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Figure 38. AN-MYO1l-enhanced membrane protrusions are not dependent on
myosin-mediated focal adhesion maturation. Mock- and AN-MYO!-transduced PC3
cells were starved overnight followed by FBS stimulation in the presence of 5 uM (A) or
75 uM (B) blebbistatin for an hour and immunostained with phalloidin (red), anti-myc
(green), and anti-phosphorylated paxillin (blue) antibodies. (A) At low myosin activity,
myopodin colocalized with the actin structures along the leading cell edge (arrow), with
actin bundles perpendicular to the leading edge (arrowhead), and actin bundles in the cell
body. The 8.4 um x 10 um areas indicated in the images are magnified 250% in the
insets. Scale bar=10 wm. (B) At near complete suppression of myosin activity, myopodin
colocalized with parallel actin bundles within lamella (arrow) and filopodia (inset). A cell
with low myopodin expression level also lacked extensive membrane protrusions
(arrowhead). The 17.8 um x 6.8 um areas indicated in the images are magnified 250% in
the insets. Scale bar=10 um.
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Figure 39. AN-MYOI1 colocalizes with actin structures in the lamellipodium and
dorsal stress fibers prior to prominent actin bundle formation in the cell body.
Mock- and AN-MYO1-expressing PC3 cells were synchronized with serum-free media
overnight and stimulated with FBS for 15 min, the timepoint before actin bundles in the
cell body and membrane protrusions became prominent. Transduced cells were
immunostained with phalloidin (red) and anti-myc (green) antibody. Myopodin
colocalized with the actin structures within the actin-rich lamellipodium and the
lamellum (arrows). The 8.1 wm x 4 um areas indicated in the images are magnified 250%
in the insets. Scale bar=10 um.

160



rBIebbistatin (10pm); 50 min

Figure 40. Live imaging analysis of AN-MYOIl-stimulated filopodia and
lamellipodia formation. Spinning disk confocal microscopic analysis of the dynamic
interaction between myopodin and the actin cytoskeleton using GFP-tagged AN-MYOl1
(green) and PC3 cells stably expressing LifeAct-RFP (red), a marker of F-actin filaments.
After transfecting myopodin into PC3 cells, cells were starved overnight. Four cells were
imaged, two of which expressed myopodin and the other two were either untransfected or
low myopodin expressors. The time post-FBS addition is indicated above each frame.
After prominent actin bundles were formed in the cell body (45 min post-FBS addition),
10 uM blebbistatin was added. The dynamics between myopodin and the actin
cytoskeleton were imaged for another 40 min. Several areas of myopodin-induced
filopodia and lamellipodia formation are also indicated (arrows; white box). The
formation of filopodia and lamellipodia at the cell periphery are magnified 250% in the
insets. Notably, the LifeAct-RFP is not as photostable as GFP and therefore RFP signals
diminished at the later timepoints. Scale bar= 10 wm.
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Figure 41. Myopodin promotes membrane protrusions in C2C12 myoblasts and in
3D culture. (A) Control vector and murine MYO1 homologues were stably expressed in
C2C12 myoblasts. Myopodin localization and actin cytoskeleton structures were
visualized using anti-myc (green) and phalloidin staining (red), respectively. Myopodin
was stained strongly along the leading edge (arrow). (B) Mock- and AN-MYO1-
expressing cells were cultured under 5.0 mg/ml three-dimensional matrigel matrix.
Transduced cells were stained with phalloidin (red) and imaged with confocal
microscopy. Scale bar= 10um.
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CHAPTER 6: CONCLUSIONS

Myopodin was discovered as an invasive cancer biomarker more than a decade
ago, but only a handful of studies have examined how myopodin affects cancer cell
metastasis. This project was very challenging in the beginning because of controversial
and inconsistent results in the literature on the role of myopodin in cancer cell metastasis,
and the subsequent emergence of multiple splicing variants of myopodin. My initial goals
were to try to reconcile the contradictory data on whether myopodin is a tumour promoter
or tumour suppressor, and to investigate whether different myopodin isoforms exert
different effects on prostate cancer cell migration and invasion.

In Chapter 3, my studies with two different chemoattractants demonstrated that
myopodin can both increase or decrease cell migration in response to different stimuli,
suggesting myopodin may have diverse effects on cell migration in the complex signaling
milieu of a tumor microeonvironment. I further showed that all myopodin isoforms exert
similar affects on cancer cell migration with only modest direct affects on cell invasion. I
subsequently determined that myopodin isoforms differentially affect actin cytoskeleton
dynamics. Interestingly, although all myopodin isoforms confer a promigratory
phenotype to PC3 cells in response to FBS stimulation, they induce biochemically and
morphologically distinct actin structures within PC3 cells, and the formation of these
different structures directly correlated with the enhanced chemokinetic activity of PC3.
These are the first studies to document the effects of myopodin on actin cytoskeleton
rearrangement in vivo and the relationship between myopodin-regulated actin dynamics
and enhanced cell migration.

Based on my discoveries of the differential response of PC3 cells to different
migration stimuli and the involvement of myopodin in actin cytoskeleton remodeling, I
decided to investigate the nature of the signaling pathways involved in these processes.
My results in Chapter 4 indicate that AN-MYO1 promotes cell migration in response to
FBS via the RhoA/ROCK signaling pathway, the pathway that regulates actin bundle
formation in the cell body. I further showed that myopodin promotes actin bundle
formation and rescued a PC3 tail retracton defect in a ROCK-dependent manner. Since
ROCK inhibition abrogated myopodin-induced actin bundle formation while only

partially inhibiting myopodin-stimulated cell migration, the induced actin bundles are
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likely not the only factor that contributes to PC3 chemokinetic activity. Myosin is the
most studied downstream effector of the RhoA/ROCK signaling pathway, but
pharmacological inhibition and shRNA knockdown of NM II activity had no affect on
myopodin-stimulated cell migration. Therefore, although myopodin-induced formation
of actin bundles is somehow linked to the pro-migratory phenotype of myopodin, the
mechanism behind this phenotype is not linked to the levels of NM II activity in cells.

Although the most obvious change in the cytoskeleton I observed in PC3 cells
expressing myopodin was the appearance of large actin bundles in the cell body, I also
noted what appeared to be an increase in actin-rich protrusions at the cell periphery. I
therefore decided to investigate in more detail the mechanisms responsible for formation
of these spatially and structurally distinct actin structures. My results in Chapter 5
indicate that myopodin functions at the cell periphery to promote formation of Arp2/3
complex-dependent membrane protrusions and affects FA dynamics. When Arp2/3
complex activity was inhibited, the myopodin-induced formation of smaller membrane
protrusions containing parallel actin bundles became apparent. Neither type of myopodin-
induced membrane protrusion was affected by inhibiting NM II activity, although FA
maturation was decreased. Timecourse studies and live imaging further revealed that the
myopodin-induced actin structures at the cell periphery are subsequently integrated into
stress fibers in the lamellum in an NM II-dependent manner. These studies revealed for
the first time that myopodin can promote membrane protrusions via its effects on actin
dynamics at the cell periphery.

Based on all of my results, I developed a working model of how myopodin
promotes PC3 cell migration in response to FBS stimulation (Fig. 42). This model
explains how decreased myosin activity can lead to prominent membrane protrusions but
has no effect on myopodin-stimulated cell migration, and suggests that myopodin
promotes PC3 chemokinetic activity by enhancing membrane protrusions. The model
also integrates the formation of membrane protrusions at the leading edge with the
appearance of actin bundles in the cell body and the ability of myopodin to promote tail
retraction.

In the absence of FBS, PC3 cells expressing myopodin have low levels of RhoA-
GTP, no stress fibers, and myopodin is distributed throughout the cell. FBS stimulation
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activates the function of myopodin in actin cytoskeleton remodeling. Since fesselin has
been shown to promote actin polymerization (Pham and Chalovich, 2006; Schroeter and
Chalovich, 2004), myopodin may similarly promote actin polymerization at the leading
edge resulting in increased numbers of branched and/or parallel actin filaments. Fesselin
has also been shown to crosslink actin, and a similar crosslinking activity by human
myopodin would lead to actin bundle formation at the leading edge. Membrane tension
would result in the retrograde flow of these polymerizing filaments and actin bundles.
However, actin polymerization in lamellipodia is a signal for the formation of nascent
adhesions and actin crosslinking activity is a signal for FA maturation and stabilization
(Oakes et al., 2012). My results are consistent with this viewpoint, since myopodin-
expressing cells showed increased membrane protrusions and increased numbers of
nascent FAs or focal complexes that matured into FAs over time (Figs. 38 and 39).
Formation and maturation of these nascent adhesions and their interaction with the
pointed ends of the growing actin filaments would provide a traction point, allowing the
growing actin filaments to initiate membrane protrusions. Thus, multiple roles of
myopodin may contribute to membrane protrusions at the leading edge, directly by
increasing actin polymerization and crosslinking and indirectly by enhancing FA
formation and stabilization.

At later timepoints post-FBS stimulation, myopodin-induced actin bundles appear
at the lamellipodium-lamellum boundary in association with FAs (Fig. 42B). Within the
lamellum, NM II constantly recruits actin filaments from the leading edge in toward the
cell body. The increased numbers of actin filaments or bundles generated by myopodin at
the leading edge would therefore result in increased stress fiber formation. Since
myopodin is associated with the actin filaments at the leading edge by its binding and/or
crosslinking activity, the recruitment of actin bundles by myosin contraction would also
recruit myopodin into the lamellum. Live cell imaging results are consistent with this
model, since I found that the actin bundles in the cell body are derived from the cell
periphery (Fig. 41).

Eventually, large actin bundles and stress fibers with associated myopodin appear
and concentrate in the cell body, either by continued NM II-dependent retrograde flow or

as the cell moves forward (Fig. 42C). The relevance of these bundles in the cell body to
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the myopodin-enhanced migration phenotype is still unclear. Inhibiting NM 1II activity
with low doses of blebbistatin did not reduce the stimulatory effect of myopodin on cell
migration, but it also did not inhibit the formation of actin bundles in the cell body (Fig.
40A). Longer timecourses are needed to see if the typical actin bundles and stress fibers
in the cell body were also formed under these conditions. High doses of blebbistatin did
inhibit actin bundle formation in the cell body (Fig. 40B), but these doses were not
assessed for their effects on cell migration and it is likely that such doses would eliminate
inherent PC3 cell migration, confounding analysis of the pro-migratory role of myopodin.
The formation of myopodin-induced actin bundles in the cell body also correlates with
the ability of myopodin to suppress a tail retraction defect in PC3 cells evident under
serum-starvation conditions (Fig. 30A). However, myopodin does not promote cell
migration under these conditions (Fig. 10A). In contrast, ROCK inhibitor does suppress,
at least partially, the pro-migratory phenotype of myopodin-expressing cells (Fig. 26C)
and this coincides with a loss of actin bundles in the cell body (Fig. 31B) and a loss of
myopodin-induced tail retraction (Fig. 31). Whether these three events are functionally
related is still unclear.

This working model also provides a possible explanation for the apparent NM II-
independent manner in which myopodin promotes cell migration. Cells need myosin
contraction to move but the pro-migratory phenotype of myopodin-expressing cells is
unaffected by inhibiting NM II activity. The fact the PC3 cells still migrate, albeit at
reduced levels, when NM II was inhibited by low doses of blebbistatin, by ML-7
treatment to inhibit MLCK-mediated phosphorylation of NM II RLCs, or by shRNA
knockdown of NM II (Figs. 28 and 29) implies cells retained some low level of
functional NM II. It therefore seems likely that myopodin functions upstream of NM II,
presumably by promoting membrane protrusions at the leading edge. If this is true, then
we must assume that the rate-limiting event in PC3 cell migration is not the level of NM
IT activity in cells but the rate or extent of actin filament and bundle formation at the
leading edge.

It remains unclear how, exactly, myopodin promotes actin polymerization.
Several classes of actin nucleators have been discovered, including Arp2/3 complexes,

formins, and Spire (Campellone and Welch, 2010). All of these actin nucleators promote
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actin polymerization by enhancing actin nucleus formation. /n vitro biochemical studies
revealed that fesselin can also accelerate actin polymerization by ~50-fold, eliminating
the actin nucleation lag phase of actin assembly and enhancing the rate of actin
elongation (Beall and Chalovich, 2001). This data suggested a potential role for
myopodin in actin nucleation. However, no detailed molecular and structural studies on
myopodin have been conducted to examine the mechanism of myopodin-stimulated actin
polymerization. Formin homodimers can form a ring structure to encircle actin monomers
(Xu et al., 2004) and Spire has several G-actin binding WH2 domains next to one another
(Quinlan et al., 2005) to promote actin nucleation. A motif scan of myopodin revealed no
typical WH2 domains and previous studies showed that the actin-binding site of
myopodin does not have a typical actin-binding motif (Weins et al., 2001). Therefore, it
remains to be determined if myopodin possesses non-canonical actin monomer binding
sites or forms higher order structures to bring actin monomers into close proximity.
Additional in vitro studies of the actin polymerization activity of human myopodin and
further definition of the G-actin binding sites in myopodin might be useful for analyzing
myopodin function in membrane protrusion formation.

The predicted disordered structure of myopodin (Khaymina et al., 2007)
presumably facilitates interaction with numerous protein partners and suggests that
myopodin is a multi-functional protein. In addition to polymerization, it seems likely that
myopodin also affects actin bundling. Actin crosslinkers play an important role in actin
cytoskeleton organization. For instance, actin bundles are crosslinked by fascin into tight,
stiff bundles, allowing actin bundles to create membrane protrusions (Nakamura et al.,
2011). In vitro biochemical studies revealed that myopodin can also bundle actin
filaments (Linnemann et al., 2012). Indeed, what appeared to be crosslinked actin bundles
associated with myopodin along their length were frequently found in filopodia when
myosin activity was inhibited (Figs 38 & 40). This data suggested that myopodin might
strengthen actin bundle stiffness and thereby promote membrane protrusions. The
presence of crosslinked actin bundles is also important for growth and stabilization of
FAs (Choi et al., 2008; Oakes et al., 2012), which can promote membrane protrusions
(Alexandrova et al., 2008). Alpha-actinin is the only actin crosslinker currently known

that is indispensible for the growth of nascent FA (Choi et al., 2008). Myopodin
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colocalizes with actin bundles perpendicular to the leading edge, its presence induces FA
formation (Figs. 38 and 39), and it interacts with focal adhesion-associated proteins (e.g.
ILK) (Yu and Luo, 2011), suggesting myopodin may be another actin crosslinker that
promotes focal adhesion formation and membrane protrusions. Photobleaching analysis
and living imaging of FA dynamics may provide further insights into the direct or
indirect effects of myopodin on FA formation and disassembly.

Many proteins involved in actin assembly are multifunctional proteins and their
functions are regulated by the presence of other proteins or buffer conditions. For
instance, the effect of Ena/VASP on actin assembly varies under different ionic strength
conditions. Under low ionic strength, Ena/VASP functions as an anti-capping protein and
a processive actin polymerase (Hansen and Mullins, 2010). However, this function
requires the presence of profilin at higher ionic strength buffer. Similarly, the actin
polymerization activity of fesselin is inhibited by o-actinin and calcium-bound
calmodulin. Furthermore, calcium-bound calmodulin inhibits myopodin binding to G-
actin but not F-actin, suggesting that the actin polymerizing and F-actin binding activities
of myopodin are regulated independently (Pham and Chalovich, 2006; Schroeter and
Chalovich, 2004). At this point, it is not possible to conclude whether myopodin
functions to promote actin polymerization and/or actin crosslinking, two activities that
may be spatially or temporally regulated by its surrounding context. Myopodin mutants
defective in either of these functions would be very helpful to resolve the contribution of
these two potential activities to membrane protrusions and cell migration.

Although it is well accepted that Arp2/3 complexes nucleate the branched actin
network within lamellipodia, the genesis of filopodia remains controversial. Some believe
that Arp2/3 complex-nucleated actin filaments converge to form parallel actin bundles for
filopodia formation, while others suggest that filopodia are nucleated de novo by formins
(Yang and Svitkina, 2011). The supporting evidence for de novo nucleation of filopodia
is that filopodia remain evident in Arp2/3-depleted cells (Steffen et al., 2006). Myopodin-
expressing cells exhibited substantial membrane protrusions but inhibiting Arp2/3
complex formation with CK666 impaired, but did not eliminate, myopodin-stimulated
protrusions (Fig. 35). These results imply that Arp2/3-nucleated actin networks are

involved in, but are not necessary for, myopodin-induced membrane protrusion
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formation. However, two alternate possibilities can also explain the formation of
membrane protrusions at low levels of Arp2/3. First, it is possible that 20 pM CK666
does not completely eliminate Arp2/3 activity and that the residual Arp2/3 complexes
nucleate actin filaments to promote formation of small protrusions. Second, it is possible
that other unidentified actin-polymerizing factors, besides Arp2/3 complexes, can
promote actin nucleation; myopodin could be one such factor. This could also provide an
explanation for why filopodia can be formed in Arp2/3-depleted cells.

Most of my project focused on the positive role of myopodin on cell migration
following FBS stimulation as these conditions confered a striking and consistent
phenotype. Importantly, studies of myopodin under FBS conditions provided several new
insights into how myopodin can regulate cell migration under distinct environmental
conditions and in different cell lines. First, I discovered that myopodin could
differentially regulate RhoA activation in the presence of different migration stimuli (Fig.
24A). Second, 1 was able to show that myopodin isoforms are able to differentially
remodel the actin cytoskeleton within PC3 cells, DU145 cells, and BPH-1 cells (Fig. 21).
Third, my results indicate that AN-MYOI1 is able to promote membrane protrusions in
PC3 cells in three-dimensional or two-dimensional culture conditions and also within
C2C12 myoblast cells (Fig. 41). The FBS stimulation model therefore provided a useful
system to study myopodin function in actin cytoskeleton dynamics.

I recognize that there are several limitations in extrapolating my results to an
explanation of how myopodin affects prostate cance cell invasion. For example, it is
unlikely that FBS stimulation mimics the complex signaling environment found in a
tumour microenvironment. Analysis of a single cell type in isolation and in two-
dimensional cell culture also does not reflect the complex intracellular interactions that
occur between multiple cell types in the three-dimensional tissue environment. However,
the first two caveats are the limitations of almost all cell culture approaches, and my
preliminary 3D analysis in matrigel confirmed that myopodin has profound effects on the
formation of cellular protrusions (Fig. 41). Perhaps the greatest restriction to
extrapolating my results to the in vivo situation is the reliance of my studies on ectopic,
overexpression of myopodin. However, siRNA knockdown of endogenous myopodin

isoforms in PC3 cells showed reduced cell migration in response to FBS stimulation (De
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Ganck et al., 2009), consistent with my results showing that ectopic expression of
myoposin increases PC3 cell migration under the same stimulus. Future studies might
want to exploit the Tet-inducible expression system to control and synchronize the levels
of myopodin expression (Loew et al., 2010).

My PhD project obtained a macroscopic view of myopodin-stimulated cell
migration mechanisms. [ also investigated the signaling pathways regulated by
myopodin, focusing on the Rho GTPase pathways. In conclusion, I would like to present
some additional analysis I conducted using high throughput screening to examine the
effects of myopodin expression on several pathways and proteins involved in regulating
cytoskeleton dynamics. I conducted a phosphorylation antibody microarray screen to
identify potential signaling pathways regulated by myopodin. Since I determined that
myopodin affects actin dynamics, I selected an antibody microarray that includes 141
phospho-specific antibodies that recognize proteins involved in actin cytoskeleton
rearrangement. The screen identified several interesting targets (Fig. 43A) and the hits
that showed the same trend within two out of three independent experiments, although
the extent varied, are listed in Figs. 43B and 43C.

Interestingly, the endogenous level of several key proteins involved in regulating
cytoskeleton dynamics was significantly elevated in myopodin-expressing compared to
mock-transduced cells (Fig. 43B). These proteins were ezrin, focal adhesion kinase
(FAK), LIM kinase (LIMK1/2), MEK1, Src, and VASP (Fig. 43B). After normalization
to the total protein amount, the phosphorylation levels of several additional signaling
proteins were also either upregulated (positive value) or downregulated (negative value)
in myopodin-expressing cells (Fig. 43C). These proteins included proteins involved in
actin assembly (VASP, WAVE]1, LIMK), focal adhesion-associated proteins (FAK, Src),
Rho GTPase signaling pathways (GAP and Rho/Rac GEF-2), and membrane-associated
proteins (ezrin, PI3K). VASP can function as an anti-capping protein or an actin
polymerase, depending on the conditions (Hansen and Mullins, 2010). Increased VASP
levels could facilitate actin polymerization under FBS conditions by its anti-capping or
actin polymerization activity. However, phosphorylation of VASP at Ser157 has no effect
on its recruitment to focal adhesions, oligomerization, or interaction with profilin but

attenuates VASP’s ability to polymerize actin and interact with actin filaments (Harbeck
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et al.,, 2000). Why increased VASP levels but also increased VASP phosphorylation
might help myopodin effect changes actin cytoskeleton rearrangement and cell migration
needs to be investigated. It is possible that the increase in the total amount of VASP
facilitates actin polymerization.

Another hit, WAVEI, is one of the NPFs that promote Arp2/3 actin nucleation
activity (Machesky et al., 1999). WAVEI is inhibited by a multiprotein complex
composed of Napl/Napl25, Sra-1/Pir21, HSPC300, and Abi (Steffen et al., 2004).
Phosphorylation of WAVEI at Tyrl25 by Src does not release WAVEL from the
inhibitory complex but it does enhance WAVEI1-inhibitory complex binding of Arp2/3
complexes, thereby suppressing Arp2/3-mediated stress fiber formation (Ardern et al.,
2006). It is therefore possible that the robust effect of myopodin at the leading edge turns
off other alternative pathways that promote actin assembly.

Myopodin promotes activation of RhoA GTPase in PC3 cells (Fig. 24A), so it
was interesting to see an enhanced phosphorylation level of Rho/Rac guanine nucleotide
exchange factor-2 (GEF-2) in the Full Moon screen. GEF-2 increases GTP-bound
GTPase levels. Rho/Rac GEF2 is commonly known as GEF-H1, which is a microtubule-
localized GEF. Interaction between microtubules and GEF-HI1 inhibits its guanine
nucleotide exchange function. When GEF-H1 dissociates from microtubules, the
exchange factor can lead to RhoA activation and stress fiber formation (Krendel et al.,
2002). The p2l-activated kinase-1 (PAK), which is activated by Cdc42 or Racl,
phosphorylates GEF-H1 at Ser885, leads to increased binding of 14-3-3 to GEF-HI and
therefore relocates 14-3-3 to microtubules (Zenke et al., 2004). Interestingly, 14-3-3 also
interacts with murine myopodin, suggesting a potential link between the upregulation of
GEF-HI phosphorylation levels and myopodin-stimulated cell migration. One possiblity
is that the interaction between myopodin, 14-3-3 and phosphorylated GEF-H1 dissociates
GEF-H1 from microtubules. GEF-H1 would then be free to activate RhoA within
myopodin-transduced cells.

Another hit in the Full Moon screen was GTPase activation protein (GAP), which
promotes hydrolysis of GTP to GDP by GTPases. GAP is phosphorylated at Ser387 by
Aurora B, which activates its latent GAP activity that is important for cytokinesis.

(Minoshima et al., 2003). However, no studies have examined the effect of GAP
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phosphorylation on cell migration. Since the phosphorylation level of GAP at Ser387
within myopodin-expressing cells was lower than mock-transduced cells, it is possible
that myopodin suppresses GAP phosphorylation levels and therefore maintains a high
Rho-GTP level.

The effect of myopodin on the formation of nascent adhesions and nascent
complexes was also evident in the Full Moon screen. Phosphorylation levels of focal
adhesion kinase (FAK) were decreased. FAK is one of the earliest FA proteins recruited
to the nascent adhesions. FAK is autophosphorylated at Tyr397 upon integrin clustering,
and this autophosphorylation promotes its kinase activity, allowing Src binding and
p130Cas activation that can modulate the activity of multiple GEFs and therefore affect
Rho GTPase activity (Fonseca et al., 2004; Roca-Cusachs et al., 2012).

Some of the hits from the Full Moon screen may well be spurious. For example,
according to the Full Moon screen, the total amount of LIMK was increased while the
phosphorylation levels were slightly decreased in myopodin-expressing cells. However,
my results did not confirm this hit; LIMK phosphorylation levels were not decreased
when assessed by phospho-specific western blotting (Fig. 32). Thus, thorough and careful
validation of the phosphorylation screen to rule out false positive results is necessary and
determining the relevance of any of these hits requires further investigation.

In summary, downregulation of myopodin gene expression is frequently found in
diverse invasive cancers, suggesting myopodin plays a critical role in cancer metastasis.
My current studies demonstrated that myopodin has a robust effect on cell migration in
response to FBS stimulation, providing a reproducible and consistent system to examine
the effects of myopodin on actin cytoskeleton dynamics and cell migration. More
importantly, my project highlights that the complexities of signaling factors in the tumor
microenvironment need to be considered when evaluating how myopodin loss might

correlate with invasive tumour development.
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Figure 42. Model of myopodin-stimulated PC3 cell migration. (A) At the early stage
of FBS stimulation, myopodin promotes the formation of actin bundles at the leading cell
edge, presumably by increasing the rate of actin polymerization and/or actin crosslinking
activity. The enhanced actin dynamics and bundle formation within the lamellipodium
allows the formation and growth of nascent adhesions and prevents the disassembly of
FAs. Mature FAs can then convert the retrograde flow of F-actin into forward
protrusions. (B) While membrane protrusions advance (>15 min post-FBS addition), the
actin filaments end up in the lamellum, the region that has abundant myosin. Myosin can
pull on the actin bundles and integrates the actin network from the cell front in toward the
cell body. At the same time, myosin promotes the growth of FAs. Notably, the effect of
myopodin is within the leading edge illustrated in panel (A), and therefore inhibition of
myosin has no effect on myopodin-stimulated cell migration but enhances membrane
protrusions. (C) Myopodin-crosslinked actin bundles eventually end up in the cell body
as the cell advances. As myopodin and myosin competitively bind to actin filaments, the
enrichment of myopodin on actin bundles outcompetes the binding of myosin, leading to
the formation of actin bundles that are devoid of myosin. The actin bundles in the cell
body can subsequently rescue the tail retraction defect of PC3 cells in RhoA/ROCK-
dependent manner. FAs with different size and shade of blue are indicated in the figure
legend.
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Mock AN-MYO1

B
Protein list Signal fold change (T-C)/C
Ezrin 412
FAK 3.01
LIMK1/2 1.44
MEK1 1.71
Src 3.29
VASP 1.66
C

Ratio Analysis (Phospho vs
non-phospho)

Ezrin (P-Tyr478) -0.23
FAK (P-Ser397) -0.45
LIMK (P-Thr508) -0.21
Src (P-Tyr418) -0.86
PI3K p85-subunit alpha-

gamma (P-Tyr467/Tyr199) -0.22
GTPase activation protein

(Phos-Ser387) -0.52

Rho/Rac guanine
nucleotide exchange

factor 2 (P-Ser885) 0.31
VASP (P-Ser157) 0.65
WAVE1 (P-Tyr125) 0.40

Figure 43. Identification of potential signaling pathways regulated by AN-MYO1.
(A) Cell lysates of mock- and AN-MYOI1-expressing PC3 cells were collected and the
protein levels were analyzed using Full Moon Cytoskeleton Phosphorylation Microarray
slides as described in Materials and Methods. Representative images of microarray
results from mock- (left) and myopodin-expressing cells (right) are shown. Each antibody
has six replicate dots, and the top left and bottom right lanes on each slide are the positive
controls. Total protein levels (B) or the phosphorylated protein levels (C) upregulated or
downregulated in myopodin-expressing cells are listed. Only results that were consistent
from two out of three independent experiments are listed. These results were
quantitatively analyzed by Full Moon Biosystem, Inc. Signal fold change of total protein
amount was calculated from the equation = (protein levels in myopodin-expressing cells
— proteins levels in mock-transduced cells)/protein levels in mock-transduced cells. (C)
Ratio of phosphorylated over non-phosphorylated proteins was analyzed and the ratio
difference between mock- and AN-MYOl-expressing cells is listed. Positive and negative
values indicate an increase or a decrease in total protein levels or phosphorylation levels
in myopodin-expressing cells, respectively.
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