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ASK1
DHE
EDTA
ecSOD
eNOS
GAPDH
HRP

HS

JNK
MAPK
NADPH
NS
PEG-SOD
PFA

ROS
SDS-PAGE
SEM

SNP
TGF-B
WT

apoptosis signal regulating kinase 1

dihydroethidium

ethylenediaminetetraacetic acid

extracellular superoxide dismutase

endothelial nitric oxide synthase
glyceraldehyde-3-phosphate dehydrogenase

horseradish peroxidase

high salt

c-Jun N-terminal kinase

mitogen activated protein kinase

nicotinamide adenine dinucleotide phosphate

normal salt

Polyethylene glycol, covalently linked to superoxide dismutase
paraformaldehyde

reactive oxygen species

sodium dodecyl sulfate - polyacrylamide gel electrophoresis
standard error of the mean SOD

sodium nitroprusside

transforming growth factor 3

wild type
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5-2 BR{L R h LR & ASKI & .DMLERE

FRfb A b LA, DIUEIRE L EHICER L TR . ZORED A =X L
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VADEARELTIEL, X bar R T7EFEER, NADPH 4% v % —8, 4
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RIRIEIZH D (BT F-IX 3A) 25, IEMERERIC LV FA L R U@kl L 72
ASK1 2> figRfES 2 & ASKL IXIEME L5, ASKL 134 Y 2~ —& L CRIBNICAE
ELTEHY, 52X 3B DI, FAL REUNREET DS, U Uk &,
TRAF 7 E DR 1 & K& LIEMEAL T D 03535 > T 5 ' ASKL 1 MAPKKK 72
T, IEH BT 5 L, IO MAPK ThH 25 p38 < INK N U bS5, Z D ASKL
—p38 and/or JNK D> 7 F/LinEix OIRHE CEHERER AR LTW5D,
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X4), BlziX, INFa DLt 7 & —=, Toll like receptor 4 72 E&, Z ? ASKI1
DY AT L% LTY H Y FIZHT 2 /la S 2R LT\ 5,
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% Z &X°, Angiotensin II X° Aldosterone ®HFHIZ LV AL 5, NADPH A%+
A=Y, HDHNTeNOS Ty 7 T HEDOEEA b L AM ASKL ZiEMAL
L. DIEKR, MAFNKEENREZ > TWAFEARLTEX 720 1617 18 ASK1 K45
AN THHF LEZSZL DT 22X, ZO{EA b L A—ASKI—
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5-3 RIHBERER L ERLR R L X

IAEOMIEIZ LY | BRI X DEERMEE O A I = X LA L A0S
LTWDZERHOLMNIR> TS P 22 RS VS OB RT3 2
EEEARICLAMEHI LD &L B A P L AZI T L CEIMLENE Z Y | O,
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DRLTWED, ZDAT=AL%5m CDHAIT, 1T LD
OEMEE ZER L T 5, ERMEORILEMICKR LT, mREAR 21T
S>Th, BEOLIEKR, MENKEEREDRBSGFRENLBZ DI LN T
BY P v R T HEBRMEREAMNTH, MEXIZEAEE(LTHZ L
2 NESREENEE SN DD DA T = X LOFEMIIRIZH S TIEHZRN,
Z 2T, AEOMETIE, IEFILEY U A~OEMEEE AR K D b
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6. EBRFHIE

6-1 EREY

KD ASK1 R~ R & BinfHmoF CEAR~ w2 (C57BL/6) & Z D
FEERIZH W, FEREMW)IT 12 B OB O BB OFRE 31T b TW D EE
THURAEEDIRE, WMEOT, WE. ERaiTo/, AR~ 2L, AR
SLC 7Bl Lz, RERIL, BBARFEMERZERDITA R T A4 ZESD
TIT72 bz,

6-2 EREAN&RRHME, RT —F% OBE, fiEd)

18 W4T D ASKL X~ X (n=35) &, MG OHAM~ T X% 2 7 )V—"TIC
s, (DEHEE (0.5%NaCL) & (2) mAEH A (8%NaCl) 2 Zih 1 0#H L
R Tz, AR, RRAIZIEBLIAY ME (tail-cuff
method:BP98A;Softron) ZIE L7=, Afiffc 3, 5, THT, vV A&~ ITA
2R w7 r— (LSG Co.; TECNIPLAST 3600M021) (Z AAv, 24 BEfEIR 248
FNTGA—H—ZWE LT, 10 BEOARBIMO%R, = —7 VR~ T, S
ATV, MAEZ BRI, (O, WIS REIRZ i L. Skrr, A7
P 217> 72,

6-3 IRPEMERE. BFE. PRA, 7V FRT v ORIE

JRO Na, KREEIL, A AL @PEBMRIE CRIE Lz, RIZELEIL, BERE AR
TETHRE Le, L= 0%ME (PRA) & IME Aldosterone R 1% RIA VAIZ &
D HE LT,

6-4 LB DOAEREFEROZE L DA

10 HEOAM D%, ffEH LR L7zDgiE, 4% 37 B8V A7 VT e R (PFA)
TEEL, T 74N L7, Sum TUIRZ/ER U7, (OlE#HE L DR
ilild 0. 5%gafn e’ 7 U U ERKIRIE CYAfR L7 Sirius red F3BA TYutathk, MifgfiF
BrY 7 b (LuminaVision ver.2.2) Z MW TEAE L 7=,

6-5 St
D, M OWET R £7-1%, R 74 VU2 CTREREEITo T,
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T 7 4 CEAIE, BNT 7 0 %, EDTA (ImM) % AR 72 BVAERIZ X 2 RS
E&EATV, BRI LR A 2T o T2,
PRI TR & L TN oHuE % vz,
anti-CD45 antibody (Rat, 1:300 dilution, BD Pharmingen)
anti-CD68 antibody (Rat, 1:300 dilution, AbD Serotec)
anti-TGFp1 antibody (Rabbit, 1:200 dilution, Santa Cruz Biotechnology)
anti-Nox2phox antibody (Rabbit, 1:200 dilution, Santa Cruz Biotechnology)
anti-p22phox antibody (Rabbit, 1:150 dilution, Santa Cruz Biotechnology),
anti-nitrotyrosine  (Rabbit, 1:200 dilution, Millipore)
—RGUATOI R 2L . — IR O/ERAEIZ 10 LR 0 IR BLE ) 51347
L. fEH L7,
HRP conjugated anti Rat IgG secondary antibody (ZYMED)
anti Rabbit IgG secondary antibody (DAKO Cytomation)
the goat ABC staining system (Santa Cruz Biotechnology)
HRP J& M D I LIE, 3,3’-diaminobenzidine (Dako Cytomation)(Z CT1T 572,
LR O CD45 & CD68 DiRiMIZ, BAREI T 200 f5 THER L7, 3HEH O
SEtEMR A v L, SER LR RSB o7 — 2 L LT,
WY A AW T & LN FEBLOARE ) E & (semi-quantitative
measurement) [, EIEAEHT >V 7 b (Lumina Vision) % AW CTHRIELFIEDIE
DI S DEMEAL ZAT WV, FHEROT — 2 2151,

6-6 KA — S—AF T PO

i U7=. D& KERIL, Tissue-Tek OCT (28l LS L7=, 10 um TS
IR 2 ERL L, W%, BEEA T2, 5uM o dihydroethidium (DHE) T 37°C
C 30 43fH] incubation Z1TVY, Wik 7 U o — /L CEAZITVY, RIEEIZHEAK
A= NN—=FF L ROERZIT> T, BARBYIZILDHE AL L7- 81 %, 520-540nm
DI ThHbEL L, rhodamine 7 4 /L& — % 3@ o 72 & dt EWEAEE & Wit v 7
Fx=7 (Lumina Vision) Ta ¥ =a—&—|ZHYiAZ, DHE O 7D
fEfbZ2ITV, BEEOT—& & LTz,

6-7T Y RAZ T uay b
O, M4 OfRE 2 . B L. X o "B E R A N4, S 512K
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ETI0MMY =7 —va &2 70, Lo CE- LiE2 2 o7k L
Teo #2307 PRIE % Bradford (5 THIE L, Y 7V ORE 2~ —EIZFHE L7z
%, BVEMESHE, SDSARY T 7 U7 I R VESIKE) (SDS-PAGE) 1T 72,
SDS-PAGE THyHff L7 v /37 & X R T ARGAEE(IC T, PVDF A 7 L liis
G Lo, #2237 ORI, HT@*/)’tﬁﬁE%ﬁHb\f:o

anti-phopho ASK1 antibody (1:1000 dilution)

anti-phopho-p38 antibody (1:5000 dilution, Cell Signaling)

anti-Cu/ZnSOD antibody (1:20000 dilution, Stressgen)

anti-MnSOD antibody (1:5000 dilution, Stressgen)

anti-ecSOD antibody (1:1000 dilution, Upstate)

anti-eNOS antibody (1:2000 dilusion, Pharmingen)

anti-phospho eNOS antibody (1:2000 dilution, Pharmingen)

anti-GAPDH antibody (1:2000, Santa Cruz Biotechnologies).
W) 7 “IRPUA & O %, enhanced chemiluminescence method (ECL Plus;
Amersham Bioscience) THH St X7 4 VAT LN RERRE LT,
N2 RO SITEGAE Y 7 & (Image], NIH) Z v, #fEb L. EEOT—
2 & LT,

6-8 I & thik S D A

MERDOA =T F ¥ 3 —1F, 3TCITHED, 95%02, 5%C02 DIRA A Tha
F1&47- modified Tyrode /N> 77— (pH 7. 4; NaCl 121 mM, KC1 5.9 mM, CaClz
2.5mM, MgClz 1.2mM, NaHePOs 1.2mM, NaHCOs 15.5mM, D(+)-Glucose 11.5mM) T
iz Lice ~ U AMBHIH L2 KENREZ 1.0m DY 27020y ML, i
NEZ AT e 0ER, =T F % o X—DETGERRDO 7 v 7127y b L,
8 /1% PowerLab (ADInstrument) <Cri&kL 7z, #IHESIAZ 1.0g & L, KC1 (50
mM) TPHED > hr— L ER 7%, L-7==L7 U (10'M) T, HilX
M S, D%, Acetylcholine X° Sodium Nitroprusside D& Z HiHE X H- 7
ND, R ERER L, MR E R & g s ORI A RCEk LT,

6-9 REEHRMT

T — X 134T O EE AR FE TR LTz, ZREM OREHE O gt X, one—way
ANOVA #1Z Fisher’ s PLSD test C post hoc Z1T-7-, ML BhEER S ORER L
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0. two—way ANOVA #%1Z Bonferroni £ TC post hoc Z4T7->7-., #at 7 M.
StadView (SAS Institute, Inc.) F721%. Prism(GraphPad Software, Inc.) % H
VN, PO.05 ZLLT, WEMFIAE & LT,
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7. EBRRER

-1 BRERATNOME, KE, LEE~DOEE

EEEARIC L D IME~DOEEIT, WT T ASKI KB~ U A THLHE Tl
-7~ (Figure. 1), Tablel IZ/r9T X D12, WEEDOEAM < 7 A DOREIL ASKL
K~ ALY BHTEI-T-, BAMCIIEREEZ AN LN, EFEA
MO~ ALY, BHTERENE) -T2, ASKL KE~ T 2 THE, TOZEFRDS
Niphode, BARL ASKL X, B, sEERVT S, EEEEIIIR
Br G2 xhol,

(mmHg)
| .
31001 = °
o 801 o~ WT, NS
S 60 o~ WT, HS
'g 40 1 -o— ASK1-/-, NS
o ] = ASK1-/-, HS
2 20 )
om
0 Lor— , .
0o 1 5 9
Weeks

Fugure 1. Effect of high-salt loading on blood pressure in wild-type and ASK1-/- mice
Abbreviations used: WT, wild -type mice; ASK1-/-, ASK1 deficient mice; NS, normal -salt diet; HS,

high-salt diet. Each value represents mean+SEM (n=10-16)

Table 1. Body weight and left ventricular weight in wild-type and ASK1-deficient mice

Experimental group Body weight (g) LV weight (mg/mm tibia length)

WT, NS 33.7+0.8 5.13+£0.19
WT, HS 31.5+0.7* 5.19 £ 0.06
ASKI1-/-, NS 30.0 £ 0.8* 5.03+£0.15
ASKI1-/-, HS 303 +0.7% 5.30+0.16

Abbreviations used: WT, wild-type mice; ASK1-/-, ASK1-deficient mice; NS, normal salt diet;

HS, high salt diet. Values are means =+ SEM (n=10-16). * p<0.05 vs WT, NS

16



-2 MREATNORER, fRKE, RNTA—F—~DEE

Figure 2 \Z" T X 912, mBEAMN CTIX, RTE, FUKE, JRE. JRT NadE
i, SR K HEE, BRI~ R ASKL K~ T AT LA REICHEN LT,
JRIZGIEIL, BAR ASKI KRB LB ARICIKR T L, ZNHDRT A—2—(C
%, B L ASKI KIBOMICHERZEZRD e holz, AR 3%, 7HM
BORTHRMERMO T —Z 3G 6Tz, ULEORRIZ, fUKES, RANT A—X
—IZB T oEBEREOEEL, AR~ R ASKL K~ T ZADORTOAHER
TR O o T,

(A) (B) (C)

(g/day) p<o,01  P<0.01 (ml/day) (ml/day)
P<0.01 P<0.01 P<0.05
g5 215 €101 pcoo5s
| |
© 4 © S8
whed o —
E3 E10 Se
-c L
8 gs 2,
(.
“ 0 =) 2o
NS HS NS HS NS HS NS HS NS HS NS HS
WT ASK1-/- WT ASK1-/- WT ASK1-/-
(Osm /kg H20) (mmol /day) (mmol/day)
> =% c  P<005 P<0.05 c P<0.05 P<0.05
=3 P<0.05 o4 T . T 006y — 1 T 2
= C ° ©
22 53 50.4
* » 2 >
Q Q
o1 © 0.2
o =1 o
£0 NS HS NS HS @ c
= c0 = 0
| WT ASK1-/- = NS HS NS HS 5 NS HS NS HS
o WT ASK1-/- WT ASK1-/-

Figure 2. Effect of high-salt diet on food intake (A), water intake (B), urine volume (C)uyrinary osmolality
(D), and urinary sodium (E) and potassium (F) excretions in wildtype and ASK1-/- mice

These data were obtained from mice on a low or a high salt diet for 5 weeks. Abbreviations used: WT,
wild-type mice; ASK1-/-, ASK1 deficient mice; NS, normal -salt diet; HS, high -salt diet. Each value

represents mean+SEM (n=14-16).



-3 BREAROL=V c T UVFT UV URNDEE

Figure 31”3 X 91, MFFEL = AGMEEIMET IV RAT o U RET, &8
AR L Y, BAR ASKI KEOWTHHIK T Lz, B4R~ 2 & ASKL K
B~ 7 ZAORICITEITRO o Tz,

(A) (B)

(ng/ml/h)

<
> gy, PRO5  P<0.05 (pg/ml) R<0.05
S — 500
2 @ P<0.05
® 201 0 4001
£ 83001
S 101 8 200-
© 3100-
€ 0 . 1
© NS HS NS _HS NS HS NS HS
a wT ASKA-/- WT ASK1-/-

Figure 3. Effect of high-salt diet on plasma renin activity (A) and aldosterone (B) in wild type and
ASK1-/- mice

Abbreviations used are the same as in Figure S1. Each value represents mean+SEM (n=6-10).
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-4 BREEAR OO, M D ASK1, p38 ~Di%E

L&, WA OMAET, v=RZrT7ay MeliftLizeé 2 A, WA~ T R
IR 2 EBEARICI Y, ASKL &, p38 OV ERMLHEEI L Tz (Figure
4(A), 4(B), 4(C)), ASKI KiE~ 7 AD.Lfig, M4 Tk, ASKL O X o373k
MTET . p38 DU VELIT, AR~ 7 X & AR THE MK T LTz (Figure
4(A), 4®B), 4(0)),

(B)

p-p3g!G_f«PEH

HS NS HS
ASK1-/-

WT

C
() WT ASKA1-/-
NS HS NS HS

p-ASK1 [
p-p38 T ——

GAPDH S " s S—

Figure 4. Effect of high-salt diet on ASK1 and p38 in cardiac (A, B) and vascular (C) tissues in wildtype
and ASK1-/- mice
Abbreviations used are the same as in Figure 1. n.s., not significant; n.d., not detected. Each value

represents mean+SEM (n=4).
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7-5 BREAR OB L~ D5
mEEARIL, BAM < T 2O HE O L | ?EW%H@ﬁ%M%
BN E 7223, ASKL R~ 7 A TlL, mEEEAR ORHMELITT T 2 EITR
WiginoTlz (Figure 5 (A) and 5 (B)). LMlgif#k T TGF B 1 DIEHLIZ, A
VU ATIEERERICI VML Tz, ASKI KB~ U A TG RO
RO 2o 7= (Figure 5(C)),

(A) (B) (C)

HERE oomm . '

(%) P<0.05

B P<0.05
025] .312 7<0.05 fiie; 207 9
1

32.0' 2 1.0 :E" = n.s.
S Eos 213
=151 = ’ [
© =06 Q4o
£1.0 5 =
® n 0.4 e
- © 5
$0.51 g O
-E -: 0.2 j_
— [:}] 0

0.0 ug HS Ns_Hs 2007 {s HS Ns HS NS _HS NS HS

ASKH- WT ASK1-I- WT ASK1-

Fugure 5. Effect of high-salt diet on myocardial interstitial fibrosis (A), perivascular fibrosis (B), and
TGFB1 (C) in wild-type and ASK1-/- mice

Upper panels in (A), (B), and (C) indicate representative photomicrographs of cardiac sections stained
with Sirius red, Sirius red, and anti-TGFB1 antibody, respectively. Abbreviations used are the same as in
Figure 1. n.s., not significant. Scale Bar=100pm in (A), 50pm in (B), and 100pm in (C). Each value

represents mean=SEM(n=7-9).
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Figure 6. Effect of high-salt diet on cardiac inflammation in wild-type and ASK1-/- mice
Upper panels in (A) and (B) indicate representative photomicrographs of cardiac sections
immunostained with CD45 and CD68, respectively. Scale Bar=100 pm. Abbreviations used are the same

as in Figure 1. n.s., not significant. Each value represents mean+tSEM(n=7-9).
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(Figure 8)
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Figure 7. Effect of high-salt diet on cardiac superoxide (A) and Nox2 (B) in wild-type and ASK1-/- mice
Upper panels in (A) and (B) indicate representative photomicrographs of cardiac sections stained with
dihydroethidium and anti-Nox2 antibody, respectively. Abbreviations used are the same as in Figure 1. n.s.,

not significant. Scale Bar=100pm. Each value represents mean=SEM (n=7-9).
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Figure 8. Effects of high-salt diet on cardiac Cu/Zn-SOD, MnSOD, and ecSOD in wild-type and ASK1-/-
mice

Abbreviations used are the same as in FigureS1. Each value represents mean+SEM (n=4 to 6).
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Figure 9. Effect of high-salt diet on vascular endothelium -dependent relaxation in wild -type (A) and
ASKI1-/- (B) mice, and vascular endothelium-independent relaxation in wild (C) and ASK /- (D) mice.
Abbreviations used are the same as in Figure 1. SNP, sodium nitroprusside. n.s., not significant. Each

value represents mean+SEM (n=7-9).
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Figure 10. Effect of high-salt diet on vascular superoxide (A) and Nox2 (B) in wild-type and ASK1

deficient mice

Upper panels in (A) and (B) indicate representative photomicrographs of aortic sections stained with

dihydroethidium and immunostained with Nox2, respectively. L indicates aortic lumen. M indicates medial

area. Abbreviations used are the same as in Figure 1. n.s., not significant. Scale Bar=20um. Each value

represents mean+SEM (n=7to 9).
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Figure 11. Effect of superoxide dismutase on DHE staining of aortic sections
To verify the contribution of superoxide to DHE signal of aortic sections, aortic sections were incubated

with PEG-SOD and DHE. L indicates aortic lumen. M indicates medial area. Abbreviations used are the

same as in Figure 1. Scale Bar=20pum.
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Figure 12. Effect of high-salt diet on vascular nitrotyrosine density in wild-type and ASK1 deficient mice
Upper panels indicate representative photomicrographs of aortic sections immunostained with
anti-nitrotyrosine antibody. L indicates aortic lumen. M indicates medial area. Abbreviations used are the

same as in Figure 1. n.s., not significant. Each value represents mean+SEM (n=7 to 9). Scale Bar=20pm
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Figure 13. Effect of high-salt diet on vascular eNOS phosphorylation in wild -type and ASK1 defici ent
mice
Upper panels indicate representative Western blots. ~ The lanes were run on the same gel but were

noncontiguous. Abbreviations used are the same as in Figure 1. Each value represents mean+SEM (n=4).
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