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i, BEREEC KT 2BERTNF«B HH(LOB 5

SRAFELHNHEE - BE (EF | TRERER)
N oM B -

BEESOBENTRCIAEAYEL S 2R M, FEMEECS VT, BHEFERT o (tumor necrosis factor-a,
TNF-a), A4 ¥ & —7 = = vy (interferon-y), R E= = = —FBEHBETF (granulocyte colony-stimulating factor, G-CSF),
{ v % —u4 %8 (interleukin-6, IL-8), £ v & — » o % -8 (interleukin-8, IL-8) FED A b A vRoMRMES ST
(intercellular adhesion molecule-1, ICAM-1), MR 5T (vascular cell adhesion molecule-1, VCAM-1), E-2 L 7 5V
EOEESTHREELTVWAEE LTV AR, FOBFICE L TRREBAIATHRLESS. 2, Thbov Ao
b4 VEETR L CEESFREFORRRIY, BERFTHLHAET (B (nuclear factor-£B, NF-xB) OEHLSLET
HAAR, B, BERED, ZhbORETFOEEFEECOVCTRE LiciEIziew. B, SERESECHTS NF-B OB
EloWTHE balTA7bic, BEMELY AT, EBHKL, BRELICEIT S NFB OFEILC L TRE$ % BETL
FOERE T 7. =7 AGHEFME (L-TK i) i, IL-6 ZETO TATA #y 7 ARITR#EGRED LU B BEFIO
BEELAATE DRI E—-F—BETFELLT, PFVvAT7 =¥ a VL, EBELIZL5IL6 BEFOGEEEREZ 72T A
2 2 =3 —n 7 £F L {LEEE (chloramphenicol acetyl transferase, CAT) 7 v &1 THEE L 7-. EBELS IUCBBRELICE
1+ NF-xB @ DNA fE&EKY IL6 BEFD B BFlx e -7 L LTHV, BREKB Y7 7 v =1 (electrophoretic
mobility shift assay, EMSA) Bz THE L7z, i, NF4B DA ve s — THBHEERTF B (kBa) D7 m 2w v I &
IkBa Hitkw s, "=AZ VT Ry MECTHRHELE. TORE, EBEZ L2 IL-6 BETFOBEEEME, ERICHR
L, EEF SHERE LSS, 2 v br— kN, EEEEIIHSHICHEBR L. Lal, [L6 © B EFIOERIY
EARAE LD ) H— 2 —BETFE LEE, EBECLS L6 EETOEEFEELERDRr 7. BERLIZ LD
NF-xB & DNA BE&EHRIFEI NN, BRBELTHZ LIV TRE L. EBRILICL ) WBa kT rev v Z3hi
W, BBETAILC I VBEARIN, REUMORECRE 72, ¥z, NF«B OFENEL, ARILATHS N-7FL v A
54 v (N-acetyl cysteing, NAC), F 27 2 @ — A K IUF R Y Y FF—EA Ve EX—THBY=AT/ VEMEFTHIL
I OME R, b, <4 U= viEK(LT = F A v ¥ I — % (mitogen activated protein kinase, MAPK) 7 7 3V —
CHERWTET + A7 7 8 —¥ThD CLI0 RFEEFE 2T vAT=2Y v LERRRSEDZ LTI DERRLICL
% NF-xB OEM{LITIEIZ 0z, Ml v 75 AVBES F — € (extracellular signal-regulated kinase, ERK) D EFIAE
LohxiEM((L+5 MAP/ERK # —+ (MEK) ORBEEFE=2PTFT VAT =7V a v LAERE &2 Th NF-xB OFEH
(L3 HE X hish o, DEDRERL S, EBEEWNBICL D kBa w2y 7Eh, EELE i NFxB B ERICBTT
Ariickh, kB EIENLE L6 BETORBEABUIND LEL bRz, EbiT, EME(LIC X5 NF«B EHLoE
BICHI P E R (LB, # = v v S+ — €18 LT ERK LA D MAP 7 — €285 L TL 2 TN R S v, kX
D B, BEREEC—HFE LTERSEIC LD NF-B EH(LoBEARE I N,

Key words hypoxia, ischemia-reperfusion injury, MAP kinase, NF-«B, reoxygenation

BHRBECKS T, B, SEREEE, BERESOREN

FRCAREHEBRYEXPRTFELT, EREEDTHEH,
Fin, BEMESE L, MHOREIC L OESEIhcE RN
HERC LD, XOEEINLABEL VA5, B, B
ClrEBEEoRFL LT, BEMBCOAFARS 7 =
7= U bEEINB{LEECERTICL D, FRRABE
BT RB~ER L TEELEn, RERNEMR~EE

YEL6 12 15B 3, PR T 1 A2TASE

L, IHocmEA~EELT, MREELC &6 2 TEEY,

BETHHEELONTVAYT, [FhROER, TN KM
~DEE, MEN~DEEICE VT, BEFHEERT a (tumor
necrosis factor-a, TNF-q), 4 v &% — = A % -6 (interleukin-6,
IL-6), 1 v & — = % -8 (interleukin-8, IL-8) LDV A+ AA
v M B E 5 F (intercellular adhesion molecule-1,
ICAM-1), m#&#ifa#E%E 5 T (vascular cell adhesion molecule-

Abbreviations : CAT, chloramphenicol acetyl transferase; DMEM, Dulbecco’s modified Eagle's medium;
DMSO, dimetyl sulpﬁoxide; EMSA, electrophoretic mobility shift assay: ERK, extracellular signal-regulated
- kinase ; FCS, fetal calf serum; G-CSF, granulocyte colony-stimulating factor ; ICAM-1, intercellular adhesion
molecule-1 ; IFN-y, . interferon-y ; IL-1, interleukin-1 ; IL-6, interleukin-6 ; IL-8, interleukin-8 ; LFA-1,
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1, VCAM-1), E-2 V7 F v EDOEES FHELE LTS L E L
LRATOANTY ZOBFIE L TIREBE I T Lo
F=v. 28

IhbDys bAS VEBETFRIVCEESFRETFORTI
1%, MERFTHDHHENETF «B (nuclear factor-xB, NF-kB) ®
EHEPBETHD 2, Fm, BERBEECET 2
NF-xB {E¥E(L DB ST D TRE L& 12 i,

¥, B, 1 b= vEMIET e T4 v r—x
(mitogen activated protein kinase, MAPK) 7 » 3 U — %,
NF-kB &ML & BT AR OMOFIB CEMRILI N D 2 & 5
HFEIhTH5.

KPR TIL, EERS L OBBELICEKIT S NFxB iEik(l
DBIG & EDFEHALEER, bz, MAP £+ —€7 5 3
Y — L OBIERIZ OV T O AR & IT - 1.

WHEELUFH®
. MRk LUBEEL

~ U ARMESFARI (L-TK ) 2 BRI H Lz, MR 10% 4
FalR i (fetal calf serum, FCS) % %0 L/ Dulbecco i
Eagle 5541 (Dulbecco’s modified Eagle’s medium, DMEM) (H
KB, He)) TR L. < v AEHESME (L-TK) i,
RERFEMR I F 2 v 2 —FHEREE L R ZIT.

I. BRIt IUBERILOEBRES )L

Ml 5% CO, KA T TR R, KE =V b r—Lfs
#EF = V3~ (Bellco, Vineland, NJ, USA) Hiz®B L, O,
(0%), CO; (6%) BLU" N, DEAHF A% 10/min DFETS5 &
B, EALRE, STCOERSCHE L. hrEBR(L:
L7z, 1EefE], 3BSR], 5BSRI, 7ERRIMIEEMIY K& =
VR —AEREF v A-BEEDEL, REOBERETO
CO EJEBNICBR L. ZhYBEEELE L1,

0. EBFE(LICL 2 NF-+B OESEME{LOHE

BEEFELC X3 NF4B OBEEF ML, IL6 BETO
TATA Ry 2 A2 2 ELHEEO L IL-6 BEFD «B &
7| (5-GGGATTTTCCC-3) @ &% 3 DM ARKATEL D
(IL-8kBCAT) 2V R~ 2 —BEFELTIF VR T 2 7 v 5
vIHEER, 2rSAaTv 22— LT eFA{LEE
(chloramphenicol acetyl transferase, CAT) 7 » £ 1 2 THIE L
fz. i, IL-6 EIZTFD «B BF| (5-GGGATTTTCCC-3) %
(5-GGGATTTTCGG-3) AR X ¥ ) #— % —®/ET
(peBmt) Vs, CAT 7 o =1 %17 7=,

CAT 7 v A OHEX L TIRT. MiE% 60mm ¥ 4 o
Y LEX10°fEERE L, 5%FCS #Rin DMEM K5 ¢ 2485
BEE, VR X —BEFSugd o =FLT S ) oFr—FF
AMNFUVECTINS VAT 22 v a v Llis, PIVART 2 ¥
V3 vOHERY EFBENT, 0458, 10%C A FALALKF
I (dimetyl sulphoxide, DMSO) (SIGMA, St. Louis, USA) <
% DMEM #2#h 2ml %@L 2 SHEGE L7-%, DMEM kit
TCYRHE L, 24R5R9, &EimiE DMEM Hz TR Lo,

ML AR =Y bR =T 2 v A — R —ER RIS E LTS
BRCRBR, BEOBMRRET D COMHEBN T 5 BRI

BL, BERREEBLYE -, £H®K (0.25M Tris-HCI, pH
7.8) 80ul W THEUFA4 XL, MRENESELME L.

ML EEHE 50ug & “C-2 a7 2 =3 (254C
mi(7 =Yy A2 50y, WR)5ul & AmMM 7 2 F/)L o = v
A LA 20ul ER3TT, OHMA v o= g v, v A
/v TLC 7L =+ (MERK, Darmstadt, Germany) REL, <
AFH A2~V 77+ 544 — BASI000 (FUJIX, ®®R) <&
EEMERRE L.

E72, NFkB D1 v e ¥4~ TH5 IkBa BEF, MAP *
FTET 7 1) RN AT > 2 —¥TH B CLIO
BIETF 0.2ug), 3LV, MAP Fr—HE0 EFICAEL,
MAP #7— 2% EM{tT5 MAP/ERK 7 — ¥ | (MEK1)
DFIFVIRFT 4 TORBBETF 2ug) %) B~ 2 — @iz
FLabsvART v v L, BEEHIELE, EHRRCR
Bl IBLATHAS N-T2F A v 251 v (N-acetyl
cysteine, NAC) (50mM), F 27 2 mr—i (10ug/ml) + kot
FRYVFF—AL VLR -THBEF=AF1 v 50uM)

A%, (ERRR BTG 2 RN RN L.

V. NF-£B @O DNA #&3FH%

EEFLE LU BEBRELC BT 5 NFB © DNA f&EK
2, KB~ 7 + 7y &4 (electrophoretic mobility shift
assay, EMSA) i TRE L=,

IL-6 #{ZFD «B %l (5-GGGATTTTCCC3) %7 —7
LLTHWE. DNA 7372+ lug “P-CTP (7= 4 &
U o2) 34, Klenow £V 25— (L6u/ml) (RS, B2
1541, 10£% Klenow M GRIESH) 21, 5mM 07 5=+, »
T=v, FIVOREE (2u), BLY, BRIEKENL AR
20pl 237C, 30fHA vFaN—>gvl, 7e—-F03" %
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Fig. 1. Hypoxia-induced transcriptional activation of NF-xB.
L-TK~ cells were transfected with the IL-6 xBCAT
reporter gene which contains three functional NF-xB
binding sites and were exposed to hypoxia for various
times.  Cell extracts were prepared for CAT activity
determination. CAT activities were expressed relative to
the basal CAT activity which was set at a value of 1.
Cells transfected with IL-6 kBCAT increased their CAT
activity 5-fold after a 5-hour exposure to hypoxia. *,
p<0.05 compared to the relative CAT activity of the cells
which were exposed to l-hour hypoxia (Student’s t test).

lymphocyte-function associated antigen-1; LPS, lipopolysaccharide; LTB4, leukotriene B4 ; MAPK, mitogen
activated protein kinase ; MEK, MAP/ERK kinase ; NAC, N-acetyl cysteine ; NF-kB, nuclear factor-kB ; PAF,
platelet activating factor; TNF-a, tumor necrosis factor-a; VCAM-1, vascular cell adhesion molecule-1
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Wy PP TERE L.

Mlarkgav e —AF =y A-RT, 1R, 3EH,
SESRN, TR, ERECRELER, BIU, 5NHER
HREE 1L, 28, BBELLAEHIC, Dignam 50
FHRECE-T, BRBEABEXHHE L.

BAEAE 12ug % U@ %E% (20mM HEPES, pH 7.5,
40mM KCl, 0.2mM EDTA, ImM dithiothreitol, poly (dI-dC)-
poly (dI-dC) 2ug, 10% 7V m—n, 2HRY L= T b a—
) 194 2SR T100 R ES, 30000cpm/ul WRE LT
a—7 lul ¥HEML, FERICTHMA v - a2 V&,
ARV T 7 YAT I FEATRBEKB LA™, Ko7 47
gy tr—AELT, ebVavEFV I VvE—RALF U]
(human recombinant interleukin-1, human recombinant 1L-1)
(20ng/ml) X EEREAMHI0S IR E L.

T LS LEEREY NFAB THAZELEEXRAET S
BwT, IL-6 HET® B BIZEL DNA 77 274 v b
30ng, V= v ¥+ v IkBalug, NFkBOH7 2=y b THAB
p50, p5 T AFBE ThEThBERERBE LA v F 2 <~
v g v LIz, ®P CEH L n -7 ERIGEE, EMSA &
fTo7.

.

Relative CAT activity
F-N

e 1

Basal IL-6 x BCAT p x Bmt
L i

Hypoxia 5h

Fig. 2. Hypoxia-induced xB-dependent transcriptional
activation. L-TK~™ cells were transfected with the IL-6
kBCAT reporter gene or with the pkBmt reporter gene
which is identical to IL-6 kBCAT except its three NF-kB
binding sites have been mutated, and were exposed to
5-hour hypoxia. Cell extracts were prepared for CAT
activity determination. When pkBmt was transfected, no
transcriptional activation by hypoxia was observed. #*,’
p<0.01 compared to the relative CAT activity of the cells
‘which were transfected with the IL-6 kBCAT reporter
gene (Student's t test).

V. mT2470y bEICED 16BadT AR IO
ER i

NFxB 4 ve 2 —~TdHd, kBa o7 v v %
SDS-PAGE T#&I L1z,

EEREFIME, My &% (20mM Tris-HCL, pH 7.4, 0.1%
SDS, 1% } Y b v, 10% Fo% > a— L@ by v a)50u T
RECF—va v UTHE LER 150 & 222457 b= &
7= (FONHEE, KIR) 3ul EREML, 240, Bk,
0%FV7 27907 I PPV TER KB L. ECL-=Fr
Ar—AE (T2 AP 3V) KEEL, 20=Prt
r—AEAH kBe B ERIEEE, TEOY—EdFv—~
NrFvE-EEABEICI D RERIE.

V. #ERHREE

CAT 7 v 1 ETRIE L1 IL-6 BEFOEBERM L, ¥H
ELEERE%: (SD) TRE L. £ PHEMOBRE I
Student t BEXTV, p<0.062FHEL L.
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1. £B%E(bIC &3 NF-« B OEEEE

EERLI L5 IL-6 BETFOEBFERE CAT 79 1T
WELERER LIRT. IL-6 BETFOBEERIT, BRH
wHEL, SERRCIRHMEBELLES, mv el
~, FSFITEE L.
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Fig. 3. Effect of the expression of IxBa on hypoxia-induced
kB-dependent transcriptional activation. L-TK™ cells were
cotransfected with the expression vector of IxBa and were
exposed to 5-hour hypoxia. Cell extracts were prepared
for CAT activity determination. When the expression
vector of IkBa was transfected, no transcriptional activat-
ion by hypoxia was observed.
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(5'-GGGATTTTCCC-3) % (5-GGGATTTTCGG-3") wER X
BRIV R-Z—BEF pBmt) ¥ b IV AT 227y 3 vt

EF—=T»% lkBa DEBBREFX ) A2 —BEFLa 5 v
A7z7vavLl, BEEBEwAHZEICLY, IL-6 BETFD

%, BBRCSHHEBEILHES, L6 BETFOEEEML BEBEW LIS 2 hi.
ZEDIeh T, Ehe, K3WRT L5, NFkBoA vy BEERBERIE 28BN, HBRLLFITHS NAC, + =
TzRr=), FRYVFF—EA VLR —~THEHYr=AFA
. VEERPIEN L., TORE, R4CRT L5, ERE
, 5 * - &5 L6 BETFOEFRBMELL, cheFERIcih, 55
z 7] - ‘ S h .
>
©
- ]_
: Hypoxia (h) Normoxia (h)
o 4 - - after 8h hypoxia
| i
o 3l 4 01 3 571 2
5 2
©
c ;
Jii NF- B>
0_
Basal None NAC Gen Toco
Hypoxia 5h
Fig. 4. Effect of tyrosine kinase inhibitors and antioxidants
on kB-dependent transcriptinal activation induced by
hypoxia. L-TK~™ cells were exposed to hypoxia for 5 hours
in the abscence or presence of genistein (Gen) (50 uM),
N-acetyl cysteine (NAC) (50 mM) or a-tocopherol (Toco)
(10 #g/ml). kB-dependent transcriptional activation was 3 . S
estimated by CAT activity determination. Pretreatment Fig.5. EMSA of the DNA binding activity of NF-xB.

of cells with tyrosine kinase inhibitors and antioxidants
inhibited the transcriptional activation by hypoxia. *,

p<0.05 compared to the relative CAT activity of the cells
which were exposed to 5-hour hypoxia (Student’s t test).

A

L-TK~ cells were exposed to hypoxia and then normoxia
for various times. Nuclear extracts were prepared for
EMSA analysis with IL-6 xB probes. The DNA binding
activity of NF-xkB was induced by hypoxia.

&

Oxic IL-1 Hypoxia Oxic IL-1 Hypoxia
f 11 11 1 ¥k — 1
¢ 0 R R o @
& O & Q q
& NP ‘\ \\ & \; \\ & ‘\0 Q° \;o .(fb ‘\0 \(fb

<« NF-x B>

Fig.6. EMSA of the DNA binding activity of NF-kB. L-TK~ cells were exposed to hypoxia for 5 hours. Nuclear extracts were
prepared for EMSA analysis with IL-6 kB probes, A, Hypoxia-induced DNA binding activity was abolished by competition with
an excess of unlabelled oligonucleotide (30 ng) which contains kB sites (lanes comp, competitor). B, Hypoxia-induced DNA
binding activity was abolished by IxBa (1 ug).
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I. EREhLUBBE(ICES NF-«B O DNAKEE
%

EBmELS L CEBRFE(LC RIS NFrB © DNA R&ENE

% EMSA BIw THH LR EK5KRT. NF«B ©

NF-x B—>

Fig. 7. Supershift assays of NF-xB-binding activity induced
by a 5-hour hypoxia. Preincubation of 12 pg of nuclear
extracts from L-TK~ cells treated with hypoxia with
preimmune (cotrol), and anti-p50 (a50) and anti-p65 (a65)
sera before EMSA resulted in supershift bands consistent
with the formation of DNA-protein-antibody complexes
containing p50 and p65.

Hypoxia 5h

Orz-°

&
NI
AR SR

NF-«B —>

Fig. 8. Effect of tyrosine kinase inhibitors and antioxidants
on hypoxia-induced NF-xkB binding activation. Nuclear
extracts prepared from L-TK~ cells exposed to 5-hour
hypoxia in the abscence or presence of genistein (Gen) (50
#M) or N-acetyl cysteine (NAC) (50 mM) were analysed on
'EMSA with IL-6 «B probes. Pretreatment of cells with
tyrosine kinase inhibitors and antioxidants inhibited the
hypoxia-induced NF-xB binding activation.

DNA #&4ENIL, CRERES |BRE,LHHEIL, BR
FrsBEREI %, FBRELTHILCEID, TIKEL
7z.

L6 &ETD B EHIxXEL DNA 757 4 30ng 2 d
B, BABHELS v N—va v L, ¥P TE
WLt —7 RIS, EMSA T2 (2 v 7 4 ¥ a
VT k) RELREATT. (BEIXELDNA 75
AV EBRERERTFHDA v F L=V a vy THI LT
H, NF-xB @ DNA #&EHIIEEL.

¥4, MEBIRT IO, Vavesrvt kBa lpg &5
LD, BAEABESA vF.N—vavl, 78-7ER
EXei%, EMSA #{7-7-%%2, NF-«B © DNA #HAENK
ZEKR L.

# pS0 itk & B pBS Hilthk FhEh, BNEHE LI v+ 2
N g VET o, Tr— 7 ERIGEE, EMSA 2T 1
(A== 7 V7 »ud) EREETIWRT. #1 50 FiikB &
U pB5 HithR i ET Az LI E D, ThEh, SV AV T
PL7z.

R FTHAH NAC BIUFry v - ve s —
ThBY = AT 4 VvEREBRERE QBMMMCERCREL, £
DOFBEY EMSA T LRy R 8 1Rt ERFEIC X
% NF-xB @ DNA #4¥EH 12, NAC 38XV =27 1 v OH
BEIZ L DX R,

M. EEERt&LUBEELCETD 1cBad 7O

5

ERELE I CBBEILCRTS, kBe D7 vy v Ik
F B HEEEAG, v=Ax v T ay NETHHLEKEREZR
QIZRT.

Hypowix {5} Normoxis thi
aftar B hypoxin
= ¢ 1 & &8 v 2
i o

te Ba = A e

Fig. 9. Western blot analysis of IkBa protein in L-TK™ cells
which were exposed to hypoxia and then normoxia for
various times. Cell extracts were prepared for Western
blot analysis with anti [kBa antiserum. 1kBe processing
was induced by hypoxia but not by reoxygenation.

Hypoxia Sh

iL-1 Oxic None NAG Gen

LI R R
Fig. 10. Effect of tyrosine kinase inhibitors and antioxidants
on hypoxia-induced 1kBa processing. Cell extracts
prepared from L-TK™ cells exposed to 5-hour hypoxia in
the abscence or presence of genistein (Gen) (50 M) or
N-acetyl cysteine (NAC) (50 mM) were analysed by
Western blot analysis with anti 1kBa antiserum. Pretrea-
tment of cells with tyrosine kinase inhibitors and antioxi-
dants inhibited hypoxia-induced IxBa processing.

SRR
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Fig. 11. Effect of MEK dominant negative and CL100
expression on «xB-dependent transcriptional activation
induced by hypoxia. L-TK~™ cells were cotransfected with
kB reporter genes and CL100 or MEK dominant negative
expression vectors, and were exposed to hypoxia for 5
hours. £B-dependent transcriptional activation was
estimated by CAT activity determination. When CLI100
expression vector was cotransfected, «B-dependent
transcriptional activation was inhibited. But when MEK
dominant negative expression vector was cotransfected,
xB-dependent transcriptional activation was not inhibited.

HLF47avie—n& LT, IL-1 20ng/ml) I
wnT sk, 3090 T IkBa 27wt v i3 nt.

EERFEIC 1 e, 30%M, SRMIBEEZ Dz L b,
IkBa i, ety v dni. T, BBRECSHFEREIL
7, BBELTAZ LD, [kBa DBABAD LN,
KO VA E L.

EEER(LIC L B kBa D7 m ey v 20 kiT 5, HEMLAT
HBENAC BIUVFrYyvFF—FES Ve X -ThAH =A
FAVOPHRIZOWTHRE LEBEXYRIOTTT. NAC Bk
By =254 VORMES LD, IkBa OF m &> v 713804
Ihiz.

V. EEEFR{LIC LD NF- kB OFMALICESITS MAP ¥4 —

77105

VR — & —EETF (L-6kBCAT) & CL-100 o RBi#E T
(02ug), 7213, MEKI D F s+ v b 24 F 4 7ORIEEF
(Qug) a b5 vAT7=227vav L, MBPBACEERE IR
®, ERRICL 5 IL-6 BEFOEEFEY CAT 7 » 211
TRE L B ERINCRT.

CLIOO DEBREEZFR 27 vAT =2 a v, $ERE
BB LICLD, EBBEICYIS IL6 EEFOEFTEMRLIT
MHE i, LML, MEKIDF i v 32474 7OREE
BFEarsvav2vavl, $BRFILI L L
b, BBRML LD L6 BETOBEBE(LIZIME S hi
Motz

z %

ERoBm, BEREECIY, 1 o4 VOBESTFIE
BRBEZ2H-TW B EEXLBRTWE., TALDETFOEE
BRI, RO LS BT TELBZLNTERY, ¥
THRIBETR, BOS I OBERCECOEHNES< 2 -
Ty =PI ENDWL O DL BEELERFREELEEINS. £
DISHTHRER S D Cha, =4 =2 + Y = v B, (leukotriene

B, LTB,), M/ #RiEH{LEAF (platelet activating factor,
PAF), BX U4 v & — = 4 % v -1 (interleukin-1, IL-1),
TNF-a, IL-8 DA DY¥ A + H4 v OEENBERKEOWLY
EEWTERETHDHLEELLRTLAYY, EEIhicihb
ORFICL D, FHFRIBERLZTHERCERTH. #2
BT, EEIh{bBEHETIC L D FRROFELS
fTbhd. Titbh, LTB, PAF, B4 D41 rh4 v &I
ORI FPIRIC Mac-], U v oS ERESEEEE B
(Ilymphocyte-function associated antigen-1, LFA-1) 7¢ ¥ D3
TFORBEHBRBDLND. FEIBEETIX, EFH>TFENML
EFREROREMBR ECRIT B e — ) v 2R L OIS T
bhs. r= ) v I7HE2, ARMAKELD P-EL 25 v= E-
L ZFUEMNLICEBRC L DFEIRD, i, FhERED
Le2bv2FVviCwTbE, 78—+ B CHREINDAD Z &
b, ThH3EBORLyF VR BERBEHRE > T 5 L%
ZhbhTws, FABKETE, B{kEh7 LFA-1, Macl,
ICAM-1 7 EDEES FEN LIciF RO MEREMAR~ D8
BRROOND. IALOEES TOREREIXRER 1 b2
4 v @ IL-1, TNF-a 4 v &2 — 7 = 7 v-r (interferon-y,
IFN-7) 72 EORBIZ & D0+ 5%, & 5BHEETI, nERK
MR EE L RO MEAER L8 L it MEN~DOEEIT
bhb. ZOWEIL LFA-L, Mac-1 & ICAM-1 OHEEREY N

LTI 3%, Bl LiciFh3aNEMity 28+ 28,
BED &5 MMM BRI X5 MAEEEETTEY LS . OF
EEMEDTEE, IL-1, TNF-o, BRiEk = e = - RN BAET
(granulocyte colony-stimulating factor, G-CSF), IL-6 7¢ & D+
A PAHA VI DFHEIRDPD,

HORMEIL, EFMEELLHPRC I AMREETH
5. BMEFEERC 2 EEERCIFEEBRRORENEET
HH, Mac-], [CAM-1 # N LI EENEETHDHEELZDNT
LB,

Tiebh, B, BEREEOREC ST, A0 b
AL VBLIUBEESFHLEERRE X E-TW2LF1bh
%A. #1L7T, TNF-q, IFN-y, G-CSF, IL-6, IL-8 ZED 41 b 4
VBEFE LOICAM-1, VCAM-1,E- v L 7 &+ v EDEE S F
BIEFORAFHCL, BERT NF-«B OFEMILALETD
DI LRSS i, BEFREEIC NFxB FH{bos
DS REINA, LarL, El, BERBEOZALDOEET
DERBEEELOBFC VTR LG IR, 22T, K
FRTIL, EBMELRIUERKELE NF«B EHEbol 5,
HTNT, TOBFIOWTHBHRN YR Z oo,

NF-kB 125 F & 55D p50 &#6.55D pb5 D 22D+ 7
2=y babigh® MBRE T kBe L XiTh B A vy
F—LBEALEAEELRETHEEL TV B0, IL1 ®
TNF-a e EDHBIESES A o4 v, BADB{EA M LA, i
W, BAE, REDOSBREEA L LA LIS T, kBa i) v
Ba(Lic L DBMiYZFTRELSRA™Y, TOKR NF-«B 12
BREBTL, B4« OEEFOEEESE(LCH 251
NEZBRTWA.

AERTRIHEST 4 7avie—ne LT IL1 RIBEF,
CAT 7 v+t4, EMSA, v=Axxv7yry } TIL-6 BEF
DEFENE(L, NF-£B © DNA #4iESORM, kBa 07 =
v ZRBHI. ZHiE Henkel 59 DEERRER b 5+ 5 |

ERFRIC X AR TR, IL-6 BiEFOEEEMS(LILREN
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iR L e, B BFOERMEY ) K-2—BEEFLLTH
WA LIEEEE{b R ieh ot ZORERIE, EBRFELTX

D, BEFIZNLCILE BETFORALFEIND Z L2
LTwb. i, (EBERED, NF«B © DNA {EETEEHNE
ML, kBa D7 rEev v IAETLTWIE, 3BT, a3V
RF 4V a VT v A BLITA—N=—VT 7 v 1 OFERN
b IL-6 BEFD B RIS LLEAEYN NFB THD &
MEIRhiZEhhb, EBRERRBICLD kBe A mwv vy
&}, NFxB BRI BATHZ LI L b, IL-6 BETFHHE
BHEIhD I ERAREIRE.

¥t, EMERTE, BBRELTH LI b, NFxB D
DNA f&E®IEEL, BEERPITrey v /S TWE
IkBe BEARIN, RAUBORKECE LA &5 b, NF«B
EBRILE LV EELSh, BEBELcI I TRETAZL
REBMETL ST,

BEKEEO—EF L LT, B, NF-xB #iEKELSh
%z 212X b TNF-a, [FN-y, G-CSF,IL-6, IL-8 D41 b » A
VBEFL ICAM-1, VCAM-1, E-& L 7 v S0 EE S FRIE
FORBEFENFEBIRTEhH, MRBEREC, Fhiky
EhE L mmEROEN(L, MERBRMROFEEL, 1 A
A vEy b 7—7 OBIE, BESTFORRMBRNEZH, BR
RENEFTAEEL DR, L L, TOBEMBFToW
TIRSBORNBLETHS.

Schreck 5*%12, IL-1, TNF-a, A R— =R T, BEEE
KRR EOBEADA VAL LB NF-«B OFEM(LA? NAC ®
TEALE Fado T ) V—Ak OB L - T7 ey
P7ERBEMS, BaDA LA L VHBRATER{LEER
BERER, ZhAELADET NF«B OFE#LCE S LT
WHIEFHRELTWE. AZRICEWTH, HBRLHTHS
NAC, + 27 = v — AR EBRRHNBIICHRETHZ LT LD,
{EEFE{LIc X 5 NF-«B OFERLZIARIShizZ &bb, ERR
FHRPC XD NF-«B iEM(LOERICER(LBEIEES LT
AETHEMNAT® I, Tk, FrYyvyFF—Ef v ER—
ThoEL=ATA VORFRETAZ LI D, NF«B OfFEH%
(bR hie 2 Ehh, EBEFBHIZ L5 NF«B &k o
VP NMMEERRIEF r Y v EF—ENEE LT BTTHESES
REEhiz., ZThHOERIZ, HBACFr Y v —H A
ve ¥z —p\EN, BEREEDFHCEDTHHEEL
BLTWB.

By, MAP #5—¥7 5 § U—p, NF«xB OffEH{L & £E
+T5ME, 8%, IL-1, TNFa £0+ 4 + b1 v, KRR
5, V #485 (lipopolysaccharide, LPS) S Ji# THE (L &
RBZERBEIRTLWAD, 22T, BBRFAMCLS
NF-xB fEM{bic 81T 5 MAP #+—¥7 5 3 ) — D5z
WTEHTAEMWT, MAP £+ —¥7 7 3V —IZHRNR
T+ A7 r 2 —=—X¥ThHD CLI0® OXBERBETFBIC
MEKI® O F 3V bxh7 4 7ORFEETFE IV A—5—H&
EF (IL-6sBCAT) L2t SvA7z7va VY LHSERHEIE
1%, EBFCRERESe, IL6 BETORFEEY CAT 7 »
LA I THE L. FORER, EBRILC L5 L6 REFOR
TiEM(bIE, CL-100 O0&BHEB & b Mt S hicss, MEKI
R3Fv AT 7OSBRRAC L » TRAG S REr -
4-. MEK 12 MAP &+ —+7 > 3 U —D 5 s> 7+
#E*+ — & (extracellular signal-regulated kinase, ERK) ©

nyy, Abt=vERERYVEBIEL, TheEEET2
MAPK #3 — €T3 5% Z:nbh, EBEFBIC L5 NF-£B
FEW(LD v 7 F VEEEBIZ ERK UAAD MAP #3—-+¥7 5
3 Y —, FlxE, p38™, INKVE AR E LT A A[REM A REE S
hiz.

= Ed

B, EEFEEEITS NF«B OS>V TRETS
BT, IL-6 BEFRIEEC LT, EEREL, BBRLLLS
NF-kB OfE®%{LIc>WTHEL, UTOHRYE:.

1. EBELCI->T, BERTF NF«B EHbc L3
IL-6 BETFOEBEFEE LR L, EERERKE b RH
Tk, 2V bR AR5 S TREEES R L.

2. BEERF NF-«B OiEM({biT, BEMRELic L b, TEL
7.

3. EEEILIC X B NF«B OiFM({bix, HB{LATHS
NAC, Fa2 7 =mr—Jb, FrYVFF—EA VEX-TH5
F=AFA4 T X > THHE Ak,

4. EREFILIZ X 5 NF-«B Gk, MAP 57 —+7 7 3
Y~ RN T s A7 72 —ETHD CLI0 OLERBI
IoEEIEMA, MEK]I Fid v raa5 .y 7OLBERBC
S TIAEI R ieh - 7.

BlEE D, B, BEREEO—#FL LT, BRI
BERERTF NF-«B OFER(LOBEENRE IR,

E Sl 23

BERL D, ML HEEYEBHD ¥ L BRTEEXH
BrBEEL O BELRLET. i, REEZOHEELREE LS
RAENAFEFIFRBEBSLAE—FBIERBLET. T, KK
avir—AF o v A-RBETIZL LI, HESEHEELLE
RASEXRE(CEE_RBUAERSICONDRBBELET. $5
, HER LB YEER ¥ LSRAEABEE _BERRTEL,
BRKE—ET S OB OEE, 8 IXUSRRENATRIRBELER
BOHBEOERIZOIOOBRHEKLET.
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Abstract

One of the most important complications after organ transplantation is graff damage caused by ischemia-reperfusion
injury. Although the details of the mechanisms underlying organ injury under ischemia and reperfusion are not yet
understood, cytokines namely TNF-¢, INF-¥, G-CSF, IL-6, IL-8 and adhesion molecules such as ICAM-1, VCAM-1, and E-
selectin appear to be primary mediators of reperfusion injury. The expression of these cytokine and adhesion molecule genes
is regulated by the nuclear factor kxB(NF-xB). In this study, the effect of hypoxia and reoxygenation on the activation of NF-
KB was investigated. Mouse L-TK" cells were transfected with reporter gene plasmids possessing three kB binding sites of
IL-6 promotor (IL-6 kBCAT) and three mutant B sites (pxBmt), exposed to hypoxia for various times, and then assayed for
CAT activity. Cells transfected with IL-6 kBCAT increased their CAT activity S-fold after a 5-hour exposure to hypoxia.
When pxBmt was transfected, no transcriptional activation by hypoxia was observed. Thus, hypoxia induces xB-dependent
transcriptional activation of IL-6 gene. Electrophoretic mobility shift assays demonstrate that hypoxia induces NF- kB
binding activity to the kB site but reoxygenation does not. Western blot analysis indicates that IxB« processing is induced
by hypoxia but not by reoxygenation. To this point, these analyses indicate that hypoxia causes the processing of IxBo and
the nuclear translocation of NF—kB and enhances the kB-dependent transcriptional activation of IL-6 gene. Pretreatment of
cells with tyrosine kinase inhibitors and antioxiodants inhibited NF-kB activation by hypoxia, suggesting that tyrosine
kinases and reactive oxygene intermediates may be involved in NF-xB activation. The overexpression of CL-100 which is a
potent and specific inactivator of MAP kinase inhibited the activation of NF-xB by hypoxia, but the dominant negative allele
of MEK did not, suggesting that the hypoxia-induced pathway of NF-xB induction may be dependent on the other MAP
kinase family rather than ERK. These results suggest that the activation of NF-xB by hypoxia is involved in the mechanism
of ischemia-reperfusion injury.



