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he filamentous (F)-actin regulatory

protein cortactin plays an important
role in tumor cell movement and inva-
sion by promoting and stabilizing actin
related protein (Arp)2/3-mediated actin
networks necessary for plasma mem-
brane protrusion. Cortactin is a substrate
for ERK1/2 and Src family kinases, with
previous in vitro findings demonstrating
ERK1/2 phosphorylation of cortactin as
a positive and Src phosphorylation as a
negative regulatory event in promot-
ing Arp2/3 activation through neuro-
nal Wiskott Aldrich Syndrome protein
(N-WASp). Evidence for this regula-
tory cortactin “switch” in cells has been
hampered due to the lack of phosphory-
lation-specific antibodies that recognize
ERK1/2-phosphorylated cortactin. Our
findings with phosphorylation-specific
antibodies against these ERK1/2 sites
(pS405 and pS418) indicate that cor-
tactin can be co-phosphorylated at
405/418 and tyrosine residues targeted
by Src family tyrosine kinases. These
results indicate that the ERK/Src cortac-
tin switch is not the sole mechanism by
which ERK1/2 and tyrosine phosphory-
lation events regulate cortactin function
in cell systems.

Motility-based processes in normal and
transformed cells are governed by signal
transduction pathways that regulate actin
cytoskeletal dynamics. Actin regulatory
proteins that serve as substrates down-
stream of multiple kinase cascades are
important intersection points in integrat-
ing and controlling motile and invasive
activities. Cortactin is an F-actin binding
adaptor protein initially identified as a
Src substrate in v-Src transformed cells."?
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Subsequent work identified three tyrosine
residues within the cortactin proline-rich
carboxyl-terminal domain (Y421, Y470
and Y486 in humans) that are phosphory-
lated by Src and other tyrosine kinases.*
Analysis of these tyrosine residues using
phenylalanine point mutants indicates the
importance of their phosphorylation in
cell motility and tumor cell metastasis.>®
Tyrosine phosphorylated cortactin local-
izes within lamellipodia of motile cells
and invadopodia in invasive carcinoma
cells,*” supporting a functional role in cell
movement and invasion.

Cortactin is a substrate for multiple
serine/threonine kinases in addition to
serving as a tyrosine kinase substrate.®
ERKI1/2 is a prominent serine/threonine
kinase that phosphorylates cortactin at
serine 405 and 418 in response to epider-
mal growth factor receptor (EGFR) activa-
tion.” Cortactin contains a Src homology
(SH)3 domain at its carboxyl terminal
end that is capable of binding and acti-
vating N-WASp, resulting in enhanced
Arp2/3 actin nucleation activity.'*!! In
2004, Martinez-Quiles et al. examined
the functional impact of ERK1/2 and Src
phosphorylation on the ability of cortactin
to regulate N-WASp activity. This report
utilized purified protein components in in
vitro actin polymerization assays to dem-
onstrate that ERK1/2 phosphorylation
substantially enhances the ability of cortac-
tin to bind and activate N-WASp, promot-
ing Arp2/3 actin nucleation. In contrast,
Stc phosphorylation of cortactin prevents
cortactin binding to N-WASp and ablates
the ability of phosphomimetic 405/418
cortactin mutants to promote N-WASp
activation. These results led to the pro-
posal of an on-off switch mechanism for
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Figure 1. Cortactin is co-phosphorylated

on S405 and Y421. OSC19 oral squamous
carcinoma cells serum starved for 24 h were
stimulated with 100 ng/ml EGF for 20 min as
indicated. Cell lysates were immunoprecipi-
tated with anti-cortactin pS405 antibodies
and analyzed by western blotting with anti-
cortactin pY421 and pan-cortactin antibod-
ies. Total cell lysates were evaluated for the
presence of pS405 cortactin, pY421 cortactin,
total cortactin and B-actin.

cortactin regulation of N-WASp activity,
whereby ERK1/2 cortactin phosphoryla-
tion liberates the cortactin SH3 domain
from an undefined autoinhibitory state
(presumed to be a SH3 domain bind-
ing site within the proline-rich domain),
allowing it to bind and activate N-WASp.
Src phosphorylation terminates this activ-
ity, enabling cortactin to return to its inac-
tive confirmation. Based on this model,
ERK1/2 phosphorylation and Src tyrosine

phosphorylation are functionally interde-
pendent events.

Subsequent studies utilizing exog-
enously expressed phosphomimetic and
phosphorylation incompetent S405/418
mutants supports a role for ERK1/2 cor-
tactin  phosphorylation in promoting
intracellular actin polymerization'? and
actin-dependent invadopodia matrix deg-
radation activity.”” Our development of
site-specific antibodies against cortactin
pS405 and pS418 allows for the first direct
cellular evaluation of these phosphoryla-
tion sites. We demonstrate that pS418
cortactin localizes to lamellipodia and
invadopodia in carcinoma cells, support-
ing the identified role for cortactin in actin
polymerization derived from studies with
point mutant constructs. Significantly,
these antibodies, along with commercially
available antibodies against cortactin
pY421 (and likely anti-pY470/pY486 or
equivalent antibodies), provide a means
for directly assessing cortactin serine and
tyrosine phosphorylation status derived
from cellular preparations. Cortactin is
phosphorylated on $405/418 and Y421 in
lysates from EGF-stimulated UMSCC2
head and neck squamous carcinoma cells,
indicating that ERK1/2 and Src (or other
cortactin-targeting tyrosine kinases) are
activated and phosphorylate cortactin
following EGFR activation. Analysis of
phosphorylation-null point mutants with
anti-pY421 and pS405 antibodies indi-
cates that ERK1/2 and cortactin tyrosine
phosphorylation are not interdependent

events, since the inability of cortactin to
become tyrosine phosphorylated does not
prevent ERK1/2 phosphorylation (and
vice versa). Furthermore, cortactin immu-
noprecipitated with anti-pS405 antibod-
ies is phosphorylated on pY421 (Fig. 1),
of

these sites on the same cortactin mol-

demonstrating  co-phosphorylation
ecule. These data indicate that at least a
subpopulation of cortactin within tumor
cells is simultaneously phosphorylated by
ERK1/2 and tyrosine kinases.

Our findings provide evidence that the
ERK/Src cortactin switch is not the pri-
mary phospho-regulatory cortactin mech-
anism employed by cells. Recent studies
indicate that cortactin tyrosine phos-
phorylation promotes actin polymeriza-
tion through recruitment of the adaptor
NCKI1, which in turn binds and activates
N-WASp and Arp2/3 to stimulate actin
network formation in invadopodia.”'
The concurrent ability of cortactin to
activate N-WASp by both tyrosine and
ERKI1 phosphorylation events allows for
amplification of Arp2/3-mediated actin
polymerization based on specific signaling
input, providing a means for fine-tuning
actin regulation at dynamic membrane
structures during migration and inva-
sion. Cortactin regulation of actin net
works is likely more complex, given the
ability of the cortactin SH3 domain to
interact and activate several proteins in
addition to N-WASp that signal to con-
trol Arp2/3 activation or actin dynam-
ics.!®? The presence of tyrosine?’ and
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Figure 2. Mechanistic and cellular roles of cortactin tyrosine and serine phosphorylation in tumor cell motility. Tyrosine (purple) and serine (green)
phosphorylation events are shown depicting direct and indirect pathways that ultimately result in N-WASp activation. The effects of cortactin serine
and tyrosine phosphorylation result in common net outcomes in invadopodia function (ECM degradation), but differ in impact on lamellipodia
dynamics as shown. Cortactin phosphorylated on serine and tyrosine residues is enriched in human tumors, where it likely enhances invasive and
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serine phosphorylated cortactin in head
and neck squamous cell carcinoma tumors
suggests that both tyrosine- and serine-
based signaling is relevant in neoplastic
progression.

In addition to the apparent redundant
roles of tyrosine and serine phosphoryla-
tion in N-WASp activation, these cortac-
tin phosphorylation events can also have
divergent cellular functions in migration.
systems,
tyrosine phosphorylation alters focal adhe-

In two-dimensional cortactin
sion turnover, whereas serine 405/418
phosphorylation stimulates actin polymer-
ization and motility.”> Our work extends
these findings by demonstrating that serine
405/418 phosphorylation is required for
dominant lamellipodia persistence, whereas
tyrosine phosphorylation has no effect on
lamellipodia dynamics (Ammer and Weed,
unpublished data). This suggests that there
are context-specific roles for cortactin tyro-
sine and serine phosphorylation in tumor
cell motility (Fig. 2) and is in agreement
with the ability of these phosphoryla-
tion events to regulate different aspects
of endocytic membrane trafficking.?>*
Continued deciphering of the complex
pathways that impinge on and emanate
from serine- and tyrosine-phosphorylated
cortactin continues to present interesting
and challenging avenues for understand-
ing how these signals are utilized and inte-
grated during different phases of cancer
cell motility.
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