L_ (FgTH2R5E : FRVBRE)E MIFR

(193) |

—az2—%/0r®k, w2054 FR, b4
17 > ROVEEDSFHRTHS. LI L, B8
EIZIERA D 555, EAMMEZ A2 VWOT,
ERICIZBFHEZEL, 2~3 2 AOEHILEL
25,

0. AMOEBLE
B H o Rl 123 5 Y 205mm o) 3§ 5 2
Thh, HOL Y XL LTOEMEH-T WS,
T OB EE LA R I A KR
AR E W,

1. MM - NEMEAME bacterial keratitis,
fungal keratitis
(8 =
LIRTiaE e L #28L LT, MWL
DRPEELD DB o70h, EFERFERS
N3y 2 Lo XERRETLLOHHIML
TETBY, Hicars2 Ly XEHEBEOLEE
{EicfEy, A DAE O 4 B RAE DT REE ML
10~20 R > Twad. HERETEEYIZL
LYMBPRATOA FRli R A REICMY L
TWwa I EAEWw, fEHRE LTI - Fim - 1]
- BAORTFLEEZRLL. HEIME IS HRT
HFTARRERETH DA%, WIZHBEICHT 2 RISAHE
{, BGETLHETICEHEMI D2 S.,
(2) FEM
HEEaREOREN LEEM L L TI2, ¥t
TEORE, MERE(HS—-HE3), &BY
(HAF7-HE4) 2 EWRENTH D, BTz
MEFHMEAROREKETHL a7 75— ¥BlE7
F 7 2R (coagulase-negative staphylococcus :
CNS)®, aVANR2F VS ADL ) LHEHD
BB RELMML TS,
ABRMNEENREN ZERE L LTIE, SR
HETRA V¥, RRHETRT7TARLFEL R
(HhZ—RES5), 7¥)V 2 A (AS5S—HEE) 1t &
METFEIS,
K
EETIXAREEXH - 28 - WBARELZR
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O, REFATIZARENL - 27 - WEER™
FRHLILLHE. HERPLEY Latoizh
VRBEREEL, DRBIZEANRUTV o
HRVPEL 22D HFMTHS. BETHSHS
EEBETADREBNESZN, B2 EMNs
T DOBNE L Tix, ABORLHN L IRA
LTHEHBR(Y 7 4 %6) R TREREMET
LILENMETHL. HEIEDIIHRAIIE, 7
Tr¥70-5Y % 0L L HEHRY
b T e taii e, TO—E A L
BEERTHLENS S,

()E =

MR L D SN - IS TR
UEHTLIHEEERGT L0V EETH LA,
VEOWHETIEINERHTHL2OT, AREA
WOREKEALBEL CHNME - KAE»E» L
WHZE, BIUTOBBI M LHSZHNL,
BEHWIHBMARY b AXHE LD S L5 ol
AGDEOARM: 7r40F )or B+ &
7 = AFAHR) %o SR (1 B 1 [B]) Tt
e L, Fhicad 5 BIEC oMl OER R
EARIET, ROEMELRRL T, FT1E
fEFIZBWTIZ, HIRIZmA Tt Eem+
5.
BT IO G SN RLE L
S, IRFHHFELTE=Y Y AR - WD
b, TV=NLADOEHR (7 va+—N, 32+
V=, FYIFS—N), FYrFLoROE
A(IA77F)bHw6RE,

2. MMAIANZ  herpetic keratitis

e =

BT EEMA S LR - EH - WO 3 KRk
BEHTHN, BT THAIMENEITH L
TWa. COABER=AMEOYREZTITSEY,
HBANVARA = HENICBRRELTWS
HSV?:, ZOREEIZH-> TABICIITE T, #is
DRIEZRZTHATHA, HSVICiZ 18 L 28
2@ ) (HSV-1, HSV-2), B DEER 1T~
NRAFHSV-UZE AL ONE L, EBALARZIE
HSV2I2 Xk 2 5 DA%, ANV ZIZIZE A
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(194) o

YHSV-1Z k260 ThHH, HSV202 22401
abbdHTELW,
ABRALRZADS S —2OKELRME LT,
FEETOY A4 LARME kL L2oRE(ERE)
L, EBCOYANAICHT A REREE L
LMEB(HER) S, KLEMENNL-T
(BT ENBEHLNDL.
@ R
1) EER
FEBAY o M ER M L 48 (dendritic keratitis) % 5
L, iR LEFAOHKOEETHREL TS
ARH SN, WIS AHDL. ABHTIEZ
OFROATHEMA2L. 127, BELLTIEL
B ool i K L, MR B & (geographic
keratitis) D% £ B4, FTOWHEL EEIRE
SN EH EHFMREEATHWIHZ-HET).
2)ENE
AN LHEUTIBRMBETH . HRPR
MBI it R iR LA O R o MR AR
W2 G - RSB EE LS. HHOBEO
£ibiES, MHREHDETS HCmTFRALZE
LA, FPROBHICED 26 I2HVIRE
FELDD, BEEARELVDATED, &
RO REN L VWAL (HAF7—-RES).
ShPMcHaEEEERE LAAERLB D,
EFORYERTHIMATETV S,
) W
BEEBIICIZY A VAT LEEN, LN
i TRRIED & WENHEERLPCRO S ARGT L
whHRBZ ENEWw, LAL, HSVIZ AR
LTwah 7=, PCREEZATCRBNTE T,
real-time PCRIZ X 2 it 2 AL ETHS.
MBREIEE Fid AR~ L R 2B EFTH L TH
NERET, BICELHREZRNEL TV DA
WTIR, EHLARAROETERDA.
()& &
FEMTIET 2o LR E BT 22
EHUBCREFNICMATRERGEH@AT L0
WHERRATOA FEAROHRAILETHD.
PR BUE L 7% Wi R o i LR R AL
S ERMBRKORIEL 2 5.

38

3. PhhFPA—/ % acanthamoeba keratitis
ThHY T AU L B MBURRAE (L, 4K,
AEIHES EhOTHLRERTH- /22, B,
ayy s bl AMEOREH ML, MEE L
sTWS, Thy b7 A=23Ep T TR,
Atz bTFELTEBY, a5 7 PL LR
FEr—=ANTH > b7 A— 22 S W TR %
HELBAZENE W, THY T A—20ET2
EEELT, MBREEOKRIN, THY FT A—2S
AT BRRICRRRE L CLELME DT,
HRERATO, FELEIZLDTH PT A
2SR LR 2 RIS OWMZ EAHD, o
NENRE>TIRLOTRENR LTS, TH >
b7 A—=23212 %4 (trophozoite) &£ & R |
(cyst) DEENH D, EHFERMEVELTIES R

MEL. §ixoRBiaHIEIT 5.

RS ) - GE A2 o S N o - X
SiAR - AR - BEROBE, DHEHERMBRE" &
4 LBA, RO ITR E L TR B &
(radial keratoneuritis)™ 2% 2. WWH S T
filn - B HVOIHFMTH 5.

ARANRAGEELIZLIEFRBENT, T4
— KT AN E AW HATLE,
PRI (fy MU e lo K & IR T o012 I &
RBE2RT2)CRIREN (ARl L
[{OHRoRE) RV o2RMOREL 2D,
HEHZIEHT 5 (H 5 —HE9).

HME LTIRIAT A=k Db ¥R D8
M, MBS EITIH, BWHEHOED
fEufedh, SO DICMA THEERETH S &
HEETH), 3HHMEL ShTVwD. G
k¥ HE ¥4 5.

V. Bl OBRE
1. 1#4&RE$ 5% chronic dacryocystitis
RSN EE e X— A RET L. HEN
R LB MR L, BARIL
KL oTWD, fERE LTHHE - IRIEEZ4EL
L, BEMLELTIIMAEREL7F7RE - L~
HREAH, T AARL EORATRICH
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(H{RTH L ESE - FRYIBRE) S  WHFUR

u%ly

72oT, BEREEOGFHEEZRAL TEHIZOF
Ll, BRATINBRAEDREIZ LA,

2. M4EPIE acute dacryocystitis

B AMENE L B, SRS
IR LTEY, REHEMORA - %4, Bk
HEM DR - Mz 205, iEEOLSES
L DEMARLETHY), KEATIZENESS
FHRT S, HABRICKEEE 25 Twa RiET
HEDHEMELTS.

V. BBRAOBRE
1. #EtE - WEEEA % bacterial endophthalmitis,
fungal endophthalmitis
nE =

MR 2T - 2 LIk ->TELS
BRNORIETH DA, MRTHEETIZWEL K
LK ETHD. RORDEND 6 OEETY:
U 2§z HR A 25 (metastatic endophthalmitis)
E, BB FHICLI-THELIHBEBRNE
(postoperative endophthalmitis) (75 —H&E10,
MICKE{FHTERE,

EREBNETL- L PV REHEH X V¥
BTHN, intravenous hyperalimentation (IVH)
MEF L CTlfrECEBT 5. B2
Mttobobdh), MEREIZLZFRIE» SO
GERIERA L YA RN TH 5.

WRiBA RN EOMNE TRl it
LLBLDT, BEOHATORIEIZ005%H 5
Wi ENRUTFLERTWE, 4 KBEBELT
CNS - MRSA - BRE - 77 2 firtmehTwn
5. $FIZMRSA - BBEREILETHR, LorbE
HOREZUIEV D, BTEEH "0
DVWTRAICEET HLENDH 5,

(2)¥

- WRIROAERIZSCI - (RA6 % k- 7 AR Bh
KTFThs. MHFNEBOMRPL7 17 > %
B, £{OWTHRIKER ) HEE: 25, HHHE
OEBRAZITETAREG T, BKIZHBHEE -
il - WF-HREVEHSN D,
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AN EENR S, BfFEDNLRGIZRT
BTV ERRMLTERIHTLEEH1, W
HEORFEEHPH T RER L LOTFRERR
LLZLENHD, BREDLD(T I F@R Y
PEEME, FHREN» HTEL T 50, i
AT TORBEH B, BHIIHIRZ-TEL
by,

(& =

HRTPIE - N EOBEE L WS Z B2k
2, MBNMIAEARY b7 A0 VER
DA D LD, HRIBNEIZOWLTIZ/
AvA Lyl T VYV AOW TR L
NTW5, ETHFRGE, EEFATERNHOMTF
UFHEeERSD,

RN ETIE, FRP V¥ znks
WTHBED, FAINAFS— ik POEYHH
HMORUNTH 52, REMBRS CICREAGE
BAEZE, EWEMICHKE L WHATIENT
HFEHOBEE LD,

(4)F B

CELORNEDES, IVHRIE - TR &
DEBERAREZREZTEYEOH 5B E T,
M SR L B-D-27 b h v B (LRI
WE) 2fiv, ARERYS VWS TLRH 2
BEELILNRETHS.

WEDMARIZ2WTIE, BRET 1 FAGHR %
Mbhar—2Z2LIMTETEN, FHERLOES
LW, HEOTHRY, TR Le ico
LDBIEIRLEAALN, KE B, #iE
RAZRDERMDES (VB EHXTHLLTH
MR F—LRIZFEET D). FO1-0,
Wil (DU SRR O SR % T - THRIRBEO KRB
ZiEdhoeh), Wi cARL23— FEAIICE
HEMBEI T DT B EHN—BMEEN, BSE
o, FELEHLETIZLIHEETHS.

2. BEMBAE acute retinal necrosis
VIVRHSVORBRTOREIZ L - THEL 5.
HATIILDTOHGEFHEOWMIISOBETH
HZEH6, MLoBMOANERE LIRS
¥ 5 B4 (Kirisawa uveitis) DIFERACH &£ Tl L
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(196) X

CHWRASRTVAD, MBOBEED S LAk
BRREO SV AHLE LTARL TV A,

WA ROBBUN T £ALRICAE L, MBURIED,
5, MRBIL, SR ERLTEHTE. X
O L FAHOY4VABRELRE), ERRE
HOL B ZOVEMTHD. TOLH, W
BBy 4 L 2R L RAEBUG & B REDH Nt
W5 LTHY, REIRS, WHBRECHTH
BELHES. ANKBETHS. DNEEHEI S
HTHhozobbdh, FWICEHEOHN TR
DEVEBRTH-7-25, HEY A VAHFHIILT
MHRT Y2 OENRIT L 7 AN EDHN
NARAEEBRERATOA VROZHHS T
HMAEREZ-oTETWS, 127, BETYS
BEMICHTERTHELET ZEMAIZ V.

HSVI= & 2 Q4 #MBURIEIZHSV-1X h LHSV-2
TRoLZENEV, BE2BFSVHE, O
RifL— FEGHTRBHEA TRV,

3. Y/ rAH O L AEME cytomegalovirus
retinitis (7 5 —RE12)

H#4 FAHOY A NA (cytomegalovirus :
CMV) 2 EHOERET, RELLZOETIZED
ZONKELHBRTHS. AIDSOEBRLERD
~oTH AP, TNICWLTIRAFHAARTHE
EHVDEAILLD, FORMERRILTV D,
BEFTR L LCii s b0 L L -
BHELSRELTEH, EF 04 BRIRE
(cheese & ketchup) LVbhTwad. WLk
B o BUMIEAT L LB, REFE
< Lo, WREYS {, BFERRCHR
BEERBOLNEZVE, HoTHI{HETS
5. BBV TIEMBTORESSRE (HIV
Wi, REBBHE, BLFEMELRY) DERDY,
SEMOLBERRE LLICKETH), 2610
WOMCMVILkio L5, PCRIZEDZ VA VA
DNA#H, MmikOCMVHLEUMAEDER % 2L
STBNT3. GRIRT S 270ELRPENTD
Ko 9 X Thod VT 20 YO
CMVENL S L, BRALEZ> T RES
LnUEI=L D, REFLIHB/LTVEWVLE,

40

MCMVE TR L REMEL TS, TOPEICE
S>THEIIHRET S,

X R

) KHKB, (Eh: 94 VARBREOTA FT
{>». HR&E, 2003107 1~35

2) klEH -, 35 RNEMREBHRET A F S A
¥, BER&dE, 2007 111 : 769~808

3) #IEk: ABROREWE (AR ) =27

(28 |, # EFk - EULC - MERZ - Al

%4, P315321, EAE@PE, HOR, 2003

ok AR S YMENE - EEHT

B (REBIAPEAALARAOBKEEE BB

ik, 2008 ;24 83~9

5) Kakimaru-Hasegawa A. et al.: Clinical

application of real-time polymerase chain

reaction for diagnosis of herpetic diseases of the

anterior segment of the eye. Jpn ] Ophthalmol.

2008 : 52 : 24~31

LK RREMERE [SHOHRIRS

(20084E R0 |, UMM, JERUGE, HFXERN

#, plo67-1068, PR BE, Wi, 2008

FEEX: RREBAE (5008 E]

(20034F) |, il JEEOEREES, p964-965,

EdPE, MR, 2003

WA, I Ty b7 A—2iREOH

EAfR—ah Sk ET—. AADRHE,

1991 ; 62 : B93~896

WHE, Ed:TH > b7 A REOERE

ERAOHW TE. EARME 1994 148 1 1149~

1154

10) Inoue Y. et al : Preoperative Disinfection of the
Conjunctival Sac with Antibiotics and lodine
Compounds : A Prospective Randomized
Multicenter Study. Jpn ] Ophthalmol. 2008 :
52 : 180~190

1) S, (3 SRR A I gt & UM E
HRLNEES Y BERIZOVWT, B, 197110
25 697619

12) Itoh N, et al. : High prevalence of herpes
simplex virus type 2 in acute retinal necrosis
syndrome associated with herpes simplex virus
in Japan. Am ] Ophthalmol, 2000 | 129 : 404~
405

1

6

7

8

9

—

Z R

1) 24 #—LB BR-HIKELRRTEEIIC
RHIZRHLTWE. TOMNBIREDNT C
AW EATWS, T4 H—LRILFEIN
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2)

3)

4

5

6

7

(R TH 20 | FRRRAE)E WA R

UW)W

LB EROBRYRE L L, ENoERS
BiFs REL2BEEE-> TS,

B EBERICEYONE F—LROBET,
PRIZ) R RAEML T, Bl i FF A°
BHOIE, B ALAERPLs T3 VT
PeTH 2§,

FLOUNH  HREROBFCREICELTVWIR
IZZHSh2@HhVIFRORERNT, &
BOREIH-THML, Yo— FiizBz 2.
BEOT UA¥—BRRETEIEROLTI R
GLTEXASZEET 3.

Mol %R MREMEDOWIZH 5 MBIk R
TEKE LSO REMUAIMEL, e
FHAR=—F—2ERLThEo200, BRitkD
ML T+ —oDHEME L 2.
Trr¥70—-FY 't . HliPTH b7 2
=B HFET A F o O - R o L
THAEBERTIAF LRI VN AN® Y BA
DR LA Refntl, RESEIIPEHSR
SAOTHORMLTH Y b7 A= Ut
I“filTH 5.

MM © ) > SR LD K ERRA
BROMGM (LM KR LE-LDTEHY, £
B2 EAHOBIEDRE X LT MBITN 2
9. ERE0d MO0, EWET
Epigment %> THIZH D,

) BB ABE  BHR M EAHSVIZE AR
BEEREMR L L THBM A, HSVELA B
RAMIEIHD L 2B At b - AR

—

—

—

Vol. 38 No. 5

ABELFRITNT VS, THY b7 2—2005
. VIV, MBLEEERAR, SMl#tEs
ETELS.

8) BMRABMER : MBRELEH S bl

o THHRIZIARIZH-TBEL SN I BED
B#ll. 7THbrT A =N EICHENT, 7
A FPTA—NBRETEEIRVHALTL
HILLMMETELEADATVLEY, FOHE
iE{HhrosTnRN,

9 RRUWMEE  HEOK T 325855 AR

10)

1)
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~OROENMTH L RETHMET BT
Y, EXELBERELID S, WROBNA Y
ENBIEHDLHMBELELDEEDIZ, HET
DEREERT 5.

WTHEFH RN OKGEE@ROM) £ F R L
TS FHRIRENBITL 2wAnL L L
TOMEEALTEST, UBLTLHRMIE:
EWLL2w. 2040, HOPRFEE LT
THERIhTURLTHENT S, BlETi
HOKHEEL TV IW T AL SBEDLZ b a¢
HBT DLV EREVDPSERICRETH S,
MTHFEMEIZOL S Ll RUBRST TR <,
WRADL —F—oMIRAAL PO X 53
GRMETSTASL4HTH S,
HAART##: : highly active anti-retroviral
therapy DRy, WHUOIHIVEZ #ASHETH
GETAHET, ChIC > THIVREE O Fisht
KESHELA 2272, BEMPEMEE, &
FOEHMRE LOMBIESLE LTR- T2,
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SEFS itEEE - saceeELnS —

BENERISSRERONEEFOAED
] ===

AR 7R

HEERX
RUAFEYSESHENAES 118

BHTRAERSRISERTEDY, AT | 8 SEATR2EED
ABEHAL GARETSONRRTSHS. PEELULOSMATIILRRSBH

ATd. BRATRHTEFRECBIC, NEERTFEIANENTSSD. RER
REOEBESPI 21—+ /OVERBEORO MBI LETHED, HBHAE
THS. MARSABRRICHUTIR 7S L7 T = I—ILsiR»I (a9 /A8 - B

HREERATS.

1. IBRHCBIT DR ARDRETHE

—

RETEMEASEREY, 28EL—TD
BRABERESAIETSHS (S - #ETE
5 - BERS  MFEEALY). & (ICARIE
ABERTEREV) ZENKRELMATHSE, -
7, SREOHESFREMICL>TLEECLST
LEBICITRABOI, MBS LAY, &
ROV OICBREES LIV T A LAY
PHETHL, EHLMEHTEE, 8+EaHD
AEVEVI T TIEA LB A HRIE R LT
VBERELVAELSWTHE, il SBEOME
{&minimum inhibitory concentration (MIC) %2
mutation prevention concentration (MPC) % it
HMILERZMETHL 20, WiELIZRI hiz
CMEDERT OB BN, EBRIZIZEORORE
Ao LR BDITTREVDT, HEEEME
2, ECHhoB (- TSR SAHEE

1. RN OE BRI & A

RREL A LTARASNHNLTVE, LEWICHE-
T A, EFDREDRAP) TMIC £ MPCOM
DHREE (mutation selection window : MSW) {2
IEEoTLEIWHEENHE.

LI —oDIREORRMEL LT, worltARY
EAELTEETAE, FEEMTELLLT
b, RIEAEOEHEDOET LHEIROBERT
THE, FLOORBREIFRLDRTLES S &
HiFoh s, Fof:oiz, RIEREICM L TIF
PRSI A & O3h i R S A
RokdHh, EHOH»LRD L, BARIES L
whhthahkwr—ALIMT 5. kML
WOREP LR CHIIMBTH S, 20l n
RERREOHHEL EE LoD, BRI 6%
WBlIE L2 BB ETHS .

(1) Bt
MM Ti, RS- FmEEL
A, BN ISR COilld 5V IZIRIE £ ik

=~ 280 =

PR R L, B RMEL THEMATS
A&, EBRHCE VR ONHE 2R % Tempiric
ERERET A5 EA%(, TNTH (LR

i Vol.90, No.11 (2008.11) | 2889



(%)
100
90 -
80+
70r
g0+
:mu’ta‘! 50 ~0— 1 LVFX
40 F —o— MCR
-o—! EM
or ~0—: CP
20k -0~ SBPC
10 -0 CMX
oLt o Y I L L L L L L " R—
=006 013 025 0S5 1 2 4 8 16 32 64 128 128< (pgimL)

.
E1 HEECEMLGS NN T S R LR
SA29RMTEF—-2TH 3.

LVFX: LE70%45 >, MCR: 3 20/%1 2, EMIIYAOQTS L, CPI PO L7z ==, SBPC ! ANNZL) -,

CMX 272/ %54

T5. REOHARTOMBEREIREOHHE 20
LT, SR L LTRATA 24 REDIMEEOR
WAEF ISR e WM< R 6, —a—F /0
YHRER-+7 2 ARARAER S NS (1),
RAOERIZEIS LSt efiogst s
RAFERNPE-THMENT . 2751, BRICIZE
BB Y HD0T, HRA S Sh 7R
RETH 25 E DO MoV CIXEERRT R4 HE
AEEDETRAMNCBMTAZLATMETHS.

HMETHMAMBEAMIC L ZERFEHRLE L
h, HBR52E@T 5 LIEE TRV, KEIC
L AEEREFNTH Y, SROBIERIGE 2D,
PHICETLTAMBILLE T ELHL0T,
7uF A (L7 ") 2 HB5EHATE,

\2) mm

PR R AR | UF P IR £ o LR IE LIRS
LML L, RAE IRAE|DETEMNS. TE
FITIREELTH 2% ) ORMEDRF RS,

2890 | M Vol.90, No.11 (2008.11)

(Zm1)&Eh)

RN A L, BRI - AT Bt
MIREEE FTOBRZEITHTHLOT, BER
AR LR, LAY BB T MIMELT,
empiric lHEBEMKGT 5. HlSRETRED
Riabo2fiBrdlagbe s, —RICZa—
FI/IALFAREE7 r LRSBOEHEHEY
S{EAENTOVS. BEAOREBRE L TizRE
7 2 3R (Staphylococcus epidermidis), €7
7+ (Moraxella) % ¥ H% {, {il SRIEDH
EAIRTES. PHEEATRRET F RN
(Staphylococcus aureus), aESAIRE (a-stre-
ptococcus) % &, MAEFTIXM S ERM (Streptoco-
ccus pneumoniae), #&M¥ (Pseudomonas aeru-
ginosa) e K EME L THEMEMET S, P%E
METIRERESEALAIEI L, 0, RIB
B AR E0Y 2RI - MBI T DS L%
#TiE, ca—F/o0 FAaRETI/ )Y
FHROSBEERL, 50503 AR SilE
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3) mm%

RERAEIRARILHE - NEE L LoTELS
BADRKETHSH, HETITEHIZEZER
ZIREBTHE. KOELPORIISOEBTE
LaEBERARs, BEFHICE-TELLWH
BIRARICKE IO NE. =2 ClRiREA
F#IZDVTHRE.

WtEIRM R BN L L ONIRERRICRE Y
HLBLOT, Rl h CHIfig INIEALT
&5, LAEOHRRAEDIKELEG L LTaT
77— 7 FIRM (coagulase-negative Sta-
phylacocei) + A F ) YERET FYRE
(MRSA : methicillin-resistant Staphylococcus
aureus) - IR (Enterococcus faecalis) - 7 2
W (Propionibacterium acnes) M1 5R T w3,
G L LTI R OWF RiEAC B SRl i T
DM FRFWIERE L2, MFEEALLTIE

. IR Loam

) Za—F/0VFBROZFESE

VAR

Sa=F% /o RHARENERENTVEA,
WREZELTTI 273y FRPew2054 F
Rl ERMORG 5 HREWA LA L, L
CIEPI/ TV FRRIABOLS> G ERET
(3340 v postantibiotic bactericidal effect 75 L,
HATH2Y, T, w2054 FRIt7731
ZEZEDOTHYTHN, H4F 7104~
DREBEELROLERLE LB S,

2) RESIRIRS Om:
LM GIRELT AT L LT a~E

- 287 -

HTEBE - sxcanmsns - EE

M3 Y (Img/0.lmL) £+ 7% YV 4 (€
¥ % 225mg/01mL) 2 EHT A 0@k T
H5. BHROBRELRMTIE, Va2 08
BIZMRSA LHH LB &N TV 224 R
AROBEIRFME TEEL, T2EBLED
TREZWUNME LA 700, WEBAX TS
FREFLAT/ O A EHENTVS,
C0L LRAEROREEOS (IZBREHET
Ha7w, RARORELFHT A0, #8E
SHOREERRETENOI - FMFICLS%
RAERENhTNEY, I—Ov R TIHIRAED
RAETFHI W RIcE7 0%y AR TEPE S+
SHENTORTED, RAROREWELZET
SHHER 5 evidence A%H AV A, bAEITI,
EDFEORIFIZOVT, FHRVBLAREITT
bhTwaERTHA.

THA. LEAEHELNMETIE, HNETHSE
DNEAREE S H2~32 8, BEicLoTi?
FhU EoMMiThbhTwaa%, 1» AUAICHE
BLTWI(RETHAH. ThLUSMNZ LIRDEH
BRI 2 2 MARE M U IR 5 AT
NTVWBEENS L, LERDROMA 2.0
HaLENHD, &8 - RROBENM DB,
E5 LTHRMBS Y LELEAIL, REKOM
e MREZ T { cyclic therapy #4795 . #R
F D cyclic therapy DU =21 T D evidence 14

LAt 32 BIIENEETHAS I
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V. RIS AR

Bk L7k 50, HUlEGAR3E - BRI I2
FEHIEV Lo, MICTRIEEHESRTHERK
MR L L HBOT, ERIZHROSS
BEIEOERERELTI V.

IRF R TIEEY, SHIREARRE (MDRP !
multidrug-resistant Pseudomonas aeruginosa)
Lriyaw4 L RERIRE (VRE : vancomycin-
resistant Enterococci) (=& SN EIE L (,
=) oep S AR TR 22 2RE (PISP | penicillin-
intermediate Streptococcus pneumoniae) /™=
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Demonstration of cooperative contribution of MET- and
EGFR-mediated STAT3 phosphorylation to liver regeneration
by exogenous suppressor of cytokine signalings 999
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Background/Aims: As conditional knockout mice for stat3 are impaired in liver regeneration after partial hepatectomy
while those for gp130 have defects in early STAT3 phosphorylation but have normal DNA synthesis, late STAT3 phos-
phorylation induced independently of gp130 seems to be essential for liver regeneration. Since HGF and EGF can activate
STAT3 via gp130-independent MET and EGFR, respectively, we assumed that these factors account for STA
dent liver regeneration. Here, we investigated this hypothesis by introducing suppressor of cytokine signaling (SOCS)-1
and SOCS3, potent negative regulators of STAT3 signaling, sdectively in hepatocytes.

Methods: We generated recombinant adenoviruses expressing socs1 and socs3.

Results: Hepatocytes infected with socst-virus lacked STAT3 phosphorylation in responseto IL-6 and HGF, while cells
infected with socs3-virus lacked the responseto all of 1L-6, HGF and EGF, indicating that those SOCS proteinsdi erently
regulate EGFR signaling. Mice infected with socs3-virus exhibited severe and persistent impairment while those with
socs1-virus showed only delayed regeneration, indicating requirement of both MET and EGFR signalings.

Conclusions: These results clearly demonstrated that MET- and EGFR-mediated STAT3 signalings cooperatively con-
tribute to liver regeneration and could provide new insights into tissue homeostasis.
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1. Introduction

Orchestrated adtivation of a signal network connect-
ing cytokines, cdl cycletransition, and growth factorsis
essential for homeostatic liver regeneration after liver
resection or injury [1-3. Immediately after liver resec-
tion or massive liver damage, nonparenchymal cels pro-
duce |L-6-related cytokines [1-8], and quiescent liver
parenchymal cells start to replicate in response to vari-
ous growth factors, such as HGF and EGF, via activat-
ing MET and EGFR, respectively [1-7]. These evenls
converge into homeodtatic liver regeneration. Condi-
tional knockout mice for gene encoding glycoprotein
(gp) 130, the common signaling component of receptors
for |L-6-rdated cytokines, have severe defects in the
early activation of STAT3 but are intact for DNA syn-
thesis after partial hepatectomy (PHx) [8], indicating
that gp130-mediated early STAT3 phosphorylation is
dispensable for DNA synthesis. In contrast, conditional
knockout mice for stat3 have severe impairment in
DNA synthesis [9], demonstrating the importance of
STATS3 in thereplication of hepatocytes. These observa
tions allow us to assume that the early and late STAT3
phosphorylations in hepatocytes are induced by the
gp130-dependent and -independent signalings, respec-
tively, and that factors other than |L-6-related cytokines
are essential for liver regeneration by inducing late
STAT3 phosphorylation independently of gp130.

Suppressor of cytokinesignaling (SOCS) is a family of
intracellular molecules that negatively regulates various
signal pathways [10-12]. SOCS1 and SOCS3 play ther
own rolesin di erent biological situations by negatively
regulating partially overlapped signal pathways [13-15].
SOCS! binds to Janus-activated kinase (JAK) family
members to negatively regulate various cytokine signa-
lings, such as IL-6-induced STAT3 phosphorylation
[13-16], while SOCS3 strongly interacts with activated
cytokine receptors, such as gp130, to negatively regulate
STAT3 phosphorylation [14-18]. Because HGF and
EGF induced post PHx activate STAT3 via gp130-inde-
pendent receptors, MET and EGFR, respectively
[19-21], we assumed that MET- and EGFR-mediated
signalings might account for the gp130-independent
STAT3 phosphorylation. Here, we assessed this assump-
tion by hepatocyte-selective introduction of SOCS1 and
SOCS3. Infection of hepatocytes with recombinant ade-
noviruses expressing socst only inhibited HGF-induced
STAT3 phosphorylation, while those infected with
recombinant virus expressing socs3 could inhibit both
EGF- and HGF-induced STAT3 phosphorylation. After
PHx mice with exogenous SOCS3 exhibited persistently
abolished DNA synthesis and liver mass restoration,
those with ectopic SOCS1 expression showed only delay
of these responses. These results indicated that absence
of both MET- and EGFR-mediated STAT3 signalings
almost completely abrogated liver regeneration and that

absence of the M ET-mediated STAT3 phosphorylation
alone induces only slow-onset liver regeneration. These
results demonstrated that the MET- and EGFR-medi-
ated signalings cooperatively evoke liver regeneration
process and shed light on the molecular mechanism for
tissue homeostasis.

2. Experimental procedures
2.1. Mice

C57BL/6 mice were purchased from Clea Japan (Osaka, Japan).
Six- to eight-wesk-old male mice were used. All mice were maintained
under specific pathogen-free conditions, and received humane care as
outlined in the Guide for the Care and Use of Experimental Animals
in Hyogo College of Medicne

2.2. Construction of recombinant adenovirus

Recombinant adenoviruses expressng genss encoding GFP
(AxCA-GFP), murine SOCS1 (AxCA-SOCS1) and murine SOCS3
(AxCA-SOCS3), which contain a CAG promoter (chicken b-actin pro-
moter with cytomegalovirus enhancer), were grown in 293 cdls and
prepared as shown previously [22). AxCA-GFP was gifted from Dr.
K. Ikeda at Osaka City University (Osaka, Japan). Viral titers were
determined by optical densitometry (particles/ml) and by plaque-form-
ing assay on HEK293 cdlls [22].

2.3. Adenovirus infection and operation procedure

Recombinant virus solution was injected (5 - 10° pfuin 0.2 ml) into
mice via a tall vein (Supplementary Fig. 1A). At 48 h after infection,
mice underwent 70% hepatectomy [4]. At the indicated time points
after operation, serum and liver specimens were sampled. In some
experiments, we measured the liver weight and calculated liver/body
weight ratio [4]. Five to seven mice were used for each experimental
group.

2.4. Hepatocyte preparation

Cals (5 - 10%/ml) of hepatocyles were incubated with various ade-
noviruses at 50 of multiplicity of infection (moi) for 3h [2). The hepa-
tocytes were incubated with recombinant murinelL-6 (20 ng/mi), EGF
(20 ng/ml) or HGF (20 ng/ml) (R&D systems, Minneapolis, MN) for
15 min for detection of STAT3 phosphorylation. The culture medium
generally used in this study is William E medium containing 15% FCS,
100 U/ml penicillin, 100 Ig/m| streptomycin and 2 mM L-glutamine
[23].

2.5. [*H]-TdR incorporation assay

The hepatocytes were incubated with EGF (20 ng/ml) and HGF
(20 ng/ml) for 48 h, during last 16 h with [*H]-TdR, and incorporated
{*H}-TdR was counted [24]. Stimulation index was calculated as fol-
lows Smulation Index = [*H]-TdR incorporated in sample cells
{cpm)/[*H]- TdR incorporated in control cells {cpm)

2.6. Western blot analysis

Protein dectrophoresis, protain transfer, and detection by Western
biot were performed [4). The primary Abs used were anti-phosphoty-
rosine STAT3 Ab, anti-STAT3 Ab, anti-phospho ERK and anti-ERK
from Call Signaling (Beverly, M A), anti-cyclin D1 Ab (sc-717) (Santa
Cruz Biotechnology, Santa Cruz, CA), and anti-SOCS1 Ab and anti-
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SOCS3 Ab from IBL (Gumma, Japan). Secondary anti-rabbit or anti-
mouse horseradish peroxidase-conjugated Abs were used at dilution of
1:2000 (Amersham Pharmacia Biotech, Piscataway, NJ).

2.7. Immunohistochemistry

BrdU analyses were performed as shown previously [4]. Liver spec-
imens prepared from mice infected with AxCA-GFP 48 h before were
fixed, frozen sections were incubated with rhodamine-conjugated anti-
mouse F4/80 mAb (Biomedical AG, Augst, Switzerland), and immu-
nofluorescence study was performed as shown previously [25].

2.8. Mitotic index

Liver sactions were stained with hematoxylin and eosin, and mito-
tic hepatocytes in 30 high-power fields were counted. Average mitotic
hepatocyte cell number in a high-power fidd was regarded as mitosis
index [4].

29. Statistical analysis

All data are shown as means = SD. Significance between control
and experimental groups was examined with the unpaired Student’s t
test. p values less than 0.05 were considered significant. The represen-
tative data are shown. Thesimilar results were obtained in two to three
separate experiments.

3. Results

3.1. Exogenous SOCS1 and SOCS3 di erentially
regulate responses to HGF and EGF in hepatocytes

We generated recombinant adenoviruses expressing
socs1 and socs3 in order to introduce those genes selec-
tively in liver parenchymal cells [26]. First, we confirmed
that infection with AxCA-SOCS1 and AxCA-SOCS3 is
able to induce production of SOCS1 and SOCS3 pro-
teins, respectively, in primary cultured hepatocytes in a
dose-dependent manner (Fig. 1A). Hepatocytes infected
with mock virus, AxCA-GFP, showed STAT3 phos

A moi 0 110 1:30 1:50 1:100
SOCST | e e
socs: [ e

B GFP SOCS-1S0CS-3
e = & =% o

PSTATI [ e |

BTATY [ ——2 =]

Fig. 1. Overexpressed socs! and socsd negatively regulate | L-6-induced
STAT3 phosphorylation. (A) Primary cultured hepatocytes were inau-
bated with AxCA-SOCS1 (SOCS1) or AxCA-SOCS3 (SOCS3).
SOCS!1 and SOCS3 protan levels were determined by immunobilotting.
(B) Hepatocytes infected with AxCA-GFP (GFF), AxCA-SOCS1 or
AxCA-SOCS3 were incubated with IL-6. Phosphorylated STAT3
(pPSTAT3) or total STAT3 (STAT3) expressions were delermined.

phorylation upon stimulation with IL-6, while those
infected with AxCA-SOCS1 or AxCA-SOCS3 exhibited
abrogated STAT3 phosphorylation (Fig. 1B), indicating
that exogenous SOCS1 and SOCS3 inhibit the gp130-
mediated STAT3 phosphorylation.

We wanted to know whether these exogenous SOCS
proteins negativey regulate STAT3 phosphorylation in
response to HGF or EGF. Hepatocytes infected with
the mock virus showed STAT3 activation (Fig. 2A).
By contrast, hepatocytes with ectopic expression of
SOCS3 lacked STAT3 phosphorylation in response to
both EGF and HGF (Fig. 2A), while those with ectopic
socst lacked it only in responseto HGF but showed nor-
mal response to EGF (Fig. 2A), indicating that exoge-
nous SOCS1 has narrowly limited target molecules as
compared with SOCS3. Because both HGF and EGF
can activate MAPK pathways [27,28], we analyzed
ERK1/2 phosphorylation. HGF and EGF almost equiv-
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Fig. 2. DI erentially impaired proliferative response to HGF and EGF
in hepatocytes overexpressng SOCS! and SOCS3. AxCA-GFP-,
AxCA-SOCS1-, or AxCA-SOCS3-infected hepatocytes were incubated
with HGF or EGF. Phosphorylated STATS, total STAT3, phosphory-
lated (pPERK1/2) and total ERK2 (ERK2) expressions were determined
by immunablotting (A). Primary cultured hepatocytes infected with
AxCA-GFP, AxCA-SOCS1 or AxCA-SOCS3 were incubated with
HGF or EGF and [*H]-TdR incorporation in each experimental group
was measured (B). Asterisks indicate p < 0.05. N.S indicates not
significant.
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alently activated ERK1/2 in hepatocytes infected with
all types of virusss (Fig. 2A), indicating thal SOCST
and SOCS3 proteins do not profoundly regulate the
ERK1/2 phosphorylation.

Next, we investigated proliferative response to HGF
and EGF. As expected, the mock virus-infected hepato-
cytes proliferated in response to HGF and EGF
(Fig. 2B). By contrast, hepatocytes with exogenous
SOCS3 failed to proliferate to both HGF and EGF,
while the cdls with excessive SOCS1 did not proliferate
to HGF but could proliferate in response to EGF
(Fig. 2B). Thus, there seams to be a positive correation
between STAT3 phosphorylation and DNA synthesis
Collectively, these results suggested that both SOCS!
and SOCS3 proteins inhibit hepatocyte proliferation
by hampering the MET-mediated STAT3 activation
and that only SOCS3 inhibits it by simultaneous abroga-
tion of the EGFR-mediated STAT3 phosphorylation.

3.2. Exogenous SOCS1 or SOCS3 inhibits STAT3
phosphorylation but not ERK1/2 activation after PHx

Introduction of SOCS3 inhibits both MET- and
EGFR-mediated STAT3 phosphorylation, suggesting
SOCS3 inhibition of liver regeneration. Accordingly,
we investigated whether the recombinant adenovirus
introduces recombinant protein sdectively in liver
parenchymal cells. Those vectors preferred the liver to
heart, lung, kidney and spleen (Supplementary
Fig. 1B). Morphologically most of all GFP-positive cells
are liver parenchymal cels (Fig. 3A). Immunochisto-
chemistry for F4/80, a macrophage marker, on liver sec-
tions of mice infected with AxCA-GFP revealed that
GFP-positive cdls were primarily negative for F4/80
(Fig. 3B and C), demonstrating selective infection of
liver parenchymal cells, but rardy Kup er cells. These
results indicated that the adenovirus is suitable to induce
SOCS1 and SOCS3 protens sdlectively in hepatocytes.

Next, we investigated whether exogenous SOCS1 and
SOCS3 proteins influence STAT3 phosphorylation in
the remnant liver after PHx. Consistent with our previ-

A B

F4/80
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ous report [4], STAT3 was phosphorylated with peak
around 2-6 h in control mice (Fig. 4A and B). This is
also the case for the liver of mice infected with the con-
trol vector (Fig. 4A and B). By contrast, the early
STAT3 activation was absent in AxCA-SOCSi- and
AxCA-SOCS3-infected mice (Fig. 4A and B). TheSOCS
proténs were only detectable in the remnant liver
homogenates prepared from mice infected with the indi-
vidual socs viruses (Fig. 4A and B), although Northern
blot analysis revealed the increased mRNA expressions
in control mice (Supplementary Fig. 2). As the early
STAT3 phosphorylation depends on gp130 [8], absence
of these STAT3 phosphorylations in mice with ectopic
expressions of SOCS proteins seemed to be due to the
abrogated gp130-mediated STAT3 phosphorylation in
hepatocytes (Fig. 1B).

Because MAPK pathway is also important for liver
regeneration and is potently activated by both MET-
and EGFR-mediated signals [27,28] we investigated
whether exogenous SOCS1 and SOCS3 regulate this sig-
nal pathway. After PHx ERK1/2 phosphorylation was
induced almost equivalently in mice with ectopic expres-
sion of socs1 or socs3 as in uninfected or the mock virus-
infected control mice (Fig. 4C). Collectively, these
results indicated that the introduction of SOCS1 or
SOCS3 inhibits STAT3 activation, but not ERK phos-
phorylation, both in vitro (Fig. 2) and in vivo (Fig. 4).

Although IL-6 promptly induced after PHx is
involved in the early STAT3 phosphorylation [1-3],
therewere no significant di erences of increase in serum
IL-6 among variously treated mice (Supplementary
Fig. 3), indicating normal activation of the TLR/
My D88-signaling.

3.3. Impaired DNA synthesis in hepatocytes

Next, we investigated whether the enforced expres-
sion of SOCS1 or SOCS3 in hepatocytes inhibits their
replication after PHx. To test this we counted BrdU-
incorporated hepatocytes. Consistent with our previous
reports (4], both uninfected and the mock virus-infected

c

Merged

Fig. 3. Preferential infection
incubated with rhodamine-labeled anti-

(B).

of liver parenchymal cslls with the vector virus. Mice were inoculated with 5 - 10° pfu of AxCA-GFP. Liver sections were
F4/80. AxCA-GFP-infected cells arein green (A) and Kup er cdlisarein red (B). (C) isamerged imageof (A) and
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Fig. 4. Impaired STAT3 phasphorylation in mice overexpressing SOCS1 or SOCS3 after PHx. Mice were infected without (closed cirdles) or with
AxCA-GFP (open dircles), AxCA-SOCS1 (dlosed triangles) or AxCA-SOCS3 (dlosed triangles). (A and B) At the indicated time points after PHx, the
remnant livers were removed. Phosphorylated, total STAT3, SOCS1 and SOCS3 were determined by immunoblotting (A). The individual image
intensities were measured, and each relativepSTAT3/total STAT3 ratio was calculated (B). (C) At the indicated time points after PHx the remnant livers
were ramoved. Phosphorylated and total ERK2 were determined by immunoblotting.

control mice showed increase in BrdU index (Fig. 5A
and B). By contrast, AxCA-SOCS1- and AxCA-
SOCS3-infected mice showed severe and complee
impairment in increase of BrdU index, respectively
(Fig. 5A and B), indicating that the hepatic introduction
of socs1 and socs3 impairs DNA synthesis.

We also counted mitotic hepatocytes. The control
mice showed an increase in mitosis index with a peak
at 48 h (Fig. 5C-E). However, AxCA-SOCSi-infected
mice exhibited severe impairment in mitotic index at
48 h but comparable index at 72 h as in control mice
at 48 h (Fig. 5C-E), indicating that exogenous SOCS1
causes delay in hepatocyte mitosis. In agreement with
the data of BrdU index (Fig. 5A and B), AxCA-
SOCS3-infected mice had continuous abrogation of
the hepatocyte mitotic responses (Fig. 5A-C), indicating
that exogenous SOCS3 represses the hepatocyte mitosis.
These results indicated that exogenous SOCS1 and
SOCS3 causethe dday and the absence of DNA synthe-
sis, respectively. Collectively, these results suggested that

the recovery of DNA synthesis in AxCA-SOCSI1-
infected mice at a late phase is, at least partly, attribut-
able to the normal EGFR-mediated signalings and that
absence of both MET- and EGFR-mediated STAT3 sig-
nalings completely abrogates DNA synthesis.

3.4. Impaired cell cycle entrance

Since cel cycle progression is important for hepato-
cyte replication [1-3], we investigated the cdl cycle
entrance in the remnant liver of variously treated mice.
We performed immunoblotting analyses for cyclin D1
that regulates the transition from GO/G1 to S phase
[3]. Control or themock virus-infected mice showed nor-
mal increase in cyclin D1 expression (Fig. 5E). However,
cyclin D1 induction was seriously impaired in AxCA-
SOCS1- and AxCA-SOCS3-infected mice at least until
72 h (Fig. 5E). These results indicated that the SOCS1
and SOCS3 proteins introduced inhibit cel cyde
entrance after PHx.
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or SOCS3-overexpressad mice. (A) BrdU was injected at 34 h after PHx, and liver specimens were sampled
ned in dark brown. Original magnification is 200+ . (B) BrdU indices (percentage of BrdU-postive
ad in uninfected mica (closed diamonds, Control) or mice infected with AxCA-GFP (open
dircles), AxCA-SOCS1 (dosad triangles) or AxCA-SOCS3 (open triangles) at the indicated time points after PHx. (C and D) Liver specimens were
sampled at 48 h (C) or 72 h (D) after PHx. Original magnification is 200-. (E) Mitotic hepatocytes were numerically counted in uninfected mice (closed
diamonds) or mice infected with AxCA-GFP (open drcles), AxCA-SOCS1 (closed triangles) or AxCA-SOCS3 (open triangles) at the indicated time
points after PHx, and mitotic indices were calaulated. (F) The cyclin D1 and totd ERK2 expressions, as a control protein, were determined by

immunobiotting.

Fig. 5. Impaired DNA synthesis in SOCS1-
at 2h later, BrdU-incorporated nude were stall
hepatocyte number to total hepatocyte number) were calculal
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Fig. 6. Impaired |iver mass restoration in SOCS1- or SOCS3-overex-
pressed mice. Livers were removed from uninfected (dosed diamonds), or
AxCA-GFP (open drcles)-, -SOCS1 (closed triangles)-, -SOCS3 (open
triangles)-infected mica at various time points after PHx, and percent
liver/body weight ratio was calculated.

3.5. Impaired liver mass restoration

Finally, we examined whether these exogenous
SOCS1 and SOCS3 in hepatocytes cause impairment
in the liver mass restoration following PHx. Consistent
with our previous work [4], the control mice recovered
liver mass by day 7 (Fig. 6). Mice infected with
AxCA-SOCS1 showed poor liver mass restoration until
day 4 (Fig. 6). However, consistent with the result of
DNA synthesis (Fig. 5A—E), full-blown liver mass resto-
ration was observed at day 7 (Fig. 6). In agreement with
the data of DNA synthesis (Fig. 5B and E), liver mass
restoration was persistently impaired in AxCA-SOCS3-
infected mice throughout the experimental course
(Fig. 6). These results indicated that absence of the
MET-mediated STAT3 signaling causes slow-onset liver
mass restoration and that lack of both MET- and
EGFR-mediated STAT3 signalings completedy abol-
ishes liver mass restoration.

4. Discussion

This isthefirst paper which clearly demonstrates that
the MET- and EGFR-mediated STAT3 signalings coop-
eratively contribute to homeostatic liver regeneration.
Exogenous SOCS3 negatively regulate both MET- and
EGFR-mediated STAT3 phosphorylation and hepato-
cyte proliferation, while exogenous SOCS1 inhibited
only MET- but not EGFR-mediated those responses
(Fig. 2). Asthey sdectively infect liver parenchymal cdls
(Fig. 3), these recombinant adenoviruses provide us with
a powerful tool that can distinguish in vivo roles between
MET- and EGFR-mediated signalingsin liver regenera-
tion. Consistent with the data of in vitro study (Fig. 1B),

both mice overexpressing SOCS1 and those overexpress-
ing SOCS3 failed to induce the early, gp130-mediated
STAT3 phosphorylation (Figs. 4A and B and 7). How-
ever, both types of mice showed di erent outcomes in
DNA synthesis and liver mass restoration. Mice with
exogenous SOCS1 showed only deay in those
responses, while those with exogenous SOCS3 exhibited
complete impairments (Figs. 5A-E, 6 and 7). Hepato-
cytes of mice with exogenous SOCS3 showed di erent
histology compared to control and SOCS1-overexpress-
ing mice (Fig. 5), although the mechanism underlying is
unclear, These resuits indicate that the absence of
gp130- and MET-mediated STAT3 phosphorylations
causes slow-onsst DNA synthesis and that the late
recovery of DN A synthesis in the former miceis, at least
partly, due to their normal response to endogenous
ligands for EGFR. By contrast, mice with exogenous
SOCS3 showed continuous impairment in those
responses due to ther inability to activate all the
gp130-, MET- and EGFR-mediated STAT3 signalings.
These results, together with the article demonstrating
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Fig. 7. Scheme for negative regulation of liver regeneration by ectop-
ically expressad SOCS1 and SOCS3. Upon PHx, STATS is phosphor-
ylated via gp130, MET, and EGFR by activation by the corresponding
factors, such as | L-6-related cytokine, HGF, and EGF, TGF-a and HB-
EGF, respectively, leading to liver regeneration. Exogenous SOCS1
negatively regulates gp130- and M ET-mediated STAT3 phosphorylation
but not EGFR signaling, resulting in deayed liver regeneration. By
contrast, SOCS3 inhibited all of the signalings, leading to severdy
impaired liver regeneration.
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the coordinated activation of EGFR and MET after
PHx [7], indicated cooperative contribution of the
gp130-, MET- and EGFR-mediated STAT3 signalings
to normal liver regeneration.

Conditional knockout mice for met were reported to
exhibit severe impairment in the liver regeneration fol-
lowing PHx or chemical liver injuries [30,31]. Intrigu-
ingly, met / mice showed persistently impaired liver
mass restoration post PHx. In contrast, mice with ecto-
pic expression of SOCS1 exhibited only dday in liver
regeneration (Figs. 5 and 6). This discrepancy might
be explained by the di erence in activation of the
MAPK signal pathways. met / mice showed persistent
impairment in ERK1/2 phosphorylation [8], while mice
Iinfected with the socst vector wereintact for the ERK1/
2 phosphorylation (Figs. 2A and 4C). These observa-
tions indicate that the complete absence of the MET-
mediated signal pathways causes collapse of liver regen-
eration, while loss of single STAT3 activation produces
only delay of it.

EGFR can recognize diverse growth factors for liver
regeneration, including EGF, TGF-a, HB-EGF, and
FGF family members [32,33]. It is conceivable that
SOCS3 protein negatively regulates liver regeneration
more powerfully than SOCS1 in vivo as wel (Figs. 5
and 6).

A recent report showed that ectopic expressions of
SOCS1 and SOCS3 inhibit STAT3 phosphorylation
and migration of keratinocytes in response to HGF
[34], supporting our present results (Fig. 2). It was
reported that exogenous SOCS1 and SOCS3 bind to
EGFR and negatively regulate EGFR/STATS3 signaling
presumably by inducing ubiquitination-dependent
EGFR degradation [35]. Indeed, introduction of socsi
as well as socs3 negatively regulates EGFR-mediated
keratinocyte migration induced by antimicrobial peptide
[36]. However, our present study revealed that exoge
nous SOCS3, but not SOCS1, negatively regulates the
EGFR-mediated signaling (Fig. 2). These di erences
might be due to the cdl types manipulated and to the
EGFR ligands used.

It was reported that conditional knockout mice for
STAT3 areimpaired in DNA synthesis but have normal
recovery of liver mass by compensatory hepatocellular
hypertrophy [37]. Like the STAT3-deficient mice, mice
overexpressing socs1 and socs3 showed impaired STAT3
activation (Fig. 4) and poor BrdU incorporation and
mitoses (Fig. 5), but exhibited somewhat restoration of
liver mass (Fig. 6). Thismight bedueto the hypertrophy
of liver parenchymal cells as wall. Indeed, mice with
socs1 and socs3 had the increase in size of hepatocytes
compared to control mice (data not shown).

Our present results clearly demonstrate that both
HGF- and EGF-induced STAT3 signalings are critical
for the normal liver regeneration. Furthermore, these
observations strongly indicate that hepatic SOCS1 and

E Seki et al. / Journal of Hepatology 48 (2008) 237-245

SOCS3 expressions are dinically beneficial criterion for
liver resection with normal liver regeneration and may
provide the possible precautionary and therapeutic reg-
imen targeting SOCS1 and SOCS 3 [38-40] for the suc-
cessful liver regeneration after liver resection.

Appendix A. Supplementary data

Supplementary data associated with this article can
be found, in the online version, at doi:10.1016/j.jhep.
2007.08.020.
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Protective Effect of IL-18 on Kainate- and IL-1 -Induced

Cerebellar Ataxia in Mice'

Tsugunobu Andoh,* Hiroyuki Kishi** Kazumi Motoki," Kenji Nakanishi,* Yasushi Kuraishi,*

and Atsushi Muraguchi®

The pathogenesis of sporadic cerebellar ataxia remains unknown. In this study, we demonstrate that proinflammatory cytokines,
IL-18 and IL-1 , reciprocally regulate kainate-induced cerebellar ataxia in mice. We show that systemic administration of kainate
activated IL-1 and IL-18 predominantly in the cercbellum of mice, which was accompanied with ataxia. Mice deficient in
caspase-1, [L-1R type I, or MyD88 were resistant to kainate-induced ataxia, while IL-18- or IL-18R -deficient mice displayed
significant delay of recovery from ataxia. A direct intracerebellar injection of IL-1 -induced ataxia and intracerebellar coinjection
of IL-18 counteracted the effect of IL-1 , Our data firstly show that IL-18 and IL-1 display differential direct regulation in
kainate-induced ataxia in mice. Our results might contribute toward the development of a new therapeutic strategy for cerebellar
ataxia in humans. The Journal of Immunology, 2008, 180: 2322-2328.

ainate, an excitatory amino acid extracted from scaweed,

has significantly contributed to understanding epilepto-

genesis (1). Previously, the effects of kainate on hip-
pocampal neurons have been studied for delineating the mecha-
nism of kainate-induced ataxia (1, 2). It is reported that
L-glutamate, the major excitatory neurotransmitter in the brain,
acts on three classes of ionotropic glutamate receptors: N-methyl-
D-aspartate, -amino-hydroxy-5-methyl-4-isoxazole propionic
acid, and kainate receptors (3, 4), Kainate receplors consist of a set
of genes (GluR5-7, KA-1, and KA-2), are widely distributed
throughout the brain (5-10), and are implicated in epileptogenesis
and neuronal cell death (11).

IL-1 and IL-18 are proinflammatory cytokines that are pro-
duced as a precursor form and proteolytically activated by
caspase-1 (12). They are expressed in various tissues including the
CNS (13-15), TL-1 is shown to exert neuroendocrine as well as
neurodegenerative effects on animals (14, 15). It has been reported
that convulsant stimuli increase the production of IL-1 and its
receptor in rodent CNS within hours of seizure induction (16~18).
Recently, Vezzani et al. reported that IL-1  prolongs hippocampal
seizures in a N-methyl-D-aspartate receptor-dependent manner,
and the action was inhibited by IL-1 receptor antagonist (IL-1ra)’
(19, 20). Concerning IL-18, a crucial role for IL-18 in mediating
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neuroinflammation and neurodegeneration in the CNS under
pathological conditions has been indicated (21).

Cerebellar ataxia, dysfunction of the cerebellum, causes prob-
lems such as loss of balance and motor coordination. Some types
of cerebellar ataxia can be caused by several genetic mutations,
including a group of autosomal dominant spinocercbellar ataxias
(22) and autosomal recessive Ataxia telangicctasia (23); however,
a large number of patients remain undiagnosed (sporadic cerebel-
lar ataxias). In this study, we examined the roles of IL-1 and
IL-18 in kainate-induced ataxia in mice. We demonstrated that
[L-1 is activated specifically in the cerebellum by the systemic
administration of kainate and is involved in kainate-induced ataxia
in mice. Furthermore, we show that IL-18 in the cercbellum is
involved in the recovery phase of kainate-induced ataxia by coun-
teracting the function of IL-1 in the cerebellum. Our results show
the possible anti-ataxic effect of IL-18 and may suggest new ther-
apeutic strategies for cerebellar ataxia in humans.

Materials and Methods

Antibodies

Abs to GluR-5, GluR-6, IL-1 , IL-18, IL-1R], calbindin, and glial fibrillary
acidic protein were purchased from Santa Cruz Biotech; Abs 1o IL-18R and
ST2L were purchased from R&D Systems; and an Ab to IL-33 were pur-
chased from Alexa Biochem. Alexad488- or and Alexa564-conjugated anti-
Ig0 were purchased from Molecular Probes.

Mice
Six- to 10-wk-old male mice were used in this study. BALB/c mice and

C57BLJ6 mice were p d from Sankyo L jes. IL-1RI ' mice
with a CSTBL/6 129 background and [L-18 ' mice with a C57BL/6
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background were p d from The Jackson Laboratory, and caspase-
1 ' mice (24) with a BALB/c ound, IL-18R ' mice (25) with a
CS7BL/6 background, and MyD88 ' mice with a CS7BL/6 background
were provided by Dr. K. Kuida (Vertex Pharmaceuticals, Cambridge, MA)
(24), Dr. T. Hoshino (Kurume University School of Medicine, Fukuoka,
Japan) (25), and S. Akira (WPI I logy Frontier R h Center,
Osaka, Japan), respectively. These mice were maintained in our animal
facility. Mice were housed under controlled temp (23-25°C) and
light (lights on from 08:00 h to 20:00 h) conditions. Food and water were
freely available. The procedures for these animal experiments were re-
viewed and approved by the Commities for Animal Experiments at the
University of Toyama.
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