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S
CKD DFF

=
I

IBHBIER——CKD O/ 551 L% KD T o

DL, BROLS’

B & Eae HKRIEFE
Tr e iE X & Bid
BE KB, BICLWEIAYI bbb )L g p——

) TENET.

BB R (CKD) OFFHl, EHEOMAT, BED
fHFICELT, EBROBROE—HRTEEINT
WAEREFT#BRELT, BEZ I PPV nE
BoThBY FET.

HWRALTHELD X HIZ, CKD £ v ) 3 LWiks
TR OEE, TMPEREINL L)L T
XTWET. eGFREDHEWCLTEODAT—Y
2T, FolER LT, FRIEER, K
BT — & T CKD B"BFAEDET D% LT 0
MEAXRVYINDIVRT T 7275 —ThHbI LI
BENTET, Loy oK T oRMOIREE, 7
EZEHMET VT I VRORETH T TICOME
ARYINDYAZ T 778 —=1lhoTnhblny
Zehh, BEICAALTHEL L2Tdwg
BWEWHIEZ THEBEINE LI IChoTERD
T,

BE,CKDDOF ¥ v R=Viha)EEoTE
T—RBERRICDIPLEIVRELTVETOT, K
HOBRETERINTWAENRREINTHS
MBS, HAHVIEMRIATRERRIZSH
BELTELWI LR EICERZYTTBHZW
TR & T nwEBEWE T,

* 2010 £ 10 B 17 B (K)
** S, Wakino (GEHT) - BEEZERRXEERHASWMAHAR ¥
Shibagaki (EEHE) 1 B~V 7 Y FERHAZEE - SIEN
# ; T Takenaka (#E#(3%) | I EERAEFEHAE ; T Okada
(G | EEERAZETRAFR.

B |A0IC, CKD DBWrHE & 5 T3 75,
BHEEIL eGFR L IREH, METNVTI VRE—
DOR—=A—L LTHELTWET. ZOBHE
WL, BRHEBERIERMO 777 —TIELAL
CKD IZ%2->TLE9H. HBHWII, eGFR #4EHL
JVTFVETHELTW L, 2V T7F=V
JVTIVAETNTEHTL AL 0n) T EHEM
BRTIZE BRI EEVET. 2nd —#EE
RIZBEDTL XS L, KHIZ eGFR RREHN
DIEROY A7 %2 FHL ) B0 MED
TLABERVET., Thox LT, SEEE,
AP TERIEZD Y T3 2.

UEIE R, ZO CKD DAF—Yrrigto
FIck& %, FERICIVWEKRTOLS V37 b2 E
ZizBoTwEd. 2Fh, BEBLVWIDO
ZILSHDOFDON/-BARHETH LI Tk,
£, REORAFTZEDT, BROWARL W
DL, BIZEBEDALWZEFTiR%LT, L
DRFD OV IEERRBETHLLWVH T L
PRMENE, Thhs, SETRIRYOE
B CHBENTHBIROEITT 2 8%
SARBRBIZAZ Y-V 7L, Bk zEn
IHT, FRLEELRERED o -0 TidvHh
EEHMELCWET.

7272, TO—FTRELMEELDHLLEST
WET, RREEBHEL VI SFIChrboTH
D, BHEDFF—, WhWrERMHEL2 I AT
WE T, SIITREBICELREICE H AR
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tEE BMBEER—CKD O B/NS YA LERDT

BRLTVBEEN) T LT, EBICEFF—I12%
BRETEZVAPREL TWLOTEZ VD,
SF Y HARAD L S % GFR OV A, FF—
ELTALBICHLTWADEAI D, BWIEZED
WHERBINR SR LT o0 TY. EIAD, EE
WiE, EREBIEREEE A bB bR
W, LT, [The New England Journal of Medi-
cinelgEe[Lancet]ZER & CTH, BEIIERKREER
BT EIZGFR BT o TWwWIdTh20lz, BiR
HMBOBFREIXIZEAEDLEL ROV ENS 2
EhbhoTELI LR 2%, BRI,
GFR 2MEV 72 TILETE T, VA7 7707 ¥ —
o T LOTHETTSH. TDOVARTI T 77
F—D—FEERDOVPEERTHY, SMET
HY, ERRTHH. 25D, FHIWVH VXTI T7
2y —%HoTwHRWAE, IZEAEIETLR
WHZLEREBET CHH I L broTEEL
7z.

EBIZ, HEAAD CKD DhF%E2 Ll ABE, &
CWATF—=V3IEFEANOD 10% DLEH BT
EazuhrkunbiTwEda, 09 bEHRE
P 1% 12w e bhroTnWT, D% D
HEAT L WERRET 22 T, CKD £\ 9) A
DLy FNVEHoTLESTWADTIE VR E
EzTwET.
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S

5 K

I, EOVOBERNDLENEVI L, b
BORWAZEBELTLIW, 2, ALE
WKEMizL=v-7T I+ 7 v 5% RAS) #iH)
EEfFoTLI)EERFNZMEF 1 HE. b9
—213, GFR OEWAER, FNAYHEHTH A9 &
A H L, RASHIRIEZME) &, BREOEL
RLEAN)YLAMED) A7 BEE B LW EERE
EDHRTT.

EBE, 7NV AT v EE2EDIL=-T
YIFT Y V-T Vv FAT U vk (RAAS) B
HERAINT, 2% ) YETLEN ) 7 AIMEE
W2 A EME R R EEANTA LR FL
7z FHIV) FIERBIILELZDOPEVW)IRE]
MEEFHALLERoTwEYT. ZoHX, &E
Richard Glassock 5 7% [Kidney International] F&
(Kidney Int 75 : 1009, 2009) %2 & TIEEIZ X Wik
FHEENWTWE T, GBAT )=V Ty —)
ELCHERMEMED CKD O REOH 55 %
BTS20 D CKD 5L, BRREZIRET
BIGOEBEBEFEIME) XEQEL 20T TE

2TV nESE S LB TnET.

BEF eGFR 75 AADPO LD, REAZY,
P = =2 Ho/2lF ) BV EIRT
ERA

YElE 2 TThR I, AT - TDY—
WEHL T THY VI NVERGREBRNETO
T, AZ V==V Zy—)L& LTo» CKD 44812
i, FIZANZVIE) NI VERNTET. F7z,
AT =2y Y=V ELTHEIOTHNE, i
WCHo LHEMZDDIZLTH L vohrd Liizn
EBRWwIET,

W8 s, TORIVRBTT .

i KBRTYT. BRICRY, 0772
7 —T eGFR BNEALAW->TETCLEIDE
CKD &\ o TRAWAZEL OTT, READH
Twiwl, MEDEEZL, ZOFOFERIIH



B4 CKD OFHM, BBOHH, BEOHFS®

He
i
o
oM

LEHREMAND LNTEADT, ZOFFATH
THEZWTLEI)IEVWI ZERZBLEFT, B
EEOHREICBERLTAZELHY TT. M
AW ADIE, ZHREDPMEIE W E B, FER
WRBRIMAE & Vo /2 A7 2o T AR,
AT =V DTH o THERARAAT I
ERWwE T,

ERICERRPEHRTRIINGE, A7V 312
olebe o TRASINTETD, BIEAE
EAT TR AL & 137 <, eGFR TW 2 i3,
FEDDOHEZH L\ CKD 54D X 57— 3b,
eGFR 45 UTH LK IWEAT—T 4 o558 &
BuId., 25— 3 258845 1 3BEAR
EDOEBPARELTHhAPEBWET,

W8 MHELEE, £ TTh.

BE RLAZERTT. A5y—V 3 CREAR
HOBEIAPLIELEBAINT T, BEME
DRADPAELBbNEHERZ I HDHLERNE
T. A7—V 3T, EMEXP—ERT, BEN
ADVEEZHWT5 2 213, BEESDHDHEREN
9.

B8 ZERRDIAFECTTI, REAI LT,
2l ZE7 LTI OENID A TIEREN
FHRTHLVDWBRIMEED & 9 2512, RAS
PHELBRETHEED ) Y AEIC 2720 F
b, FHVIFIE, I ATALE, RliE~—
H—DHEE LR o TWBE I EEHEDOTY. RE
HRT7V7I e LTREENIHZLTY, RAM
BEEENFRDOONLEFEDH Y 3. FNRTFHE
K5 THL0wI8D, WO»PDRMT, -k
ATGABEZEFHNVEITOT, RME~—
H—=LMBEDART,ELLEI DE D FHET 5.
REANEZBETH, RIIZFIZEZTVET.

COFELERDLDTTY, BRIEMTRWE
A%, eGFR 7213 TR HEMICHT L, REH
DIFPICFHROBIAERET AHREICOVTHL

TLZEw, BEETEG T ALwhrb LR
AR ECEBIZE LT, B4 EFiZ b a—
R HRE LB EZAVHBEEID
T9. FLU eGFR, MILREHTD, Thidbs
CBRDVEILRLERBETE LI RDIOEIDHY T
e

T HLSITPRTWEIDT, YV Ty
T 74 REEENRD D T, BT IHE
TR 7-DE, BOLD (functional) MRI T3 . MRI
TEIBOWEEZ AL EWH HOTT. BEAESN
ToNEZUE Y ERIREICLT, BROMmREZ 3tk
LTAB LI % MRI Z B> T E 7. B
FI2ATHETHE, BIEIEBENBoLeo
2B H 500 rR b I3, Fhhib
diffusion & \»9) FETHA DL L, BIEOF OB
BHLBEDLPHOTT. RMEMEERENRE
A, ABE IO LIZIEETES. Lz T,
7ol ZIXRIMAD > THRMENR R wE B L,
Z DI eGFR 2MEL THWHPZHH &
I T ETHEDN AR LT\, functional 72 d @
BHPRYVALENDE LI o TELDIE, e
ERZERVET.
BIEELCRMEOEBEDENH T L2, —F&F
BOLD MRI #'& F 7%z 0 i a8 rRskzz 3. BER
B ZoTwb e, BREIMIZEZDT, 0
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= BEBER——CKD OFc/NSY A LERDT

HREBEZ )2 T, IEKI T rEL
BwId., oLk %12, BOLDMRI 2179 &, &
B OEWEIBEAIT TLEDTY. FhiC
furosemide #¥%5- L C, RMERELZIZ THT
bl, BRICKIEHWUET HREADLHY £9. £
3 ) BiE—o'% b 2o BB E (RBF)
AENDT, RHMEH L EAETHRINE L
T FENa 2MEW X 9 ZRWTT. DDA ED
FIZEMICHo TWAEHITAZ A, ThITHIC
RAE A intact, EXTWBEDENG, BjiREA
ZRLTPNIEBERIIESL W) 2 dthhb
DTT. BFBHTFH LI D2, HERERICONWT
EEICEHZLEBEVETOT, Ihhbdbo b
DTIVWGE Tz EBoTWwET,

BE FEOREPOLBAINIZE ZIT-T
AT, BEOXZOFLMBEVWIL, #HBHD
HYFETA.

TR 29 TTh BEEEDBALTAS.

BB seiEeAlE, Mhd 0 3.

BeiE R, BRRH E DT, REORKE
BRIIEALT, FlZavyvr—Ya VERR
LoTWET. 2%, MWRHIAREINT, B
BEObLLVEESADTHESELEETT. €9
T5E, FOKZEIZIZ BOLD MRI A7\ b D
bhHYTEA. B DOBIToTWVAEDIE,
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e E kR K

—oiEbLAATI—TY. Ta—id F7 T 5
bEDTUTITI LHIICLTWET.

2B b, N7 55T Rl(resistive index) %
EEEBATVWEDOTTY, T2—-OMBOFHE
WARTES A3 05% T, Lkl —RERs
HEWEZIARHYET. T/, RVTINVT SV
RERESTEEA T IR LR TWADT
T, bbb NOBE T, &EREFHVHES
HHEDOD, ERBERIISHATELLIAFETI
BENEL BVWOMRERET, Ta— g f Xep
R E 2y, KREEOFMZ &, 32 Btz L
VTEERZLEERTwWADTTA, ZnlLE
DERBEEHEN VRN LET. AP EROE
RTHRE) DI, AREEIAOHEIZIECT
Z|ONTVABEZ EPE L, KBRS FEIR
DAL - BIKALOFHAS, & {ICHHL CT Thh
DET. ZOLD REREOEBAEE S AEHM
SR BREERZRMERT - RAS %2 &
H7z GFR BT 5 EAOFHACAULTRSE
(ARD ##Z L2, EBbALLET—FTH
TebFTIERVOTTA, RO AKL DEER,
ACE FHEZ (ACED, ARBfERH#BOZ VT F =V
ER, BH 0y AMEECEEL, H7k 0 HEI5E
WOTIEZWA. ZHUIEBEOEBREE L VL
ETHNITHEEICHBICTEAHESL, »o,
Z )W) RiRIEE, A, BB VIS IERE inter-
vention FIE D AKI OFFf, MEEHEZ LS TN
FErwprkEbE0 T, BANCEEECERT
BhawrtBoT, EXELTVWIET.

e 4, Zao—OFESHE L2, REDD
R7Ixa— |23 RBEKREDH - T, ToTWET.
TTIRWAWELR T V=T THRENPHTVET
%, #7zH b operator dependent T, HH72HT
3% 5 %2 T operator ZHEDTWVALDTT., €D
BE, I E2HLDIE, Tu—TOHEIION
TTY. I RIEIZEETHELTWADT,



W H 40K

AENEDLoT, BENEDLoTYH, FNEHIC
BHIETE TS, 7272, RIEIREROEI O
T, BAEE72 L 2 RME FE M IE O RICHE
BLTLAHEIADNDH L. HEDIZ eGFR & HAHEE
THDTTH, Jilt, 7—F & LTiE, Rl LR
IZ Vmax &5 LAY, acceleration D& 72 1) = 1E
HLTWET.

T/, BRETIIERIRzR-> TWET. EH
BRI v n) e, R#Eovy M IrT
A—DEIABEARDE, FINORAEEEICERN
BRVCHETWADT, 7O0—7ELEAIZA-TK
N, BEF—%T5. Z2rbH, HEOFHMIIH
HRETVRZRBOTIENTESL, 7u— LRl
BEEEZFIENVEHABZRDTVET. FENIC
operator dependent TH V), KFHEZLZ LBELN
T2 ZALDBTELRVRID LNERTAD, —I0K
MEREIC R > TWAERBEORIMLZR &2, 290
ISBDVPMEZ D REEZTHET.

RIHEAE, BRI TT .

R Rbdbdra—REZTVWET. N
TSI a—3—F TCITHhT, BEHRER
B EBIDSRTT. BIRBEILET L TV B A
EBEAT, REREZ EORMERELEPLT
WHZERHVETOT, A7 )—==v 7L LT
EPTI DIEHESH Y ETH, za—-Xkbhb
CT DIE) BERGHAEND L EBVET.

CKD OEBOTA

e ERAREE, CKD A7, YVR7
TR HVIETL, BERHEFOER
bHBHERVET.LMEANY P2 EFTSES,
HLVIIEREEETIELF—T VLAY —L L
TAIZER LTWwWE 94, %k T3 asymmetric
dimethylarginine (ADMA) 72 E3W AW AH Wb i
TWETE, HLWIOTHIWTTL, EhFE
ETeZhidw—r—&LThrAl7+u—FX

EEe CKD OFHE, BEDOHLT, ARERDIEHO

ETHHEVIHLDEHY T

R EMEETE, v—F—RBETE LW
DTTA, CKD L MERE EFTSELF—TL
AY—ZBILA P VAT WL EBRoTnE
T. BML DL 2HE L2 L 25H 5 DTTA,
230 CKD DRATF—=IBFWIEIELENR-TEF
TL, BECHEL2ECITTVWIEELERD
—D2759 LEVWET (Fig. 1).

CHIEBFLRVAAPS LNEFTADN, EE
RERIE, ERCE o TETH TR ZVWHIERSD
DTT. TNHERLEoTL B, £5DEILE
BENRo Two TIMERED &2 D TR RV
EEZTVET,

Fnhn, EMFERTRLELLE, KYIZT
VIF AT RTI 77512 FTTH, B{LX b
VADORRTHAH)REH, L RXTVTIVR
T9da. TN CKD EITICE L Tii—&F. h
REBTHDCMERCHREOWEE V) Z LI
HoTLALEBEVWET,

FREF SELAEEL S 2FED L <idbim
BANY M, WHETTH.

YEIE SRl NVOFEE, RIFEEICBIVE Z
HWHY, POBREOEMEBIRD ) 2 T3 F 724
BTV RWEZADVH D T34, ERERET
i, 10 CKD O&affEEL LTOREMPE I £
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RIRGEBER

{

— EHR <t B IIE
TERA

|

CKD
ATF—I2

FRAAE
TR e

Fig. 1. B:vER

SVREERYE MBD), LIMER, Fhihrb7 vy BEREEOETEHH TE S LS, MBD DBER
F—32TTh. & 21E, FEIZITESRL THLEHBEITEBA L VST EF VAN H B LR
Th, BELZEM?HABRELELLL LEEREEA WET,

I TANRENDL LD, BEEEZHFTHL 7272, MEIZE ) V) T EF Y AREH T
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Td, EEOTS 7574 AT, Wb sEEFE
&% K/DOQI 4 F54 vOBELXV I TE
HTETWARWI EDIEH) PERAMIZZ Y. OF
H, TEFVR-TIF754 & Fx v TIHE
WCRKRENWZEDITH)IVPIRERBETIE 2w E R
WET, 72k 24E, ACEL ARB Ak wZ tidh
PoTWThH, LH2THEE, ZhTBLE
WEWH EIAERDHL., BHRIFIZVWEHEAIL, &
FRAFR Y 72 { T2%% ¥ T ACEI & 2 ARB %
PLTVoEdIREna bbb ETL, £9
WA XDDTHEMZLANVTT S, $25+450247
PNTVWRnOTIF RV L BnET,

512, —OORFEZTTIIARLT, EFNE
VA7 EBPLET, WhWLYERFED Steno-2
study AR 072 LI T L b B EI I, W
ABWABBRYAYZ T 77y — % FARETHICERT
BT EDBEPEEVET.

CKD DA ESEE TR TEEROINETR S
DWLIEEICEE 2O T, RIXBARIIIFROE
BEZ A, B, C, D, E, F, G, H:®oTwZ
9. A% ACEI & % ARB, B I3 Blood pressure,
C i* Ca(CKD-MBD). D ¥ % 4 = v h (Diet) %
DM %&¥, E 3TV 2aRx5 v (EPO) THI,
F & G i Follow GFR TZ L7 F = v D% HIE
L CEBOEITE L2 A 5. H it Heart (L ILEFF) .
FNT, ARTETWALED, BETETWAL%
FEDDRDS, TAN1LANDBEIALZZHEE
DNFTCVET. KRFEIZWHREL LTHIZEE Db o &
L CWRRITIEWIT 2w T35, BAKICIE,
FNURIOERBETTLTETWRVWORZENL Lk
WCRKELRMERZEBERLTHWET.

B K/DOQI OF A FI4 VIZhbHTwE
TAS, BENICZEF VAR TS F4 A - Fyy
T, EBALMEZTBIRETHALEWVH T
ETT R FEFICHINREZLBRNET.

R HSEE R VDR TT A

ME FLWIRZI7775—%2BLCERT

EEe CKD OFHi, BEOH7, BEOLEHT®

5T EHBEETTY, BIROWB T, $TIZbdo
TWBETEFICELT, ENZTERTE S0
EWVW) TEPERWICERELLBVET. £<0
HETEFORTY o & i BET 5 ORIE L
REHELRPEBRWEY, MECELTIE, REM
FEOEBOEEEIRHRINTVE b DD, T2
o chasl, bTFLIBSTIERVWERVTE
T BEHROBAOIZEYRE, EFEEOWET
ayiu—VERY)ETH, LTLbI Y bo—
WTETICERBETIET TABREIADNE
T. bbAA, BHRIDEL THLHETT HHE
bhHhET.

BE LorbelLdlpihtlsrr&ob
DB 20D HAHALKT, BEEFIKRER
T

— DI 7 5 DAY, reverse epidemiology 72 &
BWET. . WhbWEY AT 777 7 —0DMBERT,
MEZTITNEIWER ST, FALAMEZT
IFTnw E, 728 ZIXETEE S ADREEILIME
DT I A, FBTEIEE . EHEICEL TS,
EEIZRENIETIVWEVWIR U TEALARET
W DTTD, BITEESARHIZRoTWAI
EFBEN IV, ZThIZWODDRETHhh o T
ETWALVDLNRTWT, & 2 idf XR0A
EREESA, BAF—LDFLERERED A
T=UMPEAZBEESAZARATHE, ZARZA
WHPETLTYARAZ 77275 —DEKRN
reverse 2% o> T B L) RREFPHTE T
(Table 1). & LI KBEBRRABR TEAE L IIH
L72EiE, A7 =9 3 I pfirevnhrz Ly
FRAZVPMILTWET, ATV 4RRAT—V
5FWRICLADDIIAAEDIHMARY T,
IBRNVEBWET. BITEE X AL I
LTWBDTTRH, CKD DBEEI AL, &Ik
TUHTIVRI 7777 —BHELTWA, T I,
INBSHLMIL TR 2iTEwTRwne
ATEZRVWrEEZTVET. 3BAAVRY
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Table 1. CKD [C&1F B reverse epidemiology

DIMEY R —fRAO ST EE CKD g3 E=y=t
BMI BMI &I 1& CVD BMlb\ljn@éﬂ“X B0 BMI i'sW&E=E COPD, B8HELFE, 18
UX?D\ <IED =2 CFDRECEVERFE UBEEUOYT, ShE
EHDH/ENDD TlEBEL BMI IdBaWh&
=R
mE BIIEIFE CVD OUR  EMEFEEFERAED IWHEBIMESEFEICD eGFR<30 CTMEEE
I ELED WTl& J-shape BRH EROBEGEHIEETD
WIS D . HEREAIME(E
BEWFEEEEREN
i BOAUZFO—/U, DL #$8OUATF0O—IbEEE JUAT0O—/U, s JUAFO-UESERE
OJUVRTO-IUEES £FEENEV PADMEV EETER(FELY BEDBEFEDERT DD
LU HDL-O L T [F MICS ¥ MIA JE(REE
O—JLiEfElZ CVD DU [CHWVWTHIL
ROT7IF~THdD

CVD : 0% 5.

Ty Iy —DEHIE, SDEIAEEIIRoTW
F975%, MEDB L UPEE I the lower, the better.
FD—FTATF—TV 4D, HEVEFAT—
5D ICABHEIDAT—Y 5 DFFENTIWh%E

”mmfazaﬁ,mmmﬂ%atfmﬁg&
DTEBZVWTLE I, TOBRIZDNWTANT
RixdH Y 35

BEIE EEEEO LW LAV TE, BRIV b
O—)VIZFERICEETTY, BREXIZI LS
WoIX, BEOFHESED T, REXDS
W EBFEoTWE IR ) DT, RAS ¥
HE DB LEESHEEZ L CWwhE, AKI %
EHLRTWV., TTD2D, BRENLAT—-V 3 %
TREEZIY =R LTH, ATF—TV 4D
BEHLVEFAT -V 51BNV EIL, 2 T
Wipay bu—VsRELZOR. & IZEHRDY
%ib&fw&mk BIRELOBNERHETO

v ha—vid, BEHMEiL 2wl wo T
@&m#.%ﬁwo BRTIIEEDBo LBk
BOREEREVWET.

e BmMCELTREITLL) 2. BITA
BEAEE, 10~12g/dl CHWT—F XL T, L
BB LRTERERLENSL L) F—IAH T
Th, AF—V4, ATF—V5DEELAIZLY
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[Semin Dial 20 : 566, 2007 X Y #k¥k]

AURLF LV EELEABALT, EECLVE

CTH o TV 2EA NI VO E D D, WhRET

ERR

Led8 AMICB L Cix, CHOIR, CREATE,
TREAT &, §RTEELVANNVETOEMOREE
RGBT TR, OImEA XY M,
BOBITEVWIBERTAY Y MBI h o

EVHRERPETAETL, BB ZFOLBY

ERWET.

7272, EBOBIKRTEIZEIDIE, A5—T 4
2, LAEELEREOEZIAL, BHEOW
bWwab IRy, TAR—-ORBEBETIZ
b= NVTERNWIEDIET)DBLEVDOTIE W
. EEBICEAESITEY Y 10g/dl MTOHFIC
17 A 275 4000 Bz fEo/ze LT, £ZFT
RiFohizn B/‘#z’)\?} NZVERBSTHET.
%f)\/;})%ﬁ;‘k ...... .

e ”*%7} 74’ AW TInEng
& TT D

B ZZ. WHWANESOEVEZORE
DUVNVETERTOEFLETTL, &1L, 5%
darbepoetin 2SPRFH] CKD IZEH SN B 5HE1C
i, HHREOBRMOLZIIWEEI L BT T,
&, WAREEHBICIIEET, THRENRZ



FEEkE CKD DOFFHil, BIEDMLA, BEOLHG

FREEZET Y RER0RH LIULERTAD, O
4D E X FAIR-HF & 22 RED-HF & w9k
PERA Y 74 —T, DROVKRIT 4 TRERIH
TWETOT, BHBICIE, OFLIC% 5T BNP
PEL o T, BIMEAIRLEAFZN L%
E2DHE, DAEEHFITIE, —EDEoAEs
oYy a RO LZIE NI OrREEL
TWIET,

B e, MF IS the lower, the better
BROTTN?  BITICAS & MEME & ATFE
TF2Y 344

f1ih LTI, K/DOQI Th 734
WAHETWREWERWE T, HARTIE, MBS
DFENH O ME AT 160 mmHg <S5 WASFHEI L
WEWIF—=FAH Y 9. Larl, MENES
MEMLTH o720, BEIAPERTERINT
Wiz h, —ELRVWOT, BHEZHIWEZT5
FRFREMEZ2SZ I L CMEEREZT-> T E
7.
MELZEHT S E X2, MEMEDOBZFTTE)
ZELEFEELET. HLEKRBTEY). LhimE
EREMROMEZFRNEL THELD ET. 4
Bk, FROIE, KEIIROIMEA ERIME X D &0
MEFHDORERL FRIZESES L TCWEDOT,
GIMEZZR L THEEREZIToTWET. Ful
MEE, MRECHEICHETES L)L TE
72DT, ZH)N)FEERFESTY A EHET-
TWIET.

HABRESZDOT A ¥ I 4 ez S mE
ARBYIZ the lower, the better T \WZ & 1270 ¥
9. &WoTd 130mmHg FTHRETZ & T a0
RAKETTH. 12721, —2OMEICR 5 DI,
MEREZOESVTT R, & ITHENR, SEBHR
BENHEHFRMEEZTWWTELE, DIk
OERPHETLE H O T, LBIE 140 mmHg #2
EFTTHIYTIFERA. CKD A7 — 4~5
BIZEZ ) Vot BEIANPELITLALBENE

. MEEZ T2 CHEBARZHEOEE LI
ACEI % ARB 128 b \IZE MR 2BV T <
BE) % CaERELZMAARLE, —BEI Vo
7oTRZLCMEEHEZ L TWET.

12 FMD (flow mediated dilation) \27EH LT
WEF.CKD DEZSATIEBILA FLADD
PAEBEEDI2 OB/ L TWET. CKD DEX
SATOLMEROFEEZRTMESL LT FMD i3
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METABOLISM

Rho and Rho-Kinase Activity in Adipocytes
Contributes to a Vicious Cycle in Obesity
That May Involve Mechanical Stretch

Yoshikazu Hara,' Shu Wakino," Yoshiyuki Tanabe,” Maki Saito,? Hirobumi Tokuyama,’
Naoki Washida," Satoru Tatematsu,' Kyoko Yoshioka,! Koichiro Homma,'

Kazuhiro Hasegawa,' Hitoshi Minakuchi,’ Keiko Fujimura,' Koji Hosoya,' Koichi Hayashi,’
Koichi Nakayama,? Hiroshi Itoh’

The development of obesity involves multiple mechanisms. Here, we identify adipocyte signaling through
the guanosine triphosphatase Rho and its effector Rho-kinase as one such mechanism. Mice fed a high-fat
diet (HFD) showed increased Rho-kinase activity in adipose tissue compared to mice fed a low-fat diet.
Treatment with the Rho-kinase inhibitor fasudil attenuated weight gain and insulin resistance in mice on a
HFD. Transgenic mice overexpressing an adipocyte-specific, dominant-negative form of RhoA (DN-RhoA
TG mice) showed decreased Rho-kinase activity in adipocytes, decreased HFD-induced weight gain, and
improved glucose metabolism compared to wild-type littermates. Furthermore, compared to HFD-fed wild-type
littermates, DN-RhoA TG mice on a HFD showed decreased adipocyte hypertrophy, reduced macrophage
recruitment to adipose tissue, and lower expression of mRNAs encoding various adipocytokines. Lipid ac-
cumulation in cultured adipocytes was associated with increased Rho-kinase activity and increased abun-
dance of adipocytokine transcripts, which was reversed by a Rho-kinase inhibitor. Direct application of
mechanical stretch to mature adipocytes increased Rho-kinase activity and stress fiber formation. Stress
fiber formation, which was also observed in adipocytes from HFD-fed mice, was prevented by Rho-kinase
inhibition and in DN-RhoA TG mice. Our findings indicate that lipid accumulation in adipocyies activates
Rho to Rho-kinase (Rho—Rho-kinase) signaling at least in part through mechanical stretch and implicate
Rho-Rho-kinase signaling in inflammatory changes in adipose tissue in obesity. Thus, inhibition of Rho—
Rho-kinase signaling may provide a therapeutic strategy for disrupting a vicious cycle of adipocyte stretch,
Rho—Rho-kinase signaling, and inflammation of adipose tissue that contributes to and aggravates obesity.

INTRODUCTION

A growing body of evidence has implicated obesity as a major risk fac-
tor for cardiovascular disease. Many factors, including chronic inflamma-
tion, contribute to metabolic syndrome (/), a condition characterized by
metabolic and circulatory complications of obesity that predispose to the
development of type 2 diabetes and cardiovascular disease. Obesity is as-
sociated with increased lipid accumulation in adipocytes; adipocytes store
this increased lipid as fat deposits, leading to adipocyte hypertrophy. These
hypertrophic adipocytes secrete cytokines that have been implicated in
various obesity-related disorders, including cardiovascular disease (2).
These cytokines, called adipocytokines, include bioactive molecules specif-
ic to adipocytes, such as adiponectin, as well as proinflammatory cytokines,
such as tumor necrosis factor—o (TNFa) and monocyte chemoattractant
protein—1 (MCP-1) (3). In obesity, adipose tissue is also infiltrated by in-
flammatory cells, especially monocytes and macrophages (4), which may
be recruited by chemotactic signals produced by expanding adipocytes or
their neighboring preadipocytes (5). These infiltrating inflammatory cells
secrete cytokines, which in turn affect adipocyte phenotype and acceler-
ate adipocytokine production (4). However, the molecular mechanisms
that link all of these obesity-related changes—that is to say, adipocyte hy-
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pertrophy, abnormal adipocytokine secretion, and the associated inflam-
matory changes in adipose tissue—remain to be fully elucidated.

The small monomeric guanosine triphosphatase (GTPase) Rho is a
critical modulator of vascular smooth muscle cell (VSMC) contraction.
Signaling through Rho and its downstream effector Rho-associated kinase
(Rho-kinase, also known as ROCK, and consisting of two functionally
distinct isoforms) increases myosin light-chain phosphorylation and there-
by contributes to agonist-induced Ca®* sensitization in VSMC contraction
(6) and, consequently, to the pathogenesis of hypertension (7). Mechanical
stress, including cyclic stretch (8) and shear stress (9), activates the Rho
to Rho-kinase (Rho-Rho-kinase) pathway in the cardiovascular system,
as do various vasoactive substances. In cardiomyocytes, RhoA, a member
of the Rho family, is pivotal to the progression of stretch-induced cellular
hypertrophy (70). The Rho—Rho-kinase pathway, which promotes insulin
resistance and thus decreases glucose tolerance (//), is activated in muscle
tissue in obese Zucker rats (/7). Rho-Rho-kinase signaling leads to serine
phosphorylation of insulin receptor substrate 1 (IRS-1) and, consequently,
to reduced insulin-stimulated IRS-1 tyrosine phosphorylation and protein
kinase B (Akt) activation and thereby to muscle insulin resistance. The
Rho-kinase inhibitor fasudil attenuates serine phosphorylation of IRS-1
in obese Zucker rats, with a concomitant improvement in glucose metab-
olism (/7). Fasudil also attenuates adipocyte hypertrophy and decreases
TNFo and MCP-1 abundance and macrophage infiltration in white adi-
pose tissue (WAT) (7). However, whether these represent direct effects
of fasudil in adipose tissue or are secondary to increased systemic insulin
sensitivity remains unclear.
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Here, we investigated whether activation of Rho-kinase in adipose
tissue participates in the development of obesity. Because Rho can be ac-
tivated by mechanical stress, we hypothesized that the Rho—-Rho-kinase
pathway might be activated as mature adipocytes become hypertrophic
in obesity. We showed that mechanical stretch to adipocytes was, indeed,
a trigger for activation of the Rho—Rho-kinase pathway in adipose tissue,
and identified this pathway as a culprit in the initiation and progression of
obesity and its pathological complications.

RESULTS

Effects of the Rho-kinase inhibitor fasudil on the
phenotype of diet-induced obesity

We first examined the effects of the Rho-kinase inhibitor fasudil in mouse
models of diet-induced obesity. C57BL/6J mice maintained on a high-fat
diet (HFD) for 12 weeks weighed more than mice fed a low-fat diet
(LFD). Although fasudil at 3 mg per kilogram of body weight per day
had no effect on body weight, 30 mg/kg per day attenuated the increase
in body weight of C57BL/6] mice fed a HFD (Table 1). There was no dif-
ference in food intake among these four groups (mice fed a LFD and mice
fed a HFD with or without fasudil, 3 or 30 mg/kg per day). Epididymal
WAT weighed less in mice fed a HFD treated with fasudil (30 mg/kg per
day) than in mice fed a HFD without fasudil, whereas a dosage of 3 mg/kg
per day had no effect on epididymal WAT weight (Table 1). Although
serum concentrations of triglyceride were not altered among the three
groups fed a HFD, increases in total serum cholesterol concentration
and serum free fatty acid concentration in response to a HFD were atten-
unated by fasudil at a dosage of 30 mg/kg per day. These data indicate that
30 mg/kg per day attenuated the initiation or progression (or both) of
HFD-induced obesity.

Mice fed a HFD showed glucose intolerance, as evaluated by intra-
peritoneal glucose tolerance test (ipGTT); glucose tolerance was improved
by both fasudil dosages of 3 and 30 mg/kg per day (Fig. 1A). Intra-
peritoneal insulin injection lowered serum glucose concentration in mice
fed a LFD, an effect that was blunted in mice on a HFD (Fig. 1B). Both
dosages of 3 and 30 mg/kg per day restored the response to insulin chal-
lenge to a degree comparable to that of mice on a LFD (Fig. 1B). These
results demonstrated favorable effects by fasudil on systemic glucose me-
tabolism, which could not be ascribed simply to secondary effects of re-
duced fat mass or body weight.

Effects of the Rho-kinase inhibitor fasudil on adipose
tissue in diet-induced obesity

Adipocyte size was increased in mice fed a HFD compared with that in mice
fed a LFD. This change was attenuated by a fasudil dosage of 30 mg/kg
per day (Fig. 1C). Macrophage infiltration of adipose tissue was also

Table 1. Basal characteristics of mice fed a low-fat diet (LFD), high-fat
diet (HFD), or HFD plus fasudil (HFD + F3, HFD + F30). F3, 3 mg of
fasudil per kilogram of body weight per day; F30, 30 mg of fasudil

increased in mice fed a HFD, and this was reduced by both dosages of
fasudil (Fig. 1D). Abundance of the mRNA transcripts encoding the adipo-
cytokines MCP-1 and TNFa was increased in adipose tissue of mice fed
a HFD compared to mice fed a LFD, increases that were attenuated at
both concentrations of fasudil. Conversely, abundance of the mRNA en-
coding adiponectin was decreased in mice on a HFD, a change that was
partially reversed at both concentrations of fasudil (Fig. 1E). These data
indicate that hypertrophic changes of adipocytes, macrophage migration
into adipose tissue, and dysregulation of adipocytokine expression that
occur in HFD-induced obesity depend on signaling through the Rho—
Rho-kinase pathway.

Attenuation of the aberrant adipocyte phenotype in
diet-induced obesity by adipocyte-specific inhibition of
Rho-Rho-kinase signaling

The inhibitory effects of fasudil on several aspects of the aberrant pheno-
type associated with diet-induced obesity suggested that the Rho—Rho-
kinase pathway was activated in adipose tissues of obese mice. Immunoblot
analysis with an antibody directed against the phosphorylated form of my-
osin phosphatase target subunit (MYPT), a substrate of Rho-kinase, indi-
cated that Rho-kinase was active in adipose tissue of mice fed a HFD, and
that this was inhibited by systemic fasudil (Fig. 1F). Subfractionation of
adipose tissues into a stromal vascular fraction (SVF) and a mature adi-
pocyte fraction revealed that activation of Rho-kinase in the adipose tissue
of HFD-fed mice occurred mostly in mature adipocytes rather than in
macrophages or vascular cells (Fig. 1G).

To delineate the pathological televance of the activation of Rho-Rho-
kinase pathway in adipocytes, we explored the effects of a HFD in trans-
genic mice in which Rho activation was specifically blocked in adipose
tissue. We generated transgenic mice that expressed a dominant-negative
human RhoA (DN-RhoA) mutant driven by the promoter of the adipose
tissue—specific protein, adipocyte fatty acid binding protein (aP2) (DN-
RhoA TG mice) (Fig. 2, A and B). DN-RhoA TG mice were of normal
birth weight and were fertile, and the mutant gene was specifically ex-
pressed in adipose tissue (Fig. 2C). The following analyses were per-
formed on DN-RhoA TG mice and wild-type littermates fed a HFD. At
18 weeks of age, Rho-kinase activity was specifically decreased in the
adipose tissue of DN-RhoA TG mice compared with that of wild-type hit-
termates, as assessed by phosphorylation of the Rho-kinase substrates
MYPT and ERM (ezrin, radixin, and moesin) (Fig. 2, D and E, respective-
ly), but was not altered in other tissues. The increase in body weight of
DN-RhoA TG mice was significantly attenuated compared with that of
wild-type littermates (Fig. 3A). In ipGTT, glucose tolerance was enhanced
in DN-RhoA TG mice compared to wild-type mice (Fig. 3B), and serum
concentrations of free fatty acid were lower (Fig. 3C). In addition, in-
creases in adipocyte size (Fig. 3D) and infiltration of macrophages in ad-
ipose tissue (Fig. 3E) observed in HFD-fed wild-type mice, as well as the

per kilogram of body weight per day; TC, total cholesterol; TG, tri-
glyceride; FFA, free fatty acid. **P < 0.01 versus LFD; #P < 0.01 versus
HFD; n= 6.

LFD HFD HFD + F3 HFD + F30
Body weight (g) 28.7 £ 0.75 43.95 + 2.55* 42.88 + 2.93 38.15 = 1.95%%
WAT weight (g) 0.67 = 0.13 2.24 £ 0.17** 2.18 £ 0.19 1.52 £ 0.12%
TC (mg/dl) 72+ 12 147 & 22** 147 £ 18,5 95 + 15%*
TG (mg/dl) 356 + 6.9 48.0 = 12.0 50.5 + 8.3 49.0 = 2.1
FFA (meqfliter) 0.51 £ 0.12 1.02  0.15" 0.712 + 0.17% 0.66 = 0.11%

www.SCIENCESIGNALING.org 25 January 2011

Vol 4 Issue 157 ra3 2



RESEARCH ARTICLE

B C
A el HFD —8— HFD
600 e=@==HFD + F3 200 1 m=@== HFD + F3 __ 10000 r x
- A= HFD + F30 = #&= HFD+F30 €
5 500 ¢ —e—LFD S 150 } ——LFD 2 8000
2 400} g 8
: E A 5 6000
% 300 8 100 b ~ S ﬁ# Qo
8 8 & 4000
S 200 3 I}
15} @ 50r¢f 2
100 } 2 2000
0 N N , O N N N ) O = 4
0 30 60 120 0 15 30 LFD HFD HFD HFD
Time (min) Time (min) + F3+ F30
D
LFD HFD HFD + F3 . HFD + F30 . -
o - = =5
, o= - '
r >
‘ =,
» =5 - ) Ny 50
] 0 m 50
. 50 um e o 5 0 pm. ) W ) Oum
80 r
L E . .
8 - MCP-1 TNFo Adiponectin
= 60 3 — 3 r 3 I **k 3 [
5 Ia
o o
o g3 2 2t
& 40r Gz 2
@ 28
s zZ3
[e] L L- |
g 20 GE: < 1 1 1
HFD HFD HFD HFD HFD HFD HFD HFD
FD HFD FD HF LFD HFD
LFD HFD+F3+F30 L +F3 +F30 LFD D + F3 + F30 +F3 + F30
F Fig. 1. The effects of the Rho-kinase inhibitor fasudil on glucose tolerance, insulin
LFD HFp HFD  HFD sensitivity, and adipose tissue of C57BL/6J mice fed a HFD. (A and B) C57BL/6J
+F3  +F30 mice fed a HFD, LFD, and HFD with fasudil, 3 mg/kg (HFD + F3) or 30 mg/kg
Phospho-MYPT (HFD + F30), for 3 months; glucose metabolism was evaluated by ipGTT (A) and
Total-MYPT intraperitoneal insulin tolerance test (B). The concentrations of glucose were
) compared statistically. **P < 0.01 versus LFD, #P < 0.01 versus HFD, *P < 0.05
versus HFD. n = 5. (C) Adipocyte size in WAT of each group is shown. **P <
G 0.01 versus LFD, ¥P < 0.01 versus HFD. n = 5. (D) Number of infiltrated macrophages
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Total-MYPT
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LFD
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in adipose tissue, counted under a microscope with a 400x objective. The upper
panels show immunostaining with F4/80 antibody against macrophage-specific an-
tigen. Arrows point to individual macrophages. **P < 0.01 versus LFD, P < 0.01
versus HFD. n = 5. HPF, high-power field. (E) Effects of fasudil on expression of
mRNA encoding adipocytokine, MCP-1, TNFa, and adiponectin. ™P < 0.01 versus
LFD, #P < 001 versus HFD. n = 5. (F) Immunabloting for phospho-MYPT as a marker
for Rho-kinase activity. (G) After the mature adipocytes were separated from the stromal
vascular fraction, Rho-kinase activity was assessed by immunoblot. **P < 0.01 versus
LFD, n=4.
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abnormal pattern of adipocytokine mRNA abundance (Fig. 3F), were sig-
nificantly attenuated in DN-RhoA TG mice. To control for effects of body
weight on glucose tolerance and insulin sensitivity, we performed ipGTT on
11-week-old mice, a time point when body weight did not differ between
the two groups (wild type, 29.4 + 3.1 g; DN-RhoA TG, 27.2 £ 23 g; n=
5). As shown in Fig. 3, G and H, fasting glucose concentrations were higher
in wild-type mice (wild type versus DN-RhoA TG: 154 + 18 mg/dl versus
131 = 14 mg/dl, P < 0.05, n = 5), as were fasting insulin concentrations
(wild type versus DN-RhoA TG: 424 + 36 pg/ml versus 308 + 24 pg/ml,
P <0.01, n=75). In addition, glucose tolerance was improved in 11-week-
old DN-RhoA TG mice compared with that of wild-type mice (Fig. 3G),
and DN-RhoA TG mice were also more insulin-sensitive (Fig. 3H). Thus,
DN-RhoA TG mice were more insulin-sensitive and had improved glucose
tolerance independent of body weight.

Treatment with fasudil at 30 mg/kg per day did not further improve
glucose tolerance or insulin sensitivity in 11-week-old DN-RhoA TG mice
(Fig. 3, G and H). Thus, RhoA activation in adipocytes appears to be crit-
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Fig. 2. Generation of transgenic mice with adipose tissue-specific dominant-
negative human RhoA. (A) The construct used for the generation of adipose
tissue—specific dominant-negative human RhoA transgenic (DN-RhoA TG)
mice. A fragment composed of the aP2 promoter, human DN-RhoA cDNA,
and RBG poly(A) sequences was excised from aP2 promoter vector by Xho |
and Not | and injected into one-cell fertilized mouse embryos obtained from
superovulated C57BL/6 x C3H mice for the production of TG mice. The prim-
ers used for genotyping in PCR are indicated as arrows. (B) Southern blot

ical for Rho-kinase activation~induced systemic insulin resistance in obe-
sity. Together, these data indicate that the activation of Rho—Rho-kinase
pathway in the adipose tissue directly promotes the hypertrophic adipocyte
phenotype in HFD-induced obesity.

Rho-kinase activation in hypertrophic adipocytes

We investigated the mechanism for the activation of Rho—Rho-kinase
signaling in an in vitro model in which 3T3-L1 fibroblasts were exposed
to factors that promoted their differentiation into adipocytes (see Materials
and Methods). Before adipocytic differentiation (day 8 of exposure to dif-
ferentiating agents), Rho-kinase activity was low. Rho-kinase activity
increased after differentiation and as lipid accumulated and cells increased
 size (Fig. 4, A and B). Rho-kinase activation induces the expression of
cytokines and chemokines including MCP-1 (12) and TNFa (73). Con-
sistent with this, the abundance of the mRNAs encoding MCP-1 and
TNFa was increased in adipocytes at days 12 and 16. These increases
in mRNA abundance were inhibited by the Rho-kinase inhibitor Y-

Cc

20
15

10

mMRNA/GAPDH (arbitrary units)

| B d | — ) e 1 | SS— e d
Wild DN Wild DN Wild DN Wild DN Wild DN Wild DN Wild DN
WAT Kidney Liver Muscle Lung Heart Vascular

WAT
wild

Liver
Wild

Kidney

DN Wild DN DN

Phospho-ERM

Total-ERM

6 -
2@
>
-8
§5 27
m © [

Wild DN Wild DN Wild DN
WAT Kidney Liver

analysis shows 13 copies of the RhoA transgene in mice of line 01. An arrow
indicates bands corresponding to transgene-derived RhoA. Transgenic
vector including human DN-RhoA genes used as a positive control. (C) Real-
time PCR analysis with specific primers shows the presence or absence of
mRNA for DN-RhoA in various tissues. DN, DN-RhoA TG mice; Wild, wild-
type mice. n= 4. (D and E) Immunoblot analysis of phospho-MYPT (D) and
phospho-ERM (E). **P< 0.01 versus wild type, n= 4. (D) and (E) indicate that
the Rho-kinase activity is specifically inhibited in WAT in DN-RhoA TG mice.
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Fig. 3. Phenotype of DN-RhoA TG mice and wild-type littermates. (A)
Weight gain of DN-RhoA TG mice (DN) and wild-type littermates (Wild)
fed a HFD for 12 weeks, from 6 to 18 weeks of age. **P < 0.01 versus wild
type, n = 5. (B) ipGTT of DN and wild type at 18 weeks of age. ™*P < 0.01
versus wild type, n = 5. (C) Serum concentrations of lipid of DN and wild
type at 18 weeks of age. *P < 0.05 versus wild type, n = 8. (D) Adipocyte
size in WATs of DN and wild type at 18 weeks of age. **P < 0.01 versus
wild type, n = 5. (E) Number of infiltrating macrophages (arrows) in adipose
tissue of DN and wild type at 18 weeks of age, counted under a microscope
with a 400x objective. The left panels show immunostaining of F4/80 anti-
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body against macrophage-specific antigen. **P < 0.01 versus wild type.
HPF, high-power field. (F) mRNA encoding MCP-1, TNFa, and adiponectin
in adipose tissues of DN and wild type at 18 weeks of age. *P < 0.05 versus
wild type, =P < 0.01 versus wild type. n= 5. (G and H) ipGTT with HFD-fed
DN and wild type at 11 weeks of age, a point when the body weight did not
differ significantly between the two groups. ipGTT was also performed on
mice treated with fasudil (30 mg/kg per day). Glucose concentrations (G)
and insulin concentrations (H) were measured during ipGTT. =P < 0.01
versus wild, n = 5. “F" represents 30 mg of fasudil per kilogram of body
weight per day treatment.
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27632 (Fig. 4C). The expression of adiponectin was decreased in adipo-
cytes at day 16, a change that was also reversed by ¥-27632 (Fig. 4C).
Similar results were obtained in experiments with fasudil as a Rho-kinase
inhibitor instead of Y-27632 (fig. S1). These data indicate that, as adipo-
cytes increase in size, Rho-kinase activity increases, leading to altered adi-
pocytokine expression.

Stretch-induced Rho-kinase activation and stress fiber
formation in mature adipocytes

To explore the mechanisms underlying Rho-kinase activation in hyper-
trophic adipocytes, we examined the effects of mechanical stretch on
Rho-kinase activation in mature adipocytes. Our data with the DN-RhoA
TG mice indicated that an ~50% increase in adipocyte area, corresponding
to an ~20% increase in diameter, provided sufficient mechanical stress to
elicit adipocyte biochemical responses. Therefore, we stretched mature
adipocytes grown on a silicon substratum up to 120% of initial diameter
for 72 hours and investigated the effects on Rho-kinase activity. We found
that Rho-kinase was activated after this constant, long-lasting stretch (Fig.
5A). Furthermore, the expression of the mRNA encoding adiponectin was
decreased 43% and that of the mRNA encoding MCP-1 was increased
60% in stretched adipocytes compared with their expression in non-
stretched adipocytes (P < 0.01, n = 5). These results were similar to those
obtained in vivo in the diet-induced obese mice and the DN-RhoA TG
mice models (Figs. 1E and 3F). Staining of the Rho-kinase effector F-actin
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was increased in stress fibers by mechanical stretch (Fig. 5B), indicating
that Rho-kinase was activated in stretched adipocytes and induced stress
fiber reorganization. F-actin staining of adipose tissue was increased in
HFD-fed mice, and this was attenuated by the Rho-kinase inhibitor fasudil
(Fig. 5C). F-actin staining was also decreased in adipose tissue of DN-
RhoA TG mice compared with that of wild-type mice (Fig. 5SD). Measure-
ments of cellular size indicated that F-actin-positive adipocytes were
larger in size than F-actin—negative cells, providing a link between Rho-
kinase activity and adipocyte size (Fig. 5, C and D, lower right panel).

DISCUSSION

The small GTPase Rho and its downstream effector Rho-kinase were initially
identified as mediators of vascular contraction. Activation of Rho-kinase
inhibits insulin signaling in VSMCs through formation of a complex with
IRS-1 (74), suggesting that Rho might affect systemic glucose metabolism.
Formation of a complex between Rho-kinase and IRS-1 increases serine
phosphorylation of IRS-1 and decreases its tyrosine phosphorylation of
IRS-1 (/4). Similar changes in IRS-1 phosphorylation occur in muscle
tissue in obese rats and are attenuated by inhibition of Rho-kinase (/7).
Furthermore, long-term treatment with fasudil attenuates weight gain and
abdominal fat deposition in Zucker obese rats, although these effects are
marginal (/1) and the direct involvement of Rho—Rho-kinase pathway in
adipose tissue has been unclear. Here, we used a mouse model of obesity
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Fig. 4. Rho-kinase activity and the effects
. . of Rho-kinase inhibition in cultured adi-
Adiponectin pocytes. (A and B) 3T3-L1 fibroblasts
1¢ were differentiated into adipocytes (see
Materials and Methods); after differentia-
0.8 tion into mature adipocytes (day 8), as
the area of adipocytes increased (A), Rho-
0.6} kinase activity increased (B). **P < 0.01
+ versus cell at day 8, *P < 0.05 versus cell
0.4t at day 8. (C) Abundance of mRNA encod-
i ing MCP-1, TNFa, and adiponectin in the
0.2} adipocytes at days 8, 12, and 16 was
measured by real-time PCR. Adminis-

tration of the Rho-kinase inhibitor Y-27632
was initiated at day 8. Y, Y-27632-treated
cells. *P < 0.05 versus untreated cells
at day 8, **P < 0.01 versus untreated cells
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at day 8, ¥P < 0.05 versus untreated cells at day 12, TP < 0.05 versus unireated cells at day 16, 1P < 0.01 versus untreated cells at day 16. n = 5.
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