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TRETRRET R R O FIE 1< B 1T B EEE S T O G A2
T 57-HI, C5TBL6J% Y ZD2RMBIcEFHE
FWT 1B 2TL, BRIz U, itk
hOBESFmRNADOFHE % Northern blotiEiz &
DER L, 12Gy 1 EIEE% DICAM- 1 mRNA 3
4 BRI IE RSB & I L T42% (p<C0.05), 24B%
RI2121376% (p<<0.01), 48B%R%I21351% (p<<0.05)
OFEREMEED -, 1 BRE%LIES A TIcRE
BERERAONG - 12, VCAM- 1 mRNA 3
ICAM-1 £ 0 2R 1205#1249% (p<0.01) @
E— 2 %2E 7 3REOHEMAERD, 1 BE%KICH25%
(p<0.05) EHEBEMAZRD 72, P-selectin mRNA
11285 /R1#21259% (p<0.05) & —@EM O FIHEINE
B, 7, ICAM-1 OFRE & GHER & D%
OBF TR, ICAM-1133CGyDERE, SHKELH
Hxh, 24GyF TREBKREMHICRERSMIOIL 72,
INoO—@BHTIIH AHNEERICAM-1, VCAM-1,
P-selectin DFIMMIZ, in vivoll B 2 BEEME
BRGSO OBET L NVOE(LE LTHEINT
WARTRELREVLWSDDVESTHY, FDRIH
 HREHRIR RS DRAE SRS L TV B EEZ S,
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L3R, BEEREORTOERBEICBSVT,
BEHRER IEE L REAEE S, Lo LIEFMH~DOK
SHERE RS 2IREIET ONTAMES L THRER%
Bon A TRIES % MUK B £ U5 ] & #t < Ikt
ERRFICEE LD, AEEITO L TORERIRNT
EBSTVE (1, 2)o MUK DRI T I
BIL CTRERLZARELEEME VLY, ZORHIcRoNS
REFRZELD O & DI fiikabREE Rk Ol ~ D < 7

077 =Y, U yoNIRRHRERS & D RIEMEZRE A
Hons & (3-8) %, Hfilaptith ik
2HBEBHEHBRIEHID Y v ERDFDROL S HE
ZICEMTA 2L (9, 10) FLD Vb 3 RIERIE
S LTVWELEEZ SN 5,

—7, EERERIEDBITE W T3 L 1Sl
ENTFEN L CHEEREZRTENBHIATL 5,
FRCHFER S )~ Y ERE O SRAEMID & B AL & O
MEFRICRRE I/ 0T ) YR =X=7 7 3 -0
Interellular adhesion molecule-1 (ICAM-1)
®Vascular cell adhesion molecule-1 (ICAM-
1), ®Vv s Fve+77 3 —ODP-selectin ® E-
selectinzZN g 2RV BEETH AFEIRENTV A,
TROL, RIEWREICT LT E FRATOIME MM
faict L7 F v BEBR L CHIMRSIMERNK LA
BHE (rolling) 20 EBI L, 5|&KV TICAM-
1 PVCAM- 1 BIMENKMASICFHEHE L TICAM- 1
JSLFA-1BXUVCAM-1 /VLA-4 OEFREZNL
TG & BBk mE I EE U (sticking), H
IMIRASBLFEIRR %8 0 R OFBA~NRE L T <
(11-13)s T 5 DEESFE, Tumor necrosis
factor @ (TNFa) #Interleukin-1 (IL-1),
Interferon- v 74 & @ proinflammatory cytokine
(14-16) %, #&AfEE (17, 18) ETHEINS
EMin vitrokTin vivoTHRESN TV S, BHK
FHERBENCB W TS, n vitroTliHeLa A% o B
EESMERTICAM- 1 BFEEINB T E (19 #®
M WK T B %R EEREZ D 5 E-selectink U
ICAM-1 OXBEMFEIN, FHREOBENRS
naI& (20, 21) PERAHL N ES -T2, S BIC,
EEEBE (22-20) ®, TV FFFv Y (25) 1Tk
BfffEE S & DA DRIEMMKREICB TS IS
DOEESTOMEIHREIN TV S,

Z I THEF L 1, BETRMBRORIEICBVTH
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MRBRUAE

(1) EBRIYKUREL

8 BHIcTHAZ LT XDIEAL/HEDCSTBL, 6
Jvo R (22.7+1.1g) 23T NTOERBRTHWI, 4-6
IEF>752F 9 2 r—vichh, BE2E2C, B
B55+ 5 WOMETEHE L, BEMKE LUK IEHE
HICENTE X 51c L, $MIET XTHARTE
MEBRHERDOHA F 54 VicESOWTER b EbNT,

BB OFREEEHHERT, < v 2fWgiaE~9

MeVETH (Z3) k3 1 BIBHEBEERI Gy /
BITTIT» 1o BEHCERL TR, < v R I3EMREE T
HEOBEERICEE L, A& EELLT %2 10m DR
TR L, 2MBBRHENICA > TV 2HEE XFRE
TR L7, SILT oEERFICES L7z, FEEDIE
B~y 22 2KBRERFR CEHETcB&Ea Yy bo—
wE L,

(2) #ERFHIRRET

BHERERNICEHERV I Y P o—-LEOwY R
ZEMEBFICTRERL, BbichEfitmi L (B8
2-30E), 10%+A V=) vEJELOEALCHEE
ok 10%+xv=) YEIEL, HEREEB X
UAzanPEETL, HEENELEBEL 7.

(3) RNAfH

M FERE & FRkic, BRRERNIC< Y M
ZHH U (BB 3 — 5 D), MHMIZE S i Isogen®
(= R®vY=v) 1mhpTrEYF A4 XL, —80C
CTHREL, RHICRER, ERARHAZBCRK-T
total RNAZHH L7, 185N /ztotal RNARKIC
AR L TOD260nmIc TER L 2o

(4) Northern blotting

&Ztotal RNA 20 g2 F VAT LVFE FE2ED
12% 7 H e -2 VIcTBRKHL, ¥4 0 Vv
(Hybond-N:Amersham) WKEE Lk, ZD0%
random primer# (Megaprime DNA labelling
system:Amersham) K T*PTI XY ¥ L irat
ICAM-1, mouse VCAM-1, mouse P-selectin
BLUavro—&ELTrat B-actin® cDNA%
gk 7 e~ 7 & L T42°C 160 ALl Ehybridize & €
7o ICAM-1 cDNA 35— BIZRAIRERHIFT O
HNIEELT LD, VCAM-1 cDNADepartment of
Medical Universitaire,

Pathology, Centre

(58)

GénevaUJDr. Pierre Vassalli& D, P-selectin
cDNAZZMBE, Institut fir Zellbiologie, Mun-
ster®Dr. Dietmar Vestweber & § Zh Z it
Huwi 2w, Hybridizationidb0% & v 4 7 3 F,
6 XSSC, b XFv iR, 0.5%SDS, 2 ug/ml
I RETFDNABRPTIT» 720 #4 v V%1 XSS
C, 0.1%SDS® £ 0.1 XSSC, 0.1%SDSE#K I
BWT, 55CTISH 2EITHOWHAEL, 12—V VI T
L=+t (Fuji) KEXL, XM AA A -V TF 54
#— (Fuji, BAS2000) iIcTEEL7c, EmRNAD
EEMEIIZ B-actinDEEM THIE L 72,

(5) #kat

HETHIMLEIC 13, Stat View (Avacus concepts,
Inc.) 2RV, 2HMOKEL, unpaired student
t-test (MEIRE) TITL, p<0.052FEE L1,

w R

(1) AL

12Gy 1 [EIfB&#4224, 48, ToWsRitk, 1, 2, 4,
8 BRATHEFEIMEE - X AHEBENRET 21T - 70 B
ELcEN%EE CIcAShEMERIZALONT
PER DL & FIRRIC SRR RIER D@ & &
Zohil, L LEICKRET T 5 &, BERUESRET
MERHEOFE S HER L, 488fHE%K I TRIRIE LR
RO, FiEkREEER CMER~NBEIC< 7 2
77—V, VUyNKROBEORBESBEINT (Fi

Fig. 1

12G y HR 5480 1% O ffifERR L BAG (H-E4
B, x100), OAYffRE ERRFEOER (o),
flgRic<=207 =Y (1)RUY v 1R
(1) 2805,

1) 2 ERERICIMKEERVZORME, ik
BENIC) v SRROEEEBD . (Fig.2)s Tho O
iz 4, SBRICBIBEAERED SN -T2, 4
BRICIBEOHFDIREMaREN R D 2 (Fig.



Fig. 2 12GyMBs&t 2 Bk oM e (H-E4
i, xX50), MIKEXEEL LU ZORMEIC)Y

v NERIRIEZ B 5o

Fig.3

12Gy HET 4 AR O FitEMOCEAG (H-E4
B, X100, FhfaRREEN I EIEDLFHER (1)
D 5,

3)e 8EETOTRTOBETHRHEBIIIEBEE &

WE L THIME A2 3B, BHIERICH 2 &
biitz, SHEETTR, 254 vOuhEZOMMHEL
ZRIATRIRA SN M- 1,

(2) 12GyBEHEDOEMRNADZELL

12Gy 1 [EEBE%, 4, 12, 24, A8BER® KR U1,
2, 4, 8Bty x2EZL, mRNAOZE{L%:
Hlie 70~ 7k BNorthern blotDERDR
Zb%EFig. 4 Iind, &H3-5ILE2AY, TEME
Da vt a—fEICKT BEMOEE& % FHEE+SD
TRL7Z 5 7DFig. 5 —1TH 3,

ICAM-1 mRNA (3885 4 BRI & 042% (p<<0.05)
EEEBREEBINAA SN, 24BH%ICT6% (p<0.0D)
EE b L4812 1351% (p<0.05) DN &
Ko, 1@8%ICiZaryra— Lo LXVKR->TW,
ZOH2MOSEBICB Y ro— A BEHKLTH
BRURHAOZZIR SN E A -1 (Fig.5)s

VCAM- I mRNARICAM-1 £ 0 PR 126
%ic49% (p<0.01) v —2%2F T 3RBOM™ME
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Fig. 4 12Gy RS RGN L 7 Mgl o 1C
AM-1, VCAM-1, P-selectin®8LU B -
actinmRNA 2%t 3 % Northern blot D
=5,

B, 1 BETH25% (p<0.05) EbITHhTldd 3

PERBENSA SN, 2 BRI EERLZZ{L
Ea5nih -7 (Fig. 6)e

P-selectin mRNAZ, VCAM-1 &fEkkic, 128%
MI%1259% (p<0.05) -2 %2 b>FBEHOHEME
B, Lo—BEOCERITH -7/ (Fig. 7)o
(3) BEKEEDOKT

ROEFEHCREAPBFEINKICAM-1I120L T,
MEEOBREFRERI L, 3, 6, 12, 18, 24Gy1
[Es#%, 4EREZOICAM-1 mRNAODOREI,
3Gy oBREICHEML, HMHEHKREBOMMICME S T,
HFEB LML (Fig. 8).
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Relative mRNA expression of ICAM-1
(% change form controls)

Fig.

Relative mRNA expression of VCAM-1

(% change form controls)

Fig.

Relative mRNA expression of p-selectin

(% change form controls)
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Time after irradiation

ICAM-1 mRNARBHBOZERKFNE L, 12
GyBBE#%ERA)ICNorthern blot T4 7
BN DOICAM-1 mRNADREAE /A +
A A=Y TF5AF-FHOVTERL, B-actin
ORBEBICCHIEL, RS bo—VE
EHE L AR A K L, Mean®=SD ; n=
3~5. *P<0.05.

(%)

100 -

* p<0.05
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T T T T T
Control 4H 12H 24H 48H

T T T T
1w 2w aw 8W

Time after irradiation

VCAM-1 mRNARHEORKNZE L, 12
CyRBHR%BERHAICNorthern blot T & 1 i
HBADOVCAM-1 mRNADRBE A /N4 &
AAX=VTF 74 —ZHOTERL, B-actin
DORBBICTHIEL, FERE =2 v bo— LB
EHE L A tEnRAEE L, Mean®SD ; n=
3~5. *P<0.05.

* p<0.0§

A s
=T

7

L 1 1 ) J J T T T
Control  4H 12H 2W  48H IW  24H aw 8W

Time after irradiation

P-selectin mRNARBEEORENZL, 12
GyBH®%BEENICNorthern blot T 72
FBEN O P-selectin mRNADFEEZ /N A £
A A=V TFSAHF=RFNVTERL, B-actin
DOHREBITTRHIEL, FEWH 2 bo—VE
EHEB L IR AEE L2, Mean£SD : n=
3~5. *P<0.05.
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(A)

]lSGy

> >
<) Q
- o
— 1 |

ICAM-1 'ﬁ‘.“"‘...
b 9O9PPRPOOROS

] Control
] 12Gy
] 24 Gy

C

(%)
* p<0.05

(% change form controls)

mnnl

'20 T T T 1 T T
3 6 12
Dose (Gy)

(A) 3 ~24Gy BT 24 R ICRE H L 72 i kA A%
WODICAM-1 BLU B-actin mRNA T
9 % Northern blote BIICAM-1 mRNA
REBORBICI 28 b, 3 ~24GyRE24
B fE1% 12 Northern blot T 7z A ©
ICAM-1 mRNAOFEEEZ /N4 44 2 -V
T4 —HVWTERL, B-actin®F
BHEICTHIEL, ERFHa v bo—LB L
BLan®ErRLI, MeantSD ;n=3
~5. *P<0.05.

Relative mRNA expression of ICAM-1

Control

Fig. 8
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PERIRGHE RS R EGAR D S50 H OBREAR % ~
THIET 5 &£ SN T EBSBRMERS L U2
&t < BURRRAT AR HEIE D R BB F 1T > W TIE Rubin
SOMFRICE DRBEERLD 54 F 3 v 7 BRI
FHEYPFERICIEASND ZEMBPFSHIIENDDH B,
T HBproinflammatory cytokineT® 5TNF a
PIL-1 a, IL-1 8, growth factorT©® 5TGF S8
®collagen I, I, NVOmRNADICHE T 5 HHR
DEHEZIBEVS REHXL D 26B F THEEMICE(LL
TWwadEHsREN 26—30), SEObNRbONL DK
FlieBLTRENID ISR, BHRER4IBHOA
B & D EEESFICAM-1, VCAM-1, P-selectin
OmRNADQRBFOEMBAoN DB T LER LT,
ICAM-1 ORB LUK EE -7 & L, VCAM-
1, P-selectin®FHI12HMELE -7 95 —1]
HObDTH 7S, TOLELH, FORICRIET S
g2 1 2 RIEAIGREEZ O EBTRYIOR T »
TIRIE > TV AHEEMEDH 5 L EZ SN 5, HBFRN
WWHETHOITOTIED A, 48R X b RIEMED
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BERRESc kD, ICAM-1 B EDEBESTOR
Ho®¥nd 2 F345E0ERD SOATEIAHTSH
505, BGHR 4 R & VS RS otER 0 4 S h
BILEEDHA AL YDERKEEENS OGS
DIEHTH 2 afen G W EBbh 5, BESEHD
fHkaic x4 2EH E LTI, EHOR TR0 FEEE
BEET 2EBEMEH &, K & DDA\ WTOH -
% Dfree radical ML & NfE BRI fEH
TAMBEERO oo T3 (3, XEP 7y
MEDELET (inear energy transfer) 5 T
BBECIERANETHEE VDA TV S, —HTNF
®RIL-1, IFNTGEIC L BICAM-1 2 VCAM-1%0D
BENTOFE, free radical DFERREMNL, Nuc-
lear Factor kB (NFkB), AP-1, AP-27.&®
EERFPE®RS N2 F LI ERESIN TV S
(32-35)c ICAM- 1 B{nF Dregulatory regionic
AP-1 ENF kBDbinding site?d 2 F LI 1
TW3 (36), F-EBREMBHEBESICL Y, EERF
NF e BSiEHbsns W 8E SR OSN3 (37),
€~ T, free radical#JERkd 2 EBREEMHAFICB N T
bRk DK TN DOESE N FUFBEIN TS AR
HWnd b, bbb OKRFTICE VT b GRS D
RIEICfree radical WBG L TV AENREINATL
% (38,

In vivoll BOWTEHBEIHRICKBICAM-118ED
BEESFOMRNAOKEOZELOHME ZFH B /&
ETRSE 0K OWELA TIRHong Sic & D < v
ZDOPITBVWTEE. 4- 8KFRITICAM-1 mRNA
PEML7:LT26D (39) DATH B, HEOHE
TRICAM-1 0RBERZ—@EMTRH B4, bhbh
ORETE D bEIHICHEML TW, BE5HKRBOXELH
5%, MTRifEEZD, BHEFICIELICAM-1
DEBELBHONTOVRVWEMBEE LTV D0d LN
B\ In vivol B 2O FHEEH WK T,
Panes®id 5 v b DEHIC20Gy 1 BB HE, 2515
6 By BRI E & 828 Lk 4 2 FMmBRE D 5n
AEELTBY, ThIICDIsHUAZE 7 BIICAM-
1ikoksickniiflahizE LT3 (40), F
RERIES Y MEICBOLTH0GyEE % 1 8% X 0 if
kb o~vs o7 > — Y FOICAM-1 BXU%Z
D) #¥ FTHALymphocyte function associated
antigen-1 (LFA-1) ORBNEMLTVWE I &8
REMRFIRTICI D BESh TS (4D, Ih
SOMENS bbb OFER EERRICBHZTEEX
DIn vivoll BV T EESF FHICICAM-1 8% D&
DRILZEG| SR FTHEERILTVETHALS L

(61)
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PHEIN B,

ICAM-1VCAM-1 054 2 KIEHERICE
WTIE/ 70— F AVHEOBRSITX 2 FRCEEA
DISHDEEMESTF S b, BPERICBVLTHE,
BAETY = v = F P2 OHE, #HRERLE0E%E
BT TS B W THARSIC & 2 FIEMFI0HE S
NTV5s (42, 43), L, &, BHLCLEOEEFMEIC
B BIEERIGPCGVHDIC T 2 MEIRE & HE
nTEH (44, 45), b MIBLWT HERBEIBEE
ENTVWE (46), MEBICBVWTLIHMER T,
S[EXmELKEAHY, SEEREMEEL SIS
WT, PLICAM- 1A VLA-4 itk 5 1c &
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b b LhiEnss, T« iBEEO—> OFEIRE &
B> 50 kett3d 5 EEZ B,

AL, <o RBGHREHNE, —@aldTids
EWHEELEENFICAM-1, VCAM-1, P-selec-
tin®OmRNADRBE DOEIN%E A W72 Lz, FHTICAM-
13480 & WD B S48 % £ TRE oM
Ao, TFORBIIGYDEKRED S A SN
BEREWTH - 12, INSRERITBY ZMOBER
OEALE LTHRESNTWANLTE RV DD —
S2ThY, FOHICVE > HBRORE IS L
TOLWBHEEM S H B3 L EZ 1,
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A STUDY ON THE PATHOGENSIS OF THE RADIATION
PNEUMONITIS
—ALTERATIONS IN PULMONARY mRNA ENCODING
ADHESION MOLECULES ICAM-1, VCAM-1, AND P-selectin
FOLLOWING THORACIC IRRADIATION IN MICE.—

Kayoko Tsujino, Akihisa Kodama, and Michio Kono

Department of Radiology, Kobe University School of Medicine

ABSTRACT

To investigate the role of the adhesion molecules in the pathogenesis of the radiation pne-
umonitis, we quantified the mRNA expression of the adhesion molecules in the lung by Nor-
thern blot method following whole thorax irradiation to C57BL, 6 J mice. After irradition
of 12Gy to the whole thorax, there were increase of mRNA for ICAM-1by 42% at 4 hours
(p<<0.05), 76% at 24hours (p<{0.01) and 51% at 48hours (p<C0.05) compared with controls.
And it returned to control level at 1 week. No significant change was observed thereafter
until 8 weeks. The expression of VCAM-1 mRNA were also increased by 49% (p<0.01) at
12hours and were still increased by 25% at 1 week. P-selectin mRNA were transiently incre-
ased by 59% at 12hours. We examined the relationship between the ICAM-1 induction and
the radiation dose, and found that ICAM-1 expression was increased by 3 Gy of irradiation
and it was increased in radiation dose dependent manner up to 24Gy. These early inductions
of mRNA for ICAM-1, VCAM-1 and P-selectin in mice lungs following thoracic irradiation
were transient but significant, and they were one of the most immediate change reported in
vivo. It is suggested that these adhesion molecules are possibly related to the pathogenesis
of the radiation pneumonitis.
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