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Abstract
Increased expression of autotaxin is linked to several malignancies including glioblastoma, breast,
renal, ovarian, lung and thyroid cancers. Autotaxin promotes metastasis as well as cell growth,
survival, and migration of cancer cells. These actions could depend on the non-catalytic effects of
autotaxin on cell adhesion, or the catalytic activity of autotaxin, which converts
lysophosphatidylcholine into lysophosphatidate in the extracellular environment. Both
lysophosphatidylcholine and lysophosphatidate have been reported to stimulate migration through
their respective G-protein coupled receptors. The present study determines the roles of autotaxin,
lysophosphatidylcholine and lysophosphatidate in controlling the migration two cancer cell lines
MDA-MB-231 breast cancer cells, which produce little autotaxin and MDA-MB-435 melanoma cells
that secrete significant levels of autotaxin. Lysophosphatidylcholine alone was unable to stimulate
the migration of either cell type unless autotaxin was present. Knocking down autotaxin secretion,
or inhibiting its catalytic activity, blocked cell migration by preventing lysophosphatidate production
and the subsequent activation of LPA1/3 receptors. We conclude that inhibiting autotaxin production
or activity of could provide a beneficial adjuvant to chemotherapy for preventing metastasis in
patients with high autotaxin expression in their tumors.
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Introduction
The ability of cancer cells to migrate and invade surrounding tissues is the main determinant
of whether metastases will develop. Most aggressive cancers will metastasize and this results
in a poorer prognosis for patients requiring treatment. The ability to prevent the formation of
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metastases after surgical intervention, or chemotherapy would provide a powerful tool in
decreasing the morbidity and mortality associated with cancer.

Autotaxin (ATX) is a secreted glycoprotein whose level of expression in tumors is strongly
correlated with their aggressiveness and invasiveness (1). ATX was first identified in human
melanoma A2058 cells (2) and it has also been detected in several other tumor cell lines (3–
6). ATX expression in breast and other cancers is strongly associated with tumor cell survival,
growth, migration, invasion, and metastasis (1,7–11). However, the mechanisms by which
ATX modifies cell signaling to stimulate angiogenesis, cancer cell migration and metastasis
are still not fully understood. A non-catalytic effect of ATX was shown to occur in
oligodendrocytes where ATX acts as a matrixcellular protein through integrin-dependant focal
adhesion assembly (12,13). ATX may thus mediate cell to extracellular matrix interactions and
that may be linked to cancer aggressiveness. Another mechanism of ATX action is through the
conversion of extra-cellular lysophosphatidylcholine (LPC) to lysophosphatidate (LPA) (14),
which could change the balance of cell activation by LPC versus LPA.

LPC is an abundant extracellular lipid that can be found in concentrations up to 200 μM (15).
It is produced by the liver, which secretes mainly polyunsaturated LPC (15). Alternatively,
mainly saturated LPC is produced by lecithin:cholesterol acyltransferase, which circulates in
high-density lipoproteins (16). It has been proposed that LPC can stimulate cell signaling and
cell migration through its action as an extracellular ligand for G2A (G2 accumulation) and
GPR4 (G protein-coupled receptor-4) receptors (17–22). Alternatively, LPC can signal after
its conversion to LPA (7,14).

LPA is a potent signaling molecule that stimulates cell proliferation, neurite retraction,
chemotaxis, and wound healing (23,24). These effects of LPA are mediated by at least six G-
protein coupled receptors on the cell surface: LPA1/EDG2, LPA2/EDG4, LPA3/EDG7,
LPA4/GPR23/p2y9, LPA5/GRP92 and LPA6/p2y5 (25–27). The expression of these LPA
receptors is cell-specific, and each can elicit different responses upon LPA binding. Initial
evidence that LPA can be involved in carcinogenesis came from the identification of its role
as an activating factor in ovarian cancer. LPA is present in high concentrations in the ascites
fluid of ovarian tumors and it stimulates cell proliferation and metastasis (28,29). These actions
are mediated mainly through LPA1 and LPA3 receptors (11,30–32). LPA stimulates
angiogenesis by elevating levels of vascular endothelial growth factor (8). LPA also increases
the synthesis of macrophage migration inhibitory factor, a tumor promoter, in a colon cancer
line (33) and it decreases the expression of the tumor suppressor, p53, in lung cancer cells
(34).

Two main pathways have been identified for the production of extracellular LPA (35). During
inflammation, secretory PLA2 is produced, which generates LPA from phosphatidate on
exposed membranes (36). The second, and more significant source of extracellular LPA, is
through the action of ATX on extracellular LPC (14).

In the present work, we examined the effects of LPC and LPA on the migration MDA-MB-231
breast cancer cells, which produce very little ATX and MDA-MB-435 melanoma cells (37),
which secrete abundant ATX. We found that MDA-MB-231 cells migrate in response to LPC
only if ATX is present. Also, knocking down ATX expression in MDA-MB-435 cells, or
inhibiting the catalytic effect of ATX, blocked cell migration in the presence of LPC, but not
LPA. We propose that inhibiting the production, or activity of ATX could decrease new tumor
growth and metastasis following surgical excision of a tumor given that LPC is abundant in
the environment of malignant tumors and it can readily be converted to LPA by tumor-derived
ATX.
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Results
Differential Effects of Lysophosphatidylcholine and Lysophosphatidate on the Migration of
MDA-MB-231 Breast Cancer Cells and MDA-MB-435 Melanoma Cells

We first compared the migration of MDA-MB-231 breast cancer cells and MDA-MB-435 cells,
which are now known to be derived from M14 melanoma cells (37). MDA-MB-231 and MDA-
MB-435 showed a similar migratory response to LPA over 6 h, with maximum migration
occurring with about 0.5 μM LPA. This LPA concentration elicited a migratory response
similar to that obtained with 5% charcoal treated-FBS (Fig. 1A). MDA-MB-231 cells showed
no significant stimulation of migration over the 6 h incubation with any LPC concentration
employed (Fig. 1B). By contrast, MDA-MB-435 cells showed a stimulation of migration in
response to LPC concentrations of ≥5 μM in the bottom chamber.

ATX Activity Is Required For Lysophosphatidylcholine-Induced Cell Migration
The results in Fig. 1 could be explained in two ways. First, the MDA-MB-231 cells may not
express putative receptors that respond to LPC, whereas MDA-MB-435 cells express these
receptors. Second, and more likely, MDA-MB-435 could express ATX that produces LPA
from LPC, which stimulates cell migration, whereas MDA-MB-231 cells do not express ATX.
To test the latter hypothesis, we measured ATX expression in both cells lines. The MDA-
MB-435 cells expressed significantly more (p<0.05) ATX mRNA than the MDA-MB-231 cells
as shown by real-time RT-PCR analysis (Fig. 2A). Furthermore, concentrated medium from
MDA-MB-231 cells showed very low ATX activity compared to MDA-MB-435 medium (Fig.
2B). Western Blot analysis of medium from MDA-MB-435 cells (Fig. 2C) showed marked
expression of ATX, which migrated with the recombinant ATX standard at about 100 kDa as
expected (7). MDA-MB-435 cells can, therefore, be used as a convenient source of ATX for
future experiments described below. By contrast, ATX was barely detectable in equivalent
amounts of medium from MDA-MB-231 cells.

We could not detect any significant ATX activity or protein expression in the lysates from
MDA-MB-435 and MDA-MB-231 cells (results not shown), which implies that ATX is mainly
a secreted protein as shown previously (14).

Concentrated Medium from MDA-MB-435 Cells Stimulates Cell Migration in the Presence of
Lysophosphatidylcholine Because of its ATX Activity

To determine why MDA-MB-435 and MDA-MB-231 cells respond differently to LPC, we
measured the effects of adding concentrated media from these cells to the bottom well of the
migration chamber. MDA-MB-231 cells did not show any significant migration in the presence
of LPC and their own concentrated medium. By contrast, a migratory response similar to that
obtained with 5% charcoal-treated FBS, or 0.5 μM LPA was obtained when concentrated
medium from MDA-MB-435 and LPC were added to the bottom chamber. This latter effect
was completely abolished by the addition of 1 μM VPC8a202, an ATX inhibitor (38), to the
wells (Fig. 3A).

A similar experiment was performed with MDA-MB-435 cells. Addition of concentrated
medium from MDA-MB-231 cells had no significant effect on the migration of MDA-MB-435
cell in the presence, or absence of LPC (Fig. 3B). By contrast, a significant stimulation of
migration was observed when concentrated medium from MDA-MB-435 cells was added to
the bottom chamber with LPC. This response was abolished by the addition of 1 μM of the
ATX inhibitor, VPC8a202. We also used 1 μM S32826 ([4-(tetradecanoylamino)benzyl]
phosphonic acid), another ATX inhibitor (39), and found that it also blocked LPC-induced
migration of MDA-MB-435 cells (Fig. 3C). As controls, we showed that VPC8a202 and
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S32826 did not significantly affect the LPA-induced stimulation of migration for either cell
line (Figs 3A–C), thus demonstrating that the effects were specific for LPC-induced migration.

These results support the conclusion that the stimulatory effect of LPC on the migration of
MDA-MB-435 and MDA-MB-231 cells depends on the catalytic activity of ATX. To provide
further evidence to support this conclusion, we established that VPC8a202 and S32826
inhibited ATX activity under the conditions of the FS-3 fluorescence assay by about 93 and
90%, respectively. We also performed more detailed kinetic studies on the inhibition of ATX
activity by VPC8a202 using the natural substrate, LPC. Our results show that VPC8a202 acts
as a competitive inhibitor of ATX, as expected from a substrate analogue, with a Ki of about
390 nM (Fig. 4). This result indicates that concentrations of VPC8a202 in the μM range are
effective at inhibiting ATX and thus supports our interpretation that the observed migratory
effects of LPC reflect the conversion of LPC to LPA by ATX.

To further validate the results with the ATX inhibitors on migration, we also knocked down
ATX expression using siRNA. Conditioned media from siATX treated cells showed an 85%
decrease in ATX activity compared to the siControl (siCTRL) treated cells (Fig. 5A).
Furthermore, expression of the ATX protein in conditioned media from siATX treated cells
was markedly reduced to levels that were undetectable by Western blotting (Fig. 5B).

There was no stimulation of the migration of MDA-MB-435 cells when we added only
concentrated media from cells treated with siATX, or siCTRL. Also, addition of LPC with
concentrated media from siATX-treated cells did not cause any significant stimulation of
migration. By contrast, addition of LPC to concentrated medium from cells treated with the
siCTRL elicited a migratory response (Fig. 5C).

We also tested the stimulation of migration by LPC, or LPA on the siRNA treated cells directly,
but using a 6 h incubation for the migration assay. The siCTRL and the siATX treated cells
migrated to the same extent in the absence of agonist. Addition of 10 μM LPC stimulated the
migration of siCTRL treated cells, but not siATX-treated cells. As a control, we showed that
the siATX treated cells still showed a normal migration with 0.5 μM LPA. The results
emphasize that these cells are not migration deficient, but simply no longer respond to LPC
(Fig. 6).

These results establish that the LPC effect in stimulating cell migration is dependent on the
catalytic activity of ATX and LPA production, which could then stimulate migration through
LPA receptors. Support for this idea is presented in Fig. 7, which shows that there was a
significant decrease in migration when 1 μM VPC32183, an LPA1/3 receptor antagonist (40),
was added to the concentrated media alone. Also, the migration obtained with LPC in the
presence of concentrated medium from MDA-MB-435 cells was abolished by VPC32183.
Likewise, the migratory stimulus provided by LPA was greatly reduced by the addition of
VPC32183.

Discussion
Increased expression of ATX has been linked to several malignancies such as glioblastoma,
lung, breast, renal, ovarian, and thyroid cancers (6–10,23). In this paper, we employed MDA-
MB-435 melanoma cells and MDA-MB-231 breast cancer cells, which are both able to migrate
well in response to serum, or LPA. We found that MDA-MB-435 cells secrete abundant ATX,
whereas ATX secretion from MDA-MB-231 was barely detectable. Significantly, MDA-
MB-435 cells migrated in response to LPC, whereas MDA-MB-231 did not. We, therefore,
hypothesized that LPC does not induce migration of these cells per se, but rather its effects
depend on its conversion to LPA by ATX. Therefore, decreased expression or inhibition of
ATX should diminish the LPC response.
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We verified this hypothesis as follows: a) addition of medium from MDA-MB-435, but not
from MDA-MB-231 cells, enabled MDA-MB-231 cells to migrate in response to LPC; b) this
effect was abolished by the suppression of ATX expression by siRNA for ATX, c) inhibition
of ATX activity with two different ATX inhibitors, VPC32183 and S32826, blocked the
stimulatory effect of LPC on migration and d) LPC-induced migration was inhibited by an
LPA1/3 receptor antagonist. These results also establish that the main action of ATX on
migration in MDA-MB-435 and MDA-MB-231 cells is through the conversion of LPC to LPA,
rather than a non-catalytically action of its C-terminal region, which can modify cell adhesion.

Although LPC has been widely described to stimulate cell activation and migration directly
through its putative action on G2A and GPR4 receptors (17), much of this work is now in
question. G2A and GPR4 are now considered to be proton-sensing receptors whose response
is negatively regulated by LPC (41,42). We found no evidence that LPC itself is able to
stimulate migration, but rather its action depends on conversion to LPA by ATX. We also
concluded from a separate study that ATX activity is required for LPC to protect MCF-7 breast
cancer cells against Taxol-induced apoptosis (N Samadi, C Gaetano, IS Goping and DN
Brindley, unpublished results).

LPC is found in blood and extracellular fluids at concentration up to 200 μM. Secretion of
ATX into the interstitial fluid surrounding a tumor can convert the relatively abundant LPC,
which does not stimulate migration, into the potent bioactive modulator, LPA. This lipid
provides a survival signal for cancer cells and it causes them to migrate and metastasize. This
is consistent with the fact that high levels of ATX are often found in aggressive cancers. Our
work demonstrates that inhibition of ATX expression, or blocking its catalytic activity, could
provide very powerful tools to improve the efficacy of surgery and chemotherapy in the
treatment of metastatic disease in patients where ATX expression is high. It is, therefore, hoped
that our work will lead to the development of ATX inhibitors that can be used therapeutically
as an adjuvant in the treatment of cancer.

Materials and Methods
Materials

Mouse anti-GAPDH was from Sigma-Aldrich (Oakville, ON, Canada). Rabbit anti-ATX and
recombinant ATX were gifts from Dr. T. Clair (National Cancer Institute, Bethesda, MA).
Secondary antibodies were: AlexaFluor© 680 goat anti-mouse IgG, A-21057 was from
Invitrogen (Carlsbad, CA); IRDye 800 goat anti-rabbit IgG (Rockland Immunochemicals,
Philadelphia, PA). VPC32183 was purchased from Avanti Polar Lipids (Alabaster, AL).
Oleoyl-L-α-lysophosphatidic acid, sodium salt (LPA), oleoyl-L-α-lysophosphatidylcholine
(LPC), fatty acid-free bovine serum albumin, activated charcoal (Norit®), Hoechst33258,
horseradish peroxidase, choline oxidase, 4-aminoantipyrine, N-ethyl-N-(2-hydroxy-3-
sulfopropyl)-m-toluidine and fibronectin were purchased from Sigma-Aldrich (Oakville, ON,
Canada and St. Louis, MO). Fetal bovine serum (FBS) was from Medicorp, Inc. (Montréal,
PQ, Canada). The ATX inhibitors, VPC8a202 and S32826 were synthesized as described
previously (38,39). Transwells® (polycarbonate, 13mm D, 123m pore size) were obtained from
Corning, Corning, NY. On the day before the migration assays they were coated with 120 μL
of 0.15 mg/mL fibronectin and allowed to dry.

Cell Culture
MDA-MB-435 and MDA-MB-231 cells were obtained from the American Type Culture
Collection. The cells were cultured in RPMI 1640 medium (GIBCO) supplemented with 10%
FBS and an antibiotic/antimycotic cocktail (penicillin, streptomycin, amphotericin B)
(Invitrogen) at 5% CO2, 95% humidity, and 37 °C.
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Collection and Concentration of Conditioned Media
Equal numbers of cells were plated onto 10 cm dishes and they were grown until 90%
confluence. Dishes were washed and then 10 mL of RPMI 1640 containing 0.1% BSA (≥96%
fatty acid free) was added. After 24 h cells were washed and 10mL of RPMI 1640 was added.
The dishes were incubated for a further 24 h, the conditioned media was collected and cells on
each dish were counted. Collected conditioned media was then centrifuged at 1500 × g for 10
min to remove whole cells and debris and it was then stored at −20 °C. Conditioned media was
concentrated approximately 20- to 30-fold using Centricon® YM-10 centrifugal filter devices
(Millipore). Filters were pre-rinsed with 2 mL of water to remove glycerine and samples were
centrifuged at 5000 × g for 120 min, or until the desired final volume was obtained. Filters
were then inverted and centrifuged at 1500 × g for 2 min to collect concentrated media. The
final volume was determined by weighing.

mRNA Expression
Total RNA was extracted from cell lysates using the RNAqueous kit (Ambion) according the
manufacture’s instruction. Extracted RNA was treated with DNAase (DNA-free kit, Ambion).
RNA reverse transcription reaction was performed with Superscript II reverse transcriptase
(Invitrogen) in the presence of random primers according to the manufacturer’s instructions.
A control reaction without reverse transcriptase was performed in parallel to detect genomic
DNA contamination. cDNA was calculated assuming 100% conversion from RNA. Real time-
RT-PCR was performed by mixing 25 μl of master mix containing 2 × SYBR Green buffer
mix and forward and reverse primers (Invitrogen) to a 3.5 μl of sample of cDNA in 96 well
plates. A 316 bp fragment of the constitutively expressed housekeeping human glyceraldehyde
3-phospate dehydrogenase (GAPDH) was used to normalize the expression of ATX mRNA.
Primers for human ATX were: sense, 5′-ACAACGAGGAGAGCTGCAAT-3′, and anti-sense,
5′-AGAAGTCCAGGCTGGTGAGA-3′. Primers for human GAPDH were: sense, 5′-
ACAGTCAGCCGCATCTTCTT-3′ and antisense, 5′-GACAAGCTTCCCGTTCTCAG-3′.
Samples of cDNA were assayed in triplicates on the 7500 Real Time PCR System (Applied
Biosystems). The transcript number of human GAPDH was quantified, and each sample was
normalized on the basis of GAPDH mRNA content.

Boyden Chamber Assay for Migration
Two million cells were seeded in a 25 cm2 flask with growth medium for at least 48 h. Starvation
medium (RPMI 1640 containing 0.1% BSA, ≥96% fatty acid free) was added for the last 18 h
before the migration experiment. Cells were washed twice with HBS, trypsinized, and collected
in starvation media and then 1 mL of 0.1% trypsin inhibitor solution in HBS was added. Cells
were centrifuged down, media were removed by aspiration, and cells were resuspended in
starvation media and counted. Cells (300,000) were seeded into each of the fibronectin coated
Transwell® filters and incubated for 45 min for attachment. Filters were then transferred into
bottom chambers that contained 1.5 mL of starvation medium with 0.2% charcoal-treated FBS
(FBS-C) and various agonists. This charcoal treatment removed >95% of the LPA as assessed
after spiking the FBS with 32P-labeled LPA. This means that the concentration of LPA added
in the diluted serum should have been <1 nM. Chambers were incubated at 37 °C and cells
were allowed to migrate through the pores in the filter for 3 or 6 h. The basal level of migration
was measured with 0.2% FBS-C in the bottom chamber and 5% FBS was used as a positive
control for stimulated migration. After migration, cells were then fixed in 5% formaldehyde
for 1 h, or overnight. Filters were then rinsed in water and placed in 1 μg/mL Hoechst 33258
stain for 2 h. Then the upper surface of the filters was cleaned with a moist cotton swab to
remove cells that had not migrated. Filters were washed again and placed in PBS. Four to six
random fields were photographed under a Leica DM IRB fluorescence microscope at 40 X
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magnification without knowing the treatment and the average numbers of cells per field was
calculated.

Western Blot Analysis
Concentrated conditioned media were analyzed by SDS-PAGE according to Laemmli (43).
Proteins were transferred at 450 mA for 5 h onto nitrocellulose membranes (Trans-Blot®
Transfer Medium, Bio-Rad) in transfer buffer (192 mM glycine, 24 mM Tris base, pH 8.5 and
20% (v/v) ethanol). Membranes were blocked in 50% PBS and 50% Odyssey™ blocking buffer
(Li-Cor Biosciences, Lincoln, NE) for a minimum of 1.5 h. All antibodies were diluted in 50/50
PBS/Odyssey™ blocking buffer with 0.1% (v/v) Tween 20. Membranes were incubated with
anti-ATX (rabbit, 1:10,000) for 1 h. Membranes were then washed 4 times with PBS containing
0.1% Tween-20 and incubated in IRDye 800 goat anti-rabbit IgG (Rockland
Immunochemicals, Philadelphia, PA, 1:10,000) for 1 h and washed 3 times in wash buffer and
once in PBS alone. Membranes were scanned using the Odyssey™ Imager (Li-Cor).

Autotaxin Activity Assay
The assay of ATX activity in cells was based on the method described by Ferguson et al.
(44) using a fluorogenic phospholipid ATX substrate, FS-3 (Echelon Biosciences, Salt Lake
City, UT). FS-3 was diluted to 3.1 μM in a solution containing: 140 mM NaCl, 5 mM KCl,
1mM CaCl2, 1mM MgCl2, 50 mM Tris-HCl, pH 8.0, and 1 mg/mL BSA. The solution was
heated at 60 °C for 10 min to destroy any enzymatic activity in the BSA and then cooled to 37
°C before use. Forty μl of FS-3 solution was added to 10 μl of cell lysate, or concentrated
conditioned media in a black-wall, clear-bottom 96 well Costar® half-area plate. Measurements
were then taken at appropriate intervals using a Fluoroskan Ascent fluorometer (Thermo Lab
Systems) at an excitation wavelength of 485 nm and an emission wavelength of 527 nm.

For the kinetic studies, human recombinant ATX was subcloned into the mammalian
expression vector cDNA3.1/V5His-TOPO (Invitrogen) and expressed as a C-terminus V5- and
6xHis-tagged protein in HEK-293 cells using PolyFect® (Qiagen) as a transfection reagent.
ATX was purified from the culture medium using a nickel-Sepharose resin (Qiagen) according
to manufacturer’s instructions and the buffer was changed to PBS using 30 kDa cutoff
Centricon tubes (Millipore). ATX DNA was generated from an EST I.M.A.G.E. clone 5174518
using the following forward and reverse primers 5‚-CGC GCT AGC ATG GCA AGG AGG
AGC TCG TTC-3‚; 5‚-AAT CTC GCT CTC ATA TGT ATG CAG-3‚ to amplify the ATX
ORF. ATX activity was measured essentially as described by Umezu-Goto et al. (7) by
determining the release of choline after incubation at 37 °C for 18 h in 100 μl of a buffer
consisting of 100 mM Tris-HCl, pH 9.0, 500 mM NaCl, 5 mM MgCl2, 30 μM CoCl2, 0.05%
Triton X-100 0.5 μM VPC8a202 and various concentrations of oleoyl-LPC (Avanti Polar
Lipids, Alabaster, AL). Choline was detected colorimetrically at 555 nm after adding 100 μl
of 50 mM Tris-HCl, pH 8.0, 5 mM MgCl2, 50 U/ml horseradish peroxidase, 18 U/ml choline
oxidase, 5 mM 4- aminoantipyrine, and 3 mM N-ethyl-N-(2-hydroxy-3-sulfopropyl)-m-
toluidine.

Knockdown of Autotaxin Expression Using siRNA
Knockdown of ATX was achieved using SMARTpool® siRNAs (Dharmacon Inc., Lafayette
CO). About 800,000 cells were plated on 10 cm dishes with 15 mL of antibiotic-free RPMI
1640 containing 10% FBS. Cells were grown for two days until about 50% confluency. Before
transfection, the medium was replaced with 7 mL of fresh antibiotic-free media. Ten μl of stock
siRNA (50μM) was diluted in 1.5 mL of Opti-MEM Reduced Serum Medium (Invitrogen Life
Technologies, Carlsbad CA). In a separate tube, 30 μl of Lipofectamine 2000 (Invitrogen) was
mixed with 1.5 mL Opti-MEM and incubated at room temperature for 15 min. The siRNA and
the Lipofectamine solutions were then combined and incubated for another 15 min at room
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temperature. Each dish of cells received 3 mL of the siRNA-Lipofectamine 2000 complex that
was added drop-wise while swirling the dish. The final concentrations of Lipofectamine 2000
and siRNA were 1.4 μg/mL and 50 nM respectively. Cells were then incubated for 24 h at 37°
C and the medium was collected as described above. Cells on each dish were trypsinized and
counted so that equivalent amounts of concentrated media could be used in the migration
assays.

Statistics
Results were presented as means ± SEM from at least 3 independent experiments, unless
otherwise indicated. Statistical differences were calculated using GraphPad 4 software (Prism)
by ANOVA with a Newman-Keuls post-hoc test and paired T-tests.
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FIGURE 1.
Effects of lysophosphatidate and lysophosphatidylcholine on the migration of MDA-MB-435
and MDA-MB-231 cells. Panel A, shows the migration of MDA-MB-435 (○), and MDA-
MB-231 (■) cells after a 3 h incubation with different concentrations of LPA. Migration in
response to 5% charcoal-stripped FBS was used as a positive control. Panel B, shows migration
when the cells were incubated for 6 h with different concentrations of LPC. Results are
expressed relative to the number of cells migrating with only basal media (RPMI 1640 with
0.1% BSA and 0.2% FBS-C), which was given a value of 1. Typically, basal migration
consisted of approximately 75 cells per field for a 3 h incubation and 120 cells per field for a
6 h incubation. Results are means ± SEM from at least 3 independent experiments. Statistically
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significant differences between basal migration and agonist-stimulated migration are indicated
by * (p < 0.01) and between cell lines are indicated by: † (p < 0.01).
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FIGURE 2.
MDA-MB-435 cells secrete significant amounts of active ATX into the extracellular medium
compared to MDA-MB-231 cells. Panel A shows the relative mRNA levels of ATX compared
to GAPDH in MDA-MB-435 and MDA-MB-231 cells. Results are means ± SEM from at least
3 independent experiments. Panel B shows the results from the fluorescence assay for ATX
activity of concentrated conditioned media collected from MDA-MB-435 (○), or MDA-
MB-231 (■) cells. Results are means ± SEM from at least 3 independent experiments. Panel
C shows the Western Blot analysis for ATX of concentrated media collected from 3 separate
dishes of MDA-MB-435 or MDA-MB-231 cells. Recombinant ATX from Dr T Clair was used
as a standard (StdATX).
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FIGURE 3.
Stimulation of migration by lysophosphatidylcholine depends on autotaxin activity. Panel A
shows the migration of MDA-MB-231 cells over 3 h in the presence of basal medium or
concentrated medium prepared from either MDA-MB-231 cells (231 cMedium), or from
MDA-MB-435 cells (435 cMedium). These experiments were performed in the presence or
absence of 10 μM LPC, or 1 μM of the ATX inhibitor, VPC8a202. Migration of MDA-MB-231
cells with only basal media (RPMI 1640 with 0.1% BSA and 0.2% FBS) present was given a
value of 1. Migration in the presence of 5% FBS and 0.5 μM LPA plus VPC8a202 were used
as controls. Panel B, shows results from similar experiments using MDA-MB-435 cells over
a 3 h period. Panel C shows the effects of the ATX inhibitors, VPC8a202 and S32826, on the
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migration of MDA-MB-435 cells over 3 h in the absence of concentrated medium. Results are
means ± SEM from at least 3 independent experiments. Statistically significant differences are
indicated by: * (p < 0.01).
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FIGURE 4.
Kinetics of inhibition of ATX activity by VPC8a202. The initial rate of recombinant ATX
activity was measured colorimetrically at different concentrations of LPC in presence and
absence of 0.5 μM VPC8a202. Activity was expressed as the release of choline during 18 h
and it is represented by the absorbance of the product at 555 nm (A555). Each point is the
average of three measurements (S.D. values for the reaction rates were less than 5% of every
measurement and are not depicted). Consumed substrate was less than 10% in every case thus
ensuring an initial rate of reaction. Results were fitted to a straight line by linear regression.
The apparent Km for LPC was about 588 μM.
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FIGURE 5.
Knock-down of ATX with siRNA significantly decreases the migratory potential of
concentrated medium from MDA-MB-435 cells. Concentrated medium was collected from 3
dishes of MDA-MB-435 cells treated with siRNA for ATX (siATX) and 3 dishes treated with
control siRNA (siCTRL). Panel A shows a fluorescence assay representing ATX activity in
siCTRL concentrated medium (○) and in siATX concentrated medium (●). Error bars indicate
the SEM of 3 experimental values. Panel B, shows the Western Blot analysis of a representative
sample of concentrated media that were probed for ATX. Recombinant ATX was used as a
standard (StdATX). Panel C compares the migration of MDA-MB-435 cells over a 3 h
incubation in the presence or absence of LPC and concentrated medium collected from MDA-
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MB-435 cells that were treated with siCTRL (white bars) or siATX (dark bars). Results are
means ± SEM from 3 independent experiments. Statistically significant differences are
indicated by * (p < 0.01).
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FIGURE 6.
Knockdown of ATX with siRNA in MDA-MB-435 cells abolishes stimulation of migration
by lysophosphatidylcholine. A 6 h incubation was used to measure the migration of MDA-
MB-435 cells that were treated with siATX or siCTRL. Migration in basal media (RPMI 1640
with 0.1% BSA and 0.2% FBS-C) was compared to migration in the presence of 10 μM LPC,
or 0.5 μM LPA. Results are means ± ranges from 2 independent experiments.
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FIGURE 7.
The LPA receptor antagonist VPC32183 inhibits migration of MDA-MB-435 cells. A 3 h
incubation was used to measure the migration of MDA-MB-435 cells in the presence of their
own concentrated medium with either LPC or LPA, and in the presence or absence of the
LPA1/3 receptor antagonist, VPC32183. Migration in the presence of agonists/antagonists was
compared to the number of cells migrating in basal media (RPMI 1640 with 0.1% BSA and
0.2% FBS-C), which is given a value of 1. Results are means ± SEM from at least 3 independent
experiments. Statistically significant differences are indicated by: * (p < 0.01).
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