentrations measured as described in Methods. Data are
mean (*SD) of three separate experiments. *P<0.05 versus
corresponding control (TNF-o versus no TNF-a, or anti-MIF versus
control mAb). (b) Deoxyglucose uptake by L6 cells 24 hours after
TNF-o (10 ng/ml) stimulation. Neither anti-MIF or control mAb (100
ug/ml) alone was found to alter basal or insulin-stimulated glucose
uptake. Measured values were obtained in triplicate wells and are
expressed as total uptake rate. The data shown (mean * SD) are
representative of four independently performed experiments. *P<0.05

versus each corresponding control.
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4. In vivo T®D TNF-a DEFER~DOIRIZTHT 5 5L MIF FuiEOZE
I in vivo TOFERBNZEIT 5 TNF-adZhRI53 5 MIF D%
EERE L7, EREYW T INF-alIBRHTOT RUERD ALOTD
EMEDOEMELE 2T (23, 38-41), £7= TNF-alIB#H @ F2,6BP E4
DEMELBOKE., FERTOZ Y a—FUBbE5 &7 (29).
BALB/c =7 AZH MIF FiiEH A WIHIR T A Y #4 7 1gG 25 L,
2 BeR% TNF-ax #RNES Lz, LETOHE LR L & 91 TNF-aidiE
mEEELE L (42), B D F2,6BP E4 s w7, i MIF HilfidZ

® TNF-aDO & %2 HE L 7= (Figure 4),
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Figure 4 (a) Serum glucose, (b) muscle F2,6BP, and (c) liver glycogen
levels in mice 6 hours after TNF-o treatment. Mice (n=5 per group)
were injected intraperitoneouslly with 100 pg of anti-MIF mAb or
isotype control antibody 2 hours before an intravenous injection of
TNF-a. Data are mean + SD and are representative of one experiment
that was repeated twice. *P<0.05 versus control mAb.
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Figure 5 12777 & 912, INF-aD & 513/EE L T\ % Mg MIF %
EnsE, £LTEIUIH MIF iR E TR Lz, BROER
MIF O 6 BERERIC A DL, 2 OBERIIEIEMNIC %5 S -5 MIF
TEBMFORETRERICZ IR THD (13),

TS DFERIT, in vivo TEREGFHIZEIT B TNF-aDfBFERIEMAL
ERZMIF 27 LT B E WO R EFE L7V, £7= MIF 1RO
MRIZRE L oW S, LMIFSUER T RUdIc L 54 v 2 U U a5ik%
FAETHZ EBMON TS (18), ZDEBRT INF-aft 5% M1
AV VREZBE LR, BEOHRE LRRIC (34, BLiTRD21-
72e T D DOFERIZ TNF-olZ Ko THEM L= H MIF 134 > 2 U > D45y
WIS 2 RMBEITE Z SN2 2R L TW3D, 7z TNF-oldfTiE
D7 Y a—4 v EERD ZEH MIF 32 O TNF-aDRE2EEL

7“,
—o
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Figure 5. Plasma concentrations of MIF in mice pretreated
intraperitoneally with anti-MIF or control mAb 2 hours before the
intravenous injection of TNF-a. Plasma from each animal (n=5 per
group) was collected at 2, 6, and 12 hours after TNF-a injection,
pooled and subjected to Western blotting analysis as described in
Methods. Note that the presence of anti-MIF mAb in the serum of
treated animals prevented us from quantifying these samples by
sandwich ELISA. A representative Western blot result for the 6-hour
time point analysis is displayed in the inset. Immunoreactive bands
were quantified by laser densitometry and compared with a standard
curve of rMIF (1-20 ng). In a separate group of mice, we established
base-line (time O hours) plasma MIF levels to be 2-4 ng/ml, in
agreement with ref. 13.
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S 52 TNF-anZhR & LTI FHES OEMREHITFoNn D, T
NV RERY R—FORELLFEIVaaLrFas FOBIMIED
(39, 42-44), FVvazaFaf FOEIMIA M VAKRIZ LY | £D—H
TAEEOELERGICERT %, L» LI MIF filkofE5132nb0
TNF-olZ L 5B EZRETTMIFIZ I NG OBRIZITESIZEEL TW
R EEbh g,

E 5725 TNF-anZRIZEIT 5 MIF OFEIZHGNIITHZD
TNF-a/ v 77U h=U R &L bW TRBEDEREIT-7-, LPS 2L
377 LAEEEO®BRSH% 6000 12FFHZRICMIFREN Y —7 2R LT
B MIF #if720 Uiz MIF &5F 0/ v 77 b= A3z R hExy
v a vl B FHETANERS A I ENREIN TS (13, 14, 45),
L MIF $i512 TNF-0./ v 7 77 b= U RIZE1T 5 LPS I L2 MAEL &
#EF D F2,6BP DAL ZHE Lz, 24 b O#ERIT MIF O%hE1EL TNF-a

WIRFELRWE & 2T (Figure 6),
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Figure 6. (a) Serum glucose, (b) muscle F2,6BP, and (c) liver glycogen
levels in TNF-o-KO mice 8 hours after LPS treatment. Mice (n=5 per
group) were injected intraperitoneally with 100 ug of anti-MIF mAb or
isotype control antibody 2 hours before an intraperitoneal injection of
16.6 png LPS/g body weight. Data are expressed mean + SD. *P<0.05

versus control mAb.
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EE

WA DORYCHBOBRBIIBEEORERISEERL L, HERHEO
BEMEES, RO BEOELIEL A R Y UERGUENSE Z Vi T
HEEEA, KRBT F—V R, 7V a—F B, KLEFEZ 5,
HIV, fEkz, F4dm EORKRE & FIRICETE, SFERERGITL
X UISHEBEESCEREIC 22D (1),

IL-1, TNF-a. IL-6, IFN-y22 EOREMS A I A I BHD
KREEGIZEE L, 2 Th TNFuUIEEREE 2 b oEE XL T
% (1-3, 28, 29), TNF-aDHERFNZBIT A RITIERETFT ML > TR
RAREENFEINTNS (2,3, 27, 31-33), TNF-aiZZs-22>?D in vitro
D% T F2,6BP OARMEM, ¥k, 7V a—7 0, ABRELEZD
E AN, BWER T INFaOHRIZTZROLREFRESFLTNDSZ
ERHEINTNS (1-3),

Z ORFFET MIF 73 TNF-aDOFERBHZB T 2HRICEETH 2 L
RRENT, Lé HEMAIZE VT TNF-ald MIF mRNA OFH, MIF
BEADOHWEFES S, MIF I3 TNF-alZ £ 5 PFK-2 ORBRIZA— ~ 7
FAv, RS T4 BT S (10, 16), ZOMWEIE~I/ a7 77—
28135 TNF-a, T U /RBRIZBITA L2101, 7Ty ABICE
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TBHARY v (18), BHEFMRICE T 5 MAPK (20) L RETH 5, i
EHIRICI T D PFK-2 BBUEIN & F2,6BP EAOBEMITEEDER Y AL,
ABMEALFTLTBY EERNTLEL T E Z & &RY, £/ invivo
[ZBT B TNF-a0#& 5% F2,6BP DM, MEET. FlEo /) a—4
PR EER L, F MIF HEIC L 5 MIF OF IR 20 50 TNF-o0%)
REMBEEFEL,

MIF I DOMEFERICEET2EBICHLEET S L O ICBbh 5,
TNF-al3BE¥H-CIENMAR & TEREOTLE & GLUT1 ORHEEME
FET D (33, 46), Z DHFFE T TNF-olZ L BFEDE Y AL %51 MIF Hifk
BEEFELE, ZO%EN GLUT1 ORBESEEOLEIMIZE B 00T E
EHREATH B,

BEOHED L ST (88), TNF-alz LpMfdA 2 DT
ZOMETHRER INR D o7, MIF ZBMRENS WS, A VAU
DWW ERET 52 RN TS (18), TNF-og5~ 7 2 2B
THL MIF HuffizA v 2 ) SMEICEE L 2hvo Tz, ZhEH MIF HiEo
ERORESIHRICB T AERVIAAIZ LD Z L EZRLTN 3,

TNF-aDBEEIC LTI/ VvaarFa s ROEENEMT S

(39, 43, 44), FIMIF iR N O DRFITITEE L 2 h -T2, Lizdio



T TNF-al3 MIF & I3EERIC 26 DERFIE L Bbh b,

A MIF 3B EE S 5 v 7 OBETEV, I IR LIEHERIT
MIF 23 ok EE BRI B 1T D RBISITB VTR LI RFREZED 2
LETRIBEL TS, F L TREBTIE L TV AT MIF 37 FUHEH
% (EME, FY a—F U ERICh ORI R R &3, MIF fE
AOMERE XN F—REZHEI X VARG ZBEHET 2 EE’ D

Do
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