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ABSTRACT

Objective: L-plastin is an action-bundling protein normally expressed in cells of haemopoietic origin but is also
associated with malignant transformation. Aberrant expression of L-plastin expression correlates with tumour
stage in colorectal cancers, and ectopic expression of L-plastin in colon cancer cell lines increases proliferation
and migration. L-plastin is inducibly phosphorylated on Ser® in response to a range of stimuli but the role of
phosphorylated L-plastin in colon cancer cells has not been characterised. The aim of this study was to analyse the
effect of L-plastin Ser® phosphorylation on HCT 116 colon cancer cell proliferation and migration.

Methods: Wild-type L-plastin or a Ser’ L-plastin mutant where serine was exchanged to a non-phosphorylatable
alanine was expressed in HCT 116 cells. Cell proliferation was assessed through cell counting and cyclin D activation.
Cell migration were assessed using transwell migration assays.

Results: We found that wild-type L-plastin was constitutively phosphorylated on Ser’ when expressed in HCT 116
cells and promoted an increased proliferation rate of these cells. HCT 116 cells stably expressing wild-type L-plastin
also increased the migratory capacity of these cells together with increased levels of reactive oxygen species. NADPH
oxidases are the main intracellular sources of reactive oxygen species and inhibition of NADPH oxidase activity with
the pharmacological inhibitor DPI decreased the migration of these cells. Interestingly, expression of an L-plastin
mutant with a non-phosphorylatable alanine in place of Ser’ did not promote increased cellular proliferation,
indicating that phosphorylation is required for this process. In contrast, cellular migration and ROS production
were independent of the phosphorylation status of Ser’.

Conclusion: These data demonstrate that expression of L-plastin in HCT 116 colon cancer cells increases migration

in a manner that is dependent on NADPH oxidase but independent of the Ser® phosphorylation status.
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INTRODUCTION

L-plastin is an actin-bundling protein normally expressed in cells of
haematopoietic origin where its function includes regulation of innate
and adaptive immunity [1]. In particular, studies using L-plastin
knockout mice, siRNA-mediated gene silencing and expression of
nanobodies in target cells have demonstrated roles for this protein in
the adhesion-dependent respiratory burst of neutrophils and killing of
the bacterial pathogen Staphylococcus aureus, macrophage development
and function, T-cell activation and motility and B-cell development,
motility and antibody responses [2-12]. Interestingly, aberrant
L-plastin expression was also reported in cultured carcinoma cell
lines and was expressed in a range of human solid primary tumours

compared to normal tissues including gastric cancer, osteosarcoma,
oral squamous cell carcinoma, bladder cancer, breast cancer, prostate
cancer, renal cancer, nasopharyngeal carcinoma stroma, laryngeal
cancer and melanoma [13-28]. There is compelling evidence that
aberrant expression of L-plastin in solid tumours plays a key role in
the metastatic cascade. Firstly, L-plastin expression levels in patient
tumour samples correlate with disease stage and progression in some
(albeit not all) cancers [16-18,22,29,30]. Secondly, overexpression
studies and gene silencing approaches in relevant cancer cell lines have
shown that L-plastin regulates proliferation, migration and invasion
inwitro and metastatic colony formation inwvivo using animal models
[15-17,22-34]. In colon cancer, for example, two studies have reported
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that L-plastin expression correlates with tumour grade/stage, size and
lymph node metastasis [29,30]. In addition, the study of Otsuka et al.
showed that L-plastin expression was absent in the SW480 cell line
established from a patient with colorectal adenocarcinoma, whereas
L-plastin expression was upregulated in the SW620 cell line established
from a lymph node metastasis from the same patient, suggesting a role
for this protein in the metastatic cascade. Our group subsequently
demonstrated that expression of L-plastin in SW480 cells increased
proliferation, invasion and loss of E-cadherin expression (a marker for
epithelial-mesenchymal transition), providing novel evidence that this
actin-bundling protein plays a key role in colorectal cancer metastasis

(35].

L-plastin is the only member of the plastin family of actin-bundling
proteins known to undergo phosphorylation at Ser’ in the N-terminal
headpiece region in response to extracellular stimuli [1]. A variety of
upstream kinases have been reported to directly or indirectly influence
Ser’ phosphorylation, including Protein Kinase A (PKA), Protein
Kinase C (PKC) isoforms, Serum and Glucocorticoid Kinases (SGKs)
and Ribosomal S6-kinases (RSKs) [1]. Phosphorylation of Ser’® was
reported to influence actin binding and actin bundling, based on
the finding that mutation of Ser’ to a non-phosphorylatable alanine
(S5A) was more easily extracted following detergent-treatment of cells
(i.e. decreased avidity for actin) [36]. Expression of the S5A mutant
also perturbed its localisation to actin-rich structures when expressed
in cells. Furthermore, the S5A mutant was defective in bundling actin
filaments inwitro [36]. Fluorescence Recovery After Photo Bleaching
(FRAP) imaging studies subsequently demonstrated that Ser’
phosphorylation increased the amount of F-actin in focal adhesions,
thereby providing a link between posttranslational regulation of
L-plastin and adhesion/migration [37]. Whereas expression of wild-
type L-plastin in transformed cell lines promoted migration and
invasion, the same effects were not observed when the S5A mutant
was expressed in parallel, demonstrating a mechanistic role for Ser5
phosphorylation in L-plastin-mediated tumour cell migration [28,36].
However, more recent studies have reported that an S5A L-plastin
mutant was able to bind and bundle actin filaments as efficiently as the
wild-type protein inwitro, and that T-cells, B-cells and macrophages from
a CRISPR-generated mutant mouse strain expressing endogenous
L-plastin with an S5A mutation were largely similar to their wild-type
(Ser’) counterparts in terms of development, migration and activation
[38,39]. These latter studies therefore suggest that L-plastin function
may not be strictly dependent on Ser’ phosphorylation.

In this study we have investigated the function of wild-type L-plastin
and its S5A mutant in the HCT 116 colon cancer cell line, as it is
unknown whether phosphorylation at this site specifically influences
colon cancer cell proliferation and migration. Unlike most other
transformed cell lines [14], HCT 116 cells do not aberrantly express
L-plastin. We found that expression of L-plastin in HCT 116 cells
increased cell proliferation and cyclin D1 levels and promoted cell
migration inwitro. Since L-plastin expression has been associated
with NADPH oxidase-mediated Reactive Oxygen Species (ROS) in
neutrophils we investigated whether such a role exists for L-plastin
in colon cancer cells as NADPH oxidase/ROS play important roles
in tumourigenesis [2,40,41]. We found that expression of L-plastin
expression resulted in Racl-GTP activation (an upstream activator
of NADPH oxidase) and increased ROS production. Furthermore,
Diphenyleneiodonium (DPI), an inhibitor of NADPH oxidase
activity, inhibited the L-plastin-mediated increase in cell migration.
Interestingly, all effects bar cell proliferation and cyclin D1 activation
were independent of Ser’ phosphorylation. These results highlight a
novel role for L-plastin in colon cancer progression via a mechanism
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involving NADPH oxidase and ROS production and demonstrate
that such effects are largely independent of Ser’ phosphorylation.

MATERIALS AND METHODS

Reagents and antibodies

Fugene 6™ transfection reagent was from Roche Diagnostics Ltd, UK.
Zeocin was from Cayla, France. Monoclonal antibodies to L-plastin
(LPL4A.1) were from Neomarkers, USA. Goat anti-mouse FITC and
TRITC labelled secondary antibodies were from Molecular Probes
Inc, Eugene, OR.

Generation of L-plastin phospho-mutant constructs

PcDNA3.1/LPL containing the complete ¢cDNA sequence for
L-plastin expressed as a fusion protein encoding a Cterminal V5
epitope was purchased from Invitrogen BV, The Netherlands. The
serine 5 residue on L-plastin was mutated to glutamic acid (S5E) or
alanine (S5A) using the QuikChange™ Site-Directed Mutagenesis
kit (Stratagene, La Jolla). Primers containing the intended mutation
were run in a QuikChange™ Site-Directed Mutagenesis (Stratagene)
reaction with the L-plastin template. The product was then treated
with Dpnl, transformed into supercompetent bacterial cells and plated
on low salt LB-Zeocin plates. A number of colonies were sequenced by
the Agowa genomics company, Germany, and clones containing the
intended mutations were selected and prepared using a Qiagen midi
prep protocol and kit (Qiagen, UK).

Cell Lines, culture conditions and transfection procedure

The human colon carcinoma cell line HCT 116 was cultured in
McCoy’s 5A medium supplemented with 10% foetal bovine serum
and 1% penicillinstreptomycin  (Gibco-Brl, UK).  PcDNA3.1/
LPL containing the complete L-plastin cDNA insert, expressed as
a fusion protein encoding a Cterminal V5 epitope, was obtained
from Invitrogen BV, The Netherlands. HCT 116 cells were grown in
6-well plates and transfected with 1ug of pcDNA3.1/LPL (HCT 116-
LPL), pcDNA3.1/LPLS5E (HCT 116S5E), PcDNA3.1/LPL-S5A
(HCT 116S5A) or with pcDNA3.1/GS (HCT 116pcDNA3.1). For
stable transfections, cells were seeded into 6-well plates 24 hours post-
transfection. Selection of resistant clones was performed in medium
containing 600pg/mL zeocin.
expanded and screened for the selection of stably transfected clones.

Surviving colonies were picked,

Immunoblot analysis

Expression of L-plastin protein was confirmed by Western blot using
anti-LPL-4A.1 antibody (Neomarkers, USA). Cells were trypsinised,
washed in warm PBS and resuspended in 1% NP40 lysis buffer.
Lysates were acetone precipitated, resuspended in Laemmli buffer
(0.0625 M Tris (pH 6.75), 2% SDS, 5% (-mercaptoethanol, 10%
Glycerol, 0.001% bromophenol blue), boiled for 5 min, resolved on
10% SDSPAGE gels and transferred to polyvinylidene difluoride
(PVDF) membrane (Gelman Sciences, UK). Membranes were blocked
with 5% milk powder in 1 x PBS0.1% Tween-20, and were incubated
overnight with anti-LPL-4A.1 mAb. Actin mAb (Sigma, UK) was used

as a loading control in all experiments.

Immunoprecipitation

HCT 116 cells were stably transfected with pcDNA3.1/LPL-WT as
previously described. Cells were lysed in 0.5 mL ice-cold RIPA lysis
buffer for 30 minutes on ice. Unlysed cells and nuclei were removed
by centrifugation at 1000 rpm for 3 minutes. Detergentsoluble lysates
(5 x 106 cells in 0.5 ml lysis buffer) were pre-cleared with washed
protein G-Sepharose beads for 2 h at 4°C with end-overend mixing.
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The beads were removed by centrifugation and pre-cleared lysates were
subjected to immunoprecipitation with anti-LPL4A.l monoclonal
antibody, or an irrelevant IgG isotype control monoclonal (IE) antibody
for 2 h on ice. The antibody-antigen complexes were then collected
by incubating the lysates with washed protein G-Sepharose beads
overnight at 4°C with end-overend mixing. The immunoprecipitates
were recovered by centrifugation and washed three times with ice-cold
cell lysis buffer. The pellets were resuspended in SDS-PAGE sample
buffer, boiled for 4 min, the beads were removed by centrifugation,
and the immunoprecipitate supernatants were resolved on 10% SDS-
PAGE gels. The phosphorylation status of wild-type L-plastin was
determined using an antibody to phospho-L-plastin (a kind gift from
Professor Eric Brown, UCSF). For determination of Racl activity,
active Racl was immunoprecipitated using PAKI-GST agarose
conjugate (Upstate) and detected by Western blot analysis as above
using anti-Rac-1 (Transduction Labs).

Cell Proliferation Assays-Proliferation assays were performed on
stably transfected cells (HCT 116-LPL, HCT 116-S5A or HCT
116pcDNA3.1) by cell count. Briefly, for each cell line 1 x 10° cells
were seeded into 6-well plates. Cells were trypsinized and counted with
a haemocytometer at 24-hour intervals. Assays were carried out for 96
hours. All experiments were repeated at least 3 times.

Proliferation was also measured in cells transiently transfected with
L-Plastin constructs using a chemiluminescent reporter gene assay
system for detection of cyclin D1 activation. HCT 116 cells were
plated at 1 x 10° cells/ml onto 6-well dishes. The following day, cells
were transiently transfected with 0.4 ug of a Cyclin D1 Prpmoter-
Luciferase-luciferase fusion construct (1745 CD1-Luc) a generous gift
of Dr. Richard Pestell (Georgetown University)) and either 0.4 pg of
pcDNA3.1-GS (control), pcDNA3.1-LPL/WT or pcDNA3.1-LPL/
S5A using Fugene 6 transfection reagent (Roche Applied Science).
0.1 pg of B-gal vector (Promega, Madison W1)) was co-transfected with
each of the above vectors. Luciferase and B-gal activities were measured
by the Dual-Light reporter assay system (Promega, Madison, WI) on a
Victor luminometer (Perkin Elmer, Wellesley MA).

Cell migration assay

Cell migration was measured using an 8uM BDBiocoat transwell
filter (Becton Dickinson, Rutherford, NJ). Briefly, 5 x 10° cells (HCT
116-LPL, HCT 116-S5A or HCT 116-pcDNA3.1) were washed and
suspended in serum free medium before seeding onto each filter in
duplicate. Medium containing 20% FCS was added to the bottom of
the plate. Cells were allowed to migrate through the filter for 24 hours,
and filters were fixed and processed exactly according to manufacturer’s
instructions. All experiments were carried out three times.

Detection of Reactive Oxygen species (ROS)-ROS were detected in
cells stably transfected with pcDNA3.1-GS (control), pcDNA3.1-
LPL/WT or pcDNA3.I-LPL/S5A using the cell permeant reagent
2’ T’dichlorofluoroescin diacetate (HZDCFDA; Molecular Probes).
Briefly, cells were seeded on black luminometry plates (10,000/well)
to adhere overnight. Cells were washed twice in warm HBSS, serum-
starved for 3 hours and then incubated in 100 ul of H2ZDCFDA (4
ug/ml) for 60 min. Cells were then washed and fluorescence detected
using a Victor luminometer (Perkin Elmer, Wellesley MA), excitation
495 nm/emission 520 nm.

Immunofluorescence microscopy - HCT 116 cells stably transfected
with L-plastin constructs were seeded into 8-well chamber slides (Nunc)
and after 24 hours the cells were fixed with 4% paraformaldehyde for
15 min at 37°C, followed by permeabilisation with 0.3% v/v Triton
X100 in PBS for 5 min at room temp. The slides were blocked with
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3% BSA/PBS for 30 min before anti-L-plastin antibody (clone 4A.1)
was added for 1 hour (diluted 1/100 in 3% BSA/PBS), followed by
AlexaFluor goat anti-mouse 488 (1:500 dilution; Invitrogen) and
phalloidinTRITC (1:200 dilution; Sigma). The slides were incubated
for 30 min at room temp before being washed and stored in PBS. The
slides were analysed with a Zeiss LSM 510 confocal microscope.

RESULTS

Wild-type L-plastin is phosphorylated on Ser® when
expressed in HCT 116 cells

In this study we used the HCT 116 colon cancer cell line to investigate
the role of L-plastin Ser’ phosphorylation on cell proliferation and
migration. We used this cell line because they do not aberrantly express
L-plastin as confirmed by Western blotting (data not shown). We first
established the phosphorylation status of L-plastin in HCT 116 cells by
stably transfecting the cells with a plasmid encoding the wild-type (WT)
version of L-plastin. After overnight incubation to allow for L-plastin
expression, the cells were serum starved and either left untreated
or treated with the phorbol ester PMA which promotes L-plastin
phosphorylation at Ser® [9,34,37]. The cells were lysed, L-plastin was
immunoprecipitated and probed by Western blotting with an antibody
specific for L-plastin when phosphorylated at Ser® [42]. We found that
WT L-plastin was constitutively phosphorylated upon expression in
HCT 116 cells, because L-plastin was phosphorylated at Ser® following
expression and was only very modestly increased with PMA treatment
(Figure 1A). We next wanted to determine if Ser’ phosphorylation
plays a role in these colon cancer cells and hence we generated L-plastin
mutants where Ser’ was exchanged to an Alanine (S5A mutant) or to
a negatively-charged Glutamic acid (S5E mutant), both of which have
been widely used as mimics of non-phosphorylated and phosphorylated
L-plastin, respectively [28,36] (Figure 1B). We created stable cell lines
of HCT 116 cells expressing either WT L-plastin, S5A L-plastin or S5E
L-plastin and selected stable clones for further analysis that expressed
the highest levels of L-plastin (Figure 1C). It should be noted however
that the levels of L-plastin in these clones were much lower compared
to the SW620 metastatic colorectal cancer cell line which was used as a
positive control for Western blotting in these experiments (Figure 1C).
Expression of these L-plastin constructs appeared to be functional,
since expression of the WT and S5E L-plastin constructs were diffusely
localized throughout the cell and Factin staining was normal, whereas
F-actin was mis-localised to distinct puncta within the cytoplasm of the
cell in cells transfected with the S5A mutant (Supplementary Figure
1A and B).

L-plastin expression increases proliferation and
cyclin D1 activation in a manner dependent on Ser®
phosphorylation

Proliferation rates for HCT 116 cells expressing WT, S5A or S5E
L-plastin were determined by cell counting every 24 hours. No change
in cell proliferation rates were observed until 72 hours postseeding,
when HCT 116 cells expressing WT L-plastin exhibited increased
proliferation compared with control HCT 116 cells transfected
with empty plasmid (Figure 2A). Whereas expression of the S5E
L-plastin mutant resulted in similar levels of proliferation compared
to cells transfected with WT L-plastin, proliferation was lower in cells
expressing the S5A L-plastin mutant (Figure 2A). This result indicates
that L-plastin expression promotes colon cancer cell proliferation,
a finding that is consistent with our previous study in the SW480
colon cancer cell line [35]. Furthermore, the increase in proliferation
mediated by L-plastin expression is dependent on phosphorylation
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at Ser’. Because cell proliferation is regulated by cyclin D1-mediated
transition from the G1 phase to the S phase of the cell cycle, we assessed
the effect of these L-plastin constructs on cyclin D1 activation in HCT
116 cells using a reporter system. Similar to the proliferation assay,
expression of WT and S5E L-plastin promoted cyclin D1 activation,
whereas the levels of cyclin D1 were lower in cells transfected with the
L-plastin S5A mutant (Figure 2B). Because L-plastin was constitutively
phosphorylated at Ser’ upon expression in HCT 116 cells, we did not
assess the effect of the SS5E L-plastin mutant in further experiments
unless where indicated.

L-plastin expression increases migration and reactive
oxygen species in an NADPH oxidase-dependent manner

HCT 116 cells stably transfected with L-plastin constructs were
assessed for migration towards cell culture medium supplemented
with FCS using transwell assays. Expression of WT L-plastin increased
HCT 116 migration compared to control cells transfected with empty
plasmid (Figure 3A). Curiously however, expression of the L-plastin
S5A mutant resulted in levels of migration that were similar to WT
L-plastin. This implies that while L-plastin-mediated cell proliferation
and cyclin D1 activation are dependent on phosphorylation of Ser?,
L-plastin-mediated migration is independent of Ser® phosphorylation.
To investigate the mechanism of this L-plastin-induced increase
in HCT 116 cell migration in more detail, we investigated whether
L-plastin expression resulted in the production of ROS. We pursued
this for two reasons, namely because L-plastin expression has been
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shown to regulate the production of ROS in neutrophils via NADPH
oxidases and such highly-reactive oxygen species have been implicated
in cell proliferation, invasion and metastasis of cancer cells which
suggests that L-plastin-mediated ROS production may be a novel
mechanism of colon cancer pathogenesis [2,40,41]. Expression
of either the WT L-plastin or the S5A mutant in HCT 116 cells
resulted in significantly increased levels of ROS when compared to
cells transfected with control (empty) plasmid (Figure 3B). Racl is a
GTPase that promotes cellular migration via polymerization of the
actin cytoskeleton 44 but also regulates activation of NADPH oxidases
which are the main intracellular sources of ROS production [43].
Consistent with a role for L-plastin in ROS production, we found that
L-plastin expression resulted in Racl activation (measured by GTP-
loading) and that this was independent of the phosphorylation status
of Ser® phosphorylation (Figure 3C). These results demonstrate a
novel role for L-plastin expression in ROS production in colon cancer
cells. Finally, we demonstrated that Diphenyleneiodonium (DPI),
an inhibitor of NADPH oxidase activity, significantly decreased the
migration of HCT 116 cells transfected with WT L-plastin or S5A
L-plastin (reversed to levels of mocktransfected cells) with no effect
on mock-transfected cells (Figure 3D). These results indicate that
expression of L-plastin in HCT 116 colon cancer cells increases their
migratory capacity via Racl/NADPH oxidase-mediated increase in
ROS and that this is independent of L-plastin Ser’ phosphorylation
status.
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Figure 1: Expression and charaterisation of phospho-status of wild-type L-plastin and expression of phosphorylation mutants in HCT 116
cells. (A) HCT 116-LPL cells express constitutively phosphorylated L-plastin. HCT 116 cells were stably transfected with wild-type L-plastin,
immunoprecipitated with anti-L-plastin antibody and immunoblotted with either anti-phospho-Ser>-L-plastin (top) or anti-L-plastin (bottom). (B)
Domain structure of the fimbrin family and the N-terminal amino acid sequence of L-plastin. The fimbrin family is characterized by two EF hand
calcium-binding domains in the N-terminal headpiece region and two -actinin-type actin-binding domains (ABD). The amino acid sequences of
WT L-plastin, and the phospho mutants (S5E and S5A) are indicated. (C) Establishment of stable HCT 116-LPL/WT, HCT 116/S5E and HCT
116/S5A human colorectal-carcinoma cell lines. HCT 116 cells were transfected with either empty vector (pcDNA3.1) or vector containing the
full cDNA coding sequence to L-plastin, L-plastin-S5E or L-plastin-S5A and stable clones were selected in the presence of 600 pg ml-1 zeocin for
15 days. Parental, control and HCT 116-LPL/WT, HCT 116-LPL/S5E and HCT 116-LPL/S5A cells were solubilized in lysis buffer containing 1%

Nonidet P-40 and immunoblotted with antibodies to L-plastin. f-actin was included in order to verify equal loading.

J Carcinog Mutagen, Vol. 13 Iss. 3 No: 1000390



Foran E, et al. OPEN @ ACCESS Freely available online

A Proliferation

900000
800000
700000
600000
500000
400000
300000
200000
100000

0

Cell number

B Cyclin D1 activation
1.4
. T

1.2

1

o008
=
s

©0.6

0.4

0.2

o]

pcDNA3.1 WT S5E 554
Cell Line
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with a haemocytometer at 24-hour intervals. Data are presented as a single experiment and are representative of 3 independent experiments. (B)
Cyclin D1 activation was measured using a dual light reporter system as described in the Materials and Methods. Activation in HCT 116-LPL/WT,
HCT 116-LPL/S5A and HCT 116-LPL/S5E cells was normalized to cells expressing the pcDNA3.1 vector. Note: (m) Ctrl; (o) WT; (m) S5E; (s) S5A
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Figure 3: Expression of L-plastin stimulates migration of HCT 116 cells through a Trans well filter in a NADPH oxidase dependent manner. (A) 5
x 10° cells were seeded onto each filter (8 uM) and allowed to migrate through the filter for 24 hours when they were stained and counted. Graph
illustrates results from three migration assays +S.D. (B) ROS levels were measured in control HCT 116 cells (expressing pcDNA3.1) and cells stably
expressing pcDNA3.I-LPL/WT and HCT 116-LPL/S5A cells. A one-way ANOVA with Bonferroni posttest, showed the means are significantly
different (p=0.0453). (C) HCT 116 cells were transiently transfected with pcDNA3.1 (ctrl), WT-, S5E- or S5A-L-plastin. 24 hrs post-transfection,
total lysates were harvested, subjected to immune precipitation with PAK1-GST to pull-down active/GTP-loaded Racl, and Western blotted for
Racl. Total lysates were blotted for Racl as a loading control. (D) Migration of control (HCT 116-pcDNA3.1), HCT 116-LPL/WT and HCT 116-
LPL/S5A cells in the presence and absence of the NADPH oxidase inhibitor, Diphenyleneiodonium (DPI). (*denotes p<0.001).
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DISCUSSION

In this study we have demonstrated that expression of L-plastin increases
cell proliferation and cyclin D1 activation in HCT 116 colon cancer
cells. We also showed that expression of this actin-bundling protein
promoted migration and ROS production, and that the L-plastin-
mediated increase in migration was inhibited by a pharmacological
inhibitor of NADPH oxidases which are considered the main
intracellular sources of ROS. Therefore, this study corroborates a role
for L-plastin in colon cancer cell proliferation and provides a novel
mechanistic link for L-plastin-mediated migration through ROS
production via Racl-GTP and NADPH oxidase.

Aberrant L-plastin expression in solid tumours has long been known
to influence several of the hallmarks of cancer particularly limitless
replicative potential and tissue invasion/metastasis [44]. For example,
Zhang et al. 1999 first demonstrated that antisense-mediated silencing
of Lplastin in prostate cancer cell lines reduced their growth rate,
whereas we demonstrated that expression of L-plastin in the SW480
colon cancer cell line increased cell proliferation [35]. These studies
were the first to document that that L-plastin positively influences
replicative potential [35]. Other reports have since demonstrated
that expression of L-plastin is associated with increased proliferation
of osteosarcoma cells and gastric cancer cells whereas knockdown of
L-plastin expression decreases cell proliferation in osteosarcoma cells
oral squamous cell carcinoma cells and a breast cancer cell line [22].
Our results presented in this study corroborate these findings by
demonstrating that expression of L-plastin in HCT 116 colon cancer
cells increases cell proliferation. It should be noted however that the
molecular mechanisms driving L-plastin-mediated proliferation are
not well understood. Ge et al., only recently highlighted that L-plastin-
mediated cell proliferation in osteosarcoma cells correlated with cyclin
D1 upregulation, a finding that we have demonstrated in this study
here. These studies point to a role for L-plastin in cell proliferation via
progression from the G1 phase of the cell cycle to the S phase (DNA
replication). Nonetheless, further studies will be required to elucidate
in more detail the mechanistic role of L-plastin in cyclin D1 expression
and cell cycle progression.

It is also well established using inwitro cell line models and animal
studies that L-plastin promotes migration/invasion and metastasis,
which is another defining hallmark of cancer cells [44]. Manipulation
of L-plastin expression in diverse cancer cell lines has clearly shown
a key role for this actin-bundling protein in migration and invasion
(see Introduction). This migratory/invasive phenotype is thought
to occur primarily via bundling and stabilization of actin filaments
(which localize to cellular structures that promote migration/invasion
into tissues including focal adhesions, lamellipodia, filopodia,
dorsal ruffles, microspikes, podosomes and invadopodia) epithelial-
mesenchymal transition and production of matrix metalloproteases
that degrade the extracellular matrix [16,28,34,36,37,45]. Interestingly,
Ge et al. additionally demonstrated that L-plastin promotes epithelial-
mesenchymal transition (e.g. loss of E-cadherin) in osteosarcoma cell
lines via degradation of neuregulin receptor degradating protein 1
(NDRP1; a RINGType E3 Ubiquitin Transferase) and activation of
the JAK2/STAT3 pathway. This study highlights the complex pathways
influencing migration and invasion that are activated in response to
aberrant expression of L-plastin.

Our results presented in this study here further underscore this
complexity as we demonstrate for the first time in a cancer cell line
that L-plastin expression promotes ROS production which is known to
play a key role in tumour migration and invasion. We investigated this
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novel mechanism of L-plastin-mediated migration following reports in
neutrophils that L-plastin is required for NAPDH oxidase activation
and ROS:mediated pathogen killing and that optimally phosphorylated
L-plastin (i.e. highly phosphorylated L-plastin induced by treatment of
cells with the phosphatase inhibitor calyculin A) may be involved in
activation of NAPDH oxidase in these cells [40]. Indeed, we found
that ectopic expression of L-plastin in HCT 116 colon cancer cells
stimulated ROS production and that a pharmacological inhibitor of
NADPH oxidase blocked the L-plastin-mediated increase in migration.
Interestingly, it has been recently reported that NADPH oxidase-
induced ROS production in cancer cells diminishes the actin-bundling
activity of L-plastin via oxidation of Cys101, which forms a disulphide
bridge with Cys42 and is primarily restricted to the periphery of the
cell [45]. The finding that ROS modulates L-plastin and that L-plastin
stimulates ROS production (our results) strongly suggests that cancer
cells operate a feedforward ROS loop for initiation and modulation
of actin-based migration.

Phosphorylation of L-plastin on Ser’ is considered as an ‘activating’
switch that facilitates actin-bundling and actin localization in cells, thus
actively contributing to cellular migration, invasion and metastasis
[28,32,36,37]. We therefore investigated a role for Ser’ L-plastin
phosphorylation for the first time in colon cancer proliferation and
migration. Our results clearly demonstrated that phosphorylation was
required for proliferation and cyclin D1 expression, whereas migration,
Racl activation and ROS production were increased by L-plastin
independently of Ser’ phosphorylation. However, it should be noted
that roles for Ser’ phosphorylation in cancer cell migration appear
to be context dependent, as phosphorylation of Ser’ was required
for integrin-mediated migration and cellular invasion inwitro but was
not required for chemotaxis in response to chemokines or cell culture
medium supplemented with foetal calf serum [28,36]. Our finding
that expression of the S5A L-plastin mutant does not affect HCT 116
migration towards foetal calf serum-supplemented cell culture medium
is consistent with these previous results. Nonetheless, we cannot rule
out that phosphorylation of other sites on L-plastin, including Thr89
which was shown to regulate T-cell motility influences L-plastin-
mediated tumour migration and actin dynamics [46]. In summary, our
study uncovers a novel role for L-plastin in colon cancer migration via
a mechanism involving NADPH oxidase and ROS production.

CONCLUSION

We have demonstrated for the first time that L-plastin regulates ROS
production and cellular migration in a colorectal cancer cell line in
a manner that is dependent on NADPH activity. This process was
independent of phosphorylation of Ser5 in the headpiece region of
L-plastin. This study therefore provides new mechanistic insights into
the cellular drivers of ROS and colon cancer tumourigenesis.
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