SRS

(Rl e B2 T AME M PARMR B E QUL T —a il s
RS HIRAT 1 L TR PRE OTESLIZ B DA AD)

Hybrid PET (2L 57 R BRSO E EROHIE )

SERFAEE HEIE

WEWHE BEE)IFE
WEEZ
KAIE(E

KR IR B R AR AR RS [ SR iz
KRR B R S R PR AR (R & B S L Bh
KPR R S b B SR e T R A A
K P R SLAM L B I PE S —

o=

BFZ28E S - Hybrid PET 1. B TR HUZRED v $REBE T HUHREREO HI v #RO
B LB — R E VAT L THBD, PET HAME LB CHAMEN
< . 9-deoxy-[*F]fluoro-D-glucose(|FDGNZ L B B EFEA A— v T I VBT
B, B R iiBRE 4 41 (B iEaf], T 22.811.9 ) CRT RO REHE
B4 e BN ELESER S, REEL, EBIMEFI O T N EREE E '
LIE B L i U, SRER MBI LD BT T RO OE T 2R H T 5280

HRETH o7,

ABFZEIL. Hybrid PET # AW CERMBFTMT FUREHE BTN TTEETHY .,
BT R B A L U CHE R AME 1 O SRR B A AT T DL RETH DT

EERLT,

A. TFFEEH 2 1
Hybrid  Positron emission

tomography (PET) (%, BYeT /gl  B. BF3EHIE

RO v #} & BE T B TR OB
yBOWEZBRHL DD =—T R
AES AT LTHD, PET HRHE L
5 UCILAMEN B < . 2-deoxy- [18F]
fluoro-D-glucose(IBFDG) 12 £ % i 7
RyERBOERBENAIEETH D
L RFHEE £ CTOMETH LN
L7, SEET, EESNEHIZRT D
AT R o REREABIE L, AN &

AR 4 B (B 4 B, P8
#22.8+1.9F) CH LT 5 RELLE
OHAH%IC BFDG 111MBq 257E L
7-. Arterial input curve XK 57
DI ERE & FIRFICBEE EAR & 0 B
4o 7Y e BiRh LTz, BRER 50
256 10 4rfE] PET 2% Headtome
V/SET 2400 system (Shimadzu Co,
Ltd) 12T, #iE% 70~110 &M 5

-39 -




30 47f Hybrid PET ##& VERTEX
Plus MCD (ADAC Laboratories,
Milpitas, CA) {ZTHREZ1T->7-, K
FARORRIRE ST Z £ A Chang O WU HH

EWEZEA LT W7 N ORI,

Sokoloff MJE# (Brooks (2 & 5 %)
& Phelps HOFFIZHEV, BT VE
B oE % ( K=0102, k=0.130,
k3=0.062) . lumped constant (0.42)
ZRWTEHELE,

FEEREIMER] (16 ¥ 5B HLAIER
BB, HUEESDE, FBEX 6 H)
» PET A& HifT, FEE & RRD
FIEIZ L VBT R o ER RS & (F
ML,

C. TFkER

B 17 3 L ONBRER AME B oD i
TRUBERMHEEEBRE T, HRIEE
ZE - FE A O RS/ Bl O 7 RO BEH
DIETEBDDH, BT FUBEHEE &
1. A HIPEEE 3.93mg/100g/min, A EETE
£ 3.94mg/100g/min Th-olz, £z, =
fRE DM R FEVEE &34 AlEEE
5.53mg/100g/min . A &
4.01mg/100g/min FEEEEIR T L TV,

Pl

D. E%

Hybrid PET TOMT N7 HEHEE &
EEEX PET LT 5 &, £ 10~
23%IKMETH - 7=0 (FIEEHRE).
ZE ST OO HERME TORES
BELBROEEOE VR SIZERT S
HLDEEZBND, Hybrid PET T
BENOMT RUBHEEE Y AE L

THEIERZFHET 62 &I2L 0, B

HAMEIZ 31T D M REIE E 4 LT
HZENHEREEEZDNA,

Hybrid PET D% i85 D Rl 5> g s
=EE L B EER Ok 5 &% PET
BIED 30% & L=, BIERHIL PET
EHE L TIER T 2 A BR AR O g
BT A ENAEETH T,

AT COMBINZEB W TIE, Hybrid
PET TILRRRLE & W o IO TRED
TOKT FUKEHEED PET & K
LTHEEBEIZERETH- = (FIFEER
E), BMOERNZEK T 5 Hybrid PET
& PET OBEIEMEOE T, WX IE
EDEWVIZEFEL TV LD L Eb
N5, BEESMER T, EEEOMRH
DEANRBHND, LI ->T, FHET
DT Ry EERE OB E T S -
HIZi%. fEE O Hybrid PET &4 &
LTI T2 2 ENEEELE X
bz,

Hybrid PET (2L E &AM T R RE
HE L, RO, B igee, WU
EOFEET PET BIEIZIZRIZRNHD
O, EFIMEIZBIT DN EEEL R
BRI AT EELTERTHA,
#:1Z . Hybrid PET (24565 ADE#
A EUELU-EMENEEEE 2 DT,

F. WFFesE&R

1. Oku N, Kitagawa K, Imaizumi M,
Takasawa M, Piao R, Kimura Y,
Kajimoto K, Matsumoto M, Hori M,
Hatazawa J.. Hemodynamic influences

of losartan on the brain in hypertensive

- 40 -



patients. Hypertens Res. 2005 28:43-9. major cerebral artery occlusive disease:
2. Shimosegawa E, Hatazawa J, Ibaraki a positron emission tomography study.

M, Toyoshima H, Suzuki A. Metabolic Stroke. 2006 37:534-6.

penumbra of acute brain infarction: a

correlation with infarct growth. Ann  G. HRIFTHEHEDO BFRIR L

Neurol. 2005 57:495-504. L. REFEfs 7L
3. Yata K, Suzuki A, Hatazawa J, 2. ERHIEEE 7oL
Shimosegawa E, Nagata K, Sato M, 3. ZDfil 7oL

Moroi J. Relationship between cerebral
circulatory  reserve and  oxygen

extraction fraction in patients with

- 41 -



Awm %) {4 {oE) (ZEE)
13d pugAH 13d puUgAH

[P




SRR G E

(AL AR FE S 2 TIMBE P AR E DU NAE YT — 2 ailiil &
Bl AOMRAT R S TR B ORESLIC B4 DR )

[ S B R 1E 15 7 0D IR R R BE D ZEKIT DV T
SRS MR #E KRKFREREZRPERSHES A

WgeE ot Bt KIRKRFERFERESRIIERRSEHEES: B+
AR BE KIRKFEREGE SRR G E S

WeEs . EmI/MERE OB RMEEESEICOVWT, BEOEELEHIREZ
BT BT . KRR E S BE i a7 —~ ik S AL B
DL BRI E N DN BE I L O LEFRFHE 21T o 72,

ARl CRERTREL o7 (ZEH K 1 BHI~1 ~F) T 2004 4 12 A
F0J% MMSE, SLTA, WMS-R, WCST, go—no go test, 18 BBIfE, /S bvA A, Fi5
EEFRIC DU CHIRIOFEAT 24T\ >, 2005 4E 1 A LAKEN: MMSE, RBANS, FAB, TMT %
EHL, F1- TR RV L EFIEFRE LT/ oT, SHIT20054F 1 A LA
TR OB AR ST B7-% BADS BRI A M B oz, FHEE R i,
AEHEHR 5 DOV DD B IR NSRS 4 LB IR LB 572 0IC K
B,

LEREEETICRBL T BEIL, EEIME 51 4. BRERRE 3 #lThoT, &b
| W EEEIZZEMETHY ., HbE O MBEIHAIIENEE ThHoT, Tk b
LSRR RS E 1T S BB E Th o7, RBANS 1, SMEMERNEER OSFE
s E PR B ELS LV E IR T AN AR Th o7, £ BADS ERHZEIX
BRI A ST A H A HThoT,

FEEAME 51 BD5H . 16 Bl D BEFIT OV CGEHAE N iR Thole, BIERERIC
BE L CERRS A CIk, A2 LR OB, MELN WS EETEEE L
TWAEREME D RIBE T,

A B MG B E O EIER S TR

BRI OB 2OV (R IRIREESE RREERY . R Th . BB E DO
T x DIREORBIZEIVEGTHRY BESOREIZHL TERSE TOR
B LMELE, LU, FIUCHESTE AT HORENREILS, LWDOYLHE

—43 -




WA REEE DR BN ER SN T,

ABFFECIE, SMER O UM EE O RY
i@l T, ZOEEOEELREIEGE
R oA LT T

B. Xf&& ik

&L, TRl 13 4FERELARE O MR
Rt Z— ABRBREDIE | mIR
BED BN G Iz B T, MR L
RN FTRE TH 7251 6l O BIME
1l 48 1, BRAEZIGER] 3 F1),

SLTA. FIEREMEL T WMS-R, RIIEEZE
HREET & L C RCPM, WCST., go—no
go test, fTADFEMEL TEZEE, /1
VA L, FREVRAREITL7Z, 2005
£ 1 HLLEIX MMSE, RBANS, FAB,
TMT BLUMEHIER OB ZHETT D
7= BADS B R Z=A E L 7=, FEHHEE
i, MBI E ROV DD D B RN
HREEEE A LV IR A LB %
TmOICEE LT,

5t 15 BIOBE T, ZERFFERBITE

FiE, & BEIC, 2RNEMEE  BMREZITHZLNTEL,

FfLC MMSE, SFEHERERTMEL T

C. ok

AEOTEICB T, LT IMEDOZ ERINIIZZEIME THY ., 651 FilF 47 H
Thhotr, T BH S WIBESAIIAREEEE THY, 47 filF 21 B TH -7,

TNEDOREMIMEBEICTL T, ZERK AL —r B OR AT LEROMRL
A RS I LA WIE R E 21T /2~ T2, TORER, 4T FIOBEZEDIL 31 PIOBETE
SEMESIAY HEEATD . HE 17 FlOBE CERMEEDRELZFROR, 13 Bl0EE THRE
M4 HEE A OB T HICTHBITEEER2 O LAIBEEOBE LR, 18 B0 BE THF
FEEEATD . 95 8 FIDEE THIEEEDE L0, 146D EE TIEEREEZED,
5% 7 FlOBRE CHTEEDBEL DT, ZOR RIL. BELEIELILTODHERED F
EE—HLTWD,

FEROFEMELLTIZHR~D,

1. FIEARFAmOORE R

(1) =9 MRLIZE - CHE LT RMAERIB B0, 20 FIATERFEE THD, —RIFRETIT
BRSNS 12 6, A -EKBEN 8 Bl Th o7z,

(2) SEHEREE I RIL T, SEMTIEREED 31 6, WEMTIEEE . 4 61 ThoT,

(3) BRI B R E (ML BERE LS L) ORBEEICER T EHE M LER
=L 24 AE08 14 HlEZh o7
(4) 75 L BB B B (TR RBEEE LS D) ORBEEIER TOLRERELRY

—44 -



220G 8 BRSO BV,

(5) A2 L BRIZ IR B L1864, 11 fITld, 9 FITEEMREEEELRY. b fl TEmES
BTz,

(6) A7 LER IR LT3 EMF . 6 41TIE, 3 B TRk MR EE LR -7208, 1 FIT
RIS E  SEMEEREEL R 2 FITTEBEREE. £05h 1 FITIEEMRMER
BEELRDOT,

() Wiz, SEIEES S U EF OB EEAL OEREHETL THabe, BRMERTIERE
A B4 AE T, A TR A RTEEER G2 £ SHIEREREO2Z 2T HHIT
1% FAVRIEEIE RSN £ FRE AT EEEL £ 50 TR THATRERGE
T,

(8) BR AL IMEED 3 B ClE, &MLt MRI L - CRTEMMMIBE I H TEe 7283, 1
FICEEMEERE, | I CHEEREE, | flCaRERERELERREELELTIA
7 I RE PR E A RRO T,

2. BHIRAEDRER

47 BIOTEEIMEBRE DL, 26 BITHAER DD 2 R ETORIAEZIT o7

(1)
T A ST I L2 2 U MR RE B E A SR 72T 3 B ERICLEEEFBO 272 (A
EN

B REREERL 36 EflEERLA)

(2)7%Y 23 FlDSH 18 BITTEEREF LD, 2O THIMFFHE R 2R EIEE
7= 6 BIDHH ZEHEERIT | BT EBEMELBOUBIALRD 270 TR
A IE & i [EE LTz (BEE) , | BlITFEIEREE OWFLALNT (C #E) | 3 fITRMRIER
BoOWEN AL,
SIEMEEEEE 66 1 FITREMEREBOUE SHEELEESRETTE)
1 FRIELBEEWET T(C)
4 Blid e EiEotE D)

(3) A EASEAT - SRR BREDO R LR 6 fl0rh, 3 BlITZGFFRICIEREIKIC
EEL (B #E) . 3 FlIeENR ALV -7 (F ),
EEMETIEEE 65 3 21 Btk EE)
3 flid ek EmA LT (F)
(4) ZTHAET AR | LR ME S B RE E D B 2380 72 2 Billd, Z BB ICER BICEIELT,
(G B%)

Y EOBERE ATC ORFTIMEBEL LN THDE,
A BE 3L BT B EE RO T,
B Bt 1 1T, MR RS OB E R B E DT,
C Bt 1 i, A RTEETERR A i B L SE TR A B 23R T2,

45 -



D BEAFIE, 2 FUIMAIRTEEEORBEATRY ., 1 FICIIARERIENS BT TOEE
B | A RTTEHE~EEIE CERBIOE TERO T, | fllTEEE R B G20,
B3 Tl FNENERFRERER O DO 1 FlL, ARIEETERPN MEEZFEO 7 141,
e TATER A FRD T L I ChoTz,

E&E 30Tl 1 Bl CARTEEENHAITEIE I R SBIEL ARTEEOBREZRD ., 1T
I EANAIBEIE L A RTERIE DM R £/- 1 FICIZAERTERENLRFEEEIZ)NT TOME
BATRDT,

LK 18 BMATE (91 DB RFR A 1 B CIE, S IR BE DS IRE O HALR D272,

i

R
A

D. &%

BEEAMEIT . A TR BEHICLDLONEL FEEEFUENIZETLIENZ N
EHAIHIL TG, BAERENLY B RMIITONAZ L7228, BIFEET, Ak
EABIGE ORI, A THRITEEL TND, Ll BREIMER I R
BEN e ARAEE EORNT T G D 7 WIS T, RN TR AEHOL Db EE D
HEICERSH T, EBHASITHESERTILOD ATE EOIRRLNo720, Kt A
GORT T AR S EFE~OBEISHNREETHHEFC, Fo, AANREDSTY | F
HIEE ST DR T EVVIHIEENEY AL TFERBLT LY B TRWEWIEFNRHY Wi
DA E R N RERE E N R EIZ R0 D0 H D,

BEDOIFZEND, BB L ERMEEEEORBICBVTUIEEES -RLIEN
BENEERBEFATAILNRBEN TS, E0b SR EEE IS ETRIC
FIFTEENKEL HEEIRY BB T L CRERBBELLAZE BRI TN,

Fx OFERBRICBOTHOEE L TERBEOR RGO, SEORETIE. 5FT
B EEEMARERIBEEE S, £ RERIBEFN S o7 Tha L TR A e
DOEEERICEL TEERBEELT T0103% 0o/, £z, EFHIZRFLMME
EHTIRHELEICTEBMFRERE LT, A FERKICRB LIRS G TII A FBRINE
B BT B L & YR M B S 2E 2 3R D 7V ME B 2 2 RO T, TEFIEDN 2 A2V =D BT
PFEERRIT RV, ZNHORERIL, BIRIMEEEEE DIREIZR WL EFETRLIERE
=R NN DIC, L ERIBES CIIEEERIME I\ B R AN BRI E BRI LT D
TEMEL L BELVERIRIZIRB LGS BT A OFREORGRITENLIEN DN E
TR TOBOE LIV,

BIFEEICOWTOBEORENSIT, BEEFIMEIZIS T HE ML EREE IR O IR
RERELT, EEREPEEOMRES, AEEENMIEOEE ., CEAMEMEBRENETH
NTWD, S EIFK 2 OFE THIFERICEBEEOLEL 2D 7= CFRETIIWThbe
HISEIEEDEEN D I, FELNEIE LAV LB EICEEL TWDHIED RIS
7, UL, SRIEEEOEE NRDO LI, D,E,G BECIIH LI 22 EEML & O BEEI IR
BN T,

‘.{

- 46 -



PASME |7 351T A ERAMERERE =\ e ATRIRI T 7 e — 13, BE I B 5D EE DO
PR ZOREEICHTANMEFEE RO, RENTEREBEIEL2LTHIEINT
WA, EETIEA R RS2 B, ThUE, MBS N T, BEARANOBIEERT
AEEMETFTLTNLES, WhAFEHMET 72551 L VR ThHD, @ EOB I
5t O BNELNTRY, SRIOFK « DEIGEL—ET D,

AEWETELT-ZEFE B ©H5 RBANS TiE, UANFEBIUVANFAESLK SFRE TO
BENEL LD, EEHTREBERIORBEEREOBEENRERH RIS NT.
7~ BADS ERHETIIAEH O BEEHIELLIC, BE HH BB REOFLOAERED
RS SR ER K AN ODIREE DISIE LY, BB E LD IENTRENIC

LI OF 2 OFETIL, BEESMEFITILE LHIBEN SV I8, MMFHERHC SR
SEIEE NS D LA RSN, Fo, MEAREA & O R IRATEROBED, EEL2TC
WEIEM IR E LR L TS RS D AT EARIRE I, S EETELICEHETE F
% RBANS 38108 BADS B B E I3 AMEME NI (B 1 D\ b % i R AR RE I 5 & R,
B BB, EETH BRI R E THOEEbI.

F. HF90RE

2. FERFER L

G. HHIFT A FEO USRI
1. B IS 7L
2. ERFERE L
3. FD 7L

- 47 -



HHEEREE

(BBl A T B 2 T AME M AR R E D UNEY T —2ailiil D
FEE AR IR LIEFEORENIZ B4 DR 5E )

SERESEE R R/L
KR KRB E S R FE R R R B B JE B AN AN/ LR BB R AT
Tatr o SRS BhEeR

MEES Fx TR S - RRO#MERFARFICBWNT, BE
BRICEREINIREA#TCOEAEARE FHIET 2 BT, #
FREARICEX AT ELER FEOMEERDE{E FRET
(Fluorescent Resonance Energy Transfer) % AW THFLT S
ROBESEBZoTl-, ZHET mRNA O EHE~OFRZ Y
FTNEA LRI HEEODOFERIIROEKEN THLELE
BIKELL TV, L LEBAEOEITFRUN OE 4 R A EEE
Fiz L 2EE8B2Z 5D, FFRHRBOKZESL L TUIAENTH
| 3, 2 CHFROBECTREIFREHIZELTOFELERL, #
SREAGEEICH AR A T elF28 V7T 2= R & eIF5 ODENTE
h% CFP BXON YFP THE# LI —T72ERL, £0OH
& fEBEDENEES FRET TE=F Y 745 Z LI X O FIER & A
AN CHRAET D 2 LTS LTz, Frex L OFiEL M0 &
AENRICIGRAT A Z LTk, MREEOBERICK T 5Bl v
R BEBROEEEELHONITEDZOTIERVNEE R T,

[ OBIR 2SI Z BT DR B E A AV T VA LA D FHEORENL

ai

A. BFZEO B

TIVE CHEEMEIZ T S F N
BEARITHREIZB LN TND EF X
b T& 7, L LITE, shfkfiao v
T ARCHIER SR ER I o W TR R &
IS L7 H AT AL D REME
2R & LT W A (local protein
synthesis), *OHEHEE LT, 1) #K

- 48 -

ZERECEN R R IRIC RTE T 5 mRNA 23 F
ETHZ L, 2) BEREMRICEDLHE
K- A3 IR 28 S Hh R R IR I ETE T D
Z &L 3) HERRIR O BERAICEI D BE S
NEERIIBWTHT I/ BOIY A
BT B Z L BET NS, LZ
2o THABRKRIZBONTHREL
L7 mBRNAMWSL DX X7 BERNE
I ARREMENRE Z b, Ll



RPN O 45 TE OFEIRIZ RTET 2 mRNA
NEABARICEE LTS D & %R
FTEBOFUNARINTND EIEFN
g 2 S mRNAWOEHEA~D
T TR b BbERAIThilcE )
LA EBERTT O OO FENFEL
o= E TH D, ZTNETREIER & W
S IIEKEY Th HEEE DB
AAERE L U CRIMIlE S LT & 7o, Bl A T
YE BB A AMIIC BB S E TR WM
FAPIZ 331T B H G TR D AN S & TH#H
SROEEICLALDE LTHETENT
X7 Lo LHIRN O & 5 55 E DR
FOBICBITAEARZREZREDTD
52 R L EIER OIS T TR ARV ERE
OBE), E -5 REE OE{bR £ DEEk
BEERBES D> CTEARTHEEL T
WD, LT2s o THEFRIZERER & O B
EELAR LW O THIIE, BAEEYTH
AEHEIC L BRI EROMEL L
BERA[R TH D E WD DORF X DT
Th D,

F I THRAIZIZOMEEFRTLH
BT ERENRR SN2 BRICER L
- EBRAROEELITH Z LI L FHERE
WBRFOMEEREZ Y TNVI A LTH
BIbT B 2EL-, ZOFRT
W A M BRAGIC DI L7 s R AR AL
iR A U D BABMBRmICEA
L RISERIZRIT B X v NV AN E
DEHIZHE SN TVHONZMAAD
I BEErEZ DRI TS
A LIZHEHRRET B Z & BRAT

B. B HIE
1) FRET 7'u— 7 Oif#

B RNEREEETOEHET
# % YFP-eIF2 8 & eIF5-CFP % A
N—H—-THEFELEZERE
(YFP-eIF2 B leIF5-CFP) 77 » b
BT F A NANRT B — | HBIIA
WIET T AR Ra(ERLL . 293A Hifle
[ZEA LA N AR T A ST,

F 7~ [FIFFLZ sindbis virus X7 7 —
(pSinRep) 12 & ¥ YFP-elF2 j
[eIF5-CFP # L RV ERFH3 57
FAI ReEER-LE, 20 sindbis
virus 77 A3 K% poly (A) DER
TUvhw hL, SP6 7T HrE—HF—
X RNA R AT —BEZHNTY
A VA RNA OBRERB /LT,
F 72~ 8—RNA b ERDOFIET
AL, 220 RNA #[FEIZ BHK
HRIZ s T AT 2o b LT, HBE
EE L0 U ALK 2 BN LER
WZAEH L7,

2) HARMRETMLORE

AR AR A% L O T
v ML OBE LT, RS 28
M, A ARTF ARG ST,
AR ER A L 0 R L T E 7o
REAWBEHET Ty A7y
k& W TCHIr LT,

FRET O#L2213 100W KRT > 7
T —T7 RS 6 Leica £
# DM IRE2 microscope THIEDHE
BER IRV, EHEOBITLEIT
MetaMorph software T35 Z 727,

C. o R
FER B IRRETRRICE VAN AT Z—
IOPEESIT- AN AR B Y ST L

- 49 -



=%, YFP-eIF2 B [eIF5-CFP 4> /_7'&
DEIENT F ) A NN AR Z—"TE10~
15%. sindbis virus <& —TI318~20%
OB CRDBNT, TT S TANANRT S
— Tl 2 B H UL MR s <7
BOBRFIRBCLOFETHIRELEIL
theh . SOICERR A AN IZ U B 5 &
FRET #8224 5 TIZH 52 2250
L. FEATICE SN EHIBL 77, sindbis
virus ZHWEBEThH, B B % 0
R BE A 2 U R ER 4y DSFEIR T D2 &3 500
ST, —EOAFLIMEERAWT, 2D
R A~ A7~y NIXDTIWT L7205, Yl
WrE B S ERE LA IEIZ EDD
MEEERENT-, I IR HEL T
CNGBBRARELITE A, SHE O
DRIV T FRET 23 fEERT 528
MWTET,

D. B

AR OBFFEIZ R VTSR MM A
DOEERENCBIT 7 R E AR
REBIK TR OMAE/ERZRALE
FRET 7'o—7IZdVBETHI LA AT
I TANALED T 0— T BT ELL

FizREETHY, FEROEEZBLNLD
Tl T, AN AT W T EE TS
EREREZIN AR ARSI SEZ #E 2L T
LEW, FRET #H H32LARTO DT
ET 5, BIET AN AL DR F1E
Amaxa (electroporation) 7 & DRI 51k
DWEE B> THD,

F. W3R
€5
2L

(FRHER)

S v MEBMBRMEOBHRERZ IR
5 RFTHERO Y T F A AR AL
VAT AOHBE FHEL, HEL E
JFET], E=ILUIE®M $2 75 A AR
ZeF A4 7E QAR EFEERRE (R
N

G. MBIFTA ORISR
1 4FEFEAR L

2. RAFERE 2L

3. FOMh 7L

- 50-



SrHamr R &

(BBl 2R ZE 2 TAMENE PR R E OUNEY T — v ailBi s
B2 WA L TR RE ORESIIZ B3 DA 5E))

TR IE LT 31T B A RIRE T+ VB [ (AQP) DN BT D452

SfREFRE ETE E
e % R Rk

VT R B R R B
TR E RS R BB

Do

WIRE S  SMEMEREE S IR R EEROREEN LR35, KiTRZBLEARICLY
BB SMEI B £ LD, 7 AN A MM EOD aquaporind (AQPIL, AT
B AEEBEMMICIVRE AL, MREORE - HBCHET 520N

A THEER

I RN TR I L AN MBS T DR BB L
Do L EBEARRT THD. £ OFIENT
RUIE BRI D T L E DTS, AFZ
TIIIMEME R IE DR A ERDOAN =R
BEFELF2T— L UCTREL. 972
Pt KF v RV ER aguaporin (AQP)D
SMEME MR SR EE T COREENI OV TR
L.

B. Br4E 5k

<7 A7 stab wounds ZANZT7. FREF
B RIE M OB o & BE R R E R
WZTHRELT. BEMED RNA ZHIHL
AQP4 mRNA FIRIZHOWTCHEREE &1
PCR =& % AV /= quantitative RT PCR {£&
(I TChRETLZ.

C. WFoEfE R

< AMBET T L CIINEE®R 3 B
B IZRdK & A BIXSMER 80.4%, Bt
Al 78.9% A EICEINLT-. B BRI
M8 E#% 8 A £ TERMIz. AQP4 mRNA %
HEIMEEGSEZ2BEIVEFLEFEIC
204% (AHANZ R T5%) FTREAL.
F0O FRITMEER 8 B BE TRV,

D. Z£

IKF ¥ IV saquaporin (AQPHITELF
25—~ UL TRRBHZBE S L TS, i
TORARHNLT ARt A Ml - 5/ i
& Bt iR BE P S BB R E A > T D,
7 AR A ML AQPA NMEF I
B, MicBITAELAIKT ¥ RNOE
x> TV, SMHEMERIRE TIISMEME
BV RES R AL, SHE N EA TUES TR
Bk BAL WA, MR G EMT CILARERE

-5l-



IZHEWBRE 22 O BT LR IR & E A
AWIZ ERT5. KIIRBEARIZIDE
15305 I OO RN HR ISR o ~FE Bl L b ¥ R 3 56
A5, UL S COSRAED
7 AR Ml - AQP4 FEBL A IS ED
AIBEMEDSBA B b7 o7, AQP4 DIEE A
TSk BB A RIESND. MEE
SMERITIT AQP4 O _E ST ER
BEOEERETALEEZLND. — 77,
SMEEAABENLL EHE BTV D E AQP4 38
B EFIINEE R R T LB DD,

SHEMERMIE RS, G TITMMBE
BEN EFTH. KIFEEEABIZLVE
BL, MZBEORELAELD. v URIME
PEMMIBEE T 2BV TEH AQP4 mRNA
R F Ky &I b bAMENE
N DB A 2[RI RF ISR T2, R AQP4

DFS BB IRV B IR £ TR L7z

AFFEIZ L INE B OIS TENNEE D
A GHIBIZAKTF v R AQP4 DSEEEL
TWARBEMENH 2T,

F. BFoe5eR

BRE

1.0Okuda T, Katacka K, Kitano M,
Watanabe A, Taneda M. Successful

treatment of a patient with a 13—vear

history of post—traumatic rhinorrhea
due to malabsorption of cerebrospinal
fluid.
48:247-249,2005
2. Nakano N, Uchiyama T, Okuda T,
M, Taneda M.

Minim  Invasive  Neurosurg

Kitano Successful
long—term deep brain stimulation for
hemichorea—hemiballism in a patient
with diabetes. J

102:1137-41,2005

Neurosurg

FRRR

1. Watanabe A, Kataoka K, Tsuji K, Sumii
T, Teramoto Y, Taneda M. A role of
astrocytic aquaporin4 on the traumatic
brain edema and a hypothermic effect

upon the aquaporin4d expression. Brain
’05 Amsterdam, 2005 June

G. MBIFTAEHEDBISIRIL

L. /P L
2. EHBERT 2L
3. T fth 30



HEREOFIITICETE—HER

REHERL | MLEADVA R By | U | R
Shiozaki T, | Cerebrospinal fluid concentrations Shock 23 406 2005
ot al. of anti-inflammatory mediators in -

early-phase severe traumatic brain 410

injury.
Inoue Y, et | Changes in cerebral blood flow J 22 1411 2005
al. from the acute to the chronic | Neurotrauma -

phase of severe head injury. 1418
Yata K, et |Relationship  between  cerebral Stroke 37 534 2006
al. circulatory reserve and oxygen -

extraction fraction in patients with 536

major cerebral artery occlusive

disease: a  positron  emission

tomography study.
Oku N, et|Hemodynamic  influences  of | Hypertens |28 43 2005
al. losartan on the brain in Res -

hypertensive patients. 49
Shimosegawa | Metabolic penumbra of acute | Ann Neurol. |57 495 2006
E, et al. brain infarction: a correlation -

504

with infarct growth.

- 53 -




SHOCK, Vvol. 23, No. 5, pp. 406—410, 2005

CEREBROSPINAL FLUID CONCENTRATIONS OF ANTI-INFLAMMATORY
MEDIATORS IN EARLY-PHASE SEVERE TRAUMATIC BRAIN INJURY
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ABSTRACT—In our previous study of patients with early-phase severe traumatic brain injury (TBI), the anti-inflammatory
interleukin (IL)-10 concentration was lower in cerebrospinal fluid (CSF) than in serum, whereas proinflammatory I1L-18 and
tumor necrosis factor (TNF)-a concentrations were higher in CSF than in serum. To clarify the influence ot additional injury
on this disproportion between proinflammatory and anti-inflammatory mediators, we comparsd their CSF and serum
concentrations in patients with severe TBI with and without additional injury. All 35 study patients (18 with and 17 without
additional injury) had a Glasgow Coma Scale score of 8 or less upon admission. With the exception of additional injury,
clinical characteristics did not differ significantly between groups. CSF and serum concentrations of two proinflammatory
mediators {IL-18 and TNF-a,) and three anti-inflammatory mediators (IL-1 receptor antagonist [IL-1ra], soluble TNF
receptor-1 [STNFr-I], and IL-10) were measured and compared at 6 h after injury. CSF concentrations of proinflammatory
mediators were much higher than the corresponding serum concentrations in both patient groups (P < 0.001). In contrast,
serum concentrations of anti-inflammatory mediators were much higher than the paired CSF concentrations in patients with
additional injury (P < 0.001), but serum concentrations were lower than or equal to the corresponding CSF concentrations in
patients without additional injury. CSF concentrations of 1L-18, IL-1ra, sTNFr-I, and 1L.-10 were significantly higher (P < 0.01
for all) in patients with high intracranial pressure (JCP; n = 11) than in patients with low ICP (n = 24), and were also
significantly higher (P < 0.05 for all} in patients with an unfavorable outcome (n = 14) than in patients with a favorable
outcome (n = 21). These findings indicate that increased serum concentrations of anti-inflammatory mediators after severe
TBI are mainly due to additional extracranial injury. We conclude that anti-inflammatory mediators in CSF may be useful

indicators of the severity of brain damage in terms of ICP as well as overall prognosis of patients with severe TBI.
KEYWORDS—IL-1ra, sTNFr-l, IL-10, cerebrospinal fluid, head injury

INTRODUCTION

We have reported that concentrations of proinflammatory
interleukin (IL)-18 and tumor necrosis factor (TNF)-a were
higher in cerebrospinal fluid (CSF) than in serum of patients
with early-phase severe traumatic brain injury (TBI), whereas
concentrations of anti-inflammatory IL-10 were lower in
CSF than in serum (1). This notable disproportion between
proinflammatory mediators and anti-inflammatory mediators
after severe TBI is consistent with the observations of Maier
et al. (2). Partrick et al. (3) reported that serum concentrations
of anti-inflammatory mediators (IL-1 receptor antagonist
[I-1ra] and soluble TNF receptor-I [STNFr-1]) were dramatically
increased in trauma patients within 12 h after the event (3).
Shimonkevitz et al. (4) also reported that 1.-10 was found in
peripheral blood immediately after TBI. Therefore, we
hypothesized that additional extracranial injury may be involved
in the disproportion in mediator concentrations. To test our
hypothesis, we examined CSF and serum concentrations of
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anti-inflammatory mediators and proinflammatory mediators
in patients with severe TBI with or without additional injury.
For the purpose of this study, we selected two proinflammatory
mediators (IL-18 and TNF-«) and three anti-inflammatory
mediators (IL-1ra, sSTNFr-1, and IL-10) that have been analyzed
in the clinical setting (5-9). In this study, we also assessed the
relation of CSF anti-inflammatory mediators to intracranial
pressure (ICP) and prognosis of patients with severe TBL

MATERIALS AND METHODS

Patient population

During the period of 1998 to 2002, a total of 73 patients with a Glasgow
Coma Scale (GCS) (10) score of 8 or less were admitted to the Department of
Traumatology, Osaka University Graduate School of Medicine. Patients less than 10
years of age were excluded from this study. Eight patients who suffered severe life-
threatening injury to organs other than the brain were also excluded from this study.
CSF or serum samples could not be obtained from 30 of the remaining 65 patients,
therefore, these 30 were excluded. Thus, 35 patients were included in this study: 17
without additional extracranial injury and 18 with additional extracranial injury. Of
the 35 patients, 26 were men and 9 were women. Their age averaged 39 years and
ranged from 14 to 77 years. No patient had pre-existing neurological disease.
Informed consent for participation in the study was obtained from an appropriate
member of each patient’s family.

Eight patients with additional extracranial injury and eight patients without
additional extracranial injury were overlapped in our previous study (1).

Patient management

After intubation, all patients were subjected to continuous mild hyperventilation,
which was induced with PaCO;, between 30 and 35 mmHg, and all received high-
dose barbiturates with mild fluid restriction (1-2 mL/kg/h). When cerebral perfusion
pressure (mean arterial blood pressure minus ICP) dropped to less than 60 mmHg,
patients were given adequate amounts of albumin. Colloidal fluids or dopamine
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(3-5 pg/kg/min continuous infusion) was administered as needed to maintain urine
output greater than 0.5 mL/kg/h. No corticosteroid or mannitol was administered
during the study. Immediately after initial resuscitation, all patients underwent
computed tomography (CT) scanaing of the head. Subsequently, an intraventricular
catheter was placed in each patient. The catheter allowed continuous monitoring of
ICP and intracranial temperature. There was no evidence of complications, such as
intracranial hemorrhage or infection, due to insertion of the intraventricular catheter.
Intracranial mass lesions associated with midline displacement greater than 5 mm
were surgically removed when necessary. Intracranial hypertension was managed
initially in all patients by conventional ICP reduction therapy, such as mild
hyperventilation, mild fluid restriction, high-dose barbiturates, and/or CSF drainage.
In patients with ICP at or above 20 mmHg and those who were unresponsive to
conventional therapy, mild hypothermia (34°C) was induced by surface cooling
with a circulating water blanket placed above and below the patient. Intracranial
temperature was controlled according to our previously published protocol (11).
Control of ICP was achieved in 24 of the 35 patients, but not in the remaining 11.
Patients with low ICP were assigned randomly to mild hypothermia (12 patients)
or normothermia (12 patients). After randomization, patients assigned to mild
hypothermia were subjected to mild hypothermia (intracranial temperature of 34°C)
as quickly as possible, and patients assigned to normothermia were maintained under
normothermic conditions (intracranial temperature of 37°C). Mild hypothermia was
started 1.9 + 0.5 h after injury, and body temperature reached 34°C 6.0 £ 0.5 h after
injury. Mild hypothermia was continued for 48 h, and patients were rewarmed
at 1°C/day for 3 days. Normothermia (37°C) was maintained for 5 days.

CSF and serum analysis

CSF samples were drawn from the intraventricular catheter, and blood samples
were drawn from an arterial line simultaneously 6 h after injury. The CSF samples
were centrifuged to remove cellular debris, and the supernatant was immediately
frozen at —80°C and stored until analysis. Serum samples were prepared from the
blood samples and were stored at —80°C until analysis. 1.-18, TNF-¢, IL-1ra,
STNFr-1, and IL-10 concentrations in CSF and serum were analyzed by enzyme-
linked immunosorbent assay with commercially available kits (R&D Systems,
Minneapolis, MN). The minimum detectable mediator concentrations were IL-18,
1 pg/mL; TNF-a, 4.4 pg/mL; IL-lra, 14 pg/mL; sTNFr-I, 3.0 pg/mL; and IL-10,
3.9 pg/mL. For statistical analysis, minimum detection-level values were used for
mediator concentrations below the minimum detectable levels.

Injury severity score

Injury severity score (ISS) is calculated using the standard method of squaring
the three 1990 Abbreviated Injury Scale score values for the three body regions most
severely injured (12, 13).

Patient outcomes

Patient outcome was assessed 6 months after injury on the basis of the Glasgow
Outcome Scale (GOS) (14) in which death is scored as 1, vegetative state as 2, severe
disability as 3, moderate disability as 4, and good recovery as 5. For statistical
comparison, the outcome of patients with a score of 4 or 5 was considered favorable
and the outcome of patients with a score of 1, 2, or 3 was considered unfavorable.
Surviving patients participated in follow-up interviews by telephone or in person at
the clinic.

Statistical analysis

All values are expressed as mean + SEM unless otherwise specified. Statistical
analyses were performed with Stat-View computer software (version 5.0) and
included Mann-Whitney U test, chi-square test, or Fisher exact test. Relations between
variables were assessed by Pearson's correlation coefficient. Differences were
considered statistically significant at P < 0.05.

RESULTS

Patient characteristics

Clinical characteristics of patients in the two groups are
summarized in Table 1. The groups did not differ significantly
with respect to prognostic factors on admission such as patient
age, GCS score, pupil abnormalities, or CT classification. ISS
in patients with additional extracranial injury was significantly
higher than that in patients without additional extracranial
injury (P < 0.001).

Of the 35 patients, 12 made up the “patients with low 1CP
treaied under normothermia,” 12 made up the “patients with
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low ICP treated under mild hypothermia,” and 11 made up the
“patients with high ICP.” All patients with high ICP were
treated under mild hypothermia; none were treated under
normothermia. The number of patients treated under each
condition did not differ significantly between patients with and
without additional injury (Table 1).

Mediator concentrations in patients without
additional extracranial injury

CSF and serum concentrations of all substances measured
in patients without additional extracranial injury (n = 17) are
shown in Figure 1. CSF concentrations of the two proin-
flammatory mediators (IL-18, 10.9 x 2.3 pg/mL; TNF-q,
184 + 49 pg/mL) were significantly higher than the corre-
sponding serum concentrations (IL-13, 1.6 + 0.2 pg/mL; TNF-a,
5.0 + 0.4 pg/mL; P < 0.001). As to the three anti-inflammatory
mediators, CSF concentrations of STNFr-I (984 =+ 137 pg/mL) and
IL-10 (13.5 = 4.3 pg/mL) were almost equal to the corresponding
serum concentrations (sTNFr-I, 878 = 107 pg/mL IL-10, 13.6 +
3.1 pg/mL). CSF concentrations of IL-1ra (1670 + 377 pg/mL)
was significanily higher than the corresponding serum concen-
trations (621 + 114 pg/mL; P = 0.034).

Mediator concentrations in patients without additional
extracranial injury

CSF and serum concentrations of all substances measured in
patients with additional extracranial injury (n = 18) are shown
in Figure 2. CSF concentrations of the two proinflammatory
mediators (IL-13, 9.9 + 1.9 pg/mL; TNF-e, 16.6 = 3.5 pg/mL)
were significantly higher than the corresponding serum concen-
trations (IL-18, 1.5 £ 0.2 pg/mL; TNF-e, 5.1 £ 0.4 pg/mL; P <
0.001). Unlike patients without additional extracranial injury,
serum concentrations of the three anti-inflammatory mediators
(IL-1ra, 26,861 + 10,354 pg/mL; STNFr-1, 2590 + 356 pg/mL;
and IL-10, 69.3 + 20.2 pg/mL) were markedly higher than the
corresponding CSF concentrations (IL-1ra, 1920 = 381 pg/mL;
sTNFr-I; 831 = 144 pg/mL; and IL-10, 12.9 £ 2.5 pg/mL) in
patients with additional injury (P < 0.001).

Mediator concentrations in relation to extracranial
additional injury

Serum concentrations of the three anti-inflammatory medi-
ators (TL-1ra, 26,861 = 10,354 pg/mL; sTNFr-L, 2590 =+
356 pg/mL; and I-10, 69.3 + 20.2 pg/mL) in patients with
additional extracranial injury were several times higher than
those in patients without additional extracranial injury (IL-1ra,
621 = 114 pg/mL; sTNFr-I, 878 = 107 pg/mL; and IL-10,
13.6 = 3.1 pg/mL; P < 0.001). There were no significant
differences in CSF concentrations of the two proinflammatory
mediators, serum concentrations of the two proinflammatory
mediators, or CSF concentrations of the three anti-inflamma-
tory mediators between the two groups.

Serum concentrations of anti-inflammatory mediators
in relation to ISS

Significant positive correlation was found between ISS and
serum STNFr-I concentrations (r* = 0.365, P < 0.001). No
significant correlation was found between ISS and serum IL-1ra
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TaBLE 1. Clinical characteristics of the two study groups

Patients with
extracranial

Patients without
extracranial

additional injuries additional injuries P value*

No. of patients 17 18
Age (yrs) 41 +5 37 x4 0.531
Sex ratio (M/F) 12/5 14/4 0.711
GCS on admission 54 x04 59=x04 0.409
Pupil abnormalities on admission’ 10 13 0.489
Hypoxia on admission® 7 9 0.738
Hypotension on admission® 3 6 0.443
CT classification! 0.700

diffuse injury 1 1 1

diffuse injury 2 5 8

diffuse injury 3 0 1

diffuse injury 4 1 1

evacuated mass lesion 10 7

nonevacuated mass lesion 0 0
Treatment assignment 0.694

patients with low ICP treated

under normothermia” 5 7

patients with low ICP treated

under mild hypothermia¥ 7 5

patients with high ICPY 5 6
Additional injury**

chest injury 0 9

abdominal injury 0 4

pelvic or leg fracture 0 8

arm fracture 0 4
Injury severity score'’ 22502 41,7 £ 0.6 <0.001
Outcome

favorable/unfavorable 11/6 10/8 0.733

Numbers represent number of patients unless otherwise indicated.
Values are expressed as mean = SE.

TPupll abnormalities were defined as abnormalities in size and/or reaction to light in one or both pupils.

*Hypoxia was defined as Pa0, less than 60 mmHg.

SHypotension was defined as a sustained fall in systolic blood pressure to 100 mmHg.

ICategorized according to the classification of Marshall, et al. (J Neurosurg 75:514-S20, 1991).

Tlow 1CP: patient's ICP was maintained below 20 mmHg by conventional treatments.

*High ICP: patient's ICP could not be lowered to below 20 mmHMg despite conventional treatments. All patients with high ICP were treated under mild

hypothermia.

**Overlapped in some patients.

injury Severity Score is calculated using the standard method of squaring the three 1990 Abbreviated Injury Scale score values for the three body
regions most severely injured (12, 13).

*Mann-Whitney U-test was used for the comparison of age, GCS on admission, and Injury Severity Score. Fisher exact test was used for the comparison
of sex ratio, the incidence of pupil abnormalities on admission, hypoxia on admission, and hypotension on admission, and outcome. Chi-square test was
used for the comparison of CT classification and treatment assignment.

concentrations (2 = 0.001) or between ISS and serum IL-10
concentrations (r* = 0.050).

Correlation of GCS score with CSF
concentrations of mediators

Because CSF concentrations of both proinflammatory medi-
ators and anti-inflammatory mediators did not differ between
the two groups, we examined correlation of GCS score on
admission with CSF concentrations of mediators in all 35 patients
regardless of the existence of additional extracranial injury. No
significant correlation was found between CSF concentrations
of any mediator and a patient’s GCS score on admission.

Correlation of ICP with CSF concentralions of mediators
The CSF concentrations of all substances in patients with

high ICP (n = 11) and those with low ICP (n = 24) are shown in

Table 2. The CSF concentrations of IL-13, IL-1ra, sTNFr-I,

and IL-10 were significantly higher in patients with high ICP
than those with low ICP (P = 0.002, P = 0.006, P = 0.009, and
P = 0.009, respectively). However, the CSF concentrations of
TNF-a did not differ between patients with high ICP and those
with low ICP.

Correlation between CSF concenirations
of mediators and outcome

At 6 months after TBI, outcome was favorable for 21
patients, but were unfavorable for 14 patients (Table 3). The CSF
concentrations of IL-18, IL-1ra, sTNFr-I, and IL-10 were
significantly higher in patients with an unfavorable outcome
than in patients with a favorable outcome (P = 0.006, P = 0.009,
P = 0.003, and P = 0.012, respectively). However, the CSF
concentrations of TNF-¢x did not differ between patients with
an unfavorable outcome and those with a favorable outcome.
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Fie. 1. Graphs showing CSF and serum concentrations for all
substances measured in patients without extracranial additional injury
(n = 17). Open bar, CSF samples. Closed bar, serum samples. Data are
expressed as mean = SEM.

DISCUSSION

This study was designed to answer the following two questions:
Is the increase of serum concentrations of anti-inflammatory
mediators related to the existence of additional extracranial
injury? Is the CSF concentrations of anti-inflammatory mediators
related to ICP and prognosis of patients with severe TBI?

In the present study, serum concentrations of anti-inflammatory
mediators were lower than or equal to the corresponding CSF
concentrations in patients without additional injury, whereas
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Fie. 2. Graphs showing CSF and serum concentrations for all
substances measured in patients with extracranial additional injury
(n = 18). Open hatched bar, CSF samples. Closed hatched bar, serum
samples. Data are expressed as mean = SEM.
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TasLe 2. CSF mediators in TBI patients based on intracranial
pressure (ICP)

IL-18 TNF-a IL-ira  STNFrI IL-10
(pg/ml)  (pg/ml)  (pg/ml)  (pg/ml)  (pg/mi)

Patients with ~ 17.4 21.8 2968 1351 17.4
high ICP* + 27 + 6.4 + 597 + 229 +27
(n=11)

Patients with 7.2 15.5 1263 701 8.9
low ICP? +1.3 + 3.1 + 202 £ 69 £13
(n =24)

P value P=0.002 P=0546 P=0.006 P=0.009 P=0.009

Values are expressed as mean + SE.

*High ICP: patient's ICP could not be lowered to below 20 mmHg despite
conventional treatments.

fLow ICP: patient's ICP was maintained below 20 mmHg by conventional
treatments.

P value obtained by Mann-Whitney U-test for thie difference between the
2 groups.

serum concentrations were markedly higher than the corre-
sponding CSF concentrations in patients with additional injury.
Serum concentrations of anti-inflammatory mediators in
patients with additional injury were several times higher than
those in patients without additional injury. If we put the two
patient groups together, concentrations of anti-inflammatory
mediators appeared to be higher in serum than in CSF, as was
the case for concentrations of IL-10 in our previous study (1).
However, it is natural to think that the influence of brain
damage on other organ systems is reflected more precisely in
the serum samples of patients without additional injury than in
those of patients with additional injury. Therefore, we conclude
that the excessive increase in serum concentrations of anti-
inflammatory mediators after severe TBI is mainly due to
additional extracranial injury, not to TBIL itself. Our hypothesis
is supported by Hensler et al.’s (15) report that plasma levels
of TL-10 did not differ between trauma patients with severe
TBI and those without severe TBI.

We also observed that serum sTNFr-1 concentrations posi-
tively correlated with ISS. Our result is in concordance with
other published data that STNFr was correlated with severity of
injury (16). Partrick et al. (3) reported that elevated levels of
serum STNFr-I correlated with the development of postinjury
multiple organ failure early after trauma (3). There is not much
doubt, therefore, that local injury in tissue beds may be likely
involved in the increased serum concentrations of sTNFr-L
However, the increased release of sSTNFr-I into blood does not
seem to be a direct consequence of the secretion of TNF-a

TagLe 3. CSF mediators in the TB! patients per outcome

IL-18 TNF-a IL-1ra sTNFr-| IL-10

(pg/ml)  (pg/mi)  (pg/ml)  (pg/ml)  (pg/mi)
Unfavorable* 14.7 19.3 2622 1323 20.0
(n=14) +25 + 5.1 + 508 + 190 + 5.3
Favorable® 7.5 16.3 1249 627 8.7
(n=21) +1.6 + 3.6 223 + 49 +1.4
P value P=0.006 P=0590 P=0.009 P=0.003 P=0.012

Values are expressed as mean + SE.

*Patients with a GOS score of 1, 2, or 3.

TPatients with a GOS score of 4 or 5.

P value obtained by Mann-Whitney U-test for the difference between the
2 groups.
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because serum TNF-a concentration did not differ between
patients with and without extracranial additional injury. The
mechanisms that induce the release of sTNFr-I into circulation
remain to be determined.

What is the function of excessively increased anti-inflammatory
mediators in serum after severe TBI? Why are proinflamma-
tory mediators not also increased in serum? These questions
cannot be answered with our present data. In 1991, Poutsiaka
et al. (17) and Arend et al. (18) reported similarly that TNF-«
and IL-18 were not detectable in the circulation of trauma
patients despite increased levels of soluble TNF receptor and
IL-1ra. Although more than 10 years have passed since they
reported their results, the questions just mentioned have yet to
be resolved. A key to answering these questions may lie in the
answer to another question. Are the excessive anti-inflamma-
tory mediators in serum after severe TBI biologically active?
We are now conducting biologic function studies to investigate
the biologic activity of these anti-inflammatory mediators in
serum in patients with severe TBL

In our previous study (1), we demonstrated that CSF IL-1f3
concentration was significantly higher in patients with high
ICP than in patients with low ICP (P < 0.05) and that CSF
IL-18 concentration tended to be higher in patients with an
unfavorable outcome than in patients with a favorable outcome
(P =0.057). In the present study, we not only confirmed that CSF
IL-1B is useful as predictors of outcome in patients with severe
TBI, but we also demonstrated that CSF anti-inflammatory
mediators were related to high ICP and poor prognosis in
patients with severe TBI. Although it is speculated that CSF anti-
inflammatory mediators originate from intrathecal synthesis of
resident glial cells in the brain or blood leukocytes recruited
into the brain (19, 20), the means by which the increased CSF
anti-inflammatory mediators act in counteracting the inflam-
matory response remain unclear. Further study is needed to
clarify whether the increase in CSF proinflammatory mediators
directly induces the increase in CSF anti-inflammatory media-
tors or leads indirectly to the increase in CSF anti-inflammatory
mediators.

We examined CSF and serum concentrations of anti-
inflammatory mediators and proinflammatory mediators in
severe TBI patients with and without additional injury. The
three primary findings of the present study were as follows:
serum concentrations of anti-inflammatory mediators (IL-1ra,
sTNFr-1, and I1.-10) were much higher than the corresponding
CSF concentrations in patients with additional injury, whereas
serum concentrations were lower than or equal to the corre-
sponding CSF concentrations in patients without additional
injury; CSF concentrations of anti-inflammatory mediators
were significantly higher in patients with high ICP than
in patients with low ICP; and CSF concentrations of anti-
inflammatory mediators were also significantly higher in patients
with an unfavorable outcome than in patients with a favorable
outcome. On the basis of these findings, we conclude that
increased serum concentrations of anti-inflammatory mediators
after severe TBI are mainly due to additional extracranial injury

SHIOZAKI ET AL.

and that anti-inflammatory mediators in CSF may be useful
indicators of the severity of brain damage in terms of ICP as
well as overall prognosis of patients with severe TBL
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