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Accumulation of matrix proteins is a prominent fea-
ture of diabetic nephropathy. Glomerular wvisceral
epithelial cells (GVECs) are important contributors to
extracellular matrix (IXCM) production in the glomeru-
Jus. Factors involved with increased accumulation of
ECM proteins are high glucose, angiotensin Il (ANG
II1), and transforming growth factor (TGF)-B. There-
fore, we investigated the effects of high glucose and
ANG II on fibronectin and TGF-f production by human
GVECs in vitro. We found that ANG II had no effect on
the production of fibronectin and TGF- by GVECs.
Using reverse transcriptase—-polymerase chain reaction
analysis, no ANG II receptor could be detected on
these cells. However, high glucose induced a twofold
increase in fibronectin (P < 0.01) and a three- to sixfold
increase in TGF- (P < 0.001) production. Similar
results were obtained by analyzing the mRNA levels of
fibronectin (increased 2.7-fold) and TGF-f3 (increased
3.5-fold). Addition of increasing concentrations of
rTGF-f3 to control cells resulted in increased fibro-
nectin production. Neutralizing antibodies against
TGF-B significantly reversed the increase in fibro-
nectin protein and mRNA caused by high glucose back
to control levels. We conclude that high glucose con-
centrations stimulate the synthesis of fibronectin and
that this effect is mediated by induction of TGF-f3.
These results suggest that in diabetic nephropathy,
high glucose levels play a role in changing the matrix
composition of the glomerular basement membrane
through induction of TGF-. Our results indicate that
a contribution to this process by an effect of ANG II on
GVECs seems unlikely. Diabetes 46:834-840, 1997
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n important hallmark of diabetic nephropathy is
matrix accumulation in the glomerulus, which is
represented morphologically as thickening and
expansion of the glomerular basement mem-
brane (GBM) and the mesangium (1). These two types of
glomerular matrices are each composed of heparin sul-
fate/chondroitin/dermatan proteoglycans, laminin, fibro-
nectin, and type IV collagen (2). The mesangial cells (MCs),
glomerular visceral epithelial cells (GVECs), and endothelial
cells are most likely to be responsible for the biosynthesis and
maintenance of the mesangial matrix and GBM (3). An
important regulator for the biosynthesis of these matrix mol-
ecules is TGIF-B. We found that in human MCs, TGF-38
induced the synthesis of heparan sulfate proteoglycan and
that the production of this matrix molecule was completely
blocked after addition of neutralizing anti-TGF-$ antibodies
(4). In rat MCs, it was found that TGF-Bf induced the pro-
duction of biglycan and decorin. The synthesis of other
matrix molecules by these cells was unatfected (5). Since
TGF- production in the glomerulus is also likely to affect the
epithelial cells, the same authors investigated the effect of
TGF-B on matrix production in rat epithelial cells and found
that it enhanced the synthesis of both proteoglycans and
type IV collagen, laminin, and fibronectin (6). The fact that
TGF-B specifically induced an increase in nonproteoglycan
components of the extracellular matrix (ECM) (fibronectin,
laminin, type IV collagen) in epithelial cells suggests that
these cells may be responsible in part for the TGF-B-induced
increase of these matrix components in glomerular diseases,
including diabetic nephropathy (7-11).

It was previously shown that proximal tubular cells and
MCs cultured in high glucose express modest increases in
TGF-B1 mRNA and bioactivity. Neutralizing TGF-8 bioactiv-
ity with specific antibodies reversed the effects of high glu-
cose on the stimulation of collagen (12). In this study, we
investigated whether high glucose concentrations had an
effect on fibronectin production in human GVECs and what
the role of TGF-B was in this respect.

Besides the obvious increase in glucose concentration,
there is evidence to suggest a role for ANG II in the patho-
genesis of diabetic nephropathy. Inhibition of the generation
of ANG II by ACE inhibitors or ANG II receptor antagonists
was found to attenuate the progression of glomerulosclerosis
In several disease models (13-15) and to slow progression of
diabetic nephropathy in humans (16). Studies performed with
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MCs, which are known to express ANG II receptors on their
surface, have shown that ANG Il induces synthesis of several
matrix proteins (4,17-20). These effects of ANG II were found
to be mediated by induction of TGF-B (4,18). Some authors
have suggested arole for ANG II in regulating the matrix pro-
duction by GVIiCs, although evidence for an ANG Il receptor
on these cells 1s controversial (21-23). Therefore, we studied
the effect of ANG II on matrix production by GVECs, the role
of TGF-B in this respect, and whether the ANG II receptor
could be detected on these cells.

RESEARCH DESIGN AND METHODS

Cell culture. GVECs were cultured from glomeruli obtained from normal
human adult kidneys (n = ) that could not be used for transplantation
becanse of anatomical reasons. The use of human kidneys (adult and fetal) was
approved by the Medical Ethical Committee, University Hospital Leiden.
Methods used to culture GVECSs have been published previously (24,26). The
colls wore charactorized by their morphology and immunofluorescence stain-
ing. In brief, immediately atter outgrowing from the glomeruli (1 week),
GVECs were passaged using phosphate-buffered saline (PB8)-20 mmol/l
EDTA into a T25 or T7H flask and grown in Dulbecco’s modified Eagle’s
medium (DMEM) with 5% heat-inactivated fetal calf serum (ID FCS; Iyclone
Laboratories, Logan, U'F), trypsinized, and seceded into T256 or T7H flasks.
Characterization of GVECS was done on the basis of 1) cell morphology (con-
fluent monolayer of polygonal cells); 2) positive staining with monoclonal anti-
bodies TN, anti-eytokeratin (RGE3) (Burodiagnrostics, Apeldoorn, The
Netherlands), and anti-CALLA (Dakopalt, Denmarlk); and ) absence of stain-
ing using monoelonal antibodies against TNY, anti-von Willebrand factor,
and anti-desmin, The monoclonal antibodies TNY and TN 10 specifically rec-
ognize proximad aibadar epithelial cells and GVECs (206), respectively, and were
a gift from Drs. G, Mitller and M, Nesper (Medizinische Klinik, Titbingen, Ger-
many ). For experimental purposes, cells were grown in 12-well plates in
DIMEM with 8% D IPCR for 24 hand subisequently stavved {or 24 Ty in DMEM with
0.0 D IFOS. Some woells woere washed with PI3S, trypsinized, and counted in
the Conlter counter to determine the number of cells at the beginning and end
of cach experiment, The rest ol the wells were cultured for a 3-day period in
the same medium and assessed for fibronectin and TGI-B production in
medinm alone or i the presence of 1H or 26 manol/l glucose or ANG I (Sigma,
St. Louis, MO) alone (10 " mold or 2 % 10" mol/1). Additional experiments were
performed using neatralizing anti-human TGE-B1,2,3 monoclonal antibodies
27 027) or human recombinant TGE-B1 (R&D Systems, Abingdon, ULK,),
For WT-PCR anadysis, we also used mesangial cells grown out of glomeruli
isolated from human kidneys, Methods used to cualture these cells are
described in detail elsewhere (25), Kidney cortex was prepared from human
kidneys by mechunical dissoctiation,
Immunofluorescence. Cells were grown on sierile glass cover slips (10,000
colls/well) in DMEEM containing 5% D IFCS, The cells were washed three times
with PBS, lixed in acetone for 5 min at 0°C, and air-dried; and immunofluo-
reseent staining was performned by incubating with goat anti-human fibronectin
antibodios ¢Sigmad aud rabbit g i-FHS Bandain (5-Y Laboratories, San Mateo,
CA) antibodies for 30 min, After extensive washing with PBS, the cells were
iIncubated with {fluorescein isothioeyanate (FITC)-conjugated rabbit anti-goat
IgG (RAG TG-ITCY or FITC-conjugated goat anti-rabbit [gG (GAR-IFITC)
(Nordice) for 30 min in the dark, FITC-conjugated rabbit anti-goat IgG and FITC-
conjugated goat anti-rahbit [gt were used as controls, After being washed three
times with 'BS, the slides were mounted in 14 diazobicyclo(2,2,2)octane-glyc-
erol {DABUO-glyveerol), assessed for flaorescence at 40-380 nm (FITC), and
photographed through a Leitz microscope {Wetzlar, Germany),
Fibronectin enzyme-linked immunosorbent assay (ELISA). Sccreted
fibronectin in the medivm was measured using an inhibition ELISA as
desceribed previousty by Nahman et al, (28) with some minor modifications.
TGF-f3 bioassay and ELISA. GVECs were cultured in 12-well plates and cul-
tured as deseribed above. The coll media were analyzed for latent and active
TGF-B. Latent sund active TGEF- were measured by the inhibition of growth
of the ink lung cell line CUL-GL (American Type Culture Collection [ATCCJ,
Rockvitle, MD). Growth inhibition was measured as the decreased uptake of
nentval roed (249, TGIS-E was activated by heating in 2 water bath (or 10 min
at 80°C, followed by immediate cooling in ice water. Specificity for TGF-B was
detmonstrated by the full reversal of any inhibitory activity by the addition of
a monoctonal antibody that specifically reeognizes human TGI-B1,2,3 (2G7)
(27). Latent and active TGI-B in the medium was also measured by sandwich
FLISA, nsing 10 ng/ml human ¢T'GE-B 1 as standard for every plate, TGEF-[3 was
activated by pll In brief, mouse anti-human TGI-B (2G7) (2 pg/mlin PBS) was
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allowed to adhere to 9G-well plates for 1 h at 37°C and overnight at 4°C. After
extensive washing and a 1-h blocking step with PBS, 0.2% Twecen-20, 2%
bovine serum albumin (BSA), the samples were added in duplicate to the wells
for 2 h at room temperature, After washing, chicken anti-human TGF-§ cou-
pled to digoxigenin (DIG) antibodies were incubated for 1 h at room temper-
ature, Plates were washed and anti-DIG I'(ab)’,, conjugated to horse radish per-
oxidase was allowed to bind for 1 h at room temperature. Peroxidase reactivity
was visualized by addition of the peroxidase substrate ABTS (2,2-azino-bis-3-
ethylbenzthiazolin; Sigma) prepared in 100 mmolA citrate, 100 mamol/1 phos-
phate buffer, pH 4.2. Optical density was measured at 415 nm.
RT-PCR analysis of the ANG II receptor, Total RNA was isolated [rom
human GVIECs, MCs, and kidney cortex, and these isolates were subsequently
reverse transcribed into ¢cDNA as described previously (25). Deoxy-oligonu-
cleotide primers were constructed from the published ¢cDNA sequences of ANG
receptor type 1 (ATR1) (30), ANG receptor type 2 (ATR2) (1), and B-actin (32}.
The sequence of the ATR1 was 5'-GCCGTGTCCACAATATCTGC-3' for the b
primer and 5’ -TGTAAGATTGCTTCAGCCAGA-3" for the 3 primer, The
sequence of the ATRZ was 5'-CCTGAGAAATATGCCCAATGG-3' for the 5
primer and 5'-CCTTGGAGCCAAGTAATTGG-3' for the 3 primer. The primers
were prepared with a DNA synthesizer. RT-PCR of human MCs and kidney cor-
tex using the ATR1 primers revealed a band of 500 bp. To exclude any mistakes
in the PCR reaction, the ANG II PCR H5006-bp amiplicon was subsequently
cloned in pCR I according to the manufacturer's instructions, One clone
was selected, and sequence analysis identified the clone fragment sequence
as ldentical to ATR1 derived sequence (data not shown).
Northern blot analysis. Total RNA was isolated with RNAzol from GVISCs
grown in T25 flasks in mediunm alone or supplemented with 26 mimol/l glucose,
20 mmol/] glucose plus anti-TGEF-B (26 ng/ml), or 256 mmol/l glucose plus
'TGE-B (10 ng/ml). Fifteen microgramms of total RNA was separated on a 1%
(wt/vol) agarose gel containing 2.2 mol/1 formaldchyde, pH 4.0, and MOPS
buffer (0.02 mol/t MODPS, pH 7.0, 8 nunol/l sodium acetate, 1 mumol/l EDTA, pH
8.(0)) and blotted to reinforced nitrocellulose (Schileicher & Schuell, Keene, NH),
as described by Maniatis et al. (33). Prehybridization and hybridization were
done in a hybridization mix consisting of (.5 mol/l sodium phosphate bulfer,
pIl 7.2, 7% (wt/vol) SDS, 1% (wt/vol) BSA (Sigma), and 1 mamol/l EDTA, 100
pg/ml single-stranded herring sperm DNA as described by Church and Gilbert
(34). After 2 h of prehybridization at 65°C, a ¢cDNA probe specific for TGI-B 1
(X02812) or a cDNA probe specific for fibronectin (61326) (both [rom ATCC)
was radiolabeled with [e?*PIACTP by random primed labeling (35) and added
to the blot for hybridization overnight at 65°C. After hybridization, the blots
were washed for 30 min with three buflfers with decreasing molarity of
sodium phosphate buffer (0.5, 0.25, and 0.1 mol/, respectively [pll 7.2]), 1%
SDS, and I mmol/l EDTA. In addition to ethidium bromide staining, control
hybridization for egual loading was performed using 0.5-kb glyceraldcehyde-3-
phosphate dehydrogenase (GAPDID) (78106; AT'CC). The intensities and arcas
of the bands on the antoradiograms were determined with an Ultroscan XL
(LKB, Woerden, The Netherlands).
Statistical analysis. The data for control and experimental groups are
expressed as means x SD.

Statistical analysis was performed using Student's ¢ test for unpaired sam-
ples and an analysis of variance test for multiple group compavisons. I? values
ol <0.06 were used to determine significance.

RESULTS

GVECs were characterized according to the described meth-
ods. A phase-contrast picture of these cells 1s given in Iig. 1A4.
Immunofluorescence staining of GVIECs with polyclonal anti-
bodies that specifically recognize fibronectin resulted in pri-
marily extracellular staining. Fibronectin was layered as a
network on top of the cells (Fig. 18). Fibronectin production
was measured using a specific fibronectin KLISA. GVECs cul-
tured in different concentrations of glucose (15 and 25
mmol/l} resulted in a 1.7-fold (15 mmol/l) and 2.3-fold (25
mmol/l) increase in fibronectin production as compared with
control levels (b mmol/]l) (Fig. 2, left panel). This moderate
increase was also abserved in the mRNA levels (Ifig. b, lane
I [conirol] vs. lane 2 [25 mmoll]). The addition of different
concentrations of ANGII (10 or 2 X 10~ mol/) did not result
in any changes in fibronectin production compared with con-
trols (9.9 + 1.4, 11.1 + 2.3, and 10.9 + 2.8 ng/10" cells, respec-
tively). Therefore, we analyzed with RT-PCR whether ATR1 or
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olism in a number of target tissues, including kidneys of dia-
betic rais (53). In a mouse cortical tubule cell line, it was found
that addition ol nyo-immositol reduced the glucose-induced
increase in type land IV collagen (54). A second mechanism
involves the nonenzymatic glycation of extracellular or intra-
cellular proteins (b2,606-60). This could lead to alterations in
the structure of receptors and/or regulatory proteins and
thus alter TGF-B8 aclivity or synthesis. A third mechanism
could involve TGE-f itself, since it is known that TGF-8 can
change its production and mRNA levels by self-induction
(67). Indeed, the mRNA of TGI-B was increased when
GVECs were cocultured with v*TGF-B1. A fourth mechanism
could involve a high-glucose-induced change in decorin
metabolisi, since this chondroitin/dermatan sulfate proteo-
glycan is known to bind and thereby inactivate TGF-B (58).
Finally, protein kinase C could have an important effect on
mediating TGF-B increases in diabetes. Protein kinase C
activity is highly upregulated in the glomeruli of animal mod-
els of diabetes (58,60). Several activators of protein kinase C,
such as high glucose, ANG I, phorbol ester (59-62), and
LDL, increase TGE-B bioactivity and mRNA and thereby
increase IXCM production.

In conclusion, we have shown that high glucose stimu-
Jates the synthesis of {ibronectin and that, these effects are
mediated by induction of TGE-B. No effect of ANG II was
found and no ANG II receptor could be detected on GVECs.
These results suggest that in diabetic nephropathy, the high
glucose levels may play a role in changing the matrix com-
position of the (xI3M.

ACKNOWLEDGMENTS

This study was supported by the Duteh Kidney Foundation
(grant CH1 1082). JILM.B. participates in the concerted
action “"Alterations in KCM Components in Diabetic
Nephropathy™ within the Baropean Union Biomed I program
(BMH1-CTO2-1766).

The 2G7 andibodios woere a kind gift {romw 5. Schoenberger,
Department of Immunohematology-Bloodbank, University
Hospital Leicdden, Leiden, The Netherlands.

The valuable advice of Dr. C. van Kooten, Department of
Nephrology, University Hospital Leiden, is  gratefully
acknowledged. We thank Marjan M. OQostendorp, Depart-
ment of kndocrinology, University Hospital Leiden, [or per-
forming the TGIN-B bioassays,

REFERENCES

L Osterby R, Gundersen HIG, Horlvek A, Kroustreap JI Nyberg G, Westherg G
Diabetie gloptendopathy, stnictural charaeteristios of the early and advaneed
stagres, Jhabetes 320 TH R 1084

2. OlsonJL Disbetes metlivas, In Pathology of the Kidney, Hoeptingtadl R, 5d.
London, Litte, Brown, TS, p LTIH-1T63

Sostriker G, Steiker L Biology of diseases glomerntar coll calture, Lab Ineest
1221080, 1SS

4 ovan Dot NF, Tamsma T, van den Bornn ), Verhagen NAM, van den Heavel LPW,
Lowik CWGM, Bevden JIM, Broiin JA, Daha MR, van der Wowde FJ: Differ-
ertiad effects of angtiotensin Hand transforming growth factorsd on the pro-
duction ol heparan sulfate proteoglyean by mesangial eolls invitrooJ e Soe
Nephvol T 1015100, 1494

o, Border WA, Okuda 5, Languino LR, Ruoslahti B Transforming growth factor-
B regulates production of proteogiveans by mesangial eolls. Kidney Inf
ST080-605, T4

0. Nakamura T Miller D), Ruoslaht B, Border WA: Production of extracellular
matrix by glomerobir epithelial cells s regalated by transforming grosth fac-
o1, Adddney D A0 E20 L,

T Yamamoto T, Nakamura T, Noble NA, Ruoslahti E, Border WA: Expression of

DIABETES, VOL. A1), MAY 18807

m———a—~-

transforming growth factor-f is elevated in human and experimental dia-
betic nephropathy. Proc Natl Acad Sci USA 90:1814-1818, 1803
8. Yoshioka K, Takemura T, Murakami K, Okada M, Hino §, Miyauoto H, Maki
S: Transforming growth factor-B protein and mRNA in normal and diseased
hunian kidneys. Lalb Invest 68:154-1G3, 1993
9. Yamamoto T, Noble NA, Miller DE, Border WA: Sustained expression of TGFE-
B1 underlies development of progressive kidney fibrosis. Kidney Int
45:916-927, 1994
10, Border WA, Okuda S, Languino LR, Sporn MB, Ruoslahti I2: Suppression of
cxperimental glomerulonephritis by antiserum against transforming growth
factor-1. Natwre 346:371-374, 1900
11. Border WA, Noble NA, Yamamoto T, Harper JR, Yamaguchi Y, Pierschbacher
MDD, Ruoslahti E: Natural inhibitor of transforming growth factor=p protects
against scarring in experimental Kidney disease. Nalure 360:301-364, 1892
12, Ziyadeh FN, Shama X, Bricksen M, Wolf (r: Stimulation of collagen gene
expression and protein synthesis in murine mesangial cells by high glucose
is mediated by autocrine activation of transforming growth factor-beta. J
Glin Invest 93:636-543, 1994
13, Anderson 5, Rennke HG, Brenner B Therapeutic advantage of converting
enzymie inhibitors in arresting progressive renal disease associated with sys-
temic hypertension, J Clin Invest 77:1993-2000, 1986
14, FFogo A, Yoshida Y, Glick AD, Homma T, Ichikawa I: Serial micropuncture analy-
sis of glomerular function in two rat models of glomerulosclerosis, J Clin
Muest 82:322-330, 1988
15, Anderson S, Meyer TW, Rennlce HG, Brenner BM: Control of glomerular
hypertension limits glomerular injury in rats with reduced renal mass, o Clin
Muest 7THi612-619, 1085
10. Lewis EJ, Hunsicker LG, Bain REP, Rohde RD: The effect of anglotensin-con-
verting-enzyme inhibition on diabetic nephropathy. & Engl J Med
J280:1465-140622, 1993
17, Ray [ Agyuilera G, Kopp JB3, Hortkoshi 5, Klotman PI: Angiotensin 1 recep-
tor-mediated proliferation of cultured human mesangial cells. IGdney it
40:T04=-771, 1091
18, Kagami S, Border WA, Miller DI, Noble NA: Anglotensin IT stimulates extra-
celludar matrix protein synthesis thirough induction of {ransforming growth fac-
tor-beta expression in rat glomerular mesangial cells, J Clin Inoest
O 3:2:03 12437, 1941
19, Wolf (r, Haberstroh U, Neilson 194G Angiotensin II stimulates the proliferation
and biosynthesis of type I collagen in cultured murine mesangial cells, A of
Pathol 140:06-107, 1992
20, Ray IS, Bruggeman LA, Horikoshi 8§, Aguilera G, Klotman Pl Angiotensin I
stinulates haman fotad mesangial cell proliferation :and fbhronectin biosynthesis
by binding to AT 1 veceptors. Kidney hu AG177-184, 1004
21 Yamada H, Sexton P, Chai S, Adan W, Mendelsohin IFAQ: Angiotensin I recep-
tors in the kidney: localization and physiologicat significance, Am J Hyper-
tension 3260-305, 1990
22, Bianchi O, Gutkowska J, Thibault Gy, Garveia R, Genest J, Cantin M: Distinct
localization of atrial natrinretic factor and angiotensin I binding sites in the
glomenralus, Am J Physiol 26 1 FROL-FG02, 1H86
23, van Son JPHE, Menizel S, Dijkman HBPM, de Jong AS, Boseh MM, Wetzels
JIPM, Koene RADR Assman KIM: Mouse podocytes in culiure express
aminopeptidase A (APA), but not other components of the renin angiotensin
system {(IRAS) (Abstract). J Am Soc Nephrol 6:857, 1HU5S
AL van der Woude 1, Michael AN Muller B, van der Hem GK, Voernier RL, Ko
Y: Lymphiohacmopoictic antigens of cullured human glomerular epithelial
cells, BrJ Eup Path 70:73-82, 1884
,vant Det NI van den Bom J, Tansma J'T, Verhagen NAV, van den Hleuwvel LPWJ,
Berden JHM, Bruiin JA, Daha MR, van der Woude BJ: Proteoglycan produc-
tion by human glomerular visceral epithelial colls and mesangiad celts in vitro.
Biochem J307:TH)-708, LOOH
26. Miiller GA, Miiller (3; Characterization of renal antigens on distinet paits of the
human nephron by monoclonal antibodies, Ktin Wochensehr G1:893-902,
1983
27, Lacas C, Bald LN, Fendly BM, Mora-Wortns M, Figari IS, Patzer ), Palladino
MA: The autocrine production of transtorming growth factor-betal daring lym-
phoeyte activation: a study with monoclonal antibody based ELISA.
Immunol 146: 1L.115=1.422, 1995
28, Nahman NS, Leonhart K1, Cosio FG3, Hebert CLs Effects of high glueose on cel-
lular proliferation and fibronectin production by cultured human mesangial
cells, Kidney Dt 40306G-102, 109492
20, Lowik CWGM, Alblas MJ, van de Ruit M, Papapoulos Sk, van der Plaim G
Quantification of adherent and nonadherent cells cultured in HG-well plates
using the supravital stain neutrad red. Anal Biochem 2315426133, 1993
30, Bergsma D, Blis C, Kumar C, Nuthulaganti P Kersten H, Bishourbagy N, (hif-
fin I, Stadel JM, Alyar N: Cloning and characterization of a human

1o
-1

834



- - - - - . . . - , . .- " . N e - . .. ; e s N phard s e, PYNE (NN YR ATRT

‘ I B G ERL N DI A T S B I A D A I g N L AL N A L B LT B R A S A T oo S et 14 I
.Y . . . . - L ML 8 .- . * - | P S P A [ S T e et e NS ety NN e B P N R CIRAT MG SN ' »f'b, L5 ol L b Sl SL S OE A SENNIN

L2 < L ) S - i . . Ve 1. s v, . NSAIR A s . o "’ i} ot
- - . - Ny > bd N i B -7 - e 3

- N .- . - s, - s -- an . . AN

e - - - - .- ” Py - . - . ), e

s " 4 ? s ’ -~ ¥ -7 . - 3 . - ‘B2 . b RN

. . - N . - - - * - . c o, e 4 ;o F- i - . v L~ R ;T h ; . P ’ , - - - ;" < o~ ¢ ,

. . . . S . o~ . . L e . R i A T S Ca v Yo s y.og. at. NS v gt C 7 It et vy ev e AN S, s IS

A : T T D e T TSN T I M S S DAV L R A SRSV P 2 LSRN VD SRR S R AN P e e AT er g SN T e Y

angiotensin Il type 1 receptor. Biochem Biophys Res Com 183:989-995, 1992

31. Martin MM, Su B, Elton T'S: Molecular cloning of the human angiotensin II type.
Biochemical and biophysical research commurnications. Biochem Biophys Res
Com 205:645-651, 1994

32. Ponte P, Ng SY, Engel J, Gunning P, Kedes L: Evolutionary conservation in the
untranslated regions of actin mRNAs: DNA sequence of human beta-actin
cDNA. Nucl Acids Res 12:1687-1696, 1984

33. Sambrook J, Fritsch EI', Maniatis T: Molecular Cloning: A Laboratory Man-
ual. Cold Spring Harbor, NY, Cold Spring Harbor Laboratory, 1983

34. Church GM, Gilbert W: Genomic sequencing. Proc Natl Acad Sci USA
81:1991--1995, 1984

3D, Feinberg AP, Vogelstein B: A technique for radio labelling DNA restriction
endonuclease fragments to high specific activity. Anal Biochem 132:6-13,
1983

36. De Gasparo M, Levens NR: Pharmacology of angiotensin Il receptors in the
ladney. ICidney Int 46:1486-1491, 1994

3'7. Kakuchi J, Ichiki T, Kiyama S, Hogan BLM, Fogo A, Inagami T, Ichikawa I:
Development expression of renal angiotensin II receptor genes in the mouse.
Kidney Int 47:140-147, 1995

38. Shanmugam S, Lenkei ZG, Gasc JMR, Corvol PL, Llorens-Cortes CM:
Ontogeny of angiotensin II type 2 (AT2) receptor mRNA in the rat, Kidney Int
47:1095-1100, 1995

39. Ciuffo GM, Heemskerk FMJ, Saavedra JM: Purification and characterization
of angiotensin II ATR2 receptors from neonatal rat kidney. Proc Natl Acad Sei
{USA 90:11009-11013, 1993

40. Ziyadeh FN: The extracellular matrix in diabetic nephropathy. Am J Kidney
Dis 922:736-744, 1993

41. Mauer SM, Steffes MW, Ellis EN, Sutherland DE, Brown DM, Goetz FC: Struc-
tural-functional relationships in diabetic nephropathy. J Clin Invesi
74:1143-1155, 1984

42, Mauer SM: Structural-functional correlations of diabetic nephropathy, Kidney
Inl 45:612-622, 1994

43. Osterby R: Glomerular structural changes in type I (insulin dependent) dia-
betes mellitus: causes, consequences, and prevention. Diabetologia
35:803-812, 1992

44, Tamsma JT, van den Born J, Bruijn JA, Assmann KJM, Weening JJ, Berden
JHM, Wieslander J, Schrama E, Hermans J, Veerkamp JH, Lemkes HHPJ,
van der Woude FJ: Expression of glomerular extracellular matrix components
in human diabelic nephropathy: decrease of heparan sulphate in the glomeru-
lar basement membrane. Diabelologia 37:313-320, 1994

45, Ayo SH, Radnik RA, Garoni JA, Glass II WF, Kreisherg JI; High glucose causes
an increase in extracellular matrix proteins in cultured mesangial cells. Am
J Pathol 136:1339-1348, 1990

46. Ayo SH, Radnik RA, Glass I WF, Garoni JA, Rampt ER, Appling DR, Kreisberg
JI: Increased extracellular matrix synthesis and mRNA in mesangial cells
grown in high-glucose medium. Am J Physiol 260:F185-F191, 1991

47. Danne TM, Spiro MJ, Spiro RG: Effect of high glucose on type IV collagen in

840

cultured rat glomerular epithelial, endothelial, and mesangial cells. Diabeteg
42:170-177, 1993

48. Haneda M, Kikkawa R, Horide N, Togawa M, Koya D, Kajiwara N, Ooshimg
A, Shigeta Y: Glucose enhances type IV collagen production in cultured rat
glomerular mesangial cells. Diabetologia 34:193-200, 1991

49, Ziyadeh FN, Snipes ER, Watanabe M, Alvarez RJ, Goldfarb 5, Haverty TP: Higy
glucose induces cell hypertrophy and stimulates collagen gene transcription
in proximal tubule. Am J Physiol 28:F704-1714, 1990

50. Rocco MV, Chen Y, Goldfarb S, Ziyadeh FN: Elevated glucose stimulates TGF-
B gene expression and bioactivity in proximal tubule. Kidney Int 41:107-114,
1992

51. Wolf G, Sharma K, Chen Y, Ericksen M, Ziyadeh N: High glucose-induced pro-
liferation in mesangial cells is reversed by autocrine TGEF-B. Kidney Int
42:647-656, 1992

52, Calgliero E, Roth T, Taylor AW, Lorenzi M: The effects of high glucose on
human endothelial cell growth and gene expression are not mediated by
transforming growth factor-8. Lab Invest 73:667-673, 1995

53. Goldfarb S, Ziyadeh FN, Kern EFO, Simmons DA: Effects of polyol-pathway
inhibition and dietary myo-inositol on glomerular hemodynamic function in
experimental diabetes mellitus in rats, Diabetes 40:465-471, 1981

54, Ziyadeh FN, Simunons DA, Snipes ER, Goldfarb S: Effect of myo-inositol on
cell proliferation and collagen transcription and secretion in proximal tubule
cells cultured in elevated glucose. J Am Soc Nephrol 1:1220-1229, 1991

65. Brownlee M, Cerami A, Vlassara I: Advanced glycosylation end products in
tissue and the biochemical basis of diabetic complications. N Engl J Med
318:1315-1321, 1988

56. Throckmorton DC, Brogden AP, Min B, Ramussen H, Kashgarian M: PDGI" and
TGF-B mediate collagen production by mesangial cells exposed to advanced
glycosylation end products. Kidney Int 48:111-117, 19956

67. van Obberghen-Schilling E, Roche NS, Flanders KC, Sporm MB, Roberts AB:
Transforming growth factor-Bl positively regulates its own expression in
normal and transformed cells, J Biol Cliem 263:7741-7746, 1988

23, Yaraguchi Y, Mann DM, Ruoslahti E: Negative regulation of transforming
growth factor-beta (TGE-) by the proteoglycan decorin. Nature 281-284, 1990

59. Craven PA, Studer RK, Negrete H, DeRubertis FR: Protein kinase C in diabetic
nephropathy. J Diabetes Complications 9:241-245, 1995

60. Ziyadeh FN: Mediators of hyperglycemia and the pathogenesis of matrix
accunulation in diabetic renal disease. Miner Electrolyte Metab 21:292-302,
1995

61. Kim SJ, Denhez F, Kim KY, Holt JH, Sporn MB, Roberts AB: Activation of the
second promoter of the transforming growth factor-p1 gene by transforming
growth factor-B1 and phorbol ester occurs through lhe same target
sequences. J Biol Chem 264:19373-19378, 1989

62. Wenzel UO, Fouqueray B, Biswas F, Grandaliano G, Choudhury GG, Abboud
HE: Activation of mesangial cells by the phosphatase inhibitor vanadate:
polential implications for diabetic nephropathy. JJ Clin Invest 95:1244-1252,
1995

DIABETES, VOL. 46, MAY 1997



