Bk s 1037

MR SR Ty N T aL = O RIRE A2 9 5B 0k RAS TEMEIZ
AEE A

EAR R AT 07 2 — AR AR 2R

B E 1WEEM =T U4 T3 5% (renin-angiotensin system; RAS) (ZIIAATR & & T DOHERHC B 59
HYEER RAS & #AFRRITT RAS BIEHA -3 8 BL9- B4k RAS 2360, Bk RAS IHHELIXB MR LI 5975, L
DL, PEER RAS 28T 20 AT B IRED R e, DULABBME LA EI TS E 508, TOMF IS TR
U, ARFFEI . SR BN BHARR OS2 BIRBELE T L = TR 2 2 B LRt (1~ D [ 5 2 {8 P i J A Y of,
1% (anti-thymocyte serum; ATS) B 47~ M -V TR L7,

2. WFFe ik B4 IC ATS @ 2 [RIFE CIER L7218 ATS BT~ M 0.5% A /KIUK O mi s BB L K E K
KD IEF IR T, TR TA /LAY LA 10 mg/kg/ HHDHWITERTTY0 5 mg/kg/ B &2 5Lz
BT EIUENE ATS B RHE, v AFINRITIKE KRB DA ha—/ LRHZ T, FIlE] ATS $#HE0S 14 £ 21 HHIC
MAERIE, 21 H BIC— HIRE A &A SR E &%, WeiEs L T, BamtL ., BEfnE, miErr = i
HEL = 1R PE (RIA) | A S B IR O 7 24T 30 T(Angll) D& (ELISA) . Bifkn 7 L= L=
(7)) L= 24K ((projrenin receptor; PRR) | ATl XD E A& (VT A% 7wy, WB) ., FEBUAL (S ifk
Yutht; ITHC) . mRNA F8L (QRT-PCR) | B LAk D MBSy 1 &I E 53 il 35175 PRR O & (WB) | #5811 PRR,
aquaporin 2, calbindin-D-28k ™ IHC (245 PRR ZEURME DR EEIT -7,

3. WFFERE R mE IR OBME ATS BTl ML =AM, AE Angll 2ME T L, SR EKIFHIfaDOFL =2 (L=
L ET UL =) N LTED B ENETTL EEE | MA IR I L =0 L=r O A LR R TR LT
Bl = INL ., B RVE O Angll 8728 EFHL TV, —J7, BEEOL = mRNA JEHLR° AT1 %45 &, PRR DEHE
mRNA (%, FHE BN ATS BREE ., IEF BRI ATS BREE, 2 br— LR O B AT ol
23, PRR OFEGEMIBAN O34 3, 2 h— LEECITHIRE IS~ BRI A DN DDIZX L, s B IO &
ATS B R CITRPHAMIABI B Tl RN IFRERANETE L7 vl =0 RO BI, AV A L E AT, B
Borab=y FEFEROIEHEE7 L= PRR OJRPEAFIIEE~OBE), Angll 280 L, B#MELZBIHIL 7223,
LRIV TIRE T AN T,

4. % 2 @SEOEIUCEDEME ATS B ROEBAMELOEITIZ, L =2 BIsF OB PRR, AT1 AR EOHE
INCiE7e<, BEEHRUZI T AnglHKAEPEIZ PRR 25AAE /M b R PERIAR R (2B B L C/rL =2 L=
VRN YT L, BT uL = IR R IE ML, L =3 OEESEIE MR BT E TR N Angll PEZE . BHAERE
RAS IGHAbZ &=L B LA A TS5 AR RIB ST,

5. 5% OB KR RAE ML Angll THIBEL THIRRZ AN PRR AR EIL , 22T/ nL =0 A IERESR
FINTTEMEALS D% in vitro KRR E CHERT DM ERH D,
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1. AEE

L= T VAT F (renin-angiotensin system;
RAS) (ZIEILE DY LB T Na FFRIZ2E 2L > TR
WL M EOMERHICB 5951888 RAS &, ik RFTC
RAS B[R 123 BL3 24k RAS 2305, Bk RAS
I IOEER RAS &I3ANZL THIBIS AU TR, B A% RAS @
TUHEIT, BR & 22 B PER}iESF (chronic kidney disease; CKD)
IZBITEBMEE R 2o TR CET2WETHD
R L OWEATICBI 535 - 2, &5I2 CKD IXBAE0
BRI T ILAEZE DA, AR o T2 D L SRR
BOFIER A PRI T 22BN~ THRY,
ZXUCh RAS JLHEDE G HESN TS, —J7, Hy
AMIIIEER RAS 2803203, BR#EN I, Tl
% CKD OEfbzE7T 3, LnL, HOMNE DL
TEHHE RAS (ZE%E RIZL ., BiHE(LICEE 5950
IEIAGTIEZR VY,

Tal = I RENRL = U HTERIA THY | R ERA
IO RN TR I L7 mey v /T =
UEEBRIEMEE I A TBY T e S AL NN, BRrES T,
TEHEROL = LTI AT/ wSi, fEER RAS Z il
T 5, — 7 RERISMIRLIAN Tl 7 e = d ek v
A= ATTuL = OFFHNEND, EFETIET
L=y LU E B R BRI < b, BERILSELC
X7 L= =0 OF) 10 R CIAEL, BRI
BEICBWTHL 7 2L =2 OIS BRI P BE
HERGIE | FR I &\ o 7o N L A BRI 2 LD A DHED
FIEITHBI T B2 LIRS DTS * 5 RiE
PEDTal = NE D IO 7B Fr CRMIE SR ICRE 515
IR THo72, LHL, 2002 42 Nguyen HIZE~>T
Tl =03 (7 ) b =22 5K ((proj)renin receptor;
PRR) IZHE BT HENARMEE DL, 7 o' A RD
FKINCHIVBES LD Z L7 BERIEVE R LR L CL=
UEERIEMEA T AT aL = O IEREE TR M LN L
WEER O BERITRTEE D BIBRIE L Al S TN
nL =, PRR ICREETHZETCL =62 575
SZRRBEN T vl = BN ST, F L=2id
PRRIZHH AT DT LT = BERTEMEDKI 4 5L . 7
nL =2 L= PRR 5G4 STLC MAP - —E72 L
DOMBNGE BFrZErERTL2ZL, SHIZTALTERET
furin (Z&> TUIErE L7z AIEA PRR 2SR MV &R L2 57

WS, FORFT T aL =  BiEMEL T 5 A etk R
XA CHY, PRR 24 L7-#fk RAS OIE ML) isiask
FIZRIZTRENEBIN TS, RFRIL, EESE
AR PRR OFBLRLME W DNIELSE, £
FUDNEHHAE RAS TR PEICE D XH 72 8B4, 7- 5L Bk
{BIZBE 5T 20 DWW TR I TR R Ty M ET LA
FHWTHRES LT,

2. ARAE
2.1 18 ATS BRIV DIERLEEEREE

B P H T MU A B L7 (anti-thymocyte  serum;
ATS) I ZLARTOHA T LRIBRICVERR L=, i Wister 7 b,
REE 150 g, 2 B 1B 6 1 B[R T 2 [B] ATS
ZEELCRBIERET TIED ATS BREZFE L 7, FZBEE
E D) Y AFRIRICAKEAKRE KT D hr— L
(SN #f, n=8) . 2) /KIEKHOKD IEH /o EEIEME ATS
X AHE (UA BE, n=8) . 3)0.5% EH/KEUKD sy B
18P ATS & 2eH#E (UAH B, n=8) . 4) 7o VAT
TS (angiotensin 1T receptor blocker; ARB) 4 /L
APLE 10 mg/kg/ H 285 5- LTz im0 B g ME ATS B
KEE(UAH+ORE, n=8) | 5) a2 hr— /L OREESELL T
RZ7 5 mg/kg/ B & BG- UT- @i i B g ATS &
KB (UAH+H Ef, n=8) Thd, A7 aha—LiL,
AR KB E RGP B R OKHEE 1 TV,
2. 2 #®E1ER

WIE] ATS FHEND 14 & 21 B B ESRERIE, A
ARV 7 — % FANE 24 BRI IRC— H RS [ B4
ERL, 21 B H CWEERIC TR, BafMHL LT
DIRFEAToT2,
2. 2.1 PAS Jeth, v vV U N7 — Yt | Z LD AR
TR ZE DI E NIRRT
2. 2.2 ML F=iE R, L = AGMEORIE
(RIA) . ML H RO T AT v 1
(AngIl) D & (ELISA) ®
2. 2.3 BM#oOL =" PRR, ATl %K, TGF
-BImRNA O JE & (& #AY RT-PCR)
2. 2. 4 BfoTaL = L= PRR, AT1 7&K
DEBH B LFEIEBNL %24 % western blot (WB) 50w/
Yu 6, (immunohistochemistry; THC) THIgIL7-, 7233, L
=L =V OREE, ) TaL =L = OE &
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BT AHL = HURICED WB.L 2) T aL =0 D BRETE
kT o m e A MURIZED WB, 3) e = AL
SN DR T ORI THIL = BURICE
DWBZATW NIV AL 7 L = D/ RHNH
KLU, L= O RISEINT 52 L CTiggR LT,
2. 2.5 FEEEMIEMELT oL =03, i rL =2
gate EIE (GR) HUiAZ HV 2 THC THEETLTZ,
2. 2. 6 BHRARES FARBITIE EE AR
53T SRS B M N D PRR 24 % WBIZ T
=L,
2. 2.7 PRR O BLRME L. PRR, aquaporin 2
(AQP2) . calbindin-D-28k ?:#fgit] > THC TIRIEL
7=
2. 3 HRETERIARMT

T —H X ELSEM TR L7z, B O 2 1%
ANOVA & Bonferroni post hoc test (21525 H Hlg|ZC
P<0.05 Z#HEAHVELT,

R oy

3. FEHER
3.1 &R RAS
18k ATS B A AE% 21 H B ML = 5L i

Angll 1%, SN #EIZIEL T UA, UAH, UAH+O, UAH+H
BECHEIIE FLTHY, 73> UAH, UAH+O, UAH+H
BEOMAEL = 5P UA BELVDIVIRECTh -7
(Figure 1),
3.2 MmE. mMFILTF=2.
-BIMRNA, B LRE
MR, 1B ATS BRELE 14 B BIZTSHECEITR

ZEQR.BKE TGF

a
6
H
] =
<4
£
[=
o
< 5 |
2 2
o X,
m I x
0 i I s BN e N
SN UAH UAH+O UAH+H

Plasma Angll, pg/mL

<.21 HHETIX UAH BORFEICEHETHT, 181k
ATS BR#EE% 21 HAOMEZLT7F =, —HIRE
AR, B TGE-BImRNA 3881, SRERIA LR
A VT RRAE LI ZE (Figure 2) 13, SNEFIZFLL CTUA ¥
T EFL, UAH BETIEHESHIZHEE ThoT, o, 2hb
1IA N ATV Z P 5D UAH+O BE CIX UAH BRI EEL €
IR Ty, ERT TV 8500 UAH+H B Clx UAH
BEEH BRI AL -T,
3.3 BREO#HKL=, FBEHRMEHELTAL=
B® IHC
SN BECITL = (L=t mL=0) B A DMERER
RHIRIZERO DI, bt UA BECEE|IZ, UAH BET

IR LTz (Figure 3), SN BETIERMIE 12
L= ATFEALROONIRNDS, UA FETIIERE.

FE O RAIE (IR, UAH BECIXmERRL = B AN
Qe Sz, UAH BECIE—HOUAr RHE IZH 590 iR
L= DY IR B DIV, IERERBEME (LT mL =D
Yeagh g L3 AR 1T L = LIEIE R OB 23380 B
Tro ANAFNE AR ED UAH+O BETILRAE DL
= (Figure 3)., FEEERHTENEZ 2L =2 7% UAH BEICEL
LT LW, BRIV 850 UAH+H BECIE
BNTFRDONIR DT,
3.4 BREIoL=y
mRNA

BEEO Tl = b= E AL, SN, UA REICEEL
T UAH RECTEIITHIIL, £hbiIA N A28 h
(UAH+O #f) THEICRA LIRS ERZTV &S

JLZUEBED WB LY

(UAH-H #%) Cl&b L7an-7= (Figure 4) , — 77, B
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Figure 1. The levels of (a) plasma renin activity (PRA) and (b) plasma angiotensin II (Angll) on day 21. Data are

mean+SEM. *P<0.05 versus SN, “P<0.05 versus UAH.
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Figure 2. Representative renal histological findings on day 21. The abbreviation of each group is described in the text.

Masson’s trichrome stain, original magnification, x400.

Figure 3. Immunohisto-chemical demonstration of total renin in renal cortex. Immunoreactivity for total renin was observed
in juxtaglomerular cells (arrows) in the SN group, but it was decreased in the UA group and was markedly suppressed in the
UAH group. In contrast, immunoreactivity for total renin was noted in some collecting ducts and distal tubules in the UA
group, and was markedly augmented in the UAH group, where some proximal tubules were also weakly positive.

Olmesartan (UAH=+O), but not hydralazine (UAH+H), markedly diminished tubular total renin. Original magnification,
x400.

92 -



Prorenin
B _ S
b-actin | — — R — —

SN UA

o

VH

o
(3]

Densitometric ratios of
prorenin / B-actin

snlinl

SN UAH UAH+O UAH+H

30

10 1

Renin/ GAPDH mRN#
ratios
X
#

B 0

0 1
SN UA UAH

UAH+O UAH+H

UAH UAH+O UAH+H

C
s 15
g x 00X
S5 1t X
£a .
3 X, #
§c05 [ 4
lﬁ S
c
;LI
SN UA UAH UAH+O UAH+H

Figure 4. Immunoblot analysis for prorenin and renin proteins and renin mRNA expression in renal cortex. (a)

Representative western blot data of prorenin and renin on day 21 and corresponding densitometric ratios of (b)

prorenin/B-actin and (c) renin/B-actin in each group. (d) Cortical levels of renin mRNA measured by QRT-PCR. Data in (b),
(¢) and (d) are mean+SEM. *P<0.05 versus SN, “P<0.05 versus UAH.

BHDOL = mRNA ¥HZ, SNEEIZH L TUABETRID L,

UAH BETIEEBIZIR FL T, AV A L2 B B R
(UAHAO) . ERZT7V B HEE (UAH+H) O FE DL =
> mRNA FEHLUT, RGO UAH BELH B AT LN
72737 (Figure 4)
B E PRR EH. mRNA LEHEE PRR
& 5 PRR & [1 82 mRNA FEHL BT AR CHE
REIALNR ST, UL, UAH BECIEBRE O
53D PRR DI INEAMAGE 578D PRR O 03588 5
7= (Figure 5), ZOME45E PRR OBEINIEA LAY LY
U #H (UAH+O BE) TIR FL7R, eRI 7V &
(UAH+H ) TI3ZE(bL7an o7,
3. 6 PRR OHFIERME. MRS MmEFEBRMEN
t7aL=—>nBRE
RR /X SN & TY

TEEE LA TRMAE 58O B, UA,

UAH #£THRIFRIC PRR I GE LG A IRME 12RO 5
iz, LU0, PRR O JRAE AN D23 4ilL, SN
FETIE PRR 25 ISR~ FERLR I A B D D%
L. UAH B CIIRIPHARI B E 25RO BT, AL A
AP (UAHAO BE) 13200 PRR ORI EL NS R e
M~ BB Z MM L2 eI TV &G
(UAH-H #f) Ti% PRR BEIOIFNLADN e oT2, F
7=, PRR D3 RIERIRIIEIE 25RO HD UAH BEOES
B CIX, PRR ISR E L CIFRER TR (b= 7 mL =
RO BIVZAY, SN HED PRR 2SHIAEE NI B~ FERL
KA AT HHEEE CIRIEFHERTEE AT L =20
RO -7z (Figure 6) ,
3.7 AT1 Z&k

HRED ATl SHEERARIL, ST BRI
Lo 7= (Figure 7)
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Figure 5. PRR levels in the membrane and cytoplasmic subcellular fractions of renal cortex. Representative western blot
data of PRR in (a) membrane and (b) cytoplasmic fractions of renal cortex, and corresponding densitometric ratios of (c)
membrane-bound PRR/B-actin and (d) cytoplasmic PRR/B-actin. Data in (c) and (d) are mean=SEM. *P<0.05 versus SN,
"P<0.05 versus UAH.
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Figure 6. Co-distribution of PRR with non-proteolytically activated prorenin in consecutive kidney sections. Collecting duct
cells showing lumpy granular cytoplasmic immunostaining for PRR (open arrows) were observed predominantly in the SN
group and were negative for non-proteolytically activated prorenin. In contrast, the collecting duct cells showing apical

membranous immunostaining for PRR (arrows) were observed predominantly in the UAH group and were positive for

non-proteolytically activated prorenin. Original magnification, x1000.
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Figure 7. AT1-receptor (AT1-R) protein and AnglI levels in
renal cortex. (a) Representative immunoblot data of AT1-R
in renal cortex and (b) corresponding densitometric ratios
of AT1-R/B-actin. (c) Renal cortical Angll levels measured
by radioimmuno-assay. Data in (b) and (c) are mean+SEM.

*P<0.05 versus SN, “P<0.05 versus UAH.

3.8 BRE Angll

HRED Angll 1% SN #EICHL T UA BETHIIIL,
UAH BECIIEDIZEETH-T-, 20D UAH BEOR RE
D Angll 1%, AV AL (UAHHO BE) TH EICIX
L7z, ERTTY 0 (UAHHH BE) Tl kL7 »7-
(Figure 7).,

4.% &

R EROMENE ATS B R Tk, AL = A5V, 1
HE Angll LW o7 FEER RAS IXHIHISAVH03, B HRRAE LI
EIXEFES BRI L TRELRY | JRE B Pt &

ML T F=0b¥INLT-, BB D RAS BE AT
AL TIL, M EIROEME ATS B R CIIERER A
faD7alb = L= 3 L TWDIZE b h T
EEEEPLELIRME T rL =0 L= B H DY
U, B EE Angll 25 EHLTEY, BiHk RAS O
ﬂ:rjswmghto L, BREED ATl ZRKROIEE &
BB EIE R B CAHBEAITRD T, &HI

R/Z TPHOL = mRNA FEHELE] %TEE&T&%DD
DIV oT, B RE DO E B RT-PCR @ﬁ%@ﬁ“(“
HEAERETORFTIZRL = mRNA A0 ATREM:I
ERICIIE E TERWVD, D7 &b B RE 2R TITH
ﬁxf;v:yiéfﬁ%%\éﬁ@t%mLiﬁ%ﬁ@énaﬂ i o PR
DENEATS BERICBITHEEE 2T LELTRME IR
FH7ar=r L=UEAOHIN, L=V B s 0%
BT, FElcBs7 L= L=VEHO
NTo 7 HEINO FIREMEARIBE T,

PRR %725, BB D PRR OFEH, mRNA ¥
fﬁg&bf R B DV IEH B RO &M ATS B
%, SEROa M — /L OX R TH B 2T
uw;rawmomx EFEEIRCIIESEMIEN
THI~PERDIRIC A2 H%5 PRR 2N, EHE BRI CIIES
B R oD PR PEAIAR fa i i L B 22 AL, B e Bl A
WRFHZ CREE SR OB ATS B 4D PRR 23R
AR A i L RO DAV SR A MR L, FEBE R RIS PE
b7 aL =2 R3GETHHIELY | [FERIC I TRl A
AIZHLALZ PRR N7 0L =0 2 8oy 7 U CIERE R AIITTR
PEAEL TWD ATREMEDSE 2 BT,

Angll [ZE2DRF~D HPEEDOEHETIL, Angll 234
B o STERIIR ORI/ NBO V-ATPase % FRIERI DR
R ok B 2 Bl &2 SE 578 O, PRR I V-ATPase fii &4 &
FHELTOBEEZ AL TWAIEND, S BT OENE
ATS BR TV TROLNDLEGE TD PRR O JRIEMIHE
HaREE T ~D R ENI L, Angll (285 V-ATPase @ JR AT
IR E~DOBEN WA TL TR > T ATREMER B X
bD, EEEDLZAH, MM EIRTHLNDLZNLD IR
A VAR L OHET T, BHSREDIR T, A EEHLE
LR ME Ic BT 7 al =0 L= E F OB, PRR

O R AR AR RS 1 ~ D RS B &[RRI 35 1T £ IR RE TR TS
M7 aL = OEMIX, ARB OF VAL ET
S, — 5. FAREDOREELZEITER TV Tl
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B2 o7z, LIcdo T i BRI L o1 M: ATS
I D RAE TRV AR L O L, £ S MR
T Angll f&AFMELZ PRR ASHEREPN /NI B PR IZERIH A s
WCBEfT 52T al =y L=r BNy L, FDJE
FrC7aL = AFFERER TR, =13 DRSS
TEPEZ BESR S TR R BT Angll O REAE SN, BHHLAR RAS
DIEVE LA ET-L | R E R LA EITTSE TS
AIREMEAVRIBS LT, IR D PRR IChT v 7 &5 7 R
L= L= OHRITBIRE A CTIE TRV, L=
VBV =UAFRFICAEL TRY 1 F, BRERER
MRms ko7 oL =0 LU BB BT T HIEN
HESHLTNS 25,

5. §EDRE

EHR T I OENME ATS B R THLNDEGE ORI
BRI D PRR OHIANE, AV A V& P b T4
HZEED Angll 2D RTREMEDS RIBS LD, BilE R
TIRE BN RHEZRITTE TR, 5538 RS il z
AngIl CTHEEL CHIAZPN O PRR 2SI (B B4~ 570
% in vitro EBRTH R, SHIZZZ TRV =V RS
HNTIE A LSO E AR T DB DD, Fo, FRIZEA
AMAEMEE 0 PRR OHINNZAY V-ATPase D ENZ TS
» HEEE TN yTEns7ar =0 L=r OlEKL R
FTHUNERDHD,
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Summary

Two distinct renin-angiotensin systems (RAS) exist; the circulating RAS and the tissue RAS. Activation of
intrarenal RAS is involved in the progression of kidney fibrosis in chronic kidney disease (CKD). Although high
salt intake suppresses the circulating RAS, it aggravates kidney injury in CKD. Prorenin is a precursor of renin
and contains a prosegment that obstructs access of angiotensinogen to the active site of renin. On binding to
(pro)renin receptor (PRR), prorenin gains renin activity through non-proteolytic activation mediated by
conformational changes, leading to unfolding of the prosegment from the enzymatic cleft, and becoming
enzymatically active. To elucidate the effect of high salt intake on intrarenal RAS activity and kidney injury in
CKD, we investigated the PRR-mediated prorenin activation in rats with chronic anti-thymocyte serum (ATS)
nephritis on high salt intake. Fibrotic kidney lesions were more severe in the nephritis rats on high salt intake
than normal salt intake. Despite suppression of plasma renin and angiotensin II, and immunoreactivity for total
renin (prorenin and renin) in juxtaglomerular cells, marked increases in prorenin and renin proteins were noted in
collecting ducts and connecting tubules without concomitant rises in renin mRNA, non-proteolytically activated
prorenin, and cortical angiotensin II in the nephritic rats on high salt intake. ~Although no significant changes in
the cortical levels of PRR and AT1 receptor were noted among the control and nephritic rats on normal and high
salt intake, alteration of PRR immunostaining pattern in the collecting ducts from cytoplasmic distribution, which
was noted on normal salt intake, to apical membranous one, along with elevated non-proteolytically activated
prorenin, was observed in the nephritic rats on high salt intake. Olmesartan, an AT receptor antagonist,
decreased cortical prorenin, non-proteolytically activated prorenin and angiotensin II, and apical membranous PRR
immunostaining in the collecting ducts, and attenuated the renal lesions. These data suggest that angiotensin
[I-dependent increase in membrane-bound PRR is involved in the augmentation of intrarenal binding of prorenin,
followed by its non-proteolytic activation and angiotensin II generation, with resultant worsening of renal fibrosis

in chronic ATS nephritis on high salt intake.
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