Bk s 0645
TR LR JRA T F R M OSN3 UWAKl - Ngal & U BR SBIRIRIE DO BFE &
VE A& O fiR ]
O, OBUE FAEY, OB /N

B, M e, iRE

R R B B P TR N 0 WA RS, 2ESCE BR e B o & — B IRAEA LA R P B

B E FNULRRRTTFRT 70— 13 e R RIER & A T 5,05 T N Y LFRSTF R (ANP) BLOY
TR 1 CTHDIMMET ND LFJRATFR (BNP) , C BF KT LFJRATFR (CNP) DOAERR S 1D, Flix OB
FBIZHV VT ANP, BNP OIERHIR N EH-320, ZhEFEEOHEITICH L CEDIORIEREH T 500G T
320, HEEE DIX SR CRINLU 7 TSR 2270 BNP IBRIFEBL~D 2% T, 18100 BNP RN LY | Bl efid
DT B O AR ER IR K 1% OB BEE L DS A Z LB LT, ABFETIX, BNP NIV AV 2=y~
T A% VT, BNP O &M@ AE JRIFIEBE I DR LT, IHEEE DI BB EFER 2L
C neutrophil gelatinase-associated lipocalin (Ngal) Z[F]E L TWAD T, B EE x5 Ngal DZh5F, 512 BNP 38X
U Ngal OVEFERE IO\ TRREE T 72,

AT I M ATID AT~ T ATERIFEFE R T DL SRERIIE R, A0 AEBEER, 7 /L7 I ROHEN
WD HNTZ, —J7, BNP MU AV ==y 73U ATIEINODZAUITBES LT, 8538 Ty MAY 0 AEIEIZ
WCRZ b — A BERITRI MRS~ R > 7 285 11 CTdh S fibronectin 35 L OVE DR /) 722355 [K] 1D transforming growth
factor-BDIEAR T-HBLA TLHES 723, BNP ORI LD Z GO ITF v BV ST, BRI PR i B 55 R
HEOREEL B OEEISREDEALZ 5 EE 2903, ¥V A2 Ngal EAZ TOHRGLTELE, ZNOLOREETBRIZE ED,
Ngal [IZEDBIRED RN HDI L o7, B ERHIFEIC IS C Ngal DU b Bz~ —7—0 E-cadherin & [ D7 E
{BIZED LR E D58 % 7= 5L 72, BNP & Ngal D[ 1% extracelluar signal regulated-kinase DV LA L 7=
723, BNP 2 Of Ngal DN TO/EHIZEV T mitogen-activated kinases 73 B/ & % 7= L QDI EAVRIES L
Tzo AT ED | BHRBOF U NERIED R A~DED BN IDH DO LHIFFSND,

1. EEM

FRIT DR R AT FR 7 73— 80 7 B IR SR A
HEAT 205N Y LFR~7FR (ANP) B LU
DOFERRST T CThDHMMET N T 2FJR~<T7F K (BNP) , C
RIF NI DR R ST F R (CNP) SRS NS 2, Flix
D HIZFBUVT ANP, BNP DILE T EN F745
D, ZNDBEEDOHEITICH L CEDII BRI E A5
DOINABITIEZR °, BRH Th 2B R 2K 5
ANP H5HUNT BNP OG- PSERER REZ R T O, K
PICE S EmdD ¥, HiEHE DTSR ORI U RS
FL(¥) BNP 58 B~ 2% FC ©, 1840 BNP #EIC
X0, BH ARG OVIE A MR BRI B % OB

HREE LIS N D ZEE BN LT M5, ARBFFE T,

BNP oA 2=~ A% T, BNP OEMHE |
DIWE PRI ME B I Z X T D2V A MFI LT, E-HEE S

T LB 5 (L3535 K 7-£ LT neutrophil gelatinase
-associated lipocalin (Ngal) Z[FEL CTWHDT 7| BfEE
(\Zx3% Ngal DI, &512 BNP BL U Ngal DVEF %
DWW TIRETE T o7,

2. IRAE

AHFFE T, FFIREF 2972 serum amyloid protein P
component 7' 1E—4—D 3 FL FIZ BNP Z B RIFEHLL |
BRI EOEER L F BNP JRFEE%A R~ A (BNP-Tg
~VR) BROEDORIEE A C5TBL/6] ~7 A% vz

6

BERIE OB FEITIE 10 WD~ ZZAR TR hov
(STZ, 70 mg/kg BW, Sigma) % [f.F57% 300 mg/dl LA FiZ72
HETA-T B, N G- Uiz, ~7 A THEIR A7 16
TR LT U7, MU tail-cuff #1250, JRH
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T VTIPSR ELISA 1% (Exocell, Philadelphia) (240
HELT,

SRERIRWT AR 3 LAY 0 RIS, B R B
AL AWTa E 2—2—(ZXVFHIIL 7= (KS-400, Carl
Zeiss Vision) ', &P transforming growth factor-fo
G % HHLRR (L #1213 | rabbit anti-mouse TGF-B antibody
(Santa Cruz) 31T ABC £ (Vector) & VM=, H748 A1
VXD LAIAEIE Sprague-Dawley 7 FHEITIL, 20%24F
i +DMEM Ki#i (Gibco BRL) fF7E FICHEFES
10% L35 + i 42 DIRFED 7 /L= —2A{FE FIT 5 H 5
., 0.2% FifiE + 27 v a—AFHE TIT 24 BRI ELZ
DB, Zvh BNP (Peptide Institute) &2V M 8-bromo
-cGMP (Sigma) (XD HII#% 24 FFRHIAT -7, Western
blot, Northern blot | EEIZHEST=,

R R I FRE VR O ME BRI I, 20-25g DM~ A%
Wiz, ~U 2% 37t 07—7 0 BICEEL, S
E'%—/1 (50 mg/kg) BRI NIZBIIE., A B a4, 2B HE)
## k% microaneurysm clip (Kent Scientific) {249 30 47
W77 7L, Bk, 24 WIS~ D AZMRRILTZ, V=
B b~ A Ngal AT GST @A E A EL TRIBHEIC

%¢ Bl . Glutathione Sepharose 4B beads ( Amersham
Biosciences) (2 ClEIUY, &7 /L3 (2 TR L 72,

Ngal & A D LR ~DEZEH G 572012
H-ras-transformed 4T1 mammary cells % Ngal Z=H 50
ug/ml OIAFAHVIEL OARAE THEIMIFEF 2L 48 FREfH
FHEL . D% MAP - — PRI OT-DHIT 10% F 1%
(240 20 SyfEALERL T,

3. ARHER

BNP-Tg vV ABL P ha—L~<yR|Z STZ & # 5
LRI 2 AR LT, 16 BB O RT, 2 br—L~
DATIIAY T AEIEAY 30%4EK L7203, BNP-Tg ~
DA TIEAE R A IIHIS I CTERY, SRERIRBrE & 122U T
HREOM M ZFEDT- (K 1), BLEDZENE, BNP-Tg
~ AT, RIS IC LD B AR R SR BRI 528
NEHGNE ST,

2 M= LT AZOWN T, BERIEESE 4-8-12
BATIR A IR T AT I HEM O BN 2 RO 7223
BNP-Tg < ATIELT V7 IR 60% 23S T
7=(K2),

Glomerular

cross-sectional area (um?)

(1) BNP-Tg [ZHITBHRBR{ARIE K DN

5000 2000 —
P<0.05 P<0.01 P<0.01
1 = 1 1
4000 | E |
e el
é ——
3000 L. —— E
o o) d L
= :
20 S c o
o| k=2
2 clI=e 5
- el o
w HE|EE | E 8
o Skl =
o ]
1 i a 1 2 3 4
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(B2) diabetic BNP-TglZ351+%
RPT7ILVIZVHRDIET

§ 400

2

S 300

é diabetic non-Tg

& 200

E #P<0.05

© 100 diabetic BNP-Tg

g nondiabetic

5 0% 4 8 12 16wk

BERIAMEBE D SR ERIIZ 31T DAY F 0 AGEIOPL

KIZOWTIE TGF-PNEH B F A RN bl
TWA72 ' BNP-Tg v A2 35175 TGF-BOFKELZH

WL, v ha—/L<=7 A TiE STZ %5 16 #H#fH
BARERIRN EIZ AT X AGEIKIC TGF-BEE H O
WIEHLZZRD 7273, BNP-Tg ~7 A CIEIE HL T HE D ]
INTWE(XM3), B FHRIAOL L THLENOD
TGF-p mRNA HHlI=a ha—/L =T ZAOPERF T 3.7
FECTTHEL T8, BNP-Tg ~ 7 ATIIHIINA 50%I
WMAlSh TV, AP FULAEBEDOOESDTHD
collagen IV (al chain) D WEsF-FHBLU DOV THIA
BROFER ThoTz,

BN —AREB IO BNP O, Ml ~DEHEE %
SN 27212, Ty MNBBIL LT R AT T A
FMRR A = AT 24T > 7=, normal glucose (NG, 100
mg/dl) [ZHE_T, hi glucose (HG, 450 mg/dl) TAHLF
U L E 45 & TGF-B mRNA LU 1.7 £, B
s CHEE /MRS~ R 7 A TS fibronectin (FN)
mRNA L~ULA8 1.4 fIZHEIIL 7223, 100 nM BNP H5\»

IFZ ORI BRI R Ay Yy —ThDH 1| mM
8-bromo-cGMP T 24 FHIHIIT 5 &, TGE-BOFEHL
JUIX normal glucose DL~ UZ[BIE L= (X 4 ),

(E3) diabetic BNP-TglZH[+5
| TGF BO)’}%EE;LL

1 2 3 4
TGF-B1 ."- gz
FN D . - 51_

18S

(K 4) High Glucose i%%%#)‘ﬂ‘/ﬂ?’?ldﬂﬂﬁﬁf‘d)
TGF-B. FN Bz FHIH

1 2 3 4

4 P<0.05
2 —r—
#
—

w

[+2]

>

TR~ =
TH TR olg o
1EHE
o O %)
=3 B=l S
=l B2 = B
Zg T+ +

0

1 2 3 4
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B a—AREBDLOIE TGE-PICIiFH M b2 %% 1)
7-#E Tl mitogen-activated kinase (MAP &) —*%)
DHTHHRFIZ extracellular signal-regulated kinase (ERK)
DIEMEAL, VLS UIELIEROBNDD T, D fIZD
WCHRREIT o7, A7 Az HG ICKERg T
%& ERK DU 2.3 f5HITHANL7Z25, BNP &5 T
8-bromo-cGMP TEHIZALER AT ALV R LDV~ LT
NG DL ~VETFLZ (X 5), F/- diabetic BNP-Tg
<7 AT, diabetic non-Tg <7 AZHL THEIEN ERK
DUAFRAED 30% I STV,

LA EDZEND, BNP O M R A8 0 R 53 1 B e
DEITERIL T HZL, ZD A=A LELT TGF-POF%E
BN, 2O Fif> ERK OV RN, FN-collagen
IV (a)DRBFEMHINBE D> THDEHLDEEX BN
72

~ AN TR M FRRE R P (VR) AL 24 FF
%IR35 L, BAARG CITRAME EFEOILR, IR
HAE bR ARRR OB O Rl . AT R & 0D 3R AR
BAERD, BEEO~— I —THIHMFEI/LTF =D
EHLOEINEZRD A3, Neal & A& 55DV L FHE
MR ZICR G LIS S I REENRR Ch o7
(X6, 7)., Ngal BRHD FREHIRI~OEREEH &G
72EZA MAP ¥ —EDHHH5IC Raf-MEK-ERK D%
KOV &2 U<, k2~ —D— E-cadherin
BRHOREEAET T, RO BRI E 2T 5
ZEMHBNEIR ST (K 8, N— SR KA HNE—
TEOHFETE) .

4. % B

BEETIZ, vUAR Ty MIBITLBEFEICHLT
growth factor, HL7 AR M— A, HLERIL AR AHI72 1 A]
HHEELOEA - EFNORGICIVFEEZ T TE5Z
DRI HEZIL TSN, eEMNTBITAHE ATV E
RIS TELT , FILWIREIEOBRE A EEN TV
%o BNP [JDAAT3 LU CORE T TITER IS ST
Y| M T A ORIERITAD TORWE D
EWEETH D, Ngal 1TFZEERIGHIN TR, 4
R U 72 KD VB i AR VR R L 2 W T R I 1R
% Tho THERERBEI RN DL | BIEEDH
JiE |, BWINETATL CTIRIED BRI SN AR R ORI T
LA ATREMEZ TR TD, ABFZETIE, LU EDXH70
W AR MR - R it > 72 BNP, Ngal (L TR

(H5) High GlucoselZE&ESEHEI VR
A Xy LI THERKY VEEIE

Ratio of p-ERK / total ERK

#P<0.01

#

(16) Ngal ZEEHE 512&% §

BENERFEEOEH

(H7) Neal BB IR SICKYBEENBEREFICLD
MEFEILT7FURED LFANHSIND

35 -

3.0 -~
— 25 -+
e}
2 20 - *
£ 5 *
*
2 10 4
* |_T_|
0.5 -l_-l-_I
0.0 T T T T T
S ¥ O O o
'\9 ’50 S S
& ¢ & &
< < Q}x Q}x
) )

*P<0.001 vs /R
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(B 8 ) Ngal [& Raf/MEK/ERK/E-cadherin D') > E&
1 ZHPH|L E-cadherin B Z1E N
EV R R+
Lipo:Sid:Fe
S e e QS
e s s p-Raf Lipocalin 2 (Ngal)
 —— p-MEK
phospho-E-cad
s s DP-ERK1/2
ERK1/2 ras%raf
E ¥ ;
S—————  GAPDH l degradation
MEK
- IP:E-cad N
: Blot:P-Tyr
" i _ Blot:E-cad
(05 ae ARSI S S0 | B e FTAHDLDTHLINEHOIZTAULENHD, T,

TFLELTIE BNP IZREL TlIA v AU R Z ISP HE
JRIGYERIE, Ngal (2Pl QBB EREEDTT
N TSR B ISRV TE LW R #E BA TR
7o FT-AIANOVEAEE LN T 57210, %F
FIVDIRED EVEEZE Z BN TOHHIE TORFEIT-
72o ZOFER BNP (&7 /L a— AR LD A
X7 AL TP TGF-B. fibronectin DR HFHE, A F
D LI OB ST U THHIAICAE R T 5B 25
o, —J7 Ngal 1L BRI ~OBEEAERICED, B~
— 71— E-cadherin & HDZE L, EREEOHEILIZEY
B REN AR T EE 2B, EHIZ BNP X U Ngal O
WA I HBOMIENT 7L EL T, MAP - —FE DD
LD THD ERK DU BRALHINE ENTWNDLIEDR AL
IRV Ay

5. §%OFEE

Aalff L7 BNP—Tg ~ VAT, BHE, BREDE
BFEHOMENBIEINDN, Zhx CNP (2R R
guanylate cyclase (GC)-B S A&~ BNP 2348 2t d %
2D THHEEZLN TS 2, —J57, GC-A 73 ANP, BNP
R 2 RIKTHD 2, Ty OB RITHL T CNP #
B0 SER RN EORELHHZENE P BNP T
RO BMEH#ES R TIC GC-A, GC-B OV izt

ANP B XU CNP BHIFEHL~T X CYHRNTTIERGY) |
GC-A } U GC-B R~ 2% W fATIC I B BN
THIEWTED, o, EBEOEK TILBERORIE, 2
WI DR CIRIRBILA I REL /R D2 LD ¥V AET
N ROT, EBRIERZ ST ND AFRRTTFROEE.
AL G DTG R R Z M T2 6 H D, D&
SOOI IEIFIENZ BIRT 5 =A% FIW -3 A 7 E v -
FURAY 2=y I ADFRFE THHH 1,
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Summary

The Natiuretic Peptide Superfamily consists of atrial, brain, and C-type natriuretic peptides (ANP, BNP, and
CNP). ANP and BNP possess potent hypotensive and natriuretic activities. Circulating ANP and BNP levels
are increased in various renal disorders, but their role in the progression of renal damage remains elusive. In our
department, we have established transgenic mice overexpressing BNP specifically in the liver (BNP-Tg mice), and
reported that chronic excess of BNP in the circulation ameliorates renal damage caused by subtotal nephrectomy
and autoimmune-mediated glomerulonephritis. In the present study, we investigated the effects of BNP upon
diabetic nephropathy using BNP-Tg mice. Furthermore, we examined the effects of neutrophil
gelatinase-associated lipocalin (Ngal), which is a novel kidney differentiation factor. The molecular mechanism of
BNP and Ngal actions was also studied.

Induction of diabetes by streptozotocin in wild-type mice resulted in glomerular hypertrophy, expansion of
mesangial area, and increased albuminuria. These changes were diminished in BNP-Tg mice. In cultured rat
mesangial cells, high glucose stimulated gene expression of matrix protein fibronectin and its potent inducer
transforming growth factor-f3, which were all cancelled with co-treatment with BNP.  Renal ischemia-reperfusion
injury causes histological injury of the kidney, concomitantly with functional impairment shown by accumulation
of creatinine in the blood. Pretreatment of mice with Ngal potently suppressed these damages. Both BNP and
Ngal inhibited phosphorylation of extracellular signal-regulated kinase in vitro, suggesting the involvement of
mitogen-activated kinases in the subcellular actions of BNP and Ngal.

The present study opens a possibility for the development of new tools for the treatment of renal disorders.
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