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Abstract

Prostate cells are hormonally driven to grow and divide. Typical treatments for prostate cancer
involve blocking activation of the androgen receptor by androgens. Androgen deprivation therapy
can lead to the selection of cancer cells that grow and divide independently of androgen receptor
activation. Prostate cancer cells that are insensitive to androgens commonly display metastatic
phenotypes and reduced long-term survival of patients. In this study we provide evidence that
androgen-insensitive prostate cancer cells have elevated PLD activity relative to the androgen-
sensitive prostate cancer cells. PLD activity has been linked with promoting survival in many
human cancer cell lines; and consistent with the previous studies, suppression of PLD activity in
the prostate cancer cells resulted in apoptotic cell death. Of significance, suppressing the elevated
PLD activity in androgen resistant prostate cancer lines also blocked the ability of these cells to
migrate and invade Matrigel™. Since survival signals are generally an early event in
tumorigenesis, the apparent coupling of survival and metastatic phenotypes implies that metastasis
is an earlier event in malignant prostate cancer than generally thought. This finding has
implications for screening strategies designed to identify prostate cancers before dissemination.
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1. Introduction

Most prostate cancers require androgens for proliferation and survival — and as a
consequence are sensitive to androgen deprivation therapy [1]. However, patients develop
resistance to androgen deprivation and it is amongst these androgen resistant cancers that the
most aggressive cancers emerge [2—-4]. A common mechanism for promoting resistance to
androgen deprivation is persistent androgen receptor signaling [1]. Genetic alterations at the
androgen receptor locus such as mutations in the ligand binding domain or amplification of
the androgen receptor gene have been suggested to promote androgen receptor signals under
conditions of low serum testosterone [5].

Another route to androgen independence is activation of the phosphatidylinositol-3-kinase-
AKT-mTOR (mammalian target of rapamycin) signaling pathway [5]. This pathway is
clearly emerging as an important signaling node that promotes androgen resistance and
stimulates tumor growth in the setting of reduced levels of androgens. This pathway appears
to be altered at the genomic and transcriptional level in most metastatic prostate cancers [6—
8]. There are several points of therapeutic intervention for prostate cancers where the
phosphatidylinositol-3-kinase -AKT-mTOR signaling pathway is promoting survival and
metastasis [5].

An under-appreciated component of the intra-cellular signals leading to the activation of
mMTOR is phospholipase D (PLD) [9]. PLD generates a metabolite phosphatidic acid (PA)
[10] that is required for the stability of the mTOR complexes — mTORC1 and mTORC2
[11]. We previously reported that elevated PLD activity provided an mTOR-dependent
survival signal in the absence of estrogen in estrogen receptor positive breast cancer cells
[12, 13]. We also reported that PLD activity was elevated in estrogen receptor negative
breast cancer cell lines deprived of serum and provided an mTOR dependent survival signal
[14]. In addition to providing a survival signal, the elevated PLD activity in the estrogen
receptor negative cells enhanced cell migration and invasion of Matrigel™, linking survival
with metastatic phenotypes [14]. Since survival signals are of necessity an early event in
tumorigenesis to suppress default apoptotic programs, we proposed that the coupling of
survival and migration signals in hormone independent breast cancer cells promoted early
metastasis [14].

We report here that there is elevated PLD activity in androgen-insensitive prostate cancer
cell lines and that elevated PLD activity promotes both survival and migration signals. The
study links survival and migration in hormone independent prostate cancer cells and
provides a rationale for metastasis occurring early in androgen-resistant prostate cancers.

2. Materials and methods

2-1. Cells and cell culture conditions

The human cancer cell line lines DU145, PC-3 and LNCaP were obtained from the
American Tissue Type Culture Collection (ATCC). The DU145 cancer cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) (Sigma D6429) and supplemented with
10% Fetal Bovine Serum (FBS) (Sigma F4135). The human cancer cell line PC-3 was
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cultured in Roswell Park Memorial Institute medium (RPMI-1640) (Sigma R8758) and
supplemented with 10% FBS. The human cancer cell line LNCaP was cultured in
RPMI-1640 supplemented with 10% FBS and 10 nM testosterone (Sigma T1500).

2-2. Materials

Reagents were obtained from the following sources: Antibodies against cleaved PARP
(9541), HA-Tag (2367), PLD1 (3832), PLD2 (13904) and prostate specific antigen (PSA)
(2475) were obtained from Cell Signaling; p-actin (60008) was obtained from ProteinTech;
anti-mouse and anti-rabbit HRP conjugated secondary antibodies were obtained from
Promega. Negative control scrambled siRNA (D-001810) and siRNAs targeted against
PLD1 (L-009413), PLD2 (L-005064) were obtained from Dharmacon. Lipofectamine
RNAiMax (Invitrogen, 56532) was used for siRNA transfection. Plasmids with
hemagglutinin (HA)-tagged PLD1 (pCMV3-HA-PLD1) (Sino Biological HG13850) and
HA-tagged PLD2 (pcDNA3.1-HA-PLD?2) (gift from M. Frohman, SUNY Stony Brook)
were transfected with Lipofectamine 3000 Transfection Kit (Invitrogen, L3000015). PLD
inhibitors VU0359595 (PLD1) and VU02855655-A (PLD2) and phosphatidyl butanol
(258637) were obtained from Avanti Polar Lipids. [2H]-myristate (NET830005MC) was
obtained from PerkinElmer.

2-3. Cell viability

Cell viability was determined by trypan blue exclusion. After various treatments, cells were
harvested, washed and treated with trypan blue at a concentration of 0.4% (w/v). After 20
minutes, trypan blue uptake was scored using a hemacytometer.

2-4. Phospholipase D assay

Cells were plated in 6-well plates at 2 x 10° cells per well. Cells were then prelabeled for 4
hours with of [3H]-myristate (3 pCi; 60 Ci/mmol) in 2 ml of medium. PLD catalyzed
transphosphatidylation for 20 minutes in the presence of 0.8% 1-butanol. Labeled media was
removed and the cells were washed and then lysed of with 500 pl of acidified methanol
(methanol: 6N HCI (50:2)). The cells were then added to the first extraction tube (155 pl 1N
NaCl and 500 ul CHCI3), vortexed for 30 seconds and centrifuged for 3 minutes at 16,100 x
g. The organic phase was then transferred to the second extraction tube (350 ul H,0, 115 pl
CH30H, and 115 pl NaCl), vortexed for 15 seconds and centrifuged for 3 minutes at 16,100
x g. The organic phase (350 ul), spiked with 10 pl of 12 uM unlabeled phosphatidylbutanol
to visualize, was loaded onto a silica gel thin layer chromatography plate and the mobile
phase (the organic phase of the mixture of ethyl acetate, isooctane, glacial acetic acid, and
water at a 77:35:14:70 ratio) was allowed to proceed across the length of the thin layer
chromatography plate. The phosphatidylbutanol band was visualized with iodine vapor and
marked. The band was scraped from the plate and a scintillation count was performed.

2-5. Transient transfections

Cells were plated in 6-well plates in medium containing 10% FBS. The next day
transfections with plasmid (1 pug/ml) in Lipofectamine 3000 or siRNAs (50 nM) in
Lipofectamine RNAiMax were performed in the absence of serum. After 6 hours reagents
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were replaced with fresh media with 10% FBS and cells were allowed to incubate for an
additional 48 (plasmid) to 96 hours (SiIRNA).

2-6. Transwell migration and invasion assays

The assays were carried out using BIOCOAT™ cell culture inserts that have polyethylene
terephthalate filters (8 um pore size on the bottom). For migration assays, inserts were used
directly without coating (BD Bioscience 354578); for invasion assays, the inserts were pre-
coated with Matrigel™ purified from the Engelbreth-Holm-Swarm mouse sarcoma, a tumor
rich in extracellular matrix proteins, which closely mimics the basement membrane in vivo
(BD Bioscience 354480). Five hundred microliters of single cell suspensions with a
concentration of 5 x 104 cells/ml were added into the inserts. The inserts were set into 24-
well plates that held 0.75 ml/well of growth media and incubated under normal growth
condition for 24 hours. Cells that had not penetrated the filters were wiped out with cotton
swabs and cells that had migrated or invaded to the lower surface of the filters were fixed in
methanol and then stained with a 0.2% (v/v) solution of crystal violet in 2% (v/v) ethanol.
The number of migrated or invaded cells was counted under the microscope. The mean of
five individual fields in the center of the filter where migration and invasion was the highest
was obtained for each well.

2-7. Western blot analysis

Proteins were extracted from cultured cells in M-PER (Thermo Scientific 78501) Equal
amounts of proteins were subjected to SDS-PAGE on polyacrylamide separating gels.
Electrophoresed proteins were then transferred to nitrocellulose membrane. After transfer,
membranes were blocked in an isotonic solution containing 5% non-fat dry milk in
phosphate buffered saline. Membranes were then incubated with primary antibodies as
described in the text. The dilutions were used as per vendor’s instructions. Depending on the
origin of the primary antibody, either anti-mouse or anti-rabbit HRP conjugated 1gG was
used for detection using ECL system (Thermo Scientific 34080).

2-8. Wound healing assay

Cells were plated in 24-well plates in medium containing 10% FBS at 90% confluency. The
next day a path was cleared of cells and the medium was replaced with fresh medium.
Closure was then observed after 24 hours. The area of closure was quantified using the MRI
Wound Healing Tool macro for ImageJ.

2-9. Statistical Analysis

Statistical data are presented as the mean + standard error of mean of three individual
experiments preformed in triplicate. Statistical analysis was carried out using the one-way
analysis of variance or the unpaired Student’s t-test using GraphPad Prism software. The
level of significance was set at a P-value of <0.10.
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3. Results

3-1. Androgen-insensitive prostate cancer cells have elevated PLD activity relative to
androgen-sensitive prostate cancer cells

We previously demonstrated that there is elevated PLD activity in estrogen receptor negative
breast cancer cells [13, 14]. The elevated PLD activity was largely restricted to cells
deprived of serum [14] — leading us to speculate that the elevated PLD activity was a stress
response to the absence of serum. Since prostate cancer, like breast cancer, is largely a
hormonally driven cancer [2], we wanted to evaluate the level of PLD activity in androgen
responsive and androgen non-responsive prostate cancer cells. We looked at three prostate
cancer cell lines — DU145 and PC-3, which are androgen non-responsive; and LNCaP, which
are androgen responsive [15]. We first examined the responsiveness of the three prostate
cancer cell lines to androgen as observed by the ability to induce expression of PSA, which
is induced by androgen [16]. As expected, androgen treatment caused an increase in the
levels of PSA in the androgen-responsive LNCaP cells, but not in the androgen non-
responsive PC-3 and DU145 cells (Fig. 1A). We next evaluated the level of PLD activity in
all three cell lines in both the presence and absence of serum. As shown in Fig. 1B, there
was elevated PLD activity in the androgen refractory DU145 and PC-3 cells relative to the
androgen responsive LNCaP cells. Unlike what was observed with breast and other cancer
cells [14], the level of PLD was elevated in both the presence and absence of serum —
although the level in the absence of serum was slightly elevated relative to the cells in the
presence of serum. We also examined the levels of PLD1 and PLD2 protein in the three
prostate cancer cell lines. As shown in Fig. 1C, there was clearly less PLD1 protein in the
LNCaP cells relative to the DU145 and PC-3 cells. However, there was no clear correlation
between PLD protein and activity levels between the DU145 and PC-3 cells. Rumsby and
colleagues recently reported significantly higher levels of PLD1 in PC-3 cells relative to
LNCaP cells [17].

3-2. Suppression of PLD activity in prostate cancer cells leads to apoptotic cell death

We have reported that elevated PLD activity in a variety of cancer cells provides an mTOR-
dependent survival signal that suppresses apoptotic cell death [13, 14, 18, 19]. We therefore
investigated the effect of suppressing PLD activity in the prostate cancer cells. We
previously used inhibitors of PLD1 and PLD2 [20, 21] to suppress the effects of PLD in the
nutrient induction of mTOR [22, 23]. We found that inhibitors of both PLD1 and PLD2 were
most effective when used together at 10 pM each [22]. Suppression of PLD activity in the
androgen insensitive DU145 and PC-3 cells with the PLD1 and PLD2 inhibitors led to a loss
of cell viability as determined by the uptake of trypan blue (Fig. 2). Surprisingly, the
androgen-responsive LNCaP cells were killed more efficiently than the DU145 and PC-3
cells by the PLD inhibitors, which is why we examined cell viability 24 hr earlier than in the
DU145 and PC-3 cells. The relatively low levels of PLD activity in the LNCaP cells may
have contributed to the more rapid onset of cell death. The PLD inhibitors also induced
cleavage of the caspase 3 substrate PARP — indicating apoptotic cell death. As observed with
cell viability, PARP cleavage was observed earlier in the LNCaP cells — 24 hr for the LNCaP
versus 48 hr for the DU145 and PC-3 cells. Thus, PLD activity is providing a survival signal
in the prostate cancer cells. While the PLD activity was substantially lower in the LNCaP
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cells relative to the DU145 cells, the LNCaP cells apparently need a basal level of PLD
activity for survival. Similar results were obtained recently with PC-3 and LNCaP cells
using PLD inhibitors at similar concentrations that we used here and previously [22] —
including the same PLD1 inhibitor used in this study [17]. The kinetics for cell death were
also similar. This group used a different cell viability assay to measure cell viability. These
data further support a role for PLD in promoting the survival of prostate cancer cells.

3-3. DU145 and PC-3 cells have higher migration and invasion than LNCaP cells

In addition to promoting survival of breast cancer cells, elevated PLD activity also promoted
cell migration and invasion of Matrigel™ [14]. We therefore examined the ability of
androgen refractory cancer cells, which have high levels of PLD activity, to migrate and
invade Matrigel™ relative to the androgen responsive LNCaP cells, which have very low
levels of PLD activity. As shown in Fig. 3A, both the DU145 and PC-3 cells migrated and
invaded Matrigel™ in transwell chamber assays. In contrast, the ability of LNCaP cells to
migrate and invade Matrigel™ was negligible (Fig. 3A). We also employed a wound healing
assay to evaluate the ability of the DU145, PC-3 and LNCaP cells to migrate in culture. As
shown in Fig. 3B, the DU145 and PC-3 cells significantly migrated into the wound created
by scraping the center of the culture dish. These data reveal a correlation between the level
of PLD activity in prostate cancer cells and the ability to migrate and invade Matrigel™.

3-4. Inhibition of PLD in DU145 and PC-3 cells decreases migration and invasion

The data presented in Fig. 3 reveal a correlation between the level of PLD activity in prostate
cancer cells and the ability to migrate in culture and invade Matrigel™. We therefore
examined the ability of DU145 and PC-3 cells to migrate and invade Matrigel™ in the
presence of PLD inhibitors or PLD knockdown. As shown in Fig. 4A, the ability of both
DU145 and PC-3 cells to migrate and invade Matrigel™ in transwell chamber assays was
significantly suppressed by PLD inhibitors — especially the ability to invade Matrigel™.
Similarly, the ability of the DU145 and PC-3 cells to migrate in the wound-healing assay
was suppressed by the PLD inhibitors (Fig. 4B). We next examined the effect of the PLD
inhibitors individually and in combination for the wound-healing assay. We also examined
the impact of siRNA knockdown of both PLD1 and PLD?2 in the wound-healing assay; and
as shown in Fig. 4C, the knockdown of PLD1 and PLD2 similarly suppressed migration of
DU145 and PC-3 cells. The ability of the PLD inhibitors to suppress wound healing in the
DU145 and PC-3 cells required inhibitors of both PLD1 and PLD2 (Fig. 4D). This is
consistent with our previous study where we observed that suppressing mTOR kinase
activity required inhibitors for both PLD isoforms [22]. Thus, the ability of the DU145 and
PC-3 cells to migrate and invade Matrigel™ is dependent on the elevated PLD activity in
these androgen insensitive prostate cancer cells. Although the ability of the DU145 and PC-3
cells to migrate/invade did not correlate exactly with the level of PLD activity in these cells,
the DU-145 and PC-3 cells are genetically distinct with the PC-3 cells harboring a mutation
in PTEN and the DU145 cells harboring mutations in the CDKN2A, RB, and LKB1 genes
[24]. While there are many possible explanations why there is not an exact correlation
between PLD activity and the ability to migrate and invade, the dependence of migration and
invasion on PLD is clear.
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3-5. Overexpression of PLD2 in LNCaP cells increases migration and invasion

We next asked whether elevated PLD activity in LNCaP cells would lead to increased
migration and invasion of Matrigel™. The LNCaP cells were transfected with plasmids
expressing HA-tagged PLD1 and PLD2. The level of PLD activity was elevated very slightly
by PLD1, but PLD activity was substantially more elevated in cells transfected with PLD2
(Fig. 5A). If PLD1 and PLD2 were introduced together into the LNCaP cells, the level of
PLD activity was less than that observed with PLD2 alone (Fig. 5A) — suggesting that
elevated PLD1 expression might be inhibitory. As shown, in Fig 5B, the HA-tagged PLD1
and PLD2 were both expressed in the LNCaP cells. The ability to migrate and invade
Matrigel™ in transwell chambers was then examined; and as shown in Fig. 5C, LNCaP cells
with elevated PLD2 expression and elevated PLD activity displayed an increased ability to
migrate and invade Matrigel™. In cells transfected with either PLD1 or both PLD1 and
PLD2 did not significantly elevate migration and invasion. Similarly, LNCaP cells
transfected with PLD2 also displayed increased migration in the wound-healing assay (Fig.
5D). These data indicate that elevated PLD activity in prostate cancer cells confers an
increased ability to migrate and invade Matrigel™. The reason for the apparent inhibitory
effect of PLD1 on migration/invasion in LNCaP cells is not clear, but may be related to the
observation in Fig. 1C that PLD1 expression is highly suppressed.

4. Discussion

In this report, we have demonstrated that there are substantially higher levels of PLD activity
in the androgen refractory DU145 and PC-3 prostate cancer cell lines relative to androgen
responsive LNCaP prostate cancer cells. While the observation reported here with just two
androgen-insensitive and one androgen responsive cell line do not establish a precedent they
are consistent with a similar correlation with elevated PLD activity in hormone insensitive
breast cancer cells and increased migration and invasion [14]. We have also reported
previously that elevated PLD activity in many human cancer cells promotes both survival
signals [9, 12, 13, 25-27] and metastatic phenotypes [14, 28]. In this study with androgen
refractory and androgen responsive prostate cancer cells, we find that the elevated PLD
activity detected in the androgen refractory DU145 and PC-3 correlates with the ability to
migrate and invade Matrigel™. Surprisingly, inhibition of PLD Killed all three cell lines —
including the LNCaP cells which displayed low levels of PLD activity. Although the LNCaP
cells are androgen responsive, these cells are not dependent on the presence of androgens for
survival. They were however, dependent upon PLD for survival. This differs from what we
observed with hormone responsive breast cancer cells in that these cells are dependent on
estrogen for survival [12, 29]. Thus, the LNCaP cells have apparently evolved to a state of
androgen independence, while retaining the ability to respond androgens. The LNCaP cells
are however dependent on the low levels of PLD activity for survival, but have not attained
the levels of PLD activity necessary for the metastatic phenotypes observed in the PC-3 and
DU145 cells.

We previously proposed that elevated PLD activity in breast cancer cells represented a shift
from hormone-dependent to hormone-independent cancer — where survival was originally
dependent on estrogen, but then shifted to a dependence on PLD generated PA for survival
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[14]. This shift had the added consequence of enhancing cell migration and invasion that
was dependent on PLD activity [14]. The coupling of survival and migration signals has
important implications for early detection and treatment. Signals that suppress default
apoptotic programs (survival signals) are generally early events in cancer [30, 31]. This is
because driver mutations such as activating KRas mutations, in the absence of a survival
signal, will lead to either apoptosis or senescence [31, 32]. The observation that PLD is able
to provide both survival and migration signals suggests that metastasis could be a much
earlier event in breast and prostate cancers. The coupling of survival and migration could
explain in part why PSA tests and mammograms do not result in significant reductions in
mortality [33]. This point was made recently where breast cancer cells disseminated very
early in mice [34-36].

We proposed previously that the coupling of survival and migration signals represented a
stress response where the cells elevated their PLD activity in response to the stress of serum
withdrawal [14]. The rationale for this proposal was that during early stages of
tumorigenesis prior to vascularization, emerging tumor would respond to the lack of growth
factors and nutrients with a stress program that would suppress default apoptotic programs
and promote migration to blood vessels where nutrients could be obtained. In this report, the
PLD activity in prostate cancer cells was not dramatically elevated in response to serum
withdrawal as was observed with breast cancer cells. However, suppressing the PLD activity
reduced migration and stimulated apoptosis — indicating that PLD was critical for both
survival and migration. Of interest, was a very recent report that androgen receptor
inhibition results in a shift in castration-resistant prostate cancer to cancers that are androgen
receptor-null and dependent elevated fibroblast growth factor and MAP kinase signals [37,
38]. Significantly, fibroblast growth factor has been reported to activate MAP kinase via the
PA- and PLD-dependent recruitment of Raf to the plasma membrane [39]. Thus, the shift
from androgen receptor-dependence to fibroblast growth factor-dependence could also be
accomplished by elevated PLD activity.
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Highlights

A key hallmark of cancer is the suppression of default apoptotic programs that
likely represent the first line of defense against cancer.

Signals that suppress apoptosis are known as survival signals and occur early
in tumorigenesis.

A common survival signal activated in human cancer cells is elevated
phospholipase D activity that results in the production of phosphatidic acid —
a key regulator of mTOR.

We find that elevated phospholipase D activity promotes both survival and
metastatic phenotypes in androgen-independent prostate cancer cells.

Since survival signals are by necessity an early event in tumorigenesis, the
implication is that metastasis is an earlier event in prostate cancer than
generally appreciated.
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Fig. 1.

Phgospholipase D activity is elevated in androgen insensitive prostate cancer cell lines. (A)
DU145, PC-3 and LNCaP cells were plated at density of 200,000 cells/35 mm dish in
complete media containing 10% charcoal stripped serum or 10% charcoal stripped serum
supplemented with 10 nM testosterone. Cells were harvested and the levels of PSA were
determined by Western blot analysis. (B) DU145, PC-3 and LNCaP cells were plated as in
Fig 1A in complete media containing 10% serum or 0% serum overnight. Cells were then
pre-labeled for 4 hr with [3H]-myristate followed by the addition of 0.8% 1-butanol for 20
min. PLD activity was determined by measuring the levels of the transphosphatidylation
product phosphatidylbutanol as described in Materials and Methods. (C) DU145, PC-3 and
LNCaP cells were plated as in Fig 1A in complete media containing 10% serum or 0%
serum overnight. Cells were harvested and the levels of PLD1 and PLD2 were determined
by Western blot analysis. No significance was determined for the difference in serum
conditions within each cell line (p > 0.10). (*, p < 0.10; **, p < 0.05; ***, p < 0.01)
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Suppression of PLD activity in prostate cancer cell lines leads to apoptotic cell death.
DU145, PC-3 and LNCaP cells were plated at a density of 50,000 cells/35 mm dish in
complete media containing 10% serum. Cells were treated with PLD1 and PLD2 inhibitors
(210 pM) for the indicated times. Cells were then harvested and cell viability was measured
through trypan blue exclusion as described in Materials and Methods. Cells were harvested
and the levels of cleaved PARP were determined by Western blot analysis (DU145 and PC-3
at 24 and 48 hr, LNCaP at 24 hr). (*, p <0.10; **, p < 0.05, ***, p < 0.01, **** p < 0.001)
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A Migration Invasion

Fig. 3.
DU145 and PC-3 cells have higher migration and invasion than LNCaP cells. (A) DU145,

PC-3 and LNCaP cells were placed in the upper chamber for a transwell migration assay at a
density of 25,000 cells/6.5 mm transwell chamber in complete media containing 10% serum.
Cells were allowed to migrate through the pores of the membrane to the lower chamber for
24 hr and were fixed, stained and scored under a microscope. Chambers with Matrigel™
indicated invasion while chambers without Matrigel™ indicated migration. (B) DU145,
PC-3 and LNCaP cells were plated at a density of 100,000 cells/16 mm dish in complete
media containing 10% serum. Cells were allowed to reach full confluence and a “wound
gap” was scratched through the monolayer of cells. The media was changed to fresh media
containing 10% serum and the “wound gap” was allowed to close for 24 hr. The area of
closure was quantified using the MRI Wound Healing Tool macro for ImageJ. (**, p < 0.05,
**** p<0.001)
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Fig. 4.

Inhibition of PLD in DU145 and PC-3 cells decreases migration and invasion. (A) DU145
cells were plated for migration and invasion transwell assays as in Fig. 3A and treated with
PLD1 and PLD2 inhibitors (10 pM). After 24 hr cells that migrated through the pores of the
membrane were scored as in Fig. 3A. (B) DU145 and PC-3 cells were plated for wound
healing assay and treated with PLD1 and PLD2 inhibitors (10 uM). A wound was scratched
and allowed to fill in for 24 hr at which time the degree of closure was determined as in Fig.
3B. (C) DU145 and PC-3 cells were plated at a density of 200,000 cells/35 mm dish in
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media containing 10% serum and no antibiotic overnight. Cells were transfected with
negative control scrambled siRNA or siRNAs for PLD1 and PLD2 as indicated. Five hours
later the cells were shifted to complete media containing antibiotic. Seventy-two hours after
transfection, cells were replated for wound healing assay and scored for wound closures as
in Fig. 3B, after which they were harvested and the levels of PLD1 and PLD2 were
determined by Western blot analysis. (D) DU145 and PC-3 cells were plated for wound
healing assay as in (B). A wound was scratched and allowed to fill in for 24 hr in the
presence the PLD1 and PLD2 inhibitors (10 uM) individually or together. The degree of
closure was then determined as in (B). (**, p < 0.05, *** p < 0.01, ****, p < 0.001)

Cancer Lett. Author manuscript; available in PMC 2019 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Utter et al.

2150+
A £

1004

124
(=]
1

% Relative PLD Acti

(=]
L

¥ & 0
F & .;!?"Q
Invasion
40-
30+
K
& 20-
*
10+
_ T
oL - NI
¢ 8 & &
Q&-‘ Q&-‘ Q

Fig. 5.

EV
HA-PLD1
HA-PLD2

HA-Tag

Actin

Page 17

+ - +
- - + +
— s €-PLD1

i & €—-PLD2

EV HA-PLD2

% Wound Closure

Overexpression of PLD2 in LNCaP cells increases migration and invasion. LNCaP cells
were plated for transfection as in Fig. 4C with plasmids expressing empty vector or HA-
PLD1 and/or HA-PLD?2 as indicated. After 24 hours, cells were replated for PLD assay as in
Fig. 1B (A), for Western blot analysis to determine levels of HA-tagged PLD1 and PLD2
(B), for migration and invasion transwell assay as in Fig. 3A (C), and for wound healing
assay as in Fig. 3B (D). (ns, p > 0.10; *, p < 0.10, ***, p < 0.01, **** p < 0.001)
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