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Hepatocyte Growth Factor (HGF) Prevent Progression of Renal Interstitial Fibrosis via Its Counteraction
Against Transforming Growth Factor-beta (TGF- f3) in 5/6 Nephrectomized Mice

TSUTOMU INOUE (Department of Nephrology, Saitama Medical School, Moroyama, Iruma-gun, Saitama
350-0495, Japan)

5/6 nephrectomy (Nx) causes a progressive form of chronic renal injury in rats. However, 5/6 Nx seldom induces
severe renal injury in mice, and the reason remains unclear. Transforming growth factor- 8 (TGF- ) is known as
a key cytokine involving in organ fibrosis. Connective tissue growth factor (CTGF) is an important downstream
mediator of profibrotic activities of TGF- 3. Hepatocyte growth factor (HGF) originally identified as a potent mitogen
for hepatocyte has been shown to promote tubule repair following acute renal injury. In renal fibrosis, HGF has been
assumed to block profibrotic effects of TGF- 3, attenuating renal fibrosis. However, such a counteraction between
HGF and TGF- 8 remains to be determined in detail. Then we investigated the mechanism of the anti-fibrotic effects
of HGF on renal fibrosis using the 5/6 Nx model in the wild and TGF- (3 ; transgenic mice and the co-culture system.
In wild type mice, ribonuclease protection assay (RPA) revealed that HGF and TGF- 8 ; mRNA levels in the remnant
kidneys simultaneously increased at 8 hours after the nephrectomy, then decreased, and increased again at week
4 to 12. CTGF and « 1(I)procollagen mRNA levels also increased at 8 hours, then decreased, but didn’t increased
again. In the remnant kidneys of 5/6 Nx mice, endogenous HGF seemed to prevent renal fibrogenesis promoted
by TGF- ;. In co-culture system, RPA revealed that TGF- 3, alone could significantly enhance the expression of
a 1(I)procollagen mRNA in renal tubulointerstitial fibroblasts (TFB) in the co-culture with renal proximal tubular
epithelial cells (PTEC). In contrast, TGF- 3 ; with HGF did not enhance the expression of o 1(I)procollagen mRNA
in TFB in the co-culture. This enhancement was partially because of additional production of CTGF by PTEC
stimulated by TGF- 3, in the co-culture. In 5/6 Nx TGF- 3, transgenic mice, excess TGF- 3 caused significant
interstitial fibrosis compared to the 5/6 Nx wild mice at week 12. The supplement of recombinant HGF was
demonstrated to suppress CTGF expression thereby preventing renal fibrosis.

In conclusion, profibrotic effects of TGF-3; on TFB was enhanced by the co-existence of PTEC, and HGF can
modulate such interaction, resulting in the antifibrotic effects. This anti-fibrotic effect of HGF against TGF- 3, was
demonstrated to be mediated by suppressing CTGF mRNA expression in the tubular epithelial cells induced by
TGF- ..
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B LI W THULINR B2 572 97 growth factor
& LT, Transforming Growth Factor — beta (TGF- 3)
BHFons?. TGF B3 MIERMANC T 2587
IR B PE ARSI E 269 2720 T <, #7
HE(Es B8 < fthod growth factor DRI & AL T 5,
Connective Tissue Growth Factor (CTGF) * & Z D%
£ growth factor ©H O, TGF- f & [FIkEIC TR )75 57
HALMSEER 2 £,

4R T & U THE X N7z Hepatocyte Growth
Factor (HGF) 13°, & OAFfEEIEDOHR L 5T, BlH
EICE Mo THEEEIRB K CEREIC X > TiEE
EN3”. T NI-HGFIE, FEEERO T &
ARl =, MARCREEMICIER T 2D, AL
SHOMEKE, SEERICE ST %Y. SR B %
Fl 2R L T HRMEEARETIVICBWVT, HGF
OFRGIZEMIC K 2 BEEZEKT 2100 Tix<,
ZORERGET ZHENNEN TS . ZOM, AT
ZNE P PAZEME B REEALIE 12 09 % HGF O BRI i
JIRSRRBENTEL ", BWIRISHDNGEE > T3,
A, HGFIC K 2 BB A ETIHEIR O &
RHHENZH?, TGF- B & OFEFERMHEE N T
W5 EDDIEHBET OFEMIEI S TR,

Rat 5/6 & fiiimodel 1& X 38 1Y 7% £ 17 1% B B & D
model TH 0 ™, 10JALL b 2% THRERAR LD S A
EHEREZE T 5D, ZOBRE TGF- B IRRHE(bAE
I FHE R REERTZ9. —/57% < Dmouse strain
13 5/6 B L% O BRRHE LIRS TH O P ZF D
MEEHS TR Eh > 2. 5EF 4 IEmouse 5/6
B fiimodel 2 H\, RAFE DRMELICEBUEZ R
P2, fRMEEZ 289 % growth factor (TGF- 3 )
& M9 % growth factor (HGF) OfEHI/EH &5
BANSMEI LTz, & 51, NAMICTGE- B & HGF
Dbalance Z #{ET % T LT K > THIRICE MRHEL
MEEE N, HICZOMHIMNAIEER C & Z/R L Tz,
F 7z, TGF- BIC K> TiAE X N5 CTGF B 7 i
95 W, HGF OHURHMEL/E T O—5 23
IBH5ERIASGMT L.

B &

F) ¥ : TGF- B transgenic mouse (TGF- 8 TG mouse,
CBA/C57B6 background) (& K [#], National Institutes
of Health, Dr. Kopp S5\ 272 & HEESEL T
M7z, CBA & C57BL/672 584 L 72 FIICH IR LAE
B9 % & THRMZMERT 5. [HAIED 95 b transgene
negative DffE{A7% wild type mouse (WT mouse) & LT
iz,

fth

&) Yymodel D {E Bl : 52 Bk #F [ WT mouse 5/6 % fii
(WTNx) & (n=57) 35X O'TGF- B TG mouse 5/6 &4
(TGNx) Bf (n=103) & Liz. PIHEBOMEREN D, &K
WLETGEF- 8 TG mouse - ] 58 T ] D entry 7 ik (7,
HD, B X 228000 ke E b z4
CaICRDZHMZER L, £%5EH 5 BFHiiE12
A & ZERHAR & U7z, Nembutal R | 1C 538 fis D
mouse D15 B &z 2/3VIBk#, 1ERORMEZ BV T
RIS BN B E i 72 1T L, mouse 5/6 & fii model
ZAER T %' (Fig. 1A). 4118 O fii B &2 ZBED
control & U7z, BfHi8INFR, 24WFRY, 72, 1M,
2R, 40, 8 X T I12HBZICEn=5~7TD
AFE 2RI U Tz,

deleted HGF (dHGF) #5-1C & 2 BHRA 1 K UAEFR
DZALZHMETS % 72 TGF- B TG mouse 5/6 B4 dHGF
5.8 (TGNx+ dHGF) (n=35) 35 X U controlEf & L
TTGF- B TG mouse 5/6 i Phosphate-Buffer Salines
(PBS) #¢5.8f (TGNx+PBS) (n=58) f\ 7z (Fig. 1B).
dHGF ™13 FHIFLEE KR EESEEE /INAmheE & 0 )
HETAW. R e ABICALE U1, B 2EED
54N H Tz > T 5.0 mg/kg * day & 5D D1 H2[H]
Bz MRS Uz, HFHeGan (B2, ARG
TR (BhgelR%), BHR8HERM, XU 12 ME
DKL THEIHHNDOFEATFE (n5~7) ZFRHLL, TGNx+
dHGFEf (n=30), TGNx+ PBSEf (n=23) Zfiih L7z,
BABZERI L T2 OB Focidm A zh - 1.
EAET T OB OIECHNIC DOV T 2filfida L, W
NS B LN DA Z bR <, MRS R BB A
RICFE LIa W2 72588 % mouse Z M HI N A 7z.

X7z, E&ToEWIERIIRE KER R EY S ERGE
ICHELL TTTb Nz,
B e fE 1K D 1 4 % paraformaldehyde-PBS
E DB HH A paraffin block & © hematoxylin eosin (HE)
et » masson trichrome (MT) Ytz 171750y, Y FEEE
AT 215 72, MT S O RRMEA b T8 0O REAm 1ot
Pilens 2053 N CHEAVEAIGEIN LU I HEFIC BV TT
> 7z, PETUEEH5E computer ICHL D AR, [HfGULE Y
7 k (Mac SCOPE, Ver. 2.5 Mitani Corp. Fukui Japan)
ZHWER(L LUz, ZOBRHEFICE TN 555Kk &
U MR % 1& subtraction LEH L 7.
R HOEPUATE  TGNxEE, B i 83 [ £ o fifl 44 7
5 ERHL U 72 B ik % 4 % paraformaldehyde-PBS T4 °C,
5HFEIEIE D, 20% sucrose-PBSICiZiE, Tissue-Tek
O.C.T. Compound (Sakura Finetechnical Co., Ltd.,
Tokyo, Japan) IC @, Z25#EHA L7z, Cryostat T
5pumic # Y] U 5 % bovine serum albumin (BSA) -PBS
(5% BSA , 0.02% Tween20 , 0.02% NaN,in PBS) TZ=i4,
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Iweek

2/3 nephrectomy

Total left
of right kidney nephrectomy
t t *—eo . * .
0 8hrs 24hrs T2hrs  1week 2weeks 4weeks 8weeks 12weeks
A) WTNx, TGNx vy v v v v v
Sacrifice and collect samples l
1week 4weeks
2/3 nephrectomy Total left dHGF ( 5.0mg/kg - day )
of right kidney nephrectomy or PBS s. c.
t ? ® ® ® °
0 2weeks 6weeks 8weeks 12weeks
B) TGNx + dHGF ¥ v v

TGNx + PBS

l Sacrifice and collect samples I

Fig. 1. Experimental schedule of 5/6 nephrectomy and dHGF administration. The vertical arrows

indicate time points of sacrifice.

3047 blocking, %1% anti-CTGF#Hifk (rabbit, IgG)
IR, RS S ¥ 7z, PBSTH%), 3MITEHOD
#% fluorescence isothiocyanate (FITC) -conjugated
anti-rabbit [gGHifkZz [ Ih &, HOEBEAMBEIC TRIZE
L7z. Control & U Tanti-CTGF A InZEE WY
Wz,

B FE MY - mousesft (i FRANE b EZ e (PTEC) & H
JAELEE (BR) RIBEZEiTE SR X D, mouse & i
BRRMESEHIIE (TFB)™ 3 4 BB D M H i — &R & D
At 5T %, 2 Dulbecco’s Modified Eagle Medium
(D-MEM), 10% fetal calf serum (FCS), 100 U/ml
penicillin, 100 p g/ml streptomycin THHERE L, (L5
% 5~THHMR O 2 FZERIC W 2, RULERTOBSZ=
Ha D resting 1 13 & 11 75 75 (K-1 medium: D-MEM/F
12, 5 p g/ml transferrin, 5 p g/mlinsulin, 5% 10°M
hydrocortisone) % /=2 .

TFB B AH 1% # % 35 & UPTEC/TFB 53 3% 6 well
plate (C TFB#fl il % 1500011 /et 0 2 & THERE L, 24
FER R I S M R A D 1%, 72 resting U 7=
& D2 TFBHMHE R E L THERICH L. 04pm
pore size @ culture insert (FALCON CELL CULTURE
INSERTS, BECTON DICKINSON, NJ. USA) i PTEC
HHE 7 3000018 /et D Y & THEFE L, 24FF[#%ZIC I
G0 & ERRICHERAE LU 72 TFBAIIE @ 6 well plate | 5
U, [AJRFIC Iy B N LD 1%, 72 resting L
72t OZPTEC/TFBH I ER L L TERICH L 2

(Fig. 2). Recombinant Human TGF- 8 (rhTGF-f)
(R&D Systems, Inc. MN. USA) 10 ng/ml, rhTGF- 3 10
ng/ml+rhHGF (R&D Systems, Inc. MN. USA) 100
ng/ml® % W 13 rhTGF- § 10 ng/ml+ CTGF H f1 Hi {4
(IgG, 50 p g/ml) Z 7NN U 7z S il B A2 #1014,
245 1% 12 TRIzol %= Fil W C total RNAZ i L, TFB
ICB % a1(1)procollagen mRNA, PTECIC )%
CTGF mRNAD ¥ Bi & 7% #iat U 7. CTGF H Al itk
VB LR o A8 ) | L E R 2R B i 5 T 7272,
AN O eIy B S Ha D 1%, L EC ARk 24 R 5%
# L 72 %Hilld% control & L 7z.
Ribonuclease protection assay (RPA) : BlfH 5
& TRIzol (GIBCO BRL, Grand Island, NY, USA) %
W T total RNA 7% i ifi LRl & L 7z. cRNA
probe & % I F U 7= template % L FIZ /R 9. Glyc
eraldehyde-3-phosphate dehydrogenase (GAPDH)
(115bp, 673 to 787 corresponding to rat GAPDH) %
¥ X U TGF- 3, (255 bp, 500 to 754 corresponding
to rat TGF-f3, [gb:RTGFB1]) (& 37 15 K 2% & W 9% i
R A8 s PR 0 B LU AR AR B A & MR 5 TH L Tz
HGF (252 bp, 963 to 1214 corresponding to rat HGF
[gh:E03330]), CTGF (202 bp, 731 to 932 corresponding
to mouse CTGF [gh:MUSFISP12B]), X T al(1)
procollagen (285 bp, 625 to 909 corresponding to mouse
a 1( 1 )procollagen [gh:MUSCIAIB]) (I 4 #H = T
reverse transcribed-polymerase chain reaction (RT-PCR)
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K-1 Medium K-1 Medium with cytokines
Growth Medium (resting) (stimulus)
24hrs b T2hrs " 24hrs
PTEC 30000 cells/cm? in
culture inserts (0.4 4 m pore)
— —

Total RNA extraction I

TFB 15000 cells/cm?
in 6well culture dishes

Co-culture

Monolayer culture

Fig. 2. Experimental design of cell culture. In this study, we used two culture systems; co-culture

system and monolayer culture system.

IZ CHUTE L 7=. ®P-UTP label L 7= cRNA probe &
10 p g O total RNA 7% 45 °C, 16 K [#f] hybridization ¢
%, ribonuclease A (1.2 p g/ml) 35 X U ribonuclease T1
(120 U/ml) T 30°C, 60 77U L7z. Proteinase K (0.45
p g/ml) 37°C, 60 73 WLERIC T ribonuclease & 1%t
L, ethanol JEIRIC THEETR, 6% D acrylamide Z51%: gel
72 FU T protected-band 7z 578 U7z, -80°C T 3 IRF[EI D
5 5 H [ autoradiography D %%, film 7 i% i % scanner
(GT-9600, EPSON, Nagano, Japan) T H{ O JA &, %%
protected-band % NIH image (1.62, NIH Division of
Computer Research and Technology, Bethesda, MD,
USA) ZHWTER L7z, % mRNA &3 GAPDH &
DLt THEEAEIL L, in vivo D 525k T & WT mouse D
control Bt 1.00 & L, in vitro D EE T TFB Ic D
W AR EROMRIME HSE 2, 7z, PTEC
DWW TR IHERE R D insert |, HE I 15 RS IS 7%
1.00 & L7830 E UTH U .

Mat WL © FmRNAD FE B &I B L THEGH Y
WL ¥ 13 StatViewSE (Macintosh Version 1.03, Abacus
Concepts, Berkeley, CA, USA) 7% i\ 72zANOVA % 17
7%\, FiE 13 Bonferroni/DunniZ # 7z, TGNx +
dHGF#¥, TGNx + PBSHED 4 {777 #1 1 [F] software %2
A 7= Kaplan-Meier {512 TI775Wy, #UE 1 Logrank i
Wz, p<0.05ZH#FH FINICHEREAZ L. A
D datald mean = SD T&E L7z,

m R
I WTNx#f, TGNx LA EHHRO AT

B i 128 I B THliAE & & B YL < IZid
PRAE DZHE, BALERORIE B K OB E O/ (L2
BTz, ZFOMODEKIC DOV TIE (Fig. 3) ISRT@ED
WTNx £ Tl control Bt & D TFED S N o Tz
(Fig. 3B), TGNxEHI DWW TIEE R IRAE 2556,
HORHMEL I X CHIIRIEAEED 5 N control #f & Eb
U CHHO DR ERHELOEITTAD D, RIAE A2 IREE
DElik L # 2 5Nz (Fig. 3D).

I WTNxBEOFIEIC 510 % TGF- 81, HGF, CTGF,
a 1 (1) procollagen ® mRNAFHHEDOHEFE (Fig. 4)

TGF- B, D F Bl & & B i 81F [ #% I control D 2.58
T 0325 £ TN L 72k U, 23 [11C (& control
level X Tk L7z, ZO®RREEHEIIH AL, B
RN T A2 12M®%E CARZEEZR-> T
(Fig. 5A). HGF ® 3 81 & |3 B #i§ 24 KF [ 1% 1 control
D243 +0.74F5F THIM U =&k L, 28 R#% I
& control level & TP L7z, ZO®RFEHEIH LR
L, TGF- B, & [hkk, BH12EM%E CHEX Sl
/5 7z (Fig. 5B). CTGF D F 8 & 13 B fi S [L] 14 1
control ® 2.27 + 0.42 {5 THM L 7=tk L, 16
&I E control D L)V E T Uiz, DIKE 125 [ %
FTCHELR FRZEDEM >z (Fig. 5C). a1(1)
procollagen O ¥¢ Bl & 13 B i 81F L] 1% A © 7215 [ 1%
F TcontrolD4~61% & FH 2R LT 1%, Wik L 7.
43141 13 control level & 75 O DI 1238% £ C E &
iRl - 7z (Fig. 5D).

Il TFBH tHEZE R 5 X UPTEC/TFBH: £ # H 1
B B HE
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Fig. 3. Light microscopic finding of remnant kidney tissues from WTNx mice (A and B) and TGNx mice (C and D). The
interstitium was nearly normal in both groups at day 0 (A and C). There were no tubulointerstitial alterations in WINx group
at 12 weeks after nephrectomy (B). In contrast, kidney tissues of TGNx group at 12 weeks showed interstitial expansion and
increased extra cellular matrix accumulation (D). (H.E. staining, Mo.: 20 X)
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Fig. 4. Changes in mRNA expression of fibrosis-related
molecules in the remnant kidney of WINx group.

TFB® a 1( I ) procollagen mRNAF B & 1d, fHEIf
EE I T PTECOREICED ST HETH - /2
(Fig. 6). rhTGF- 8 (10 ng/ml) ##{ K T control &
LU THERRHEBEOEMZZBD M, Z Ot
JE I ARG R RIS BERICBVWTHREICKE
M > 7 (1.32+0.06 vs 2.14 £ 0.07, p<0.05). rhTGF-
B (10 ng/ml) +rhHGF (100 ng/ml) Tl&, MRS
RSBV TIErhTGEF- B O H DRI & 0D 72 ¥z iR
Tinoleh, HEEERICB O TIIHEHEED A ELD
iR, WAHE E, HIGEMICEEEAERD I (1.34
+0.05 vs 0.97 +0.12, p<0.05). rhTGF-f (10 ng/ml)
+ CTGFHMIPUARINT E, HEFERICBWVWTDOH
rhTGF- g B fi| K & b U T a 1( 1) procollagen
mRNADHELAFHBR D BTz, TOEMTIFH
ARG, R AEEZRDEN - 72 (1.29+
0.13 vs 1.57 0. 07 n.s.) (Fig. 6).

PTEC ® CTGF mRNAZHI& (3 rhTGF- 8 (10 ng/ml)
] ¥ Tcontrol & tt U T A =T hn 7z 38 & (1.00
vs 2.23+0.20 p<0.05), rhTGF-f (10 ng/ml) +
rhHGF (100 ng/ml) TrhTGF- g B & [k LT
BEERDVDZRED T (223£0.20 vs 1.55+0.20 p<
0.05). %7z, CTGFH AT & rhTGF- g lc X



18 b2 fth
*
A, . .
*
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Fig. 5. Quantification of mRNA expression of fibrosis-related molecules in the remnant kidney of WTNx group. The peak of all
mRNA expression occured at 8 hours after the total left nephrectomy. The expression levels gradually decreased to the basal
levels by 2 weeks (A-D). HGF and TGF- 3 expression levels re-increased and reached to the second peak at 8weeks after the
nephrectomy (A and B), in contrast, CTGF and a 1(I)procollagen expression levels remained low until 12 weeks (C and D).

% CTGFHEIEMOME I Z b B ih - = (Fig. 7).
IV TGNxBEHCEIT 2 MEt
i FEFEEICE TS a1(1)procollagen ® mRNA

W3 N & control (TGNx) & b U THEIC & 1E 7% R
L 7= (Fig. 8).

i dHGF&ES5EERFEICHB T SCIGF, o1(1)

FHIEROHER

ER2E % X TCORHNEEDOHERL ITWT & [ £
Tholz. UM, HREERZHEAL, BHSEMKE
IC (£5.53£0.981%, 123 [ 1% I 132.95E1.361% &

procollagen mRNA ¥ & OHEE

dHGF# G- # 7 W (B fi63d [ 2 ) PBSH &K U
dHGF#2 5-1#£ O CTGF ¥ Bl 2 13 5.34 = 0.491%, 2.92+
0395 TdH b, PBSHEGHETldcontrolff &L L L TH
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al(I)procollagen ] C—
GAPDH . ) - ~ o eeem somew
— — D o s G S —
M Co M Co M Co M Co
control TGF-beta TGF-beta TGF-beta
+ HGF +a CTGF Ab
p<0.01
p<0.05
l p<0.01
2.5 -
24 p<0.05

al(lprocollagen mRNA

0.5

0

control TGF-bl TGF-bl + HGF

TGF-b1 +aCTGF Ab

[ TFB (mono-layen) I TEB (co-culture with PTEC)  * p <0.05 vs TFB (mono-layer)

Fig. 6. Quantification of a 1(I)procollagen mRNA expression
in TFB. Expression of a 1(I)procollagen mRNA increased
in TFB in the co-culture with PTEC more than the one
in the monolayer culture of TFB. The increase in the a
1(I)procollagen mRNA expression was inhibited by HGF or
anti-CTGF antibody to the control level.
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Fig. 7. Quantification of CTGF mRNA expression in
PTEC. TGF- 3 | stimulated PTEC to produce CTGF, and this
production was partially, but significantly blocked by HGE.

10
p<0.05 p<0.05 p=<0.05
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Fig. 8. Changes in @ 1(I)procollagen mRNA expression in the remnant kidneys of WINx group and TGNx group. (The data
of WINx group are the same as shown in fig. 5D.) The expression of a 1(I)procollagen mRNA significantly increased in the
remnant kidney of TGNx group at 8 and 12 weeks after the nephrectomy. This increased level continued until the end of studies.
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HARRHEENZZRS D, dHGFREGH TR R
MPBSHGREDK 121l E Nz (Fig. 9). a1(1)
procollagen D FE &I U T & [Al4E TPBS, dHGF#%
H5EETENFNG617+0361%, 3.17E0.6615TdH D,
dHGF & 5B Cl3 B R DA N ER S Nz
(Fig. 10). BEHiSHEMZIC DWW T EPBSEKREEE T
CTGF, a 1(1 ) procollagen D5 & & & controlff &
U CHELRRBEBOHEINZRD A, dHGF#RG4f
R G TR E FIRROFBETH D, PBSEELIELLT
ARICHEBEMIHE Nz (Fig. 9, 10).

i dHGF 5-#& 1 pil (Bi6 [ 1%) TOMifE

FRAF B ORI ARG

PBS#¢ G- F 1358 - E D JRANE D ILE H 5 W IEZE
MLTHD, FHEEEDRMEZIDVETH - 1.
BB R B O L K 2 386, I 75 H iR i
CRRMEE R R TH D, BRMEILOEITHRED S
N7z (Fig. 11C, D). dHGF& G R IE —EIC iR L 72
PRANE 72 588> % D I3 TR B/ D PRANE 1 5 1T
MGz -> THO, MEBEEOIK, M=, &7
Helb & & PBSIRGRAICIL L THEICHIRI S N T Wiz
(Fig. 11E, F). %7z, PBSHKGRETED b NIz RERIK
BOBALIHIE N TV, MTH @O O T2 B e
{LREIE DO EBIFHETE, RHEFICNT 2 Rk L

CTGF - -- D . — —
e
s 1 T T
control PBS dHGF PBS dHGF PBS dHGF
6wks 8wks 12wks
g =
p<0.05
. *p <0.05 vs control ( TGNx )
6
3 T
2 L .
5 4 I
5 L

control 6weeks 8weeks 12weeks

O pes M dHGF

Fig. 9. Quantification of CTGF mRNA in the remnant
kidneys of TGNx+PBS group and TGNx+dHGF group.
CTGF mRNA expression was significantly reduced in the
remnant kidney of TGNx+dHGF at 6 and 8 weeks after the
nephrectomy.
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DO #5113 dHGF % 511514 £ 3.12 % (Fig. 12), #5
TR P CPBS# 5. B£19.51 +£4.25%, dHGF# 55
35910.99% TH D, dHGFHEEIT K b BHHE( L fEIK
DILRMEEICHIH E Tz,

iv_PBS# & U'dHGF &R 5B B ER

PBS#&GRETIRANIZ S BIEEHIDRD BN, DL
B & RN ZEOSECHI B U7z, dHGFH# 58F
ESEFR G TR E Tl 2BIAE L, DUIsSRiiic >
BOFECHIEEDZ DR TH > Tz, BISHE 7RO
17313 PBS# 5.8£C0.13, dHGFEET0.68 TH b dHGF
FHICK o> TEMFRIIAEICUEE LT (Fig. 13).

v TGNxBEFR{FBHIC 351 B CTGE Ja{E DRET

a1( 1 )procollagen DFHEMR K & 7% 5 B Hi
8% DB &, anti-CTGFHI{AZ F W 7= 8t ik
IS KBTI, FIHRE LRz ICBRIERT AR
bz, HiEblock &2 (#H U7z 72 & JRAIE DX 3D
WTIEENTERWD, LR U & 7& - T2 ilE L
RicZ < DEEmRZ8o e (Fig. 14). £z, BHE
R ERWDEEENE O RE et TH - 7.

z =

Mouse & ffimodel D #3181 DWW T lE, 1838 B %2
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Fig. 10. Quantification of @ 1(I)procollagen mRNAs in the
remnant kidneys of TGNx+PBS group and TGNx+dHGF
group. Reduction in CTGF mRNA expression in the remnant
kidney of TGNx+dHGF group at 6 and 8 weeks after the
nephrectomy, likely resulting in the decrease in the «
1(Dprocollagen mRNA expression.
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groups at 2 weeks after the nephrectomy showed slightly widened interstitium (A and B). The remnant kidney tissue of TGNx
+PBS group at week 6 (C and D) shows tubular atrophy, interstitial expansion and increased matrix accumulation, however
in the remnant kidney of TGNx+dHGF group such alterations were significantly attenuated (E and F). (Left column; H.E.
staining, Mo.: 20 X, Right column; M.T. staining, Mo.: 4 X)

A5, 1038 F TICRBHEIREE & 72 0 fifa s R4
HRODLP LT HMEE Cratlic kRN TEHKTH 5.
WEIC K OBEROGTEICEHEND O —HIC b
HRiZ WD, RMAIC KB ENERINS. &<
IZ, mouselZIfARREHWIZEBNBIZFLEAETHD,
genetic background IC X % ¥R EEZEDENHAE
RIS BT 5. LA WIZDIEC57BL/6 & CBA
LOMRETH B, COTIXBERIIT L THHTME?,
CBAR®EKZME# 2 5N%. CBA/C57BL6IC DL
TIRBISK TR 1281 B TE O YW < IR
M2, HERDIZM S L RO L2 RD 5
DI T, FDMDENAINT DV THATEMES IC K B 81
TIRAS R RAIERTE S, BRIyt e

EZbhi.

C OW|PitEZ I 2 5R 7 E IS BT % growth
factor balance n 5 #iif U 7z. TGF- B 1% JEH 1 £ bk
T HERE 2 Hi D growth factor T % 7. ksabEEICEH
WTCRMERNS AR R IC@ < DY, KR a @B Eig
Ul DRRMEL ZHE =, IRt RE N e 2 ikl
%key molecule b ZZ 5N TWV5Y. HLOBRHFTL
2 HOERIN 5 LA X TIETGE- B O EEF
AR SN, THUIBHRGULE IS % HERE
HERRRICRY TS EZbNT. FMICHGEE 13
MCh Tz THREMEMPARD SNz, EBYH 50
RPN & 3 2B EE, BHgORETICE
W TIEHGF O FEBIE MM GR S & 1™ i ag (R
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Fig. 12. Quantitative analysis of interstitial fibrosis by
light microscopy. Fibrosis area in blue in the MT stained
section was measured quantitatively by computer-assisted
image analyzer. It revealed that the supplement of dHGF
significantly prevented interstitial fibrosis.
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Fig. 13. Life Survival of the nephrectomized mice in TGNx
+PBS group and TGNx+dHGF group. Life-table analyses
are presented as Kaplan-Meyer plot. The survival rate was
significantly improved in the nephrectomized mice treated
with dHGF in TGNx+dHGF group.

ERT %1Eh, MEHEBOBEICHSTSEE5DN
T3, BRI, BBV O mEmE, A
K2 fi i@, macrophage 35 X U mesangial fffl il AN HGF 7%
FEAE L, PRANE L REMRE 35 & U N B2 HlE > mesangial
R E & D cMet 2381 LTI D Z OREHIIE & 72 D
5 % FRANE Rz R LU C HGF 13 anti-apoptosis I
YERS % **Z A, mitogen™®, morphogen™ & L T
DIEHEH O, DMEIRMEEEZ F-5WEL T 52
PEE A4 model i K™ 5 AR (RFE I K UTBRIBERN R A VE

Fig. 14. CTGF protein expressed in the remnant kidney of
TGNx+PBS group at 8 weeks after the nephrectomy. CTGF
protein was localized in the tubular epithelial cells as well as
interstitial cells (A). No signals were observed in the negative
control (B).
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AWFZE TR AT B RHMEAL O AT 2 5E Al 2
parameter & U C I E O AR HEL W T ICE NS 3
extra cellular matrix (ECM) O —DOT®H % al1( 1)
procollagen mRNA" Z i fH L 7=. L L, AELKH
B2 588 % B itz 2EE H £ TOBEMMKICB L
T IRANE [ ISR R B ER D B NS, TGF-
BHGF L [k, BRMEZNISROGNS al1(])
procollagen O FE B & & B R AL iE 1S 0 d % PR E1E
WREEBRLTNWS EEZ LN

B 1 2 2 1C — FZ control leveliC F T 9 % TGF-
B, HGFO¥H &EIZ 4B LIRHCEMER & %0,
814 & peak ICBHEE TIFD 12% X THE X & E
AR > Fz. Wi growth factor & & B T2RE % & 1FIFE
A OFRETHEZRBOARNC D Tz > TR L TV 53,
C O a 1 (1) procollagen mRNA D FH 7T 1Z 32
HHNT, FERICOR U D B (L DT & 58
SNz olz. Datald/mE 72 WART-PCR, RPAZH
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WG T, TGF-3, HGFO®E EAN R 5N % &
a4 % LI% &, TGF- f receptor type 1, I B &
U'HGF receptor/c-Met D FHIHIZFRD B Nixh -
7z. T ORITGF- B DRz A Blic ot L, Rk
FEEAN N H 5 % HGF WY TGF- g OEFIC P L,
B ERHE(LHNHIPNCHER L TV A RIREMENE 2 5Tz,
HGF O AR L HIHI R R DOV TRER & LT,
1PEB PR model IC S KM 7 & — BE(R A mouse 72
W, HGF O 5. 23TGF- B By Pl ok 2z js ) & 4,
PRANE PR, RIE\Dtype I collagen itz i L 7z
EWVWSED?, HBUNZ5/6EEratic 34T anti HGF
antibody D5 WEHRME L Z HE X Bz W0 L ON
B3, VEMBT L LT, HGFOMMBMNTGE- B DFE
HZ2MHl L, TGF- I X 2 /RHE LR AIE, MNEZHI
@ @ apoptosis & I, & SICHEZEET B2 T
7% <, TGF- I & % fibroblastD Ji& & iz 42, ECM
AT NHIT 5%, 3 % I alpha smooth muscle
actin (a-SMA) B 1 FR #l & L Bz 1< /F H U matrix
metalloproteinase-9 (MMP-9) B L &0, tissue
inhibitors of matrix metalloproteinase-1 (TIMP-1) p£E
ZH# L ECM O degradation Z {23 % £ 115 & O
HEInctnz®™. LhL, TGF- BIGHEHETH 2 1
' M macrophage, fibroblasts' (& c-Met A EFBH & 1 C
B59, o -SMARGMERME FRIGHRZE DM —EBIC
L ohzn?. £z, BROETIVICENTIE
HGFOFEMNEIN L T & TGF- g HEBIHH TN TEH
579, TGF-B¥8i& a1(1 )procollagen DFEH & &
FHAL CTWiahoTz, Lo T, D EElED
RAHE( LR BLE BRIC 351 5 HGF O TGF- B {EFH DR
WKL CIERBHFORFII L T E 550, £ THA
13 CTGF” 12 {1 H L 7z. CTGF & promoter 7815 | TGF-
f3 response element #+% 5 * TGF- B & & & IHHE(L G
HOIK, HEFEHCIET %Y. A DETF VIO TH
1EBIC R B CTGF OFH L B i 8F R 7% 1 peak 72 72
&, DI L 2 511 control level £ 72 0, DIF% 12
B%ETH ERZESDE >z, a1(1)procollagen
OFBZLLUITLTED, SRR OET 2 HIE
'§" % key molecule DR[FEMEN D B LB Z BTz,

ARAE L B DT B 1 RV O R SF R 721 T
CIRMLU TL 2 RIAEMAEE K OTEMEE U2 JRE L
AR DR S5 DA R TH 5. 1EMAL Uiz RAE B
MM IZTGF- B*°, CTGF"™*? % & s profibrotic growth
factor 2739 5. FIZIRME LR ML e Met 78 B
MiTdH v DB 51 % FE R HGF ORI T
H5. WLIETGF- I & DIEMEL UCTGF Z AT
B PRANE ERMIBICHGEWMER % C & T, MERR
MELF A D ECM PE A 22N N 5 &0 5 kG 72 3%

T, FRAE LEAIRE (PTEC) /BB AR EDEHIY (TFB)
HEEERE AN THE Uiz, Z0O/ER, H1FET 5
E ERZHIIIC K > TTGF- B BUHFIEL N Tl B A
RO ECM EAMMMEE ST N, £TGF-B, HGFi:
R T T ECM EADNZHICHIH S Nic. HiER =
REDLEMN D, T OFFHIIZHGE O BB AR A
NOBEFNRTIE RN &, Fiz, anti-CTGFHifA%E
AW Eh 5, TGF-BIC X - TRAME I
HEE NS CTGFH B Z M9 % Z & A, HGFDHi
FAEIEERB P O—5CTh A T E WAL M E RS .
CTGF OFHHMHIK+ & UTTNF- o * 38X 0 cAMP®
MWHIENTWAH, BRI TIEHGE & OH A B
DNTOHREIFZFED SENEW.

DL EO®GETD 5 TGF- g & HGF O HUEH 1& CTGF
DRBEDZELZ /T % a1( 1) procollagen D FEH
mOZELE UTHNBBENEDND S EEZEZ DN
BATHEEIC BT % MET Tl H % HAfrican American
l& Caucasian American & D [fil 1 D TGF- B, iEEN
&< " African American I end-stage renal disease
(ESRD) OBENEWIHKDIDEEZ LN T
%. F T THZIZTGF- B TG mouse = T A&
ICTGF- B DIEH Z AL & LIz H DB IRZE DZEAL
Rt U, A28 W7 TGF- TG mouse™ O
genetic background (& C57BL/6 £ CBAD M T H O
E—Ti3 %<, BERBOB MM OME TR ICE A
MEZE T &h, Bz OIETHRIDMEMAIC K
DREL G >TEHHEEZ ENS. EAA IR
B OMEHT XL, TGNxEE T i3 B i 430 5 1% LU
ICCTGF, a1(1)procollagen FIITLHEN R 5 1,
DUR, FHARAT R L& B C DT DERR S ke,
Transgene K D TGF- g D A T B AL I T TE
9, £z, WINxHETEERD 5N B4R
DFRAFEIC B % TGF- B OFEBITTHETZ V) TIE B ARk
{EAEHERD 13388 5 Nz, Transgene 3 % W E R
FTHHRDTGF- B DIEH 271 TEELT % T LIS INEE
TdH5h, TGF-B DIEH DR 7 REE Tl in vitro T
DFEES & FEk, CTGFORBITHEZNA L Tal(1)
procollagen 7 BI & DM I U B ARME(L D HEI T L 7z & 55
ZbNrk.

ZZTHA4IE, TGNxBHC KEDOHGF 259 %
C & T, TGF- B L HGFOFHZ#EHiE ¥l hto,
CTGF, o 1 (1) procollagen # I & 35 &k U B f k(b
IO R % #iEt U7z, dHGFIZ HGF @ — iffiamino
acid VKR8 U Jevariant Th % 5, AHIEMIEHGE &
AL EINTVS. HEEFICHT ZMETlEdH 20
~7.5mg/kg 51T\ T2 % F CRICH IR LIS,
AN EAKAFIIC transaminase D N HE RN R 2 58O T &9
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ZMEND BT, £, GELANORS Tk dHGF
W BHUAMGD FRIFEWNE TN TUWS (personal
communication). TGNx+ dHGFEEC T 28 T,
AN 542 TR (B Hi6AMZ) OREFEEICE T %
CTGF, a 1(1) procollagenF¢HIEIZZHICHIFHIE N,
BFRRME LI DM/, EFROYEDNRED BN,
dHGF 5DV EHGIC X 0 4 U % BiE Lm0 12
g 2 & THEFROEEZECTEDEEZEZI DN
7z. HGF O HUREHEILER 2 )5 H U 72 FFR 28 E 1S 5 d
L 0, MmEF AN 2 IS Uz B2 8 R
{EREISHT S BIEE 2 Ic DV TIE, $hRMAREG D
7 E N, HGF & & il R IS H Vi W growth factor
DUEDTHY, Btz 2T 2EBEEr 22D
target EEZ 5N 5.

Mouse 5/6 & fifmodel = H V>, TGF- f & HGF D %
PUEH &0 5 Bl & BRI ZE DL IS DWW TR
L7z, ZO/E, TGF-Bilc k> TiEMHEEI NzIR
ME LRICEEE I NS CTGFREZIHT % T & T,
HGF 3§ L/EHZ E U B T E Wb E Tx o T2,
AR LR BT AR IC B WV T, TGF- B £ HGF DfE
F balance N R #HE L K2 i fdic 315 % CTGF D ¥ B &
DALz ST LT a1(1)procollagen D F B & & Bl &

LTHY, HGFHRGIT X O B RAMEICHE T HIHI AN I1E
TE5%.
I

AW 2 £ LDHBHICHT- DS, Hin/nzlzuv
72 5 R ERE R A i PN ) B FH S — G Rl 7% © IS =
B0, A AR E A, KRR AR E
FRWGERIINA A AT ¢ IVBEWS Y 2 — A
(LB TP — 2082, B R AR EB JE B i  hte
RNSER A B IR BER, R EMOKE BhEERIC
ATz LR . RBARIED —EBIEE 44 [0 H A E
lgF 2> ke 2 (FJ1l, 2001), 568330 K E B g 2E S
(Chicago, 2000) 35 X UERE 2 (San Francisco,
200D ICBWTHE L., AW 11EVESE
RE X OISR E O EZIT TV 5.
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