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Platelet-activating factor promotes motility in breast cancer
cells and disrupts non-transformed breast acinar structures
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Abstract. A plethora of studies have demonstrated that chronic
inflammatory microenvironment influences the genesis and
progression of tumors. Such microenvironments are enriched
with various lipid mediators. Platelet activating factor (PAF,
1-alkyl-2-acetyl-sn-glycero-3-phosphocholine) is one such
lipid mediator that is secreted by different immune cell types
during inflammation and by breast cancer cells upon stimula-
tion with growth factors. Overexpression of PAF-receptor has
also been observed in many other cancers. Here we report
the possible roles of PAF in tumor initiation and progression.
MCFI10A, a non-transformed and non-malignant mammary
epithelial cell line, when grown as 3D ‘on-top’ cultures form
spheroids that have a distinct hollow lumen surrounded by
a monolayer of epithelial cells. Exposure of these spheroids
to PAF resulted in the formation of large deformed acinar
structures with disrupted lumen, implying transformation.
We then examined the response of transformed cells such as
MDA-MB 231 to stimulation with PAF. We observed collec-
tive cell migration as well as motility at the single cell level
on PAF induction, suggesting its role during metastasis. This
increase in collective cell migration is mediated via PI3-kinase
and/or JNK pathway and is independent of the MAP-kinase
pathway. Taken together this study signifies a novel role of
PAF in inducing transformation of non-tumorigenic cells and
the vital role in promotion of breast cancer cell migration.
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Introduction

Microenvironment and tumor infiltrate have been shown to
have a profound effect on different stages of cancer devel-
opment ranging from cancer cell initiation, promotion and
progression (1,2). Chronic inflammatory microenvironments
have been demonstrated to be a major predisposing factor for
different cancers including breast and ovarian cancers (3-5).
Phospholipid mediators such as prostaglandins (PG), lyso-
phosphatidic acid (LPA) and platelet-activating factor (PAF)
have been shown to play a role in a number of biological
pathways including inflammatory diseases, cardiovascular
homeostasis as well as in cancer (6-8). The role of PAF in
various immunological responses like platelet aggregation,
stimulation of neutrophils and macrophages, inflammation
and allergic responses has also been demonstrated (9). PAF
has been shown to induce apoptotic cell death in primary
neurons of mice independent of the PAF receptors (10). PAF
is one of the most potent mediators, which has been shown
to play a vital role in neo-angiogenesis (3,5,11). Interference
with the PAF pathway in breast cancer, prostate cancer and
Kaposi's sarcoma has been demonstrated to inhibit growth
of tumors primarily due to inhibition of angiogenesis (12).
Signaling through PAF has been suggested to play a role in
murine melanoma lung metastasis (13,14). Association of PAF
to early events of transformation has been shown in BRCA-1
mutant ovarian cells (15).

PAF mediated activity occurs via its cell surface and
intracellular G protein-coupled receptors known as PAF
receptors (PAF-R) (16,17). Overexpression of PAF-R was
shown to induce melanocytic tumorigenesis in transgenic
mice (18). Also, upregulation of PAF receptors has been
observed in invasive breast cancer cells (16,17). Furthermore,
use of PAF-R antagonist inhibited growth and differentiation
of human breast cancer cells (19). In case of nude mice, treat-
ment with PAF-R antagonist caused inhibition of xenografts
of human prostatic carcinoma (20). Thus, highlighting the role
of PAF-PAF-R pathway in the genesis and maintenance of the
tumor.

Bussolati et al (16) reported that breast cancer cells
MDA-MB 231, a metastatic cell line and MCF7, adeno-
carcinoma, secreted PAF under the influence of different
growth factors, and that PAF increased the motility of
MDA-MB 231 cells. However the role of PAF in breast cancer
has not been studied extensively, particularly with respect to
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early events in breast cancer initiation. This study elucidated
the role of PAF in breast cancer initiation, progression and
promotion. To investigate the potential of PAF to induce early
transformation, 3-dimensional cultures of non-tumorigenic
mammary epithelial cells were grown on laminin-rich base-
ment membrane and allowed to differentiate and organize to
form polarized structures called spheroids. These spheroids
have an outer layer of epithelial cells encircling a hollow
lumen (21,22). This well-architectured structure is vital for
the form and function of the epithelial cells (23). The disrup-
tion of the well-formed polarized architecture is seen during
early stages of breast cancer (21). Exposure of MCF10A, a
non-tumorigenic mammalian breast epithelial cell to PAF
resulted in the formation of abnormal acinar structures. These
abnormal acini showed different phenotypes such as spheroids
with multiple layers of cells surrounding the lumen or absence
of a distinct lumen as well some acini had protrusion-like
structures. The PAF-treated spheroids also showed an increase
in size with a significant increase in the number of cells in
each acini compared to the untreated acini. Collectively these
phenotypes signify transformation. Thus, this study reports for
the first time the potential of PAF to induce early transforma-
tion in breast epithelial cells.

Furthermore, to investigate the role of PAF in cancer promo-
tion, MDA-MB 231 invasive breast cancer cells were treated
with PAF to test for its ability to enhance migration. ‘Collective
cell migration” has been reported to play a vital role in invasion
and metastasis (24). We studied this dynamic process using
wound-healing assay as reported previously (25). Our study
demonstrated the ability of PAF to induce enhanced collective
cell migration and henceforth indicating its possible role in
breast cancer promotion. At the single cell level, PAF induc-
tion showed increased motility of MDA-MB 231 cells when
compared to un-induced cells, which was measured by taking
into account motility parameters such as distance and displace-
ment of an individual cell. Significant increase in velocity
(rate of migration) of the cells was observed similarly to that
demonstrated previously (16), however, there was no change in
directionality between untreated and PAF-treated cells.

Materials and methods

Cells and culture conditions. MDA-MB 231 and MCF10A cell
lines were generous gifts from Dr Kundan Sengupta (IISER,
Pune) and Professor Raymond C. Stevens (The Scripps
Research Institute, CA, USA), respectively. MDA-MB 231
cells were cultured in Dulbecco's modified Eagle's medium
(DMEM), supplemented with 10% fetal bovine serum (FBS;
Invitrogen), 2 mM L-glutamine and 100 U/ml penicillin-
streptomycin (Invitrogen). Cells were grown in 100-mm
tissue culture treated dishes (Corning) at 37°C in a humidified
5% CO, incubator. MCF10A cells were cultured in growth
medium containing high glucose DMEM without sodium
pyruvate and 5% horse serum (both from Invitrogen), 20 ng/ml
EGF, 0.5 pg/ml hydrocortisone, 100 ng/ml cholera toxin and
10 pg/ml insulin (all from Sigma) and 100 U/ml penicillin-
streptomycin (Invitrogen). High glucose DMEM without
sodium pyruvate containing 20% horse serum and 100 U/ml
penicillin-streptomycin (Invitrogen) was used for resuspension
during sub-culturing.
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RNA extraction and cDNA synthesis for PAF receptor expres-
sion analysis. Cells were harvested from the culture dish using
TRIzol (Ambion) by scraping cells using cell scraper (Corning),
followed by DNAse I treatment using TURBO DNA-free™ kit
as per the manufactures protocol. Extracted RNA was quanti-
fied and cDNA was prepared using standard protocols with
5 ug of RNA, 1 pl oligodT (50 mM; Invitrogen) in nuclease
free water (NFW), dNTP (2.5 mM) and MLM V-reverse tran-
scriptase (Promega). Reverse transcriptase was heat inactivated
at 67°C for 10 min. The cDNA was further used to analyze the
expression of PAF receptor in the cell lines. Amplification of
the target was performed in thermal mastercyclers (Eppendorf)
using forward, (5'-TACTGCTCTGTGGCCTTCCT-3") and
reverse, (5'-CTGCCCTTCTCGTAATGCTC-3") primers.
GAPDH was used as the house-keeping gene and was ampli-
fied with forward, (5'-ACCACAGTCCATGCCATCAC-3') and
reverse (5'-TCCACACCCTGTTGCTGTA-3') primers. The
following PCR cycle was used for the amplification 95°C for
60 sec, 55°C for 45 sec, 72°C for 60 sec and final extension for
3 min. The experiments were repeated three times to confirm
the receptor status. The quantification (densitometry) was done
using the gel analysis function of ImageJ software and normal-
ized to the housekeeping gene (GAPDH) and further adjusted
with respect to MCF10A expression (considering MCF10A
PAF-R expression to be 1).

Wound-healing assay. Cells were seeded at a density of
5x10° cells/ml of complete culture medium in culture plates
with wound healing inserts (Ibidi GmbH, Munich, Germany),
as per manufacturers protocol for 16-18 h. The monolayer was
then treated with 10 pxg/ml mitomycin C (Sigma) in serum
free media for 2 h so as to inhibit cell proliferation (26). Cells
were pre-treated with various inhibitors as per the experiment.
WEB 2086 (200 uM) (PAF receptor antagonist) (27,28) was
added 10 min prior to start of the experiment. UO126 (10 xM),
a MEK inhibitor (29), was added 30 min before PAF induc-
tion while wortmannin (200 nM) (30), PI3-K inhibitor and
SP 600125 (75 uM), INK inhibitor (31) were added 60 min
prior to PAF induction. Following treatment with inhibitors
and before addition of PAF (200 nM), the inserts were removed
carefully and cells were washed gently using 1X phosphate-
buffered saline (PBS; PAN-Biotech GmbH) to remove
floating cells and cells were replenished with complete media
containing inhibitors. Images of the wounds were acquired
using phase contrast microscope (Nikon) at x10 magnifica-
tion at different time-points (namely O, 18 and 24 h) after
PAF induction. The results presented are average from three
independent biological replicates. Wound areas were quanti-
fied using ImageJ and graphs were plotted using GraphPad
Prism 6. The percentage of wound closure was calculated as:

(Initial wound area - final wound area)
x 100

% Wound closure =
Initial wound area

Single cell migration assay. Cells were seeded at a density of
5,000 cells/well in an 8-well chamber cover glass (LabTek) pre-
coated with 10 pg/ml fibronectin (2-3 h treatment at 37°C). Cells
were maintained at 37°C in complete medium for 18-20 h. For
live cell imaging, cells were supplemented with L-15 medium
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containing 10% FBS and 100 U/ml penicillin-streptomycin
(both from Invitrogen) containing WEB 2086 and PAF as per
the experiment. Time-lapse microscopy for 4 h was carried
out in a stage incubator using Zeiss LSM 710 laser scanning
confocal microscope at x10 magnification. Cells were tracked
in ImageJ analysis software using manual tracking plugin.
Randomly selected cells from three to five independent
experiments were tracked and distance travelled, displacement
and velocity of a cell were calculated using Chemotaxis and
Migration tool (Ibidi GmbH).

3D ‘on top’ cultures and immunofluorescence analysis.
MCFI0A cells were grown as 3D-‘on top’ cultures according
to standard protocols (21,32,33). PAF was added on day 4, 8, 12
and 16 into the culture medium (day of seeding was consid-
ered as day 0) and the acini were harvested on day 20 and
immunostained as outlined earlier (21,32,33) with phalloidin
(Invitrogen) instead of Alexa Fluor-conjugated secondary
antibody to label the actin cytoskeleton. Images were acquired
using Zeiss LSM 710 laser scanning confocal microscope at
x63 magnification. The results depicted are representative
images from three independent biological experiments. A total
of ~90 acini were imaged and optical sections were analyzed
and classified based on the observed phenotype. Graphs were
plotted and statistical analysis was done using GraphPad
Prism software (GraphPad Software, La Jolla, CA, USA).
Measurement of the volume of acini and counting of number
of nuclei were done using Image-Pro Plus software (Media
Cybernetics, USA). Around 30 acini were analyzed each in
control and treated.

Ethics. This study did not involve utilization of human subject
and has been carried out using cell lines.

Statistical analysis. Wound healing data are presented
as mean + SEM. One-way ANOVA was used to test the
significance of difference of the percentage of wound closure
across treatments. Mann-Whitney U test was used to analyze
the significance of difference between parameters used in
single cell migration assay (accumulated distance, euclidean
distance, velocity and directionality and 3D morphometric
analysis). P<0.05 was considered statistically significant. ™,
" and " indicate P<0.0001, P<0.01, and P<0.05, respectively.

Results

PAF induces formation of abnormal acinar structures in
immortalized non-tumorigenic breast epithelial cell line
MCFI0A grown as 3D ‘on-top’ cultures. MCF10A cells are
spontaneously immortalized, non-tumorigenic cells of normal
breast epithelial origin. These cells when grown on laminin
rich extracellular matrix form multicellular acini-like struc-
tures resembling epithelial cells lining the acinus, the smallest
functional unit of a human mammary gland (34). MCF10A
cells give rise to acinar structures wherein the hollow lumen
is surrounded by a single layer of epithelial cells as shown in
Fig. 1A (top panel). Upon exposure to PAF, these well-orga-
nized structures were observed to be disrupted. Sixty-five
percent of the spheroids showed multiple layers of cells
surrounding a lumen or absence of a distinct lumen (Fig. 1A;

middle panel and B) while ~58% showed formation of protru-
sion-like structures as seen in Fig. 1A (bottom panel) and C.
Further morphometric analysis revealed that the PAF-treated
acini were larger in size as indicated by a significant increase in
volume compared to untreated acini (Fig. 1E). Also there was
a significant increase in the number of cells per acini (Fig. 1F),
which implied that PAF induces proliferation of MCF10A cells
in the acini. Taken together, PAF was found to disrupt overall
morphology of the spheroids as well as induce proliferation, an
indicator of transformation.

PAF increases collective cell migration in MDA-MB 231.
Since PAF treatment induced formation of disrupted acinar
structures, we checked for the PAF-R status in MCF10A as well
as in two other breast cancer cells, MDA-MB 231 and MCF7s,
using RT-PCR. PAF-R expression levels in these cell lines were
correlated with their tumorigenic potential. MDA-MB 231 and
MCFT7 cells showed overexpression of PAF-receptors while
MCFI10A showed weak expression (Fig. 2A and B). However
there was no appreciable change in the expression levels of
the receptor with increase in dose of PAF (data not shown).
The effect of PAF on collective cell migration was investigated
using wound healing assay. MDA-MB 231 cells were treated
with different doses of PAF ranging from 10 to 200 nM. PAF
(200 nM) showed an appreciable increase in motility by 18 h
(data not shown). Thus, further experiments were performed
using 200 nM PAF. On exposure of MDA-MB 231 cells to
200 nM PAF, the cells showed a significant increase in migra-
tion with almost 80% wound closure at 18 h (Fig. 2C and D).
This increase in motility was inhibited upon pre-treatment
of cells with WEB 2086, a PAF receptor antagonist (27,28).
Thus, confirming role of PAF in inducing increased migration
of highly invasive MDA-MB 231 cells.

PAF-induced migration is mediated via PI3-kinase pathway
and/or JNK pathway, but not via MAP-kinase pathway. To
predict the possible pathway(s) involved in PAF-induced cell
migration scratch assays along with inhibitors for generally
known motility pathways were performed. It was observed that
the MAP-kinase pathway did not mediate PAF-induced migra-
tion since inhibition of the pathway with a MEK inhibitor,
UO126 (29), did not have an effect on wound closure (Fig. 3A).

PAF stimulated cells, upon pre-treatment with wort-
mannin, a PI3-K inhibitor (30), showed wound closure
which was similar to unstimulated and untreated cells and
was significantly less than PAF-treated cells (Fig. 3B). Thus,
indicating a possible role of PI3-K pathway in PAF induced
motility. However, the wound closure of unstimulated
wortmannin-treated cells was significantly less than control
cells indicating the role of PI3-kinase pathway in normal
MDA-MB 231 cell motility (Fig. 3B).

Use of the JNK inhibitor SP600125 (31), also abrogated
both PAF-induced as well as inherent motility of MDA-MB 231
cells (Fig. 3C). However, the extent of inhibition of migra-
tion of PAF stimulated cells as well as untreated cells by the
inhibitor suggests the possible role of JNK pathway in PAF
induced motility.

PAF induces chemokinesis at the single cell level in
MDA-MB 231 cells. To determine the effect of PAF on
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Figure 1. PAF induces formation of abnormal acinar structures in immortalized non-tumorigenic breast epithelial cell line MCF10A grown as 3D on-top
cultures. (A) Representative images of day 20 MCF10A acini (centre optical section, 0.35 gm thickness). Top panel: untreated acini showing presence of
distinct hollow lumen. Middle panel: acini treated with 200 nM PAF on day 4, 8, 12 and 16; showing multiple layers of cells encircling a not so distinct lumen.
Bottom panel: spheroids with protrusion-like structures extending out of acini. Graphs represent data quantified based on visual observation of 3D structures
for (B) normal or disrupted lumen and (C) presence of protrusion like or ‘bulb’-like structures. Data represent the pooled results from more than 3 indepen-
dent experiments; n=94 acini. (D) 3D re-construction of the Z-optical sections to aid in visualization of the protrusions in acini following PAF treatment.
(E and F) Box plots representing number of cell/acini and volume per acini respectively, quantified using Image-Pro Plus software (Media Cybernetics, USA).

Hhk

Mann-Whitney test was used to test the statistical significance,

motility of MDA-MB 231 cells at the single cell level
time-lapse microscopy of sparsely seeded MDA-MB 231 cells
on fibronectin coated chamber cover glass was performed
for 4 h. Tracking of cells was done and trajectory plots were
obtained for the following cell treatments: untreated, PAF
stimulated, WEB 2086 pre-treated followed by PAF stimula-
tion and only WEB 2086 treated as shown in Fig. 4B. Further

P<0.0001. Number of acini analyzed; n>30.

analysis of the cells revealed an increase in motility of cells
upon PAF induction. There was a significant increase in the
distance covered by the PAF-treated cells when compared
to untreated cells as well as to cells that were pre-treated
with WEB 2086 followed by PAF-stimulation in the time
and conditions used in the study (Fig. 5A). Other parameters
such as displacement (Fig. 5B) and velocity (Fig. 5C) were
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Figure 2. PAF increases collective cell migration in MDA-MB 231 cells. (A) RT-PCR analysis of PAF-receptor expression in non-transformed breast epithelial
cell line MCF10A and breast cancer cell lines MCF-7 and MDA-MB 231. (B) Graphs represent mean + SEM fold change of expression level normalized
to MCF10A PAF-R expression. Two-fold difference was considered to be significant. (C) Wound-healing assay demonstrating collective migration of
MDA-MB 231 cells with or without treatment of 200 nM PAF and/or 200 uM WEB 2086 (PAF receptor antagonist). Scale bar: 50 zm. (D) Quantitative results
for the data shown in (C). Percentage wound closures were calculated. Data represent mean + SEM (n=3 independent experiments). Student's t-test was used to

test the statistical significance of data, “"P<0.001.

observed to increase significantly following PAF treatment in
comparison to untreated or PAF-stimulated and WEB 2086
pre-treated cells. All these effects induced by PAF were
reversed upon pretreatment of cells with WEB 2086. The
directionality, which is the ratio of euclidean distance to accu-
mulated distance, did not show a significant change (Fig. 5D).
Thus, the above results signify that PAF is capable of inducing
motility and promoting random non-directional movement of
MDA-MB 231 cells.

Discussion

Progression of cancer occurs due to a complex combination
of uncontrolled growth of transformed cells, evasion of apop-
tosis and invasion of cancer cells into nearby tissues, finally
resulting in metastasis and secondary tumor formation (24).
Uncontrolled cell division coupled with evasion of apoptosis
and migration (as single cells or clusters) can thus be consid-
ered as some of the key features of cancer cells.
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Figure 3. PAF induced migration is mediated via PI3-kinase pathway and/or JNK pathway but not via MAP-kinase pathway. Wound-healing assay of
MDA-MB 231 cells with or without treatment of (A) PAF (200 nM) and/or 10 xuM UO126 (MEK inhibitor). (B) PAF (200 nM) and/or 200 nM wortmannin
(PI3-K inhibitor). (C) PAF (200 nM) and/or 75 uM SP600125 (JNK inhibitor). Wound closure was measured at 0, 18 and 24 h for all treatments. Data represent
mean + SEM (n=3 independent experiments). Wound area was measured using ImagelJ software. Statistical significance was analyzed using Student's t-test,

P<0.05 is considered to be significant; “P<0.01, ““P<0.001.

Migration of cancer cells can be considered at two levels,
namely, single cell migration and collective migration. Some
of the carcinomas are known to progress through epithelial
to mesenchymal transition, wherein the cells lose their cell-
cell adhesion and disseminate independently as single cells
and finally lodge into a distant organ (35,36). Besides single
cell migration, recently, collective cell migration has also
been implicated as the predominant mode of cancer cell
invasion and metastasis (37). This process has been exhibited
by most of the epithelial cancers including breast cancer,
colorectal carcinoma, rhabdomyosarcoma, melanoma and oral
squamous cell carcinoma (38-40). Histopathological studies
of epithelial cancers in tumor regions, suggest the presence
of clusters, sheets or chains of secondary cancer cells in the
stroma surrounding the primary tumor (41). In addition to this,
draining lymphatics were also found to contain clusters of
metastasizing tumor cells, implying that small groups of tumor
cells are capable of invading vasculatures and lymphatics in
individuals with cancer (42). Thus migration, either collective
or single cell is a vital phenomenon in the multi-step process
of invasion and metastasis.

PAF and PAF-like lipids are present across various cell
types and tissues such as neutrophils, macrophages and
endothelial cells (43), as well as breast cancer tissues (11). One
of the major sources of these lipids is chronic inflammatory
microenvironments as well as the cancer cells per se (3-5,16).

Different types of cells have been found to respond to such
chemical stimuli, present in the microenvironment, in several
ways such as proliferation, apoptosis, migration, to name a
few. To investigate the role of PAF in early transformation,
we used 3-dimensional cultures of MCF10A cells, which are
non-transformed breast epithelial cells. 3D cultures of cells
have been found to recapitulate the in vivo scenario largely.
This model involves growing of cells on various extracellular
matrix, one of the widely used matrix being Matrigel® which
is derived from EHS tumors (23). This model aids in the
easy identification of a transformed cell from a non-tumor-
igenic cell (21). The normal breast epithelial cells form
growth-arrested multicellular acinar-like structures with a
hollow lumen which closely resemble the epithelial cells lining
the duct in the mammary tissue in vivo (34). In case of cancer
cells, this well formed structure is disrupted leading to the
formation of spheroids which are devoid of or have irregular
lumen, multiple lumens or clusters of cells (44). The morpho-
logical features are a clear indication of the tumorigenic status
of the cell lines. In our experiment MCF10A cells were under
continuous exposure to 200 nM PAF. While investigating the
presence of a transformed phenotype, we observed 65% of the
acini showing protrusion-like or ‘bud like’ phenotype. Such
phenotypes have been related to collective migratory behavior
of transformed cells (44,45). Of the total acini imaged, 58%
showed disrupted lumen, which may imply that the cells in
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Figure 4. PAF induces chemokinesis at the single cell level in MDA-MB 231 cells. Time-lapse imaging of MDA-MB 231 cells seeded as sparse populations
on fibronectin-coated dishes, with or without 200 nM PAF and/or 200 xM WEB 2086 was performed for a period of 4 h with images taken at 2-min intervals.
Cells were tracked using ImageJ manual tracking plugin and analyzed using Chemotaxis and Migration tool (Ibidi GmbH, Munich, Germany) to calculate
different motility parameters. (A) Diagrammatic representation of a trajectory plot depicting the calculation of the various chemokinetic parameters adapted
from Ibidi chemotaxis and migration tool user manual. (B) Trajectory plots of various treatment combinations obtained using chemotaxis and migration tool.

the lumen may restrain apoptosis, which is another hallmark
of epithelial cancers (21,44,46). Apart from this, there was a
significant increase in the number of cells per transformed
acini, which may indicate the induction of proliferation or
‘escape from the proliferative arrest’, one of the hallmarks of
cancer (44,47). This is supported by published reports wherein
PAF has been shown to induce proliferation in mouse vascular
smooth muscle cells (48) as well as breast adenocarcinoma
cells in tissue culture dishes (16). There have been contra-
dictory reports to the same suggesting that the effect of PAF
varies according to the type of cells and type of cancer (49).
However, our results demonstrate the potential of PAF to
induce proliferation in MCF10A cells under continuous
exposure to PAF. These results appeal for further interven-
tion with respect to the changes at the molecular level, which

have subsequently given rise to such a drastic change in the
morphogenesis of the non-tumorigenic cells.

PAF has been demonstrated to induce migration in many
cell types such as eosinophils (50), human endothelial cells (43),
peripheral blood lymphocytes (51), using in vivo as well as
in vitro models and assays. However, to our knowledge, only
one report pertained to the role of PAF in motility of breast
cancer cells wherein PAF was demonstrated to induce chemo-
taxis as well as chemokinesis in the cells (16). Our results are
in agreement with the published report by Bussolati et al (16),
where we show PAF-induced chemokinesis at the single cell
level in breast cancer cells. As per the dose and conditions used
in our assay, we observed that PAF stimulated cells moved at
a significantly increased velocity as well as traversed a larger
distance as compared to untreated cells. Displacement was
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ment, (C) velocity, (D) directionality. Box plots represent distribution of values calculated about the median. (n=3 independent experiments). Mann-Whitney
test was used to test the statistical significance of data. “P<0.05, “P<0.01, ""P<0.001.

also significantly increased. However, there was no significant
difference in the directionality indicating that PAF stimulation
enhanced the random movement of the cells without inducing
directionality. In order to investigate the role of PAF in collec-
tive cell migration, wound-healing assay, a traditional method
to study the dynamic process of collective cell migration
was performed (25). Wound-healing assay results implicated
that PAF is capable of inducing collective cell migration in
invasive MDA-MB 231 breast cancer cells. Pretreatment of
cells with WEB 2086, a PAF receptor antagonist resulted in
a significant decrease in PAF-stimulated motility of cells.
Thus further substantiating the crucial role played by PAF in
collective cell migration. Collectively these results imply that
PAF can enhance cell migration and hence possibly promote
metastasis in vivo.

To dissect out the motility pathway(s) that are involved
in signaling in the highly metastatic MDA-MB 231 cells
upon PAF induction, wound-healing assays were performed.
PAF is known to act through PAF receptor and stimulate a
number of signal transduction pathways and effectors such as
PKCs, MAPKs, phospholipase C, paxillin, FAK, EGFR, and
Src (4,11,52). However, the downstream effectors of PAF and
PAF-R, especially with respect to breast cancer progression
and more precisely related to PAF-induced migration are not
well elucidated. Metastasis is one of the areas of current interest
in the field of cancer and search for better therapies related to
it, still continues. Clarification on the downstream effectors of
PAF-PAFR pathway involved in motility may, to some extent

contribute to the designing of new strategies to treat this
heterogeneous condition. To address this, MDA-MB 231 cells
were subjected to treatment with inhibitors of well-known
motility related pathways (53-55). PAF was found to induce
collective cell migration in cells that were independent of
the MAPK pathway but dependent on PI3-K as well as INK
pathways. However, inhibition of c-Jun reduced PAF motility
almost completely while PI3-K inhibition resulted in partial
inhibition of motility. Thus, these results indicate a possible
role of PI3-K and/or JNK pathway in PAF-induced motility.
However, this demands further investigation to elucidate the
exact signal transduction pathway of PAF-induced motility.

In conclusion, role of PAF in cancer progression has been
studied in the past (56). However, many questions pertaining to
its role in breast cancer are yet to be answered. In this study, we
have demonstrated the possible role of PAF in inducing trans-
formation of non-tumorigenic breast epithelial cells grown as
spheroids as well as promoting migration of metastatic breast
cancer cells. Nonetheless, this study calls for further detailed
investigation to unravel some of the interesting questions
raised with respect to the involvement of signaling pathways
in PAF-induced motility.
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