12 14 3

4 8
BB 5 0048 . :
i I fa 514 (anti-thymocyte serum; ATS) B RIZBW TEEREROLE
23 TGE- B DM KT T BB ORF '
BhERWoEE - A BER (BERERATFE %—l’\]ﬂ)
ERMEE 20 M4 (ERERARFE BE—NE)
BE = (EIRERIRFE BE—NE)
R T (ERERRT BE—NED
el iE (RERKE BE—HED

(B] BEBICB 2 EHER TICI transforming growth factor- g (TGE-B) D"
BT S BB (LR EDE TN EE Th 5. BAIITEL 11 FEDBHPIFT,
fERSEROL = ORE S HBIORFEN LT, BESER T CIRED TCF-85
B ST LIRSS (anti-thymocyte serum ; ATS) BHAMEERL. —7, BHEHE
By Rl REREE D TOF- 8RB E S EI T & ISFRE OB, TCF-8LT
55 (TRRDEENEL <HIL. ATS BANEMT 5 LBt L. FFHTH
S EmOSES ATS BAOEEGICH THER(Smad2, 3), A2 (Smadd).
(S ad6) D& Smad E4r L7z TGF- 8 ORIIPHE BRI KIET FEERF L%

[FiE] 5w k% A B EEES£(0.39% NaCl 8, B ##: ATS £29% 7 HENIC furosemide
9 me/ke EIEEFHS LIESA20.03% NaCl £, C Bt : ATS BiE 14 B& 7 HAMC
deoxycorticosterone acetate 10 me/ke ZMERENEF L. EESE(EEESE. 8
ki 1% RO TETE L ATS &, ATS BEEA. 3. 7, 14, 28 BRICME, —HR
SR EBAGUEAPAS BE), BAMO Smad3. 4. 6 DRAEHLA, BEEREMADERE
LD TGF- B 1(ELISA) &7 DEEHIEIRD Smad2 &(TTAF > 70y M ERNT.

(2] THERNELEAZEUSH TEERh o/, A BE B BT REA
el ATS 80 3 BEIC. S/ EEOHEIE RS T2 AT > F MEFERA LAk
o> TGF-B1 EEEIR 7 B2 P—2 LT —BHTHEMLEA BB TBETSH O,
C BTIRSEHE, REMERAIEETHD 28 BRFTEIEL . A BT, 7 HE
DABRET Smad2 FERICED L. Smad3 1REREPIHERROR TR LAIIEE T
BEfN. Smadd 13 CIEEL R < MFE T, Smad6 1A BTEMNLE, ZOX
570 ABD 7 HEORKAETASNS Smad2 OFEL VDR B B C B THRRICRE
BN, A BICHLT B #TIE 7 BED Smad4 D LREMAPHIRE O FHAZE T
NEEETH Y. —F. FENEER C BMORKETIE 7 HEICA 5N Smad3 DRFD
PN . E7- Smad OEIMIEETH > .

(E5) ATS BAHIRATIE Smad2 &495 TGF- 8 OMENIESEE L FOBOI
AL RIS TEATS D A BFIT & 2 REREFAE DL, BHE(LIE Smad3
S5 TGE- 8 OMRPHESEEL TOBDIEFF L, HMOEME, Smadb 12
2 TGF- 8 DU (E EEEOMEIDE T 245 Z LAVRBE NI,

-120-






13
B EEE 5 0048
PUa B HE f2 LA (anti-thymocyte serum;ATS) BRIZB W TREERO
%50 TGF- B OMRNEEIC RETZEBORT

BhpkBFZEd AR EER (ERERKE H—-AF)
ERTEE  EH B (ERERKE E—AF)
EE EHS (ERERKE H—AR)
$R T (ERERKE H—AR)
Bl R (BERERKE HF-AR)

1. BEER
REEEEIC BT B BB E LREMA D R ERIE TOMII N EE ORIERIC L S
BRE(LIEREDERIC Lo TS, ZOETHITITHE 4 Il THIREA 288 O BEE RN & A
RETEOIEIER 2H S % transforming growth factor- 8(TGF-B) DFEHIBEET 5
IS NT WAL, F4E, TGEF-8 OHIfENEFmEIdRERE D Smad2 © Smad3
L HERO Smadd EOEEEREN L TEL 5N5 2 &, $/x, Smadé, Smad? 13 TGF-
8 IR S 27 F IASEEOHIS IS B < HIEIT Smad TH 3 EHH 5MITZo Ty
2N2). MIIES BRSO MIR EERE N &\ 5 B AT ICE< 85§ 5 TGF-B OfF
FOFRRIEL, Zh50 Smad HERMATEOL D ICRBERG SN, #iEL T2
PICDOWTIIFRHTH 5. » .

2 VIR 11 EEOBBEEICBNT., FilRME A (ant-thymocyte serum;
ATS)BEA S FEAV, SEAOERRS T CINEEREEHRVEET, EEES RS
IH L CREEHRINE, RERMAOMIIIEE S M R E DU TR SR 0, D OBIEL.
SERIED TGF-8 Lt 7% —T BRI type [, .. MNTFHbEL S RRIMRT 22
& RSB S T CIRE BRI B AR A DR EIIIE B RS BRI U TE <,
ZOEINL—EIET. KEMED TGF-B1 OREMET T, &1 X5 ITESERDE
228 TGF- 61 © TBR OHEBOLE XL T ATS BADETICHEL., TORER
MESIABIONEROL = OBEIEFALZN T E2HE L3, ABETIIES
7. EAEREOSEN ATS BAOBMEICBITS TGF- 8 DR ESEEICKIFT
TEERELMNCTIED, FEENE. BHEAR EESERS T TERELRZ ATS B4

S R OB B BEER(Smad2, 3). HEE(Smad4). HIFIEN(Smad6) DEFE Smad
DFER 2 ERFRICRE LTz,

2. BFEhE
HEWistar 5 2. AR FEESE0.39% NaCl B) THE. BE: ATS 28T 5
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7 BEIIC Y O3 N 2me/ke EEEAHES L. M. EE520.03% NaCl &) THE,
C 2 ATS 28592 14 HaTE 7 B deoxycorticosterone acetate 10mg/kg %
g R S O EEASEESHEIETHRAKIT 1% EBEA THE. 1007, ATS Z28E
L. ZO®BSFEBEOESEER FCHE L. ATS #FaiBET 3. 7. 14, 28 HEEIK
MAERIE, XY R v 27—k 5 24 EERZT > 728, T—7 VB F C& % PBS
ERBICEE U-, SEICBWT D) mEEE. 2) —HREAFHEEDER, 3) PAS %
1T £ B BHERE DR, 4 —E 2 RIC K o THEEL = REkMEZ DMEM
BIEEWRIC T 24 BfsE L. BEFOR TGF-B81 @ ELISA KXk 2E=R. 5 BHEO
Smad3. Smad4. Smad6 EHZEEEREL, SREMENHIEDOZNS Smad BEDED
BEKA, EEMREOREREL 0~3 EICAI T — (k. 6) BEEREMALD RIPA N
w7y —CTEREHMHEL, TIAY 70Oy MZL5 Smad2 EHDEE. 7o/
733, TGF-B® Smad &N 9 BHMENIESEEICEST 2 MHE Smad &LTH
Smad? OEEMNEHINTVEHN4], SEIOMKTIES Y MNEORERACT TS
>0y NIRRT B @YY Smad? FEMROMN 59, HIFIENE Smad6 OBDE
HEmoir. F/-. Smad2 OBRFICOWTIET v MEBOFERAICRIATE 28]
7257 Smad2 FUEN R DM S0 727z, HEERERMAHITHI®RD Smad2 EHEZ T TX
&7y MIEDEELT

3. WrFEAER
3.1 fE
EHOTEEIRMLEE ATS BAERAT 5 ERE 28 HE T THREEITRDRN o7z,

3.2 RERHIE

EEENERED ATS BRIy MABOREAIRINI ATS ##E® 3 HEZE—JIK
FEU, DUBEE L7z, EESRRSO ATS ATy FB BHOREASHED 3 HEZ
P—2 L T—BHIC ER LIZA, TOBEIR A BICHLTRRI RS, f0R®
Ep ATS B45 v MNCE)OREEHHIG 28 HE TbEED £ Lz (Fig. D,

3.3 HEEREMINEERT O TCGF-81

BEERERMAD 24 BFEIEEETPOR TGF-B 1 £13. ATS BAFER 7 HEZE -1
- —EEEINES D, EESEERO B B CIIEEESRERD A HOmE BRI
D CEIZH L TEOEMIBREICEETH-> - (Fig. 2).

—188—



450

Al

400

*

350

|
[

300

250 | BA

7 | OB
;L_C

200
150 I

100
50

Ow.

day 0 day 3 day 7 day 14 day 28

R e —
AR R ‘t«&’;',

Fig. 1 Urinary protein excretion. Values are mean=+SE. *p<0.05
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Fig. 2 The levels of total TGF- 1 excreted in the culture medié incubated with 1
x 10%*glomeruli for 24 hr. Values are means=+SE. *p<0.05

3.4 BHISRTE
EEENAERD ATS BAT v MA BT, ATS 8 3 BETAY > Fr LG,
RERMBREE O B BTN A 53, 7T~14 HEZE—2 & L=—@ED AT F 74
DHEFIHETE S MRSNEE DB BIIANE L, TN 5ld 28 ABIIZERL 7=, [BEHRE
O B # Tl A BICHL TENSOBEMFEIHREEEL TS, —F, BESE
B C BECIBREREOREIIRS. 28 B THRAILEET 2 ERNA SN

(Fig. 3),
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Fig.3 Light micrographs of the kidneys of rats fed with normal salt diet (a to ¢),
low salt diet (d to ), and high salt diet (g to 1) before (a, d, &), and 7 (b, e, h) and 28
days (c, £, i) after ATS injection. The levels of proliferative glomerular lesions with
mesangial matrix accumulation increased transiently 7 days after ATS injection in
rats fed with normal and low salt diet, and were less severe in rats fed with low salt
diet than those fed with normal salt diet. In contrast, the glomerular lesions were
markedly severe and persisted in rats fed with high salt diet. (Periodic acid-Schiff
stain, original magnification x 250)
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3.5 BH#O Smad3. Smad4. Smad6 EHDORELE
3.5.1 Smad3 &H

EEEABERD A BHTBITS Smad3 BAIE. ATS BARERIIARIREMEIIEDH
CEMTRAE OB SHIIREEICRE D . REREPRII OB, AR b aeE
BHETH o, A BEEESRERO B BT ATS BAFRE 7 B TREMAAIRD
Smad3 BEHOBOEEED U, REREPRHITEOMIIE Tld Smad3 OREMEIIR0mm
Uk —%. BHEARERO C BT 7 ABORIMET Smad3 BEOREL. MED
Smad3 REHITEC A B, BRELD BETFLTWE (Fig. 4, 5).

3.5.2 Smad4 &H
TRTOBT, ATS BAFEAE 7 BB CIERIMAPRAIIZD Smadd BEOREICIE
KREBEOITIAENT, —F., REMARMBEOMIAED Smadd ORENE 7 BE TN
T B EEDA S N AR BB O BETIL 7 B B OREMEPHIIZ O#fTE O Smad4
PEEOBEING A B, C BICHL TEETH >/, TAEB L USSR RSOk &4
B b Smad4 [ 3EEB IR e = /- (Fig. 4, 5),

3.5.3 Smmad6 &=H

Smad6 BEIERENEERO A B, BRSO EERO B BT BAFSE 7 BRIC
SRERAPIIFLOMAZE O Smad6 FeEEAMEML,. 28 HERICIZIEFERM OREICR >
-, BESHREHRO C BT A B B B0 7 HBDREMEPHIIEOMIEE 1A 515
Smad6 REEOEINIEETH 0. Smadé BIEOKEE RN 57z, RMEEICDNT
VTR RE AT AL T3 SRR EAE TR E ORI AR
Smad6 BHTH Y, FERITEAL RS CIIRITFEL 20 R@ NI L. AR
BT 7 BB CRRES A ST, 28 BB TIXHIE O R R
THh-o7- (Fig. 4,5 '

3.6 MEELHED Smad2 BEOYTAY > 70y b

ATS BRI L. RBRAD Smad2 BEEIIT N TORTIRE 7 BHICEHIC
A L7z, 28 BETIHEEAEERO B #TIEBABEMOL IV ETHRL. T
WSO A BEEEAERERO C HTIRBERAEEIMDOESDO L NINZETERLZ
(Fig. 6), ‘
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Fig. 4 The number of glomerular cell nuclei positive for Smad3 (a), Smad 4 (¢),
and Smad 6 (e) proteins and the immunohistochemical staining intensity of Smad3
(b), Smad4 (d), and Smad6 (f) proteins in glomerular cell cytoplasm. Values are

maen=+SE. *p<0.05

-192-



Fig.5 Immunohistochemical demonstration of Smad3 (ato ¢), Smad4 (d to f), and
Srmadsé (g to 1) in the kidneys of rats fed with normal salt diet before (a, d, g), and 7
(b, e, h) and 28 days (c, f, i) after ATS injection. In glomeruli 7 days after ATS
injection, the number of nuclei positive for Smad3 decreased, while increased
immunoreactivity for Smad3, Smad4, and Smad6 was noted in the cytoplasm.
(Original magnification x 250) |
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Fig. 6 Western blot analysis of Smad2 and B-actin in isolated glomeruli (left
panel) and the densitometric ratio of Smad2/ 8-actin in isolated glomeruli (right

panel).

4. ER

SEOBENCE D, 1) EEESBERO ATS BA T v T AT F0 LOHAE
TE S AR OVLE AN & o TOREMARZAS LRERMEAN D TGF-81 OFERNE—T &
2% 7 HEIBWT, BEA Smad IZ DWW TIE Smad2 1REKME TERITHEA U, Smad3
T REMAPHIRL DR Tlddsid UMIRZE T138n, £EAITH S Smadd IRERMEAHIAZD
CIEL T < SRR Tl L, MIEIEL0D Smad6 13 REMAPHIRL OMARE THEINY 5.
2) FERGZSD R THRIRED TGF- 81 OFBBDIRVMEED BREEED ATS BR 7
H B ORBEICBIT 5B Smad 13, EFESSEIEICILL T, Smad2 EBICE L
<PWATBH, Smad3. Smad6 IFHEEREITRL, REKEFMEOMIZED Smad4 O
EINIERETH 5. 3) REKMEDHZ., TGF-B1 & TBR OFHOWTNHAE[3]
MO 28 HETHEEL TROLSNIEESREBIEO 7 HE ORKREFICBIT 25
Smad OZAKIE. EFEDEERENCILL T, Smad2 1 IFEERICERICHE S, Smad3 &
REREPHII O, MIIRE CIDETFL., Smadd 13FEEREITRLS, REMERMRR DR
FIE D Smadé DEIFEETH S, JENFLNERSTZ, T7abb, REMFORER
EHHIELDA Smad 13, ATS BROREE TEMICHEL - MIfRE &V IoERAIC AL
L. ATS BEAREMEICET 2 TGF- B ORfaNEBmEIcid Smad Z L7zREBORE S
AURME X N/, &FESmad D L E LTI ATS BAER 7 HEOREKE T, R Smad2
DEONESENEER, (EEHRER, SEOABRORBCLAEL TRLELL, X
Jo. BHEABEIEETH5ND TGF-F1 & T AR OFFAR IFEAEE/R 7 HEDA
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BT, EEESEEEENCIL L T, 2R Smad3 Otk D5& <, #IFIE Smad6
DOEIMIEETH >,

ATS BAOEBTZ DL 57 Smad OE{LZ E/-THFDOFEMIISRIOBRT IS
MTIERWA, HIEEEO TAR 25 TGF-BDEBEZITE - RRFRE S HFRO
Smad2/Smad4 < Smad3/Smad4 EEEN., BRABTL. TNTNOEREETIC
BHREEL OB BONCIEFF AN TIOTAH/ — LA THESNDENS— -
ED TGF- 8 OMENESEEN. ZN50 Smad 2N L TITOIEERELTELE
BTHDHEEZLND, Tibb, KEHTTGF-8& TR OFRHAEBIAN 7 HE
D ATS BEREEITBNTIRTOHETASLSNS Smad2 OFLWEHDIEL, £ZTO
Smad?2 DILEFF AL ENRNT N TORTHD TBATH D I EERE LTINS, T
LT, bLZ0 Smad2 DAEFF ALEAMH. TXT Smad2 2EGEETFICESE
R T BB TH B ET B e, ATS B 7 BEOREMETIE Smad3 KL T
Smad?2 #1755 TGF- B DEBSEENMBMIITON TNAS I EZEKT S I LIT/ns,
—F. EEOBEREO 7 HBOREKMETIE Smad3 &k DB L TH 0. EoYar
1=k B ATS BADOLRIRMAFEDE(ICIE Smad3 N3 2 EBEEETORDOIEFF
At DFROEENNEEE L TWARIGEMIVRIE S, ZDEL D78 Smad2 & Smad3 @
3= d. ATS BAREMEIC BT Smad2/Smad4 EEEENT 5 TGF- 8 OMfaRNE=D
EOEENAN. Smad3/Smadd EEERENTZHDETRZ-> TSI EEZRTHD
M L, EEE TGF-Bicdk > CRENHFEINS Smad? OBATIE. F070
F—&—~O Smad3/4 EEHEDEENEETH D, Smad2 OEEIHEN T ENRES
nonasl, :

HAEID Smadd [ITOWTIE, KEAO Smad2, Smad3 SV3&E72D 7 HEDO ATS &
KRR DIE T 5 R ZEAB B NIEM o 72%, UL ATS BHRERAET TGF-B D
(EEEECEST 5 Smad BEERORBEIAVERRR - AT 1:1 TERLA, HHN
| EA L AR Smad TIHEREEBICIEFFALTNTHR. WET HEEDE
BITEMN B BDHH LIV, '

5F. N 513 RNA protection assay 12> T ATS B4 EZIFRZEOH Thy-1 B
? 7 HEOREEI BT S Smads mRNA OBIE. BRI 7 E3 EIES TS S
LTwa(6l. L, SEORN T Smad6 BEIE ATS B 7 A B TREMAPNHILO
MRS TREEIEINL TV, HBNOFH/E mRNA %&EE%@*H@@L@D@&
ENTETHBH, REMETD Smad6 EADFERITIIA SN OEFEHRFIENENTHD
Dt LI KB — B CEIE 5 EE S BB IR S B E IR Tl
ATS B4 7 HEOLRBREPHROMIE THHER D Smad6 HEINL. —74. REERE
BB 5 BB ORIMETIE Smadé ORIAYDIZN &, TRHEBAD
BREEREICBWTAL 2 EBbN s TCF- B O IHFIfEIC. KRERR AL T OHI IR
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Smad6 DOEENIC kS TGE- B DHIREPE BmEOHIEHEHE RS L T 5 ATREMD VR
N5, £, RIETO Smad BEHOIEFF L, S & —2F—N—0ET,
ATS BLOFEBIZ BN TRERERHIIICHT -/ TGF- 8 FREA O Kt HAa EH o %l
HOELESZS LTWBDMS LI7R,

5. GROFRE .

£9°, SERETTE/D) - BMEEEO Smad2, Smad? OFERE, Smad7? DEBER
DY IAY > T0y MCEARFEMDWNETH 5, £z, %1 Smad @ mRNA FH &
real time PCR /2 EDEEMD H B HETHRRDNLEND 5, = 6120, FREE SHFRY
Smad EAGOMEHLOBE. Smad OIEFFALENED. Smad DERHEGET
DES IS5 FAST-1 72 EDEFERT. p300 ® CBP 72 CEHEHEET. -Ski
TGIF 72 & DEEDOHEHHIE T & ORIE DK bLETH B,
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Effects of salt intake on the intracellular signal transduction of TGF-3
in anti-thymocyte serum (ATS) nephritis
Tatsuo Yamamoto, Akira Hishida, Yoshihide Fujigaki, Hiroyuki Suzuki, Akashi
Togawa '
First Department of Medicine, Hamamatsu University School of Medicine

Summary

Increased TGF- 3 expression has been shown to be involved in deterioration
of renal function resulted from pathologic matrix accumulation in glomerulo-
nephritis. This study was conducted to explore the effects of salt intake on the
intracellular TGF- 3 signél ‘transduction composed of the receptor-regulated
Smads 2 and 3, the common mediator Smad4, and the inhibitory Smad6 in ATS
nephritis. Rats were fed with low salt diet (0.03% NaCl chow; LS), normal salt diet
(0.39% NaCl chow; NS), or high salt diet (0.39% NaCl chow and 1% NaCl as drinking
water; HS). Furosemide 2 mg/kg was injected 7 days before ATS injection in LS
and deoxycorticosterone acetate 10 mg/kg 14 and 7 days before ATS injection in
HS. We studied the levels of blood pressure, proteinuria, renal lesions, TGF-(1
(ELISA) and Smad2 (Western blot) in isolated glomeruli, and immunohistochemical
staining for Smads 3, 4, and 6 in kidney tissues. The mean arterial blood pressure
levels did not differ significantly among the groups. The levels of proteinuria,
proliferative glomerular lesions with mesangial matrix accumulation,' and
glomerular TGF- 81 expression increased transiently, peaked at day 7, in LS and
NS, and were less severe in LS than NS. In contrast, they were markedly severe in
HS. In NS glomeruli at day 7, Smad2 decreased remarkably, SrhadB decreased in
the nuclei and increased in the cytoplasm, Smad4 did not change in the nuclei but
increased in the cytoplasm, and Smad6 increased in the cytoplasm. The marked
decrease of glomerular Smad2 was also noted in LS and HS. The increase of
cytoplasmic Smad4 at day 7 was slight in LC, while the decrease of Smad3 was
remarkable and the increase of Smad6 was slight in the glomeruli with severe
lesions in HS at day 7. These data suggest that the intracellular TGF- sigrial
transduction through Smad2 followed by the proteolysis through the ubiquitin—
proteasome pathway is predominant in ATS nephritic glomeruli and the increase of
Smad3-mediated signaling and the decrease of Smad6-mediated signal inhibition
could be involved in the aggravation and prolongation of ATS nephritis in HS.
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