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Abstract

Background Among spinal cord injuries, secondary injury is considered to be a

"reversible" process and seems to be a key target for the treatment of spinal cord
injury. Recently, macrophage migration inhibitory factor (MIF) has been
reevaluated as being one of the most important cytokines which act during wound
healing, proliferation and differentiation of cells. However, the expression of MIF in

the spinal cord has not been investigated yet.
Purpose The purpose of this paper is to demonstrate the MIF expression in
normal rat spinal cord and to evaluate the kinetics of MIF after spinal cord injury.

Materials & Methods Female Wistar (280-320 g) rats were studied. Spinal

cord injury was made by the clip compression method at the level of C7/Thl (56 g.
For 1 min.). The expression of MIF was examined by immunohistochemistry and
northern blot analysis. MIF content in the cerebrospinal fluid (CSF) was measured
by enzyme-linked immunosorbent assays (ELISA). Furthermore, to examine the MIF
function on neuronal cell, cell proliferation assay (MTS assay) was carried out using
PC12, pheochromocytoma cell line, and LN444, glioblastoma cell line, in the

presence of anti-MIF monoclonal antibody.
Results MIF stain was positive in normal rat spinal cord white matter. The

expression of MIF decreased between 1 hour and 6 hours after injury. It was found
to have re-appeared 24 hours after injury. The kinetics of MIF mRNA expression
showed reverse-correlation with those of the MIF positive stain. MIF content in CSF
was found to be elevated soon after injury. MTS assay suggested that MIF had some

proliferative function on neuronal cells.
Conclusion MIF exists in the rat white matter. And it's immediately released

into the CSF and then re-synthesized 24-hr after injury. MIF shows a cell

proliferative function on neuronal cells. These results suggest that MIF plays an
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important role for secondary spinal cord injury.

Key Words: MIF, Spinal cord, Spinal cord injury, Secondary injury,

Inflammatory response
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FHEGOIREIX, —XROEHEE U CoBEFENTINC X 2 FEn] 1 722 HiuesH
fo e ORI R G D245, #0, @IPR, MEHEESE, T AMEHGE LT
DD IFEHGIFE) A P A4 Ry b7 — 27 DAL, MEAEEYE O
H, 7V =T WIWVDOIE, TNV T AL F ¥ DneuronN~DFE A, HEAIIL
VREREE BHAF C A E N A, BUE, W72 RAVHERES (S BT S IR AR
i 2 iEE O MR Z HE LT L O EZEBRIIIZES 2 ERTn3,

CRBHESG O T, RIEPUG( inflammatory response )28EH E T
5. TOBEL, HBIAICEMT HMHE (macrophage, neutrophil,
lymphocyte®s) , M UOHEMEIRALOFRAHMNE (ependymal cell, microglia,
astrocyte®) DO ENAFADY A4 b A VICXA—HORILETH S,
RIEDUG DFRERBEIC KT THREE LT, v 7077 —JIC L 3HEEEMY
D 55F, BRSO L DT 5 ADVER DS 5 —J5 T, TNF-a %2 ED RN
T4 M A OR, IEHMRIE, eicosanoidll & A#Mk GO HE S < 4
TADERD S Y, HBEOBIEIZE > THINAOEHZ2 bR Twn 3
EERLI, HYRRROEEN S b ZDOREOMIINIETH 5.

MIF (macrophage migration inhibitory factor)ix ) v /38k, KO~ 177
— VDO EINARIEET A AL v ELTEHLS 2LHLNTEY, X7
W)~ 7 077 =Dk RIEMMIZED BRI E AT S EEZ LN TEL
TR, MIFASY VOSERDA R B3, BT, LB, B, MY,
BER, T, ORI M 2 &R S5 O MHRR IS BV TR BT 2 HR
SNTWV3, F72, JBAEFWOchicken DIRERK L &~ XI2HB VT MIFOFBLA
w b, MIFOMESL, ol & OBEMATRIE S LTV 5", MIFOBEAREIC
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WL, glucocorticoldDRIPHIZ L ) MIFDSEEE S B Z L 225, MIFASHL
I E R, RO homeostasis DMEFRFICEI G535 Z EAURENT W A,
cpZ ik, BAEOFHEIEG BT 2EYWHROFERPATUO, N ThHbH S
YR EZH DD EIFFITHRE N, F 72, MIFHIELIZ X D TNF- o« 255
BENDLBE LR ENTEN™, MIFPZIETETNF-«, IL- 150V HWY 5
alarm cytokine™ 72 E DO FHES 5 2 EATRIBENT WS, —F, Tk
FOMIEENAMIFA LY FhEY Uy ay 7 OWERTFTH L E WD R
SRS, MIFPRIEPIGICB W THD THEHELRKREEZ R LTWEI L
PRBENS., LPLRDESL, FHICBITAMIFOMFALEX, RZFFHEINT
Wi,

AR TIE, T v PEREEICBIT AMIFO BN O E BB MIEG I2 BT 5
FRBICOWTHRE L7z, 72, in vitroCHEEMEZ HWs 2 Lick b, MIF
DAFEARMINLN XA T T BB % PR THGRY L 7.

D I

LRRVOCEHEBEET LVOEK

RTE300 + 20D D Wistar rat% V72, 5% isoflurane i A JFREER, 3
stereo7 v b EERE 2 W T, ratZEEAMZICHEIZE L, 2% isoflurane \2 T FF
PO AR & AT L7z, B~y P2 E, EBEE=4 Y v 7 Ic TR
37105 CITHERF L7z, RIEFM YIRS TEE 6 FEME L 1 45 2 gkt c R A S %
BRI L, BB TCH T HIMECT), 1 HETh )OS 2R L. B
PRETS, SBET% TS MBERBALEE 2 #E4E L, C7/Thl L ~biZmodified
aneurysmal clip”Zfi AL, SEICH LA Z &L D, MEA hit &  comp-
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ression injuryZEBL L7z, clipEid56g, clipFfflid10# & L7z, ¥—748
e Ed 572912, clip®bladeNHIIC~Y —F > Z %L, TAEREL &
RO LD Lz, FHEEER, SEEIICBITARET M 572012, M
Yiks, REEEALAS SRR BED A Dcontrolff, FHG5HE 1 WeRY, 3 W, 6 KR,
2ARER] (/ — AT 2RERI R A B ) R Lz, (RERT O ba— )
(FAbEE R AR OB A o b D TH A, )

2. BiE A Ae

[soflurane W ATRMRIETIC, BB L Z2B&ICHLE 2L, AO0E LD
100m1DA BRAIE KHETE, 4%/5F RV A TIVTFE K - 0.25M Y 7 BRERfE il
pH7. ) RHERFEG L7z, FREZIRINL, FERBEERTLTC, 14~16H:[H,
BRI E L7z, 30% HEAE/PBSTAHL TR, OCT compoundHlZHBE L, ik
BRTHHM SEZ. 10umDYIF#PLL (poly-L-lysine) I— F L7225 4 K
77 ANHA, Bl THREZ L7z, 5%IEH Y FIME/PBSI T 1 R 7o v 0
¥ TD%, THVFHT v FMIFHUE (500f5A) & 4 TT14~16HRKX 5

IBE &7, PBST 3 MIPEH%. FITCHE# Y FH07 ¥ F1gC K Hifhk & =ik 3
EFT 1 REMBS S, A L7, Sieslehes fmahc i3 80 L — 9 — B 3
B8 (BioRad, MRC-1024) % FV 7z,
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HETAEZPLETS1ecmDFRE (F100mg)  (controlld il UHAL % £7HL)
WISOGEN (S p il v i—=v) #ilZ, SEVREL P ayv LR, o
o b= VICITWARRNAZ A L7z, TE ( 10mM Tris-HCl, ImM EDTA )i
iR, 0CGEEET (DU7500, BECKMAN) % FIVCCRNAEE 28 L7,

KT NV—TDFMRNA (15 g) %1% agarose/formaldehyde gelZ VT

FIKE) L7282, 7 A RX 2T T4)vF — (NYTRAN, Schleider &
Schnell )iZtransfer L7z, Hybridization#4 ( 62.5% foramide, 0.94M NaCl, 1.25
% SDS (sodium dodecyl sulfate), 25mM Tris-HCI (pH 7.5) 3SmM EDTA

( etylenediamine tetraacetic acid ), 0.625 x Denhardt’s solution ) T42 C4Iks[H
prehybridization@ 47> 72. #t\*C, Random Primer DNA Labeling Kit
(TaKaRa ) & HI\WTIER L 7] « -“PldACTPAE#R MIF cDNA probe, 10% dextran
sulfate, 7 7 5 -DNA % Jill & 7zhybridization# 1 'C, 42T 24KHUG S €72,
2 x SSC ( standard saline citrate ) T2 im55°M 2 [f], £ 5120.1% SDS%E & T»
0.2 x SSCHH#L{T65C,1557 2MDTEER, 2 x SSCTEHIM2055 MUEH L, +

SRy o G e g

4. iXHE BEA& P OMIFRE BIE

FERIRS 5 OO I A BEHC T OMIPILBEE D ST % Mt 3 2 HINC, SR 5 9| -
X2 5 % JHIA T A B % BRI L CMIFSSEE & 52 L7 IsofluraneW Ak 4
R VB S BRI b N B2 N R T, Sel R T B S 25mmo A 1) -

TVYF 2—7 (SP45,0.D.; 0.96mm, B HEWER ) % { bIEFREICHA,
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HpmaE S BE L, 24BN EIE L, B, FTMRBOZELILD B/
FCEBICHEH Lz, PoORE LZRERIC 2% isoflurane A BREE F 12 AR A7
T AR 2 BRI L7z, 1 RIOIE 1350 118 U7z, SASRAE U722k e
P OMIFIEE % ELISA ( enzyme-linked immunosorbent assay )i % Hv> Tl
EL7z. HIZ, MIFE DR THEH SN TWATNF- ¢« OREFEH T O %
Rl L7z,

5. iffl B 12 5 A AR

MIF DA R T HERE %, in vitro TG L7z, #fSifio 7L &
LT CHwbERTwAPCI2iie (i) , X OB ZFH (glioblastoma)
DEHEMILTH 2 LN444 %2 w7z, 9, TLAF VHHITTPCL2R O
LNA44ARAE IS MIF DAL § 5 C & 2 RERE L 72, KRIZ, REasfifedic, 2
MOPIMIFE / 7 10— F IVHURTH 5 2SC, 9HC (LN444FEFEHIIIT R LTl
2SCOHA) Z i L, MTSiERZ FVCHIBBE I KT HIMIFE / 7 0 —
TIVIUAD 528 % <7z, WEFX v MZiECell Titer 96™ AQueous Assay
(Promega)Z fHH L 7.

i ES

1. RIZHEBIRE

L OIZ, JERFEMIgCE MG &, %0 FITCHEE R34 25 IE 755 1 defty
(non-specific stain) TV & 2R L 72, (Fig.l)

,,_h\,.‘._.,‘,,,-,,_i._,..,.;_
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FHcontrol® HERBEEE IZB VT, FITCEGMRDMIFDAALATRD 6 L7z
(Fig.2-a,b,c). — 77, JREHE TIZHL P RMIFOFIEILFED b Nk h o 72

(Fig.2-d,e).

BRI 2 72 B OREREE L A5 &, AR, HEIZBW THERK,
3. 6 KT, FEHEEHBICHEXRBICED SN MIFOEN 2054 5
7-(Fig.3-b,c,d,4-b,c,d).

%24 RE TlE, control & I3TERELR RIZT 525, HUMIFOFEHIHEIZ
BWTED 5 N7z (Fig.3-e4-¢).

PEOEALITHEORIE, BRICBWTHETHD, HIRIIBVWTEIZOE
CORED;ERE TH - 72, (Fig.5)

KABETIE, HEZMA-ZOMIFORBITED SNk d -7, (Fig6)

2. I L A

EH controll BWTMIFmRNAD ZEBATED O Lz, Hhafa5 % 1R 3EF
[, 6HEH OMAMIIIC B W TIE S control & L L TMIFmRNA O O BN
RO B NS, 12 1%, 24WeR & CIEIEEERF OB L L £ T
TAHMMAA S L7z, (Fig.7)

3. INEHBEFOMFEE

Control#fIZ I LT, HERIKMBE THE ZMIFRE O LAIDRD L
2. D% control BEIC LIRS 2 & FAT 2D 5 e, (Fig.8)
—J7, W BEHT OTNF- « O MEE TG HIEH © LA L, 6R:f T—H 3%

DU, 2RI O 2 EREIR L7, (Fig9)




4. il he 1578 U ER

FT LAY VoM HWTPC12, K ULN44 45535 Hd 12 MIF O A74E D 5Hf
RN, (Fig.10,11)

5| & e E 1T D LTI EABR Cldcontrol IgME G- L7284 100% & ¢
5 &, 9HC, 2SCOUIMIFE / 7 1 —F)Vviifk% &5 L-#ETIE, PC12R O]
LN44 455 22 A L2 BT S PR O3 BEARAE PR R B 3 S Hpif) & 7=
(Fig.12.13)

% 23
FREE G REINC B W T ZRESE O REHIEER Eo KR X 2 iE L 72 |
S>TWVE™, RGO —2>THh 5 RIESUL (inflammatory process) & FoFk
SNAPUIBICIE, S OWHRT (A4 M4 v, RERTE) »B59 5%
LETHE SN TV B, J
MIFIE, JiE, TY ¥ SERO &7 & T, O, 0, #0056 R A 4

TAZEPHONTETWAE, T/, ZoBIZBWTIE, g,
M, BB SIS T2 2 PSS RTW DY, r
KRBT, MR, / — Y N OREDP S, EEAMICBT
MIF&H B DAL, MIFmRNADFBATR S 7z, okt i, iF
RO HERBICE SHFAEL, IREEITIIFE EFE L v &) fERA7
SNz, AREEBEER, 1, 3, 6ERRIRICEIBIIC A & N7 MIFSeAt 252 B |2 JREY
L, 24 B ICIEIEDTIAL L TR LTV B b oo, BUZF0 B0 &
. HBROMIFOFEBEHA & L THEOW, %, BRTEHEY T, W%

Ff@ﬁﬂﬁﬁﬂ##%WWDicm1muw0iﬁféﬁfvﬂ$gf (RO .
10
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AT AHEE) ERBLTWAIDEEZ LN, M X, FHHE

f 2 P TR O L MIFENE O R 1L, MH LXK 2T v Mg mE g

EFFMIBWT, IEF AR R EE D 6 L7 MIF 2848 45 1% SIRefi C©

weg L, 6MH CHUEHAZREDIHEREFIT TS, /=W 5T

b5 %L, 3, 6FE COMIFmRNADZSHOBINE, Hlig (RE) |2

Lo THIBAMIMIFAS I S 7z 4, M T O MIFO B B AME AE S 47

LD E#EZHN 5, Bernhagen 5™, LPS ( lipopolysaccharide IEIZ & %

g T HEASGHIE T O MIF O 58 REML# H4 e D Jkss & MIFmRNA O 5 BLO B4 N %

AL TWA, DEoZ & nb, MIFIE, BAERMOIRE IR S

NTWA A, WHIRES T2 F MY 2SI X ) A~ &

HERENIEELZELLDEEZLND.

W ENAMIFOEH D% & LT, WEREWICAH B L, RIS i

HOMIFREZMNELZZEZ A, HEBRIEMTHOLNMI LA L, Z20%1

fie L C i ofEa % 78 L7z, Nishibori 5™1%, 7 DM EAHEICMIF

DB WG L TB Y, WMEMEZ I L TOREIIHT 2 MIFORE % RIE ?
|

iy

L, MIF2SH s h it S s o 0S5 4%, MIFBRERI O L THE T r
HHEEHELTWD, MIFPRATREZIL & EF 5 FTHIKRT - FEARL XL !
THERE L, homeostasisOHERFIZHRIVE V& UTEBET AT REMESTRIB X LT
WP REZ HbE DL, REBRTORE T OMIFHEE QG %5 A
Mo L5, PRI X ) E R AR L TV MIF ARG IS A L ;
TRARBEHE IO & 172 & 8 CINR T, B4~ RIS 3 K .
IBE LTOBR T FHEASRZ &t PSR IC 3B 1 A MIFO U 2 5w L
IRiREEZ 5N 5B, Endotoxin shock l2BWT, A EOLP SHIE CTHL X
ICMIF?S TNF- o, IL- 15O RFETEY 4 b A >~ 2R LR SUS % R
SED L, & LICHIMIFPUAR 512 & ) RO EIHE LN S 2 L 25 4
BENTWAE®, T2 &id, BEBIA MLV R Y FT—2I0BVT
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MIFDSTNF- @, IL-1D EALICHE L, RAE % E#E T 5 proinflammatory factor
LT WREME R R L C\WA, 72, Calandrab ™l glucocorticoid$ 5
#:17, glucocorticold DPLRIEVERNC £ o TTNF- o, IL-1%50 A HIH S
FARAE T, MIFOBEAEIMEE I NS Z E2HELTWAE. ST 0H% %
MIFZSglucocorticoidD w3 2 ProfefEH 24l 5 2 &£ 12X D, RIELE
FHL TWAEEZERELTWVAEY, 2704 FIZXAEHET, TEHBEEEZEZ
PR G CTIEEG RIERIR L LARIGT A 2 &A% & ST w 558,
COBBEEHIRED AT 04 FTRIB S NAMIFDS S IEPUS & A L, MIF
PATOA FOPSRIEVER ICHEPIT A2 2 & PG T ADTIE R L HEE &
nh. FRETEE 0T WG OFEERTIL, GuthH X, cytokine®D s %
W63 A LPS, cyclooxygenase inhibitor T 4 indomethacin, KX OSWKPEA 7
04 FORETH ) PLofElEH 249 % pregnenolone D 3FIGEH T Z v b H il
HE RO PIEOIEAEDTRD O AL, Mk AR IS G BE Th o7z & i L
Twa 7 ZOHHHBHEDHEIERIZIZLPS, glucocorticoid AT & ) &
SNAMIFPRCEG L TWEEEXLNS. '
72, MIFOMFSNEIC XIE T BB 2 MGS 32 LTI o -MTSIBR T, T
MIFE / 7 0 — F )V GRG0 X 0 a1 5l 25 BEARAF TR IC IRl 2 e s 2 & v
P, MIFIZMRE IR & L CoOWEEE AT A EEZONS. IR,
anti-sense @ A L 7ZMIfl O BEIED PR S 15 Z & 2R L T 5 (Beha#efi
) . oz EiE, MIFPSHIBR BRGSO BEICHB K & LTHE T4
THEMEZ R RIB LTV 5,
MIFORRRIGH & W BN &, SRIGPIMIFIUK DK GH 12X -
O M 72 e BOG Z2 #H L, HOMIFORMFSIE, i Bamob ez etk 1
TR, K ORI OMIFOT B S W, #HT 52 E10E ), 15 .

—~RIGHE G O HE R O 1 20 S FREE O BHRICKECEMT A b DL E R




Hilh.

#a  &A

1. 7v MEFHEHEICBIT AMIF (macrophage migration inhibitory factor)
OFBOFEN, OV F RS R OMIFO BRI DWW TGS L 7.

2. EHHFHHEEREICB W TIMIFEH O Z R0 7-.

3. MIFIZ AR 5, SHUNHIA MO S 4y, B8 24 BRI RIS OVE Ik
ENbEV)EIREZR L.

4, MIFIZAPEERAN 0 L CHEEICBY 59 5 & EAURIR S L7,

5. MIFIZFHEESS, R KIBEBICB VW TR TEE2EH Z R-5 L%
A

¥

@

Bai 2 510 % 72 ) | IR 72 000, ARSI A 15 0 % L 7-dbiie :
REEBE AR A e BT8R LB R AW B AR L. B ;
G\ EBR OB B D F U7 A0 A S S TSE S 78T |
AR 0 & DR L TS5, ASRA Y, M STEE ¥ Lot
R S AR e SRS BB, A — I T 5
WL, A OMBIS LT E TR ¥ L7 btk o S A ol
AR A BRI & D IR 7 L3 Y. ERORATICH 7D,
RIS, W17 75 & £ L dbiil R Bk e e Ltk .
K, BREIER, /M2 IR L L BT E T, ]
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Fig.l Immunohistochemistry. Schema shows the investigated region.(black frame)

a : posterior funiculus b : anterior funiculus (x 400) Nonspecific IgG
reaction showed no positive staining. So nonspecific stain can be ignored
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Fig.Z Immunohistochemistry of MIF. Normalwé(;ril;rol study. Schéma shows

the investigated region (black frame). a, posterior funiculus; b , anterior
funiculus ; ¢, lateral funiculus; d , anterior column ; e , marginal zone (x 400)




Flg.3 Immunohistochemistry of MIF. At the area of posterior funiculus (schema,

black frame), the kinetics of MIF stain after spinal cord injury were
demonstrated. a, Control (Non-traumatized); b , 1 hr after spinal cord
injury. (SCI) ; ¢, 3 hr after SCI; d , 6 hr after SCI; e , 24 hr after SCI (x400)




Flg.4 Immunohistochemistry of MIF. At the area of anterior funiculus (schema,
black frame), the kinetics of MIF stain after spinal cord injury were

demonstrated. a , Control (Non-traumatized); b , 1 hr after spinal cord injury
(SCI) : e, 3 hrafter SCI; d, 6 hr after SCI; e , 24 hr after SCI (x 400)




Fig.S Immunohistochemistry of MIF. At the area of lateral funiculus (schema,

black frame), the kinetics of MIF stain after spinal cord injury were
demonstrated. a, Control (Non-traumatized); b, 1 hr after spinal cord
injury (SCI) ; ¢ , 3 hr after SCI; d, 6 hr after SCI; e , 24 hr after SCI (x 400)

22




-

Fig.6 Immunohistochemistry of MIF. At the area of marginal zone (shema, black

frame), the kinetics of MIF stain after spinal cord injury were demonstrated.
a , Control (Non-traumatized); b, 1 hr after spinal cord injury (SCI) ;
¢, 3 hr after SCI; d , 6 hr after SCI; e, 24 hr after SCI (x 400)
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Fig.7 Expression of MIFmRNA on rat spinal cord injury by northern blot analysis.

Total RNA was extracted from rat spinal cord, and radiolabeled. The left lane
showed that of control (non-traumatized)
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Fig.8 MIF content in cerebrospinal fluid after spinal cord injury by ELISA.
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Fig.9 TNF-alpha content in cerebrospinal fluid after spinal cord injury by ELISA.
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Fig.l() Western blot analysis of PC12 (pheochromocytoma) cultured cell for MIF.

The cell sample was cultured and collected, electrophoresed, transferred to a
nitrocellulose membrane and visualised using Konica immunostaining HRP-

1000. Lane 1, pre-stained molecular marker ; 2, PC12 cells ; 3, recombinant
human MIF.
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Fig.ll Western blot analysis of LN444 (glioblastoma) cultured cell for MIF. The

cell sample was cultured and collected, electrophoresed, transferred to a
nitrocellulose membrane and visualised using Konica immunostaining
HRP-1000. Lane 1, pre-stained molecular marker ; 2, LN444 cells ; 3,

recombinant human MIF.
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Fig.12 Effect of anti-MIF monoclonal antibody on cell growth of PC12 by MTS
assay. Vertical axis showed the rate of cell growth when control IgM-
1nJected cell growth was set up100%.

s, control 1gM injected into PC12 culture cell;
anti-MIF monoclonal antibody, 9HC injected into PC12 culture

cell \M , anti-MIF monoclonal antibody, 2SC injected into PC12

culture cell

Horizontal axis showed the content of anti-MIF monoclonal antibody.
1/1000, 0.005 ng/ml, ; 1/100, 0.05 ng/ml, ; 1/10, 0.5 ng/ml
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Fig.13 Effect of anti-MIF monoclonal antibody on cell growth of LN444 by MTS

assay. Vertical axis showed the rate of cell growth when control IgM-
injected cell growth was set upl100%.

i anti-MIF monoclonal antibody 2SC
injected mto [LN444 culture cell Horlzontal axis showed the content of anti-
MIF monoclonal

antibody, 1/16 ,6.25 x g/ml, ; 1/8 ,12.5 x g/ml, ; 1/4,25 p g/ml
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