Biak&EE 0739

TR LRPRAT F R RO ATEEEREEE B L OEREICB TS
e E B 26 & OYRFRIERIR I

m S BGE, W BEY, SR e, SR R

RS R SEE AR N o A N R, ESCIEBRGR B Z — A FET

BE B OBERRMEROE IS KO M B CAE | ARSI D AX R ZJiE (R B RS0 LRI e & O et
PRABIL, B ARSI A OHELL CLOIEFEOFRROHENIMNELHIZZ DX R B ENITND, ZILHLDOERBOIRREIZ
TEER BN/ E L 72 SRR - B OB 52V RS L, Il AR L7 DR B OB T A FEIC U= -7 iR RO B
FEPROOLILTND, Fx 1 ZZET, TRTLFIRATFR7 70— (ANP, BNP, CNP) DE ROV THIZEE D |
ANP-BNP O.0>- L5 - BIREEHZRLTE, T70bb, BEBMBE RSB R ., HERFEEEET MZBWT,
BNP D5 /)72 B RFEMEHZ DN LT, E6IT, ZRDITRFTRFEL THEETHHDY, EIZCNP VBBV THEE
7R ETERIA 1 CHY, CNP ZHRE R BIS 2L THE AR BIEE T L~V ADIFREZI T IEF LI DL
Z R Uz, AR TIE, 2O OB SHIZHED | BRIGHA~EDRITF 282 BINEL T, BT T VA2 AW TLLT
DIRFIEITST,

9. CNP OFERFIMEBIERS LOBMEEFICB T 2EREZIALNITTH7201C, L+ 535 CNP i# 7 5
(SAP-CNP-Tg) v 2% IV T streptozotocin HEIRIFET /L, ERVEMHELET VAIERL | BIEFHERICKITT CNP
DBPEVER LT ORI OV TR, TOfES, CNP-Tg ~ 7 AZB W THERIFIB MO E [ R & Brkig o E L
DO, BRHEALTT M T DRV B EETOIHIHASIZRBO DI, EORFEL T, BHREkNICBITS MCP-1
R TGF-B FEBLOIHI, KRBT T L CTII e~ rm7 77— IZHOMGI 25807, SHIT, fHR~ 7 2% FV TR
HEILVERLZIZ ONP ZIEREN R 5- L= 854 T, DRl A 78072,

SAP-CNP-Tg ¥V AT HBEOWIEEOMMNALNT-, T KF B2 R THEERARIEET /L~ A(Ach vV A)
& SAP-CNP-Tg ~UAZT A EAZlcEh, D)2 E/EHEZRDT-, SHIZ, CNP OFFIRNFRGEEE 51280,
AR Z2OFHEAEHETHEEHIT, Ach wTAZBITHBE RS F 2R OZHIH LT,

ZDEIT, CNP DR FE 2% AW IR EE B0, Z0RDT T =AMHIEITLY | S %772 B R ETRHEE,
R BIRRERE L COBRIGHAN IR CEHEE DI, ZHHICOW TR, B M 50 L FEMZ R 23E B &
o,

1. IERBH THA DI, HBRREE L L TO BB ESRME(L 2 7% TR

PERPMEBE B IO IMLEE B LEICRERSNDA - BAESEET L0, FERLME SRR EFIE
SRy 7 FEMGRRE BRSO B HRIERE O ERH DUAZLLTER S, ZOFEARIZHET TOMEEAED
BT, BEAAEREERGIHELL CORFEOAMRE 6 T0D, ., ThHOREORIERLIUHERIZI
DHIMELBIZZDRRBBNNTND, ZOIBLELRE TLOOE- M d RSP IR AR Sk O fEBRFR AL £
(ZOWTIE, LIRURIB M BN (CKD) SV IRV oL AR IR 72 812K S5 autocrine
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/paracrine FHEK DR NERIZB 5T 52D L)
(2720558 | E ORI TG FRIE~DIS I ~E
BB ATREMEE T ISR CD, L, —ED %
WBEZH DO TIEZE DTNV IED BB EICZ L, 3t
WA L7 IR RE D BRI &2 A B S U T T 7 e Ik
DEAFRENROHHILTND,

Fx X FET, BEBRFAEH R LT DOIBRITF I Y
LRNRARTFR7 70— DA BRI EFRICTOWT
Wt EED TX Tz, ZNHITLEMET R D LR R~ TFR
(ANP) | lltEF R AFJR~<T7F R (BNP) B8L Y C -
N LFJRATFR (CNP) 22D, ZDHE ANP, BNP
ITFENENFEITOLFE., DENLWSIL, B fER
T =VEEY 77— B RIR (GC-A) 1@< Y, —J7, CNP
I, AN~ a7 7 — D TREASIL, BIOSZRIR
(GC-B) IZfER T2, Zhbid i, 507 MR R 1
M M RIEE AR T D010, ZLODIME R
BOMIER 7L 2 bNAL =L -T o IF T —T L
RAT B RIKL., BARSEIUEN 2R 2o F ~ 1
RLTER O Fo L DARERBARAE, @IfEICBEL T
A YA TTHE T BT LA AL LS P IRAIREE T Ol
PHREN - REEMERETILIILTE,

T2 13 NIT LR RASTFROEMEERZ ALY
%78, BNP % L0 i @RI /3 9s 9% BNP i@
FENT LAY 2=y 7<= A (BNP-Tg w7 A) &St Li=%
. ZLT, ZOEFAEFHNT, BEBHEREET L,
HEFEMERBRET L, BROWERIEMERET T VA ERIL |
HERE, B R OSEL LB IR 2L 2 B I
ENHZEERHLECY, AEIOHTETIE, 51

CNP/GC-B ROBRBICBITHEFREHONICT D280,
CNP-Tg VvV AZHESLL, Ehva O THERIGET L, B
MR LT T L2 ERIL €, BEERIZRIE T CNP
DIV &2 OB DN TR LT,

— ., a2 IIINOOEFEFROBROBRE T, T
KD LR JRATF R 1T & o CHRER B ERAEER 1-C
LD EEF AL, Thbb, BEE O REREKE
iz CNP &2 5K (GC-B) A3 FEHLL T HZ e, 7= CNP
KPSV ATFELWVVES RE2 2L, ZHUTNEKEMEEL
MIEFINIR R THDHT L, WIZ CNP-Tg <° BNP-Tg
U AIALD RN - RSO R A R D2 L AR LT
O X5ICE MR E A 2E (achondroplasia) ¥ €
TN~ 2% N, CNP Z kB Fr A I B4 52
ETCEDORBINZSERTEFALTHZ LB, R
MHRIE, ZNODF RIZHEKSE | FRY LFRTFR7

W—mDHL CNP OB BLOERHNIBITERESD
BT T HEEBIT, EDINT AL —af L —F
~OIEHAE T ZE2 HEL T, 8eT Va2 VT
CNP DR B RAERIC BT DB FRARTIL
77

2. RAE
2.1 CNP-Tg ¥IRZERW-HERBEEEETIVICE
[+ %45t
7 CIZ Col2al promoter % VN THRE FF FAY CNP-Tg
~ U AEHENLLTZAS WD i SE RSN DET L EL
T BNP-Tg ¥~V AL[AERIZ SAP promoter % T,
CNP-Tg ¥ A (SAP-CNP-Tg) Z/ERIL 7= (X 1),

o S N
S & 8 NN °
&4 @ > o (o} I~ >

S NS Vg &% & o
] | | | | |
/IE

Human <€—'- Rabbit B-globin gent Rabbit B-globin gene
SAP / \
promoter / \\
/ N
& N
N L N
/ATG TAG\
mouse CNPcDNA
526bp

X 1. SAP-CNP-Tg ¥ ADIALARTZK
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0 3 #is o i SAP-CNP-Tg ~ 7 AT %L C.
streptozotocin (STZ; Sigma, 70 mg/kg BW % 5 H [l H I
PENTES) 2 VTR IRIBPEBEE T VA ERIL ©,

16 IR 7 V7 IR, B G, X0 TGF-B1
& monocyte chemoattractant protein-1(MCP-1) D& {51
HHLOZE{% Northern blot T IC THRILZ ©, B
1% PAS Yt ARIZI1T DA X0 NEI S R ER IR
% Zeiss KS400 CTHHHILART L=,

2. 2 CNP-Tg YIRERAW-HERHEELETILIZET
Y E
BEROLENE SAP-CNP-Tg <7 A% T, B MM

HELTT L ThDRE SRR (UUO) & fL 12, 3 A%,

7 H#. 14 B#&ICEMMRG A AEITL 72, MCP-1 Lo-SMA
DY Tl 7, EHIC MCP-1 & TGF-Bl Oififs
FRIDOEAERFLUTZ, #HE(LIT Masson’s trichrome
Yot AR BT DB RRME (L iR A Zeiss KS400 CFHHI
Lt 12, =2om7 77— DYt 37 Mt F4/80 1gG
(Serotec) Z vV 7= 7,

BEZEETIVIZETS CNP OBBRMNESEDRE

CNP DRI TOREFEAMFTHHMT, 11 Hiip
DOREME CSTBL/6] ~ 7 AIZH L CTREBHEILET L ThD
UUO 1Ef%  i2B =R 7 (Alzet) Z IV T CNP 5
pg/hr (3.3 pg/kg/min (ZFHY) £71XFED 5% 7 RUKEK
(vehicle) ZIEEEN G- L= 9, 7 B ICB MRk ~2r0~
7R, BIONEIRFFEBL, ERK {EMEZ FLi G L
72 Fio, BRI OIRRINE R AR 5720, CNP
Z3 HAXD S5 AMEEGT DR,

2.4 CNP OBITHTH1ERICET 5185

AW, BDNTHRNECH 5-3h 7z CNP O'F R
Hf - BRI RIETEHZ MG 5729 SAP-CNP-Tg
~ U AOYIEEEFHAIL, MR DL Lb I, FRE
LT BB B EIE T T L~ A (FGFR3-Tg*", Ach
<7 A) WA, TOMBRERFL,

E5IZ, 3 EEO B AERI~ 7 AZH LT, WSHERIRIZE
B =2—L %L CCNP(0.1 - 5 ug/kg/min) % 4 i i
Frfoefe 5L, BIERIC KITTIERZ MR LTZ, E5IC Ach
T AR L TH RIBR DR F 1T o7, MMRFAIRET
1% SOFG GLttfFARIZ ST DR RS kR 2 Lk
L=,

3. KR
3.1 CNP-Tg ¥ORZERAW-HERAEBEETIVIZE
(+58%RET

SAP promoter (X 1) % U T CNP-Tg < A& L
72 SAP-CNP-Tg ~7 AD [/ LB AR LR R Cdh o7z
(WT, 114+3/73+2mmHg; CNP-Tg, 119+2/78+3 mmHg,
n=6),

STZ Z VW THE R FIE . MBE(EIE 500~600 mg/dl
[CHERFSHL. non-Tg, CNP-Tg <~ ALH 75 B TFRDH )
72, 16 Wk, 7L 7F = BUN (ZIXAREFRD
I R T T IR E CNP-Tg ~7 A THI 70% 4
SN2 ([X2) . SHIZ, BHARMGOMEHT TIZ CTP-Tg v 7 A
TAYF T LEEIEIMOA B OYEZTRDT- (K 3), &
KA T MCP-1, TGF-B1 %681t CNP-Tg ¥V ATH
BElofilshiz (K 4),

P<005 P<005
| I |
160, | n.s. ' P <0.05 |
% 1401
=
‘g 1201
] I
% 100 N
T 807 \
iy \
¢|-\ 60-
= T\ \
. 401 N \
= N N
8 N N\
non-Tg Tg noSMTg gﬂ
oW 16W

X2, XFHEIBIOCNP-Tg~ T ADJRHF7 L7 I PE,
PEIRIPI#H 56142 161 CTO LI, n =8, n.s.: not significant,
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Mesangial area (um?) Glomerular area (um?) Relative mesangial area
5. n.s.
' - ' n.s. ' '
P<005 P<0.05 | e P<001 P<0.05
35007 " ' 60007 s NS 077 " '
3000 5000- T 0.6 -
1 0.5 -
2900 4000 Q
20001 0.4 - |
- 3000+ \ N
15001 \\ \ 034 . \
1000{ —+ \ 20007 \ 0.2 \
500 \ 10001 \ 01 - \
N . N . D
Non-Tg Diabetic Diabetic Non-Tg Diabetic Diabetic Control Diabetic Diabetic
control non-Tg Ty control non-Tg Tg non-Tyg Ty

X 3. A, % non-Tg, HERE non-Tg, BLOUMERIKE CNP-Tg ~7 2D, 16 HTOER, B, THHOREDAY
VXY NEIR, SRERAERE B L OV O RO B AT, n=6,

Northern blot analysis : whole kidney total RNA

20pg/lane non-TgDM  TgDM
MCP-1
TGF-31
288
1.2+ P <0.0%
w o
0 ]
N 0.8 : g
= 0.6 \§ ~
' a
8 0.4, \ ,_0,_
= 0.2] hd
0- A\ 0-
non-TgDM TgDM non-TgDM Tg DM

X 4. BERIRFHAIE 16 B D non-Tg, BL N CNP-Tg <7 AZH1H BB H#AAKPN MCP-1, TGF-bl 331 Northern blot fZ#T
@tti&o n= 60
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3. 2 CNP-Tg YIORERAW-MERHELETILIZET
BIRE

SAP-CNP-Tg ~ 7 A LUK C57BL/6] ~ 7 Al
UUO #fiiL, MERHELET LV COMGIEITo T2, IRE
fi%k 3 H.7 BBXO 14 HZIZEBWTC, non-Tg ¥UAT
R O LML D TTHE DS B L7228, CNP-Tg
VUATIIEBEOLELZRDIZ (X 5), R BH
MCP-1, TGF-B1 #E{zFHEL(X 6) ., SHICME~D~7
077 — R (X 7). CNP-Tg =7 ATV TEHELLD
&7z, MCP-1, o-SMA D& COER R B JE5 3

DHIEMEFRD T,
3. 3 BEFETIVIZEITS CNP OAEMERDIRE
UUO fEfi#%, CNP OFHgIEENE 52177, E
I FI2IRF eyclic GMP 1349 7 {52 ES- LT,
UUO 7 Ak, MERSELORREIL CNP #5I2JVEE
[CEE RO (K 8), UUO 1R 3 B B DO#E5RET
HEIUTIRTIW S ED A O (K 8) , ZORS, B~
D~ra? 7— RO ZTRD (X 9) | ik
(LB EE R 7B O L &I (K10) | B ERK
PEL IS,

UuoO 38 % Uuo 7H# UUO 148 %
P < 0.05
35 P<0.01 n.s. 35. *<
. 30 30 * 304
=
~ 25 25 * 254 *
o * ] 20; X
= 20 20 \ \\
2 15 15 \ 15 \
0
g 10 x 10 \ 10- \
L5 N \ 5 \
convol "GLT9 % conwol "GUT9 T8, contl "LT0

X 5. UUO T3 H%., 7 H%. 14 H O M ERRHE LR ik, Masson’s trichrome YLl Z L AMEHT, *P<0.01 vs.

control non-Tg; n=5-9,

UUO 3R # UUO7H# UUO 7H{E
Control uuo Control uuo Control uuo
non-Tg Tg non-Tg Tg non-Tg Tg non-Tg Tg non-Tg_Tg non-Tg_Tg
-8 Bhan wes NN
288 288 288
P<0.05 P<0.05
P<C0.05 — —
71 a— 3.5 # 3.5 #
6 7 3 3 I*
] W X
g : % g 2.5 ¥ g 2.5 \\
- \ - 2 N \
- 3 \ T 15 \ =15 \
o ] \ o I \ 0
O 2 \ O 1 \ o 1 \
= \ = 05 \ 0.5 \
. N ) N N\

Control non-Tg Tg

Control non-Tg Tg

0
Control non-Tg Tg

X 6. UUO JitifT 3 Ak, 7 H%LDOXIH non-Tg, UUO non-Tg, LT UUO CNP-Tg ~ 7 AZH1T DB FHAkE MCP-1,
GF-bl FEHLD g, #P <0.05, *P <0.01 vs. control non-Tg; n=5-9,
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F4/80+ cells/HPF

P<C0.05

LA ;_-.';_."'.-.‘;."".G’et_“.':_':"-.' 0.
CN p-Tg Co_ntrol non-Tg Tg
3 : P<0.05 vs. Control

F4/80+ cells/HPF
P<0.01
1

# #

Fali .‘“‘?' SR d T
BTN
e " Ve

3
T

";‘sz A v
Y

0 i
Control non-Tg Tg
1 : P<0.01 vs. Control

X 7. UUO JitifT 3 H%. 7 H D%t non-Tg, UUO non-Tg, L NUUO CNP-Tg vV AIZKITHERE~/a77—
=M (RFEN) . F4/80 Bt CoO i, n=5-9,

Control . Vehicle Fibrotic area (%)

P <0.01
P
P=0001 ns.
30+ X
25+
20+

0

NP ip CNP ip

Control Vehicle ~ 7d x 5d

3 : P <0.005 vs. Control

X 8. UUO &7 /LZHITH CNP BL vehicle DFIENERGE A G8E 7 B, BXO3 HHXD 5 H &G REO B
B, BIOZEDN-EEIIENT, n=5,
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Control  Vehicle CNP ip

P g ol " /e i s
-%

F4/80+ cells/HPF

TGFp1 | e oy
CNPipx7d (day1-7)  CNP ipx 5d (day3-7) 28 o
) P < 0.001 ) P<0.02
30 - 30 N P < 0.01 e P <0.01
251 X 251 X 1.8 i 16/ il
201 20 X 0 1 PR =
15 .15 N & 12 N \
b4 \ — 1 — 1
10_ 1 10 1 - 1 = 0.8
N o 0.81 \ N \
] ] g o \ o 0.6 \
) N g l=— N = 041 \ O 0.4/ \
: _ . . ] 0.2
Control Vehicle CNPip  “Control Vehicle CNPip 0.3 N 0 N
3 : P < 0.01 vs. Control Control Vehicle CNP ip Control Vehicle CNP ip

9. CNP 7 H#ER IS AE#EERICBITS UUO 10. CNP 7 H #5810 31F5 UUO MifT 7 A %D
T 7 BROBEME~ra7r—URIEO kR, n=5, AR MCP-1 & TGF-bl 3% 8.0 Northern blot B L VD
EBAIENT, #P <0.01 vs. control; n =5,

3.4 CNP MBI AT 4REt
SAP-CNP-Tg ¥V ADYIE R (T AR~ 2L TH
BIUREZZRYD ., Ach T AEONTEHEIZTTHLNIZ
K EESELE (X 11), SHIZ, CNP FHgifflkRNE S
2D, AR W CTHL B E B X OHREE R
HHRE LR R OIEE R AL (K 12) , ZOVERIE Ach
~TUAZBWTEEE TH-72 (K 12D),

100
85
80 ¢
BS5
BO |
75

— At
——Ach
——Ach/SAP-CNP-Tg

70 ¢
65
60 G

55

1 2 3 4 5 6 7 8 8 10
Age(weeks)

11. (EXD) 1038 Em#EWT, Ach 3L TN AchxSAP-CNP-Tg v AIZE T D8R X #RE{G: (/2) LW RO Ik (F) . n=4,
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D 10.0
90
80
70 L -\t + vehicle
—ar=2Ach + vehicle
—pre=Ach + CNP (0.1)
=refch + CNP (1)
6.0
0 1 2 3 4
Weeks
12.

Naso-anal length (cm)

vehicle 1 5

WT vehicle 35X UF CNP Smg/kg/min RN EE5-1% (£ 3W L0 4W ) OFMEL(A) | HEE ERE R (B, A

KHD L 1 KOS5 mg/kg/min %5 TOWER (C) DELE:, D, WT. Ach ~® vehicle, CNP 4W [ii#%¢ 5-DOW) B L, n =4,

4. &

UL, BRI BE OB LAE | B 2Rl 2k D
BRPEDNS P ORI, CKD VOB THEZ B,
5872 D LA SR IR BRI IE DML LT A7 LIp B %
DIIE - ERIZB WV TENICB AL =T oot Ty
U FRDIEMAL AL . TGF-BR° MCP-1 DfFEA ML T
IR FEAME TS LI EDREN, BRICH R 2 HED
Tnp M,

FRUT DR RARTFRIZZNETIC, DRI A
MWBRRICBIT D THROSFEREDWRERHDH M)
IR E I T AR ZRERICBEL IR0 83 %
WY, Fox 139 TS, BNP-Tg <7 A% VT, m BB

AN HTEMEE AR B L OBEIRIFIERIEE T /MR T,

BNP 7SO B REER AR T 5222 RLTE
OO, ZOHFFEL T, 2R MER TERLOL, Tl
AAY XD K 8 RFTCOVE A BRI B < FTHE
PAEPEE LT, 372D b, ZOBSERK, TGF-p<°MCP-1 D
FEBUMH &2 AU e B ARME(LAMEI A3 . BNP-Tg ~ 7 A
BT HUECEH B EE R I LT EE 2 b,

—J7. CNP (30 N, w7m77—2 BR

MERETRFTFBLVEAELCTHHERTEE 265, &
ALET, 7vb Thy-1 ERET MIZEBWT CNP #50M%
FEERRLIZEVO A (9 UUO CIRME ERICE
175 CNP O3 BLTHEAFRO T2 L DG 17| R E Ry
IZB1F% CNP OEEINRIBS L TET-, 4[a CNP-Tg ~
A% W RRE G, i H CNP Ot Jl 2 S TR s 14 e
ETIL, BRI LT T VB W TR RENIER 52
EDVREHVT, B LANTHIE R 1 X CNP D IEENFHEER
HECHHHEN, 5% 7 A= ANDO B E & o CIRREE S
LCoIGANRES D LG I, BERIFIEBEIZR N T
HBRBROIERZBET 20 ER S5, £<IZ CNP 1
ANP =° BNP LE2D IEAR FORNWERNZEA LN
EMD, KR EVENIFFCED, CNP OB IRFENEH O
FFIZIEIE ANP, BNP L@ 4y 1 Hiflk A A4 5 LA ES
NDD, AEIOREINOIZFHC MCP-1 &~ a7 7—UR:
HEIHEIOTERARNEE 2 B (K 13) S H%ZNEhO
SZRIRDORTEEED, SHRDRFDMETHD,

CNP OB EARHEERIZ, CNP K~ AT
HCE TR BIEE T L~ AR DI B RE S
NTWBs O A a5y Al SAP-CNP-Tg <7 A
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THZOERBHLNIGED Bz, Lo, BRI
B GAZTHB RN RERD T, ZOIHNT, #E L
JRFTCOBBEFEELR D HT72< | L CNP OFECEIC
R HIERRBEZROTZILNG, CNP 2 F 528D
MR EH%2N 1L C, ‘B CNP/GC-B SRZIEHIELT-RT
VAL = a Y —F DG AN RBEND, ZOE
AP adult IZB W THRBDLILDLDN, FLTID—%AY7

B THLEHBRIESBWILIE, BITET LI
XD EE D SHICRITEHED TD,
A@@Eﬂaﬁ 5. CNP 35 L OBFHEEA DRE RIS I
LSBT B R BRI, E’%%Vﬁ‘ﬁ%‘ﬁéézb“(@ﬁﬁﬂ?
E’Jfé%ﬁﬁ;ﬁ%f%é&%i%%u ZNBIZOUVWTIHAE, B
PRM DD JOFEMAARET N E B Shd,

BIIHIE

RHEE LREHEES- AU+ 0 LE b
RAS i

CNP [SEEESSatrees 1/

| mMcp-1 |

| TGFp1 |—| cTGF

-.,/\/

FN COL1A1

Fibroblasts

‘ KIE ‘—*‘ Myofibroblasts ‘

|

ERE a4t
REGEILE

X 13. UUO, DM D i&[E

SE X

1) Nakao K, Itoh H, Saito Y, et al. The natriuretic peptide
family. Curr Opin Nephrol Hypertens 5:4-11, 1996.

2) Mukoyama M, Nakao K, Saito Y, et al. Increased human
brain natriuretic peptide in congestive heart failure. N
Engl J Med 323:757-758, 1990.

3) Mukoyama M, Nakao K, Hosoda K, et al. Brain
natriuretic peptide as a novel cardiac hormone in humans:
evidence for an exquisite dual natriuretic peptide system,
atrial natriuretic peptide and brain natriuretic peptide. J
Clin Invest 87:1402-1412, 1991.

4) Ogawa Y, Itoh H, Tamura N, et al. Molecular cloning of

the complementary DNA and gene that encode mouse

L CNP OB H#/EH

brain natriuretic peptide and generation of transgenic
mice that overexpress the brain natriuretic peptide gene. J
Clin Invest 93:1911-1921, 1994.

5) Nakagawa M, Tanaka I, Mukoyama M, et al. Monoclonal
antibody against brain natriuretic peptide and
characterization of brain natriuretic peptide-transgenic
mice. J Hypertens 19:475-483, 2001.

6) Kasahara M, Mukoyama M, Sugawara A, et al.
Ameliorated glomerular injury in mice overexpressing
brain natriuretic peptide with renal ablation. J Am Soc
Nephrol 11:1691-1701, 2000.

7) Suganami T, Mukoyama M, Sugawara A, et al.

Overexpression of brain natriuretic peptide in mice

- 195 -



ameliorates immune-mediated renal injury. J Am Soc
Nephrol 12:2652-2663, 2001.

8) Makino H, Mukoyama M, Mori K, et al. Transgenic
overexpression of brain natriuretic peptide prevents the
progression of diabetic
Diabetologia 49:2514-2524, 2006.

9) Chusho H, Tamura N, Ogawa Y, et al. Dwarfism and

nephropathy in  mice.

early death in mice lacking C-type natriuretic peptide.
Proc Natl Acad Sci USA 98:4016-4021, 2001.

10) Suda M, Ogawa Y, Tanaka K, et al. Skeletal overgrowth
in transgenic mice that overexpress brain natriuretic
peptide. Proc Natl Acad Sci USA 95:2337-2342, 1998.

11) Yasoda A, Komatsu Y, Chusho H, et al. Overexpression
of CNP in chondrocytes rescues achondroplasia through a
MAPK-dependent pathway. Nat Med 10:80-86, 2004.

12) Yokoi H, Mukoyama M, Nagae T, et al. Reduction in
connective tissue growth factor by antisense treatment
ameliorates renal tubulointerstitial fibrosis. J Am Soc

Nephrol 15:1430-1440, 2004.

13) Park K, Itoh H, Yamahara K, et al. Therapeutic potential
of atrial natriuretic peptide administration on peripheral
arterial diseases. Endocrinology 149:483-491, 2008.

14) Candido R, Burrell LM, Jandeleit-Dahm KA, et al.
Vasoactive peptides and the kidney. In: Brenner BM (ed)
The Kidney. 7th Ed., WB Saunders, Philadelphia,
pp663-726, 2004.

15) Potter LR, Abbey-Hosch S, Dickey DM. Natriureitic
peptides, their receptors, and cyclic guanosine
monophosphate-dependent signaling functions. Endocr
Rev 27:47-72, 2006.

16) Canaan-Kuhl S, Ostendorf T, Zander K, et al. C-type
natriuretic peptide inhibits mesangial cell proliferation

in vivo.

and matrix accumulation

53:1143-1151, 1998.

Kidney Int

17) Surendran K, Simon TC. CNP gene expression is
activated by Wnt signaling and correlates with Wnt4
expression during renal injury. Am J Physiol Renal
Physiol 284:F653-F662, 2003.

- 196 -



No. 0739

Role of Natriuretic Peptide System in Metabolic Syndrome-Related Renal

Disease and Bone Homeostasis and Its Application to Translational Research

Masashi Mukoyama, Akihiro Yasoda, Tetsuro Yoshioka, and Kazutomo Sawai

Department of Medicine and Clinical Science,

Kyoto University Graduate School of Medicine

Summary

Natriuretic peptides are a family of structurally related hormones/paracrine factors that regulate blood pressure,
body fluid homeostasis, cardiorenal function, vascular growth, and bone growth. 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 already generated transgenic mice that overproduce BNP in the
liver to the circulation (BNP-Tg mice), and demonstrated that the chronic excess of BNP exerts renal protective
activities in various nephropathy models, including subtotal nephrectomy, proliferative glomerulonephritis, and
diabetic nephropathy. Although a tissue-protective role of CNP, another natriuretic peptide, has been suggested in
cardiac and vascular remodeling, effects on renal pathophysiology are still unclarified. Therefore we investigated
the effects of CNP on renal injury using nephropathy models in mice.

We first established CNP-transgenic mice (SAP-CNP-Tg mice) with excess of circulating CNP, and examined
the effect of CNP on glomerular injury and proteinuria in streptozotocin-induced diabetic nephropathy model. We
found that mesangial expansion and progressive albuminuria were significantly ameliorated in CNP-Tg mice.
Less renal expression of monocyte chemoattractant protein-1 (MCP-1) and transforming growth factor-f (TGF-f3)
was also observed in diabetic CNP-Tg mice. Next we examined the effect of CNP on renal interstitial fibrosis in
unilateral ureteral obstruction (UUO) model. CNP-Tg mice revealed less fibrosis after UUO with significant
inhibition in macrophage infiltration and MCP-1 expression compared with control non-Tg mice. Furthermore,
continuous i.p. administration of CNP after ureteral ligation ameliorated renal fibrotic process in control mice,
suggesting a therapeutic potential.

We have already demonstrated that overexpression of CNP in chondrocytes rescues bone phenotypes in a
mouse model of achondroplasia. SAP-CNP-Tg mice with excess plasma levels of CNP also reveal augmented
long bone growth. Crosses between CNP-Tg mice with achondroplasia model mice (Ach mice) rescued the bone
phenotype of Ach mice. Furthermore, continuous i.v. infusion of CNP in young control as well as Ach mice
resulted in significant bone growth.

These results indicate that the chronic excess of circulating CNP in mice exerts renoprotective actions in
various nephropathy models. Furthermore, excess of CNP in plasma can activate the receptor in the bone tissue.
These data will open up the possibility of translational research that the infusion of the ligands or augmentation of
the endogenous natriuretic peptide system, especially CNP system, should be therapeutically useful in various renal

and bone diseases.
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