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Figure 1. CCD camera system for determining the TGF activity

in vivo.
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DS rats + high salt

DS rats + high salt + suramin

50 - f T T

n = 14-36 for each.

(weeks)

*P <0.05 vs 0 weeks.
1P <0.05: DS/H vs DS/H + suramin.

Figure 2. Changes in systolic blood pressure in Dahl salt-resistant (DR) and Dahl salt-sensitive (DS) rats fed on a low

(0.3%) or high (8%) salt diet.
hypertension in DS rats fed on a high salt diet.
high salt diet vs. DS rats fed on high salt diet + suramin.

Effects of suramin are also shown.
*P < 0.05 vs. the same strain on a low salt diet.
n = 7-12 for each.
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Treatment with suramin attenuates the development of
TP < 0.05; DS rats fed on



Figure 3.
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n =7-15 for each.

Glomeruli of DS rats fed on a low (L) or high (H) salt diet for 4 weeks are shown (top). Basal afferent arteriolar

diameters in DR and DS rats are also shown (bottom). DS rats fed on a high salt diet elicit lower afferent arteriolar

diameters.

*P < 0.05 vs. the same strain on a low salt diet. n = 7-12 for each.
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+ furosemide + furosemide
1 week after treatment 4 week after treatment

#P< 0.05 vs acetazolamide alone

*P <0.05 vs control n = 7-15 for each.

Figure 4. Effects of the TGF augmentation by acetazolamide and inhibition of the TGF activity by furosemide on afferent
arteriolar diameters in DS rats. Acetazolamide decreases afferent arteriolar diameters in DS/L rats, whereas furosemide
reverses the diameter in these animals. In DS/H rats, afferent arteriolar diameters are not changed by acetazolamide,
increased by the addition of furosemide. On the other hand, neither acetazolamide nor furosemide change afferent
arteriolar diameters in DS/H rats treated with suramin. *P < 0.05 vs. control. #P < 0.05; acetazolamide vs. acetazolamide
+ furosemide. n =7-12 for each.
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3.3 ﬁiﬁ{,ﬁ} HEMES Jl‘@rj[ﬂl&ﬁ@l@*ﬁ' BT
3. E‘ﬁﬁﬁ-”%ﬂ#&ﬁﬂ ATP BE
TV ALERGA 1 % () &4 8% ) OB
B ATP %759, DR 7y MUK - s AR A /G L
THEME ATP BRI EEZRBD IR -7, [FEkIZ, DS 7

Figure 5 |

|:| DR rats + low salt
DR rats + high salt

Renal interstitial fluid ATP
(nmoliL)

1 week after treatment

Figure 5. Renal interstitial concentration of ATP in DR and DS rats.
higher renal interstitial levels of ATP, compared with DS/L rats.

ATP levels in DS/H rats.

*P < 0.05 vs. the same strain on a low salt diet.
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7‘;75:07”:0 7. DS TyMIEBREAGE T 5 LB HE
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Renal interstitial fluid ATP

4 week after treatment

Effects of suramin are also shown. DS/H rats show
Treatment with suramin does not alter renal interstitital
n = 7-12 for each.



=1~ DSrats +low salt

w

{(nmoliL)
[\

Renal interstitial fluid ATP

control acetazolamide

1 week after treatment

Figure 6. Effects of acetazolamide on renal interstitial fluid concentrations of ATP in DR and DS rats.
levels of ATP are significantly increased by augmentation of the TGF activity with acetazolamide.
acetazolamide fails to change renal interstitial ATP levels in DS/H rats and DS/H rats treated with suramin.

control. n=7-11 for each.
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+ suramin

n=6-11 for each.

Figure 7. ATP contents in renal cortical tissues and whole kidney tissues in DS rats.
alter ATP contents in renal cortical tissues and whole kidney tissues.
ATP contents in renal cortical tissues and whole kidney tissues in DS/H rats.
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—{— WKY rats (n=5)
—— SHR (n=7)
—&— SHR + suramin (n=7)
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Figure 8. Effects of suramin on systolic blood pressure in
spontaneously hypertensive rats (SHRs). SHRs elicit the
development of hypertension. Treatment with suramin
does not affect the development of hypertension in SHRs.
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KT BHIERIRAGFEEHTI L L C suramin 23R L7Z 2, AT
1Y =7 MIFFEIZESL CO T 52512 C, suramin O2ME
BT RIS T o MR U TSR KT S/
EEFEALTWD, LnLRAD, BREESZMET v MIxL
TIEMERYIZ suramin O3 H e 5217729 & i AAHED R
MIEHM)ET Y M LOBIEIRE LU=, F7=. suramin (X7 &4
FINR 7B IR Dl AME RO SO T Rk St
770 W, P FEBR (Y suramin O 5-H3F4 RIH 12 3
5. U7= ATP O P2X 72 = AR~ CTA U2 B i B IS S s
T DI LA HERL TV, UL EOERFERLY, &
R AET o N CIElm AR ENARD P2 Z AR NEME LS
TR, #AMENRDAEL TODDTIEZRVINEE 2D
N7z SHIZIHEFITHBGEN L2, suramin (T B HHKZ
PZ o N CAEUD TGF IEMEOHE R0 H72 5,
&) E DA/ BEIZIHIL 7=, — 75, suramin (2555
1 E DR OIHVER X, ARREME S MET > N CIEBlE
IN7ginotz, 725 suramin (215 & ) EDERED
PRIE R AR M & B 7 T LR Y
ThoReMES RSNz, DL EORERLY, RS
> NCIEi AHIEI RO P2 Z A ARTEME(LZ /L C TGF &
PESHERRL TRV, A0SR L E O HE RIS B> T
LE[REMEN B 2 BT,

Suramin [ZJ% ATP O P2 S A RBHE L, AIERSES
> N CAEU S TGF B O TR & & i OHE A Il L 7=,
LAL7Z2 35, suramin (ZIEEINM P2 S RAEFEHIE TH
DI LB, KD P2 Z R ERAEIRYED @ P2 A KEHT
OB ERFTTDMENH S, £77., suramin (ZIEIEN
~OE A G5 EThROEERPNRES N0 | #
M« T B DATREZR SRR RO BND, 22T, 5R=IRK
P2X 2 A HEHIRI TH 5 NF279" 2D h Bz > Tt
BRI oTm, EZAN, NF279 % suramin &[RIFEEDE L
JREETHR 5L CH, DS/H 7y hoifE FRICEEITE 2
77Tz, Al NF279 73 i £ O R 2 Jiil T & 7eh -
T2OMNZHONWTIE, RBTHD, 58, TvMII Ll k
DOHE TR G954 80D NF279 21557203720,
JOEHETDO NF279 2513 TE7ehoT-, S %iRet
LCUVKRERHDHEE 2 DILD,

P2 ZREFEHECTHD suramin 1F, BEIEZ T o
THUS TGF {EE O A IHI L, & i EDERE A&
WUz, 227C, B ATP JRE N BT > b
THIML TOBDEDNTOWN TR Z B>/, DR



VMR - AR A AL CL R ATP R (0%
7Tz, FERIZ, DS Ty MOE A AL THR
M'E ATP ¥R AR a0 T, — 5 DS T
ERIEZGETHE, ALE 1-4 B TR ATP 2D
EREZFRDT-, ZHUKL, DS/H Z M suramin %% 5-
L CHEHE ATP JREICEKITRRD e T, (R
% 1 HDHNT 4 B E-27- DS FyMIxL, TEXYT
IRIZE ST TGF 1HMZETTESE 5L, BHIE ATP JRJE
N7z, ZAUSH L CL MR R R G k> T
T2 DS/H 7 MO B ATP JRE 1L, 78XV IIN%
BEHELTHILRDIEITRO bR -T2, FERIC
DS/H > MZ suramin 2% 5-L7=7 v MIRILCTT 24T
IREHRELTH, B ATP B (A B2 LIRS
Niehote, ZOIHT, BIERSMET » M C @£ ofE
JRIZHENL > THET TS TGF R OBE5E 1T, B ATP
RED ERAZHS>TOWDIENRDINT, —F7, Bl
BHRR, HOIVITBIR 2R ERE DA X UTZBEO R
ik ATP B A B, WTNOTYMIBWTH ZZ R 70
otc O, MR DR [ E A~ LIS DE ATP
¥ TGF IEPEEEFIL TOD A3, MRk 2R S 35

ATP &4 BITZAERRBDLNRNDTHAIEEZ LN
770

b, ZNFETOEREREELD DL, BT
N CIERERIRO TR B O Zx 72597 18 if 8 2 71 4]
L0 TGF &M 0D F& & TUHE A4 - T AHIEI IR AT L C
WD ENHLINEIR T, F2, ZNHOZALITBRIEN
ATP JRPEDZEW 29N> TNz, —J5, ATP D P2 %%
BRI LA T v N CA TS TGF D15k s
I EDOHERRZMEI L 7=, ZHHOBFZERE XY, BHIE
W ATP @ P2 S EARIEHALIZ XD TGF #E OB TR %
ER ORI O Z B ERIL, UL TALD R
M- RIR DR HE 03 B MRS M v L D F8 i - J | i 1
R L TWBDTIFRWNEE 2 BT,

5. SHDRE

A OT vy =7 MR RERO BRI, TREEZ 2
fi BT, BIEHIRA LB THNE, MEELZ2NA
R DIEORRSE | ThoTz, LLRNE, Fex D
FFEHE RITE EBR O B ORIl T T LTz, BIfEETO
WFFETIX. TGF HtEOH RO HE N ATP JREED E5-
ZENCHIET HZEIIRARETH D, IR D ATP HEiit &
OHENKIT B AR TNDEIENS P A

BEIZRBIIDIRT O ATP HEEOWNE L %45 B iant
L. EHE N ATP B LB 20 B at3 23
NHHEEZHND,
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Possible Role of the Tubuloglomerumular Feed Back System in the Pathogenesis
of Salt-Sensitive Hypertension

Akira Nishiyama ' Youichi Abe ', Hiroshi Iwao 2, Toshiaki Tamaki 3, Hiroyuki Kobori 4,

Tokunori Yamamoto °, Noriyuki Kataoka ®

"Dept. of Pharmacology, Kagawa University Medical School,
: Dept. of Pharmacology, Osaka City University Medical School,

3 Dept. of Pharmacology, The University of Tokushima School of Medicine,
4 Hypertension and Kidney COE, Tulane University Health Sciences Center,
> Dept. of Urology, Nagoya University School of Medicine,

6 Dept. of Medical Engineering, Kawasaki Medical School

Summary

We investigated the possible contributions of renal interstitial fluid (RIF) ATP and tubuloglomerular feedback
(TGF) mechanism to the development of salt-dependent hypertension. Dahl salt-sensitive (DS) rats were
maintained on low (L: 0.3% NaCl) or high salt (H: 8% NaCl) diet for 4 weeks. Using an intravital tapered-tip
lens-probe videomicroscopy with a CCD camera system, superficial afferent arteriolar diameter (AAD) was
measured before and during TGF activity enhanced with acetazolamide (2 mg/kg, bolus + 4 mg/kg/h, infusion, i.v.)
in anesthetized rats. RIF ATP levels were measured by a microdialysis method. At 1 and 4 weeks after high salt
treatment, DS/H rats showed smaller basal AAD and higher RIF ATP levels and blood pressure, as compared to
DR/S rats. Acetazolamide significantly decreased AAD in DS/L rats, but did not alter AAD in DS/H rats.
Acetazolamide increased RIF ATP levels in DS/L rats, whereas ATP levels were not altered by acetazolamide in
DS/H rats. Treatment with suramin (20 mg/kg/day, i.p.), a non-selective P2 receptor antagonist, markedly
attenuated the development of hypertension in DS/H rats. Suramin also significantly increased basal AAD in
DS/H rats. However, AAD and RIF ATP levels did not change during the administration of acetazolamide in
suramin-treated DS/H rats. These results suggest that augmented TGF activity associated with increases in RIF
ATP levels contributes to the increased afferent arteriolar tone and the development of salt-dependent hypertension.

Future studies in human will be necessary.
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Bk = 04C3-06C3

3. BRSO ARV R A I3 1T DERIE AR AD & E

AR BS Y, R w2 %, R OPROERES, -t BGR, & !
B RS R S e SR ZE R R g - PN ST I N,
? %ﬁﬁ?ﬁ?ﬁ%E%ﬁﬁnﬂﬁ\%ﬁfﬁﬁaﬁiﬁ%aﬁf E,

R IR SR AT R AR A

B E b optEireE CIELATRY . SRS VE R M E I BT 27 B I B W THRPED A = X A2k
B BAPRRIE B O TUHE DN B /2R EI 2 R7- L QOB e Z G LT T, 370b b B RS M@ M E ORI &L
72BN DO T NI APEIR T2, 2R BN O TUHE DB 5- L QD FTREME Z BRIRAFZE (2R L (Fujita T, et al.
Am J Med 1980; 69: 334) | BRI E IMEET /LTy MW TG EI 2N TTHEL TV DI EAHE L7z (sato Y,
Fujita T, et al. Hypertension 1992; 20: 466) , SHIZ, 20 B & (21X A BAPFE D HREED Z2L 23 B 5-L TV DT LA Faf
L72(Ono A, Fujita T, et al. Hypertension 1994; 24: 83), iT4F, 20414541 (Chiba Y, Fujita T, et al. J Hypertens 2002; 20:
2269, Matsui H, Fujita T, et al. Hypertension 2006; 48: 225) %5 & C RIS M & i E O REIZ 35\ IR IS R FE
(ROS) NHEZ 2B X440 > TOD ATREME DS AL TS, ST, L AR A KA A AP R TG B 4 435 ifn = F i
(ZB5-L T ATt 2 m 4 S i LS N D DI Te, A7 my=7bo 1 HICBWTE, WERMGTERR{EME T
BOT RV /AT 2DV (AM) BRIBLIZY T AZBW TR B R 2 RS, mRRHK O ENE G2 XD T L5
SEARTOE SR DL B RERAN AM /77 UM ATINLD RIS TTEL TWHIEE R LT, SHIT, A
— N =FHFURT ALY —BHUE tempol DIMEENFITHE 512 25 BUSOI<H R K T8> ROS PEARE LA
RUTZe BLEORAEDS . RO (E AN ZTUHEIZ 22 28 R AT LTz L H- 23 506272 > 7 (Fujita M,
Fujita T, et al. Hypertension 2005; 45: 1165-72) , 24 H i3, BHEG M@ MLEE 7 /L840 Dahl RS (S) T v M
BWTEEAMREOME FAIMNEN tempol 5RO 720 DN AR AP RPN S O R Z586 | L HEESR

R TFHEBIZH51HD ROS FEERED TUHER - Q=T LD | FHXER (L AR ATUHE OO B HE RS P v I oD i )= e A =
AT DGRBS, SHIZ3EHITZFOMFEZHELED | Dahl S 7 MIBWTHREE T#5 NADPH oxidase

JEPENTUHEL TV, Lyt NADPH oxidase subunits @ mRNA DB TCHEL TWDHIEEZHLNILTZ, EHIT,
NADPH oxidase OB 5-% D 805 ZDLEYE T2 diphenyleneiodonium &I G- LT- L2 ARG A
Dahl S 7 NCIEH £ Dahl S 7 MTHHERL TR D ONZ AR RN HI S D ¥5R % 788 72 (Fujita M, Fujita T, et al.
60th Annual Fall Conference and Scientific Sessions of the Council for High Blood Pressure Research [San Antonio, Texas]
P223, 2006) . LA EXD | PRPE DR L AR ATTHENZ KD AR APE R A S L7 ERHEFF O EZ AL N L, Atk
SR IV TEZ OB I SO TREMLE RS RIEMERF SN TV D ZE A R T DT A 1372,

1. AEDERLEM
DIHOIVTLLRT LY B RS S i E o e A BT
DOV TR Z R TE T, RS & i E ORI &L
THEZRENE SO T MY LYK T, A AP E B
DITCHED B G- L TS ATREME A FR IR 812 TR L (Fujita
T, et al. Am J Med 1980; 69: 334-44, Fuyjita T, et al.
Hypertension 1990; 16: 235-244) . ZD% , W\ DO DR
MU M@ T £ 7L 37eb b S @i B AR EE

7+ (SHR) (Sato Y, Fujita T, et al. Hypertension 1992; 20:
466-472) 0T AT T 5T (Ando K, Fujita
T, et al. Am J Physiol Regul Integr Comp Physiol 1991,
261: R1070-R1074) (233 T A &g TS fn £ F57-
BB BT Q0D AT REME AR L T, 51T,
SRS M v L B A7) U R AR M 0D A A R T
(SNA) TUHERNE DFIEHERFIZPE G- L T D AT REMEZ R L
T&Te, Iz mBE R AMIZ IV mE LA 2 eES

-13 -



ALDENF SHR TIEE A RIEME (RSNA) OHE KR,

B RS2 A SO O 95 % > T 7= (Ono A, Fujita T,
et al. Hypertension. 1994; 24: 83-90) , Z ORI AT 4T
SHR (T3 TAZ AR O AR R PE 2 R 3% H B9 T,
RENRARE 2 [ELFE EE
Z O SOSEABANTIET LTI, AR S 1.
JE T AR 0D AZ S A e IR B AN BRI 52 25 2SSt

DOWFFDJFK TH D v HEPEN RIEBEF17= (Ono A, Fujita T,

et al. Hypertension. 1997; 29: 808-814), 3725, &<IT
BRI MR L E TR AE AR O TLIE R DY . Zh
DILE FRZSIZEZ T RIREMENE 2 DT,

— 7 IR o TR MR I O REIZ 0
TIEPERE SR TE (ROS) 73 H /2l & 248 - T D AT REPE DS
fRfiSh VD, 72&2 3, Btz e
VELTRHBALTUD Dahl BHUESME(S) 7o b 128
W TG EIEEN R D A — /S —AFH AR (0,) FEA R
M DR ALK 38 (Hy0,) SR EEAS K BB D Dahl £
WP (R) 7y R XD EEINL Ty 7= (Hypertension.
1997; 30: 1628-1633), SHIC & KiE BHUEZ BT T
V" Cdh% deoxycorticosterone acetate (DOCA) -7~k
B W ThE ko ROS EEA BN ML THY
(Hypertension. 2001; 37: 781-786) . NADPH oxidase @
YT 2= N THDH p22P" D mRNA FEHABEML TS
L) (Hypertension. 2001; 38: 1107-1111), Dahl S Zk
(23T Dahl R T MG L i e i3 i 12 ik
TEAZIND Oy LA A~ — A —"TH DM H - R
F2-isoprostane fEi7% E5H-LCUW5725, Z4L6205 superoxide
dismutase (SOD) Bk#'E T2 tempol (2Ll iLd e
WSS HD (Am J Physiol Regul Integr Comp Physiol
2002; 283: R732-738), LA LD I, ME{LARL A& i,
JE LI RIS A i i O 5 FE A =2 LI 1S
BIG-L TV ATREMEDMHERI S T2,

BT, il B L AR ZAD RS RR TR B 2 /1T 5 1.
JEFREIZBI G- LTS Al Re 2 s TR A UL S D &
INTTR Tz, Tel 203 VEBRFRE tiX Tl A2 AR5 B
Z 1l i3 2 W ZERE IE SMAES (RVLM) (2, O, Uil R
Thd SOD ZJafrix 54524 T, i, RSNA 2MET
52 & (Pflug Arch Europ J Physiol 2000; 439: 489-494)
X, IEH MLE Sprague-Dawley (S-D) 7~ h> DOCA-£
Ty MTEBWT, tempol DFFRNE G-IV IE, LA
(HR) . SNA MME F 3252 ENWESNLTND (Am J
Physiol Heart Circ Physiol 2002; 283: H885-892), F7=.

SR LU 7= D RSNA ZHIET 5.

tempol OFFARIEGIZLDIME, HR X° SNA ORI
Wistar-Kyoto 7 M (WKY) {ZEEL SHR TREWENH

(Hypertension. 2003; 41: 266-273) , D XH1Z, BE{LAR
Al &< BRSPS i E ORI 1 542

AR TR B 2 T D TR B 2 HiD,

ZZT bivbiud, BEERZETEENO 4B
HEERTFRTHHTRL /AT 29 (AM) (Biochem
Biophys Res Comm 1993; 192: 553-560) 2SR MHHTEE (L
WHE THHZE(Ando K, Fujita T, et al. Hypertens Res
1998;21:187-191, Am J Physiol Heart Circ Physiol 2003;
285: H1506-1514, Circulation. 2002; 105: 106-111) {235 H
L7, EEE. AM TN TORBLNFENO L TEY
(Brain Res 2000; 853: 245-68) . THXIZH51T% AM D4R
ERICEL THIME~DOEELEO-EZOWE
(Regulat Pept 2000; 89: 13-18, Am J Hypertens 1994; 7:
478-482, Am J Physiol Regul Integr Comp Physiol 1998;
274: R979-984) 135, DIHOILEL AM /v 7T I R< T A
(AM (+/-) ) IZ A ZITV, BR{L AR ZTUHEIREELC
L CEDORED XA AR & L COMM RN Bk &
WoK$ G- ORAEEZ U342 tempol RN =S NI G-
DE % F.7- (Fujita M, Fujita T, et al. Hypertension 2003;
45: 1165-1172) , 12, BHUESMEmIMEE TV ThHD
Dahl S 7Y MIBWTHHZEN tempol 725TNZ NADPH
oxidase Pl ¥ diphenyleneiodonium (DPI) £ 5-12%t9%
SOt ERRR T H#RIZ 3317 5 NADPH oxidase D725 TNZ
FEBLZ G~ T BRSPS ISV THIAK ROS it
Tl E AR DS A AP RR TLHE A A LTI B EH B LTS
" HEMEZ YL 72 (Fujita M, Fujita T, et al. 60th Annual
Fall Conference and Scientific Sessions of the Council for
High Blood Pressure Research [San Antonio, Texas] P223,
2006 [abstract]) .

2. ARAE
2.1 EE1
(€EY)!

AREBTHWZOX, Shimosawa HAMERKLTZ AM /v
IT7 IR TA (AM(+-)) EZDRINEF O AR <~ 2
(AM (+/+) ) T& % (Shimosawa T, Fujita T, et al.
Circulation 2002; 105: 106-111) , AM /7T I b= AD
REBESRIIBEBSE CTHS20, ~T S IRIXES
WCRE L, AR ENARE CTh o720 T, ~T Ak
EHWTEREZITo T, FFEMHEZHWT

-14 -



radioimmunoassay ( RIA ) 7 (2 L Y fig 28 F @
proadrenomedullin N-terminal 20 peptide (PAMP) . AM &
FEZRIEL . AM (+/-) ORIE . il g AM =B,
AM (+/+) DIZITH47 Tl 7273, PAMP YR X% #T
DO LEMEEBLIZ, TNTO=T AR, TRl 7 BEslsT - F
% 7 RFIHAT, 23-25°C I 40-60%\ZHEFFS AU T
H H7e AL HOK FCfBE ST, il (0.3% NaCl)
HLTm R (8% NaCl) T 4 HFEHELZ 4~8 7 H
BOHEME AM (+/-) & AM (+/4) & Wz, B REY D AD K
I, WA AM (+/4)29.1+0.99 g, & A AM (+/+)
27.4+0.52 g, A AM(+/-) 28.7+0.84 g, mAEA
AM (+/-) 27.47+0.63 g &, THREICHKRLEmEERE TR
RARMEA R U722 4 B A BAEITGRO bR -T, /
YT N AN, /77 R% C57/BL6 & 10 HALL E
1T72oTb OZEFEERIZH W, T X ToEYERFHIT
RO RFE T EY ERICEAT oML B 0BER
FO R AAB S OREE (HAREHES) ITHEoT,
[FREF<ORICBITARERNRE]

I E (MAP) -HR-SNA DFRéki, BERO 7 IEIC
1€->7= (Brain Res 1998; 808: 238-249), 712> (1.2 g/kg
Lp.) R FIC, KB T =2l —a B T A LR
#% (Hugo Sachs Elektronik D-79232 March-Hugstetten /
Germany) (ZHHGEL . FEERAKE T2 F CTHEFR A S0%FEE
LT 22 THRAL | PR PCO, 73 3-5%01 272585
V21 [ A R A S B 2 £ L 72 (Respina TH26, H AR
ER ) , MERGAITITTL 22 (01 glkg) BN
HUTo, ARIBENRICH T —F VEFRAL, EEZFLEL
720 H RERERIRIC A T — T VR AL, FEEE D721
FE B o9 T 72 0 A il % A (pancuronium
bromide, 0.1 mg/ml) %A > 7 =— a7 7 (Model
975E, Harvard Apparatus) Z FH N CTHRifE A (0.06-0.24
ml/hr) U7z, BEMZ QNS 53570 BHEE T8
HL bregma 264512 1 mm O EBIT AR T
—TNERIAL, ERHEACNCEE L, vV AZ[E
BANZIZ L, SR A b (7 ] 2 2 (ST-7, RSk 2) ([
EL., BIEIERET 70— 12 C, I DI 5y
I 9~ 2 RN lgedh 4 | BEIE R BRI FICRE L7z, &
DIFNLFE KA FLERT DT80 | R4 FIBIEL SRAD R EE i
ICHE LTz, EhzZz 77 (AVB-8, Nihon Kohden) (2
Bl RS VTAE B a4 L m Aa—7 (5113,
Tectronix, Beaverton, OR) RIZFK/RLT-, ARk
KA PG L 10 F 25 L7z (EI-601G, Nihon

Kohden) , Kttt X A & T2 < OWIEE SR E O
Mz B L THRY, NiifGE S E O MLt o el Tk
WD | T2 bR MO KR BIEE TEDL
DEZEZHLNTZD T, RREAPRRIEE) & U CARMZE TIER
PR AR 2 IR L 7, TS LOVIE B, ~v 2%
PRIR B B TR L AR AL L IRIRI E AER2E
i& (ATB-1100, H AJLHE) IC Xk %E 36.5-37.5CIZ{f%
WU72, DL EDOFIHE T LI, D 7e<Eh 30 8L B~
TVADEE LD JE - FLEk A B 46 L 72, MAP, HR,
SNA BLUOWFE DKL, RV Z7 (RM-7000, HA
HE)ICKRRTHELEBIT, 22— % (Apple
Macintosh) {ZHUV A Zx , I FEMEAT Y 7 v =7 (Spike2,
Cambridge Electronic Design) &\ CREEERB L UE —
B U7z, R T #1203, MIMENICRE LT
BT —F VNS E Q% TN AT L) EEEL. 4
BBV TERERDMENIT AL TRBINEENIC T
—T IV F o CORNWZ LR RERR L=,

[EFEEARTIRICETINERNRS)

AV TN NI TS, B E RO ST IE T DA
DO RKIBE) - F RN AT —T NV EE AT, R
7-—7 )L, phenylephrine, nitroprusside D¢ 52V 7=,
8y - §lRT 7 — T TR T b v &l L CEE D
RIMTEH L, T AD B HTEIZ T E9ic Lz,
FARTAOHIF 20 | BRI SR 5Tl SNA OJIEIZATH
72ioTe, ME-HR ORIE FEIIAHROBREE N Co%E
BRE[FER T D,

(fRERT&RED r DFRE]

B ARL AR 957280, <~ AR T i A
R Tz, ~ U A% WAL, EE 2V CEE S
Ze FIBEL A B U7, e, /NI A B0 BEL | A8
SR LR WA A AU C RN A GO, B Rl EE T
bz EIEEL | R FEEALLTZ, Krebs-Hepes buffer (&
ANDHINC, EEANEL,

[EEB&Toka—)L]

M AM &8 EORE : T CloiE S s ik
(FEBS Letters. 1994; 352: 105-108) (ZHfV ), =7 A4 %
BEYTAAL AM ZHH L FrREUEZ v T
radioimmunoassay (RIA) L2 IVBIEEIT -T2,

JRI~ D T35 B iR B AN =R % - RN =R 12
BELEAT —TAhbAryTa—VarRer
(CFU-3200, HAE®E) % AT A THMEEBEiR (ACSF,
0.13 M NaCl 25 1e) £/23m R R (0.3 M, 1.5 M) %,
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0.3 w/min OHEET 10 43[R EDDIEICHAIRKEE
PIZH 5L, MAP, HR, SNA O b FiekLT-, 5K
FEVT~ T AD i B O FEAZ L (0.33 wl/min) BANEL
7

PRI 4R R~ 2 IS BT D BRSO : REROFE
BB W TY L X RE D B A BRI 5723 | SRR
B HOIRRE D~ T A THRFIZ M A7, B0 B8
Z 2 WFELL B o 7o % | SRR EE ) SR OOIRAE T MAP,
HR ZMIE L7, ACSF, il fHE/KZ FERIC AN 3
5-L7ZBR®D MAP, HR OSEFLERLTZ, SOIT, £ iF~
7 AT SO O AR IEED A 1L 0D SO OAHIEE I H5<
HOTIFRNWZ LA T 5728 | phenylephrine, sodium
nitroprusside DFIRINIE G-2ATV Y ML - DAAED BSOS
ZRELT,

i o R HR AN =5 $ G- IRF D SO 2 36 1T DA R L A
DG maR R OMINNE KGR, PR LA THD
tempol £7213 tempol EHEEANIALIL TWD AL
MoLinplo=rafiEilt &% TdH 5 3-carbamoyl

-2,2,5,5-tetramethyl-3- pyrroline-N-oxyl (3CP) & Hij#¢ 5-L .

ZOMPEBIELZ, £9°.3CPQ2 M) % 3 ul, FFEIC
TR TR ER 5 L7k, 10 0RE/FH, 1.5M
NaCl ZA> 72— al R I TN E R 5L, MAP,
HR, SNA OFUSZEFLERLTZ, 3CP L[R5 & Tempol (3
M) ZRi 5 L7ZBE0 1.5 M NaCl 2% 35 5, EHITK
& Tempol (5 M) ZHi#%5-L72FE® 1.5 M NaCl (Zx19%
FOSH N ZENRBRICRIEL | a2 7> 72,

IR T30 2 ik B K BT 1 KD T P e 35
ADOHTE:0.2 ml @ modified Krebs-Hepes buffer (NaCl
99.01 mM, KCI 4.69 mM, CaCl, 1.87 mM, MgSO, 1.20
mM, K,HPO, 1.03 mM, NaHCO; 25.0 mM, Na-Hepes 20.0
mM, Glucose 11.1 mM) ZHIEF = —TIZAd, £DOHIC
<D AR N (33-47 mg) {2 L 37°CT 10 7L ES
iz, D%, 37°CD 3M NaCl HHEa ba—LbL
TAPRAIEIK (0.15 M NaCl) Z#l7E 425 (0.5 ml) D53
(025 ml) MZ, EHIZ Lumat LB9507 («~/Lh— LK
) TIbEEFROEE 30 BOREIHIE L background L7z, 512
30 F1%£12, ROS ERST HEHN AT HINN/ DM E
Th5 lucigenin (Bis-N-methylacridinium) % iz f& = 25
UM (272D IDITTEAL, 15 RIOfb rao ezt 2RlEL
72o 728 1215 IX 3 M NaCl E[RIU THDHHA A FED
725 3 M LINO; IZBAL TH[REIER IR 2N % 7=,

2.2 EE2
(€LY

5-6 i fiH> Dahl S BX 'R T ha V-, B 1 LRI
DfAE R TIER (0.3%) 3L (8.0%) &% 4
M G- LTz, 7o, —EoO AL Dahl S 7 MIXLT
hydralazine (4 mg/ml fR/K) &5 UIEIED K ELE 77z,
TR TCOEY) FERFE T F R P B ) FE5R 2B
THMBEEESOBERBIOHAEHESOES (H
ARAEPRF) Tz,

[FREES VMBI 2HERNRS]

i+ -HR*RSNA DFCERIZ, MR TG B BN A B AR
SEIELIZLSMEIER 1 HEREETHD, 7122 Rl
Tz, /E =2 —a B0 N TR g B
L., EBRPE T THETHEREL S0 EMFEL 2225 T
AL, FEI R PCO, 28 3-5%1272 5 5912 1 A A Rl
PR AR L7, A RRREVIRIC T — T VAR AL
MEAFER LTz, A RERERIRIC T —T Va2 AL, IF
b ORI R TITh7uitRE Al A
T a—al R ATTRfEEA LT, 32 MK 2 $
G958, BHEE B LU YE OISR ERRT A
NATF—TnEfIAL, WEHEACNCEELZ, Tvh
RGBT U | SR A I E 7 [ E 2 8 (B L, & A
Wer 7 m— 12 C, BMRICEE LTz, ZOmALRE K E
SOERT DT | R A B U SRAR AU AR AR - R LT,
o v litet e 5 TADNE: | 'FYeY gWiel R = i Eb i O] b g
R 23— FICFRIR LT, A RIS K & i B
L. 10 BEICRr Lic, FiliB LOMIEEERF, 7o
PRIR B B TR L AR AL L IRIRI E AER2E
BV IKIRE 36.5-37.5°CITRIRL 72, LA EDO T
TLt, Diekit 30 U LU RO L EERS ., H
JE * FLEk A BAAAEL 72, MAP, HR, RSNA 35 XM D4
WAL, RUT T 7ICHRKRTHEEHIZ, A B a—HITHY
AR WTERRAT Y 7~ =7 & D ORI B L O —
EEFEH U7z, FERGE T #1203, MINMENICRELT:
HF—F 03z 0% TNAVAT L) EREL 4
BNZEB W CTERDMENIT A L CTRIME-E NI T
— TV F o TR N LA R LT,
[EE&7Oba—)L]

JBRIEZ > N 31T 23N S 1 5 RN == I [ B L7z
HT —F NS A T 2—ar R FERNT, AT
FREE E- 1T PR AI TH D tempol (20 F721% 40 wmol)
HDHWNEDPI(0.5 pwmol) %, 0.3 ul/min DT 10539
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KA EDDIAICRIINE NI 5L, MAP, HR, RSNA
DEAbE LR LT, B G T~ T AD I REIR O FEAE
B (0.33 ul/min) LANEL 72, MAP, HR, RSNA DOZ1L
OFRFE L, UL IRRICELZREOEAZ LD | FoifEi &t
L T-REDZEALER (%) % RO TRGEL T,

PR TSI DIEVERL S PE /L (NADPH oxidase 1%
) OHTE :0.2 ml @ modified Krebs-Hepes buffer %l iE
Fa—TIT AL, EOHIZT Y MK T (33-47 mg) %12
L37°CT 1043 &ESH Tz, D%, NADPH oxidase 7
FE Td% NADPH (e IR EE 100 pmol/L) AN % . [ELH
{Z Lumat LB9507 ("L h— LR HE) TR % 30 FO1H
HIEL background EL7z, SHIZ 30 1212, ROS &
TLHEHMERTHEOICRLWE TH D lucigenin
(bis-N-methylacridinium) ZF &R EE 25 uM (2725591
HEAL AR RE LT,

NADPH oxidase subunits mRNA O | & (real time
RT-PCR) : BB K T EICH D p22o™, pd7"™™ and
gp91™* mRNA % Hl% real time RT-PCR THE#H
(Nagase M, Fujita T, et al. J Am Soc Nephrol 2006; 17:
3438-3446) (9> THIE L7z, 7T A4 ~—1% Applied
Biosystems 1 (R 30) OH D& A=,

ASTEARAR TUAE O FE BE O FEAL - TREIRRE DT~ ML
T 30 mg/kg DOHMERTHE hexamethonium % #%¢ 5-L, [JE
B % Hl LT, 2SR RRIE MR DRI L LT,

2. 3 TABEHETENFE

MAP, HR, (R)SNA OZALDOFEE L, BUSA R IE
L7cREDEZ LD | FEREE & Hei U7 R D 2243 (%) 223K
D THGET LTz, b3 X ToE iq:i’ﬂﬁ%f“ﬁ@u/\%

T/RLTz, 2 BER O LE#ZIZ 1 Student’s t-test (2 CaEAlZAT
ST, HERISERO~T R 4 HFEJ@H:@« V. BLaEtHL
Y7 Statview & VN, 3BT (Tukey-Krammer 1)
AT o7, MAHE p<0.05 ZHtat FRNCH B L ER LT,

3. IRHER
3.1 =&
[ AM £

WA AM (+/+) Dl AM & B, BEH (FEBS Letters.
1994; 352: 105-108) DT v b T —H LIZIFRIEOETH
STz, L, @mEEE AM (+/-) TlEmBIEE AM (+/+)
LA RIS 720572 (p < 0.05)
[(FRETICEIT5EREBIEKAKERE]

MAP & HR OJEHEEICIT 4 BE~ T ARNCH B A5 7R

Tppolz, il E~U AT, ERAEKE G LV ME
W EARAEEC FRL, 20 FRRIE AM(+/-) (0.3 M:
132%3.1%, 1.5 M: 22.0+2.7%) & AM (+/+) (0.3 M:
10.9+2.0%, 1.5 M: 19.1£3.1%) @F‘%ﬁu TR 5
Niehot-, BEEA T, AM(+/-) (2R 5iE L5
# (0.3 M: 22.5%2.7%, 1.5 M: 35.5£5.7%) I%. AM (+/+)
(03M:13.2+1.2%, 1.5 M: 20.0£2.1%) Kb HEICKE

DTz (p < 0.05), EEER AM(+/-) 12k 51mEDH
BROGRE o 3 BEEH LA R EH Iz 7L T
Wz IE &R, R B K 3 5T 0 AR A R T )
LHEERFEHIC LR LU, 20 ERRIT, TmAa~T A

TlE AM (+/-) (0.3 M: 13.7+2.2%, 1.5 M: 18.7+3.8%) &
AM (+/+) (0.3 M: 13.5+1.2%, 1.5 M: 16.5+2.3%) DREIZ
HEZETRBOLNRN-T208, B R AT, AM(+/-)
\ZB1T5 EH-3 (0.3 M: 25.6+3.9%, 1.5 M: 30.3+4.8%)
1Z. AM(+/+) (0.3 M: 14.00.9%, 1.5 M: 159+1.5%) X
DHEBEICKRED -T2 (p < 0.05), EEER AM(+/-) 128
(7% SNA O Hl &SR | oo 3 BEE LA EIC k-
T 7R T, DO RS IR R ZE S K &L, %
FERICH B AITREDbIIR-Tz,
[(ERBEARTICET55REBIEKAKNERE]

JHE R IR S 4 TR~ 7 A Cb I O BRI X A2 D3 e <
ME EFIES, B T ~o 2L RREORE RN EGS Tz,
TR~ A TIEEREEKE 5280, AM(+/-) . AM
(++) W hofES HEEFEEIC ERL ME R5R
28 AM (+/+) (0.3 M: 2.6+1.2%, 1.5 M: 92+1.3%) . AM
(+/-) (0.3 M:5.9%+1.7% , 1.5 M: 16.9%2.9%) & AM (+/-)
TREWVEA RO, MR THEEITRDD
nNinot, —FH, BEERE~UATIE, AM(+/+) (0.3
M: 8.1%+1.5%, 1.5 M: 11.3+0.9%) IZ i AM (+/-) (0.3
M: 15.7£2.0%, 1.5 M: 19.1+1.8%) (28T, If)JE L5
RNFEICKEDN-STZ(p < 0.05), AESSHBRO 2
LT, BRHEE AM(+/-) OHZMio 3 BELIERLAE
W2 EFIZ 7RO e, DB AR EN RESFEEE
RO DIIRDST,

[Phenylephrine, sodium nitroprusside =% % K]

Phenylephrine DR 5-(256 LTl A B4R F M i
JE F5-. sodium nitroprusside (&%} L CldH B A7 if )+
KT AR | 4 BERCRUSHEIZE MIRRO DTz,
[Tempol Fiit% 5 D2 ]

3CP ORI G- TlX, 4 HFETHOTAZBWV TS ME
R KIZHL MAP, SNA O ER K ERLTZ, — 5.
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3CP L&D tempol DORTHGITEY, AM (+/+) TiX i
B, BEEAELDIC 1.5 M ®IRAEKICHT S MAP,
SNA EF- 23S 7253 (p < 0.05) . AM (+/-) TIEAHil|
ENTeiotz, AM(+-) 2BV T 3 M tempol 4 12135%
{FLCU = MAP-SNA i3, 5 M tempol DRI 5412
HRE R 72 (p < 0.05),

(R TEDEEEERELREDAIE]

FT HERE AM (+/4) OFIK FEICL, 1.5 M Sk
B AR Z AN LIZBR O b Faoe ROl . A K
1% 1.5 M LiINO; & A faf L7=BR DAL 2288 Y63 LA & b
RRFTU T2, AR BR AR AR IRe & Ll U ) iR B K B A IR
DOEIRENEITHBICEHETH-72(p < 0.05), FiEE
HKkE LINO; EORICHRIERICA B DD LNTZ (p <
0.05), KIT, 4 FEZ TV ADOFIR TEIZKIL 1.5 M @ik R
WK 2R LT BR O b P RO A e U, e R
£ KO ITBiT DR IREHEARARITIH DI LARN R
AERNT WT LU CHEICREWVEN GO (p <
0.05),

3.2 XE2
[Tempol NZERE 5]

BHANICEY Dahl S Ty hofEIEEFWIC ER L
23, Dahl R MM EIZZELL 72072, HR (32 HEH
CHENIRI T2, Tempol MM G-RFIZ L0 H Bk
DOFEE, RSNA KT, H AR &80 72, BEIES L Dahl
S Iy CIEAEMHEARIZLVETRL 7223 (40 umol tempol:
29.1+4.8% vs. -10.6+3.3%; p < 0.01) , Dahl R 7T
IZEBEAMEATR> TH A ERD 20 -T2 (9.6 21.7%
vs -14.1£3.2%) . RSNA {K T Lb[AER T Dahl S Zvb
TIEHEEAMICEIVERL 722 (-18.722.0% vs.
-7.1%£1.8%; p < 0.01), Dahl R 7> NCIZZ b L7z -7z
(-6.7£2.5% versus -8.0+0.7%) . HR LR TH -7
(Dahl S Z+b:-10.7£2.8% vs -2.0=0.7%; p < 0.05. Dahl
R 7vh:-3.021.9% vs -6.0+3.1%), 7235, Hydralazine
BH T AN Dahl S 70 tempol IMEN G- (2%}
T 5B RSNA KT, HR (K FORJSPEIC 82| i
JEOZEAL BRBZD L7 RA AT TNDOTIHeWNE
Bz,

[DPI BNZERNE 5]

DPI =N GIX R AN Dahl S T M CIEREE,
RSNA X T, HR{K F&FBOT=A, IEH A A Dahl S 7+
FCIEEWT IS b3 72T,

[#8FK T8 NADPH oxidase ;& & mRNA $18]
F7=, BEERE TE00 NADPH #hEFo> ROS pEAEMN
B AN Dahl S 7y N CLOFET HERL TITHEL TR0,
NADPH oxidase subunits T 2% p22P"* pd7""* and
gp917"* O mRNA OFK FEBIZH1F DR BLE TTHEL T
72
[Hexamethonium 1Zx19" 3 & Ji:)
Hexamethonium |Z L2 M E X &M A AT Dahl S 7 M2
BV TIER R Dahl S 7> b E THY, BIEAMFIZLY
ISR TCHE A & T Z LRI S LT,

4. 8
4.1 EHE1

HE R L S AR A T AM (+/4+) TIFA R
N AM & BITm 2R U205, AM (+/-) TIEA B8
IMIFBD N2 -T=, LT, mREREO 2B Tk
THE EAEA AM(+/-) TR EHEE WT IZi LA
BRME A R LT, 22C, R AARREO PR MEDE B
FlZBIT DN AM OG5S0 FRE~ T AIZE
SREHKOMINER 5417V SNA, MAP, HR D
%z 8123 7= (Fujita M, Fujita T, et al. Hypertension 2005;
45: 1165-1172) . @ik BHEKE 5RO #E~ 7 A O i
J£, HR (ZH BZTRO DI -T208, iR A
Hizx4% SNA, MAP @ FFORE X, Wihbme
B AM(+/-) 123\ TO A, LoD 3 BEL LA EICK
Epolz, AM(+/-) 128175 SNA 72bNCIED EFK
JEHEERIT, IEHREEIC B W IR M A A i &
STHIPIZHIINL 72 AM 23, R B 5-RED x4
BRI TUHE (S AED ME 57 BOGSIT L, il E (B
TWDAREMEZ /RIEL TRV, AM (+/-) TN AM O
HE NS AR A= 53 72 720 Z DO M A 23+ 55 8 557 12t
RIRAZ AP IR TCHE S & i E_EF AR -T2 DEE X
bAVe, 7285, phenylephrine, sodium nitroprusside @k
B GATKRET DS 4 BERI CEENIRD -T2 DD | iRk
BRI B 5RO BSOS OF B 228 R & O K
JeEOFIEIZHE T L O THL AR TR ERTH
Do

AM (+/+) [ZF T tempol ZIHENICHIT 5352812
K. maR KON E G262 SNA, MAP @ |
AT ST, P LIER O 7 i
MR THD 3CP ARG LI A1, fifk 5L o
A LIFERIZ, SNA & MAP % ER-XW72247°5 tempol
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OIEFFRNEEERIITETEHLEE2LND, LTzhio
T, B AR PR AR TTHE 2 3 D i E |
FROGNT BEE AR ZAD3BE 5L TS RIREMED RIBS 41
7o ARSEERGE S (Fujita M, Fujita T, et al. Hypertension
2005; 45: 1165-1172) 1%, miREHEAKE G- LW SMERITET
DA L BEEARL AD¥ENZ /LT SNA, MAP A |
HI22L20)D TRLIZLD TH D, SHIT, AM(+/-) T
RO FI AT -T2 A, AM (+/+) TR OB T8
@ tempol Tl, SNA. MAP O b 555045 L)
SNT=DHTH-T=DN, KVEmMED tempol TIXTEAUIT
WM ENT=, ZOFEENS . AM (+/-) TiEE iR M
MMEREHIC L~ T, KWEED ROS MEASIL TS
REMEIN B 2 DALz, ZORTREMEAMRRET 5728 | lucigenin
WAL TR LD~ AR T B85
ROS DPEE EANIE LT, mREEKAMICEDROS E
AR, ABEAREK ALV EEICEL RIEAN
WZRVIEN CREL ARV ADSPEAE SIVD T E DD DALTZ,
ZZ T, ERAIKANTRED ROS FEAE 4 FEO~T AT
W7 228127, ZOREE, mEEE AM(+/-)
\Z81F5 ROS FEARIL, AM (+/4) JOH A EIZREL,
AM DPHRXIZ BT LA R 2D EEAE i 3 2 X %
BT HAREMENE 2 BT, AM OERLAR ZMfilH% T
WOWTIEARBFIE TIEBMEEZIT > TRV,
Shimosawa HOHETIE AM (+/-) IZT7 oA T2 1I-
BIEAR AT T-BR T, EEIRRE S 2R 528, i
(BB L AR AOBI GRS TEY | FIRNLIZBITS
NADPH oxidase D22 7R — R T D p677"* & gp9 1P
DIEBLOHERE A (> TV 7= (Shimosawa T, Fujita T, et al.
Circulation. 2002; 105: 106-111), 5|2, FTlZ/2> T,
Z v MU I FEG T LT, AM O DR R
NADPH oxidase {EPEINHIVERICE S L FERS N,
—WE{LZEFHE-cGMP A% L7233 5L 5 ATRE
PEAVRIBEN TS, LT3 C, [RIBR OB 2NN (238
WTHBH- LTS AREMEAHERIS VD, BL ELD, it
FEE A2 I51F %5 NADPH oxidase &4 L7=f#{L AR AT
HE T ARIEAPRRIENE AR | fE FFZ 272035 wIREME
DHER A7,
4.2 EE2

F2BR 1 OFRERABEZ T BR(LAR ZTUHE | A%
TEPETCHEN LB TS AR MR £ 1238\ T
JIliPN NADPH oxidase JTi 1 5£-5< ROS #9228 S pehik
TUHEZ AT U Ci MILE D FEIE - fEFF ISP 5L T D T e

LIz, 2OfER . BRIEARTA1T72-72 Dahl S b
TIIMMENIC tempol F721% DPI 24 5- L7 &0 MAP-
SNA-HR DX FEIGATTHEL TRV, LvbRIK N
NADPH oxidase D{iEM:725 N mRNA FE B TTHEL T
Ay (Fujita M, Fujita T, et al. 60th Annual Fall Conference
and Scientific Sessions of the Council for High Blood
Pressure Research [San Antonio, Texas] P223, 2006
[abstract]) , L7223>C, BREAMIZEY Dahl S 7T
HOXER (L A R L A BRI IE S <A AR R TTHE DM ML E -
FAT =X LB G- LTS ATREME DM HERI S 407z, L,
AR CME FH24E0720 Dahl R IZEHEWTIEINS
DEACERD IR o7, LTei- T, BHESYE & i)+
2B W TN NADPH oxidase TG (2 £5-5< ROS H
DN ASSEAR AR TLAE A AT U Ci i O FEE - HEFRFICRE 5L C
WHHDEEZ BT,

ZDAN=R AN TUTNL OO ATREME A HERI ST
%o RS M @ i E TP RIZB WL =0T v
T F (RAS) MTCHEL TTAUA A SEAR AR 7 D AR P
HIBREBIZBI G- L Chahb Livzan, EBE 7o o4 T
VAL EDFIEAN = A LLLT ROS OG- AT 5
WEIIZ ), F7-, 2 5 11Bhydroxysteroid dehydrogenase
R FEAF NT LT ¥ R ES RS R B A5 | &
R RREME MRS QN D, Fio, T T AR AR A
YTHHLTF R VAT U SNA FIIRAE I ]
LD THEELTWDb LRV, LAl AAFZET
FZNEDRFDOPEZATR>THRNDO T, BlRF T
IR TTRR,

5 %

MR (b A B L R TTIEE DS HARME | A Aok T M 2 il
LCEDORER, M)JE EHEZATUIDIENHLNI -T2,
IHIT, RIEARFRTUHE - B AL RATCHER Z DR D —
O LG AR M I (U U L OO FEE -
B O R P O R AR ZTTHEZ A5 A AR R TS
PR B L TWBLDEEZ BT,

6. SHRORHE

AWFZEEBRHL T, DAL IUIIRN AR > NI
WTB AN ERE AR ATUHE (2 H S < ASRAPHETH L DY
23 i i 2 AR U5 "l REPE A R ST a1 T D
(Nagae A, Fujita T, et al. The 21st Scientific Meeting of the

International Society of Hypertension [Fukuoka, Japan]
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PO1-213. 2006 [abstract]), FZFE, AR &l E4 1
WREETHDHALRY w7 R i— M BT AR R
JUHER ROS FEAIEIRARROHZ LT IMBN TG, &
BT, bHbNEE DTN OO REERH G . BRI
E I ENA RV ARPIEE T 0O HEDRHY (J
Hypertens. 2006; 24: 1627-1632, J Hypertens 1999; 17:
1229-1237, Ogihara T, Fujita T, et al. Hypertension. 2002;
40: 83-89) . PNEE{L AR ATTHE - S <A AP HRR TG
DN NSIZHBDO AN = AL THHEL THENLL
W2, SR ITIER T T WS B T DRET 2D D, SHIT,
HEis 3 R0 AR 7o R a— L0 B F LA R PE D
TLHEL THAHENDITWAD T, FIZEBITHZ LD
P L OB AL, Z DA =X LN THRREL
TV FPETHD,

E
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Role of Oxidative Stress in Central Pressor Mechanism in Salt-Sensitive
Hypertension

Toshiro Fujita, MD.

Department of Nephrology & Endocrinology, University of Tokyo, Graduate School of Medicine

Summary

We have been proposed that the central sympathetic nervous system plays an important role of salt-sensitive
hypertension. For example, the sympathetic nerve activity was enhanced in salt-sensitive hypertensive patients
and rats, leading the suppressed renal sodium (Na) excretion, and resultant Na retention and hypertension. And
then, we suggested that central sympathetic activation caused these abnormalities. Recently, several groups
including us indicated that oxygen reactive species (ROS) generation was up-regulated in salt-sensitive
hypertension, suggesting that ROS overproduction may contribute to its pathogenesis. Moreover, it has been
reported that ROS may be related to blood pressure (BP) regulation through the sympathetic nervous system.
We demonstrated that Intracerebroventricular hyperosmotic saline-induced increase in BP and sympathetic nerve
activity were enhanced in salt-loaded adrenomedullin (AM) knockout mice, and these responses were inhibited
with pretreatment of tempol, a membrane-permeable superoxide dismutase mimetic. In addition, hypertonic
saline increased ROS production, measured by the lucigenin chemiluminescence method, in the isolated
hypothalamus and this response was greater in salt-loaded AM knockout mice than in salt-loaded wild-type ones.
Because AM is considered to be an intrinsic antioxidant, endogenous AM in the brain may inhibit sympathetic
activation through its antioxidant action. Thus, we examined the role of ROS in central sympathetic activation
of salt-sensitive hypertensive animal models, Dahl salt-sensitive (S) rats. Intracelebroventricular injection of
tempol decreased BP and renal sympathetic nerve activity in salt-loaded and non-salt-loaded Dahl S rats but this
extent was greater in salt-loaded Dahl S rats. Intracelebroventricular injection of an NADPH oxidase inhibitor
diphenyleneiodonium decreased BP and renal sympathetic nerve activity in salt-loaded Dahl S rats but did not in
non-salt-loaded rats. Moreover, NADPH-induced ROS production from the isolated hypothalamus was
increased in salt-loaded Dahl S rats. Moreover, the hypothalamic expression of NADPH oxidase subunits
(p22°™*, p47""* and gp91P™*) mRNA expression was enhanced in salt-loaded Dahl S rats. Therefore, central

ROS overproduction may enhance sympathetic drive of BP regulation of salt-sensitive hypertension.
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4. BRSBTS relaxin D85 ORE}
e B, &K EhE, gk AR, R BR?, HH B, R faE?
! ﬁ%lﬁk%ﬁﬁ%mfi‘ﬁ‘/5’~ 2 Fpld) K2 A R,

o AT NVAY NE S e S R (e S R B

Bt E [HM] Relaxin (RLX) IZITITF ., A7 A BE R 2N 8IS S TRY FRCMAE JEBRVEH SCHUBHELER 23
HEN TS, ZAIVETIZH ~ 1X. RLX % Dahl salt-sensitive (DS) 7 M 5952 L2 IV EIR T 2585 T 5, 4 lEl,
FIRGZPEIZEIT 5 RLX O Z2H 5N 572812 DS & Dahl salt-resistant (DR) 7 bR N RLX &F D2 FAKD
FEHLO gL | RLX O @i EVEB R 28 15355 %’i.“\ X512 DR BEONANE RLX ZPLEL -2 b2 iz,
[ 51£] Dahl salt-sensitive 7k (DS) |, Dahl salt-resistant 7k (DR) (2 &3 B4 L C DS #EDO—#HIZ RLX 4 5-. DR
FEO—IChiPiAE i 541 T 8 WRZRICE AR L7z, BZIZIHWT RLX @ Single stranded DNA (ss-DNA) |
phosphorylated Smad2 (pSmad2) D FEBL~DEEEFRFIL 7=, KIZ DS, DR #OE 235V T RLX & RLX 5 44K (LGR7)
@ mRNA % RT-PCR TR L7z, F7o, HHEEARIZEZF 3 RLX OFE G R HHDDMRET LT,
[FER] RLX# 51280, DS OIS BRI A~ TIER T | #RHE(LO S, apoptosis DI, pSmad2 O FE B T %
P77, DR FE~OHFRIHUAL 51280, DR OIEEGRH ATl EFE 71258872, RLX ¢ mRNA % DS #f THY
JIL. LGR7 1% DS #f TR F LU=, F2, WU R 1238V T RLX OFF BAV72 45 G478 . LGRT D43 B

7
[(B22] Eilin, B m )£ O RIEICE
1. AROEREEM

Relaxin (RLX) (&, ZAVE TR, b, #2FLICB32
TERD RSV TEIZN, I, 27 AP E R 23 i &
TS Y, RRCis s O BURRHEA L 72 5 ONC L 3 R 1F
ZRENER SN TS, BHEEEE M E O e
MAEPLOMmE O KA, —J7 EFIEIREHCITEE
BZ2 D B OB K ICH B 59, i EHT R L4
H X IEFE N LAKD S5, ZDJREO-—HELT
Novak 578 RLX OB 52541 CT5 2, Fhx 13 A
ZNE R MLEDOFEIELZ DRI RLX 3B 5-LHD SARGE
LUCL AR 15 AR I FARFZERE I R0 | B tE s
MEIZIT5H RLX OBG-ZHET L7z, Dahl S-S
£ M 8% B A 4 5-2 . RLX O 52T\
I GREE IR U RE R A B EER RAZR DT, &6
(ZIEF G- CRRD T R M T B 22 R0 mh JUR A A b 22
23 RLX & G KA B E LR T, A EOMZE Tk
B VERINEIZB15 RLX OS2 S5I2f#IH9
B0z, ORISR IETT /WS RLX #5217
U, AR O S D T B AVTZRET 4 apoptosis X° TGF-B1 I

N RLX —RLX ZAEIEHIL TRE L TOAZEDRIBENT-,

HEOBLEDBIRE LT, RICR AR %O REEZ T
FIVEREIHIMEET MICEBIT 5 RLX & RLX Z AR
BN mRNA OFRBIAELT-, IHIC RLX R EKOER
IR BURAL ORF LS & FEBRA (T >72, @RLX OHFI
PR Z I IRUET > Mo 5- U TN RLX OfEH%
P 22 LI R MEDEAL S R D ZEAL O F HED
WETE1T 72,

2. ARAE
2.1 RLX x5 %XE&
2.1.1 EBTHAY

FEBRIZ1X. 5 4D Dahl salt-sensitive (DS) . Dahl
salt-resistant (DR) 7+ (Japan SLC, Hamamatsu, Japan) %
MW TIT o7z, BRI DS #EL DS BEIC RLX 2 5L
72 DS-RLX #£0 2 ##IZ, 1EH M &L T DR #2010
AT 3 BEEL TR AT R (8%) 24 5L, KITHA
M52 7o, 8D R RBAAATR 2 3 FEJODH—*f 1C DS 7/b
%% M2 DS BEE DS-RLX #E(2451F, DS-RLX B0
osmotic minipump (model 2002; Alzet, Cupertino, CA) &
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B FICHEDIA AT, RLX % 0.5 mg/kg/day O THife
5T 5I0TIEAL, 8 BHOREAE Wiz, T XTDT
v MZIW TR E 2 E U7z, IGHE 1 i3 2 B H 2
IR THIEE T2, 8 W%, X TDT7v B
ML, MR RENIRDOER M AT 572, Z D% T NI
PBS (Z RO g4 5 3 MIRETL 2 (B O 21T -7,
I g3 3T 7 ¢ A IS K DM RGO R bR
ERBEATHIZDIT, 4% 73TV LT VT ERERIE CRE
ELT, AN ZERE LT mRNA fEHT<0R5 & F28R1ICH
Ve,
2. 1. 2 SREREERRE

ISTIRVLT VT EREE LT LR A L g e
AT T R L72HURIL, —RETiRE L T Apoptosis D
K H @ % (Zsingle stranded DNA (ss-DNA) $L{£& (Dako,
Kyoto) | A B PE A& D58 7Y E Ch HTGE-B
DIEMEDFEHE T o Hphosphorylated Smad2 (pSmad2) Hit {4
(Cell Signaling Technology, Beverly, MA) . RLXD % 2K
Td2HL LGRT Hifk (Phoenix, Belmont, CA) %, —kHi
& & L T I biotin-conjugated mouse IgG F 7= I% biotin
-conjugated rabbit IgG (Millipore, Billerica, MA) T, %4l
v BAVRL T L7z, S ik rI 4L 13X ABC

‘]ﬁc:io?’:()
Bt DAL D Y. 531 Dss-DNA , pSmad2 HL iR iE
R, BT TR s T o LU CRLX R 5

BELIER G HEA e LT, RLXODZ R THHLGRTIE
TEVERN SR E A B LT,

B (Z Apoptosis D ff H D % (235 7 4 )b L[ TE DFEA
IZ%F L T. Apoptag Peroxidase In Situ Detection Kit
(Chemicon) % FH V7=, Apoptosis 5 PE MR & B2 & . BEE
W23l U TR LTz,

2. 1. 3 RLX & RLX 2B AFER D&
2. 1. 3. 1 mRNA O#&it
RT-PCR 7%

i HH U 72 B e 1 B8 & B2 501 C RNAlater RNA
Stabilization Reagent (QIAGEN, Tokyo, Japan) {Z A%,
20°C CPR{FL7-, Total RNA (X RNeasy Plus Mini Kit
(QIAGEN) Z W Tl L7z, L7z Total RNA 75
cDNA %% L7, PCR |Z LGR7 cDNA(PCR product:
731b.p.) . RLX-1 ¢DNA (PCR product: 349b.p.) .
GAPDH c¢DNA (PCR product 190b.p.) DEVEE:, 7=—
V7 AR BB OIRE & OWERIZZ 24 LGRT (94°C,
30 £, 58°C, 30 Fb, 72°C, 30 #) . RLX-1 (94°C, 30 #,

56°C, 30 ¥, 72°C, 30 #») . GAPDH (94C, 15 ), 58°C,
30 £, 72°C, 30 #) TITo72, HEY 1271513 LGRT &
RLX-1 % 35 %12V, GAPDH | 25 A7)V T{T-7=,
Bt . 4 PCR FEMZA BEXIKENC LY DNA D5 fEAAT
Sz, ERUKEN D%, 7 V1% TAE buffer T 10,000 {5 #4711
L7- SYBR Greenl (Cambrex Bio Science Rockland Inc. ,
ME, USA) (T T C 30 Ayl Cao L -, 40kt
Yufa L7=4 VX Pharos FX (Bio-Rad) % FHU N CTAF v L,
A A= VRN EAT 572, LGRT & RLX-1 Ot Rl PNERE
#CdhsH GAPDH THIELT-, Bifka br— LU ThE
W7 MOPNEAZ N E NV,

2. 1. 4 Insitu binding study

RLX S RO G MR IRE oMl c, FERR I i
IZRLX 3G T DDA MR T 2720012, Wi/ T
BT AR RLX O & S8R 44T 72, 71513 Kohsaka
BOFEICE -T2 P, BHEFARIZES 6 microm (ZH]Y, &
TARIZHEA L, 7R AEER IS, B4 F 4Rk porcine
relaxin % 1 microg/mL (& CTHi§ F L., Zilid T—MaA 2 F =2
—varli, eEZiC,. 5 nm 2/ RE&E2ERL 72
anti-biotin IgG (TAE/NAF) ZATARIZH FLEIRT 1
FEff A ¥ aX—arliz, SHIICHEERIC,
Enhancer (Z&0 7 F VHEIEAIT -T2,

ST, FRETRLIERE G D R R S B BT
TH72IZ, i E RLX (250 microg/mL) % [RIFREIZ I
MU CREG D BENDDE DD T LT,

2. 2 hMnAESEER
2.2.1 EBTHAY

FERITIZ. 5 B4 Dahl salt-sensitive (DS) . Dahl
salt-resistant (DR) 7+ (Japan SLC, Hamamatsu, Japan) %
R TI 7572, F2BR#EEIT DR #£& DR #£12 RLX FFnfLik
(RLX-Ab) % 5L 7= DR-RLX-Ab #ED 2 BEIZ | & 1fiL 1 5%F
FREEELC DS BEAMNA T2 3 BEEL CRERCE AR
(8%) Z¥5-L. KIZAMIZE 2 7=, 8% F i A B L‘?é’z e
DR 7vha74 M2 DR #fL DR-RLX-Ab #2453
DR-RLX-Ab #£(Z(F RLX-Ab (Kohsaka et al. ) % 3 IEI
FREST U7, AR E 1% 0, 3, 8,30 HIZIEBLIME
HIE 2 E (BP-98; Softron, Tokyo, Japan) % FHVNTHRLJET
MEZAT STz, £z 8Bl AR — DA 24 FFH
JRAEREL Tz, 1%6:4%7‘:;1< LR B E R R R
LT F =Pt EORIEEZIT o7, 30 HIZiE, vk
Z Rl T CHRIMEL . IR KRENR S ER 21T 272, £ D
%970 PBS (Z KO B g 5 73 FHIRE b 1% |2 B gD

Silver
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i ZEAT -7, EB gL ST 7 4 U R I KD R R
AR RPURIEROEATITZOIZ, AT VAN I TR, F
721X 4% /3TN LT VT ERESIR CEE LT,
2. 2. 2 A{LFpEs

IV T F =0T Jaffe SURE -, IR E A ORI
EX Erla— by MBI L E A RE XY=
A2 TP-7 Ak ; Wako, Osaka, Japan) % F\ \C{To 72,
2. 2. 3 fABFHRE

FRR RS 23572002 AF VIV ) TR CIE
FELT- Ak Z /T 7 AL, 3 um (ZH#YIL | PAS
(periodic acid Schiff) Yt b~/ -~ 7 m—2 (MT) Y&
BIEZAT STz, KRB, JRHE I E OMR L L 2T
N LTz, AF VBV ) TR CHEE LT Mk <
thrombomodulin DY A 4TV, 23TV LT LT ER Tl
TELT-HRRICH VT nNOS DYetaz4T-o7=, (EHLZH
K1, — PR EL THL thrombomodulin HLA (a gift from
M. Nakano, Mitsubishi Gas Chemical Co., Inc., Niigata,
Japan) |, HL nNOS $1{& (Transduction, Lexington, KY) % H
W R YT ABC Bk o7 Y,
Thrombomodulin (3, SRERIRRGZE TIE2Z DR M il
Ko 30 SRERIRT, PRAE )E fElECITBAMEE 20 HiF
(400 fi%, 1 H8F = 0.16 mm?) DR EAM M EHA T
RL72, nNOS FEHERIRIE 30 SRERIRSH 720 ORI
ZHT U=,
2. 3 fRatniE

BB OS5 RIZ, mean+=SD TH L7, 2 FEM D
LE#%1E nonparametric statistics (ZXVW{To7z, £/ L—
T TICO L, Bonferroni 7 AMZL%D ANOVA (210
1To72. P < 0.05 st IS EEDDDEHIR LT, &
T O # EF B 13X . GB-STAT software ( Dynamic
Microsystems, Silver Spring, MD) & HV " TfT57=,

3. IEHER
3.1 RLX#&5=XE&
3. 1. 1 RLX #&5I(2&5 apoptosis & TGF-B jEEDNE
1t
apoptosis (2B L T Tunel %& single-stranded DNA HL{A
ZRWTHRE L, BRZK 112739, DS BT
apoptosis 2N AHIFHIZFED BV, KR SE DT EBEE O
PRANERIRIZ 2 <G, —77. DR BECTIIRH, BiE L
HIZEHPEMIRIT DR BEIZHLBE LTz, DS YT
RLX 5 U7-#F Tl Tunel 15 CiIBUM % RL,

apoptosis (2L CEVEE D@ O RHTES SIS ss-DNA
PUARYL 6Tl B2 DI SRR TRO LI
77 TGE-BIEMEZ 2572012 pSmad2 HLikZitLi=23,
DS H£Tid DR BRICHATHEIZRE L BEE LI
R ASHEANL T/, B 3R M0 A R CREO B AL,
—EBARERIR, MEICHERD T, DS T I RLX 8 5L
T-RECIIA BEICHERIRR O 2585 | TGF-BIEMED )
ARSIz T2 (K 2),
3. 1. 2 RLX, RLX 2B AHRBED®ES

RLX &7 D% 4K0 mRNA OIEBORKE Tz B2 fE
BEEZ 53T 3 LM 4 127R T, RLX OFBLUIREIC
BT DS BE2S DR BECHATHIINL Qe B ICR
W TR MM A R L7238 B 2 TlERinotz, — .,
RLX % K? LGR7 (IHEE(ZF1 T DR FE2S DS #EIZ
FA_THINL TOds BBEDZE L Th -T2,
3. 1. 3 LGR7 ®efE e

LGR7 YD BEHEA X 5127~ T, RLX DZHETHD
LGR7 (i YRR, SRERIR E R &R A R
Jer D& AN Z BE A T L% 3R 7=, A BERT COZEI T B
TIFenoTz,
3. 1. 4 In situ binding study

BT o b O R 21X 6 1277, RLX Off
B A N S SR SO R AE 1R
DOz, FIAREKENICHHI<E R VRO LI, B
F U ERIMN RLX D HDFEA I, 0> RLX Z ¥R
T HEREA DT> TEY, RLX ORFRIFES THD
ZEDRENT,
3. 2 RLX AffnfAiE 5 IH TSRt
3.2.1 KE. MEFDEL

F 13 BEDOT —HERLIZ, DS BEAMAEIZ 30 H T
HEICEME/RLUT-, £7- DR E£L DR-RLX-Ab BEL D[]
WA B2 X AL o T, (RE IS 2 o> i &
IEiE DR BEAMBOBHZ L CIEE A ChH-T=0FE T
V37T, 7 I GBI s DI 9 1 = il oD
R ELE R LT, ENZE N EREmERLTZ25, DS
FEIXA BIZ DR BRI A THE NI E D FR AR 7=,
Z UKL T, DR-RLX-Ab B CIIHLIA LR G- B 1% 5 1
JED ERMEMAERL, DS BEEAEOEERDIRI2->T
AV
3. 2. 2 A{cEpyst

AL O FITFE 1 IR, 3 BEom s
TF U RERLNI ROV T F = R RIIE e
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NHBRZTRD 7272, DS BEORPHE AP &
% DR BEZHL T ERL QWA BRZETRO 2D
77
3. 2. 3 fARFaRET
3.2 3.1 #Le

B AN 30 HTIE DS 7y M CIEsRERIR, JRAIE T

B DOEALZ2 B OB IRAE AL 28 13 T o7, ZAUT
*fL. DR 7> ML DR 7 M2 RLX Hiik% 4% 5 L7Z#ET
VI OB TR ZE L IZIRE R ooz,
nNOS % ;ﬁﬂ?ﬁ&ﬁ{ﬁ@ macula densa (ZRFEFRD, F 1
2R E91Z nNOS Bt 3 A &2 DR 7T DS 7
> MZHEATHIINL TV, DR 7 MIRLX Fiffka# 5L
72BETIX, AEIC DR Ty MR THAD ZRLTZ,
Thrombomodulin B4 M & 1% DS v MIBVWT DR T
VZHEACRER AR B M &R A B B A 2380
THBEIZHA LTz, RLX fiff%# 5 L7~ DR 7T
1Z thrombomodulin B& 4 I & 1380 L TR0 | SRERIREM
M CHEBEREE A ET,

4. % &

AE ORFFE TR EICI 15 RLX OB 5 2t
LT, LU R O 7272 24380 7, % 1213 RLX 23
apoptosis DIl & TGF-B1 Ol 24 L CE RO
OMEZL TOWDZER RIS, 5 10 RLX (3B #
WTREAII, TOZHEEBFIETDIEND, A DME
JRIZHE PIZ RLX-RLX AR FAEL | s as i b
DHERITHEHL O DT EDIRENT,

A1l RLX O i 28 i O L LT apoptosis &
TGF-B1 OIEMEALICBEI L THE R A2 Y Tz, T4,
apoptosis (XMEgF DOFHELEL CTHEHETHLHIENERE
FUTEY, F7= RLX (21T apoptosis DIIHITER R HHZE
LR E DIMOIERROBF TS TS Y, SbIT
B RS P i) O HE R (2 apoptosis 3B 5L QWA E
DHRESNTND 9, A& TS LD BEICE
UNC apoptosis IR ERIR, JRAE 1
RLX #5512 k0 ., A ERMGINGEO LN, £7= TGF- Bl
VIR 22 BRMEALAREE TV . pSmad2 |E TGF- B2
FIAREDE AL ST BRICTR | BRO SRAE L OB
(\ZIE pSmad2 233 %, — 75, RLX 121X in vitro (2350
TENEDOMRHELHINEIZ IS0 D pSmad2 DIEBLEHIT2

VIS RBD P, AR T2 50 ) C TGE- Bl
PITCHEL TR0 Y, iz 59 2L =0 T [

BWNTHML T3,

B OBAALOIHI N HAE SN TG 2, 4, AR
P ) E (LD EEICI VT pSmad2 13A EISHI ML T
BY, INFETORRE—FL Q- BT RLX #5112
TOE BRI EFRD T, RLXmRNA FEE ORI DS
FECRRODN 28T, BLEII A THLD., WAL DHEST
ICHREPIL CIsgs N CTEINL 72280 E 265, EDE
Zo2E Tl RLX MHAH R R ORETHISHIZ4+
M BT bic vt ER R - LIS b, BT

DOFERIT AR VE R I E <At o0 BHE 12 L DR ME L
(2R 245 %0 RLX IGRICKHT 286G/ Sy 0 70
rERDHD,

WICEHRTET v MZ RLX gz 59524
W20, M B A RL, DR BET DS BEICHART
HEIKMETHHTZ0ON DS B L THERZEN
BOBNIR o7, — I MJED_EF X DR #EE A~

TUIA B TR o7z, RS M & £ O JR R
— Ttk 2 2/ F 2 fEf S T a, 4 El RLX H
PR G XAMED EFPRETH-7-2 8, &

TS M I E D FIEITFE 2« OJFEFR B H- L TnDHI e
ERLTNDEE 2 LD, FT24 RO CIIHEMET >
ZRVTODA, X0 RLX 23@E i 2o 3 e
WAV 7222 - opb Lz, AEl, i@
0 PAS Yt Gl DR 7 M B W THLIADE 512X K
EIREWVTIRO SN2 -T2, L, JVFEHIC g 2%
oYL, CRIETL 75 5 . thrombomodulin MO%4t4 CTliX DS
Zv B ONZ DR 7 M2 RLX iRz 5L fEo
B CTiZ DR 7~yFhtl:f\fﬁ,afcﬁ{ﬁ/}‘%au&)tu
thrombomodulin | 1E & ¥HEZ A 32N MR85
%5 FVE i) 1952 UG A PEL 5 7 &V [ 10 1) L A < PN
fabgRel 2B 5-L T D, MEFEEEDORET CIZRLX & 512X
VEFN thrombomodulin DFEBLHE M A O TZZ 05
RLX {Z X5 thrombomodulin B OFHE S~ 7z, 4 F
OfEFIT RLX TR M PN B RE O Fi i A3 i s
., JOENCBIZRL QO RLX Fiii e 58 i+ F
FROE MM E OEITEZRO DR L R L TWVD,
nNOS (ZZNFETOHEDEINZDS 7 FTIEDR T M
HA_RTRBOBD 5RO LN 10 ZHETOR R TIX
RLX $£5-1250 nNOS FEHLIHEIL TV 7=, NNOS # Bl
®_EHL TV = DR BEIZ RLX FFIHLA O G2k, T
AT nNOS FBLDOWA DSV RE T2, ZOTZEIFZRLX 3
nNOS # B ZFREIL T\ A2 L& R, RLX OIf £ & T 1E
73 nNOS A LIZEH ChHZ LA RIEL TD,
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L EOFERD G BRI MR M OB IZ RLX A3
BN THEPIL QWD ATREME, RLX OGN/ THHT
& BHIBIMEOHERFIC RLX 23R 5-L TWDHZEDVURE
Nize A EORFNE. AR M i EI 5955 %0
B 7o WOIR BRI IC D7 N DL D LIRS LD,

5. SNFEE

T RLX 2WBBLL TIEHIL TWD e, JRME T3
BTERPHEBLL QDI LMD, RLX O EES i
DMEEND D, BUE, MIRT IR PR, SR AR (k5
T2 RLX OUSREEBIERFI T CThHD, 414, B E
BRCHERER] T RLX 5% RLX FLEOKFEZ#E 2T
WE7ZW, F72, RLX OENTOREEEZBONZT 5720
(2 INFETEMEOBREZO®EMEAFHRO ERICE
estrogen 7R E MRS AV TEZ0N, PARRATE TOIMED
ZAbe RLX O E DAL % estrogen EEHITHFTT 528
ITEW® HLEE DN,

F7o, s A (LIC B D A =X LEL T apoptosis <2
TGF-BIZiE HZ2H TTHRMNL CTHERFT AN SO, =
NOENEMHEAL T 2RENATHDLH, RLX NS5
B M DS HICHAL NS T 20BN B 5, BIRE S TIX
REER B 5L CWHZEAHEL TV, KR E RLX
DBV FEL PO Z T TV T IE Th D,

T
AW ZZAT T HICHT-0, R ETAZE LV V-
YA AWFGE N IR OB E R LFT,
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Table 1. Results at 30 days

Groups DS DR DR+RLX-Ab
number 5 5 5
Body weight (g) 363.5+17.0 311.0+36.8° 313.5+8.2*
Kidney weight (g) 1.39+0.05 1.60+0.16% 1.58+0.18%
Blood pressure (mmHg) 146.8+16.2 125.6+5.9*° 137.8+6.3
Pulse (/min) 343+114 345+13.1 348+11.3
Serum creatinine (mg/dl) 0.60.2 0.7%0.1 0.6%0.1
Urinary creatinine (mg/day) 124+1.8 10.5+2.1 11.0£24
Urinary protein (mg/day) 68.6£22.3 39.5£21.7 38+£9.9
nNOS positive cells 8.0+0.7 143*+1.6" 103+2.1*°
(/30 glomeruli)
Tubulointerstitial thrombomodulin 195.0£106.0 475+84.3*° 377.3+89.8°
positive vessels (/20 fields)
Glomerular thrombomodulin 16633.0 326.0+43.7° 237.5+53.8%°

positive vessels (/30 glomeruli)

a; p <0.05 vs. DS group, b; P < 0.05 vs. DR group.
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Figure 1. Expression of single stranded DNA. Increased expression of single stranded DNA (ss-DNA) was found in
DS rats compared to those of DR rats. RLX treatment significantly decreased expression of ss-DNA.
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Figure 2. Expression of Phosphorylated Smad2(pSmad2). Increased expression of pSmad2 was observed in tubular
cells in DS rats sompared to those of DR rats. RLX administration significantly decreased pSmad?2 expression in DS rats.
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Figure 3. Expression of RLX mRNA. Increased expression of RLX mRNA was found in the cortex of DS rats
compared to DR rats. *; p < 0.05 vs. DS rats.
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Figure 4. Expression of LGR7 mRNA. Slightly increased expression of LGR7 mRNA in the cortex was observed in
DR rats compared to DS rats. *; p < 0.05 vs. DS rats.

Figure 5. Expression of LGR7. LGR7 expression was observed in vascular endothelial cells, luminal side of tubular
cells, and glomeruli.
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Figure 6. In situ binding study. The binding of biotinylated RLX was observed in kidney sections. Addition of larger
amounts of non-labelled RLX made binding weaker compared to that of only biotinylated RLX.
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Figure 7. Changes in blood pressure. DS rats showed significant elevation of systolic blood pressure compared to DR

rats after salt loading. DR rats receiving RLX antibody showed no significant difference from DS rats unlike DR rats not
receiving antibody.
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Involvement of Relaxin in Salt-Sensitive Hypertension

Naoki Tkegaya ', Tetsuya Kohsaka?,
Hiromichi Kumagai®, Ayumi Suzuki °, Natsuki Kobayashi °, Takuya Yoshida*

" Med. Care Center, Shizuoka Univ., > Dept. of Applied Biological Sciences, Shizuoka Univ.,

3 Dept. of Clin. Nutrition, Sch. of Nutritional Science, Univ. of Shizuoka, Shizuoka, Japan.

Summary

Although potent anti-fibrotic and vasodilatory properties of relaxin(RLX) are recently reported, the
involvement in salt-sensitive hypertension has not been elucidated. Since anti-fibrotic effects of RLX were
observed in salt-sensitive hypertensive kidneys, we examined renal RLX-receptor in the kidney of Dahl
salt-sensitive (DS) and Dahl salt-resistant (DR) rat. Specific binding of RLX in kidneys was observed and the
binding sites of RLX were similar to LGR-7 (RLX receptor) immunostaining. Next, we examined RLX and
RLX receptor (LGR7) mRNA in kidneys of Dahl salt-sensitive (DS) and Dahl salt-resistant (DR) rats by RT-PCR.
DS rats showed an increased expression of RLX mRNA in the cortex compared to DR rats. LGR7 mRNA was
slightly decreased in DS rats compared to DR rats. Then, we examined effects of RLX treatment on apoptosis
and TGF-B activation in DS and DR rats placed on an 8% NaCl diet. The administration of RLX (4 microg/h) to
male DS rats for 8 weeks significantly reduced systolic blood pressure. Histologic studies revealed the
amelioration of tubulointerstitial fibrosis (-21.8%), in rats received RLX. RLX-treated kidneys showed
significantly decreased apoptosis (-40.8%), and phosphorylated Smad2 (-71.0%) expression in tubules compared
to saline control. Finally, Since RLX is expressed in the kidney, we hypothesized that chronic inhibition of
endogenous RLX turns salt-resistant into salt-sensitive in Dahl salt-resistant (DR) rats. DR rats with and without
RLX neutralizing antibody and DS rats were placed on an 8% NaCl diet for 30 days. DR rats showed significantly
lower blood pressure (125 mmHg) than DS rats (147 mmHg) on day 30. However, DR rats receiving RLX
antibody showed an elevation of blood pressure (138 mmHg), which was not significantly different from the
pressure of DS rats.

These results suggest the counterbalance of intrarenal RLX-RLX receptor axis in the progression of

salt-sensitive hypertension and kidney fibrosis.
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Identification of Genes Contributing to Salt Sensitivity in Japanese

Naoharu Iwai, MD

Research Institute, National Cardiovascular Center

Summary

The purpose of the present study was to identify genes contributing to salt sensitivity. We at first attempted
to identify genes contributing to salt-sensitive hypertension in Dahl-salt sensitive rats. We performed QTL
analysis for blood pressure by using 107 male F2 rats produced from Dahl salt sensitive and Lewis rats, and
identified Klk1 gene in chromosome 1 and Ccl2 gene in chromosome 10 as candidate genes for salt sensitivity.
However, association studies in the Suita cohort did not support that these genes contributed to salt sensitivity in
Japanese.

We performed association studies between candidate genes for salt sensitivity and hypertension using the
Suita cohort. The Suita cohort sample consisted of 14,200 men and women recruited randomly from the Suita
city municipal population registry. They were then invited by letter to attend regular cycles of follow-up
examination (every 2 years). We analyzed 2,000 - 4,000 samples in the present study. Among the many genes
analyzed, SLC12A3 and CYP11B2 appeared to be intriguing.

SLCI2A3 is known to be responsible for Gitelman’s syndrome, characterized by NaCl loss from the urine.
We identified 7 loss-of-function mutations in this gene in Japanese, and the combined allele frequency of these 7
mutations was as high as 2%. This indicates that one in 25 Japanese is heterozygous for Gitelman’s syndrome
mutations. These heterozygotes appear to be salt-resistant and vulnerable to dehydration.

CYPIIB2 is known to be aldosterone synthetase. The promoter polymorphism T(-344)C appears to
determined sensitivity to angiotensin II. The C type is sensitive to angiotensin II, while the T type is insensitive
to angiotensin II. Thus, even under low angiotensin II concentration, such as in high salt intake situations, the
promoter activity of the subjects with the TT genotype appeared to produce excess amounts of aldosterone. In
fact, systolic blood pressure in subjects with the TT genotype was positively correlated with salt excretion in the
urine, which was not observed in subjects with the CC genotype. The genotype frequency of the TT genotype

was around 0.5, and therefore, this genotype appears to have great clinical implications.
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Bk = 04C6-06C6

6. B M E MEDOEFHEIESLTO G EEI%T AT AR

F7J—¥4(GRK4) Bz FLZHOE
EEOER, AEE o, kE K @I BE, HA BE L %

(A1) VAT RN SERE S S S T

B E [HN] GEAELEZA

SRS —¥ 47 (GRK4) [T, ATE
DIEMEDEL, ZDORERR SI-1Z BRDOY AR b DT K052 BAR LI D1 HRARTE R 3P

B i 1 FEE O B5 3 VR AN M 2 W) T
PEESIL, TR LOR

WA N TUHE T D & TR L ERE D FEIE | HERHIRSE 5352445 L . (Proc Natl Acad Sci 2002; 99: 3872) &H1Z
GRK4 D& n 25 & A ¥z M v I & O B C SUW TS L7 (Clin Chem 52(3): 352-360, 2006) . =2 C GRK4 O

AR TSN D BHRSZ
(J5ik] mii SRS

PEAHEE S . AT AR RFR

FIDOZHFAZHDWTHOENITT S,
HEFEHORBE DI | RIBRHDOIIFNRFNI LA O B 512 CTiJEa b — VR R THY, A

VI F— AR B IMELI 40 L Tt Gl LT, BBE IVES - DNA 2 T GRK4 (R65L, A142V, A486V) . 15

X OV ifn )£ B (5 7 CTdh D angiotensinogen [AGT] (M235T) .

angiotensin II type I receptor [AT1](A1166C) .

plasminogen activator inhibitor-1 [PAI1](4/5G) . angiotensin-converting enzyme [ACE](I/D) . AGT (A-6G) 72X D H.—I

FB R T2 (SNPs) 2 ELT-, GRK4 AR TZR0HA 2 DRI

BINEE 5L OREE A aT L,

[AfE] BIAEETIC 40 BIARERL | s T-HENT 23 & -T2 22 Bl
P (NSS) Th -7, Wi (6 g/day) (280 SSHE, NSSHELH IR TN 2R 72 NFREMLE O TIX A B
Azt b4 5L 3 7 H T, ESS BECZEEMEDS 8.310.89 mmHg ENSS #£ T

LU BRIARH OV AT VAR BRI R
2.3+0.57 mmHg 1€ FL7=,

PEZHEEL | BURHR S FIRAIFIDH DU
SUNT, 14 Bl B HRAZ P (SS) | 8 Bl s Bt ks

[T o7,

[FEam] BARNCBOWC, BEEZEE L EEL- 2L ILBOLbTEEFET /LIL,. GRK4 @ 3 FEEEOZ R (R65L,

Al42V, A486V) T _XTE2HHOELDOTHY, SS #EIZ

L EOBEHZ BV TR F T IC L > T SS BX O NSS DSz 528
HDIEF DRI W RETHDHEDVRIBREITZ, GRK4 DiEfs 2R TR

B ERE DR ZW DO T- 12 H F ChAZ LRI,

1. AROEREEM

L7 S A TS B ERRIE 2 R TR B EALE ST B,
ZORRT) - Tha | BIEITIXE BTN S BB E R &
DML EAER OB EIZRIETHEEZ LN TND, H
MLESE, FFIZ Hzﬁkc_gu\eénéﬁgmmﬁréﬁﬁul‘@
IR BDONAVAZBEDOVATORERILE, BE
R O F BT 25 A 7 AZA VDB AART FE L L
TR B RS LTS,

e IS ER A D 90% LA L% 5 6D 2 A RENE i 1 il
V. BUEOZWIE TR —DJF R 25 E TRV £
JELEFSAL. HARNTIIHERE T 3,500 T AESITND,
ASHEME ) 1 EE O H T RIS RS M i

BOTEMEDOT AT AR RMRAOA AMED REN, SHIT

ZE THAT AR RFRAN DA %) T
P i = O RN ZERS B 5L TR,

RBIMET VT IVIR A AV ARGUED TLEE S OFL
SHIZ, 24 W] £ B E CIER R EZ R D 7220
FUANZ L DL fE BRI -2 OS2 30 i L
JETHHZERHBNE/ RS> TETND, DEVZ ORI
kv L A O HE (2T IR T D2 N B CTHhHDH
FEZHIVTWD, Lo, B Yoo il 72 R 2 Wy
FIEZR O ORBURTH D, LTzi-> T, BIEZMED
BRT~— W —%MEEL, REICAEEEEICNATLS
CIXE I EDFIE T - 1GFED S EETHD, IHIT,
BEIRRS MERUE R 1250k 2980T A, SRR
D BHHERIZ ML E LIS,

R332 (DA IE, TR F IR/ VT R F U eI

non-dipper
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HERNATa— LTI D—>Thb, DA EFRPICEE
5927 Ny AR OB ERE T ER R,

SHICRIEARICIVR T DA et &3 N4 5280 5,

DA i EFE, T Y AT EE R E AT T
HEZEZBIVTWD, DA AT G EAED Gs &4:%
LT 7 =g 77— (AC) ZIEMEAL T2 Di-like 5%
& (Dy, Ds) & Gi/Go LU AC TEMEE I35 D,-like
ZAR(Dy, Ds, DY) IZKRAISID, FFIZ DA DOFRIT L
FIRERICBWTHEECTHD D) AT FISE AR
HE IR TS Y,

FEJER T ORI E, B AR M 2 d 0
CHEAEEIL, RMIRICTFTET 2R 33 1(D) SR EKE I
LCT MY L0HRINAMEIL ., #5RELTHRIT LD
PEH RSB 5- L QD BHIAL R A R R BRI T
TEIBIALT2F N7 A HE R R O K 3 A AL . 2
WAL Na" D REEMIIZHD Na', KH-ATPase (NatiRy
TN Lo TR A ~E O XA N Fh o i B A %
FER L. SHICHIFM o> Na'/H 22 fadifios (& (NHE3)
BIOIEEMR Eo> Na'-HCO, sk (NBC-1)12k»
TEBENSGHREN ~FFWRINE D, 2D Ok (KO
1 DA 23R 5-LTna,

PN NEEYE A A STANGNE AR (el @3l WiAr A
FR OGS IE F AR U CEY AR & £ 5E
DETINTYMIBN TS, FERICR ASIUERER T 258
HONDHIEET TICHE LT, ZORRIITFICB TR
HE BT DR SR LA TERIRE R T ThHHED
RIS ERFZEAATV, SHR OITALERANE Ffl, 725
N b L R OB AR LD MR BT L 723 R A
Bz W ERRICBOT, WKY BIOMEH £
SR DTN IR AR & b U RS RISkt 375
cAMP FEAFREDIK T8 SHIZZOFED D, Z AR
DV THHZEDHERESNT P, £, @IERE D
SO R AEANLIZ IV Th , D, 2B R0 &Y w1l
REBIZHDZEMHAL, S512 G EAIEAL 74—
7 —+t 4(GRK4) 7%, DB EEY AEICBE G52
LETERS LT, 20 GRK4 OIEME FRIZE-T, R0
BERNEVABRIRIEE 720, DA Lo &SNS %
KRS G EAEOIEREEN, HFRRER T ORIK L7
VDA DT NITLFIRAFEESLCODEEZLND Y,
ZCAWFZEIL. GRK4 0 SNPs OFEREMRHT I L OARENE
I ESE | BT H AR NSV ESND R HIRSZ P e ifn JE
ZHLODICEM AR T 2T L. & i) R O B

PEEBID LB IR T2 [FIE T 5,

2. ARAE
2. 1 B GRK4 0 SNPs & A LT-#lil8 TOHEEREHT

D, S A% 2 E# B (Tet-off Gene Expression System,
CLONETECH) &7z Chinese hamster ovary (CHO) #fifi
(2. % F GRK4 (Wild, R65L, 142V, A486V) D cDNA #-jit
{5738 AL (T-Rex Expression System, Invitrogen) 35H(Z
GRK4 O % Bl % F i 9~ 5 72 ¥ IZ Tet-off ™ Gene
Expression System (CLONETECH) %3 A L7- 3 #% &l
fie AR,

O 3ELZEMILIZI1THGRKAD A FESNPs (2L DD,
ZRNRDOY ALK IBZ IR FT T D720 B M5
F2H L, bk 3" internal rooplZ &9 5H17
YRR LB T —HiRE VT T 72, ZOHUKIZT,
VITAZ Ty T A TIEIC KD E AT o7, B X0
HU72E A% 8% SDSTZ7ULT IR M TEKKEIL
=habra—RAEANERTE L, T ayF 7K (5%
Tris-HCI, 5% nonfat dry milk, 0.1% Tween 20) H1C— 4L
HL7Z06, JrAAR ) Ty EDIRFUAIZ THLUEHT
REUREAT VY, ~v Ao & — Bk e i ki 3
FHURETZ XU ~ HORIi~ T AHURZ “IREUKEL THR
WaB IRl ME DR, AF Y= T Ty S AN —
B TE R 21T -7,

@ 3EZEMKIZIF DFenoldopamfil{f (= L HcAMP
D JISVEZ 15 2 72 90 M o oo cAMP A Il 2 L 7
(Bridge-It camp all in one assay system, Mediomics) ,

@ HARIIERIMET Y (SHR)IZH51F 2GRKAD A

J#kE T (pentobarbital 50 mg/kg, FRAZIEEES) 12 CTHE
R L% RIBEAR L 7 OMAL R E1T 72, 12
BERCTNIH 4 emEORITF L F 2—7 (PE60
Becton Dickinson Sparks USA) ZHfEL | FebilZI B K
HAFFANT D20/ NVEOF 2—7 (SP10 B H) %85
7l (Bipax epoxy resin glue, Tra-Con) (Z CHEA L7, EHR
BRLEE OH . AEMHEALICRBER T2 HEL, T
22— 7 ZEETHICRLER | S et AT 5720265 —
VHEHNEEHWTHARDEZERL, BEHDOAY Y 2
(LARS Mesh, Boston Scientific) Zi#L CF =—7 Jeims
AL, Ay s = BRI A A Bl E L GBS 7
(Aron Alpha, —=3t) ([ C&EE L7z, Ringerik Zii 7= L7 1=
% £ > 7 (model 2001, 1 plhr, Alzet DURECT
Corporation, Cupertino CA USA) C1i ] D#R Bl £t
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FTH BAZHREE T THFIREZTV £ Z W GRK4D
As-Odn, Sc-Odn, 725 NI Ringerif & & Teiz 3 R~
(model 2004, 0.2 ul/hr, Alzet DURECT Corporation,
Cupertino CA USA) (ZAZH#&L 7=, £ D4 high salt diet
(4% ) ¥ 0 i Kk 2 4 08 T8 4G 8 L 72 %72 | Tail-cuff
plethysmography (BP-98A Softron Co.) {Z CHRRFAIIZ I,
JEZRE LT,

2.2 RIERZMEMEEL GRKY ELFE2RELUS

[+ BEE G FEDRE

KGT, 83 BT MTBIRE NI ARIGIRATREME )
ML THYRREFNZ IV CRAR T IR 321/ 7+
— AR M EAGS T D, IUHE B ML E A 140
mmHg PA F 7213 RaR i+ 25 90 mmHg o B35 CHE IR

EHEREREE (75 7L 7 F =2 > 1.0 mg/dl, LT F
=27V 77 A<T0 ml/min, $ET V7 I <14.7 mg/g
creatinine) \ &5V MI IR MESE LEE2 A T2 BHE IIF5E
MBERA LT,

83 1] (54.80.8 7%, BMI 23.1+0.2, %1% 47 44, Bk
36 4) Zhrge gLl RS MR A AT U7, BIE
Bl AL 2 @ O TFE A (153 mmol/day & 50 mmol
J1UT7 /day) 4 (KA R (51 mmol/day)7 HRH, Z0D#
F AT A (340 mmol/day) % 7 H BHERL 7=, £ B O
B 24 FEE B BATE Tl EARIE Lz, (HAR=—Y
¥ ABPM-630 i, HA)., BIEEZMEOYET, (K
B RO R AT B R 24 RFfH) R MY 10948
N> TR ML, 10%R5 ThiuT R IERZ
PELHITLTZ +O,

BA 421 LY DNA Zffifti BDtract Genomic DNA
Isolation kit, Maxim Biotech) L. GRK4 (R65L, A142V,
A486V) ™ _ angiotensinogen [AGT] (A-6G -M235T) %,
angiotensin I type I receptor [AT1] (A1166C) "7,
plasminogen activator inhibitor-1 [PAI1](4/5G) 'V L8
CYP11B2 (aldosterone synthase C344T) 'PDH i Hik
{5247 (SNPs) % LightCycler™ Master Hibridization
Probe Kit (Roche) ZHV"C GRK4 DA TRIAREL
77, F7=. angiotensin-converting enzyme [ACE]D¥H A//K
k%A1 (UD) V% PCR JECIREL, o 77 = (ADD
G460W) '*'V1L PCR-RFLP 1E(ZTHRE LT,

3. IEFHER
3.1 3EREMAICHITS GRKA DEFESNPs 285D
D1 2EMAD VL DIRE

f L O S R A A AR CREO HALD T = = ANl
HI2NBD Dy Z ROV AR DO TTHEDIREEIL . GRK4 O
SNPs D ANIZEY D = B ROY AL T ST,
GRK4 DiEVETCHEDFEMZBE 713 THh D)3 GRK4
DIEMEIE, A142V > R65L+A486V > A486 = R65L > Wild
Tdh-7- (Figure 1),

F7o, ZRHOHIIZE VT Dy ZBFROBRA 72 =
AR TéH % Fenoldopam ZIRMIZEYD Dy Z KO HT
GRK4 %38 AL T2 S CIIBREERF%EIZ cAMP 28
BN 7225, GRK4(Wild)DE A2 L0 cAMP 0 pEA |38
FEMHIEIL, &51C GRK4 0 SNPs Offi AICLvEsHiz
cAMP DO FEAIMIHI STz, TRIH A2V 2L -T
GRK4 O¥BLZA4MiH45& Fenoldopam (Z%f9°% cAMP
DO IEPEPZIEIEH ECTRE T 520N MRS
(Figure 2) ,

FEERBAAAEE, SHR B Tl WKY BECHT LI E XA B
EfETH o7z, WKY EETiE. As-Odn. Scr-Odn. Vehicle
DO HIZ LS THIMEIZ L I )E _ EF T o727z,
SHR #EClE, A GRECMESMEREEBIZ LR ULz, L
MLURING, As-Odn G LIZRETIX, ZDOREIZEH
LT E 2 BEIVIMED FENGE IS
(Figure 3),

3.2 RIERZMSNESLVIERZESMEDFH

BRI ORE S, il (SS = 59.3+2.1, SR =
57.1 = L75%) . MR, R, &R BMI(SS = 22.7+04,
SR = 22.6+0.4) [T B MRS VERE LIRS HERE C A2 1372

7357z (Table 1), TEH AT TO 24 BEREH MEL, <&
HE Rk 5z PE#E (10720.5 mmHg) « £ I & 52 1 B
(1090.8 mmHg) TH B ZE T2 o7, KRS &R
B Lo TR PERECIE 24 FERESEEI M E 2N 10%2L
oMU (K104 £0.5 &3 116£0.7 mmHg) A3,
B IR PRI U e 2o 72 (K4:108 £0.8 &
5 109+0.8 mmHg), F7=, (K&EIXil 7 /L—7"C, @ik
BTH ML 7228 . & MK S PERE (1.6610.14 kg,
3.021026% ) T H & = M B (0241009 kg,
0.38+0.16%) LOH MM ORI R EN -T2, EEREIX
T~y MEZ /D S 7203 B IR YERE
(2.04+0.36, 5.58+0.96% ) T I & M & = M B
(0.55%0.18, 1.550.52%) L0H D ORI R ED -T2,
FREERUCLY ., PRA, PAC Il EERI UK F L=,
BRI PR T B ITK) > 7~ (Bonferroni correction
i), JREE XTI R, VI E XTI EEETT R
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LERUC L~ T % 521F 727 7= (Bonferroni correction
FRIE) o — 7 IRRASIUALFT MDA R LY, AR
ST LS PRI 7 CHE ML 72 (Table 2)

3.3 BRIERZMEMFELRIBEFRZMHSMEICHIT
% GRK4 EnFZ2EBLIUENEEEETFS
BIDHEE

LIRS MERE LD | S MERFIZ 350 ) T GRK4 SNPs

(R65L, A142V, A486V) DA BT VBB Zm D> T273,

e Ifn B AR - T D AGT (A-6G -M235T) |, AT1
(A1166C) . PAI1 (4/5G) . CYP11B2(C344T). ACE Dffi A
IRIESFLAD) BL R a 75 =23 (ADD G460W) DT
IVBEPE |2 721378 B ALl 77 (Table 3)

MDR (multifactor dimensionality reduction) fi##r % Fu >
TEERZHE T T28E 5T VEHELE,
GRK4 R65L, A142V, A486V ERDOH T, %
94.4% EREIZTHITE T2 (p < 0.001), BRI MR
MmEDHAANT=>0D GRK4 EREHW-FT /i
83%DIESE T, 100% D Ff 5L 72 -7 (Figure 4) .

—77.3 HHANTENLL EOEROIFAET., HICARE
JRZNEREIT D ANAV A LR Tz, 3 FD GRK4 4
BET UL, W GRK4 R 220K TH
%o 20 GRK4 O 3 FiDERDIFAEET WIL, FRIT L
FEIROEIZ O ES FEERC R 2 BRSO
AT RLE—E L T\ 5, GRK4 7Y $iEF M o AE RO
Bz #E< N A PR O BN S FI LT, (F =
0.99, p <0.001) (Figure 5) .

4. % =|

BRI ZHFRITHREEO T N T BRI ED Lx
WZiE. 2D 50%LL EOF Ry AHEA S TNHIEN
HHIVTND, LINLZRAS, Dy SR AKEREIK T D701
fRH72 L T NP A RN i 1A T, TR o
EDORISUATLDBHERED T 7T L RE DR ES
TWD, Ziud Dy AR BIROREE Tlded, Dy A/ E
DOBUEIEIZ RO DR T CThD G IR AKX —E 4%
A (GRKY) OIFHEZE(LIC > TRl &Rz Snb el
RAy v —OO R DOFEE TH D, Zo I
\ZB95-9°% GRK4 (Z =D DZE 5 (R65L, A142V, A486V)
PIFETHZENEENTND, EBIZZD=ZHS>DER
2L T CD cAMP FEAEICEID S D-1 2B AKLIE D
I IVEFEET D, B TO GRKA FEB & 3l i 4
% & i B H R OB AL R E M T Dy AR

FEREITIER L L, B ARE R AE T > - (SHR) Cid & ifi
JENSET D, SHIZ, VAW TEAER GRK4 T
VBN GRK4 A142V Z i@ RIFEBLSE D& Dy 52 A AR
W95 N D AR RBONIFEFE S i, miflEE24ET 5,
SEROFFRIZB DTV ODDFH LWER RN DD,
2. BARANEMEBREICBOT, GRK4 D =>DZHR
(R65L, A142V, A486V) (T BIE IR MEREIZ L~ £ R
SZMERECHE S A o7, BT, LIRS etiology TR
WM R EEE DN TV =2 DM OE R DT
JUBEBE LTI H AR &) i SR O f SRSz ME R - FRIZ
PEREIC IV CED R -T2, 8 =1, EiiE H RN B
ORI MEREE IS PRI 3V C GRKS &5 T8
THERONDBART 5340 (BT YV 055 6) IZFILT
W72 otz 3 FEREOTVNVE R THRERZ O R
FIXNDA, 3 FFER O LZENLL £ GRKS R 1D
FT U (RO5L, A142V, A486V DT IUH) ZRFOL DI,
BHIEZERECh o7z,

HANCBWT, RS MELS L6 <5
DI lE - ET VX, GRK4 O 3 FEFHDOZ 5 (R65L,
A142V, A486V) DLAE DO THY, RIS ML IERK
SRR 944% T R U, ZHHOFT RIL, B Ein T
NI 2 ) EAT DIAEICBNTEETHTh, BEVRY
DORHRE % BT DTl s T 2R E BB HZ LN
HECTHHEVWIBEZEXFTHHDTHS, GRK4 D
SNPs(R65L, A142V, A486V) (2L D, ZEKDOV (L
DTTHEL | /331285 cAMP O INNFEES D=6
NHE3. NBC-1 X NatRy 7 OiEMEDHIH 28R +45
L7209 FRIT LFIR DR 2012720 s M v ifn
DRIELLT A2 DEE 2 DD, GRKA B RIIZOWE
WZDWTIFES LT, Fex DFFFETIE, GRK4 %
FITE M E A ARNEE CRBIFEZ RIS R
BEICB W THE N & Do 7280 Z L7211 T/e<. GRK4
R65L & A142V OREFHEA RIT R B AN & L
JEBRFIZBWTORBLNLIEL DT, Fox DO~
T E B O R T B YR I E BT,
72t =20 GRK4ZEF T UL (651, 142V, 486V) ZFf-
Tz, ORI RO R 0E ., AR M i
BED Dy ZREENTDH TN LEEE T N T LR
WL ARE EE AL TODZ &L TG 17,

BARPEO B MEIZIB VT, GRKY H s T2 5 (R65L,
A142V, A486V) I3 DI A REFEE 720, fIEA
TR AR THL T Ny AP FEES NS 19, Bk
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GRK4yA142V Zid R BS -~ AL D, 2B ERT T
=AM R BRI R ET N AR ICEEE R B 17,

GRK4 FBZ T 25 0D 20 03 s M i E LB 8 80

INHOEFITHARNCBIT RS2/ OEIEGT
TRUZ, &BIZ, HANT GRK4 £#% 3 L EHoh o
X, DRICEEESYERHY AR T N L0
BRI RTT DI FEESIL TV -, GRK4 # a7 R
DL 72T RN LRSI D SR D FEE D
FABADY . R/ I BEREO P8k & ARl ~ 7= & i L 0O B
HEDOREICH D ATREMEN DD 7Y,

F 2 OF AT @ I)E B O T, AR PE S I
BET TN, Db =o>0 GRK4 ZERT UL (65L,
142V, 486V) ZFf-> Tz, ZORIERSEREO R IL,
B PEmIMEEFE D D ZBERE T TR L
Bifi k& T R AR S FEE SN TWHZ e B
NTRIND, A BEIFEOETF ThH 01 Fk 2 DER
FET MRSV - R I L2554
PAT PARRFRAN D DRI RERZEN D ST=Z LD
ZOBIRTET VE BRSO~ —— U TR
HIENTELERDND,

5. $%RDFEE
FEIESEICHEAR Zh b BT I ha— L ZBEET

HERY, SOIZAETEENE ORCKAL L LGOI & PHE .

BERIFDSHIINL T, Fi, IR & ML E 230
T, BRI BET VT IR, A AV ARGUEO T
ZEPFL O E fERA T2 OV EINE THD, &
MEEF R AEHEHT O W TIZBIE RV, ED LX)
TeRE PP TR ME DS RIE T D DTN ETZ AR TH S,
RAIATEDED T N 2P B 5958 72k
PR FCTHY | & O KRNI B2 PAR A G T 2w
REPED & 2, AR JE D B I Bk 6 KX OVER IR B 9220 &
GRK4 @ SNPs (R65L, A142V, A486V) (ZX0 D, 221K
DOV BTCHEL | K782 5D cAMP O N fEE
SNHZEIZEFT N T LOHEIME T L, R D L0 0F
BUIMED E5F USRS & i E A FIE L9 <72 D
EEZBNTZ, A511% GRK4 OBEM SNPs DT
V2741, A235T. G562D 2OV ThHEDEENZ SV TR
AT TIETHD, £z, SHEOMFHILY GRK4 Diftfx
T RN I S ESRB 5 L TRy, &)
JEDRRIZI DOT-81Z GRK4 DA ZRNEGH TH
DRREMEDN R S LTz, FT, DB R T2 & Atk

Ve I E & BEA PEBR T2 12T o A Cld s
W28 | TBAR TR DR A 0T B D DD, EHIT,
NODHERE— AL T 57201130 B AR A=k —RZ
BIORER CHBWEZ 2D VE030H5, GRKA EHROE
B2 O BHER A OH > T N E2ED ) a5
N5, filt., Speirs B VB L Gu b V1%, GRK4 i
G ZR L@ I)E Caucasians F8L Y Chinese D=k—h
(ZBWTRIBED S % VTR I E S 38 1T 2% El 2 A
ZEL T, BUEHETTH THD DY, RIGFEO & i+ B
IZFBW\ T, GRK4 O LR RS A HEE L
FEMR) IR E ATV A T AR RRRE D R
B CTH D,

#Ht o
AWFEa ZAT T DICH 20 MR Rk Z TAVW - (/)
Jebe YA ZWFZE HIS D KD EFHN L E T,
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Table 1 Characteristics of hypertensive subjects
Variables Salt-Resistant (n = 48) Salt-Sensitive (n = 35)
Age 57.1%x1.7 59.3%+2.1
Gender: M/F 22/26 14/21
Weight (kg) 57.6%+1.2 56.4%+1.0
Height (m) 1.59£0.012 1.58£0.014
BMI 22.6+0.4 22.7+04

Table 2 Effect of sodium intake on blood pressure and selective hormonal/humoral agents in SS and SR hypertensive

subjects
SR (n =48) SS (n=35)
Dietary Sodium Intake (mmol/day) | Effect' | Dietary Sodium Intake (mmol/day) | Effect'
Variables Na 51 Na 153 Na 340 P Na51 Na 153 Na 340 P Comp2
SBP (mmHg) 1461 1481 147%=1 0.508 | 142%0.9 | 146£1.0 | 159%1.6 | <0.001 | <0.001
DBP (mmHg) 89+0.7 90+0.7 90£0.7 | 0.016 | 86*04 88+0.6 95£0.6 | <0.001 | <0.001
MBP (mmHg) 108+0.8 | 109+0.8 | 109+0.8 | 0.058 | 104=*0.5 | 107+0.5 | 116=*=0.7 | <0.001 | <0.001
Weight (kg) 574+1.1 (57612 | 57712 | 0.013 | 559+09 | 56.4*1.0 | 57.6+0.9 | <0.001 | <0.001
Hct (vol%) 39.4+0.6 | 39.2+0.6 | 38.8+0.6 | 0.004 | 39.0+0.6 | 384=*0.5 | 36.9+0.5 | <0.001 | <0.001
RPA (ng Al/ml/hr) 21+0.2 | 1.5+02 | 0.6+0.07 | 0.001 | 1.4*+02 | 0.6+0.07 | 04+0.07 | 0.008 | 0.395
PAC (pg/ml) 173+13 115+8 68*5 <0.001 | 103*9 67*5 49+4 0.008 | 0.096
U-NE (ug/day) 76+£8 57=*4 54+4 0.034 53+4 51=*6 45+2 0.229 | 0.300
U-Dopamine (mg/day) | 55823 | 810E£13 | 926%69 | 0.001 | 421*14 | 590%36 | 846*58 | 0.001 | 0.688
Data are M=* SE.
1. “Effect” p-values indicate whether the slope of the line is significantly different from zero.

2. “Comp (comparison)”
dietary sodium intake.

3. Plasma renin activity was measured in 43 of 48 SR and 32 of 35 SS subjects.

Although the sodium diets were taken in the order of normal (153), low (51), and high (340), the data are presented in increasing sodium
*not significant using Bonferroni correction for 36 comparisons (see statistical analysis and results).

intake, see methods.

Table 3 Allele Frequency in Salt Sensitive and Salt Resistant Hypertensive Japanese

Genes Salt-Resistant (n = 48) Salt-Sensitive (n = 35)
GRK4 R65L (% L)* 0 47%%*
GRK4 A142V (% V) 5 S51%%*
GRK4 A486V (% V) 24 67%*
ACEI/D (% 1) 69 68
AGT A6-G (%-6G) 85 90
AGT M235T (% M) 81 84
AT R A1166C (% A) 90 91
PAI-1 4/5G (% 4G) 66 66
CYP11B2 (% C) 63 68
ADD G460W (%W) 50 53
*Wild type  **P < 0.000005, vs. Salt-Resistant, Chi-square
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p-values indicate whether or not the two groups (SS and SR groups) show significantly different responses to
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The Molecular Diagnosis of Salt Sensitive Hypertension Using
G-Protein-Coupled Receptor Kinase Type 4 (GRK4) Polymorphisms

Hironobu Sanada, Jyunichi Yatabe, Sanae Midorikawa, Minoru Yoneda,
Shigeatsu Hashimoto, Tsuyoshi Watanabe

Third Department of Internal Medicine, Fukushima Medical University School of Medicine

Summary

G protein-coupled receptor kinase type 4 (GRK4) is important in the pathogenesis of essential hypertension
(Proc Natl Acad Sci 2002; 99: 3872). Because activating variants of GRK4 impair the transduction of the renal
D1 dopamine receptor and sodium handling, we evaluated the association of GRK4 single nucleotide
polymorphisms (SNPs) in salt sensitive (SS) and salt resistant (SR) subjects whose 24-hour ambulatory mean
blood pressures (MBP) were measured. The subjects were observed for 7 days on normal sodium (153
mmol/day) diet which was changed to low (51 mmol), high (340 mmol), and normal sodium (153 mmol) that
lasted 5 days for each level of sodium intake. Thirty-five SS (MBP from 104 + 1 to 116 + 1 mmHg) and 48 SR
(MBP from 108 + 2 to 110 = 1 mmHg) subjects were studied; sodium excretion in response to the high sodium
intake was greater in SR than in SS subjects, resulting in a greater cumulative sodium retention (121 mmol) and
weight gain (1.28 kg) in SS than in SR subjects. High sodium intake decreased plasma renin and aldosterone
levels and increased urinary dopamine similarly in SS and SR subjects. A genetic model based on GRK4-R65L,
GRK4-A142V, and GRK4-A486V was 94.4% predictive of SS hypertension. We did not detect any differences
in allele frequencies of variants of ACE, AGT, AT R, PAI-I, CYP11B2, D;R, GNB3, and ADD genes between SS
and SR subjects. Thus, SNPs of GRK4 are important in the pathogenesis of salt-sensitive hypertension and may

be useful in the diagnosis of this subset of hypertension.
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7. REET VEMWE O TC AR DR R - DA 2T E BE B R T D[R E

FE 1917, BHE s

FHRER RS RS

B B OREEME A MEE R E R OB 50V RIB SN AR AT B CTH O3 ARBE BB BRI E DR
RBGTREEERELCODINIESRBIAE AN EE THD, AR MERE LRI 2EAMIE
RN TOIH OUUHE /MK T B L OIS A E X S5 M DR EIZE D, T TARTFIEFHE 2\ CTARBENE & £ E 5
KOO EORAE - HEREREA DN T2 BB T IRBET VB S\ TBE O 7 V& O figEr s
?%’%‘fﬁﬁﬂm_i%omﬁLT DOIEREME A BHH5LT-, Dahl 7y MNIBEEMHEREIEZET N CHY, &R AR
A B PR E L DB KA FIE 35, BB AR ORI A FIR 0 BICEIE O AR 2A~EBATT 5720
E}\@'L‘T PRIEHERED B ET VI ENZ D, T2 THEBBIO Dahl rat L fih%E VT DNA ~A 707 AT (K
8,800 FEFHDIE(AT) ZATV ., IR B R B T 2815 T O [RIEZ R T2, EOfER DB RFEIE I o THREBL

TUHET D5 T HEL
ERk & 7o R B BRI T A RE T 22 LTI LTz,
1. FRBEH

BIRORMNCELE BRI, EROIKIZIB VTR
W MAE RO ERSCEME AL NT o AT E R & 720 L
BRADE - REAMEECDHIENMBND, ZNHD
&M Aar L2 HL L Col i M R AR E R I B R L T AR
K EMTNDIRAENREAT D05 LI R ~D A
HEVZEHNTED &S00 T HIE O IHE IR T KO
AN ZE (7 AR R — ) D3FHEE I, BRI D &3
KT 355 MPE LR A LEENDRIEICED V), Vo
T2 AR T U7 DB RE 2 (R85 Z LI BUE Th D TN
HECHY DA BIIAIRNFEER DO —Nia EDDHICED
2, LIe o TORRIIE AN = X LOfFI &2 O %
FAC U755y TR RIE OB I34 B OEROS I

B ARG EEARFED—DLNZ D, LLIE I
DIE - RRAM | 2L 23— a TEHEGE M F25k %
DIFAEL72W 2 AR EOFIEEIE IR/ B3 AL
RADOEETHD, KA =X LEfHEAT DD
PREBET VB E T RETDSZE Tdh A, AIFSEET
BZRBWN T 1, TRINCELBEARNICEID DR
DARFEE | 2 IEME I BLRTREZR T VBV Ch o X —
IR T~ b (Dahl salt-sensitive rat) YZ fvy, O
AR Z 3 il n R BIFR D L%E DNA Fv 7%
FERELTZT 737 A5 & AV CRFERICIEBA 358009

M5 146 LUV IE R TIERBLA @S WD A BEASOBATIC > TRBME N 0815 71 72

Zﬂiél 72T T a—TF & A5, RKEEHTIZ IS TR K O
BIENED 57 TR T LOME MDA Ib 7263
6&1@%4#%%&

2. MRAE
2. 1 Dahl 7y MNIBEHBHERZEEY THY, m R
BRICKEGEBCOLIER - 25 &) EE2RIEL. &
BIRAMEGTDEE s H ODPNIZODER~EBITLON
THAFEDL Y, LIE03->C, mREARICEITS Dahl ?y
FOJFREDZEALIE, LART LA IC S B AR o
M - DR RO A E I O BICEMEIC 23— F
LTWHEF R I, Fex 1 ZBEIZ Dahl 7w bz 2/ )
i JE 5, DI T RIS LD ERAKTL, 6
4D Dahl 7y M 8% RIEE AR ERSELE, 2 #
BlzeE M mENRAEL 5 BRI OAREOIEK2
B LR BN, ﬁi’ﬁﬁﬁ%ﬁﬁﬁ‘é&% 7 %I
WD EEREDNRIEL ., 9-11 B TIRIF 2B T D Lo 0
LTz, ZZCAMIZEERHEIC B W TIINOLA BT DTy
REVLEFBHEZFRL, DNAF v 7 YBI T Y 2 127 ¢
7T V% FI TR I O R B A ZE 1 A B2 2
Do
2. 2 Dahl 7y MIRIEAMENTITREE, RAEE AL
BEE7-ar b — VL0 &5 SO i kAR A B L
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Ayt ¥—RNA ZHiHHL T DNA F v~ 7 gt
(Affymetrix t1: GeneChip RGU34A) #1715, AT 7 fiftht
(ZEo"THY 9000 FEIED T MEAR T ORI BT D5,
ZAL DRI T CED, T2 (FBEIZFRE DO Y
T MZEITD DNA Fv 7 5 —H B a#& TLTRY &7,
Bl Z IR DR RIS DR M L DT — 2 B E BT 52
LIZED A TRELN PGS T 5857 DBP (D-binding
protein) D[R E TP L 7=, DBP (IMifaz 7 R — X
(G SE) 2 B5F oM RE A A 3 DI TR THY , LAR4A
~OBATIZ S TREES FOFRBLA R A 35
FIILHIRZR, DBP 2B OHEREICRE 5352
ZRRMNTI 2 B BT, [AREAR T Y OB PRI 4 Bk %
PERR L, 55387~ MO RSB AL 7= 2 AN v
T LR E O EE G FEINDH LRI, T
725 DNA Fv 728> TR &SI 7ZTDBP a1 D%
BUE T B O R RORIEICB 5322 RIS
7o

2.3 FHEONET —HR—=RIVEODDITATIT
DIET LR - DA RFEER T 2SR —=0 7
T2 [FTE S AT PR B P EE AR T O MFEIL, DBP O
BIETRIERIZ T NG A& O il L~ 0D 8\ FEBRIZ K-> CHife
BT D,

2. 4 DNA Ty 7T O A TIEELNDTERBEA O
AR IR E T 572, Dahl 7y MIBIFH2TOEMR
TH T 57-0101F, REOBETHRERICAZ)—=
YT FTHMERHD, REBOTDICIE, RN R
% cDNA Bt fr | Z R (B 9% ¢cDNA Y7 h 77 =
o=V TIENG N THD, T THIZIET AR 2 )
SRS Dz ha— Ty~ OFRIZHREREO BRI
SEDONDY T NART T T N arsa—=
YTEATO, Bl RT3 b — SR L TO AR RO T
Tl FE BT (DMK T) 358 5 W 1 &%
HEFEA IR E 3D,

2.5 DNA Fv7BXW cDNA V777 arra—=
YN Lo TRIE ST B B ELEAR T O REA T A
Vxmw Iy AR EORA T EMTIEE VT, BRI
BWTHRGEET %, £ BBEE R T ORBZE(LA RO
A=A LB TH0I, ZROEIEFREDATF
TALDZEALR | AR T A O G R T B F LD ZAb
IR EH IR DT Y = 1T 1 7 A A TR 32,
2.6 {LED 2V TN TIE Y = 2T A /MERMID 2
LHBBTET JLAVARICHEBENICHETHEBNT

Differential Chromatin Scanning (DSC) JE&BH¥ELT= 7,
EREIZT BT L ANACKT T 5E /72— T LHL R
(Upstate Biotechnology, CA) % T, 7&F kL~
WVINRIRDBIn T2 A7) — =0 7T FIEELTHZEL
Teo T T AL =R ORTAN—HMNTT 4~V E
EiTol-bl, APRIC LD~ F o E ka7 572,
fliftxii=% /2 DNA # Rsal HilBREES TlH{LT% . TAG
7 & 7% — (5-CCACCGCCATCCGAGCCTTTCTGCCC
GGG-3'/3-GAAAGACGGGCCC-5') &L=, SH1C
TAG 77 A~ — (5-CCACCGCCATCCGAGCCTTT C
TGC-3) (2% PCR JUSZEATIZ LT, HfZikIE DNA Bt
REHIE LTz, SHIZT AL —H o7V ILHIBREE SR Xmal,
RIASR=H T VSHIBREE SR Smal TZEHIHIEL
AIEXEBICY T T 7y ar 74 74— (5-GTGAGG
GTCGGATCTGGCTGGCTC-3/3-CGACCGAGGGCC-5'
) EREASE T, TRABVEMELT-% . 2095 0.5 ng 2%
ITVBEMS T RTANN—H T (40 pg) L7 =— /L&
H72(67C, 20-24 WfHl), TD®%Y T o ar 7T~
— (5-GTGAGGGTCGGATCTGG CTGGCTC-3') {24
PCR ZATHZE T, T AZ—H 7V 572 DNA Wi
% HE L 7=, Mung bean nuclease (2 CF%fr A8 DNA %
{H{EL7=t% . PCR 7'm% 7 Xmal CHilREFHEIHLLT-,
EHWEAVRY T NT Vv ar T X T % — (5-GTT
AGCGGACACAGGGCGGGTCAC-373-GCCCAGTGG
GCC-5) L&, FURTA/S—DNA L7 =— /L&
etk BN Y T NI Vv ar T T4~ — (5-GTT
AGCGGACACAGGGCGGGTCAC-3) (249 PCR #1T-
7= 1FDAVTZFEW % pBlueScript X7 —I|ZH AL, A4
— DI AN A RE LT, BOTeT — TN LM
FERL B 7 — %~ — X (Genome Bioinformatics Group of
the University of California at Santa Cruz @ June, 2003 7~
w27V http://genome.ucsc.edu/) (2%t C BLAST
—F L, T /T —a A T 57, Dahl 7 MG R
ALK TR T T, AL A RE ST
HTENHINKT, R EIEIEH Dahl 7 MR E R
Tholz, M7 NV—7"07y 0RO SR
(ZYIBRL ., DCS {EICLDMT 24T~ 72, F2T v MO
Ja Bk CTdDH HIC2 1 10% 1+ 4= fr W il % % & To
DMEM/F12 A7 172 (GIBCO-BRL) 11T 37 B 5%
CO, Fi & & F T IS TR R 21T > 72, HOC2 MRl
American Type Culture Collection (Rockville, MD) X0 A
FLT, FIEANAPLT £ F ALEEE OFLEFIZIL. 300
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nM @ tricostatin A (TSA, SIGMA) % HIC2 flifiaZ N
T 2DHETIT > 7o FAEAFT v b o H fE O i AR
Yamamoto 50 J5 ik "VIZKOFRIEL ., 10% 17415 2 i
&4 DMEM/F12 A7 4D LT TR LT,
2. 7 EEM real-time PCR

/772 DNA X QIAprep Spin Miniprep Kit (Z7C, F7=
total RNA (X RNeasy Mini Kit (/fi# &%, QIAGEN, Clipton
Hill, VA) ([ZTFHH#EL7=, cDNA OERRIZIE, PowerScript
Wilinifin %3 (Clontech, CA) LW oligo dT 7' 7A~—
Z JHVT total RNA JOERILT-, 1551725/ DNA &
DT cDNA ZRH LT, %7/ 2 izl @S nge
FVIRIVAFRETTA~—ELT- PCR &{T-72, i3
% QuantiTect SYBR Green PCR Kit (QIAGEN) tEDH,M
Z M7z, PCR PEM &L ABI PRISM 7700 sequence
detection system (PE Applied Biosystems, Foster City,
CA)IZTIT NVAALZFHIIL CfEEHIEL T,
2. 8 ChlP-to-seq ik

VA=V it 13 v S IR S 1oV g Wit s N ) ROk e
MEFRAZ ST 3% H 9 C, Roche #E00 454 7 ) e — o
I KD RS R T 2AT o 72, Zhid s e —s
VAW I ED BT 20 TTREELL Eo s m— AT oNT
BFIE A 155 FIE T, SO RSIEHR AN/ L8
FNZRATHIET, 7 /A EOEOFEENTE Y = 2T
A 7ER/iZ 2T CODPABNCT D20 kD, Bk
HNIEZ e~ T o G R TRLALTZS ) LR O Tl
(T X7 2 —%AML PCR JGIZEVIIRL 72, SBIC
454 7 )b — 2o — Y —XET =— L EE | A A
N TOTw/LTar PCR Z{To7c, 2OV —R% ~A

IR A B —F L —NITH MIERE  FNENOBRFTT
in situ (23— T AR R E T T,

3. IRHER

3. 1 6™ Dahl 7 MIRL T 0.3%HDWNE 6%D
BEARPERMSECRBELIZEZA K1 0ISICER
AR (B ICB WV TOAEAE AT S
e\ B PR M EANR 564 2 BT O, Mk
7 BT R IR -7 4-6 A Y — 27 (L TRl
JEZFHE LT, EBIZFRIC~T A% EBE AR A (iR
Wizt A, GO EEEH % (EF: ejection
fraction) 23 B HE AMTEEIZB W TO A, 13 Wfim 20l
IME T R, PLEXY Dahl Ty MEmAEARIZE->T
BRI M EEAE LD LI DR RERIET H LN
RS ALT=,

3. 2 INLBEFRHOT YIS 2 BlofE =L Z L
mRNA ##fi{t.L . cDNA # & L7-, 52 ENZO
Diagnostics £1:0> ENZO BioArray RNA labeling kit % 1>
TEFF ARG L. cRNA ZERKL | Affymetrix £
RGU34A ~A7a7 L AENATVH AR Tz, ZDHERK)
8800 7'm—7 Y OB EEZFHHIIBWCTHIETS
ZENMHRT O,

OB T RBET — 2% TR s 7 A%
THRRHT PAT 1282 AR 2 1285 X978 G T Rk %
TERCT DL kT, @ R AR (H) (ZhB W TR
HAMHE (L) IXR R BIB TR T 27 7 AV FETE
THZEDHD,

X1 Dahl 35w ~QIMNREFEE
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3. 3 DCS MBS

DAREIZBNTELDLHANZERBIL TEMEL T
LIV, ZOEREITREARERO LB 52T
W7, FHRE AR o Y 1T 4 7 B DR FBR R E A &
2o TV AREME @, EFRZNE TN T B F
JALEE SR (HDAC) OTEMEEE 3D IE K DR RO R E

(2B 592 L OME P EEAFAET D, 1->T Dahl 7vhH
SIPEL RO ORI IBWT, BERRIZEDEH72
BT DEANEAT B F LR E DN EC TODOM0E
o M AT EFRE ORI 2B\ TR THE Th
Bo LML S NBINETY /LT ARIZEAN 2%
AP == 7T HFIRIIREFEL e oTo, 22T
KX IEEOY TN TE Y = R T 4y ZEMiNE
955/ 2k R E T HA27)—=0 71k THS DCS
AR BIR LT B2,

ARIEOWIE A 6 12”3, DCS T T X ThH=EY =
RTAVEIIERAATRE CH LD, T TIEEARN T T
IALL )V DT DA %R, 4 Tester o7 L&
Driver V> 7 V& HERL | BIFE BV TOIERNNT
TFIEENTNDT /LW ZFELTZWeT 5, £7F°
R U720y 2 FEEE M - Mifa AT bl & B 3 5ER
FAERRZ T HHUA (Z2Tid H3 EAR DT & F LAk

BT 2R E R ) ICCrr~TF U B E1T).,

BoNkEEm 07 7 2 DNA B 2B L, i
TAG 77~ —% B &, TAG 7 I7A~—IZL5HPCR %
119, /HLINTZERDHE Tester OGS/ LW D
I TAG 7' T4~ —FHNO— iz HIBREESR (X0 EIlrL
—IRTH T B =% EEE D, Tester & Driver FLE 0>
DRI NT= 7T 7 A M BUZ LD\ Tz A—AREHE LT

% W% (Driver WRIZ2REET) IRINT D, € ORE RS
LIVZ A DNA OOL | Wil —IRT & 7 5 —BLHI73
FEREIND DI Tester IZUMNTFAELZ2V Y DNA W1 i D 7
2725, Zive: - IRT X7 H—0RENE VT PCR 75
T Tester Ff T T T A MDD HEVERT D, SHIZTH
75— IS il R SR IS T LI L . kT2 T 2 —
ARG SED, KT X T H4—DEELFER: PCR %179
FC Tester FFRIT7 77 A NG T D, ZD2AT T
® PCR ZATHHE T, #h3JI< Tester FrELaIr i o Z 24l
{322 Lmtiks,

6 DCSZEDRIE

Tester sample Driver sample

@ Formaldehyde @

treatment
& G G9RY ‘®
f ] Sonication ﬁ

IP with anti-acetylated histone antibodies
& release of DNA

\

Blunting & Rsa | digestion

Ligation to TAG adaptor
& amplification

Xma | cut &
1st adaptor ligation

& primer Selective amplification
with 1st primer

T2 X0 EOF ARG 2 HR T, OBk
ABERE HOC2 (2 HDAC FHEAI TS trichostatin A (TSA)
EWRMUTZBRICEA N T2 F AL~V BB LT 585
T-ORIEZRAT Y, DCS {ETHLIZ 288 7r—r0
WHER AR TELTLZA, 2DE 178 ya— 137 ) I
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ETC#EETO SHEKIC Yy T INAZEN T, TUH
DNTIRATZ 38 70— AT DWT TSA FIRIC BT DT =T
IEDEALZIELIZEZA 37 71— (97%) IZBWT
TSA (KIFYED T EF b R B HEREN T, Bl XY
DCS {EIZ &L ThiRsD T3 B < HDAC fERYEAR 1% [F
TE RIREZRZ EMBGNI /25T,
3. 4 DCSETRESINTY / LTZT A bDIREE
DCS {ENFEBRIT LMW TEER 7T 7 A b
ZRIELI-FERT 201, FiR THbN B8 iE RO
DRI BT DRREEAT STz, BT 7 A 15X,
BoNnT-Wr Ao — 1L inositol 1,4,5-trisphosphate
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NTETZ DDA AL B LUz, A R R A
DEANSEHADOT BEF ML~V INFERRIZ Tester AL
Driver A& CREL RIeDHT LR T HT-0I1Z HIC2
AREIZ TSA ZIRINLT=55 6 EIRINML2 WA TEE R
I F IR LT OE LU T Ipr3 7 LI
DB % 5 BAY real-time PCR (2 K0HIlE LT,

7 DCS I EDEEE

_—

B C
* *
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2
g °
<Z,: 0.2 1 E
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5 :
o £
= <
s %17 g oo
8 o
Q (%)
o s
= 2
© ol *P<0.0001 0l *P=0.0017
TSA: — + TSA: — +

ZOFERX 7B 1ZHDH LT, TSA TINTLOARS ) L
Wr R 3B CHEIN T 52 L2372, T700 6 TSA BN
LAY ) LW O AN E BT B F AL
BINTWAEE 2B, BRARIART BF b2
PR T ORBFEIZI I L TODINE N ERIET D
72912, HOC2 Mifa Ly cDNA ZFR#EL . Ipr3 #Eis T
mRNA O % E &) real-time RT-PCR {E(ZLOVHIELT=,
ZOFERK 7 C IZHDHINT, Itpr3 BB T RBLEIIT &

FIALD AN EINCFHEIN S A RE NI, LA
XY F & A DCS {ETRIELZY LW R E RO T 25
JALDEBICELL TOBD BT ZDMIGTF DI
BELETHEDNMERSII,
3.5 DCSATRESNIY /LK FDEBHESR

Fex HY DCS ETRIE LY LW 0SB 72 0
AER DR TEERICEAN T EF L~V BB L
TWAEEMRT DO, LLFOEBREIT-72, DCS
ECRIESINTZY /LW O—FiiT Jagged 2 Bin T Dk
fex oy Bz~ T SNTe, KT I L7757 A MOEAL
T EF ALK 7 L[RIERIC HIC2 e CERRE
AT, 2 FEBITH AT T > MO AR 38T D[R
FoOT2F ML~V ERIT LT, 7Ly 2SR
728 2B Ty MO R Vo A v e -1 (CT-1) fili
X THIER SN BRSNS D, 22T 2 MFEE
L1777 A MIRER T HEAR DT | F b~V A3
ZD CT-1 B L > TEALT 2D B DRFEL T2, £ Dk
B K 8IZHDHIHNC CT-1 ORI LR A E I
xR T A /EMINHEIN LN MRS, Tb
HAB 72 U AR R 2 L > TFe 2 OFE L 78 s 1
Ty DEARN T B F AN EALT HERP L2
770

M8 HFFMNEHBIRIC R DA

.9 *k k. I
© 014
< *%
pd
a .
o
o
a
3 0.05-
>
8 “P=0.0189
Q- o
o #4P=().0054
5 4 P=() 0181

04

0O 1 6 12 24
Time (h)

LG 8 ITRENTZE AR T 2T AL DAL IR
Rz &N Jag2 G T D mRNA &I KRS U7z,
Jag2 AR T OFBLEA T &Y real-time RT-PCR 15250
BrAEFZ Y MO TRIE L7224 K9 12hDH LD
(2, TSA HIR#5) 6 K2 — 2 & LTz Jag2 in 1 Difin
GIEMAL DS HERR S LT, L7223 > T DCSTEIC KV RIEL 72
D AHIEN OEAR LT & T AL EEFEAZ R 5y 1B
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HIRC Lo CRRET S AL CODFEDFE X417z,
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Jag2/Gapdh mRNA ratio (x107°)

o
1

0O 1 6
Time (h)
3. 6 ChlP-to-seq %

2 1 IXBITT IV LTARTIE YV 2 2T 4 VLA T
DB TEADINTHHIT, ya~vF o g ikkEis s
ey — 7 T AL AT LE A5 T- ChIP-to-seq
Taha— LV EERSE L, SVETHRERO BBITIE
ChIP-on-chip 7 "3 FICH OBV TEZDY, Zhbid~A

12 24

a7 L A~OIFERIFES VN EETET . HoiizT
— A DEHEMICER ST, HOFFETY——7
T AEAT ChIUL— I E RO/ a— B35
BAERL N ELNR VA, FERBSh TE
pyrosequencing % 1li72& Cld, —EEICH A+~ T
0 — 2 D IE SRS D3 T&ED, £2TC, s~ F
IR ILIR I L > Tk s =7 ) L & B s — 2
T TN L . SN2 SIEHE T Ao~y T
THIUE, T CTOBERHNZOEES /A FOTEY =
2T AME/MDIRPE L T HEE 2 BT, £ THEEE
(ZERD DRI L TR MBI IZ LD
T kAT, Roche fhd /s —r o
AR L DIRITAAT T2, BF 4 FEOGRIZILEEEMIC
KL T =7 RZATV, FH T I OWTK 5 T Tl
HIFE DI a— i HEST-, Z BB O RSy FiEX
10T AN DOH > 7V THZEEL TR 100 HE AT
BEr— LU E i< e o7, 22T 70 Ak
FELLEOBRFNZHSWTEN /Ay T LT2EZ A BN
DLAREFRF R 2T =R T 47 70T 7 AV E RO
ZEDBBBNNT IR oT,

10 ChlP-to-seq THS5SNIEDO—VESIRODH

I Fasia

o
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4.1 J/ILE-OAEEFH O Dahl 7y OO O
AT VAN EATHIZ S XD BRI E A OR B
TR B AR FE T AR LT, SHITOR4
SOBATI - TRBELME T o F RO ICh
FHIL . AU DBP R T3 E £ TV e, 2~ A
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FEF L O B EIEAR TR T — X —AE S 5T
LI LT, ZBIEA HE I < DR OWFFEfENT 2
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4.2 MRS EDRR DD EBAEMEL TV A=
ALITF, ==X T 9B, P THRERAR DT 1
FIACDEALPN EE R R Z RIZL TODHIEN TS
N5 "M, LinLInETY /ATUARICEX R T 2 F LAk
DLVEHRT L2 LIIREECh -7z, Fex 137 2TV
{LEARAZSK T DRI LD IR T~ =
> PCR ZH A DELFIZLVH L DCS AT LI~
REEFNHTDHIETHO TLARRICBITLTE Y 23T
AV IIRIACINT ) LT ARG 72 E IR S LD,
4.3 LFNICEL TWATE Y =R T (v 7 BAL AR
FCFRIT 2 B TH72IC DCS a2 LI, Akz
HOC2 Lo Mk IS 3559 T LAl N TOERR i
T2 F AR DR TH ATV —=0 7§ 528
Fetz,

4.4 DCS IETRIESHIZEANARLT BF WALEEE O
PR R T IXHTRET ~ N OAR I 31T B AR B AR KA i)
Ik THZDEAR T 2F ML ~L IS T
WAERIBNNT o7,

4.5 ENDARRRIERFICBIT DY =T 47 L%
ChIP-to-seq {E&Z HWHZ LT, 7/ LUARITR T ZENH
Klzo Fex V=T 70TV T LE mRNA OFBL
BALERTL N TIIRWZELHALINIRY, B =T
717 B BARO R BRIE~ OB DO BN/ -
7o

5. S&NDFEE

5.1 Fhx OfftrofE R BEE AR OHNTED
OB RPN ECDN, FoFDOBRICED LS 7
VxR T AT EALNAE LD EIALINTT DT EN KT,
TIBITFEREDO DA RFRIERIE IR G T 5525
A, BB OBIR T DIRIEE S BT TOETZ,

5. 2 Dahl 7 ~® DNA ~A 707 LA fifdf CRIES 72
DBP x5, FEEEROEKNITIIT D0 B FEAE~F

59528 % in vivo THRET 2 HAEY T, F4E T FIE
EHWTHNT T2, £ 05 R B4 7R3 alpha
myosin heavy chain i F DT NP — T RE—F—
(&> TIEH DBP s 2% 8T o8n FEA~L=v]
ZVERRL, 2% Dahl 7y MIEA LN VAV =9 7T
VAR T D, ATy Mdm B AW O A D5
DBP B{nF DFBP AL LRV NT T THY AR
JEDERET 5 LW PS5, —J7RL alpha myosin heavy
chain Elz Froo Y —-FToE—F— (ko T
dominant negative DBP Z 3Bl J 5=y IEH T
(Dahl 7 FDOBLR TS SD T M) (SEALIZNT VA =
= 7T NARRR L, RT MRBAREIC O AR 4L/ D7
ZRRET 2,

5. 3 DCS % HT Dahl 7 b @i E1], LA 41
72 BRI O e U IR A e U i TR AR ICER
T B TF AL VBT DB FREEZRIA 95, 2
NEIHIZHEESE . EMERRIKIC BT 2IrHTo T
EThD,

Al 2 3BAFE L 72 DCS {EZ 1% Dahl 7 MU I
MT 25T, DIEREE L OV AR ERIERC R ESE (LT
HITEY = R T (v BAL A HERERNTIA DT DA A]
RBIZ72%, RAEJEIL Dahl Ty MLRICIWT, EDLH72
TE V= R T A MEMIDN EDIIRBR TR TLAR
EREZHHS AL TODEBBNILIZN,
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Disease-Model Animals-Based Screening for Genes Involved in Molecular
Pathogenesis of Cardiac Hypertrophy and Heart Failure

Hiroyuki Mano, Kazuyuki Shimada

Faculty of Medicine, Jichi Medical School

Summary

Sustained pressure overload onto heart leads to hypertrophy of cardiac muscle, which is eventually followed
by heart failure. Although pumping failure of heart is still one of the leading causes of human death, little is still
understood for the underlying mechanism how ability of cardiac muscle becomes impaired. Studies on this issue
have been seriously hampered by the difficulty in sampling human ventricle specimens at various stages in the
development of hypertrophy-to-heart failure course. Dahl salt-sensitive rats are genetically hypersensitive to
sodium intake. When fed a high sodium diet, they develop systemic hypertension, followed by cardiac
hypertrophy and finally heart failure within a few months. Therefore, Dahl rats represent a good model with
which to study how heart failure is developed in vivo. With the use of “GeneChip” DNA microarray technology,
we have obtained gene expression profiling in cardiac myocytes during the course of heart failure in Dahl rats. In
addition, we have developed a novel epigenetics technology, "ChIP-to-seq" method, by coupling chromatin
immunoprecipitation (ChIP) to a high-throughput sequencing system. Our ChIP-to-seq enables to annotate
~200,000 ChIP products simultaneously, and clarifies the changes in epigenetic profile among failed hearts at a
very high resolution and fidelity. ~Application of the ChIP-to-seq method to the Dahl rat as well as human clinical

specimens has, for the first time, revealed a disease-dependent epigenetic profile in heart.
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