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Role of Smad Proteins in Collagen Gene
Transcription

Yutaka INAGAKI and Atsuhito NAKAQ*

Department of Internal Medicine and Clinical Research Institute, National Kanazawa Hospital.

Kanazawa, and *Allergy Research Center, Juntendo Medical University, Tokyo, Japan.

Summary

Increased production of type I collagen is a common hdllmdrk of various flbrotlc disedses such as
systemic sclerosis and liver cirrhosis. TGE-B is considered to be the key factor to accelerate exces-
sive collagen production during the fibrogenic process. We have previously identified the up-
stream sequence that is important for basal and TGF-B-stimulated transcription of (12(1) collagen
gene (COL1A2). The TGF-B- responswe element (TbRE) of COL1A2 COﬂSlS[S of two neighboring
regions. We have shown that one of them is a bmdmU site of a ubiquitous transactivator Spl.
whereas it is disclosed recently that Smad 3, a mediator of intracellular TGF-J signaling, can bind
to the other region. .

Using cell transfection experiments, we have shown that over-expression of Spl stimulates
COLIA2 transcription in primary culture of skin fibroblasts. In addition, co-transfection of Smad3
further mcrbdsed the promoter activity in the cells, indicating a functional interaction between Sp
and q}mdd'i On, the other hand, activated hepatic stellate cells, in which COLIA2 transcription
level was- ten tlmes higher than in primary cuiture of skin fibroblasts, less responded to exogenous
TGF-j or Smad}irover expression. ‘The inhibitory effect of Smad7 on COL1A2 transcription ob-
served in'*j‘_:)rimdr;: culture of skin fil;foblasts was not detected in activated steliate cells. It is there-
fore md:caled lhdt endogenous TGF- signaling pathway is activated in those stellate cells, which

may accounts at least in pdrt for accelerated production of type I collagen in the ceils.
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Figure 1. Effects of Smad7 expression on TGF-B-stimu-
lated COL1A2 transcription.

The —378COL I A2/LUC reporter construct was transfected
together with a control vector (pCMV5) or a cytomega-
lovirus (CMV) promoter-driven Smad7 expression plas-
mid into primary culture of skin fibroblasts (CF37) or ac-
tivated stellate cells (CFSC-2G) untreated or treated with
TGE-.
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Figure 2. Effects of Smad2, Smad3 and Smad4. expres-
sion on COL1A2 transcription,

CF37 or CFSC-2G cells were transfected with the —
378COL1A2/LUC reporter construct together with
pCMYV5 or CMYV promoter-driven Smad?2, Smad3 or
Smad4 expression plasmid.
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Figure 3. Co-transfection of Smad3 and nuclear factor
expression plasmid.

CF37 cells were transfected with the ~378COL 1 A2/LUC
reporter construct together with one of the nuclear factor
expression plasmids (Spl. c-Jun or Fos) plus/minus Smad3
expression plasmid.
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Ligation of the T Cell Receptor Phosphorylates Smad2
and Modulates Transforming Growth Factor Signaling
in T Lymphocytes |

[tsuo IWAMOTO, Mizuko MAMURA, Daisuke GOTO, Kazuhiro KURASAWA,
and Atsuhito NAKAQO
Department of Internal Medicine 11, Chiba University School of Medicine, Chiba, Japan

Summary

T cells and transforming growth factor-b (TGF-f3) play important roles in the development of
systemic sclerosis. However, it remains unknown whether there exists crosswa]k between T cell
receptor (TCR)-mediated signals and TGF-B signals in T cells. Here, we showed that not only
TGF-b but also TCR ligation phosphorylated Smad2 in primary T cells and the Jurkat T cell line.
We further demonstrated that TGF-3.induced the interaction between Smad2 and Smad4 and trans-
location of Smad2 into the nucleus in the Jurkat T cell line. In contrast, ligation of TCR failed to
induce Smad2/4 interaction and nuclear translocation of Smad?2. In addition, PD98059, a MEK
inhibitor, suppressed TCR-mediated but not TGF-B—medialed Smad2 phosphorylation in Jurkat T
cell line. These findings indicated that TCR ligation activates mitogen-activated protein (MAP)
kinase cascades to phosphorylate Smad2, which fails to interacts with Smad4, suggesting that TCR-
mediated signals inhibits TGF-Bsignaling pathways by blocking Smad2/4 interaction. This also
suggests that activated T cells could be resistant to TGF-B mediated inhibitory signals and could be

involved in the development of fibrotic leisions in systemic sclerosis where TGF-f is abundant.
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Fig. 1. Expression of Smad2, 3 and 4 mRNA in T cells.
Total RNA was extracted from human peripheral T celis
and Jurkat T cell line. ¢cDNA of Smad2, 3 and 4 mRNA
and HPRT as an internal control were amplified by PCR.
The PCR products were visualized by electrophoresis cn
1.5% agarose gel. The data are representative of three
experiments.
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«<— Smad2
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Fig. 2. Phosphorylation of Smad2 by TGF-P in T lymphocytes. Human peripheral T
cells and Jurkat T cell line (1 x 10%ml) were stimulated with TGF-B1 (10 ng/ml) at 37°C
for indicated time. Cell lysates were immunoblotted with anti-phosphorylated $Smad?2
antibody (upper panel) or anti-Smad2 antibody (lower panel). The position of phospho-
rylated and nonphosphorylated Smad2 at approximately 60 kDa is shown by the arrows.
The data are representative of three experiments.
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s e ' Smad2 Fig. 3. Phosphorylation of Smad2 by
TCR ligation in T lymphocytes. Human

) peripheral T cells (1 x 10¢%/ml) were stimu-
-m <~ Smad2 lated with-anti-CD3 mAb at'37°C for the
indicated time and cell lysates were

0 5 45 30 .~ immunoblotted with anti-phosphorylated
Smad? antibody (uppér panel) or anti-
Smud2 antibody (lower panel). The data
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' - are representative of three experiments.
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" Fig. 4. Effect of neutralizing antibody against TGF-B on phosphorylation of Smad2 by TCR liga- -
~ tion. Human peripheral T cells (1 x 10%/ml) were stimulated with anti-CD3 mAb in the presence or
. absence of neutralizing antibody against TGF-B (50 pg/ml) at 37°C for 20 min and cell lysates were L
immunoblotted thh anti- phosphory[dted Smad?2 antibody (upper panel) or anti-Smad2 antibody (lower A
" "panel). The data are representative of thre¢ experiments.
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Fig. 5. Effect of MEK inhibitor on phosphorylation of Smad2 by TCR ligation Jurkat T cells (1 x 10¢/
ml) were stimulated with anti-CD3 mAb or TGF-f3 (10 ng/ml)for the indicated time in the presence or
absence of PD98059 (20 mM) and cell lysates were immunoblotted with anti- phosphorylated Smad2
antibody {(upper panel) or anti-Smad2 antibody {lower panel). The data are- representduve of three experi-
ments. .
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Fig. 6. Effect of TCR ligation on Smad 2-4 interac-
tion. Jurkat T cells (1 x 10°/ml) were stimulated with anti-
CD3 mAb or TGF-B at 37°C for 60 min. Cell lysates
were then immunoprecipitated with anti-Smad2 antibody
followed by immunoblotting with anti-Smad4 antibody.
Equal expression of Smad2 was confirmed by
immunoblotting with anti-Smad2 antibody (lower panel).
The data are representative of three experiments,
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Fig. 7. Effect of TCR ligation on nuclear translocation
of Smad 2. Jurkat T cells (1 x 10%m)) were stimulated
with anti-CD3 mAb or TGF-B (10 ng/ml) at 37 °C for 60
min. Cells were fixed with ice-cold acetone, stained with
anti-Smad? antibody and FITC conjugated anti-rabitt IgG
antibody and analyzed with coforcal microscopy. The data
are representative of three experiments,
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Expression Levels and DNA binding Activities of Sp1 and
Sp3 in Scleroderma Fibroblasts
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Summary

In this study, we investigated the potential roles of transcription factor Sp1 and Sp3 in the in-
creased expression of the human a2(I) collagen gene in scleroderma fibroblasts. Scleroderma
fibroblasts showed basal 02(I) collagen gene mRNA levels about three times higher than those of
normal fibroblasts. TGF-B or oncostatin M increased human o2(I) collagen mRNA expression in
normal dermal fibroblasts, but these cytokines failed to increase a2(I) coilagen mRNA levels in
SSc fibroblasts. There were no significant differences in the expression levels of Spl or Sp3 be-
tween scleroderma and normal fibroblasts. However, increased Spl phosphorylation was detected
in scleroderma fibroblasts compared with normal fibroblasts. Mithramycin, a specific inhibitor of
Spl binding, abotished the increased expression of thea2(I) collagen gene in scleroderma fibro-
blasts in a dose-dependent manner. These results demonstrated the involvement of Sp! in the up-
regulation of the o2(I) collagen gene in scleroderma fibroblasts.



