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Studies of ERK1/2 generally focus on
the regulation of nuclear ERK1/2
function mainly related to proliferation,
whereas less attention has been drawn
to the role ERK1/2 plays in the cytosol.
Scaffolding proteins for ERK1/2 have
been shown to control the time point and
also the intracellular location of ERK1/2
activation. Hence, by concentrating
ERK1/2 within subcellular compart-
ments, scaffolding proteins restrict the
substrate specificity of ERK1/2 and thus
optimize the cell response for specific
signal transduction programs in order
to manipulate specific cellular functions.
We have presented evidence that the
F-actin binding protein calponin rep-
resents a new type of ERK1/2 scaffold,
controlling the activation of a subfrac-
tion of ERK1/2 which is connected solely
to contractile and/or migratory events in
a cell.

Extracellular Signal-Regulated
Kinase ERK1/2

The serine/threonine extracellular signal-
regulated kinase ERK1/2 can be acti-
vated in response to diverse stimuli such
as activated receptor tyrosine kinases or
integrin receptors.”? The kinase is then
able to regulate various cellular func-
tions including cell proliferation, cell
death, migration, cell shape and differen-
tiation. Phosphorylation and activation of
ERK1/2 generally takes place at the cell
membrane in a signaling module which
includes Ras, Raf and MEK.? In its phos-
phorylated form, ERK1/2 is reported to
dimerize and enter the nucleus where it
phosphorylates transcription factors like
c-Myec, c-Fos and members of the Ets fam-
ily.* This nuclear function of ERK1/2 has
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been examined extensively in the past and
the vast majority of studies focus on the
role of ERK1/2 in regulating cell prolif-
eration. However, cytosolic ERK1/2 is
known to control other cell functions,
e.g., cytoskeleton reorganization and cell
contractile events.>® To be able to con-
trol when and where ERK1/2 is activated
and to which substrates the kinase binds,
cells contain multiple ERK1/2 scaffold-
ing proteins. Scaffolds can be defined as
proteins without any enzyme activity, but
providing a platform on which to connect
kinases with their upstream regulators or
substrates. Moreover, scaffolds can tether
their binding partners to distinct cellular
sub-compartments/locations; thereby reg-
ulating their radius of operation.” Many
scaffolding proteins for ERK1/2 have
been identified and have been reviewed in
Ramos (2008).?

Calponin as a New
ERK1/2 Scaffold

The F-actin binding protein calponin,
which we have shown functions as an
ERK1/2 scaffold that regulates ERK1/2
function related to contractile/migra-
tory events, exists as three different iso-
forms.® The basic isoform of calponin
(h1 calponin), a marker of differentiated
smooth muscle cells,” was the first of the
calponin proteins linked to the function
of ERK1/2. Via its calponin homology
domain in the N-terminus, hl calponin
has been shown to bind ERK1/2 directly.”
In differentiated vascular smooth muscle
cells, a knockdown of endogenous hl cal-
ponin decreases agonist-induced ERK1/2
activation and ERK-dependent contrac-
tility."! In this cell type the data indicate
that hl calponin binds ERK1/2 at the
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contractile filaments, translocates to the
cell membrane where it binds to a newly
identified interaction partner Smooth
muscle ArchVillin (SmAV). SmAV, which
provides a platform for ERK1/2 activation
due to binding of the ERK1/2 upstream
regulators Raf and MEK1/2, was there-
fore also considered as an ERK1/2 scaffold
itself.!>13

The more widely expressed h2 or neu-
tral isoform of calponin has been shown
to regulate ERK1/2 signaling upstream of
MEK as well and in response to stimula-
tion with the basic fibroblast growth fac-
tor. A knockdown of h2 calponin in the
HUVEC cell line results in decreased
ERK1/2 activation upon basic fibroblast
growth factor stimulation. Moreover,
overexpression of h2 calponin promotes
migration of HUVEC cells in a wound
healing assay, whereas effects on cell pro-
liferation have not been documented. A
MEK inhibitor, U0126, downregulates h2
calponin induced ERK1/2 activation and
HUVEC migration; suggesting that h2
calponin controls cell motility, but not cell
proliferation, via ERK1/2 signaling.

Our recent findings show that the
h3/acidic isoform of calponin is another
ERK1/2 activator, since a knockdown
impairs translocation of ERK1/2 to the
cell cortex upon stimulation and hence,
impairs phospho-ERK1/2 levels in a fibro-
blast cell line. Moreover, knockdown of
h3/acidic calponin inhibits cell motility
in a wound healing assay. Interestingly,
a knockdown of h3/acidic calponin in
these cells does not affect nuclear ERK1/2
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levels, neither does it slow down cell pro-
liferation (unpublished data). Therefore,
it appears that h3/acidic calponin affects
only a subfraction of ERK1/2, linked to
motile events but not cell proliferation.
ERK1/2 localizes at filamentous actin in
the fibroblast cell line. This moreover indi-
cates that the kinase plays an important
role in cytoskeletal functions in the cell.

One might suggest that the actin
binding properties of calponin seques-
ter ERK1/2 in the cytoplasmic compart-
ment and thus direct it toward contractile
functions rather than proliferative func-
tions. However, h3/acidic calponin is not
involved in F-actin binding of ERK1/2,
since a knockdown of the protein does not
alter ERK1/2 localization in unstimulated
cells. Together with results from previous
studies'® we conclude that ERK1/2 itself
binds F-actin, and hence will intrinsically
tend to act on motile functions in cells
with larger populations of actin filaments.
Alternatively, the degree to which dimer-
ization of ERK1/2 occurs has been ques-
tioned.” Perhaps calponin scaffolding of
ERK1/2 promotes a monomeric cytosolic
form of ERK1/2 which only acts on cyto-
solic but not nuclear substrates (see Fig. 1).

In summary, all three calponin iso-
forms seem to represent a new family of
ERK1/2 scaffolds, promoting ERK1/2
activation connected to contractile, but
not proliferative events in a cell.
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Figure 1. Activation of different ERK1/2 populations. ERK1/2 translocation to the cell cortex, where ERK1/2 gets activated via the Raf/Ras/MEK signaling
cascade, is initiated by an extracellular signal. We assume that two populations of ERK1/2 molecules exist in a cell. First there is free cytosolic ERK1/2,
which translocates upon activation and dimerization into the nucleus to activate proliferation in response to extracellular growth signals. Secondly,
there is an ERK1/2 population bound to both calponin and F-actin. Upon a migratory or contractile stimulus, this ERK1/2 population translocates
together with its scaffold calponin to the cell cortex where it is activated. Upon activation, monomeric active ERK1/2 molecules move back to actin fila-
ments where they trigger cell migration or other contractile events of the cell. In cells with a pronounced actin cytoskeleton, the latter pathway might
be dominant due to attracting more ERK1/2 molecules to the actin filaments and thereby depleting the kinase from the nucleus.
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