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SM-MHC transcription in transgenic mice requires the genomic region from position —4.2kb to +11.6kb. This
region contains multiple transcriptional regulatory modules that are differentially involved in the overall
transcription of SM-MHC in various SMC subtypes. The SMC subtypes in which each module mainly functions
areindicated. Modules that act as repressors are marked (-).
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Figure2 Chromatin remodeling and SM C-specific transcription.
Within cell nuclei, DNA is organized in ahigher order chromatin
structure. The basic unit of chromatin is the nucleosome, within
which DNA is tightly wrapped around a histone octamer. In
general, the structure of the nucleosome represses transcription
by inhibiting access of transcription factors (“closed” chromatin).
Remodeling of the chromatin structure dictated by chromatin
remodeling factors, including histone acetyltransferases (HATS)
and AT P-dependent chromatin remodeling complexes, “opens’
the chromatin structure and permits access of transcription factors.
Inundifferentiated cells, the CArG elementsin SMC differentiation
marker genes are within the “closed” chromatin and are therefore
unavailable for binding by SRF. During SMC differentiation, the
regulatory regions containing the CArG elements undergo
chromatin remodeling and become available for SRF binding.
Notably, the model illustrated here may be overly simplified. Gene
expression during cell differentiation likely requires multiple steps
involving both large- and small-scale chromatin remodeling, and ac-
tivation and repression involving dynamic chromatin remodeling.

Figure3 The SM-MHC transcriptional regulatory modulein
the first intron.

(a) Aniintronic transcriptional regulatory module at +1.5 kb is
sufficient to drive transgene expression in vascular SMCs and
striated muscle cells in transgenic mice. Modified from Ref. 6.
(b) Multiple transcription factors and coregulators bind to the
module. Transcription factors involved in the control of the
modul e are schematically shown.
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Smooth muscle cells (SMCs) dynamically change their phenotype and function in divergent and changing environ-
ments. Since expression of SM myosin heavy chain (SM-MHC) is precisely regulated depending on the differentiated
state of SMCs, to unravel the dynamic transcriptional control of the phenotype and function of SMCs we analyzed the
gene using transgenic mice and other strategies for studying the control mechanism of the endogenous SM-MHC gene
within chromatin. Transgenic mouse analyses demonstrated that the SM-MHC gene was controlled by multiple transcrip-
tional regulatory modules widely distributed within the —4.2kb to +11.6kb genomic region. Importantly, these regulatory
modules were required differentially for expression in different SM C-subtypes and during devel opment, suggesting that
the regulatory modules functioned differentially in SM C-subtypes and that transcriptional control of the entire gene was
determined by the complex interplay between modules but not by an isolated module. Analyses of the induction of SM-
MHC expression during SMC differentiation using a novel in vitro SMC differentiation system showed that chromatin
remodeling played an essentia rolein the initiation and SM C-specific control of SM-MHC and other SMC differentia-
tion marker genes. We further demonstrated that SM-MHC transcriptional regulatory modules formed large nucleopro-
tein complexes (enhanceosomes). A novel view that emerges from these studies is that SMC genes are controlled by the
network of multiple enhanceosomes within chromatin. (J. Jpn. Coall. Angiol., 2003, 43: 131-135)
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