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Hepatocyte Growth Factor Attenuates Reactive Renal Fibrosis in Aristolochic Acid Nephrotoxicity
Yusuke Watanabe (Department of Nephrology, Saitama Medical School, Moroyama, Iruma-gun, Saitama 350-0495,
Japan)

Despite the diverse initial causes, chronic renal disease that progress to end-stage renal failure is a remarkably
monotonous process that is characterized by the relentless accumulation of extracellular matrix (ECM) leading
to widespread interstitial fibrosis. Hepatocyte growth factor (HGF), originally identified and cloned as a potent
mitogen for hepatocyte, shows mitogenic, morphogenic and anti-apoptotic activities for a wide variety of cells
including renal tubular epithelial cells. And HGF has been demonstrated to attenuate acute tubular necrosis and
interstitial fibrosis in some of rodent models of kidney disease. But the mechanism of anti-fibrotic effects of HGF
has been poorly understood in detail. Then, using HGF transgenic mice, we investigated how HGF could affect
chronic toxic nephropathy/interstitial fibrosis caused by a nephrotoxin, aristrochic acid(AA). To find out molecular
mechanisms of anti-fibrotic effects of HGF, cultured murine tubular epithelial cells (mProx24) were also employed.
Significant tubular degeneration was observed both in the transgenic and the wild-type mice to the same degree
after 2 weeks’ treatment with AA. Interstitial fibrosis subsequently developed in the wild-type mice 4 weeks
after cessation of AA administration. However, the transgenic mice manifested less fibrotic changes. Decreased
expression of tissue inhibitor of metalloproteinase-1 (TIMP-1) could partially account for the attenuation of
fibrogenesis in the transgenic mouse kidney. HGF at 10 ng/mL and 100 ng/mL could block TIMP-1 gene
expression in mProx24 induced by epidermal growth factor (EGF), but a decrease in the number of mProx24 via
apoptosis induced by AA was blocked only by HGF at 100 ng/mL.

In conclusion, circulating transgene-derived HGF (2~10 ng/mL) could not prevent tubular degeneration caused
by AA, but facilitate its regeneration without significant fibrogenesis. These findings suggest possible therapeutic
efficacy for renal interstitial fibrosis following tubular degeneration even of low-dose HGF.
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fangchi ICF XN 5 AADEEEZEC Lz & HHH
hhkizolz. TDO®%AAL, T FBXUTHFIC
EPEMENEE RSB X OMEMRE L2 &R L, o b
EHOIZEEBEARETIVO—D LD 5 5HIRE
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—7, WHEAER & LU THE X 17z Hepatocyte
growth factor (HGF) (S HFHfE LI D Z FEF DI
HNLTHE2EREHERZR O ENHENEE S
TWV3. BiflcBWTE, MBS, SN
MifE, ~ 707 7 —YB XU AYF T LifEh HGF
ZRERE L, PRANE LR AE I K O iE N IS A
YFY LB S ) HGF OZEIATH % c-Met 25
HLTHY, ZTOEMMEAZ"Y. BEERmE b
Rz #ifa 7z V7285t T, HGF HViE FERE S P ik 72 55
L morphogen & U TDIFHZHFDT LARENT
B0 FEH7R =Y ZEHARY?, mitogen™ ¥
ELTOEHBME SN TV S, 2UERINE BEE =
Fl2RELTZ2AMEBEAEETTIIICEWVT, A
2 B HGF O 513 iic X % BhE 2R %
WEMD T%L, ZOREZERET Z2HENIHENT
WA F 4, HGFIC & 2 8B R
FIROMEE N DOMRDEN, ZTOKFELT
transforming growth factor— 8 (TGF- 8) & OFfEHUEH
P17 R b= AR, Ml RE S R IEEER R E
PREEN TV AD M SN TRV, % 7B
TOHUE M EARMECAERICE L T, 500~1000 pg/
kg body weight 1 Nz 5K E DAL 2 B HGF 7 85[0]
IR G2 HEDESNTVBN Y, SEHIFHERNE T
OE—X— NS OMFET HGF Z#EEdT 5 FF
AV Zw I UATIIESENLH T 575, HGF
DWELIMEINTVSY, izt MEEBEASIIE
RITHEITT ZIEETDH O, HGF OB RS
E L TCORRSHICERL, fHAHHZ M HGF Z2 M
WD BRI G592 D Td7E L, ERNTOERT
FHHRICK % HGF Kt i K O HETH D E X
5N%.

Z T TARMFRICBNTHELIE, 7 A AA hEi MR
JEE 7 )V (aristrochic acid nephrotoxicity, AAN) 7 I/l
IZHBWT HGF WEFICHE L, 2~10 ng/ml & &
IR 7LD B FRpi ISR ERRIC i E TV % HGF
NI VAT 2=y 77 AR UTERL, RME E
R HIRZE M4 & O RO T ERHEL, Iy SR
ISR B8 MEKIEEE HGF Oagsh izt Uiz,

B &
ENE T IVDIER

HGF F VAV 2 =w 7T A HGFTGY YA,

FVB background) (& SHOR A ZHE AR HIE

TAEXOVEBEHEAREBLTCHOEY. ¢o
HGF TG < 7 A (& albumin enhancer/promoter-HGF

5 il

c¢DNA @ & 8 1z %7 ]V 7z microinjection 7% 1 K&
D 8 E N, hetero #% & A HGFTG ¥ 7 X & i
A= 71 FVB strain (wild-type< 7 X : WX 7 X )
EDORBIC K> THEFRFMIR S N, FHROEA
BE T ORI, <7 XAEH SO DNA MY Z
polymerase chain reaction (PCR) {£IC T{75 7. Primer
L U T TCTTTGTGAAGGAACCTTACTTCTG # X U
TTTTCTTGTATAGCAGTGCAGCTTT 7% ff \», ZA £
HUC1y, 7=—V 7 55C1oh, MET2C1y
DY A 7 )L 7% 35 [\ T PCR KIS Z 1TV, PCR EEY)
2 1% 7 A0 — A7 VI Tk USRI FOf itz
g L7z, 2O HGF TG <7 A0 HGF i WT
SYRAEHARTHREICEMTH 572" (2~10 ng/mL
vs MRIRELL ). 6~8 BB DM HGF TG < 7 A
BRUWT v ZZEAEFE R & 3 KR T
flE L. WIRYAZHWE PFERICHBNT,
aristrochic acid (AA) (Sigma-Aldrich Corp, MO,USA)
4 P A KIS AR L 5.0 mg /kg body weight/day
2HEMHEHEREANR G 2T T A, BEEELT
R EHZRETICHD D RIRME D2 %%
ELETE X KE (A5F KU 50 mg /kg body
weight/day) @O AA IZZFETH D, 5.0 mg /kg body
weight/day Z &5 & & Uiz, MEREYICITFEDE
HEHkZzEHBEENRS Uz, SZEBREY & oo idH)
W3 S2ERBARARE (aristrochic acid nephrotoxicity day 0,
AAN DO0), 2 [ # H AA % 5. # 7 Iif (AAN D14),
54k 18 (recovery day 7, REC D7) 5 &k U
4 % (REC D28) TR 5 P89 Dk LEfHik®
KX UIMKRZREL 7z, —D OBl id RNA i Hiic £
L, /7&#MY) L 4% paraformaldehyde (PFA) in
phosphate buffered saline (PBS) I CEE L7z, & T
OEYIFERIT IR K ERR LI SRR E B R ORKGF 215
TeDb, BY)SREREHCHEILL TTro 2.

mFEE{EFRE

FERRHIC IR IREE D B BRI Z 17V, I creatinine &
glutamic-pyruvic transaminase (GPT) {EZ EH &€ 25
(FZA47%7 L3000, &+ 7 4 VL AT 1 VA4,
HEO ICTHIE LTz,

oy e ok il

4% PFA in PBS [& & ¥ # #% paraffin @ M block
& D hematoxylin-eosin (HE) #* {4 ¥5 X U Masson’s
trichrome (MT) Jaz170, FEREGHIHAMIAZTSTZ.
MT #ett | ORRHEL SR B D FEAM 1E 200 53 N THREME
BB U 72 20 HEFIC B W7 o T2 WE A S ) {5
% computer | HX O A &,  [H] 15 WL FE software (Mac
SCOPE, = A Hrkatt, ) 72 F UV EriE b s
ZEmitUle. ZOFE, #HEFICE XN RRKEB LT
R %13 subtraction WLFR L 7z.
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SR EIEE

FREY U 72 Bl 7% 4% PFA in PBS T 4°C 5 W[ [ &
D%, 20% sucrose-PBS I Tiwid, Tissue-Tek O.C.T
compound (Y7 ZHEHEMRA S, B0 1o, Sus
HifE Uiz, cryostat Z FHOT 4 um iYL, 1 RPUA
& L T fluorescence isothiocyanate (FITC) -conjugated
mouse anti- @ -smooth muscle actin (@ SMA)
(Sigma-Aldrich Corp) , rabbit anti-fibroblast specific
protein 1 (FSP1) ¥ X U anti-type I collagen (Col I)
(Monosan, Uden, Netherlands) % i 7z 2. 2 X i
f& & L T FITC-conjugated anti-rabbit IgG (American
Qualex, CA, USA) 3L URhodamine-conjugated
anti-rabbit IgG (Chemicon International, CA,USA) % i
W, iffite LT 1 Rbikzdnizt ozHvk.

SRR L EREE

4% PFA in PBS [& & B #Hfik paraffin 71 block & 4
pm < Y], [ paraffin QLPE D%, & H 7 iR EEE UL
P (Proteinase K % i 20 77 [#]) 3 & U microwave il
EVILEE (100°C 5 7)) IS CHUFRIIE 2 > 7z. PBSIC
TUEH D%, 0.3% it 1 k7K £ methanol WLERIC K 5
T N A 1 peroxidase 7% PE & A~ 3G 1L U 7z. 2% skim
milk PBS 74 i 1C T 2 I 60 %7 [ prehybridization 0
%, 1414k & LT goat anti-mouse TIMP-1 antibody
(G-T Research Product, MN, USA) =15 60 7R, 2 &
Fifk & LT biotin-conjugated anti-goat IgG (Chemicon
International) 2= {fi 60 77 ff] ) J& & 4, avidin-biotin
complex (ABC kit, Vector Laboratories, CA, USA) ZEi&
307718], 3-amino-9-ethylcarbazole (AEC standard kit,
DAKO Cytomation, CA, USA) I THt1%47 >, hematoxylin
ICTREGRE LR AZ T T2,

Gelatin zymography

BHHAE T O matrix metalloproteinase (MMP) {51t %
FRETd % 4, gelatin 725V & U 7z gelatin zymography
(BT F A EEBXKEIF Y &, VA R pF5EAT,
) Z17 - 2. Hg U 72 B #% 13 sample buffer
(50 mM Tris-Hcl, 2% SDS, 10% glycerol, pH 6.8) %
AWTHELL, BREIE4CICTS5aMELL,
EEZEAMER E Uk, EHE 2 E Bradford i
(Bio-Rad protein assay, Bio-Rad Laboratories, CA,
USA) 7z 7z, % B 15ug D HEH % 0.1% gelatin
4 12.5% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) I T/ 8t L 7=, 37°C
ICC 30 Wy B% & < b, Coomassie brilliant blue 7% ff]
WTER30 THEEARAZITY, EARGBING
A o 7z % band % NIH image (Ver.1.62, NIH Division
of Computer Research and Technology, MD, USA) 7%
HnTEga Lz Bt e LT human ProMMP-2,
MMP-2, ProMMP-9 7 f\ 7z,

IBE

B~ T A RS R fi Y (mProx24) &
PR 2 BRI gt v 2 —E S K D
L5 TEZ ), growth Medium (Dulbecco’s Modified
Eagle Medium:D-MEM, 10% fetal calf serum (FCS) ,
100 U/ml penicillin, 100 pg/ml streptomycin) I Tk
AR U, it 5.1% 5~7 IR O R 2 FE BRI Fl 7z
6 well plate (100000 fiil/well), 4 chamber slide (30000
fil/chamber) , 10 cm culture dish (400000 {i#/dish)
B8 U, 12 I R1%1C resting medium (D-MEM, 0.5%
FCS, 100 U/ml penicillin, 100 pg/ml streptomycin) \2&
Hal, 12 FF#1C recombinant human HGF (rhHGF),
(R&D Systems,Inc. MN, USA) HV i &2 10 38 X O
100 ng/ml &7 % XS5, 48 HEf#EZIC AA (6.0
g/ml) ZSZERBRICENIN L7z, AA RN 24 RFR1£1C 6
well plate TH5# U 7zl Z2 [B1IX L 0.04% trypan blue
T hHMRE L. Mg 4 % HGF OfFEH
ZAANB 128, Tt NIV Z hemocytometer I
THho Y Ui, £le—EOMidld HGF O mProx24
VX9 % BREEHERN SR 2 MET 9 % 7o 81 AA IRINE T
W L, Mgz > s Uiz, 7R b= A0
11 1Z, 4 chamber slide THE LD 7 R+ —
> A7 terminal deoxynucleotidyl transferase-mediated
dUTP-nick end labeling (TUNEL) i IC T #i th L 7z.
7R — > ABEE O Z L% western blotting
FEICTHHT % 78, 10 cm culture dish THEE L
il 5, EEHZHH L. £7ZHGF O tissue
inhibitor of metalloproteinase-1 (TIMP-1) J&{xFD¥E
BINDE 2 it d 5728, [FAkRIC mProx24 7 12 IFf
[t resting U7z1%, HGF &AL 10 38X T 100 ng/ml
s hn & A IF I recombinant human epidermal growth
factor (thEGF) ( R&D Systems , Inc.) % FA&IEEE 100
ng/mlic7x% X5 UL, 3HEHI%IC RNA ZHiH U7z,

Western blotting %

[BY U 7z mProx24 (&, 41 L 7z RIPA lysis buffer
(1% NP40, 0.1% SDS, 100 pug/ml phenylmethylsul
fonylfluoride, 0.5% sodium deoxycholate, 1 mmol/I
sodium orthovanadate, 2 ug/ml antipain, 2 ug/ml
leupeptin in PBS) Z HH W T Al{a{b L, TAfRIRIE 4°C
THoM=ELL, EEZEAMEKE L. EE
iE & Bradford 2 W07z, S BE30ug DEHZ
12.5% SDS-PAGE I T 47 8 L 7z ¥, nitrocellulose
membrane Nz 5 L, —XHi{k & L T anti mouse
Bcl-xL, Bcl-2, Bax #/ifA& (Santa Cruz, CA USA) =i 12
WERY, 2 itk & L T alkaline phosphatase conjugate
goat anti mouse IgG ¥ifk7% 1 BRI L X B izt%, L%
¥ ¢ ¥ (Immun-Star Chemiluminescent kit, Bio-Rad
Laboratories, CA, USA) %= W\ CTHaH L7z,
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cryostat C 4 pm IC Y] U 72 BBV B KT
4 chamber slide TH5# L 7z mProx24 (X, 4% PFA IC
T 4°C 5 BRI E L 721 0.5% Tween 20 7§ R L=EiR
kf 15 57 [ Uil OB M 2 ST & B 7z, RSk

TR D14 37°C 60 77 [ terminal deoxynucleotidyl
transferase (TdT) &Jix (MEBSTAIN Apoptosis Kit,
BRR S E 22 A e, % RE) 21T\, fﬂﬂﬁ'j
N D% BT % Wi (k. DNA @ 3'-OH K i &5 79
FITC-dUTP Z#&& & 4, ﬁi‘éﬂﬁﬁfﬂcgféﬂmbt.

Ribonuclease protection assay (RPA)

5 U 7o B kTS & Rl & TRIzol (GIBCO
BRL, NY, USA) 7 fl > C total RNA Z fili i L, &R}
L U 7z. cRNA probe & kI W 7z template 72 LA~
IC 78 9. glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) (114 bp, 673 to 787 corresponding to
rat GAPDH) B3XU TGF-1 (255 bp, 500 to 754
corresponding to rat TGF- 1) & #7 i K 2% K 2% B¢
[ B 748 T I 22 RS I B T 2% 1 e o s B2 O Y
I AKE Bz & 0 it 5 T 7z TIMP-1 (737 bp, 1
to 737 corresponding to rat TIMP-1) & 3 31 K % &
b2 T 2 P 95 T 27 T 2 350 o] 1 PH 7 1 &k O it
5 TH W 7z. HGF (252 bp, 963 to 1214 corresponding
to rat HGF) 33X U a1 (I) procollagen (285 bp, 625
to 909 corresponding to mouse a1 (I) procollagen),
epidermal growth factor (EGF) (236 bp, 2700 to 2935
corresponding to mouse EGF) (34%(=E Creverse
transcriptase-polymerase chain reaction (RT-PCR)
#C THUEE L 7. ¥#P-UTP label L 7= cRNA probe
& 10 ug O total RNA 7% 45 °C, 16 I ] hybridization
D%, ribonuclease A (1.2 ug/ml) 35 X Uribonuclease
T1 (120 U/ml) T 30°C, 60 73 [EALEH L7z, Proteinase
K (0.45 pug/ml) 37°C, 60 77 FULEHIC T ribonuclease %
ARiE{E LU, Ethanol ¥k IC THEHI#%, 6%acrylamide
725 M gel & F W T protected-band 7% 77 #f U 7z.
—80°C T3HA 5 5 HI X 7z id =i 8~24 Kl
T autoradiography D%, film % i% i ! scanner T HY
DiAFH, £ protected-band % NIH image %= > T &
L7z % mRNA ¥Bigld, GAPDH & Ot THHE(L
L.

st

AP OfEIF AT EHERE TR D Ui, &8
R D ¥ 7 1< 1 analysis of variance (ANOVA) 7% H W,
F27E & Bonferroni/Dunnet’s i2:7% i\ 7z, #iatEHEIC
13 StatView (SAS Institute, CA, USA) Z{difH L7=. f&i®
5% A& et N HE R A L.

5 il

fm R

1) AAEH 2:BRRE5#E TR (AAN D14) TOE5T
HE 2 ER D AA K5I XD HGF TG XU AB KU
WT <7 AR5 7 PRANGE bR Al O 28 P hvaR
EMK UL LEREGEBRERELEZDOEBHICE
bl o 7z (Fig. 1a, b). 2 U RS LR 0R
-in ERHOEDSPIYE Uz BRI I BB K U
BV DN K N RAIE ICIE L Tz, £
TR =V RAERC Ul MR XU —5BOME
HIlEDOR%1Z, TUNELEIC K > ThRfiickmt E Nz
(Fig. 10). M BE/KZHREG I NI MIBEE L HEig L,
AA P2 572323 7= HGF TG <7 A & WT <7 AfiEED
M7 creatinine {HIX GBI EETH - Tz (SZEREERT
FEREWT <7 Z : 1.1£0.3 mg/dL vs 0.3+0.1 mg/dL,
p<0.05 HGF TG ¥ 7 A : 1.1+0.3 mg/dL vs 0.3+0.1
mg/dL, p<<0.05). W#EOIME GPT Hid Lic Bl %
RS Ehotz, D EXEH 2 MO AA 5 T
i (AAN D14) TOIRMEMEWZE, HGF TG ¥
AEWIRUATHEETHS EEZ 5N

2) AARE%Z4BHEEHAZS L RR (REC
D28) ThO#&s

AABEHR& T A OREREZELS £, WT <
T AT IRANE FR2 D U & 3L B R AR b
%42 U (Fig. 2a), FSP1 & 7z o SMA F& 1% o & Hl
Ha 5 75 2 HE R O JRIE JE P& U < ISFEE OFRHE L
(Fig. 2¢) *® type I collagen D& (Fig. 2e) Z4E Uiz,
PRANE FR OFAERFERETH - 7h, HGF TG <
AWFWT <7 R L i UBORRMEMNEZbIE K 0 g
T» Y (Fig. 2b), FSP1 % 7= 13 o SMA B3 1 5 & A i
WS DEHALEHEE W R LR U TH -
7z (Fig. 2d). % 7= type I collagen D&/ & X 0 X JEF
TH -7z (Fig. 2f). MT Heta T ORI EMHE L FE &
(%) TlE, WIYURXLHKELUARICKETH- T
(6.7+1.0 vs 2.00.3, p < 0.05) (Fig. 2g). FEAHEK
P Ut BREECIE, 1.0£0.1% & AAN DO D5
CHBERRZILZEA D NI 5 T2, Il creatinine fE X
WL~ ALl HGF TG ¥ 7 A BT X O K
WEMD RS S NTh, BEAE AN -2 (04101
mg/dLvs 0.5£0.1 mg/dL, n.s.).

3) B4t a1 (I) procollagen, TGF- 31, TIMP-1,
HGF, EGF mRNA ¥IED#&5¢
B AGELFHEOEE HGF OIFFEICE b 5T,

RPA IC TEAHFE CORMHMEILEEE S FTH S al (D
procollagen & TGF- 1, HGF % L T EGF ® mRNA
FH L)V FZERARM (Fig. 3a,b, d BX U D ZEL T,

WT <7 R &g LU HGF TG < 7 A CH B2 bId
LN nolz. £7- EGF mRNA OXBIE, AA#RE
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Fig. 1. a. AAN in wild-type mice at week 2(AAN D14). (HE stain, x 200) b. AAN in tg mice at AAN D14. (HE stain, x 200) Focal
disappearance of tubular epithelium in the kidney (arrows) was seen in both groups, whereas the glomerulus remained intact.
c. Apoptotic cells within tubules of AAN in wild-type mice at AAN D14. TUNEL-positive nuclei were only seen focally. (FITC, x
400) There were no significant histopathological differences between the wild-type mice and the tg mice at AAN D14.

Fibrotic area (%)

ol
wild  Tg
AAN DO

wid Tg
REC D28

9

Fig. 2. Reactive interstitial fibrosis in AAN after cessation of AA administration (REC
D28). a, b. Collagenous, fibrotic changes were seen in the peritubular and
perivascular interstitium in wild-type mice (a) and tg mice (b). (MT stain, x 100) c, d.
Dual immunofluorescence (IF) of FSP1 (in red) and o SMA (in green) in wild-type
mice (c) and tg mice (d). The number of FSP1" interstitial cells was significantly
increased in wild-type mice (c) compared to tg mice (d). (Rhodamine & FITC,
x 200) e, f. IF of type I collagen (Col I) in wild-type mice (e) and tg mice (f). The
accumulation of Col I was more significant in wild-type mice (e) than tg mice (f).
(FITC, x 200) (a, b, ¢, d, e & f at REC D28)g. Quantification of collagenous, fibrotic
areas (in blue) in the kidney of Fig. 2a & b. Each value represents the fibrotic
area as a fractional percentage of the tubulointerstitium. There were no significant
fibrotic areas in both groups at the start of AA administration (AAN DO0). However,
the fibrotic area was significantly increased in wild-type mice 4 weeks after
cessation of AA administration compared to tg mice (REC D28).
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Z1ko 1EBE, MO B0 TTHENR SN
7z (Fig. 3e, f). FIHEMYIC TIMP-1 mRNA 38ii1%, HGF
TG X7 ACHBWT AA #5421 1% (RECD7) I
WT =7 X &g LRI R L7z (Fig. 3¢, ).

4) AA 5% 1 BREEEREZ H UL RR (REC D7) O
EHHETO TIMP - 1 EERIRE KU MMP DRSS

% T C REC D7 ORI 31 2 BHHAK T D TIMP-1
HEHFREB XU MMP G125 Lz, REC D7 O
AT, W~ X &g LU HGF TG ¥ 7 A DJR
M _FE T TIMP-1 & OFBIIFEIICHIH SN T
W7z (Fig. 4a, b).

% 7= gelatin zymography T (& ProMMP-9, MMP-9,
ProMMP-2, MMP-2 {% 1% 7z 3F i 7] i T &H D, REC
D7 DT, WI U R &L HGF TG 7 AU
BOTEMMEDO MMP-9 WG ARICEAFLTEHBD
TIMP-1 EHEHOFREUK McBEHTA2HMA TH -7 (1.6
+0.2 1%, p<0.05) (Fig. 4c, d). L X b HGFTG =

a
S T R R e e

-y
EBEREEESEES o
,

L s D e PR g e

~ al(l) procollagen

b

TGF-b1

TT SR OEm o vTT OB OIED GAPDH

Cc

e TIMP-1

GAPDH

HGF

GAPDH

e
]

Wild Tg

EGF

GAPDH

Wwild Tg Wwild Tg Wild Tg

AANDO AAND14 RECD7 RECD28

4 i
A TN IEE DO i e X N, B ERRHEE D
flEnizeEZ 5Nk,

5) HGF O mProx24 |ZH\T 5 I85E(EEIER DR

HGF OHURHEIL/EH O 77 TR 2 5 M cd % 7z
B, i~ ZENKME FREHIRE (mProx24) 7%
Wz in vitro DG Z21T7o 72, 10 X T 100 ng/mL D
HGF &, subconfluent 7 KRE D mProx24 1% 7z {2
HE L 7z (Fig. 5a). AA 5.1 & % mProx24 fHaE O3
/D%, HGF ¥ 100 ng/mL T 48 RERARTULIEIC X -
TOHAEX N7z (Fig. 5b).

6) HGF @ mProx24 |CHF 37K b— XA{ERD

AA B 5. L Helg U, AA ¥ 5.1 HGF 15 100
ng/mL O Z1T5 & TUNELEIC TSNS 7
B — R A EICHEAD L, HGFIC X 0 Rl
E LR 7 Rk — ZApHE & N (Fig. 6ab).

a1ColImRNA

TGF-b1 mRNA

TIMP-1 mRNA

HGF mRNA

EGF mRNA

Wild Tg Wild Tg Willd Tg W;Id Tg
AAN DO AAN D14 REC D7 REC D28

Fig. 3. Renal gene expression of a 1Col I, pro-fibrotic and anti-fibrotic humoral factors in the AAN model mice. a. ¢ 1Col I
mRNA expression. b. TGF- 1 mRNA expression. c. TIMP-1 mRNA expression. d. HGF mRNA expression. e. EGF mRNA
expression. f. A quantitative densitometric analysis of Fig. 3a to e. *means a significant difference from wild-type mice of AAN
DO. In spite of HGF derived from the transgene, tg mice expressed o 1Col I, TGF- 1, HGF, and EGF genes to the same degree
as wild-type mice throughout the study. In contrast, the gene expression of TIMP-1 was significantly lowered in tg mice 1 week
after cessation of AA administration (REC D7). In Fig. 3a to e, a representative blot selected from 3 separate experiments is
shown, and the densitometric data in Fig. 3f were obtained from these 3 blots.
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Pro MMP-9 —» *
- o
MMP-9 —» £ )
8 *p<0.05
@
Pro MMP-2 —» % 14
[}
2
MMP2 —» g 0s.
[+
0
Wild Tg
Wild Tg C d

Fig. 4. TIMP-1 protein expression at week 1 after cessation of AA (REC D7). a, b. TIMP-1 protein expression was suppressed
in tubular epithelial cells in tg mice (b) compared to wild-type mice (a). (AEC, x 100) ¢, d. MMP activities in the kidney at
REC D7. c. Gelatin zymography showing renal ProMMP-9, MMP-9, ProMMP-2, and MMP-2 activities. The density of the
lytic bands of MMP-9 were the most significantly expressed. Renal MMP-9 activity was significantly increased in tg mice
than wild-type mice. In contrast, there were no differences in other MMP activities between wild-type mice and tg mice. d. A
quantitative densitometric analysis of MMP-9 activity in tg mice and wild-type mice. Fig. 4c, a representative gel selected from
3 separate experiments is shown, and the densitometric data in Fig. 4d were obtained from these 3 gels.
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Fig. 5. In vitro effects of HGF on murine proximal tubular epithelial cells (mProx24). a. Promotion of increases in the cell
number of mProx24. Both of 10 and 100 ng/mL of HGF significantly enhanced mProx24 proliferation. b. Prevention of
decreases in the viable cell number of mProx24 treated with AA. 100 ng/mL but not 10 ng/mL of HGF could also prevent
decreases in the viable cell number of mProx24 treated with AA.
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western blotting {£1C & 285t Tld mProx24 I 3B\ C,
AAERZHITT R = AR IS ETH S Bel-xL D
REZBRETES S, 7R AEEX 8
B ThH5Bax ODFRHEFEIRFICTTESE, SRELT
Bel-xL/Bax [t 2D S @7 R b=V AZFEL 1.
Z OB HGF 100 ng/mL @ i {LEEAS, Bel-xL/Bax ft
DX FZMA, AAFRGICE DA T % mProx24 D7 R
k= 2 L7z (Fig. 6¢, d). T O%%IX HGF 10
ng/mL ORI TGS NAah - 7z,

7) EGF & HGF OHE(ERICEY 51%5T

mProx24 1Z 3T, HGF #51% TIMP-1 mRNA O
EWMRHRRE R RVDN (F—Z2ARHR), EGF
513 TIMP-1 mRNA #8i7Z55E L7z, HGF X Z D

AA treated mProx24
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HGF

Bcl-2

Bcl-xL

Bax

Cc

4 Wil

EGF I X % TIMP-1 R B{EE 88 R 72 75 B AR A4
L7z (Fig. 7a, b). LL_EO in vitro OFEREEHLE, in
vivo T D HGF D HiiE B AR HEALAF H DY R E L Bz Hf
Fic it 2517 R b —Y ZAEMH T34 <, EGFHD
TIMP-1 &85 7 HEFEERH 2T 5 2 L THEUT
WA ERET B EEZ LN,

z R

AWFFEIC VT, HGF TG 7 A Tld AA ¥ 5.k
BICHE L 2 BMEBHEIE WT 7 2 L g LTt
ETHo, HAEMLETICHNKT 2GR HGF i3 R
AA HEMBHEE TV CTRIGEB R L Z 1 % C
ERASEM RSN, FOBFEDO—DE LT, HGF
TG <7 ATIZ REC D7 TOJRME ERAIICE T %

Bcl-xL/Bax ratio

Ong/ml 10ng/ml 100ng/ml Ong/ml
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Control mProx24 AA treated mProx24

d

Fig. 6. Anti-apoptotic effects of HGF on mProx24. a. Apoptotic nuclei in mProx24 treated with AA. (FITC, x200) b. Apoptotic
nuclei in the mProx24 treated with HGF followed by AA. (FITC, x200) c. Expression of anti- and pro-apoptotic proteins in
mProx24 treated with AA. Treatment with AA significantly increased expression of a pro-apoptotic protein, Bax, in spite of the
mildly increased expression of an anti-apoptotic protein, Bcl-xL, resulting in a decrease of the Bcl-xL/Bax ratio and induction
of apoptosis in mProx24. 100 but not 10 ng/mL of HGF could attenuate such a decrease in the Bcl-xL/Bax ratio in mProx24
treated with AA, thereby suppressing apoptosis. d. Densitometric analysis of c¢. The blot is representative of 3 independent
experiments, and the densitometric data were obtained from these 3 blots.
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Fig. 7. Anti-fibrotic effects of HGF on mProx24. a. TIMP-1 gene expression induced by EGF in mProx24. HGF, even at 10
ng/mL, could significantly lower TIMP-1 mRNA expression of mProx24 treated with 10 ng/mL of EGFE. b. Densitometric
analysis of a. The blot is representative of 3 independent experiments, and the densitometric data were obtained from these 3

blots.
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H ERZAIIIC B0 % EGF %D TIMP-1 &5 7 H B
R 2 09 2 B DS HER & N Tz

HGF O B B AR HEL I HI RIS DT & L
TIE, EITHEREEETFIVICHERMER 70— B e
B A (ICGN XY R) ZHWV, fH&HHZ R HGF
D 55 TGF- B [ 1% Ml 8 7z ik > X 8, RS
[, A type I collagen i # I LIz WS
LD, HBHWVIEFRLCICGN <Y 2% LI 5/6%
f§= v M2 BV THL HGF R 5 Bt b %
BEXgE VS &0, FRHEEEEE TV
I BV TR AL Z B HGF #2550 TGF- B 33 % Ji 59
TH, VR RAZHHIT B T LI KD B
HEREMHI L L OWMERENDHBY. TNDOME
ICBWT, HGF &5 DR TGF- B REBEIMNHIH & 1,
TGF- B I X % JRME LR Afife, WNEHRO 7 Rk —
¥ ZDOMIH], TGF- BT & 2 RRHELHHIIE O 1 B i 2 K
U ECM D TTHEDHIFIN RS 5N B H”, TGF-
PRl cHAMED< 707 7 — , SHEEEfRaIc
& HGF/c-MET receptor DfF{ENGEHHE N THE ST,
N5 OHRRMEALHE T A HGF O EHEIEH £ 13 % %
I W, c-Met [ 1 T & % W58 RN L Rz Ml 7
W kET T ld HGF A ECM O FEAE 2413 % O Tl
7% <, MMP-9 472 0t S 8, TIMP-1 pEA 240 U,
ECM O fR 7z T 5 L DMENDH D, AWIZED
HREAHT Y. SO AL DM S, HGFIC
WAL R R ffEIC 38UV T EGF I & % TIMP-1
PEAERBEIC T 2 IHIRER N D 0, FHI VB
T MMP-9 G TTHEEHI AV D 2 FHRE Nz

Z O fhIc REC D28 @ & #H#% T1&, HGF TG ¥ 7 &
BT, FSPLGMEMBEM WT < X &g L
Pl MERDEES 5Tz, 4, HGF DJRAE FiZ
il D KR HE A i~ D 731t (Epithelial-mesenchymal
transdifferentiation: EMT) Z il 3 % & O W5 &
H0®, 5E O HGF I & % e L AF I EMT
OIHINE S Lzl & ZE 2 5N 5. T AW
T, HGFTG XU AZHNTED, AARHICX -
TEEENE U S LATIC, BTG Y7 ATIE WT
XU R L U EWIRE D HGF WM FEE L T,
2 RO AA 2 548 TR i (AAN D14) TOEFEH O
FEEIE TGWT it CHRER A G ASLNT, Bk
DFIEITE ANBIEFHRO HGF WK EAFEE IS
ZATWEWEZEZ N, BREEDIRIETH % ITE
creatinine 1%, AA 5T 1% 4 ER O RI1E K %2
FW 7z REC D28 Ol T WT * 7 X2 & HGF TG <7
ATHERAZRZAONT, Tl INd EH A
EHIRUTELWL ERIEASNED o Tz, X 2ERR
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Mt EBEThB EEZONS.
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WT <7 2B T 2 -8R O AA 25 TR 7 IR
BENZEC LD, AEZEEMERIZETEE
Thholz. FO®k4HEB OB Z B &, KM
B LEoRAE ERICHEEGEMERE L2 E Uk
Chinese herbs nephropathy &, REBER{ARSE &% 4 < £E
DEVICEIND BT, BHE IR REZEM & [
LIC & > THMOI SN2 EETH 2. AWIZRIC
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#e{bZ2 2 L, Chinese herbs nephropathy & ik ¥ 221
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BN TE, TGF- 81, a1 (D procollagen, EGF @
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RIS U TR IR EN TH B L EZ BN TV 3.
CNRE~TU A AAHPHEEBIEETIVT, BEICWT
R ACBWTERENS JRME LMo FE L
BSOS D RTERRMEL & B8 %. L7zh > T Chinese
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