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WIRRAFgER « IILBGE bk REBEEFUIILR)
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b7 BIREROER & 7k B LI RIBRIEO BRI R D I TW D, ABFFET
. EBRHAGRALTL DD BIFICT B Y U ARIRSTF K77 I Y — (ANP, BNP,
CNP) OB REERREICFIETEHEELVILNTT 5720, BNPBEISWM FF v AV ==
v 7<= A (BNP-Tg) #AWTHA DERBETVEERL, I U LRRST
F KRB IEVER O L ORI TR 22 &2 A& LT,

Hox 119 Tlo. BIAMERLETFMTBWT, MFlO BNP 2MBHEBEE I L
RS D) < FTHENE %R LTz, AR, FURBRIAREIET A % < v A 1ikE L TH#T
VED RIS 46 FRE ST & 2 A, IR TIEE DR ARB LU LWOARERE -
MEDEER R LA, BNP-Tg TIHIF L A FAILEN L FRETHY, T U VA
FFRA2 T F N0 SR L B B R E 0T IC R L TR REER 2784 2
LEIMA LI, ZOTTFMTEBWT, BTO TGF-B1, MCP-1 8 £ U ERK/MAP %7
— P OTERW S 2P ST Y . 2 b DTS BNP-Tg TOBIREEMIZE
3 pEEZLNIZ,

B R ME LI, T A ORI R B O final common pathway & LCEETH DI,
— RS R L B B R LT T VR R L, % BNP 2SHRME(LIZ R LD
W AB) < FRAE 187, Z OB & LT, BNP-Tg {238\ CHRAIE B B SE23 A E
U R END T & SRS ST A Z R R Ui, & HITHERFER
FEEF )L & LT streptozotocin HERIFE T /v & MERL L, BNP-Tg IZRBWTHEHBRE & [0)
AR EMG DI B Ak, SRERIKIZISIT D TCR-B1, MRS EEFEBLOER (L2780
776

O X 5T, BNP OB MEERIREEIL, B4R ERME L, o L OWERIFIEEIE D4
B RE T 1T B BIEEREIC R LT, MR TAMCREMER 2 M+ 5 2 &
RIS E R oT, 1. F B U 7 ARIRLTF MBI OBEERORKRISHIZED
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BREFEICRITOIER L TOSTHIE

BIRFFeE « MILBGE GRERT  KRFEREFWR)
HEFEZE & R EEKE RFEREFVER)
BRERE FRY KFEREZFHZER)

1. WFBEEM

1B BERIFIEEER X OB M EE B LE R B A2 ELS FERFRT
HY . EEODLBEICKIT D BITBREROSE LM & HboE, £ORRITEFHZ
FEERETH D, FE, D DORBOBER I UERIZBWT, LIRLERVE
VPR EINAE LVWERAS ST LR, A WA v HIERTF R SRS h
% autocrine/paracrine AHKRFORENEREICEHE T EBHALNNIRY OOH
D . F ORI RIBRIE~DORA~E BRI L oo Tn5S, L
L. 2hbodE@En s —4 v b & LTORERBEEICOWTIL, WROMBHAINNET
FHS5THY ., —EDOHEHEZBE 12 b D TIET DOHEITE < V1L DIRANERIED 72
& | LB L e AYRABDERMR L T A2 BRI LI mIRRE OBF RO b Tn
%,

FBxZ o T BRASHSLVEL DI BRI MY U LRRRTF T 7 IV —
DA - BRIERICOWVWTHIEEZED TEz, ZhUHILEMET Y U LFIR~
7F K (ANP). JMMETF N Y 7 ARIRALZF E BNP) BLOC BF R Y 7 AFRAT
F K (CNP) 2 BERD. 2D 55 ANP, BNP (X ZNENEITLE. LDENDDW ST,
HEBOZREML 1), T U THRAREERRIEA - MEIRIFAZEES L L L
Hic, < OLMEREROWMERTFLEXOND L= TUddT v RICH
LD ERER P RT o L2 B4R LTER ), £, DARERERE, &l
FEICER U CREA - HSWRTLET 5 Z L 2B S22 L (2-4) | TRADIREE T OB RER -
REHESZE TR LTE T, L2L, BESERCKEITERICEAL TIE LA LN
SN TRL ., BHERZEDZTOFHMIINELETRATH D,

Hox i B Y U AFRRTF FOBEERZWA LT S, BNP 2Tl L Y i
BRI ST 5 BNP BREIFER S AV ==y 7w A (BNP-Tg) ZHESLL. A
BEOBRELLEEOETEME LG, 6, LT, TOETAEANWT, mEERH
BASETVAER L, BEIEOWEL & bICERBEPRFCHFEI s L %
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RHE U, AR TIE, S5 M) UARIRRTF FOBREFAICBIT D E
EZLHLMCTAILEEBEMNE LTBNP-Te v VA HAWTREL ODBKRBETNLVE/E
WL, BEEERICKIETT MY ULARRSTF ROBMEIER & £ OBFIZ OV TR
- BfL7z,

2. WFEHE
2.1 BRETNVIRIT DM
t | serum amyloid P component promoter % i\ T~ 7 X BNP =T &l T1d

FIFEEL & 72 BNP-Tg Z/ERL L (Fig, 1) (6) 4920 = &°—D transgene % F 9 5 BNP-Tg,
BLOHB/ v b TRV 2=y 7< T A (hen-Tg) 9 HEHERIY AW, v
X 196 THIURIER, vV FICHE L THRE Lichi~ v AR AR (GBM) MLiF (NTS)
REEL. H1GBM BREZ/ER L2 8), 2> hr— & LTIER V¥ MmiEz A
7zo 84 BRIEEBZIC, BHMkE. RPT VT I UHRE X OBEERIC DWW TR L,
& 51 monocyte chemoattractant protein=1(MCP-1) transforming growth factor-p1

(TGF-B1) DBEFRIL. B LOBHMAITO ERK/MAP ¥ —ETEHEICOWT,
Northern blotting, Western blotting iZ THRES L 72 (9,

2.2 BREEBRMELET VICRIT HRE ‘

R LI, T DOBMERIREBO final common pathway & L CTEETH D23,
—URAEREIRC & 2 B BB T T V&2 ER L T BNP-Tg TOZELZRA L, #E
non-Tg &R L7z, AREREK 14 BRCHENBRERELZE, BHEBEORETE &b
12, TGF-B1 FEICHOWTHREREET o7 1), 7o, JRERHE T B, FITC-dextran
F LU Laser Doppler imaging &AWV BEEORMEEFEEMME (PTC) MmyED
WEtE4T 272 (10),

2,3 FERWEET VTR DM

RFER 72 1 BRERRET V& LT, BNP=Tg 3 X WM non-Tg Z VT streptozotocin
FRERFET NV ER L7z (1), fFFREE & bic 16 BREEEER, RPT7TLVT S
HENE SRR K U EROMRT 21TV LBRET 21T o 7o, E 7o B AP TGF-B1,
collagen 1V DEEFFHIUUTOVT, Northern blotting IZ THREF LTz,

2.4 BEEMAE RO BREEROBF O

INLBEEETMIBWT, TrUFT v Il (Al BREREERS IO
WAL - BRMECIRE - MBEEHICEH LB 20N D, EoMEEMEICIX
platelet-derived growth factor (PDGF) MEEM LRI TWA (2, TR D
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LARIRATF R & 5 BREIER OMIPNIEF 2L MTT 2 e, BRI v b AY
Ry A% AV T, PDGF 12 X 2 MRERE, AILICE D ERK/MAP ¥ —ETEME L L

MCP-1. TGF-B1 =T33, LT fibronectin 2O EE BE R T ORBRE

fEHT L. F RV T ARIRATF FEB LT second messenger T&HDH cyclic GMP
(8-Br-cGMP) DOMBRERRFTT LT,

3. WFgRER

3.1 BREFIVICEITDHRE

BNP-Tg 1% non-Tg =kt USRIV T, 100 fFLA LM BNP BED LR (2980
1570 vs, <16.0fmol/ml) & & biz, HEOKE (86,212 vs, 101, 740, 8 mmHg) .
2R 22 fR TR cGMP DHEAN (65, 6+10,0 vs, 2.6+0.4 pmol/min) ZRL7 (Fig. 2),
BLc S 84 B BIZBWT, non-Tg REgeBGiIa L b er—/bnon-Tg IZH L, EE AP
M OB (+4213%), AP F T AFEROILK (+93£9%) PRHME L
Rz OIS RV HE(L 72 & % FRab T2 28 BNP=Tq B4R T« ZALITH] b MITEREE (+
9+3%. +13+4%) Tholz (Fig. 3), 7, non-Tg BARTIIEENEAR (14
HE%E— 7 I EREEOR 21 f5) 7504 A E ETREL. BHIEIET LIET VT I
VIET R 70K L, BNP-Tg BABTITBEOEAR EREOK 4 f5ET)
ERBOTDOHRTHoT (Fig 4), SRR X B YR, < 7 A 196 ROAfE €3 D
BRI EEA~OLEICE L TiX, BNP-Tg & non-Tg DRIZH BREERBDIRDD
fro LDALZRD B, BRICZEK AEEEERICEESRE R Ry~ n T r— VR
2. MCP-1. TGF-B1 EZFIHHBLL. BNP-Tg (233 T non-Tg W LEE ISl ST
W= (Fig, 5). &5z, MCP-1, TGF-B1 RBFEICERL ERK/MAP ¥ —ED Y ¥
iy, BREEE. non-Tg WV TH B NS TLE A FRD 23, BNP-Tg THEBOH
s %bie (Fig, 5). 1D OBREERITIVT BNP W & B MEEVER 0B E bR
S+ B EIT. £ RTFOVREETVEERLTE, K55 REIC X5 BNP-Tg
L EREORER, BAME, B, ERROVTIICEWT b ARREEL RS
oot (Fige 6)

3,2 BREVEHMEILET VIR DA

R 14 R, e 7 BB o EEZ I non-Tg (-28, 97, 5%) & HLEk
LTC. BNP-Tg TIHIIREEDEILIT & Eo (=10, 04, 7%), FRRE AT X non-Tg
F3UNTERIAG b f D7k DL S AR oD B AR D3 BEIT RO Bzt L, BNP=Tg
CHIREDOZ{LIERD T2 H DD non-Tg [T~ B DTSRI - FVE OREF DRI,
e b2 27 BT b I B EE R R T Fle, 1), FIBKIC TGF-B1 5650 b BNP-Tg
CHBICIE S, Z O E RIS 57 0IC FITC-dextran F X\ Laser Doppler
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imaging ZHAWVW=EHEOEMME (PTC) MIKOMRETEIToTE T A, BNP-Tg IZ8
W THRRHE LI T OBRIZ PTC MR B EICHE - REFSHAZ 2 R L,

3.3 FERFET VISR HRE

VEPRRFSIERS . MPEEIZ 400 500 ma/dl (ZHERF S, non-Tg. BNP-Tg & HZERIT
B Taote, L L, SHRIC CRERIHRAE 4 8% L 0 BEE L 72 > 725 [ R 13 BNP-Tq
TG EORBZ @ CARIC (<60 70%) Ml Sh, 7o 16 B OB TIEREK
REER « AV X7 AEERMOB L etkE 2RO (Fie. 8), B TD TGF-B1,
collagen IVIEE YL, RBTILI 4 FICTTHEZRO 0, BNP-Tg TIXIE & A LTI
EROEhol, TOMFE LT, 587 v M AV UX U AMlaE AV CEbR By
@ ERK/MAP % —F¥ DiEME(L 2 #ET L, BNP BRMIASIC e 242 2 & 2 R
L7z,

3.4 BEEEMIND A AT BHRENE R OHT O A

BETy FAY XU LM WT, AL X2 TGF-B1, fibronectin ZEDHI
S G BER G T ORROTUEL, FRFICHEM LT M) U LARIRNTF RBLUE
@ second messenger T D cGMP R EIZTH L TIHl &4, £z PMA THE LT
MCP-1 BB ABICHE Shic (Fie. 9). 7z, PDGF FANC & ZAIHEFER, All
33 X UV PDGF {2 & 5 ERK/MAP X —ETEMAL S, T R U U LFIRNTF RIS LT cGMP
OFEICTHERACIE S (Fig, 10), ZHOEBEOIERRICRT 2WHIZLY . B
REERERET S LB O,

4. & £

BT, B, HERRIERIE R Cfx OBEEET AVCELE PERBRICBNT, B
kiFsv=y 7o0F T U ROTERENA T, TEF-B° MCP-1 OFFEZ AL
TEEEZHETIEL ZEBRRIN, BRMICHERZED TV (8,13,

F b Y T ARRASTF R g T, IMEEERCAREB R 2ICBIT 2 FROW
BREDOHENH B, 14 BEFICKHT 2 EHMN2/ERICE L THETRHAD R
VN, H1GBM BAIE, Pl iEE B GBM FUIR D R ER KR~ DURE S E T, B
FalE R M DERE & X T REFNBFENTHBEAET NV E LTHLI 2D
HHNTWS, AEOKRST, BNP-Tg ICRB VT, BAET MR 2 BREEICH L
T, AR L BRI LE LWSEERIRD bivlc, ZOF, MCP-1, TGF-f1 @
B & Tk w7 v T 7 —VRE, BRMELIEIAS, BNP-Tg BRBECERIT 5
WECEEAREERZL TS B b,

F 7 BB LT T TR T, BNP-Tg TH 5 227l 23580 bivic, T DER,
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BB COEMME (PTC) MIROFRFF - BFEEFED, BNP OBEREIFAZHATIOL
SOEEFETH B AREMENE X bz, & bIC BERFHEBIEETT VIV TH, BNP-Tg
TH LI REEBIRD NI,
THOREOSFEM L LT, RETICRIT S TGF-B° MCP-1 OFENEE L E X
S5RTV5A 13, LT FY U ARIRNTF ROEREMLO—DE LT, A ¥ ¥
v MRS bhs, A YU X T AR R RO B2 O A OBERE
TRO L., FROERICEERREZRZTN, 7 M) ULRIRRTF FiEA Y~
l%WAME%%KﬂLT%ﬁEWﬁW%%%fOit\%%%%ﬁﬁﬁ%ﬁwﬁwf
Yo Xy AR RIT D TEF-B1 FELFHEC ERK/MAP X —E OFEMLICKT LTH,
F R Y T AFIRASRTF R L 2MEER Z7RT, SHIT, invitro TiX, ANP I
< rn 77 —0 INF-aBEELZIEIT 2 LHESHTRY , KIEMIRIZKTT 25T Y
P AFRENTF ROERbE 2 bND, Ll TOFEMREEF OMHICIE, Sbi
BNP /KB~ 7 A, GC-A KB~ 7 X2 EOMDOF b ) U AFIRRTF FRBImFIRIES)
WERAWEBRFEED, SHILRIRFPLELEDND,

5. SHOWE

BNP D@ MEBRIRAEIE, BACHERMEL. B X OHRFEBIEOFBRETT v
TR A BEEREICKT LT, B CEMICEENEREZRET S Z L B8ALN LR
oty B, F RU 7 AFIRATF PR L UBEER OBERICHIC LY HicBR
BIGER L L CORKMARAEENIFTE S LEX DN, T BITOWTHER, FRK
WEA B0 X 0 FERRETSER Sh D,
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Functional Studies on the Role of Natriuretic Peptides
in the Regulation and Maintenance of Renal Homeostasis
—Protective Role in Renal Injury and Remodeling —

Masashi Mukoyama, Kiyoshi Mori, and Takayoshi Suganami
Department of Medicine and Clinical Science
Kyoto University Graduate School of Medicine

Summary

We already reported that cardiac secretion of brain natriuretic peptide (BNP), a
potent natriuretic and vasorelaxing peptide, is markedly increased in heart failure,
hypertension and renal failure. We recently generated transgenic mice that overproduce BNP
in the liver to the circulation (BNP-Tg), which showed low blood pressure. Although
tissue-protective role of natriuretic peptides has been suggested in cardiac and vascular
remodeling, effects on renal histology and function are still unclarified. Therefore we
investigated the effects of chronic excess of BNP on renal injury using various nephropathy
models in mice.

We first examined the effect on glomerular injury following subtotal nephrectomy
using surgical excision method. We found that glomerular hypertrophy with mesangial
expansion was significantly ameliorated in BNP-Tg mice. Next we examined the effect on
renal injury in the anti-GBM glomerulonephritis model. BNP-Tg revealed much less
proteinuria with significant inhibition in mesangial proliferation and in interstitial fibrosis
compared with control non-Tg mice. Lower BUN levels and less renal expression of
transforming growth factor-B (TGF-B) and monocyte chemoattractant protein-1 MCP-1)
were also observed in nephritic BNP-Tg. Furthermore, BNP-Tg ameliorated tubulointerstitial
injury following unilateral ureteral obstruction. After ureteral ligation, tubular damages with
interstitial fibrosis were marked in non-Tg but significantly suppressed in BNP-Tg. Interstitial
expression of TGF-B was also suppressed. In addition, the blood flow of the peritubular
capillary was significantly maintained, suggesting the mechanism by which BNP exerts the
protective effects against interstitial fibrosis. Finally, BNP-Tg showed significant amelioration
in renal injury and proteinuria following streptozotocin-induced diabetes. These beneficial
effects of BNP in nephropathy models were not reproduced by systemic hypotension with
chronic hydralazine treatment. In cultured mesangial cells, natriuretic peptides abolished
angiotensin Il-induced TGF-B and fibronectin expression with inhibited ERK/MAP kinase
activation.

These results indicate that the chronic excess of BNP in mice ameliorates histological
and functional alterations in various nephropathy models. The results also suggest that the
renoprotective effects of natriuretic peptides on renal injury, not due merely to systemic blood
pressure reduction, may be therapeutically applicable in various renal diseases.
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