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a. Introduction

Transforming growth factor-~ (TGF-~) is a disulfide-linked homodimer

of 25 kilo dalton (kDa) polypeptide [1, 2]. TGF-~ is synthesized as an inactive

precursor protein which may bind to a 120-130 kDa TGF-~ binding protein,

and is proteolytically processed into an active mature form [3]. Since its first

purification from human platelets [4], TGF-~ has been shown to be a

multifunctional regulator of cell proliferation and differentiation [1, 2, 5-7].

Inhibition of cell proliferation is generally seen in many cells, in particular,

epithelial cells, whereas some mesenchymal cells may be stimulated to

proliferate by TGF-~ [1, 5, 6]. In addition, TGF-~ has been shown to

contribute to the accumulation of extracellular matrix proteins by stimulating

their synthesis and/or decreasing the activities of some extracellular

proteases [7, 8] .

The kidney is one of the targets of TGF-~ action. The presence of

specific receptors for TGF-~ has been demonstrated in both isolated glomeruli

and in the individual cell types of the glomerulus, i.e., mesangial, epithelial

and endothelial cells [9]. TGF-~ has been shown to inhibit mesangial cell

growth [9, 10] and to stimulate the synthesis of collagen, fibronectin, laminin

and other proteoglycans such as heparan sulfate by mesangial cells as well as

glomerular epithelial cells [9, 11].

TGF-~ is richest in platelets [4] but is found in almost all normal and

transformed cells. Recently isolated glomeruli have been shown to express

TGF-~ mRNA and produce TGF-~ proteins [13, 14]. Furthermore, Border et

al. have recently demonstrated in a rat model of experimental



glomerulonephritis that TGF-~ mRNA expression and its production in the

glomeruli are augmented in parallel to the mesangial matrix accumulation

[14], which is prevented by injecting anti-TGF-~ neutralizing antibodies [15].

Based on these observations they have suggested that TGF-~ may playa

crucial role in the pathogenesis of glomerulonephritis, although it is not

known what cell types in the glomerulus are responsible for the TGF-~

production and what is the mechanism by which the TGF-~ secretion is

stimulated.

Recently mesangial cells have been shown to have many functions such

as contractile properties in response to vasoactive peptides, phagocytosis of

macromolecules, and synthesis of matrix proteins, eicosanoids, oxygen

radicals, and several autacoids [16]. In addition, they may produce and

respond to growth factors such as interleukin-l [17], platelet-derived growth

factor (PDGF) [18], insulin-like growth factor-l [19], and interleukin-6 [20].

These growth factors may play some important roles for mesangial cell

proliferation in vivo as autocrine or paracrine factors in the physiology and

pathophysiology affecting the kidney.

The present study was designed, therefore: 1) to elucidate whether

mesangial cells express TGF-~ mRNA and secrete TGF-~ proteins, and if so,

2) to investigate whether the secreted TGF-~ is an active or inactive form and

3) what is the mechanism by which the induction of TGF-~ is regulated, and

finally 4) to examine the role of TGF-~ in the mesangial cell growth. The

results showed that mesangial cells clearly express TGF-~ mRNA, which may

be stimulated by serum and 12-Q-tetradecanoyl phorbol-13-acetate (TPA), and



that mesangial cells secreted substantial amounts ofTGF-p proteins mostly in

latent forms. In addition, the secreted TGF-p demonstrated growth-inhibitory

action on mesangial cells themselves and thus TGF-p may function as an

autocrine factor in mesangial cells.
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b. Materials and Methods

Mesangial cell culture

Mesangial cells were obtained by culturing glomeruli isolated from

kidneys of 150-200 g male Wistar rats by conventional sieving methods [21,

22]. Cells which outgrew in Eagle's minimal essential medium (MEM)

containing 17% fetal calf serum (FCS) were identified to be mesangial cells by

phase contrast microscopy according to the morphological criteria; i.e., flat

polygonal or spindle-shaped cells with multiple processes [22]. All

experiments were performed using the cells between the 4th and the 10th

passages.

b Preparation of conditioned media (CM) by mesangial cells and activation

of latent TGF-~

The serum-free media conditioned by confluent mesangial cells for 24

hours were collected, centrifuged to remove cell debris, and subjected to

bioassay and immunoblot analysis. The activation of latent TGF-~ was

performed by heating CM at 80°C for 10 min or by acidifying CM with one

tenth amount of 10 N HCl (final pH 1.5-2) for 30 min at room temperature,

followed by neutralization with an equimolar NaOH [23, 24].

Bioassay for TGF-~~

The bioassay for TGF-~ was performed based on the observation that

TGF-~ sensitively inhibits the growth of CCL·64 cells (mink lung epithelial

cell line) [25]. In brief, CCL-64 cells were plated into 24-well culture plates in

MEM containing 10% FCS. After incubation for 24 hours the medium was

discarded and changed to MEM containing 1% FCS. After additional
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incubation for 24 hours control or test samples were added, and cells were

incubated for another 16-24 hours. Subsequently, 18 kBq/well [3Hl-thymidine

was pulsed for 3-5 hours and the amounts of [3HJ-thymidine incorporated into

trichloroacetic acid (TCA)-precipitable materials were measured by a liquid

scintillation counter. TGF-~ activities were determined as compared with the

standard curve which was drawn by using human TGF-~l.

d. Immunoblot analvsis ofTGF-~proteins

CM were dialyzed against 1 mM acetic acid for 24 hours and

lyophilized. The lyophilized products were solubilized by boiling in the

presence of sodium dodecyl sulphate (SDS) and 2-mercaptoethanol, size

fractionated by 5-10% SDS-polyacrylamide gel electrophoresis under reducing

conditions, and electrophoretically transferred to a polyvinylidene difluoride

membrane filter CImmobilon-P, Millipore, Bedford, MA). The filter was

incubated in blocking buffer (150 mM NaCl, 20 mM Tris, 3% instant nonfat

dry milk, pH 7.5) for 1 hour to block nonspecific antibody binding and treated

with specific anti-TGF-~1 antibodies in Tris-NaCl buffer (150 mM NaCl, 20

mM Tris, 0.3% instant nonfat dry milk) for 3 hours at room temperature.

After washing four times with Tris-NaCI buffer and 0.05% Tween 20, the filter

was incubated in Tris-NaCl buffer with a diluted horseradish peroxidase-anti

rabbit IgG conjugate for 1 hour. The blot was visualized by staining the filter

with color reaction substrates (4-chloro-l-naphthol and N, N'-dialkyl-4

aminoaniline derivatives) according to manufacture's instructions

CImmunostaining HRP Kit IS-50B, Konica, Tokyo).



Northern blot analysis

Total RNA was extracted from cultured mesangial cells by a

isothiocyanateJCsCI ultracentrifugation. In some experiments poly (A)+ RNA

was prepared using oligo (dT)-cellulose chromatography (type 3, Collaborative

Research, Bedford, MA). A1iquots (15·20 ~g total RNA or 2 ~g poly (A)+ RNA)

were size-fractionated in 2.2 M formaldehyde-1% agarose gel and transferred

to a nylon membrane by capillary action for 12-18 hours. The blot was

prehybridized for 4-6 hours at 42°C in hybridization solution (5 x SSC, 10 x

Denhardt's solution, 0.1% SDS and 50% formamide), and was then hybridized

with a nick-translated TGF-p1 cDNA probe at 42°C in the hybridization

solution for 20-24 hours. The filter was washed four times with 2 x SSC, 0.1%

SDS at room temperature and once with 0.1 x SSC, 0.1% SDS at 55°C for 30

min. Autoradiography was performed by a standard method. The filter was

rehybridized with [32P]-labeled p-actin probe as an internal control after

removing the radiolabeled probe in a boiled water for 10 min.

LJ3H]-Thvmidine incorporation in mesangial cells and cell number analysis

Mesangial cell growth was analyzed by two methods; [3HJ-thymidine

incorporation in mesangial cells and cell number analysis. For [3Hl

thymidine incorporation study, mesangial cells were plated on 24-well plates,

grown to confluence, and growth-arrested by incubation for 48 hours in MEM

containing 0.5% FCS. Subsequently, TGF-p1 or anti-TGF-p neutralizing

antibodies were added to each well, and the cells were incubated for 48 hours.

The amounts of [3H]-thymidine (37 kBq/well) incorporated into TCA

precipitable materials during the last 6 hours or 48 hours of the incubation

7



time were measured as described above. Additionally, after incubation for 3

or 7 days in MEM containing 10% FCS without or with TGF-~l at the

indicated concentrations or anti-TGF-~ neutralizing antibodies (20 Jlg/ml) ,

mesangial cells were harvested with trypsin-0.05% ethylenediamine

tetraaceticacid (EDTA) and then the cell numbers were counted.

g Materials

TGF-~l cDNA from rat platelets was kindly provided by Dr. Toshikazu

Nakamura (Kyushu University Faculty of Science, Fukuoka). About 500-base

pair BgI IlEco RI fragment [rom plasmid clone was used for Northern blot

analysis. Human platelet TGF-~l and human epidermal growth factor (EGF)

were purchased from R&D Systems (Minneapolis, MN), and human PDGF

from Collaborative Research Incorp. (Bedford, MA). Rabbit anti-TGF-~

neutralizing antibody was obtained from R&D Systems, and polyclonal anti

TGF-~ antibody for immunoblot analysis was a gift of Dr. Kohei Miyazono

(Ludwig Institute for Cancer Research, Uppsala, Sweden). [a_32p] dCTP (111

TBq/mmol) and [3H]-thymidine (185 GBq/mmol) were the products of

Amersham Corp. (Arlington Heights, IL). Other chemicals were obtained

from Sigma Chemical Co. (St. Louis, MO).
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c. Results

TGF-B mRNA expression in mesangial cells and upregll.lation by serum

and TPA

Mesangial cells growing in MEM containing 17% FCS expressed 2.5 kb

mRNA (Fig. 1), the size compatible with TGF-~ mRNA [4]. TGF-~ mRNA

levels did not vary with cell density (data not shown), thus mesangial cells

which were grown to confluence were used in the subsequent experiments.

To elucidate the mechanism by which TGF-~ mRNA is expressed, we

examined which factor(s) could modulate the mRNA level in mesangial cells.

Removal ofFCS for two days decreased the TGF-~ mRNA levels, while ~-actin

mRNA remained constant (Fig. 1). The TGF-~ mRNA level was then

stimulated by re-addition of 17% FCS reaching the maximum at 9 hours (Fig.

2A). The effect of FCS to induce TGF-~ mRNA levels was dose-dependent

between 0.5 and 8 %. The maximum effect was achieved by addition of 8 %

FCS (Fig. 2B).

It has been reported in other cell types that TGF-~ mRNA can be

induced by TPA, one of the phorbol esters [27] and by growth factors such as

PDGF, epidermal growth factor (EGF) in normal rat kidney fibroblasts, and

by TGF-~ itselfin rat osteosarcoma cells [28]. Our results show that TPA also

markedly increased TGF-~ mRNA expression in mesangial cells (Fig. 3).

Time course of the induction by TPA showed the stimulation was seen as

early as 1 hour and reached the maximum at 6 or 9 hours, which was almost

the same as the induction by FCS (Fig. 4). However, upregulations ofTGF-~

mRNA were not observed by adctition of either PDGF, TGF-~, EGF (data not



p-actin •••

Figure 1. Effect of FCS on TGF-p mRNA expression in cultured
mesangial cells. Total RNA was isolated from cultured mesangial cells

growing in MEM containing 17% FCS or following incubation in serum-free

MEM for 24 hours and for 48 hours. Samples were size-fractionated in 1%

agarose gel, transferred to a nylon membrane and the northern blot was

hybridized with nick-translated TGF-p1 and p-actin cDNA probes.
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Figure 2. Time course and dose-response relationship ofFCS

induced TGF-~ mRNA expression.

A. Mesangial cells were serum-starved for 48 hours, and subsequently

exposed to MEM containing 17% FCS. At the indicated time point following

treatment with FCS, RNA was isolated from the cells and subjected to

Northern blot analysis (2 Jlg poly(A)+ /lane) using nick-translated TGF-~l and
~-actin eDNA.

B. Serum-starved mesangial cells were incubated for 6 hours in MEM

containing FCS at the indicated concentrations. At the end of incubation

period, total RNA was isolated from the cells and subjected to Northern blot

analysis (10 Jlg/lane) using nick-translated TGF-~l and ~-actin eDNA probes.
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shown) in mesangial cells.

Next we examined the effect ofH-7, an inhibitor of protein kinase C, on

the FCS-induced TGF-p mRNA expression. However, the TGF-p mRNA level

did not seem to change by addition of H-7 (data not shown), suggesting that

the induction ofTGF-p mRNA by FCS was C-kinase independent.

~ ~
~ ~ ~§ § § ~
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I] ~ f? " ~

TGF-~

~-actin

-2.5 kb

Figure 3. Effects of growth factors and TPA on TGF-p mRNA

expression. Mesangial cells were serum-starved for 48 hours in MEM

containing 0.5% FCS, and incubated for 6 hours in serum-free MEM with no

addition, PDGF (10 ng/ml), TGF-p (10 ng/mD, TPA ( 100 nM), or in MEM

containing 17% FCS. At the end of incubation period, RNA was isolated from

the cells and subjected to Northern blot analysis (2 Jlg poly (A)+ RNA/lane).
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Figure 4. Time course ofTPA-induced TGF-~ mRNA expression.

Mesangial cells were serum-starved for 48 hours, and exposed to TPA (100

nM) in MEM containing 0.5% FCS. At the indicated time point following

stimulation with TPA, RNA was isolated from the cells and subjected to

Northern blot analysis (2 ~g poly(A)+ /lane) using nick-translated TGF-~l and

~-actin cDNA probes.

b Bioassay for TGF-B activities in the conditioned media by mesangial cells

To examine whether cultured mesangial cells secrete biologically active

TGF-~, TGF-~-Iike activities in the conditioned media were measured by use

ofCCL-64 cell growth-inhibition assay. As shown in Fig. 5A, TGF-~ inhibited

(3H]-thymidine incorporation in CCL-64 cells dose-dependently (ED50 =10-15

pM). CM with heat or acid treatment inhibited (3H]-thymidine incorporation

in CCL-64 cells dose-dependently, although CM without treatment had less

effect. Anti-TGF-~ neutralizing antibodies completely abrogated the

inhibitory effect of CM on (3H]-thymidine incorporation in CCL-64 cells (Fig.
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5A, 5B), whereas non-immune IgG had no effect (data not shown), indicating

that the inhibitory effect of CM was specific for TGF-13. The specificity of the

anti-TGF-13 neutralizing antibodies was confirmed by the observation that the
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Figure 5. Measurement ofTGF-13like activities in the conditioned

medium by mesangial cells before and after activation of latent TGF
13 using CCL-64 cell growth-inhibition assay.

A. CCL-64 cells plated in 24-well culture plates were incubated for 24 hours

in MEM containing 1% FCS, and then control or test samples were added and

incubated for another 16-24 h. Subsequently [3Hl-thymidine was pulsed for

3-5 hours and [3Hl-thymidine incorporation was measured. Samples are:

TGF-13 at the indicated concentration (solid line), CM with heat or acid

activation (e), CM with heat or acid activation in the presence of anti-TGF-13

neutralizing antibodies (.A.). CM were added at the indicated dilutions.

B. [3Hl-thymidine incorporation in CCL-64 cells were measured as described

above. Samples are: CM with heat or acid activation (e), CM without heat or

acid activation (0), CM without heat or acid activation in the presence of

anti-TGF-13 neutralizing antibodies (6),
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CCL-64 cell growth-inhibitory effect of TGF-p was abrogated by the

antibodies, but not by non-immune rabbit IgG (data not shown).

From these bioassay studies, the concentrations of TGF-p in the

conditioned media for 24 hours without activation were estimated to be 10-

~ 12.5 kd, TGF-p subunits

Figure 6. Immunoblot analysis ofTGF-p secreted by mesangial cells.

Serum-free MEM conditioned by mesangial cells for 24-48 hours was dialyzed

against 1 roM acetic acid, lyophilized, and subjected to SDS-polyacrylamide

electrophoresis and transfer to a polyvinylidene difluoride filter followed by

immunoblot analysis using specific anti-TGF-p1 antibodies as described under

"Materials and methods", Left (negative control), serum-free MEM without

conditioning; Middle (TGF-P), TGF-p proteins (l00 ng); Right (conditioned

media), serum-free MEM conditioned by mesangial cells for 24-48 hours.



20 pM (l4.8± 3.6 pM: meantSD) but markedly increased to 150-450 pM (282.

5± 119.3 pM) after heat or acid activation. Based on these results, the

amounts ofTGF-p produced by mesangial cells were calculated to be 22.1± 6.5

ng/10G cellsl24 hours including inactive and active ones, but 96% ofTGF-p in

the conditioned media was in inactive or latent forms.

Immunoblot analysis for TGF-B proteins

To confirm the existence ofTGF-p protein in CM, we further performed

immunoblot analysis. The results revealed single 12.5 kDa protein, the size

compatible with that of a subunit of mature TGF-p1 peptides (Fig. 6).

Together with the results of bioassay shown above, it is indicated that

cultured mesangial cells secrete biologically active TGF-p proteins but mostly

in inactive or latent forms.

d Inhibition of[3HJ-thymidine incorporation in mesangial cells by TGF-B and

stimulation by anti-TGF-B neutralizing antibodies

TGF-p has been shown to modulate mesangial cell growth [9, 10]. Our

results showed that exogenously added TGF-p dose-dependently inhibited

[3H]-thymidine incorporation in mesangial cells (Fig. 7). The effect of TGF-p

was seen at concentrations higher than 10 pM, reaching the maximum at 40

pM. To determine whether the growth of cultured mesangial cells were under

influence of TGF-p endogenously secreted by mesangial cells into the media,

we next examined the effect of anti-TGF-p neutralizing antibodies on

mesangial cell growth. As shown in Fig. 8, addition of anti-TGF-p

neutralizing antibodies significantly augmented [3H]-thymidine incorporation

in mesangial cells incubated both in the MEM containing either 0.5 % FCS or
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10% FCS, whereas control non-immune IgG had no effect (data not shown).

Cell number analysis

To confirm the effects ofTGF-~ and anti-TGF-~neutralizing antibodies

on the mesangial cell proliferation, we performed the cell number analysis.

As shown in table 1, significant reduction of cell number was observed as
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Figure 7. Effect ofTGF·~on [3H].thymidine incorporation in

mesangial cells. Mesangial cells plated in 24-well plates were serum

starved for 2 days in MEM containing 0.5% FCS and subsequently the

medium was changed to MEM containing 10% FCS with addition of various

concentrations ofTGF-~,and incubated for 2 days. [3H]-thymidine

incorporation in mesangial cells during the last 6 hours was measured. Bars

are mean±SD of triplicate determinations from a representative

experiments. Similar results were obtained in three additional experiments.
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compared to control values 3 days after addition ofTGF-13 at 100 pM, and at

10 pM or higher 7 days later. Moreover, proliferative effect was seen at 3 or 7

days after addition of anti-TGF-13 neutralizing antibodies. These results were

almost consistent with the [3HJ-thymidine incorporation data shown above.
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Figure 8. Effect of anti·TGF·13 neutralizing antibodies on [3R].

thymidine incorporation in mesangial cells. Mesangial cells were

incubated in MEM containing 0.5% or 10% FeS in the absence or the

presence ofanti-TGF-13 neutralizing antibodies (20 ~g/ml), and [3H]-thymidine

incorporation in mesangial cells for 48 h was measured. - or + indicates the

absence or the presence of anti-TGF-13 neutralizing antibodies. Bar is the

mean±SD of triplicate determinations from a representative experiment.

* significantly different (p<O.Ol, by Student's t -test) from the value in the

absence of anti-TGF-13 neutralizing antibodies.
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Table 1. Effect of TGF-~ and anti-TGF·~ neutralizing antibodies
on mesangial cell number.

incubation time

samples

control
TGF-~ (pM)

10

40

100

anti-TGF-~ neutralizing

antibodies

3 days

6220 ± 1750

4970 ± 410

3770 ± 1350

3050 ±640'

9970 ± 950'

7days

30830 ± 1410

24170 ± 1730'

16440 ± 4090'

13000 ± 2190'

42000 ± 4300'

Values are mean ± SO
a < 0.05, b <0.005, significantly different from control by Student's t -test

Based on these results it is suggested that TGF-~ secreted by

mesangial cells indeed exerts a growth-inhibitory action on mesangial cells

themselves in culture.
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d. Discussion

It has been recently reported that in experimental glomerulonephritis

the expression of TGF-p was augmented in parallel to the increased

mesangial matrix accumulation [14], which could be inhibited by anti-TGF-p

neutralizing antibodies, observations suggesting a crucial role ofTGF-p in the

pathogenesis of glomerulonephritis, although what cell types in the

glomerulus were responsible for the production of TGF-p and the mechanism

by which the TGF-p rnRNA expression was stimulated remained to be defined

[15].

Here we first demonstrated that rat glomerular mesangial cells

synthesize and release into the culture media a polypeptide that shares

immunological and biological features consistent with TGF-p. Bioassay for

TGF-p using CCL-64 cells is a reliable and well established method to

quantify TGF-p [15, 25, 26-28]' The observation that the CCL-64 cell growth

inhibitory effects of the conditioned media were totally recovered by anti

TGF-p neutralizing antibodies at all data points clearly showed the activities

we measured were TGF-p specific (Fig. 5). Moreover, immunoblot analysis

using specific polyclonal anti-TGF-p antibodies directly demonstrated the

presence ofTGF-p proteins in the conditioned media (Fig. 6).

Our study showed that the amounts of TGF-p produced by mesangial

cells were estimated to be 22.1±6.5 ng/l0 6 cells/24 hours and the

concentrations were 150-450 pM (282.5±119.3 pM) , but 96% of TGF-p in the

conditioned media was in inactive forms. The amounts of TGF-p production

were nearly comparable or larger than those reported in other cell types [26,
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29], suggesting a potential role of mesangial cells as a source of TGF-~ in the

glomerulus. We demonstrated that mesangial cells also expressed TGF-~

binding protein mRNA (data not shown), suggesting that TGF-~ is secreted by

mesangial cells as an inactive form probably bound to TGF-~ binding protein.

By our biassay study about 4% of TGF-~ in the conditioned media was in

active or mature forms. The existence of biologically active TGF-~ in the

conditioned media was further supported by the observation that addition of

anti-TGF-~ neutralizing antibodies significantly increased [3H]-thymidine

incorporation in mesangial cells. Although TGF-~ may be activated from its

precursor by heat or acid activation in vitro, the mechanism of the activation

in our culture conditions remains to be elucidated. It is possible that some

proteases such as plasmin generated by mesangial cells or inflammatory cells

might be involved in the activation ofTGF-~ in vitro [I, 23].

Next we investigated whether there are any factor(s) which could

modulate TGF-~ mRNA expression by mesangial cells. It has been reported

that TGF-~ rnRNA expression is stimulated by TPA in NIH3T3 cells [30], by

EGF or PDGF in normal rat kidney fibroblasts [31], and by TGF-~ itself in rat

osteosarcoma cells [31]. Our results demonstrated that removal of FCS for

two days decreased the TGF-~ rnRNA level, which was then stimulated by re

addition of 17% FCS reaching the maximum at 9 hours (Fig. I, 2). TPA also

stimulated TGF-~ rnRNA levels ofmesangial cells reaching the maximum at 6

or 9 hours (Fig. 4). PDGF, TGF-~, or EGF (data not shown) had no effect.

Induction of TGF-~ mRNA by TPA is compatible with the report which

demonstrated the presence of TPA responsive element at the 5' region of the
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TGF-~ gene [32], and suggests that the TGF-~ mRNA expression was

mediated, at least in part, by protein kinase C. However, induction of TGF-~

by FCS was only partially inhibited by H-7, an inhibitor of protein kinase C

(data not shown), suggesting that a protein kinase C independent pathway

might also be present in the induction ofTGF-~.

TGF-~ inhibited [3H]-thymidine incorporation in mesangial cells at 10

pM or higher (Fig. 7), the data consistent with the report that Kd of TGF-~

receptors of mesangial cells was 5 pM [9, 10]. Addition of anti-TGF-~

neutralizing antibodies significantly increased [3HHhymidine incorporation

in mesangial cells incubated both in MEM containing 10% FCS and serum

free MEM, indicating that TGF-~ secreted by mesangial cells exerted a

growth-inhibitory action on mesangial cells themselves. The results of cell

number analysis were almost consistent with the [3H]-thymidine

incorporation data, although the reduction of cell number at 3 days after

addition of 10 or 40 pM TGF-~ was not statistically significant. Our study

showed the concentration of active forms ofTGF-~ in the media was less than

20 pM. However, the concentration might be sufficient to inhibit mesangial

cell growth. It is also possible that the local concentration of active TGF-~

would be higher than that of the conditioned media estimated above. From

these observations we conclude that TGF-~ may playa role as an autocrine

factor in the regulation of mesangial cell functions. In addition to growth

inhibitory effect, TGF-~ secreted by mesangial cells might also playa role on

the accumulation of the mesangial matrix components, since less than 10 pM

TGF-~ could stimulate the the synthesis of collagen by mesangial cells [9].
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In summary, mesangial cells produce and secrete substantial amounts

of TGF-~ but mostly in latent forms, and the secreted TGF-~ may regulate

mesangial cell growth and differentiation, thus functions as an autocrine

factor in mesangial cells. From these observations it is speculated that

mesangial cells could be a source of TGF-~ in vivo, and the secreted TGF-~

might play an important role for the accumulation of the mesangial matrix

not only in normal glomeruli, but also in the affected glomeruli of

glomerulonephritis, while the growth-inhibitory effect of TGF-~ may be

overcome by the various growth factors and cytokines such as PDGF,

interleukin 1, and interleukin 6. Moreover, the TGF-~ secreted by mesangial

cells may also playa role as an autocrine factor in the pathogenesis of

glomerulosclerosis due to diabetic nephropathy or other chronically

progressive renal diseases.
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e. Summary

TGF-p recently has been shown to modulate mesangial cell growth and

to stimulate mesangial matrix synthesis by mesangial cells. Here we

examined whether mesangial cells expressed TGF-p mRNA and secreted

mature TGF-p, and we investigated the role of TGF-p in mesangial cell

growth. Cultured rat mesangial cells expressed 2.5 kb TGF-p mRNA, and

removal of FCS for two days decreased the TGF-p mRNA level, which was

then stimulated by re-addition of 17% FCS reaching the maximum at 9 hours.

TPA, one of the phorbol esters, markedly increased the mRNA level reaching

the maximum at 6 or 9 hours. Immunoblot analysis of the conditioned media

using specific anti-TGF-p1 antibodies revealed single 12.5 kDa proteins, the

size compatible with mature TGF-p subunits. By means of bioassay using

CCL-64 cell line, TGF-p production rate by mesangial cells was estimated to

be 22.1±6.5 (mean±SD) ng/106 cells/24 hours, 96 % of which was in latent

forms. Exogenously added TGF-p inhibited mesangial cell growth at 10 pM or

higher. Moreover, addition of anti-TGF-p neutralizing antibodies augmented

mesangial cell growth, indicating that the secreted TGF-p actually exerted a

growth-inhibitory action.

In summary, mesangial cells produce and secrete substantial amounts

of TGF-p but mostly in latent forms, and the secreted TGF-p may regulate

mesangial cell growth and differentiation. We conclude that TGF-p may

function as an autocrine factor in mesangial cells.

24



f. References

1. Massague J: The transforming growth-factor- ~ family. Ann Rev Cell

BioI 6: 597-647,1990

2. Assoian RK, Komoriya A, Meyers CA, Miller DM, and Sporn MB:

Transforming growth factor-~ in human platelets. Identification of a major

storage site, purification, and characterization. J BioI Chem 258: 7155-7160,

1983

3. Miyazono K, Hellman D, Wernstedt C, and Heldin C-H: Latent high

molecular weight complex of transforming growth factor-~1. Purification

from human platelets and structural characterization. J BioI Chem 263:

6407-6415,1988

4. Derynck R, Jarrett JA, Chen EY, Eaton DH, Bell JR, Assoian RK, Roberts

AB, Sporn MB, and Goeddel DV: Human transforming growth factor-~

complementary DNA sequence and expression in normal and transformed

cells. Nature 316: 701-705,1985

5. Roberts AB, Anzano MA, Wakefield LM, Roche NS, Stern DF, and Sporn

MB: Type ~ transforming growth factor: A bifunctional regulator of cellular

growth. Proc Nall Acad Sci USA 82: 119-123, 1985

6. Carr BI, Hayashi I, Branum EL, and Moses HL: Inhibition of DNA

synthesis in rat hepatocytes by platelet-derived type ~ transforming growth

factor. Cancer Res 46, 2330-2334, 1986

7. Ignotz RA, and Massague J: Transforming growth factor-~ stimulates

the expression of fibronectin and collagen and their incorporation into the

extracellular matrix. J BioI Chem 261: 4337-4345, 1986

25



8. Edwards DR, Murphy G, Reynolds JJ, Whitham SE, Docherty AJP, Angel

P, and Heath JK: Transforming growth factor beta modulates the

expression of collagenase and metalloproteinase inhibitor. EMBO J 6:

1899-1904, 1987

9. MacKay K, Striker LJ, Stauffer JW, Doi T, Agodoa LY, and Striker GE:

Transforming growth factor-~. Murine glomerular receptors and

responses of isolated glomerular cells. J Clin Invest 83: 1160-1167, 1989

10. Jaffer F, Saunders C, Shultz P, Throckmorton D, Weinshell E, and Abboud

HE: Regulation of mesangial cell growth by polypeptide mitogens: Inhibitory

role of transforming growth factor beta. Am J Pathol 135: 261-269, 1989

11. Border WA, Okuda S, Languino LR, and Ruoslahti E: Transforming

growth factor-~ regulates production of proteoglycans by mesangial cells.

Kidney Int 37: 689-695, 1990

12. Roberts AB, Anzano MA, Meyers CA, Wideman J, Blacher R, Pan YCE,

Stein S, Lehrman R, Smith JM, Lamb LC, and Sporn MB: Purification

and properties of a Type ~ transforming growth factor from bovine kidney.

Biochemistry 22: 5692-5698, 1983

13. MacKay K, Kondaiah P, Danielpour D, Austin HA Ill, and Brown PD:

Expression of transforming growth factor-~l and ~2 in rat glomeruli. Kidney

Int 38: 1095-1100, 1990

14. Okuda S, Languino LR, Ruoslahti E, and Border WA: Elevated expression

of transforming growth factor-~ and proteoglycan production in experimental

glomerulonephritis. Possible role in expansion of the mesangial matrix.

J Clin Invest 86: 453-462, 1990

26

- ---------



15. Border WA, Okuda S, Languino LR, Sporn MB, and Ruoslahti E:

Suppression of experimental glomerulonephritis by anti serum against

transforming growth factor pl. Nature 346: 371-374, 1990

16. Mene P, Simonson MS, and Dunn MJ: Physiology of the mesangial cells.

Physiol Rev 69: 1347-1424, 1989

17. Lovett DH, and Larsen A: Cell cycle-dependent interleukin 1 gene

expression by cultured glomerular mesangial cells. J Clin Invest 82: 115-122,

1988

18. Silver BJ, Jaffer FE, and Abboud HE: Platelet-derived growth factor

synthesis in mesangial cells: Induction by multiple peptide mitogens.

Proc Natl Acad Sci USA 86: 1056-1060,1989

19. Conti FG, Striker LJ, Elliot SJ, Andreanti D, and Striker GE: Synthesis

and release of insulin-like growth factor I by mesangial cells in culture.

Am J Physiol 255: F1214-F1219, 1988

20. Ruef C, Budde K, Lacy J, Northemann W, Baumann M, Sterzel RB, and

Coleman DL: Interleukin 6 is an autocrine growth factor for mesangial

cells. Kidney Int 38: 249-257, 1990

21. Venkatachalam MA, and Kreisberg JI: Agonist-induced isotonic

contraction of cultured mesangial cells after multiple passage. Am J

Physiol 249: C48-C55, 1985

22. Okuda T, Yamashita N, Ogata E, and Kurokawa K: Angiotensin II and

vasopressin stimulate calcium-activated chloride conductance in rat

mesangial cells. J Clin Invest 78: 1443-1448, 1986

23. Lyons RM, Keski-Oja J, and Moses H: Proteolytic activation oflatent

transforming growth factor-p from fibroblast-conditioned medium.

27



J Cell BioI 106: 1659-1665, 1988

24. Brown PD, Wakefield LM, Levinson AD, Sporn MB: Physicochemical

activation of recombinant latent transforming factor-beta's 1, 2, 3.

Growth Factors 3: 35-43, 1990

25. Cone JL, Brown DR, DeLarco JE: Improved method of purification of

transforming growth factor, type ~ from platelets. Analytical Biochem

168: 71-74,1988

26. Danierpour D, Dart LL, Flanders KC, Roberts AB, Sporn MB:

Immunodetection and quantification of the two forms of transforming

growth factor-beta (TGF-~l and TGF-~2) secreted by cells in culture.

J Cell Physiol 138: 79-86, 1989

27. Morales TI, Joyce ME, Sobel ME, Danierpour D, Roberts AB:

Transforming growth factor-~ in calf articular cartilage organ cultures:

synthesis and distribution. Arch Biochem and Biophysics 288: 397-405,

1991

28. Martyre M-C, Magdelenat H, Bryckaert M-C, Laine-Bidron C, Calvo F:

Increased intraplatelet levels of platelet-derived growth factor and

transforming growth factor-~ in patients with myelofibrosis with

myeloid metaplasia. Brit J Haematol 77: 80-86, 1991

29. Taketazu F, Miyagawa K, Ichijo H, Oshimi K, Mizoguchi H, Hirai H,

Miyazono K, Takaku F: Decreased level of transforming growth factor

~ in blood lymphocytes of patients with aplastic anemia. Growth

Factors 6: 85-90, 1992

30. Scotto L, Vaduva PI, Wager RE, Assoian RK: Type ~1 transforming

growth factor gene expression. A corrected mRNA structure reveals a

28



downstream phorbol ester responsive element in human cells. J Bioi

Chern 265: 2203-2208, 1990

31. Obberghen-SchiJIing EV, Roche S, Flanders KC, Sporn MB, Roberts

AB: Transforming growth factor-~1 positively regulates its own

expression in normal and transformed cells. J Bioi Chern 263: 7741-7746,

1988

32. Kim SJ, Angel P, Lafyatis R, Hattori K, Kim KY, Sporn MB, Karin M,

Roberts AB: Autoinduction of transforming growth factor ~1 is mediated

by the AP-1 complex. Mol Cell Bioi 10: 1492-1497, 1990

29






	273775_0001
	273775_0002
	273775_0003
	273775_0004
	273775_0005
	273775_0006
	273775_0007
	273775_0008
	273775_0009
	273775_0010
	273775_0011
	273775_0012
	273775_0013
	273775_0014
	273775_0015
	273775_0016
	273775_0017
	273775_0018
	273775_0019
	273775_0020
	273775_0021
	273775_0022
	273775_0023
	273775_0024
	273775_0025
	273775_0026
	273775_0027
	273775_0028
	273775_0029
	273775_0030
	273775_0031
	273775_0032

