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Expression of Connective Tissue Growth Factor in Renal Tubular Epithelial Cells
Tatsuya Kobayashi (Department of Nephrology, Saitama Medical School, Moroyama, Iruma-gun, Saitama
350-0495, Japan)

Background/Purpose: Connective tissue growth factor (CTGF) is a member of CCN family which mediates
profibrotic effects of transforming growth factor- 3 1 (TGF- f3 1), promoting fibroblast proliferation and extracellular
matrix (ECM) production. CTGF has been presumed to involve in a variety of organ fibrogenesis. In the kidney at
health and a disease, by using in situ hybridization glomerular parietal and visceral epithelial cells, mesangial cells,
and interstitial fibroblasts were shown to express CTGF. Recently, tubular epithelial cells have been also revealed
to express CTGF especially in diabetic nephropathy. Therefore, in this study, I evaluated CTGF protein expression
in the tubular epithelium of renal biopsy specimens by immunohistochemistry, and the expression regulation
and the role of CTGF in the cultured tubular epithelial cells (mPTEC). Methods: Using an anti-CTGF antibody,
I performed catalyzed signal amplification immunohistochemistry on renal biopsy specimens from patients with
minimal change nephrotic syndrome (MCNS), diffuse proliferative lupus nephritis (DPLN), IgA nephropathy
(IgAN), and diabetic nephropathy (DN). Using mPTEC cultured in monolayer and co-culture with renal fibroblasts
(TFB), whether a given humoral factor could induce CTGF mRNA expression and whether CTGF derived from
mPTEC could stimulate TFB to produce type I collagen were tested. The expression of mRNA and type I collagen
were determined by ribonuclease protection assay and indirect enzyme-linked immunosorbent assay, respectively.
Results: Significant CTGF expression in the tubular epithelium was found in parallel to the interstitial fibrosis
in DN samples. In addition, it was revealed that glucocorticoid (GC) therapy resulted in significant induction of
tubular CTGF expression in MCNS and DPLN. Among profibrotic growth factors and proinflammatory cytokines
employed, only TGF- 31 could induce CTGF mRNA expression in mPTEC in time- and dose-dependent fashion.
D-glucose and dexamethasone could also induce CTGF expression in mPTEC. CTGF derived from mPTEC by
TGF- 1 and d-glucose could subsequently induce type I collagen production in TFB. Conclusion: Renal tubular
epithelial cells can express CTGF in vivo and in vitro, which is likely involved in renal fibrogenesis at least in DN
and other diseases undergoing GC therapy.

Keywords: connective tissue growth factor (CTGF), tubular epithelial cells, transforming growth factor- 3 (TGF-
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BRI EC D EENB Y. F o )5
PAHAR AT RS, RV E A OHALERIR T - B RS O
ZEKi TP ORRHEDEIIEIC X 2 Ml e AR O Tt
THs. BEEMHELOETTICBWT, Oz
H7=9 HGHK T £ LT transforming growth factor- f3
(TGF-B) DREEINT VB >Y. TGF- B ldZHEAalE
&2 DHHER 7T, BBV T AT 37 L,
PRANE LRz, SRMEEFZ Eh s nmEn, /85
79,/ A — 70 IICHER U CTREEHI L O fifa ot
HHEEAGKRZEET 5.

FEDNOND T IV—T"TIX, —REORLHE(L
73 FDHT TGF- B ORRMEALIEHEEH Z /T LT %
connective tissue growth factor (CTGF) *® ic % H L,
et DTS, CTGF IE 349 D7 2 /X D 7%
% 36~38kD DXTF FTH D, EFEZEHOBLT %
DT EN TS CTGF/fispl2, cyr61, nov (CCN)
T7IV)—DO—EBTHh%. b CIGFZ 1991 FFEic b
N R IR R AIED cDNA 5 4 75 1) —& 09, &=
<7 A CTGF (fisp12) & 1988 i~ 7 ARRIERRHELE
FAENIH3T3 D cDNA S A 75 U—Kbra—="
7ENY, 94%D homology Wi 5N TV %. CTGF
FEHN A RERRMET I, I PN Rz R, - A,
IR, ESAIRICEED B, ZNZFhcBV TN
S0/ =7 e LTHEAEDIER ; Byt
ST RSV RS, E, MRAEEEE,  IE R
HEZ RS 550, Sl H@Ed %8174 CTGE ¥
HFER IEnAR L TGF-B1 TH D, ZDfDH
FERFICI30E & A ERBREEN RO 5 E 0,
CTGF | RHETEAIAI N U Tl s 35 K U-HEfast
HEEH (A=Y, 7o 7axrF ) et
TEHZHB L THED, TGF-B11T & % Hitfe S fifaic s
9% N5 OIEM A CTGF HAIFUAIC K © fifilE h
5 LEXD, TGF-BLlIC X > THEE TS CTGF Y
BRHELERIRS G T A TERZ A LTV EHEEEINT
[/\512‘ 13).

CTGF 3ROk & Il as ; Ok, Md, Fai, A,
g, e, s, B B THEDZED 5N 5D,
L5 LB HBHALTVWADREETH S, EHE
T3 podocyte, Bowman 2% |-z fifid, —#Bo fiE N
FZfpa & MBI RIEARD 5N, b b IgA
iE (IgAN), “EAMKIEBMSRERIAR %8, V—T ABRK,
JIEC I BB M SRBRIA S 8 35 K OV 7))V BV OO B SR IC
BT, RERARZE TIPSR AT > F 7 LEEsAE
WNZZ, VLR ZS T PRAE 8 PR 36 K O SRER A& PR R
MIfIC CTGF BB ME I NTE D, HifusILEE
HEALEBCESGS LTS EEZONTWVLE Y,
v MRS MERE (DN) 1ICBI L T4, invitro T/ R
T HERIBIC K O AY 2 F T LI 51 % CTGF
ERTUEL, FBERE T TV ORERMAIC BN T
& CTGF FEAETUHENGRD 5N, KRR MERERIARE (L

il

AD CTGF DG HEEENTWVES ™, DN TId &
SICIRIE bR IEIC & CTGF mRNA FHHA R &
NTW3"*®, BIEE O CTGF XD JHTEICE T %
Mgt Tl & A D in situ hybridization 72 7% W\ C
B, EALANVTOREOENT M L s
LA X MDD RETH S, S, FRANE LM
faic 31> % CTGF RIEICHEH T 2HEZ S SICREE
¥57, b MNEAEBREEZ HOCBRERZICEBT
% PRANE R CTGF F 3 72 5 % i ooy HH kAL
ZLRAVTRE L, F7REEENRME ER iz i
W FEHIEIC B % Z OFEHEIEHA 729 5.

MR EFE

SR 1990 FEH 5 2001 I B ds K OB A% TR
BT o T D 2R 2 7 o —BIERRE (MCNS)
10 6, O F AMERESER)L — 7 2B 4 (DPLN) 10 1,
IgAN10 5, DN5HlZGS%RE L, T b5 OB LR
Wiz (Table 1). ZNZN ORI, AR &
B RR O Y A S 35 X O s e R
KXo TZMiL7z. MCNS I3HE&N ARG a)LFaA
R (GO) FshtzsEIciZWi L, GC# 5% (FL
K=V 1mg/kg-wt/H) DIEFIE F&H7z. DPLN
BHET AV AV IR F OB KEER BT 25
MLV 57 =7 (SLE) 5T, BAERHBTUOE
AEBEERRBRIAE R R L, GCiagh (L Rz
vy 1mg/kg-wt/H) OIEHIE &8z, F iz IgAN
ZWiTlX, SLE, AT, Schoenlein-Henoch 455
JRIEERAN LTz, SEFE DMK RN T A—2—7
Table 1127k L7z. MCNS & DPLN TiZ GC j/A#RE &
AIEFREOREM LU & 5T U Tz,

HEARIRIE © RV U VEEE MR DN T T 1 v
TJay X0 4pmEOY R Z/FHK L, hematoxylin-
eosin %t 1 35 X U Masson’s trichrome (MT) 44 7%
TUVIRBZWIC L U7z, MT %t O R L% B o
FFAMG E 200 52 N THAEAICER L IHEFICBWT
Tolz. ZDOR, HBFICEE NS RERIAB X UIRE
#3 substraction YL U7z, BEMEEE{SE 32 2 —
Z—ICHL D AR, HGULEEY 7 (Mac SCOPE, Ver.
2.5, Mitani Corp., Fukui, Japan) % FUVER{E LY, Bk
Hif%EE (%) T&£ L7 (Fig. 1g,h, & Table 1).

RELRE | CTGF ORBRODT=DITINT T 4 VY]
Frzds LWBTHSZ 7 0> L (5570 3R,
T2 /—)b (EtOH) WU X 28Kk (100% EtOH 5
7718 3 8, 75% EtOH 10 771 1[4, distilled water 5 77
[t 3 [@], Phosphate-buffered saline (PBS) 5 73[H) %
Tolz. ZD1%, PUREIEHRILDTZD 7 T 2 8% ER
1 (10 mM sodium citrate buffer pH 6.0) T~ 1 7 O
T T — 7 &Lz (600 W10 7R3 ). LLRDfT
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Table 1. Clinical and pathological parameters of patients at biopsy CTGF expression
Glo Tublint
Case Gender Age PSL [mg/day] Proteinuria [mg/day] HbA1c [%] Creatinine [mg/dI] Fibrotic area(%) Epi Mes  Tub Int
MCNS-1 M 23 none 3500 n.c. 0.7 1.2 (+) n.d. n.d. n.d.
2 M 36 none 6200 n.c. 1.07 2.1 n.d. n.d. n.d. n.d.
3 M 28 none 4800 n.c. 0.84 25 n.d. n.d. n.d. n.d.
4 F 22 none 5500 n.c. 0.53 3 n.d. n.d. n.d. n.d.
5 M 33 none 6800 n.c. 0.75 7 n.d. n.d. n.d. n.d.
6 M 40 none 9000 n.c. 0.69 35 n.d. n.d. n.d. n.d.
i M 23 none 9500 n.c. 0.7 25 n.d. n.d. n.d. n.d.
8 M 27 50 6800 n.c. 0.78 1.7 (+) n.d. (+) n.d.
9 F 22 50 7900 n.c. 0.67 25 (+) n.d. (++) n.d.
10* M 27 60 5600 n.c. 0.69 7.6 (+) n.d. (++) n.d.
DPLN-1 F 22 none 1500 n.c. 0.69 25 (+) n.d. n.d. n.d.
2 F 23 none 2900 n.c. 0.63 1.5 (+) n.d. n.d. n.d.
3 F 26 none 3000 n.c. 0.78 35 (+) n.d. n.d. n.d.
4 F 28 none 5000 n.c. 0.44 15.8 (+) (+) (+) n.d.
5* F 35 none 4800 n.c. 0.6 3.5 (++) (+) (+) (+)
6 F 39 40 5100 n.c. 0.51 4.4 (+) n.d. (++) (+)
7 F 28 50 3800 n.c. 0.87 7.6 (+) n.d. (++) (+)
8 F 30 50 6000 n.c. 0.68 10.5 (+) nd. () &)
9 F 42 60 3300 n.c. 0.98 18 (+) (+) (+++) (+)
10" F 38 60 3800 n.c. 0.77 14.6 (++) (+) (+++)  (+4)
IgAN-1 F 30 none 400 n.c. 0.54 1.2 (+) n.d. n.d. n.d.
2 M 46 none 400 n.c. 0.8 25 (+) n.d. n.d. n.d.
3 F 22 none 900 n.c. 0.77 21 (+) n.d. n.d. n.d.
4 F 30 none 1200 n.c. 0.94 13.1 n.d. n.d. (+) (+)
5 M 26 none 1000 n.c. 0.66 10.5 (+) (+) (+) n.d.
6 M 28 none 600 n.c. 0.9 10.5 (+) nd. nd. n.d.
7 F 26 none 800 n.c. 0.98 8 (+) (+) n.d. n.d.
8 M 59 none 600 n.c. 0.72 52 (+) n.d. n.d. n.d.
9 M 62 none 800 n.c. 0.81 8.3 (+) (+) n.d. n.d.
10" M 66 none 1100 n.c. 1.12 13.4 (+) n.d. (+) (+)
DN-1 M 37 none 2800 9.2 1.07 8.9 (+) n.d. (+) n.d.
2 F 43 none 4300 10.1 1.01 10.5 (+) nd.  (++) nd.
3 M 58 none 3100 7.9 0.95 14.5 (+) n.d. (++) (+)
4 M 59 none 4500 8.2 0.77 175 (+) (+) (+++) nd.
5* M 37 none 8300 8.5 1.07 30.8 (+) nd.  (+++)  (++)

n.c., not checked; n.d., not detected; PSL, administered prednisolone; Glo, glomerulus; TublInt, tubulointerstitium; Epi,
glomerular epithelium; Mes, mesangium cell; Tub, tubular epithelium; Int, interstitial cells; (+), faint; (+-), moderate; (++

-+), strong. *presented cases

& 1% Biotin Blocking System & v b+ 35 & UF Catalyzed
Signal Amplification (CSA) System Peroxidase
v k (DAKO, Carpinteria, CA, USA) ZH\W\Tir->
Te. T 72ykdIC i TBST # (0.05 M Tris-HCI pH 7.6,
0.3 M NaCl, 0.1 % Tween 20) % fl \> 7z. A €
FFUHEDD T Y VB A F U
TNEFN1BLoEIT- 2. Z0%, NREIVA F
VR —BRHED 7SI HO, UL E % =5 T 5 70 [,
K IERF R %2 T 9 % 72 & PROTEIN BLOCK
& 1C X % prehybridization % = i T 1 K 17 > 7.
Z O, —XPikE UThILKZ AR | IEH A
5 EMETEW 725~ 7 A CTGF v ¥ X1 %
HLY, ZiET 1 RBRS & Bk L7zt (10 701
3ED), XK A F MeHiy U F 1gG v FRY
28— )UHifk (American Qualex, San Clement, CA,
USA) ZHWZERT 1 KRS T8z, i (109
i 3 [#]), STREPTAVIDIN-BIOTIN COMPLEX{#,
AMPLIFICATION REAGENT;#%, STREPTAVIDIN-
PEROXIDASE{# 7z Fi\ 1z & 7 )V HE i 7z Y i 7z
A TENZTNERT 15 217 - Tz, KV,

diaminobenzidine (DAB) & H,O, 7 il 2 7= Substrate-
Chromogen Solution 1T KX % &t 52 hts 7 w5 B ] (30
W~545) fiot. BEfEay ha— i —Xbiko
Kb D ICIERE T U FifnEz R Uz, %Ekatts 7
Wzt PR 2728, Mnd skEMEaY ra—ILi
WU IC BN TIER RN > T F IV EBD TR Z D
RaAZBFEEL, HilzaURIC THE CSAEZ i
fFL’z.

IEEMRE -~ D RAE A (mPTEC) U4,
FHASE (B RIS i i &k, < A&
I EARMELFAIAE (TFB) (&, &= O R 3G — i im &
D LS TN 222, HIZ, Dulbecco’s Modified Eagle
Medium (D-MEM), 10% fetal calf serum (FCS), 100
U/ml penicillin, 100 p g/ml streptomycin THEHERF L,
RERICH W2, BULERTD resting medium 1213, 0.5%
FCS D-MEM % Wz, 753, mPTEC 33X U TFB I
BZENZFN18Ia5—7 VB XU CTGE FEEREN R
SNENT ED, U ZEICH T B pilot study I K D
HoMmEETNTWVSE?.
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mPTECEEREEZR: 6-well plate ICmPTEC%
15000 M/ cm’* DR CHERE L, 24F:RH7%1C resting
medium \AZ LD 1%, 48 Kil] resting L7z & D & H
JEEERE UTHRBICM U, LU ZHEEKT
YA k1A &, recombinant human CTGF (thCTGF)
VR LR 2 g 2 ) | IE B B B i 5 T E 0,
Z @ firecombinant human TGF-1(rhTGF-1),
recombinant human HGF (rhHGF), recombinant human
EGF(rhEGF), recombinant human FGF-2 (rhFGF-2),
recombinant mouse IL-1 (rmIL-1 ), recombinant
rat PDGF-BB (rrPDGF), recombinant mouse TNF-q
(rmTNF- ) 139 XT R&D Systems (Minneapolis, MN,
USA) X Ol A LTz, %7z dexamethasone (DEX) X
U d-glucose (GLC) (& Sigma (St. Louis, MO, USA) & 9
fEA UM L7z, TGF-BLICBIL T, KIGHRIH X
UREGEEZZLE Y, ZOMOW KT (rhCTGF,
rrPDGF, rhEGF, rhFGF, rhHGF, rmIL-1 3, rmTNF-
IS DNTIE—EDRIFIR R & L TIRGIEEZ 21t
X, £72 GLCIZEI L Tl anti-TGF- g HifTHuAk (IgG,
50 ug/ml) (Genzyme, Cambridge, MA, USA) 7zl L
TRt & A 7z, RNA S LU NIRRT AETIT- 2.

mPTEC / TFBHIEEZR © 6-well plate I TFB #
15000 il /em® O Y3 £ THEFE L, % 7z 0.4 pm pore
size @ culture insert (FALCON CELL CULTURE
INSERTS, BECTON DICKINSON, Franklin Lakes, NJ,
USA) IZ mPTEC % 30000 {fl /cm® o 3 & © & f L,
24 B [ % 1 k& O TFB @ 6-well plate 1< & J& L,
[Fi] Ff IC resting medium 1 23 #2 D 1%, 48 If [ resting
L7zt 0% PTEC/TFB &R & U TEERICH L 7.
GLC 100 mM, GLC 100 mM-+anti-TGF-8 & % \ &
GLC 100 mM+anti-TGF- 8 +anti-CTGF %= s i U 7z
resting medium, 35X U DEX 1000nM & % & DEX
1000nM +anti-CTGF 7 s/l U 7z resting medium 1 38
HaDt%, 48 RFERRICESE FEZHOWTLLFOLIET 1
Mas—rrptazEs Uk, Mgz~ 7>
-EDTA JLHEIC X % 1%l#1%, hemocytometer 7= T
HE LTz,

Ribonuclease protection assa A): IR
A 5 TRIzol (GIBCO BRL, Grand Island, NY, USA) 7%
FWNT total RNA ZfliH U, &ffl & U7z, cRNA probe
BRI W7z template 2L FIZ/RS . Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) (114 bp, 673
to 787 corresponding to rat GAPDH) & #7 &5 Kk % &
TR 2% it 5 A 3 8 B 22 0 B LA B A S ML 5 T
Wiz, CTGF (202 bp, 731 to 932 corresponding to mouse
CTGF) X 4 #{ = T reverse transcriptase-polymerase
chain reaction(RT-PCR) I TH(fS L 7z. 5,P-UTP label
L7z cRNA probe & 10 g O total RNA 7% 45°C, 16 I

il

[l hybridization D%, ribonuclease A (1.2 pg/mb ¥
& U ribonuclease T1 (120 U/ml) T 30°C, 60 77 WL
L 7z. Proteinase K ( 0.45p g/ml) 37°C, 60 73 WLBHIC
T ribonuclease % R i%{t L, EtOH PLRIC THEHI1%,
6 % O acrylamide 25 M 77 )L 7% il U\ C protected-band
L7z, —80°C T3WA S 5 HM X 23 =
8 ~ 24 H#fHIC T autoradiography D%, 7 1)V L 7%%
1#E % scanner (GT-9600, EPSON, Nagano, Japan) C H{
D JA &, %% protected-band % NIH image (Ver.1.62,
NIH Division of Computer Research and Technology,
Bethesda, MD, USA) Z W T &= L 7z. 2% mRNA
#!¥, GAPDH & DL THHEL L 7z

Indirect enzyme-linked immunosorbent assay
(ELISA): 5% # b7 % ELISA H 96-well plate (Nunc-
Immuno Plate, Nalge Nunc International, Rochester,
NY, USA) 1255200 u1737E L, 37°C, 60 77 incubate
U C Al & 1% 8 11 O coating % 17 - 7=. Coating %,
P ¥ ¢ (0.15 M NaCl, 0.05% Tween 20) I C 5 8] ¥
Bz, 70y F W A0 AFLINYT, 01%
Tween 20, 0.05% 7 {tF kU D L) THEICT 60 77
fi] preincubate U 7z. Z D%, o v 18 a5 —
7roYFERY 7 a—F )bk (1:3000; Chemicon,
Temecula, CA, USA) ZhlZx % T 30 7S, 5 [E
YE¥ U, alkaline phosphatase {b#Hi ™ ¥ % IgG v F R
1) 7 a—JF Uik (1:3000; Sigma) 1< T T 30 471
MG E 7z, FHE 5 Bk, disodium p-nitrophenyl
phosphate (Sigma) 1z ¥ X8, WOLEFE (405
nm) CalllU7z. 1R a5—7 ket Rz il
FRL, —filadizoo1Mas—rviEtazEl
Llz. ZeMEER DIz, BRZy M1a5—
7> (Sigma) ZfFEa > ba—)L & L THW .

BEE : S mRNA BX U 1B O5—7 VOB
I LT, FFELICIZ Stat View (Macintosh Version
1.03, Abacus Concepts, Berkeley, CA, USA) 7% fi i L
T ANOVA 7% 17\, & 7€ |Z Bonferroni/Dunn % %
FAWT, £72/ 285 A M) v 73585 A—2—0Dft
[l LE I 1 Wilcoxon 7 A b &2 W7z, CTGF 8l &
ZDMDIRT A— 52— L BT — K1 4 %2
o7z, p<0.05 ZHiat A AE R & R Lz, Ao
DT —ZE meantSD THED L.

fm R

b FEESBEICHIT S CIGF EHDRTE (BaRE
SERE{tEIc X 51&51) (Table 1.)

1) BOZE(BR X7 O—CiEREE (MCNS:10 )
a) FRBEE (7 H)
MCNS OB LM TIE, RBEOEHICHE VT
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E/n CTGF EHREHIIZEH 5 Nah - 7z (Fig. 1a).
ERZEMHMICBOTEREMNICRENED LN S
podocyte, Bowman % R Hlifdic & 7 B1EERH 5 NT,
R AR OIRIIRREAV R E Nz,

b) #E)VF 1 F (GC) %58 (3 fl)

TRV ryE5Hh0EFX, ITRTHERE
LT O E A PREZEIREE TOBE EMMHMKTDH 5.
Podocyte, Bowman % [ 57 fffl i I 3 F % CTGF ¥
HEPAEELTED, GCEEOMBELEZ LN

(Fig. 1b). —HBDILAL S U < A RAE F R
CTGF FEHN RO S NTh, WS 7 [RHE & P Of

HE(EIX > TWinipo 7z (Table 1).

BN TOMGETTIE, %3T A—Z2—[ICHERMH
BERED Mo Tz, K IcMBFEOLE# T, podocyte,
Bowman 2 [ #ifg B KGR E U < &0 R M E
FRMIRICEH T S CTGF RHME ICAERA R RD -
(p<0.05).

2) UFAMIE5ERV— S RAE %X (DPLN:10 4l)
a) KamEt (54

RERIRBEHEMERR 2RI B\ TE IR RER (A R i35
KU RAY F7 LMD CTGE [T R RS btz
(Fig. 10). LA L, ZLADEomaNE U @0 RE
RIS DI CTGE WiRH5NB DA TH - 7z,

b) #EE)LF 1 FiRE5EE (5 4)

RIGHRE L [FRRIC, SRERIRIEREMENZ D podocyte,
Bowman % _RZfifidds K O A > F % Ll CTGF
Fatt 7z adsd, FIoJAHA A3 K ORI RAE R A
faic CTGF Wil T - 7z (Fig. 1d). F /RS
JEPHEC & CTGF 38z 2 7.

SN TOMEITIE, 3T A—2—[IcH R
BIRED A o 7o, MmO T, B L
A PRANE FRzfifaIC 351) % CTGF 3 HiME &
fibrotic area ICH E A2 Tz (p<0.05). RIERFID#R
S CIIRME LRI % CTGF ¥ & fibrotic area
& DR TIEDHB Z 3R 7z (Fig. 2a).

3) IgA B4E (IgAN:10 )

Podocyte, Bowman % |7 Hlifigic 38T CTGF ¥

NS ENTH, A F LEEMEREIC—8 L7z
FHNIFRSD - 7z (Fig. le). ahids K @M RME
R, & 7z Z DR ORE M IV T CTGE %
HABHR TN

IgAN JEBIN O TIE #5735 X—Z —[Ic
FHESZ RS Imh o 7z,

4) FEPRFIEBE (DN:5 f)

H I RERIRBE L R 22, P Rl 2 e I JIES &2~ e
] R ME{L i 221 — B L C, podocyte, Bowman
LR, XY F Y L, B E K UL

PRAME L Rz A A, R B A A i & g 72 CTGF 3Bl 2
7 (Fig. 10).

DN SEGIN DRGET TR AEBIERIEDN DR L, HNT
A—Z—RNCHEEMHBEERD T - 720, ik
KU ENIRME FRfAdIC 381 5 CTGF JEBIfEE &
fibrotic area DI (EDBERAVRE X N7z (Fig. 2b).

EERMEE FER#EICH T D CTGF mRNA ¥ I8
(mPTEC B EIgE|C & 51%5T)

1) EFEERF

Fig. 3 1C/Rd X 91, SENPRMGE Rl mPTEC
IZ & % CTGF mRNA #Hilx TGF- 1 fliic X b & &
A7 (0.3 ~30ng/mD) ICFEESN, £ZFDE—2
W% 3~ 6 FEE] TRRD b NIz, T ORERD 5 LIt%
DORFHT BN T BRI 2 3 Wi & U7z, B
BERHELICEE S 9 % LB X BN B Z OO A T ;
rrPDGF, rhEGF, rhFGF-2, rhHGF % L T rhCTGF {4
ORI TIE, A% CTGF mRNA B FE 1332
SNTah otz GERER).

2) Y14 bh1Y

REMIZISERNEDY A S 1A > TH% rmINF-a,
B XU rmIL-1 B I K % A% CTGF mRNA FHH A8
RS 5 NInh o7z (Fig. 4).

3) d-Glucose (GLC)

GLC 2 30 mM £ T O #| i T & A & 7z CTGF
mRNA EIIIERD 5 Niah - 7zhY, 100 mM I BN T
RHFENRD 5N (Fig. 5). GLC 100 mM Fli#ic
&K o> T mPTEC IZBW T & MMOETEMAL & [FIRRIC IR
D TGF- 1 FEMNFEEINT=H GEREWE), $1TGF-
B HAIFUAD R 51 X > TE CTGF HEAE 1T
mHEng, G 7w E N TGF-B1 DMEEN
53 HENTH - 7= (Fig. b).

4) Dexamethasone (DEX)

DEX #i]#1c & © mPTEC IZ 331) % CTGF mRNA %§
BHIPERERAFE (0.1 ~ 1000 nM) A8 E N /- (Fig. 6).
DEX ##1c & © mPTEC I &} % TGF-51 ¥ H 1Z
&N FEREM), TGF-B1 OS5 G EM T
HoTz.

B_g:: .' i Aol FH 3K

D14 UEYE (mPTEC/TFB) ,ﬂ&iﬁﬁkck%

1) TGF-31

rhTGF- 31 (3 ng/ml) % mPTEC ¥ X U TFB @ H:$%
HRICKREG 95 &, TFB HENEICHHKRL THER 1
Bas—r Vb uENRD 5Nz (Fig. 7). TOMHR
&Pt CTGF HfifuAlc X b il E n (Fig. 7), %7z TFB
IZl CTGF FEAEREDNRD S Nxn T & h 5, TGF-1
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I &> THEEI NI CTGE I X B EHENEh R & & 2
5Nk
2) d-Glucose (GLC)

GLC #]#% (100 mM) I & b HIFEERICBVWTHE
BB OS =7 UEARTTHENRS BN, TOEREN
TGF- g ¥tk & Ui CTGF ikl & - T
filENniz (Fig. 8). 2D &h 5 GLC I mPTEC I &
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3) Dexamethasone (DEX)
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WTHER CTGF FEAREN RO b Te. TThk &
EREOBEEMMHMIC BN T, A E U IO IRA
B ERAINED CTGF 3EHM G E 50, Bife, s

Fig. 1. Identification of CTGF protein expression in renal biopsy specimens by catalyzed signal amplification
immunohistochemstry. (a, b, ¢, d, e, f; DAB, x200. g, h; MT, x200) a. A typical case of untreated MCNS. No CTGF expression was
observed even in the glomerular epithelial cells. b. Another case of MCNS treated with glucocorticoid. Tubular expression of
CTGF was found, and CTGF expression by glomerular parietal and visceral epithelium was rescued. c. A typical case of untreated
DPLN. CTGF expression was observed in the glomerular cells, but not in the tubular epithelial cells. d. Another case of DPLN
treated with glucocorticoid. Significant tubular expression of CTGF was found. Some interstitial cells were also positive for
CTGF (arrows). e. A typical case of IgAN. CTGF expression was occasionally observed in glomerular parietal and visceral epithelial
cells and interstitial cells. f. A typical case of DN. Not only glomerular cells, but also tubular epithelial cells, interstitial cells (arrows)
and vascular endothelial cells were revealed to express CTGF significantly. g,h. Quantitative analysis of histopathology by light-
microscopy. A target area was measured quantitatively by a computer-assisted image analyzer (MacSCOPE), which focused on the
blue area of fibrosis(g), which then turned to green(h). The analyzer calculated the percentage of this green area (22%-~).



PRANE L Eia & CTGF 43

NTWVIRWEHEZIRREICE S LTV 2 AJRETE D /RE
I Nz Fig. 91c < A CTGF #fx 1 ® 5 ] i
ICAHEY % TR G RRETN 2779 ([gh:M70641])).
Grotendorst 5 (& CTGF D5 /) 8 BEEE KN+ TH %
TGF- 81 OYERENL L LT TGF- B Response Element
(TBRE) ZH@EL, TOTRREZXZRFEEDOMEE
HEHZ/T LT CIGF #lnFinEz2 et d 5 T &2
HLTW3®. TBRE OHFRASIE CTGF #fn Ik
BTHo, BHEEFTHOLTAIYTALE D CTGF

35
=
9 37 o Q
?
o 25 -
=3
x 2 O O O
G 15
-
(8] 1 1 (@) @)
Q2
E 5
0 T T T T T T i

Fibrotic area [%area]

BT UMERESNTOAEWVD . —J7, Leaskb DY
JU— 713 T BRE W R HESF I 3515 %5 CTGF O
FELN)VICES L, TGF-B1 OFEFRWNEIERIZY
> Smad3/Smad4 @ Smad binding element (SBE)
ANDFEFIC K B EWME L TWVB, 2B, iR e
D R & RRHEE T T in vitro ICB W T E TBRE %
U 7o IR e T Dl 7z CTGF JEE DS b 1,
ZOWRWEED —~HEefHfEETNTVBE™P, BEE
TO LT A, TGF-B1Ic X% CTGF O KFEBICIZ

O

Tub CTGF expression

Fibrotic area [%area]

Fig. 2. Regression between fibrotic area and tubuler CTGF expression. a. Cases with DPLN. A significant correlation was
observed between fibrotic area and tubuler CTGF expression. b. Cases with DN. Fibrotic area was likely correlated with tubuler

CTGF expression.
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Fig. 3. Quantification of CTGF mRNA expression in mPTEC treated with a profibrotic growth factor, rh'TGF- 3 1. Expression of
CTGF mRNA in mPTEC was induced by 3 hr treatment with rh'TGF- 31 in a dose-dependent fashion and achieved to the peak
at 3ng/ml of rhTGF- 81 (a). The peak expression of CTGF in mPTEC by rhTGF- 81 (3ng/ml) occurred after 3 to 6 hr (b). A
representative blot (a, & b) selected from 3 separate experiments was shown, and the densitometric data here were obtained

from these 3 blots.
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Fig. 4. Quantification of CTGF mRNA expression in mPTEC
treated with a proinflammatory cytokines, rmTNF- a.
Expression of CTGF mRNA in mPTEC was not significantly
induced by 3 hr treatment with rmTNF- a at various
concentrations. A representative blot selected from 3 separate
experiments was shown, and the densitometric data here
were obtained from these 3 blots.
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Fig. 5. Quantification of CTGF mRNA expression in mPTEC
treated with d-glucose (GLC). Expression of CTGF mRNA in
mPTEC was significantly induced by 3 hr treatment with GLC
in a dose-dependent fashion. A peak expression of CTGF was
obtained by GLC at 100mM, which was not ameliorated by co-
administration with a neutralizing anti-TGF- 8 antibody. A
representative blot selected from 3 separate experiments was
shown, and the densitometric data here were obtained from
these 3 blots.
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Fig. 6. Quantification of CTGF mRNA expression in mPTEC
treated with dexamethasone (DEX). Expression of CTGF
mRNA in mPTEC was significantly induced by 3 hr treatment
with DEX in a dose-dependent fashion. A representative blot
selected from 3 separate experiments was shown, and the
densitometric data here were obtained from these 3 blots.
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Fig. 7. Quantification of type I collagen protein (COLI)
production by TFB by 48 hr after stimulation with rhTGF- 1
in monolayer and co-culture with mPTEC. rhTGF- 81 (3ng/
ml) induced COLI in TFB monolayers, and significantly more
COLI in TFB co-cultured with mPTEC. Co-administration
with a neutralizing anti-CTGF antibody significantly
ameliorated COLI production by TFB in co-culture. The data
shown here were obtained from 3 independent experiments.
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Fig. 8. Quantification of type I collagen protein (COLI)
production by TFB by 48 hr after stimulation with d-glucose
(GLC) in monolayer and co-culture with mPTEC. GLC
(100mM) induced COLI in TFB monolayers, and significantly
more COLI in TFB co-cultured with mPTEC. Neutralizing
TGF- 31 slightly, and neutralizing both of TGF- 81 and
CTGF significantly ameliorated COLI production by TFB
in co-culture. The data shown here were obtained from 3
independent experiments.
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Fig. 9. Regulatory control elements in the gene promoter of murine CTGF (SBE: Smad binding element, T 8 RE: TGF- 3

response element)
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