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Abstract:

In the fist and second year of this
three-year project, first and second year, we
observed a protective effect of TGF-B1
antagonist in cells stimulated by TGF-beta,
and studied further the effect of TGF-B1
antagonist in a rat model of
glomerulonephritis. In rat mesangial cell
(RMC), we found the antagonist can block
TGF-beta-induced signal transduction and
reduce extracellular matrix production. In
rats, we used anti-CD90 (anti-Thyl.1)
antibody to induce glomerulonephritis, and

treated the nephritic rats with the antagonists.

We found no significant protective effect in
rats receiving the antagonist treatment.

Therefore, in the second and the third year,
we replaced the antagonist with an ALK5
inhibitor SB431542 to study the effect in
blocking TGF-beta-induced signals on RMC,
NRK-52E and mouse podocytes. The results
showed SB431542 had significant effects in
blocking TGF-beta-induced signals and in
reducing  connective  tissue  growth
factor(CTGF) and plasminogen activator
inhibitor1(PAI-1) gene expression. Besides,
we also studied the possible protective effect
of SB431542 rats with anti-Thy1.1 nephritis.
The preliminary data indicated that
SB431542 had potential protective effects in
reducing matrix gene expression and
attenuating the severity of histopathology.
However, there was conflicting results in the
urine protein excretion.

Key words: renal fibrosis, TGF-beta
antagonist, glomerulonephritis



Introduction:

The most prominent pathological
change seen in progressive renal disease
regardless of primary etiology is a process
by which normal glomerular structure is
replaced by accumulated deposits of
extracellular matrix (Rennke et al, 1994).
According to previous reports, we knew
TGF-beta plays an important role on the
development and progression of renal
fibrosis (Bottinger &  Bitzer, 2002).
Therefore, there were a variety of
physiological pharmacological and
molecular approaches have been used to
study the potential therapeutic effects of
blocking TGF beta and/or its downstream
signals.

In this project, we use two kinds of
compounds to study the effect of blocking
TGF-beta. One is a synthetic TGF-betal
pentacosapeptide(B1(41-65)), whose amino
acide sequences correspond to the 41 ™ to
65" amino acid residues of TGF-beta can
competitively antagonize TGF-betal
action(Huang et al, 1997). The other one is
TGF-beta receptor ALK5 kinase inhibitor,
SB431542. We studied the effect of these
two compounds in TGF-beta signals
transduction, extracellular gene expression,
and the severity of rat anti-Thyl
glomerulonephritis.

Result:
Part 1.Treatment by TGF-beta antagonist

(1) Results of cultured RMC

RMC were treated with TGF-beta
(Ing/ml for western blot and 5ng/ml for
Northern blot), TGF-beta antagonist ( A7.5,
15, 30uM) and polyethylene glycol (PEG7.5,
15, 30uM) as an internal control. The
protein and mRNA were extracted to study.
The experiment results are shown as follow.

Fig.1

RMC were treated with TGF-beta 1ng/ml
and different doses of antagonist to observe
the expression of p-Smad2 protein.
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Fig.3

The expression of TGF-beta induced FN,
PAI-1 mRNAs were reduced by different
concentrations of the antagonist.
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(2)Rat Thy1.1 model
Male Wistar Rats around 200g were



induced glomerulonephritis with mouse
anti-CD90 (anti-Thy1.1) antibody
(0.125ml/rat) (CLOO5A, Cedarlane). After
antibody injection, rats were treated with
control drug PEG 100ul or TGF beta
antagonist 1mM 100ul intravenously/day.

Tablel. The urine protein excretions are
listed as below.

1"day |3“day |5"day
urine urine urine
protein | protein | protein

(mg) (mg) (mg)

Normal 4,684 4,336 4,744
control

Rat Thyl + | 8.273 59.745 51.349
PEG

Rat Thyl + | 5.512 95.776 | 49.674
PEG

Rat Thyl + | 18.855 | 206.192 | 171.583
antagonist

Rat Thyl + | 5.294 104.718 | 41.924
antagonist

There was no significant difference in
urine protein excretion between control and
antagonist-treated rats.

There was also no difference in
histopathology (H&E stain)  between
Thyl+PEG rats and Thyl+antagonist rats.

Immunohistochemical  stains  were
performed using ant-ED-1 antibody to show
the monocytes/macrophages and
anti-alpha-smooth muscle actin antibody to
show the activated mesangial cells. After
counting the positive cells in 20 glomeruli,
there was no difference in the expression of
ED-1 and alpha-smooth muscle actin
positive cells between PEG and antagonist
treated rats.

Fig.4
The expression of extracellular matrix
MRNA of rats.
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Part 2: Treatment by SB431542

(1) Results of cultured RMC :

RMC were treated with TGF-beta
Ing/ml and SB431542 0.5, 1, 5uM for
15min to observe he expression of p-Smad2
protein. The result showed SB431542 can
inhibit the TGF-beta-induced p-Smad2
protein expression does-dependently. In the
SB431542 5uM treatment, the p-smad2
expression was reduced to the same degree
as the control (Fig.1-1). And the inhibitory
effect of SB431542 5uM in TGF-beta
Ing/ml stimulation persisted for at least 8h
(Fig.1-2).

Fig.1-1

RMC were treated with TGF-beta 1ng/ml
and different doses of SB431542 to observe
the expression of p-Smad2 protein.
*Students” t test p<0.05, compared with
TGF-beta+DMSO.
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Figl-2

RMC were treated with TGF-beta 1ng/ml
and SB431542 5uM at different time points
to observe the changes in the expression of
p-Smad2 protein.

TGF-beta 1ng/ml
+ 4+ 4+ + 4+ o+ 4+ 4+ o+ o+ o+t

h DMS0 SB5DMS0 SB50MSO SB5DMSO SBSDMSO SB5 DMSO 8BS

p-smad2 | .u—.m“ ‘ .‘ FY
tsmad2 .“‘_d.‘d“mﬂbnp

15min 1h 2h 4h 6h gh

To study matrix gene mMRNA expression,
RMC were treated with TGF-beta 0.5ng/ml
and SB431542 0.5, 1, 5uM for 4h to observe
the CTGF and PAI-1 mRNA expression. The
results showed SB431542 could reduce
TGF-beta-stimulated mRNA  expression
dose-dependently.  (Fig.2-1). And the
inhibitory effect of SB431542 5uM in
TGF-beta 0.5ng/ml  persisted for 24h
(Fig.2-2)

Fig.2-1

The expression of TGF-beta induced CTGF
and PAI-1 mRNAs were reduced by
different concentrations of SB431542 at
4h-treatment.

*Students” t test p<0.05, compared with
TGF-beta+DMSO.
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Fig.2-2

RMC were treated with TGF-beta 0.5ng/ml
and SB431542 5uM at different time points
to observe the changes in CTGF and PAI-1
MRNA expression.

TGF-beta 0.5ng/ml TGF-beta 0.5ng/ml TGF-beta 0.5ng/ml
Contral " " control ** control T

DMSO SBS CMSO SBS DMSO SBS

CTGF s e e e Bl - e - .

LT A R R R R R RN NN

PAl-1 - [ - N

caron Bl 0l o 0 M M M - B B -

Bh

16h 24h

(2) Results in cultured NRK-52E

NRK-52E were treated with TGF-beta
0.5ng/ml and SB431542 0.05, 0.1, 0.5, 1uM
for 15min to observe the expression of
p-Smad2 protein. The results showed that
SB431542 significantly inhibited
TGF-beta-induced p-Smad2 protein
expression. (Fig.3-1) And the inhibitory
effect of SB431542 0.5uM in TGF-beta

0.5ng/ml stimulation persisted for 6h
(Fig.3-2).
Cells were treated with TGF-beta

10ng/ml for 1d. TGF-beta induced
alpha-smooth muscle actin (a-SMA) in
NRK-52E cells, which could be reversed by
SB431542 treatment. (Fig.4)

Fig.3-1

NRK-52E were treated with TGF-beta
0.5ng/ml and different doses of SB431542 to
observe the changes in the expression of
p-Smad?2 protein.

*Students’ t test p<0.05, compared with
TGF-beta + DMSO.
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Fig.3-2

NRK-52E were treated with TGF-beta
0.5ng/ml and SB431542 0.5uM at different
time points to observe the changes in the
expression of p-Smad2 protein.
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NRK-52E were treated with TGF-beta
10ng/ml and different doses of SB431542 to
observe the effects on the expression of
a-smooth muscle actin.
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NRK-52E were treated with TGF-beta
0.5ng/ml and SB431542 0.5, 1, 5uM for 4h
to observe the effects on CTGF and PAI-1
MRNA expression. The results showed
TGF-beta increased the expression of CTGF
and PAI-1 mRNAs, which could be inhibited
by SB431542 treatment. (Fig.5)

Density ratio

Fig.5

The expression of TGF-beta 0.5ng/ml
induced CTGF and PAI-1 mRNAs were
reduced by different concentrations of
SB431542 at 4h-treatment.

*Students” t test p<0.05, compared with
TGF-beta + DMSO.
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(3) Results in cultured mouse podocytes.

Podocytes were treated with TGF-beta
0.5ng/ml and SB431542 0.05, 0.1, 0.5, 1uM
for 15min to observe the effects on the
expression of p-Smad2 protein. The results
showed SB431542 inhibited
TGF-beta-induced p-Smad2 protein
expression. (Fig.6)

Fig.6

Podocytes were treated with TGF-beta
0.5ng/ml and different doses of SB431542 to
observe the changes in the expression of
p-Smad2 protein.
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Fig.7

The expression of TGF-beta 0.5ng/ml
induced CTGF and PAI-1 mRNAs were
reduced by different concentrations of
SB431542 at 4h-treatment.

*Students’ t test p<0.05, compared with
TGF-beta + DMSO.
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(4)Rat Thy.1.1 model

Male Wistar Rats around 200g were used.
Rats were divided into 5 groups. Groupl:
rats were treated with DMSO only. Group2:
rats were induced anti-Thyl.1
glomerulonephritis with mouse anti-CD90
(anti-Thyl1.1) antibody. After antibody
injection, rats were treated with control drug
DMSO /ml /kg /day ip for 5day. Group3, 4,

5: nephritic rats were treated with SB431542
5mg, 10mg, 20mg/ml/kg/day ip.
respectively for 5day.

The glomerular RNA were extracted to
observe matrix gene expression. The results
showed that SB431542 treatment reduced
collagen gene expression at a dose higher
than 10mg/kg. (Fig.8) But urine excretion
was not reduced for sure.

Fig.8
The expression of matrix gene in rats
receiving different doses of ALKS5 inhibitor.

thym 1.1 thym1.1 thym1.1

thym1.1
DMS0 only JOMSD__ +8BSmokg +SB10markg
SB20makg

collagen | = " . va

GAPDH ...g-.””....

CTGF

GAPDH ot 0 B0 B0 & B0 B & & & - &

PAKL 0 AT e e .

GAPDH | & & & £
. MM

Collagen | RNA ratio

16

1.4 1

1.2 A

101

0.8 q

Cl RNA ratio

0.6 q

I

0.2 q

0.0
&




CTGF RNA ratio
25

2.0 1

151

CTGF ratio

1.0 1 T

0.5 4

0.0

PAI-1 RNA ratio

18

1.6 1

1.4 4 T
o 12 T
3 1
< 104
z
@
o 08+
<
& 06

I

0.4

0.2

0.0

o ©
& N S Q
%O Q® @Q S Q\@
S x Q;o N N
N N S 5
& N o ¥
<< /\v*§ /\\\*& ‘\\\&\"
N

Fig. 9

The protein excretion in rat 24h urine.
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Discussion:

In RMC, the antagonist is capable of
blocking TGF-beta induced signals, and
attenuates matrix gene expression. But these
effects tend to diminish because the
competitive nature of this antagonist.

In the animal model, we didn’t observe
a therapeutic effect of the TGF-beta
antagonist. This result might be due to
insufficient dose of the antagonist, or
improper way of giving the antagonist.

In RMC, 52E and podocyte, SB431542
consistently blocks TGF-beta downstream
signals, as well as TGF-beta-stimulated
CTGF and PAI-1 gene expression.

In the anti-thyl.1 model, SB431542
inhibited collagen | gene expression and
attenuated the severity of glomerulosclerosis
but there was no appreciable effect in urine
protein excretion. These results still need to
be confirmed by increasing the number of
experiments in the future.

Conclusion:

Comparing the effects of the synthetic
TGF-beta antagonist and SB431542 in cell
aspect and anti-thy1 model, we found ALK5
inhibitor SB431542 seems to have higher
potential protective effects.

RS R

In past three years, we found TGF-beta
antagonist had protective effect in cells, but
not showed the protection in anti-Thyl.1
model. Then we replaced it with ALK5
inhibitor SB431542. It seems to have
therapeutic effect both in cell and anti-thyl
model. Although the results still need to be
confirmed by increasing the number of
experiments, we hope the results can
contribute to the therapy of renal disease.
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