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Angiotensin II (Ang II) is a main effector peptide of the
renin-angiotensin system that plays an important role in
various cardiovascular diseases associated with vascular
smooth muscle cell (VSMC) proliferation and migration,
including hypertension, atherosclerosis and myocardial
infarction (1). Ang II causes a rapid rise in blood pressure
by stimulating Ang II type 1 receptor in arterial VSMC to
contract. Ang II is also associated with the slow onset of
hypertension by cardiac and vascular remodeling induced
by cardiovascular cellular hypertrophy, proliferation and
migration (2).

In the present issue of Ann Transl Med, Wang et al. report
that cortistatin (CST) inhibited Ang II-induced VSMC
proliferation and migration by suppressing extracellular
signal-regulated kinase (ERK) 1/2, p38 mitogen-activated
protein kinase (MAPK), c-Jun N-terminal kinase (JNK)
and ERKS signaling pathways (3) (Figure I). Earlier studies
have revealed that the Ang II-induced cellular responses are
attributable, in part, to the phosphorylation of intracellular
signaling molecules including the mitogen-activated
protein (MAP) kinase family, i.e., ERK1/2, JNK (4). It has
been reported that Ang I phosphorylates ERK1/2, JNK
in VSMC (5,6). We also reported that Ang II stimulated
ERK1/2, JNK and p38 MAPK activation in VSMC and
Ang II caused cellular hypertrophy (7), migration (8) and
proliferation (9). From these findings, it is currently obvious
that Ang II stimulates VSMC proliferation and migration
through the activation of MAP kinase pathways.

ERKS, also known as big MAP kinase 1, is a newly
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identified MAP kinase family member with a large COOH-
terminal and a unique loop-12 sequence that shares the
TEY activation motif with ERK1/2 but is activated by
MAPK kinase 5 (MEKS5) (10). ERKS has been reported
to be sensitive to osmotic (11) and oxidative stresses (12).
In the present issue of Ann Transl Med, Wang et al. used
Western blotting analysis with a phospho-specific antibody
to show that Ang II activated ERKS in VSMC. We have
previously found that aldosterone (13) and platelet-
derived growth factor (PDGF) (14), both stimulated ERKS
activation in VSMC. From these findings, it is clear that
ERKS, as well as other classical MAP kinases, is activated
by various neuro-humoral substances and causes cellular
phenotypic modulations such as survival or proliferation.
Previously, we found that ERKS works as a survival factor
of PC12 cells after oxidative insults (12). ERKS is activated
by osmotic stress in cultured rat mesangial cells induced by
high glucose conditions in the medium which resulted in
cellular proliferation (11).

Targeting the MAP kinases, including ERKS, may
provide insights for the treatment of cardiovascular diseases
associated with VSMC remodeling such as proliferation and
migration.

Wang et al. showed that CST inhibited Ang II-
induced MAP kinase activation and VSMC proliferation
and migration (3). CST is a biological peptide which
has protective effects for the cardiovascular system (15).
Exploring the inhibiting compounds for MAP kinase
activities is another strategy to prevent cardiovascular
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Figure 1 Angiotensin II (Ang II) stimulates angiotensin II type 1 receptor (AT,R) of vascular smooth muscle cells (VSMC) then exerts

activation of mitogen-activated protein (MAP) kinases, including extracellular signal-regulated kinase (ERK) 1/2, p38 mitogen-activated
protein kinase (MAPK), c-Jun N-terminal kinase (JNK) and ERKS. Activation of these MAP kinases results in VSMC proliferation and

migration that may cause various cardiovascular diseases.

diseases associated with VSMC proliferation and migration.
Previously, we found that JNK and p38 MAPK are sensitive
to reactive oxygen species (ROS) because antioxidants,
diphenyleneiodonium chloride (DPI) and ascorbic acid,
both inhibited JNK and p38 MAPK activation by Ang
IT in VSMC (16). We also reported that quercetin, a
bioflavonoid belonging to polyphenols, inhibited Ang II-
induced VSMC hypertrophy through the inhibition of She/
phosphatidylinositol 3-kinase/JNK signaling pathway (7).
Therefore, antioxidative properties against ROS may be
candidates for inhibition of MAP kinase activities in VSMC.
In contrast to JNK and p38 MAPK, ERK1/2 seems to be
insensitive to ROS because various antioxidants showed no
effects on Ang II-induced ERK1/2 activation in VSMC (16).
Since Wang er al. showed that CST inhibited Ang II-
induced ERK1/2 activation, the inhibitory mechanism of
CST may not be attributable to the antioxidative properties.
As mentioned in the Discussion of their manuscript,
GSK3pB/B-catenin pathway may be involved (3). Due to this,
further studies are needed to elucidate the precise signaling
pathways of the ERK1/2, p38 MAPK, JNK, ERKS5 that may
be involved in the proliferation and migration of VSMCs.
In addition, searching for the inhibitors of the MAP kinase
family members may be promising area of research for the
discovery of agents associated with cardiovascular diseases
relevant to VSMC remodeling.

VSMC hypertrophy and proliferation are features of
vascular remodeling through thickening of the medial
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layer of arterial wall. VSMC hypertrophy and proliferation
causes the narrowing of the small arteries that consist of
resistance vessels for blood flow. VSMC migration also
induces a thickening of the arterial wall as well as having a
role in angiogenesis. As well as direct counting of the cell
numbers (9), ['H]-thymidine incorporation into the cells is
often used to evaluate cell proliferation since thymidine is
utilized in DNA synthesis (17). In Addition, colorimetric
assay with CST-8 (9) or CCK8 (3) are also used for the
measurement of many types of cell proliferation. Because
leucine is a source for protein synthesis, ['H]-leucine uptake
into the cells is commonly used as an indicator measurement
of cellular hypertrophy in addition to the measurement
of the protein contents of the cells (7). For measurement
of VSMC migration, direct counting of migrated cells
with a wound healing assay (18) or with a transwell cell
migration assay (3) is frequently employed. Measurement
of VSMC hypertrophy, proliferation and migration may be
good indexes for the screening of drugs for cardiovascular
diseases.

As an unsolved problem in the development of
cardiovascular drugs, searching for agents against aortic
dissection is a very important line of investigation (19-21).
Although drugs for hypertension are the most effective
for the prevention of aortic dissection by reducing high
blood pressure, residual risk for rupture of an aneurysm still
remains even after lowering the blood pressure. Another
unsolved question is developing agents for diabetes mellitus
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related vascular diseases. We previously found that insulin-
induced glucose uptake into the VSMC was inhibited
by Ang II evoked ERK1/2 activation (22). Therefore,
MAP kinase may be involved in the pathogenesis of
diabetes mellitus-mediated vascular diseases including
microangiopathy. Thus, exploring the future drugs for the
prevention of aortic dissection and treatment of diabetes
mellitus related vascular diseases are obvious next steps for
further research.

Taken together, exploring the inhibitors of MAP kinases
which are activated by Ang II stimulation in VSMC is
a convincing strategy for the development of drugs for
treatment of cardiovascular diseases in which VSMC
remodeling may be involved such as proliferation and
migration.
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