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B PR RS M 15 L D FEE A &5 RE AR (2 BE 3 DAF2T
— AL AN ZAB L7 F L 455F ASKL 0z LT —
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WA Se—RRY, Zm &2, St WS, i EERY

VREA KM R IE BRI R, ® REAS I e 1 BR e Bl A A 2 510 i [ AR 25 IR G,
P REAR SRR A R R E 7

B E R B BRSO A TR Y B AR FEIE SR 0D i b /87 5 RS0 i I M Do iges | 2 3 1 D A o
TR O BT, B E & I ORI 352 L13d CTHRE THD, Fx 134 F T, milE TIEEEE
BT DIEEARL A (ROS) & ROS #F3E 27 F /1 ASKI MEPE LS4, M N RE R H 0.0V T Vo 7722 825
HTEEADINI LTz, AL Tl BHESZYER MEE T /10 ASKI KIE~T 2% VT, BRI A R I LD B
R I OBHRZ M TTED A =X MR % B L5,

i (FEBRL) B M I E DT T /L E) TdhD Dahl BHEESEMEE MET v~ (DS T h) 12 7 i) S g AT
ZATV, 12~16 @50 4 JH[#, (1) ARB; irbesartan (20 mg/kg/day) | (2) HitfE{E# ; tempol (0.1 mmol/kg/day) . (3) IfiL
EHLERA hydralazine Z ¢ 5L, T ORI EERFILIZ,

(%EBR2) ASK1 KR~ A BRI AR AT B AR~ AL I & U i 5 A OFE I B TR L=,

f e (28R 1) Irbesartan (% DS 7 hD.O A L& Ol £ 7V 7 24 BATHIHIL . 2O I OB 31T Dl kAR

L ADD O RIEAE K 32 5 A i A2 ek D o IR AL & U N B RERE T AR N — S AD I A o T e, BT,
DS ZvhDVET V70 ClE ASKIL TGP L & M58 PN B B S FE K 1~ (VEGF) OIR F A58 ZhbiTndith

irbesartan $¢ 512 ClEIE L | Tempol |ZZAVHE[FIERD N RA R LT, ¥ 7 AD5 HEERE R U 72 M8 N EGHIREZ LD in vitro
FRFFCIE, ROS 1285 ASKI1 TEMELITAIIE Y RN — A& A L, VEGF 1% ASKI TGP LI 2 L7 AR — 3 A%
DEFDHZENDNoT,

(EBR2) miRE R B2 A LB AR~ A ASK-1 KO =7 AT b [FREOMUK & JR & Na et &8s
L= AEPEET VR AT mr OISR B DIV B AR D L EHME L, JEEIRVET V7L WT w7 AKD
ASK-1 KO =7 ATH BEITHNHIS LTV, £7-, ASK-1 KO =7 20D Tld TGF-p1 <. ROS X° NADPH 7%  % —
OV 7 2=k NOX2 OIELOTLEL IIHI S T2, ASK1 KB~ ATIEARICEIE AR L DI N R RERS
E0 M5 ROS FEAE NOX2 DI BT IIH STV,

At RS MER MEICI 1T D Ang TICE DRV ET V2712, ROS 1285 VEGF O T &A% ASKI {EMEALAS, N
BT 78— AL B LA OFEXT R 2/t U TR G- 52 BNz, SHIZ ASKI X, BHEICEHE
PR DB NE SRR L, A N R BRE OERLIZ, ROS OEMA T L CRG-9 228Dt o7,

1. B AR L R R v I ORI 4
B T HA SN 2 oS0 O LA 99 7 & i S OFE DEFRC, B YEE L E ORI 952 L3

DIYAT 72D ZEE, Bx DL TENLABNTHS, DTEETHD,

P> T, BHRSVED LB 5R Y B AR NIZFIER D =) Fex XTLARTRY . BHUEZ S MEET L ThHY —
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NSRS NEZ Y (DS Ty ) R0 MM I &6 T 7
IV T I 2NN AR T By FEFENE 5 LT M B & & AT
L. A R U 12 @ i, M 8 P R BB 50
R T DLIET VT A7 L0l E A OFED A
=ALERRRTL T,

INOICHETHAN =X LEL T, @R AN L E
RLET VEN O LR, BB E O E#Es T superoxide
(&{b AR Reactive Oxygen Species; ROS) DHE/INE,
FRALARL AFFEMED 7 F 147 (MAP kinase kinase
kinase; MAPKKK ) C& % apoptosis signal-regulating
kinase (ASK) -1 DIFMEALA BT, ASK-1 (ThEb LR
(LA ATEFHEI AL, AT AR — A% Fk T Dl
N7 FIUREME EL CTRESIZA, £ DH DT~
DWFFETT b= AD B2 BT H 2 7S & (2B G-
LTWBHZENHABNEZ TS,

AR, RIS IEET L ES> ASKI K
B~ 2% T EEERFZEE | AR M s i & O A
PR OB AR DRI RO M2 LD, &1
Rl B A | 2 LD MR 3 L OVE RS ME T T D A =
A LOfFEAZ BRET D,

2. EFE

BUEETOH 4 OBFFET, MHLEIZCOME 4 2R T
TILREIRERIC BT DERL AN AL ZOFEEL 7Ly
¥ ASKI1 2MEMALZILTIY, ZHIHDN M AE N R HE 22
M FEE DAL R SIZ B 5 L QDD 2 ER L
Lo A (E 1),

MmEHE AR
AN v
ATVB 2005 Circulation 2003
hY
ASK1

Circ Res 21}03, l \
WXKIRO  WXRIWE WKW
¥ v 'Y

AR K = M E % HRAE

WUEFYLY hERREERE  OOESHE

1. ISEELD TN —TNEETICHFALT. ASKL @
IR BE~D R 5

Fio, BRI BF LIRS B TR E R
BOHEZ BRIV ZENE, ZORIECIERIEE S
DO AR 92 Z L IXEG R IO TEHEThHD,

YLD EOLE, BEEZ AT =X LEZ Dl G
OHEDFIERFIZ DOV T N RO FHEIZHE > TSt AT
THD,

2.1 DS SvrxAVV-BERZEEOLEOLOLES
BHEDRFEAN=Z X LIZDWNTOEE

WA 121 BH g (Chronic Kidney Disease; CKD) &
&AL MR OIS LT fERIA - L CIEE ST
5, CKD ClERERARIEE & O F 2D RIS EA
JUHE 273, DS Ty MI A R LY CKD ZF8iEL £
MRS DN 52 LD LD, EHIZ, DS Ty kT
B DRI NER ME ORI, LB A PHE DR
IRk IC BT AT v T (Angll) DR 528
TRNZ LN LD LM - BRIRMFZE T LN 2> TD,

Fx OTERFTTH, DS 7y hO L AE 725 DN EHHH
RCIT AR AR RHG . Ang TS TTHELER L ARL 273
HIMLTHY, SHIZ CKD BERLSNTNODIERH L
IZENTWD, LinL, B ME&IMETO CKD 725
N L A PHESDOEEL AN AR 5.0 A = X LT
KRIEARRZ2 S22 | Fox 1L DS 7y MIAFEHIEL
FIO, BEESEA L | B AR 2R, ROS #FE MDY
T F NGOG AN =R N AL T LN T 5,

BARBIZIE, BR{L AR ABEARESE TéhD NADPH A3
A —F DO EFK (apocynin) WL b AR L ATH £ Al
(tempol) | Fr7- 72 b AN APEARIKEL THEA ST
W% eNOS 72 iy 7V 7 DS (Mil% sapropterin) &
EBIZ, Ang T Z A7 v 77— (ARB) THEER CIALf#E H
SV CWAREERRTHD TIrbesartan Z3%HKL . DS T MZ
B DOME A PHERDLONT CKD (2% 520 4tk
BETT 528 T, EOBRMEAN ZPEARE DB 5 AR
WD, EBITIZZFD AT =R LT THBNICT S,

[ FREI, B IC B AEE(L AR ABEE K 1
(NADPH A% % —E D% 7 =vhk eNOST v
PRSI T R BEEER R ) OFBlAE
real time RT-PCR X western blot 5% VY mRNA LN
BRIV TR D,

2.2 ASK1 KO ¥ IRZAW-BIEARHFEETD A
H=XLIZDNTOHKET
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AR DI, B AN & MLEE 7 VB Tl
TOBRLAN NS ASKI OIEHAL AL NTZ, 2D
e, VA ASKL OB A EaskE =~ D
BB RS D, AREERTIEIZOFEMZLNCT S
728, ASK1 RIFE~T AT @EBHARZITOWE AR~
A& AR T D,

2 OTiRECIE, ARy RACERER (8%
NaCl) ZE T LM TR AL DD L
B R ik C DB LA R AR ERFEMIRIRAR & &5 124
MEOMMEALDFE STz, FFFIC, 26O/ TD
ASK1 20D Fifisy 1 p38 OV ERLDOEEM, S5Hi
transforming growth factor (TGF)-B DFEELLHEN B30
7

—J7. ASK1 KIE~T A BHEAMEIT>Th, Mk
TOp38 VR TGF-B R BLUIMHI S 4L, LS OHED
HHIEDoT- (B 2), DFED, BRI LDl
SOERAEARA-ASK1-p38 #R DB 51/ RIB ST,

e x IT5IEHEE | ZOFEMIRAT = A 8%~ T ADBG
TR 7 N Gy 1 AR E RN TREATL L BIBNZL T
W, BRI, DBICBIT DB AN A DB
X ASK1 O D7 F /v 5r+F% real time RT-PCR <°
western blot 1% H\V T mRNA BILUNZ L 7L ~UL T
P95, EBIT, FREHUARZ VTR A fa g (b g
LAY XY AR IO RS BB D PE AR A i B
T2,

1), 2) DFEBRIZED | AR & i &S Df g b
EDOIIEEF BT DI L AR AL Z DOFE Sy 1 ASK1

FERTHIR  ASKIRETIZ

TER SRER TAR SRER

2. ERMAR~TATO ASK1-p38 DU E{LI LY
TGF-B DFsH

DEENEALIIL BRI IEORFEICF G LI

EEZTND,
2.3 RERZUBMELLRE LT 2IZEY HEEK
{5

PR DA BREBI ORI 5313 e FEILIRERE D 72283
PR ESNDOLIEAREIZEDZEDRHALNERD | TR
R7pZEMBARIRTH REREICESITHI TN,
TEDN DARIRA AT DI N L A< 2R D RE L B R
INTWDHLDD, ZDORIEMTFITEKARH TH D,

DS ZvMIBEARICIY S EMELEREZR T,
ISTHRRME DR A& 729 2805, AR M & i £
ISR NSO IR IR AR R EFIEL LT W ATREME D3 2,
o2 IFENFREIZR W TINAREI 3572012, DAEE
FIZBT DRI Z L MED B NV R L% ODYREAR
2EE LD 2B L CHEBMRETT 5,

BARMICIE, @i et AR 2B E O RS AT
L. 24 BRI E FHAE I TlE B WY A 2% dipper 5
(M E2D 10% EIK T3 2EHZA47) L
non-dipper 2 (FZ I IMEAS 10% A LMK F LR MK
R EIES 2 A7) IC T %, Zb%, DYLRA R
Fr L DIUHE N AR R & T HBRET T A 28 T CLERA
2OZENIEE 3 ZH) | AR MEE LED A NY R A
R0, DEEAREEDOFBEE BN T2,

F7-. BRI 1213 non-dipper Y & 1fl 23 26<
DARBEDIIERENE NI ERHESIVTND, JLREAR
ENLOODMEREN SO, FT-F DR B 5/
EPRE TRV R Z W, Fx BT OEBRE R (1R

\awemﬁ#im LNEATR |

EZWRENAERTHSH. bTMICEEShTLD
Z =B 3 (EF) >50%
EEZRFEMATRFRE (LVEDV]) <97mL/m2

EZDMEE. AA. ERENRETHSC LOHR

l 5088 L1k TE/A<0, 5, DDT > 280msec |

¥
xS

X 3. DEa—|ZXAIREREDZ W
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ARG IR B AR ) 0 A & OHEA R 95 &
EBIT, RO T IV T I B CRERUK S I 2 Rk 55)
X° 8-OHAG fifi (FE{L AN ADFEIE) 2 E L AR
e LR OPR B B A B IE IR MR L35,

ZIHOSEIC I RS EE RS OFERRIC
B RANOMEER 22 7-5L0 000, @F DR E
W EUTEE AR ZADBER B ADIL, SHITA AU ARST
PECIRECHER A . CKD 72 E DG IHENZ DD, i
IR EBURERANZ NSO B A B BN LTV,

3. ARHER
3.1 DS SubEAVLMESHES KLU CKD RiE
INZXLIZDOWNTDEET

For oA 7 =718, DS T M 7 Bl D £
A EARTDHE, LB MO E I E 2 &7
L. 128 CE i EPEERZ L, £0%% 16 Wi
R OERAR 22 E T ZENHLMICESN TS, £
DI=HA RO EERTIL, 7 Bl b EaAafL
DS M, M N HEREREE <> CKD, SHITITFEHZ
EEEREZZLE 12 @il)s 4 #fE (1) ARB THD
irbesartan (20 mg/kg/day) . (2) HUE /LAl ; tempol (0.1
mmol/kg/day) . (3) L& HL3EA hydralazine (3 mg/kg/day)
EENEIRR OB LT,

fER K 4 OIDTT R TOFEA KGRI ThHA

(mm) P<0.01
. P<0.01
e

LowNa Veh Hyd Tem Irb

BRI A 2 OGNS R I 3A B T
7

LU, [RIFEEE DR EZY /2235 hydralazine (2B
T, irbesartan & tempol ¢ 5-# ClL L EEB I LTa—
ZEDERERIAEICHHESNTRY, ERERO~
—H—ToDIMF BNP EbA I TL TV, Fi,
fiR | LT AR 2 B B 95 & L B B DIB CORIE
(wru77—V DOIRH) o ZRVE ORRHEAL A IHI S,
JRELIICH DIV &7 U778 ARB EHURR LA CH
ShHZLnsbnoT-(B5), SHIT, DIKIZF1T % ROS FE
% superoxide FFHI) 7 B —_XTHLHY AT U

(mmHg)
230 Drug treatment
AR
220
g
5 210
n ——Veh
0 200
o —=—Hyd
Q 190
—o—Tem
-8 Irb
180 ——Ir
9
@ 470
160 ok * P<0.01vs Veh
0| . . . . . ,
12 13 14 15 16 17
4. BHAR DS Ty ho i EZEAL
(B)
(counts/mm?2)
E 40r  «P<0.01vs Veh P<0.01
E 30 P<0.05
7 20 * N
o
- 10
a
w 0

LowNa Veh Hyd Tem Irb

2
T (%
® g P<0.01
= 7 +P<0.01vs Veh P<0.01
[ 1
E6
25
!
% 3
2
g1
30
Q LowNa Veh Hyd Tem Irb

X 5. ARB BIXOWIEE{LAID DS Ty MMEY T Vo 7%t 9 250 5%

-78 -



2 (DHE) Jefa CrE i, DfC BT 2 A E=4> —
NGB TEBLIZEZA, K 6 1DEHIZ hydralazine TP
HTE2R2-T2H DD, irbesartan & tempol | F 2
e 111 | i RSNy /Ay SV RSV
FEEPRIBLOWRYET V7 Tl DA iR o e
KIZHKFT % Capillary vessels GEEEHMIMAE) A 2L HHH
KO AR AL Z > TWDZ LD FL BN SV TO
DT BIOIUTARFBRIZB W TH FEROBG 3B
2O 6 DL MR DN LI 3817 % ROS HENZ3E
ZoTNDD TIHRWD LG LIRET 21T o7, #iR, X
7 DIDIZIE N MO R Geta~ — T —TH D

(A)

(%)
160
*P<0.01vs Veh

-
[
o

Relative fluorescence
IS ®
(=] (=]

0
LowNa Veh Hyd Tem Irb

CD31 T fkE fE gt § 5L, DS 7y FCITAEIC
Capillary vessels DOFHXIHIEAD 23 FBZ-TEY, SHIZE
O FITITIME N BRI O T AR — ADHMAEE 5L
TWHZEAN, TUNEL et (7 AR — 2R G ) Lo
CHEYPAICE S THBINIIR o T, SHICHEREVNZ ST,
Hydralazine CIZ#NH| TE7R>72b DD irbesartan &
tempol (XA B AE N EMALD 7 R — 2% Il 3%
Z 2L, Capillary vessels DFH IR 2B X L) &
TV T HTRIL QOB EDTRBEI T,
EBIZZE D RIS ORRFHE B HNICT 5728,

Hx I ZLARTEOIIEA T TRY, B ARIZED DS 7y

(B)

(%)
6

* P<0.05vsVeh

(24

-~

Pimonidazole positive area
N w

-

¢ LowNa Veh Hyd Tem Irb

X 6. ARB BILOWIELLAID DS 7o MIMEIZE1F 5 ROS BILOVEIMLIZ® 9280 R

(R)

250
#P<0.05vs Veh
E
£ 2000 # # #
©
°
© 150
2
2 100
i
Laed
=
O 500
il
Low Na Veh Hyd Tem Irb

(B)
CD31 TUNEL merge
(%) #P<0.05,*P<0.01vs Veh
1.8
1. P<0.01

P<0.05
—

Tunel-positive / CD31-positive cell

¢ Low Na Veh Hyd Tem Irb

7. DS T MUMEIZF51F D Capillary density 333 OVILAE PN EZHE apoptosis
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FCONESREE IR 5T 22262 TS
ROS ##HE DT 7)1 45 F (MAPKKK) TéhDH ASK-1 12
B LU THREEIT > T0D, 2 IZLARTOMIE CRIEHA
fof DS T b Ll L7 « BB A LZ 35V T ASKT DY
P (VBB b TTHE) NER S TEBY, Z1b7% ARB
IRV EBEICIHISNDIEDD, MFRIZH TS Angll 23
ROS DHEME ASK TEMEAL AL CRIEAMIZ LD
FEEITRBI G- 95284 L TOD3 AWFZEIZ 80
THIRBRI BRI 35175 ASK-1 VR b D TLE % e
I HEEHIT, A RIFETI M N RIS B L &
FAEICB W THLIZRERIZ I 2 R ThH AN
JZ il e #8 5 [K] F- ; VEGF (vascular endothelial growth
factor) DMK FLTCWAZEZRHL WA (K 8),

IHIZ, ZOBIGRWATELRR DN, HDHWITEHERIC
B G-L T DO ERGTT 57291, BAER (WT) v 7 A
FBEO ASK-1 DI s 1K (ASK1-/-) 7 2D KE k7
DHEERR U2 s N RIaE T in vitro EBRIZT
EtE T o7, BRI, BEESR L -enE o
BN HIILZ, ROS ZEH 35720 il ER Lk 3 (H0,)
ZINL MR T AR — 3 AZFHE LT, #5 53, caspase-3
DS IE Yt T E B UM P R 7 AR — 3 A%
ASK1 KE~TRAIZEBWTIA B L TWAHZ LN
BMI7RY (K 9-A) . 512 VEGF (2 CHITALE L= 1M E N
FEHIBIC BN TS 7 AR b— 2/ A ECEA LT
BZERDI-TZ (K 9-B), IHIZ, H,0, IRAIILTZIAE N
AT ASK1 VB b ORI LA = 2K T 1

Low Na Veh Hyd Tem Irb
VEGE M- o s i

i bl " —— ——

#P<0.05, % P<0.01vs Veh

0.6,
*

0.5

H#

0.4

0.3]

VEGF / a-tublin

0.2

0.1

0
LowNa Veh Hyd Tem Irb

yMTTHRHLIZEZA, AR <D ZOMIFETIIESINGE 5
e =212 ASK-1 VBB LD TTHENR DD DITHL
VEGF ([ZTHONLORMLEL TH<E, ASK-1 V1t
DA B2 %2 L T0A (B 9-C) . £7- [
ERIZ, VEGF RTALE LIS N EAIREIZ 3517 5 ROS #E 0t
AEICIHIT L% we g s VT DI T
% (X 9-D),

B\, BH AR DS Ty hO# 3T DR L AR
ATLHED AT =AM ROS FEADH LR EL TR
SND eNOS 7oAy 7V 7 DOEGEBREFTT 57250,
eNOS 7> o7V 7 OEREL TGS eNOS il
% ; tetrahydrobiopterin (BH4) D ifi 1 3 L OYR HIR JE % TE
L, AR K 10 ©ZE< DS Zyh Gl JrREd
|2 BH4 BEOK 2388, Wit ARB (Irbesartan) 3%
Bl TETHIEZ AHL TS, ZHUTLLRTOFE 2 D
DS 7 hMiE TOT —4 (M BH4 DK T) %23 F57 51
DThHb,

3. 2 ASK1 KO ¥RZRAW-BIEARIEHFEST DA
HW=XLIZDNTORET

RRESEBRIC T, B M A M KDl R
BT HAEE LT, FlEERIZI1T D ASK-1 DJLHED R
G35 A REMER IR RIB I T, £ 2T, ASK-1 #E{s T
K~ A(ASK-1 KO v A) Z W CRIEARICEDE
B B B D A = X LOBRFEAT -T2, FARRY
WL, BAER(WT) w7 AL ASK-1 KO =7 AZXL T 8%
DERERE R AL, £ ONRA RE LT,

Low Na Veh Hyd Tem Irb
(P-ASK1 e SR S
OU-LLIDTIIY ] ————

2.0 #P<0.05, *P<0.01 vs Veh
1.8 P<0.05

P<0.05

LowNa Veh Hyd Tem Irb

8. DS Iy MBI RITD VEGE BL W (L ASK-1 DFEER,
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(A) (B)_
3 %) B
g L, RR e + (%) P<0.01 P<0.01
* by
% _P<0.01_ e 6 P00t
2 : N
9 m o 0
£ H,0, (-) (+) 2 H:0; () (+) () (+)
g Wild ASKT-- 9 VEGF (-) VEGF (+)
(C) (D)
VEGF (-) VEGF(+)
(minfjo 5 30 0 5 30
—ASK1 W . . &
O=tUID LI " ———————— &
Q
£,, P<0.01 P<0.05 g 5 P<0.01_ P<0.01
2 ' ! P<0.01' :-;
31 e © 15 P<0.01
2 310
= ® 05
< 0 £ 0
@ H:0: () (+) () (+) < H:.0,_(-) (+) () (+)
VEGF (-) VEGF(+) = VEGF (-) VEGF(+)
9.

1 i BH4%

LowNavVeh Hyd Apo Tem Tel Irh

(%)
100 -

#P<0.05, X P<0.01vsVeh
1P<0.05, $P<0.01vsHyd

Ll

LowNa Veh Hyd Apo Tem Tel Irb

Kidney BH4%

10. BH4 2R (g« R)

BLRZRANZ L2, BRIEAMIZTWT w7 A, ASK-1 KO
<~ ANT LA B ME _EFeEE R (D EEHE
(TR I E AR WNIZH DL WT vV A THE
ZHEEZ > T DRI 31T 29 B b (2 == S
FEEARVET V7)) R0, #MEIZBI 550 TGF-p1 @
FBUTHEIL, ASK-1 KO ~UATH EIZIHIS Tz
(X 11),

TRRHEIL

SHIZ, D31 HRIESE CD45 B3 LUV CD68 D7 )%
Yett | LA SEMR I TR 5L, WT <=7 A2 T
A EIZHINL TR A~O KA TMIZ . ASK-1
KO ~UATIEHEINL THELT (K 12) ., LlgIZEBIT5
ROS DH#Ehn% DHE 7"'v—~% T superoxide Dt
Yett CRHE9 5L, ZH 5 ASK-1 KO v~V AT AIEHA
25 ROS BT A B HfSh TV (R 13 £),
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(A) (B) (C)

(%) p<0.05
— < P<0.05
o?? g1, RO 200 M 1
820 n.s. O 1.04 =y n.s.
s r P 015 —
2 038 <
=15 = 2
] =0.6 10
E1.0 il =
7] 0 0.4 =
50'5 20.2 E s
] -
£ 7]
- 0.
o a. 00 NS HS NS HS

"NS_HS NS _HS
WT ASKA--

X 11. BHEARMICED LTI IR 08 —WT 7 A vs ASK1 KO w7 A—

NS HS NS HS
WT ASK1-/- WT ASK1-/-

(B)

307

N
&

CD45 (+) cells / field
e 3 T 3
=
i
CD68 (+) cells / field
s &

<

NS _Hs NS _Hs NS _Hs NS _Hs
WT ASK1-/- WT ASK1-/-

12. BEARICEDDBRIEICH T8 —WT v A vs ASK1 KO v A—

(A) (B)

1.757

ty

1.251
1.004
0.751
0.501
0.254
0.00

NS HS NS Hs NS HS NS HS
WT ASK1-/- WT ASK1-/-

X 13. RHEAMIIEDO0E ROS FEAIZKT T 52 —WT w7 A vs ASKI KO ¥ 7 A—

n
=3
L

Nox2 densi

DHE fluorescence

=)
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ROS il OBEFIZBIL Tid, ROS FEAD FERREE T
&5 ROS FEARESE NADPH A4 —F DOV 7 2=vh
D—>TdH%HNOX2 DFfEYAIZLD, ASK1 KO vV A
TILLHRRICBITS NOX2 OFRBEAIHESNLZLETY
TebENHZ eIz (K13 4) . [FFED NADPH A4
XA =DV T 2=y hD—>THD p22phox DT
Pl L DHBUTIX, WT v A, ASK-1 KO w7 A T4A<
FEMBLINIRNSTZEME ZOZEA T NOX2 FrFti&
HIErEND, IHIZ, [~ ACTIRLARN AHEBER TH
% superoxide dismutase (SOD) DT AV 74 —L% T AKX
7 ay NCHIHLTZ23, Cu/Zn SOD, ~ > 4> (Mn) SOD,
extra-cellular (ec) SOD VW9t WT <7 A& ASK-1 KO~
UATH B AERBOIRNDT,

Fx IZLRIDGO DS Ty M W REC, B
P e LT T RE s O (OB - DIRsE A~ 42, CKD)
RET A TIAE N R ENFEEISN TWDHIE
Z U TR, A N B RERE E D LEE A DFE DHE
K127 5 AREMEA A L QD 20728, RFEERRIC
FBUNTHIMAE PN RE R O R B2 | 45 H R B R L st
T 7 BT N AL DRSS E R E T D2 & TR
LTW5,

fl g, K14 OIOITIE NIRRT R AR WT ~ v
ATIXHABILEEFEINTODHD, ASK-1 KO v ATIE4
EERALILTORNIEE B LTS, 8 PN i

(A) (%)
0
{ =]
S 20
®
x
= a0
[:5)
= - WT,NS
= 60 = WTHS
]
o0 +P<0.05vsWT. NS
100 9 8 7 6
Acetylcholine (log mol/L)
(C) e
0
| =}
S 20
g < WT.NS
8 40 = WT,HS
e
5 60
=3
@
% 80
>

100
8 7 6
SNP (dog moliL)

REfEEIL CKD FIEICHIESBH G L TWHIENHHILT
Y. [FFTRIT ASK-1 KO =7 2T CKD FIEHNHI DO
JFFICHBE 5T o5V 2 5,

Fo, BRIEAMICEY, DB IO EIZB N TS
ASK-1 OUEALEZD TIZHS MAP kinase ThD
p38 MAPK DU LITA EICTLET 528 (K 15) | 1
2BV T D& [FERIC DHE Yl CEREL- ROS @
HENE S e CER LT Nox2 OFEBITITHEL TRY,
ZHHDOBEITNTNE ASK-1 KO 7 ATIEA EIZH
STV (B 16) . =HIZ, superoxide (FAHAKD NO &
PO L CHEAR SN ED 58 peroxynitrite (ONOO-) &72%
N, EDO~—TJ—Thb=brF Ot E~
TADMEIZ T -T2 %, ROS OFF RLERERIC, M
WZBIFb=haFul r ORBUIREAMICLSTHEIZ
JLHEL, ASK1 KO ~VATIIAZEICIHlEn (X
17), LinL7endn, MAF 128175 NO OFEARF THD
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Summary

Obiectives: High-salt diet (HSD) is closely associated with the increase in cardiovascular events. However,
the mechanism of high-salt-induced cardiovascular injury is unknown. The present study was under taken to
examine whether apoptosis signal-regulating kinase (ASK) 1 is involved in salt-senstive hypertension and
salt-induced cardiovascular injury.

Methods: (Experiment I) DS rats were orally given irbesartan (ARB), tempol (SOD mimetic), or hydralazine.
(Experiment II) Wild type (WT) and ASK1-/- mice were fed a HSD for 10 weeks and the effects of HSD on
cardiovascular injury were compared.

Results: (Experiment I) Irbesartan significantly ameliorated cardiac is chemia and prevented the development
of cardiac remodeling in DS rats. This beneficial effect of irbesartan was associated with the attenuation of
reactive oxygen species (ROS), the normalization of myocardial capillary density, and the inhibition of capillary
endothelial apoptosis. Moreover, DS rats with cardiac hypertrophy and remodeling displayed the decreased
myocardial VEGF expression and the increased cardiac ASKI activation, and irbesartan significantly reversed them.
Tempol mimicked all the above mentioned effects of irbesartan, indicating the critical role of ROS. We also
investigated the role of VEGF and ASKI in ROS-induced endothelial apoptosis, using cultured endothelial cells
from WT and ASKI-/- mice. ROS-induced ASKI activation caused endothelial apoptosis and VEGF prevented
endothelial apoptosis by inhibiting ASKI activation.

(Experiment IT) HSD in WT and ASKI-/- mice similarly increased food intake, water intake, urine volume,
and urinary sodium excretion, and comparably decreased plasma rennin activity (PRA) and aldosterone. Thus,
ASKI appears to play a minor role in the increase in natriuresis and the decrease in PRA and aldosterone caused by
HSD. HSD enhanced the cardiovascular phospho-ASKI] in WT mice. HSD in WT mice enhanced cardiac
TGF-B1, interstitial fibrosis, coronary perivascular fibrosis, and inflammatory cell infiltration, and these changes
were associated with the increase in cardiac ROS and Nox2. ASKI deficiency abolished the above mentioned
parameters. HSD also caused the impalrment of vascular endothelial dysfunction and increased vascular ROS
and Nox2 in WT mice, while it did not cause vascular injury in ASK1-/- mice.

Conclusions: We obtained the first evidence that ROS-induced cardiac VEGF down regulation and ASKI
activation, through enhancement of endothelial apoptosis, contributed to the decrease in myocardial capillary
density, which was responsible for Ang Il-induced cardiac injury. Furthermore, ASKI is implicated in cardiac

inflammation and fibrosis and endothelial dysfunction caused by HSD, through the enhancement of ROS.
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