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Background

Vascular smooth muscle cells (VSMCs) in normal adult
blood vessels exhibit a differentiated, "contractile" pheno-
type, but in atherosclerotic disease and after acute vascular
injury, they de-differentiate into a proliferative, "syn-
thetic" phenotype; the latter is characterized by decreased
smooth muscle (SM)-specific gene expression and
decreased cGMP-dependent protein kinase (PKG) activity
[1,2]. Prolonged in vitro culture of primary aortic VSMCs,
or exposure of pulmonary VSMCs to hypoxia also leads to
de-differentiation associated with loss of PKG, and restor-
ing PKG activity increases SM-specific gene expression and
re-differentiates cells into the contractile phenotype, but
the mechanism(s) whereby PKG regulates SM genes are
poorly understood [2,3].

Results

Using siRNA-mediated down-regulation or pharmaco-
logic inhibition of PKG, we recently showed that PKG is
necessary for maintaining high SM-specific gene expres-
sion in differentiated VSMCs, and that PKG stimulation of
SM-specific promoters requires serum response factor
(SRF), the SM-specific transcription factor GATA-6, and
the cysteine-rich LIM-only protein CRP4. Like other CRP-
family proteins, CRP-4 appears to act an adaptor protein,
promoting the cooperation between SRF and GATA pro-
teins on SM-specific promoters; PKG associates with CRP4
and phosphorylates the protein in intact cells. Phosphor-
ylation-deficient, or PKG binding-deficient CRP4 mutants
did not support cGMP/PKG stimulation of the SM-V-actin

promoter. cGMP/PKG enhanced SRF binding to a SM-V-
actin promoter CArG element in the presence of wild type,
but not mutant CRP4. Chromatin immunoprecipitation
assays showed that CRP4, SRF, and PKG associate with the
CArG elements of endogenous SM-specific genes in intact
cells. In the presence of CRP4, cGMP/PKG increased SRF-
and GATAG-dependent expression of endogenous SM-
specific genes in pluripotent embryonal 10T1/2 cells.

Platelet-derived growth factor-BB (PDGF) is a key regula-
tor of VSMC phenotypic modulation, and potently sup-
presses SM-specific gene transcription (1). We found that
PDGF suppressed PKG expression in VSMCs, and that
restoring PKG reversed PDGF inhibition of SM-specific
genes without affecting PDGF activation of extracellular
signal-regulated kinases (Erk-1/2) or phosphatidyl-inosi-
tol-3-kinase/Akt pathways. PDGF treatment or siRNA-
mediated down-regulation of PKG induced dissociation
of SRF and CRP4 from SM-specific promoters, and PKG
re-expression appeared to prevent these effects.

Conclusion

We conclude that PKG maintains SM-specific gene expres-
sion in differentiated VSMCs and prevents PDGF-induced
down-regulation of SM-specific genes by facilitating
assembly of CRP4/SRF complexes at SM-specific promot-
ers; PKG modulates the adaptor function of CRP4 by
phosphorylating CRP4, and may affect recruitment of SRF
co-factors.
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