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Molecular mechanism of activin signaling: common pathway and tissue-specific regulation
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Abstract. Tissue-specific regulation of activin signaling was examined in mast cells. Gene expression of
mouse mast cell protease-7 (mMCP-7) was up-regulated by activin A and TGF-f; in bone marrow-derived
cultured mast cell progenitors. Smad3, a signal mediator of the activin/TGF-J pathway, transcriptionally
activated mMCP-7. Microphthalmia-associated transcription factor (MITF), a tissue-specific transcription
factor predominantly expressed in mast cells, melanocytes, heart and skeletal muscle, inhibited Smad3-
mediated mMCP-7 transcription. MITF associated with Smad3, and the C-terminus of MITF and the MH1 and
linker region of Smad3 were required for this association. Complex formation between Smad3 and MITF was
neither necessary nor sufficient for the inhibition of Smad3 signaling by MITF. MITF inhibited the
transcriptional activation induced by the MH2 domain of Smad3. In addition, MITF truncated N-terminal
amino acids could associate with Smad3, but did not inhibit Smad3-mediated transcription. The level of Smad3
was decreased by co-expression of MITF but not of dominant-negative MITF, which resulted from
proteasomal protein degradation. The changes in the level of Smad3 protein were paralleled by those in
Smad3-mediated signaling activity. These findings suggest that MITF negatively regulates Smad-dependent
activin/TGF-f signaling in a tissue-specific manner.
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Fig. 1 Activin A and TGF- 31 increase mMCP-7 gene transcript in BMCMCs, which is
regulated by Smad3 at the transcription level, and the transcriptional activation is
negatively regulated by MITF. A, The effects of activin A (2 nM) and TGF-/31 (200
pM) on gene transcripts of mMMCP-7 were examined by competitive RT-PCR in
BMCMCs. BMCMCs were cultured with 10% PWM-SCM with or without SCF (50
ng/ml) for 24 h. PCR using cDNA as a template was performed in the presence of a
constant amount of competitor. A representative agarose gel following
electrophoresis of PCR products is shown. B-D, HepG2 cells were transiently
transfected with mMCP-7-luc, B-galactosidase, and activin with one of the activin
and TGF- 3 receptor isoforms (B), wild-type or mutant Smad (C), or Smad3 and
MITF (D). Luciferase activity was normalized to [-galactosidase activity, and
luciferase activity in the cell lysates in the absence of activin or TGF- 3 receptor
isoform and Smad was set to 1. A representative result from three independent
experiments is shown. Data are expressed as the mean £ S.D. (n = 3).
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Fig.2 Decreased Smad protein level by co-expression of
wild-type MITF is blocked by inhibition of proteasomal
protein degradation. Western blots of COS7 cells
transfected with HA-tagged Smad2 or Smad3 and Myc-
tagged MITF. Cells were cultured in the presence or
absence of lactacystin.
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Fig. 3 Association of Smad2/3 and MITF. A, Interaction between Smad2/3 and MITF was
examined by mammalian two-hybrid analysis. After transfection, HEK293 cells were
cultured in the presence or absence of lactacystin. Luciferase activity was
normalized to A-galactosidase activity, and luciferase activity in the cell lysates in the
absence of MITF and Smad and of lactacystin was set to 1. A representative result
from three independent experiments is shown. Data are expressed as the mean £
8.D. (n = 3). B, The interaction of HA-tagged Smad2/3 with Myc-tagged MITF was
examined by immunoprecipitation (IP) followed by Western blotting (WB) in COS7

cells.



T F Y Y OERIEEICET 25 T | IEMEE & AR 5E 121

FoxH3-ARS-Lut MCP-7-L
A MH1 Linker MH2 B ORHE-ARS-Lue ke
Smad2: 777 200 _30 {m
11 @
Smad2{iMH1T+L): 7 gg %g
Smad2(C) ' 82 g2
55 100 g5
Smad3 7z 3% 3510
Sroad3(MHT+L): 7w, o L, o b,
Srmad3(C): 1 Smad2 - M1 MH2 Smad3: - M1 MH2
HA-Smad  a(MH1+L) 2(MH2IB0MH+1I8(MH2) P
BMyC-MITF: W Wi - wimi » AA-Smad3: MH1+L MH2
e e Lactacysting [H U
Ehvye-MITE, - WTmi - wWTmi - WImi - Wimi
WE: o-HA P o-HA .
W ae- by
WE cx—MyC WE a-HA
WE e My

Fig. 4 Region of Smad2/3 responsible for inhibition of transcriptional activation by MITF, the

reduced protein level by MITF and association of Smad2/3 and MITF. A, Diagram of
C-terminally or N-terminally truncated Smad mutants used for reporter assays,
Western blot analyses and co-immunoprecipitation assays. B, Effects of MITF on
Smad2-mediated and FoxH3-dependent AR3-luc transcription (left) and on Smad3-
mediated mMMCP-7-luc transcription (right) in HepG2 cells. The MH1 and linker
region of Smad (MH1 + L) and the MH2 domain of Smad (MH2) were examined.
Luciferase activity was normalized to S-galactosidase activity, and luciferase activity
in the cell lysates in the absence of MITF and Smad was set to 1. A representative
result from three independent experiments is shown. Data are expressed as the
mean = S.D. (n = 3). C, Western blots of COS7 cells transfected with Smad2/3 and
MITF. D, The interaction of HA-tagged Smad2/3 with Myc-tagged MITF examined by
sequential immunoprecipitation (IP) and Western blotting (WB) in COS7 cells.
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Fig. 5 Region of MITF responsible for the inhibitory effect on Smad3-mediated transcription

of mMCP-7, reduced protein level of Smad3 and association of Smad2/3 and MITF.
A, Diagram of C-terminally or N-terminally truncated MITF mutants used for reporter
assays, Western blot analyses and co-immunoprecipitation assays. B, Effect of MITF
on Smad3-mediated mMCP-7-luc transcription in HepG2 cells. Luciferase activity
was normalized to S-galactosidase activity, and luciferase activity in the cell lysates
in the absence of MITF and Smad3 was set to 1. A representative result from three
independent experiments is shown. Data are expressed as the mean = S.D. (n = 3).
C, Western blots of COS7 cells transfected with Smad2/3 and MITF. The MH1 and
linker region of Smad3 (MH1 + L) and the MH2 domain of Smad3 (MH2) were
examined. *: non-specific band. D, The interaction of HA-tagged Smad2/3 with
Myc-tagged MITF examined by sequential immunoprecipitation (IP) and Western
blotting (WB) in COS7 cells.
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