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<BEE>

Macrophage migration inhibitory factor (MIF) (X VU > /SERIZ L 0 BEAE S, 4F FPEROAFFRER
DI ERTIEERS~ 7 07 7 —VOKREGIEHT 2@ & 2 F T 274 L LTH
E I N7, BUECIIEEA R OMIBIC B W TR HR SN TERY, YT/ LTO
ERCINZ, RIERPTICHA M AA R I INVAT 4 =—F—fEAEE IR ThH D
AREMEDN DV, EH STV 5.

WBEI LS ISP A, APHALRR & OZSGEITIRRILO A &0 ) BB ZEicH 0, Ok
T OMHR DB S5 LIRS B X 10 < <, AAIEORIBE 72825 2 ERZ 0.
BEOPESOG & L TERRFEOBRIZET 650, & DREOREREBIMEESHE
DOEICHFNEL LW HrBELH L. 2T, RIECBIHMELEREL VWS —#EO T 1
A 59 B IK+F & LT Prostaglandin E» (PGE2) (27 H L, MIF 2N RIEIRFEIC & 2 th il
3B L, cyclooxygenase (COX) -2 #41 L7z PGE, FEAEIZEES- LTV D D TIEARW I B
E LT

AWIETIE, BRELA A U 7otk 258k & F O 72 s R o a8 b e i3 K OVEDOR S
FRRRG AT I T, SIEMEMIL ORI A 580, RIENER STV DR L THL MIF
PURBGE O B BERRHEF AR 258D 72, S 5IZ, BT MIF HUAR o th B SEMIa <X MIF
DLt T H—=D—>TdH 5 C-X-C chemokine receptor-4 (CXCR4) D FFENFRD b=, 7z,
b MEBEET R MALIZ IV T, MIF OIRINIC LY COX-2 B BN H & - ReilRFrIIC
L, 0351 CXCR4A THEHKITH 5 WZ811 THIf S 7-. [FEEIZ MIF 1% COX-2 # v
R EEDEMSET0, ZORFIF WZ811 IZ L » THfl Sz, S 512, MIF ORI X
0 E:2% B3 O PGE, EIFHEM L, & DOhRIZ WZ811 12 & » Tl &7z,

VL EDFER G, RIEMEORERIC LV & Mgkl T MIF & CXCR4 O3B
RO BT, S HIT MIF 2337 7 U AR K0l BERAMESF RIS /ER L, CXCR4 D%
BARAZIT LT COX-2 HBLAARME L, PGE, DPEALGI & I 2 & THBER OERICE ST
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2 AIREME DS R S 7.

<G

HBEII G I PR E AL, FAPHAERE & OZZBITAR RN D DI & 5 AR 2RI H D,

>

if

Ul

O L IO BR PSR S D LRI ER M8 < 12 < <, R PEORH 2 5 Z &A% 0.
— AV A AT E O B B ST BEPR B RIE DS IR S LD 08, KIE O FP1RITAETEHIZ L

RTCARTH Y, E7HEEHEE OB MBFRAEDORIE S SIZITHFMCE TEBEL525 D
ZERHLMNIR-TEY, HHRGFEO=—XIEE DTN ThH 5. TE, £0kiEx A
T DA, AR KT A RO TR AR ORFSE - BRIRIS A S 2 ETe— 5 C, RIE
ZEZ LTV D MR D HIIEBERE DRI E 2 AR AN LV ONRBUIRTH 5.
AT A COEFEEZROTZD, FINNBIER Lo EER Ik 2 05 - (E1Eke A
L, ZO—DIZRIEN S D. RIEDKILITIL, FHERC~ 7 77 7 — U7 & O il
DRI EOR X TWD RFNCEET 2 Z ERUAETH Y, RIEOLERIIEES ST, Miash
~ kU w7 A= matrix metalloproteinase (MMP) (2185 S 415 0 fiflEER OI1ENIZ, E{LIKTT
borENA I ETEA Dy FOMBEERICL > THIEISIL TS 2. 7R Sk - T
A - R T, fhofk & RIRRICAFHERC~ 7 7 7 7 — VOMBZ AR 1Y), i
BRI AR DA RIBIC X » TA > % —1 A % -1B (Interleukin-1B; IL-1p) , JEEEESE
[K-¥ (Tumor Necrosis Factor; TNF) & W\ 72 RIEMY A A COPEAZS X LY, £
N DORIEMEY A M A 1%, b MEBEIEIZI YT Prostaglandin Ex (PGEp) PEAEIC EEL/R
f%#3% T 5 cyclooxygenase (COX) -2 mRNA B L OV X7 R AR5 9. PGEy 121X
REINLHT0 AL ) A FIIEBEORE, EEERLZFT T 5K OEERRNTFO—-2THY

D RIEEBE CIXIER #WHEIC LR PGE, ENAEICHEMT 52 L ¥ a3 T05. 51

-

RIEWHEMRR S L ATRIEVET A DU A - OMEERA~TF K7V I 2 B S &7t

HOHESEIE Tl IL-8 X C-X-C motif chemokine ligand (CXCL) -10, cysteine motif chemokine
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ligand (CCL) -20 72 E D7 E B A ¥ OFBMELE S H1, EISFEIZFHFG LTS 210 L)
HAEND B RIEVER T == Z =0T A ITRBHIC I8 D RAERS T BB s & 5
ZLTVWDEBZBLND. LTeh-> T, WhlCHB T 2 RIERGCE K VRS AT 5 2 &1,
TRIHE I HMEERLE OB 2 IR S5 ARt & 5.

Macrophage migration inhibitory factor (MIF) 13V > /8ERIC & » CREE S, AP ERSCATER
RO AR ERS~ 7 n 77—V OMRELZHET 2@ 26727 E AL LT
FIE Sz, L Ladd s, BUETITMHMERMIaSC LR /e & 28 Ok % Zefifaic 51 C
HREIBDHER S Y, B Y U~ FEE OB IRIC 1T D MMP-1, -3 FEBLOEtE
12) | interleukin (IL) -8 D73 WMIEHEIC L D RIEVEY A M A VERDIER D, ZvazanFad
RIZ K DHIIEEROWBEIIER W S5 6T 52 L BHALMNER-oTVND. S HIZ, MIF 23
phospholipase Az (PLA2) DIEMEALIZ L5 7 7% N OWFHEHEHES, COX-2 DFEL 2Lt X
WD Z LN~ T ABHEEIE A AWV ZAFZEIC BV THRE 1519 ST Y, MIF (3505
Mgy b —A72F T, RIERFITYHA M A R0 IINAT 4 =—F —FEE
EARKET 2 ATRBMEANVRIB ST D, FE 7z, 18I 8 28 BB OMEIR IS K OV TR IR Tl
A MIF 2881 L T s 2 & 1D R0, LPS Z{FH & & 7- e ffiks 2 Miu T MIF ©
FBIDHETR L, S5 MIF 2SI OHHIZ B 592 2 L3 #@iE ' S, MIF O 1
WEREIRIZ 351T 2 RIE~D B G- A /BT 2 MG NI I D2, B 722 LB 2L R
Thb.

Z TR, R OERICED L THAH MIF & EDOZEED 2L LTHES
N T 5 C-X-C chemokine receptor-4 (CXCR4) D JFTE &, MIF @ PGE; pEAEMEREIZ DV T DM

HEIToT.



<KrEFE IE>
1. AEREEI A oo R

HARRFALF i m e E B2 O/KRR (K% + EC19-19-003-1 #5) ([ZHD &, AAR
RN AT BIR B IR D T2 DI PE L, 10-20 AR D T4z 4 4 O BE ORI A
DU PEHRIS LW I, B L o e S RKEAER A RE L L. it REEEBIC
4% /XT ARV LT IVT B REER T 3 HHEEE L, £D1% 0.5 M EDTA T 4 HAIIK 21T >
7. DKM A —E OB =2 /) — L BIOF U Lo 2@ L TR L, NT 7 4 e

B2 378 b—AICTES 4pm QU 2ERL, 254 K7 T Rcv vy b LT

2. AR Lt

NTT 4 BT T 4 ACLFAKRFILT2R, FURBEEO72012 10 mM 7 = i

RAER (pH 6.0) 77T 10 23[Rl L 7o, BERIUAIETIX, A4/ —/L D 3%H0, & 3EIZ 30
A ¥ 2 _X— F L TR~ VA v 2 —BIEME A TR L72. 0.1% PBST (PBS + Tween
20) THEiE L=, Yl &2 — ik & L T rabbit anti-MIF antibody (1:200, ab7207, abcam,
Cambridge, UK) % & TeigilF ¥ o/ R—PNTRILIZ T 30 rBJs & E7z, kW T kbR
Dako REAL™ EnVision™/HRP, Rabbit/Mouse (Agilent Technologies, Tokyo, Japan) T 30 43[4l
L, &% IZY) % Dako Liquid DAB+ Substrate Chromogen System (Agilent Technologies,
Tokyo, Japan) & HWTCHEHIL L7, v Y —D~~ b XU o ThEYL e Lz, BEExt
MUT—RPUAZR LT L 72,

FOEHUARTE T, 0.1% PBST THeif L7212, 00 & —k$ifk & L T rabbit anti-MIF antibody
(1/200) , Goat anti-CXCR4 antibody (1:200, ab1670, abcam, Cambridge, UK) % & ¢ eigiHF v /N
— P CEIRIZT 30 RIS SE72. )W T RPUA F (ab’) 2-Goat anti-Rabbit IgG (H+L)
Cross-Adsorbed Secondary Antibody, Alexa Fluor 546® (1/1500, Thermo Fisher Scientific, MA,

USA) , Donky Anti-Goat IgG H & L Alexa Fluor 488® (1/1500, abcam, Cambridge, UK) TYUl i %



30 AR L7, B ZE el o7 8 Vector True VIEW Autofluorescence Quenching Kit
(Vector, CA, USA) T 5 /rfMaLBit%, B AL, AWEtiisss (OLYMPUS BX51; Olympus,

Tokyo, Japan) (Z CHIZ L 7-.

3. HBEAI DR

AR i Bl R B2 O#GE (K& S« EC19-19-003-1 75) (242 &, AKX
SR T S IR TR MR D T I REE L, B IETARIR O H A THE S #1172 1020 AR D F
A4 G DBFE OB =REE O 2 BRI B L7z, B L7 iiEiT 2
BOJE D ITESE, PBS THAIHEN L72tk, £ 2 mm AICHIEIL, kA 2 35 mm
culture dish |Z#HE %, 10% AR V2MIE (foetal bovine serum; FBS, GIBCO BRL Life Technologies,
Tokyo, Japan) , 100 pg/ml penicillin G (Meiji Seika Pharma, Tokyo, Japan) % ¥/l L 7= a-essential
medium (a-MEM, GIBCO BRL Life Technologies, Tokyo, Japan) % f\ T 37°C, 5% COz, 95% X
FAFIZ T out growth 87, My =2 > 7 v MTiE L 72K 4T 0.05% tripsin (GIBCO BRL
Life Technologies, Tokyo, Japan) & HWTEIX L, 57256 9 fRfikEEER L2 b O % b |k ihis:

i & L7z,

4. 4= RNA Ot

b bR Z 10 cm culture dish T 1 x 10 © {El/dish THERE L, %S00 24 FERETATIC 1%
FBS & A o-MEM (22544 L 7=. MIF (GF180, Merck Millipore, DE, USA) ¥4, #ifak v 4
RNA % RNeasy® Mini Kit (QIAGEN, Hilden, Germany) % F\ Tl L7=. MIF & 00 L7320
BEBERINL D RNA 22 hr—/L & L7z, 5 Hi7-4 RNA ORI 260 nm & 280 nm D
CTHIE L72. CXCR4 ~DBHESEER I MIF #$I1 60 47 HiZ CXCR4 FLEHITH 5 WZ81120 (1,4-
Benzenedimethanamine, N1, N4-di-2-pyridinyl-, Selleck Chemicals, TX, USA) TLE L 7214, MIF

PEH & H7-.



5. B IBURYT

reverse transcription PCR (RT-PCR) %13 One step RT-PCR kit (QIAGEN, Hilden, Germany) %
EH L TA RNA BXW DNA 77 A v — (COX-2 I XL glyceraldehydes-3-phospate
dehydrogenase ; GAPDH) Z#shl L, WiHsE 3 £ O RT-PCR % TaKaRa PCR Thermal Cycler
Dice (TaKaRa, Shiga, Japan) %\ T{T-7=. 72 DNA 77 A ~—OHEEESNILL T O
Table 1 |27 L7z. RT-PCR O UGSAFIE, 50°C 30 4312 THHRG S ATV, cDNA Z 5L,
95°C 15 4712 C HotStar Taqg DNA polymerase DAL Z1T > 72, IRUNT DNA 244 % 94°C 30
B, 7=—1U 7% 55°C 30 ®, MRS %E 72°C 30 #ATV, 4% 1 cycle & LT 28 cycle
7o 7otk BAMMERIG% 72°C 10 4347 5 72. PCR S REMIL 2% 70— A7 L TER
KENVZAT o Tet%, =F VU L7 m~A REEZITV, SRR I THER L 7-.

Real-time PCR 7%|% One Step SYBR® PrimeScript™ RT-PCR KIT II Perfect Real Time (TaKaRa,
Shiga, Japan) {242 RNA 33X U'DNA 77 A v— (COX-2 I3 X TN GAPDH) % ¥/ L, Thermal
Cycler Dice Real Time System (TaKaRa, Shiga, Japan) (Z C{To7z. ERICEHA LT 74 ~—
Z Table 2 {2/~ L72. 42°C T 557, 95°C T 10 PGB Z2AT o 12D, BAENEE 95°C T
105, 7=—V v 7B ILOMENEE 60°C T30 D2 AT v 7¥HET50cycle fTo7=. B8

X AACtEIZ T T 7.

6. Western Blot {4

MIF 1Efi#& D & ks % 100 uM Phenylmethylsulfonyl fluoride (PMSF) , 0.2 mM
EGTA, 2 mM EDTA % &4 9 % Cellytic M Cell lysis reagent (Sigma-Aldrich, MO, USA) |2 C¥&
fi L, Bradford {52 C X X E B A E & L72.15,000rpm T 1 /3w 008 L% o Fig &
SDS sample buffer (New England Biolabs Japan, Tokyo, Japan) Z/AlX 5 AW L7z, &# 3
JEHEN 40 ug 75D K9 7.5% SDS polyacrylamide Mini-PROTEAN TGX gel (Bio-Rad

Laboratories, CA, USA) |2 CTEXIKENI, #545E (NIHON EIDO, Tokyo, Japan) Z{#H L T
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= hu&/Lu—X[E (Bio-Rad Laboratories, CA, USA) ~#RE L7=. % D14, skim milk (Becton
Dickinson, NJ, USA) IC TR T30 7 1 v X2 7 &217\, —RPUAZ RIE T 2 FEIRE N
JE S, “IRGUAZEIR T 90 SMFEERICS S, —RFUAE L LT mouse anti-COX-2
antibody (1/2,000, sc-19999, Santa Cruz Biotechnology CA, USA) % 723 rabbit anti-B-actin
antibody (1/2,000, 49708, Cell Signaling Technology, MA, USA) Z it L7=. —¥k$i{A L L T HRP-
conjugated anti-mouse IgG (1/3,000, 170-6516, Bio-Rad Laboratories, CA, USA) % 7-% HRP-
conjugated anti-rabbit IgG (1/3,000, 7074S, Cell Signaling Technology, MA, USA) % ffk L 7=. ECL
prime Western Blotting detection system (GE Healthcare, NJ, USA) % H\W\ LR 2170, X

#7 4 L2 (GE Healthcare, NJ, USA) EICROE S CREEZ MR L.

7.PGE; D E =

AR DRSS T e MR RN % 24 /< cell culture dish (2 5x10* f#/well THEH#E L,
YEM 24 IE[EIRTIC 1% FBS & o-MEM (ZA3H# L7z, B 70k MIF fER% OR58 FiE L L,
PGE, D43 &% Prostaglandin E; enzyme immunoassay kit (Oxford Biomedical Research, MI,

USA) Z AW THE 450 nm (2351 B WL 2@ L7-.

8. MAtALEL
55 T HE B I A E R YRR 22 ((SEM) TR Lo, AR ZADOKREIZIE Tukey test %

W, AEKE1%B L ON5% THRE LT-.



<fER>
1. ELISA ¥£% F\ 7= MIF 0 PGE, PEA Dt

b N EBERSEE IS MIF (10, 50, 100, 200 ng/ml) % 180 ZyMIEH S® 5 &, & BiET D
PGE, &3 EARAFHZEIIN L, 100 ng/m]l TIFIE R KMEICE L, IR/ EN 2R L7Z (Fig.
1A). %7z, 100 ng/ml MIF Z{EH SH 5 &, £55& LG O PGEy SIIRFFEAFRIZEEIN L, 1F

% 60 53 ClEIEHRAAEIZEE L, 360 70 Tl MEm 27~ L= (Fig. 1B).

2.MIF [T X% COX-2 Bin T IHE DL ORFT

RT-PCR £ (28 cycle) (2B T, b hEgffisEE ML MIF (10, 50, 100, 200 ng/ml) % 60 43
MEH S % &, 50 ng/ml TH 52378 COX-2 Bn TR B HER S 4, 100 35 L U8 200 ng/ml T
X E SITREENEI L (Fig. 2A). £ 7=, 100 ng/ml MIF @04 15 43 T 5 737 COX-2 &
BT HBLHER S A, 30 38 LTV 60 43 TIXE HITEEN L, 180 53X b 272l Bi b 3588 &
iz (Fig. 2B).

Real-time PCR {28V T, & FEFERZEMALIC MIF (10, 50, 100, 200 ng/ml) % 60 53 [H1E
HIE5 L, 50 ng/ml T COX2 BInFRHEED 2 hr—/L L ilg U CTHEICHEMNZE

D% ERAFHIZEEIN L, 100 ng/ml TIZIT A AREIZEE L 72. 200 ng/ml & ORI ITHEETH 7R

B AEERBOIRo T (Fig. 20). £72, 100 ng/ml MIF Z{Ef &85 &, 1Ef% 30 T
COX-2 A THRIEN 2 hr—/L &l L CHREICHEINZRRYD, D% 60 /73 TIRIFHRK

fEIZEE L, LMY L7- (Fig. 2D).

3. Western Blot 5% V72 COX-2 # o /X7 E R EIZ KIET MIF ORiHt
b b BEEEE A L MIF (10, 50, 100, 200 ng/ml) % 180 ZyRIWEA &+ 2% &, COX-2 # v /%
7 BRI A ERARICEEN L, 100 ng/ml TIEIERGIE WV & 22 o 72 (Fig. 3A). £72, 100

ng/ml MIF Z1/EH &5 &, COX-2 ¥ > /X7 3B B TR MR FRoC I L, 1EH 180 %

8



TR KRITIE L, 360 43 TlEEAEImIZ H > 72 (Fig. 3B).

4. v MRIEMEBEARAR I 3 1T B kAR L YT L D MIF O RITE

K

SVENR R AR OFEMR & B35 ORRRE) T ICKE L, FT MIF HUik % IV Cois i by

U0

a1 T o7, HE YetalZ W Tl BERLE NI RIEMEIR ORI 2580, (LIRIE R EEk O

[

Z 52 LTV (Fig. 4A). RYJF AN TRIEMEMIAORE 23880, RIENEL I LTV D Al EE
PENE ZN D C &, RIEMMORMARO T, IEF L 27 268 D Z2=R L7
(Fig. 4B). $L MIF HUiRCYufa U765, fHik C CIIBGMEMBu S 5 H S 417228 (Fig. 4C-
1), fHIE D TlXZ o3 &S o 72 (Fig. 4D-1). £72, BB OU R I3V 07 5 Fr

BSOS bR & o 72 (Fig. 4C-2, 4D-2).

5. b b RIESRBERLAEIC 31T D HOL S A2 YL A2 K D MIF & CXCR4 D JRITE
SVEEBERARDIER 2 BT 2 R OUI R ICK L, $LMIF fifkds L O CXCRE HiLfk % T
WIS Yt % 1T o 2. HE Yefa CITAEMEMIRORE 258 S, (LRt %
DIFREN TR HALTZ (Fig. SA). BRBHALIRPN T RAEMEMIL O REAE 258 & 41 2 fElk & Bl 2240
& L7z (Fig. 5B). B4z X 0 Mla D7 E 2 i@ L7z (Fig. 5C). $T MIF HLiRIZ X B8
TaPE R B ORE R, BIEHITHIC RV T, £ < OFEER 4 29 % th BESRME SIS 51t O A
fl LTE® b (Fig 5SD). $£7=, i MIF Hifk3 L O%t CXCR4 Hifkod —BYL b DOF5 R,
BT MIF HURBS M o s BEARME AR I X BRI HT CXCR4 Bk Icx L CH MRS S LT

(Fig. SE, F).

6. MIF @ COX-2 IEfn¥38 & CXCR4 [HEAI DR RO R
b NIRRT 100 ng/ml MIF % 60 pRIfEHSE S L2 hr— L LR L THE

IZ COX-2 AT RBLEITHEM L, F72, 1 uM F721L 10 uM © CXCR4 BHLEHITH H WZSI11

9



T 60 S ATAEEZAT 9 &, MIF IZ X 5 COX B n R BLEI T A EIZINH S 47z (Fig. 6A,

B).

7. Western Blot %% F\ /= MIF @ COX-2 # /37 B 58l & CXCR4 FLEAIDZh R O Fst

b RIS 100 ng/ml MIF % 180 73[FfEH S 2 & COX-2 # /37 BB &I
ML, 72, CXCR4 BLEAITH D WZ811 (1 £721% 10 uM) T 60 7y HRTLE 21T 5 &, MIF
12X % COX-2 Z v/ E3EIEIT 1 uM O CXCR4 BLEHITH LML T L, 10 uM Tl

S bl 2 (Fig. 7).

8. ELISA {£1Z & % MIF @ PGE, FEAEFH BT X 5 CXCR4 [HEH| OfREt
bt NEBERS I 100 ng/ml MIF % 180 43 fEIfEA & & 2% L H558 LG+ @ PGE, &30
L7z. %72, CXCR4 [HEHITH 5 WZ811 T 60 sy MIFTLEA1T 5 &, MIF (2 X % PGE, A

Xz br—/L L [ERREE E Tl S u7c (Fig. 8).

<EBE>

RIESOTALREIZF 0 DIEE £ TOEMED—HDO N A7 — FEIGTH Y, TDRER, FER,
JERE, JEEN, O, PRREMRET & W o ToRIED 5 lkAE 23 508, RERIZITMZEE TS
2O DG HRIRAROSE WR D, L LR b, il SRR I P £ T 5 Rk 72 BT
(X T—ERIEZE T LB B & 10 < <, BRI 253 il 2 Rk L7
FULR SR WGEEDRZ . LI T, Wi 2 IEAFET 200 iR ORI

HIEETH S, I TG s Bl 123 L C @ Mineral Trioxide Aggregate & A > k& W7o H

2

PERERED BT 72 S 2 D, BRIRHIIZ A < Fha STV DD, Z 0w EAE TR, &5
725 BRI NN TH D, WEERIC L DRI G R AROBEE G TH Y,
FEx 7R L TWAZ EIXZNETOMETHOENIINTE -, — A HEREIC

10



BT DHRIENT, M2 EEIE L 7o DI E & S —J, B OJIE IR % <
FHET LR TEETHD. 2O LD ICHMEES L EEO _mEc@B<IKFoOE>E LT
PGE; IZH H L7c. AL, ECERFTHL 7T A & LTOEHSPCRIE.EY A ST A
VEROIER AT % MIF 23 EBER 2 & L= w B2\ T3 BL L, PGE, OFEAZRIET S
Z LT, WIS D RIEDER L BHHSS & L COMMMERIZBES L TWD EREL,
EERAAT T

PGE; 131 & EE IO TLHECHIIEA 28 L, JIEDMRAEITHD CHRERK 7OV &L DT

m

ZEHN

@r

B 5. MIEOMIEEERER Ry CH D _XTF K7 U B = IL-1B, TNF-a Tt b s

IZB W T HERIEIC PGE, BEAHINESH 2D | X 7-tifi#Hik T o PGE, &I 75 DS

41

(AR 2 ¥ b bR U TRt B PGE, IR A 2 ik 25 23, KR EE

WZRESN D Z L 2R, b MERIEMAL T bone morphogenetic protein-2 (2 & 5
Alkaline Phosphatase {&TEDIEEIER %2 PGE, WMERGTT 2855 2 23H 0, PGE; pEA RO I
ey b — VX ORIERER ZEMT 57T TRMBEEGFEST VT4 TV v
DR ARETE L EEZ AL TEY, ZNETRbLLMO TRELELTHENVR D,
PGE, X7 7% RUEMD COX M LCHEAIND T IANNAT 4 =—F—Thb. £z,
COX-2 13V A P AA ROWIER T2 L - THEDNFEIN, RIEFRFIZB T L7024 /A
RERICHR < BI5-4 5. FEBRZ, RIEE bl <X IL-1p 28T REET A R hA D
PRI & o THBERAMESE IR AY COX-2 Z#FEBIL, T mAX 7T T OFEAZRET 5 Z
& TARHSEHEBER ORBIZEAGT 5 LWV O WME bH Y, EHERIZKIT D COX-2 D)=
IFRIEDHERICB W CTEHETH D,

WU, MIF (XU R EBRICOARFEBLT 2 D & ST E 72723, in situ hybridization <002 A%
(LY EOFERD S, PO A 72 597, ERGIAE-CN B, SRRz & oIk
AR TRBELL CWAZ RPNt eo7c D X512, IIME, LmEEE, wmOREE Y v
~F, MiB e EORIEMIRR & OR#E b G SN TR Y 1258 MIF Offkx 22 EE~DR 5

11



PRSNTND., FENBIEICB W THEREICEBRDIED 5D MIF 23 Bt P
AIZ/EH L COX-2 OAERARITET 5 &, EASINT PGE IZL > T A hu 7 U GikiiEdk

WHRBZFERT DLV X, FHBGICE > THERINIMIF 3T X hrd A
MZEIT 5 COX-2/PGEy ¥ 7 F ViR 2 1E AL U, IL-1B DPEAZRET 2 &V ) #HE20 b,
KRS CTERO HALTZ MIF (2 X5 PGEy O & - BERHKERIZREAN b b B /N o
COX-2 PEE &, ZRUTHED PGEy DERL « 53WTH D, MIF 23R OHYEKR - & L TIEH]
T 5 AR IR L TN D,

SICH & TR L P A L OO RS ORIR LY b MR B
TRAEALIZ PR U 7=t BERRAE LRI C MIF 35 J U MIF 28K CTdh H CXCR4 DFBL% e
AR L7z, BHEERI IS SRR O F B TH Y, ' A L EIZ LD & T D RIEM
AT 4= —F—DFEENRELEFLEFTBLAON TR, L LAENRG,
Lipopolysaccharide <° TNF-a. 72 & D RIEMAK T SN OWEIZ K > TrED A V& PEA
T 5LV HE L, b b EEBERRHEMIEIZ 3\ T Fibroblast Growth Factor-2 $IIB{ A3 7 € 71
A 2T 5 IL-8, IL-6, CCL-20 ® mRNA 584 F & - R A BN S 5 w5 32, plasmin
73 IL-8 mRNA 36 X OV PGEy FUH 2R T~ & U 5 #7226 b BRI 2 F5 VT MIF 23 i iR
MELFHIRR 2 D EEAE SN D ATREMEZ R LT D, ARAFZEIZIV T, MIF & CXCR4 DOREBLN %
JE L C R BERRAME S — 3 L CRO B LT Z &5, MIF 38 L OV CXCR4 A3 i O A
IZBE L TWD T ERRRENTz. LNLRRD, @B bt MIF 23 BEARHE AR &
HHLIZ b D00, MOMENSRELLZ MIF 28872 —|ZHiG LIzt D700
WrXREETH Y, SBBET LV TORERLETH D,

TEAA CRERITG F N B T BIIREE S AA T, CXCR4 13X C-X-C 7 E N A
Y77 IV —=DRKEDOVEDTHSH. CXCR4 DREWZR Y I Fid CXCL-12 TH L3,
L DTENA NI ODEBRDO T EDA VERKRICHAT 22 énmbhTng 2.
CXCRs (FHMERTHELIN DA, WEGMIE KO ERHiaZ: &< Do FEdE mAlleiZ 3

12



WTHIBNHEGE STV D Y . CXCRs 2B 2 8 (21E, CXCL-1 2% CXCR2 DiE ML %
L CHH= 2 — 1 B 2 RIEMER R L O COX-2 ZBLZ T 5 & ) s 39,
FLEHIEEICH 1T D CXCR4 & COX-2 DRBUTIEOMBIBMRNH D L W) HERH D 30,
S H1Z, CXCL-12/CXCR4 ¥ 7 F MBiEIFMBAMNC I T 5 & s il OB i~ Dl E - &4,
BB DA 72 &2 OMIAN T 7T MRERE 2 5 D42 70l 3D e STl Y,
B BEAARE IR A M~ D LOfEEE Y, & HIZ1E CXCR4 H IR % gt fifL o~ — 7
—&THHE D bHVIEREZEDTND. A[E], CXCR4 [EHAARIC K 2 FE KIBE T CRIE
PEHIARZSIRIE L O B EAL O BEIC IR R L CRBLL, BRI CORBUIRD bileho
7o, ZOfERIT CXCR4 mRNA RS EE & L _RIEHHE T2 < 3B b7 Jiang H DL
0L~ 25H5DTHD. £77, 100 ng/ml LPS % 24 BE/E S ¥ 52 & T, b bOEERE
EROEAIRICF 1T D CXCR4 mRNA FHEIMEET HHE D v H 0, i ~DORIEMDRE
FII#IE CXCR4 DRBLZEES T L Z LA ES N7z, MIF [ X CXCRs DU 7 R ThH
¥, CXCL-2/MIF-CXCR2 ¥ 7 F /VsiZEIZE#MHORY 7' L S —fild OB B 2R L, b
BEDEFROWA LB L TV D L) iiE * o, MIF-CXCR4 23 bk [HEERER G oD I
BAOELHEICBE G L TWH Il ¥ Rd 5. I T MIF-CXCR2/4 O 7 ) )VARE
FHEVIZRZZEEEL, ROT 4T 74— RNy 72N LTEREND T T ZibT %
ZENGIoTEY W MIF IZ KD EREFET 2T 260 LRI D, AIFEICE
I7% CXCR4 BLEHITH 2 WZ811 OREILIEIZ X 5 MIF @ PGE, EEADOHIHI L, 2 b0
oL RIBRIC, B MEREEICH VT H MIF-CXCR4 ¥ 7 UG ENRIE DR ICB S L T\ 5 A
REVEDVRME STz, E[AERIZ, CXCR2 [HFEAITH 5 SCH527123 1T & 2 dhi ik i~
RTALERLE MIF 0 PGE, FEAE Z I L 72 (77— & RAB#H).
S BT, MIF IZ 85 ¥ 7 T /ARER I OS2I T R EdlE ~ o "7 T % CD74 T
L T PGE, FEAEFABNIC B 245 9 R0, HERS T Hifd Tlk CXCR2 X CXCR4 |X CD74 &%

BRIEEEERZTER L, MIF NZNENDOU B REBAELTERTS 9 Z LR RENT.
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MIF NEED T = 0A L7 2 —=ITRET % Z LIdhod CCL, CXCL OME 2% 2 uid
LAEREZRIT & S 2 203, BfEefEimiTit TR 67, £/ CD74 BIRIZY 7 T Vs
AHETOMIE R AL 2 b2l P b H D, WTIUT L THA RO THBEIC
BT, D &t CXCRE DIEMHALICMIF 3B 535 Z & i3 g s vz, 4%, CXCL-
12 & OMAEBRCRHETERB L OV VT UREROZERICOWVWTE LR 5Bt 2175 Z &
T, BHEZRIEIEE R IR b0 B HND.

AW T, SIEMEDORFERBLIC L 0 i To MIF EADREL, ZOZRAED—>TH
% CXCR4 OFBLNFHFE I 41, ZOFEF MIF 2337 7 U U HICHIFIZA/ER L, COX-2 DFEEL
& PGEy DPEAENIREND T &R Lz, ARD LBV, HEMRIZIK TS PGE, EARED =
v ha— VX, RIAEOHEST 2P 5721 T MEERFE O EIC b B 5 AL TR
LEDOTHEETHY, HIZEORTIFMIHMEOEFE T CXCR4 (T X Ll 2 W]
REMENR S 5. L7eh > T, MIF 12X % CXCR4 %41 L7z PGE: BEAMSF ORI #ER O T

B - 1ahE « £ U CTHAEERICHETABROR A L2 25 LR s,

<fism >
(LR BER 2 95 & MBIV T, RIESRALIZFREH) L C MIF 3 X U CXCR4
BME Dt BEARAE S 2 B L7-. £7-, b MBS MINICI VT MIF I CXCR4 DR

K% LT COX-2 BB A/Edt U, PGEy DFEAZ B S Z 92 &L BNRIB S L7,

AFw3CIE, ‘Macrophage Migration Inhibitory Factor Promotes Inflammation in Human
Dental Pulp’ (Journal of Hard Tissue Biology #&# 7iE) L ‘BRERIZIEITH MIF 1T X
% CXCR4 z 41 L7z PGE, PEAEFHET (A A NRIEERHES BT 228w e L, %
EOMLE LD THS.
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Fig. 1 Effects of MIF on the secretion of PGE> in human dental pulp cells.

(A) Human dental pulp cells were treated with MIF (0-200 ng/ml) for 180 min. (B) Human dental pulp
cells were stimulated with or without 100 ng/ml MIF for the indicated times.

At the end of incubation, PGE: levels in the media were measured by an enzyme-linked immunoassay.
Data are presented as the mean + SEM of three independent experiments. “P < 0.05 versus control.
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Fig. 2. Effect of MIF on COX-2 mRNA expression. (A) Human dental pulp cells were stimulated with
MIF at the indicated concentrations for 60 min, and the expression levels of COX-2 and GAPDH
mRNAs were evaluated using RT-PCR. (B) Expression levels of COX-2 and GAPDH were assessed
by RT-PCR in dental pulp cells treated for the indicated times in 100 ng/ml MIF. (C) COX-2 expression
detected by real-time RT-PCR in human dental pulp cells treated with various concentrations of MIF.
COX-2 expression was normalized to the expression of GAPDH and reported relative to the amount
expressed in unstimulated cells. Data are presented as the mean + SEM of three independent
experiments. P < 0.01 versus untreated cells (control). (D) Human dental pulp cells were stimulated
with MIF for 100 ng/ml for the indicated time, and COX-2 expression was quantified by real-time RT-
PCR, normalized to the expression level of GAPDH and reported to the amount expressed in untreated
cells. Data are presented as the mean + SEM of three independent experiments. Statistical significance
of differences between groups is indicated as follows: = P < 0.01 versus the expression in unstimulated
cells (control).
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Fig. 3. Induction of COX-2 protein expression by MIF stimulation. (A) Human dental pulp cells were
stimulated with MIF at the indicated concentration. One hundred and eighty minutes post stimulation,
cytoplasmic extracts were analyzed for COX-2 and B-actin levels by Western blotting. (B) Expression
levels of COX-2 and B-actin were evaluated by Western blotting in human dental pulp cells treated for
the indicated times with 100 ng/ml MIF.
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Fig. 4. Immunohistochemical localization of MIF in human teeth affected by pulpitis.

(A) HE staining of human teeth affected by pulpitis. Caries progressed, pulp showed the signs of
purulent inflammation. (B) Immunohistochemical staining of human teeth affected by pulpitis revealed
infiltration of neutrophils. (C) Selected area from B with intense inflammation. (C-1) A strong MIF
signal was observed at the site of intense inflammation, which was consistent with pulpal fibroblasts.
(C-2) Section from negative control showing no specific immunoreactivity. (d) Selected area from B
with weak inflammation. (D-1) Lack of strong MIF signal in dental pulp located in the weakly inflamed
part. (D-2) Section from negative control showing no specific immunoreactivity.

d: dentin, p: pulp, ca: caries. Scale bar = 100 um.
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Fig. 5 HE staining and immunohistofluorescence staining for MIF, CXCR4 and merged images in
acute pulpitis human teeth. (A) Hematoxylin/eosin staining of human teeth affected by pulpitis. Caries
progressed, pulp showed the signs of purulent inflammation. (B) Merger of the MIF signal with the
CXCR4 signal (medium magnification). (C-F) Selected area from B with intense inflammation. (C)
Nuclear staining (DAPI, blue) (D) Expression of the MIF (red) (E) Expression of the CXCR4 (green).
Strong MIF and CXCR4 signals were observed at sites of intense inflammation, consistent with the
cytoplasm of dental pulp fibroblasts. (F) Merger of the MIF signal with the CXCR4 signal (high
magnification). ca: caries. Scale bar =20 um.
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Fig. 6. Inhibition of MIF-induced COX-2 mRNA expression by the CXCR4 inhibitor WZ811
(A) RT-PCR, (B) real-time RT-PCR. P < 0.05 versus unstimulated cells; "P < 0.05 versus cells
stimulated with MIF in the absence of WZ811.
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Fig. 7. Inhibition of MIF-induced COX-2 protein expression by the CXCR4 inhibitor WZ811

Human dental pulp cells were pretreated with CXCR4 inhibitor WZ811 (1, 10 uM) for 1 hour. The
expression of COX-2 mRNA by MIF was suppressed by 1 uM of CXCR4 inhibitor and more
suppressed by 10 uM.
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Fig. 8. Sensitivity of MIF-induced PGE: secretion to CXCR4 inhibitors. Human dental pulp cells were
treated for 60 min in the presence or absence of 1 pM WZ811 and stimulated with 100 ng/mL MIF for
180 minutes. Secretion of PGE; into the culture medium was detected by the enzyme-linked
immunosorbent assay. Data are presented as the mean + SEM of three independent experiments.
Statistical significance of differences between groups is indicated as follows: “P < 0.05 versus
unstimulated cells; TP < 0.05 versus cells stimulated with MIF in the absence of WZ811.
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Table 1 RT-PCR primers

Gene Primer Sequence Product size (bp)
Forward 5'-ATGAGATTGTGGAAAAATTGCT-3'
COX-2 310
Reverse 5'-GATCATCTCTGCCTGAGTATC-3'
Forward 5'-ATCACCATCTTCCAGGAG-3'
GAPDH 318
Reverse 5'-ATGGACTGTGGTCATGAG-3'
Table 2 Real-time PCR primers
Gene Primer Sequence Product size (bp)
COX.2 Forward 5'-CTGTAACCAAGATGGATGCAAAGA-3' 195
Reverse 5'-GTCAGTGACAATGAGATGTGGAA-3'
Forward 5'-GCACCGTCAAGGCTGAGAAC-3'
GAPDH 138
Reverse 5'-TGGTGAAGACGCCAGTGGA-3'
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Macrophage migration inhibitory factor promotes inflammation by Prostaglandin E; production

via C-X-C chemokine receptor-4 in human dental pulp
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ABSTRACT

Macrophage migration inhibitory factor (MIF) is produced by lymphocytes and has been identified
as a chemokine that has the ability to control the function of macrophages and the ability to promote
infiltration of neutrophils and eosinophils. At present, expression has been confirmed in cells of
various tissues, and in addition to its action as a chemokine, it may be a factor that also plays a role in
producing cytokines and chemical mediators at local sites of inflammation.

The pulp is surrounded by dentin, and communication with surrounding tissues is in a closed space
with only the apical foramen. Once pulpitis is induced, the healing mechanism is difficult to work and
often follows an irreversible course. The protective response of the pulp is the formation of reparative
dentin, but some reports indicate that moderate inflammatory conditions favor the formation of
reparative dentin. Therefore, we focused on Prostaglandin E> (PGE) as a factor involved in a series of
processes of destruction and repair in inflammation and we hypothesized that MIF was expressed in
inflammatory pulp tissue and might be involved in up-regulation of cyclooxygenase-2 (COX-2)
expression and PGE; production.

In this study, immunohistochemical staining and fluorescent immunohistochemical staining of dental
pulp tissue using extracted tooth with caries showed infiltration of inflammatory cells, and anti-MIF
antibody positive only in the area where inflammation was induced In addition, anti-MIF antibody-
positive dental pulp fibroblasts showed localization of C-X-C chemokine receptor-4 (CXCR4), one of
MIF receptors. In human dental pulp cells, the expression of COX-2 gene was observed in a dose- and
time-dependent manner by the addition of MIF, and the effect was suppressed by the CXCR4 inhibitor
WZ811. Furthermore, the addition of MIF increased the amount of PGE; in the culture supernatant
in a dose- and time-dependent manner, and the effect was suppressed by WZ811.

From the above results, expression of MIF and CXCR4 was observed in human pulp tissues that
received inflammatory noxious stimuli. MIF acted on dental pulp fibroblasts with a paracrine-like
effect, and caused COX-2 expression and PGE: production via CXCR4 receptor. Thereby suggested
that pulpitis might progress.
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