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Abstract
Endogenous 2-arachidonoylglycerol (2-AG) is antiinvasive in androgen-independent prostate
carcinoma (PC-3) cells. Invasion of PC-3 cells is also inhibited by exogenously added noladin ether,
a non-hydrolyzable analog of 2-AG. In contrast, exogenous 2-AG has the opposite effect. Cell
invasion significantly increased with high concentrations of exogenous 2-AG. In PC-3 cells,
arachidonic acid (AA) and 12-hydroxyeicosatetraenoic acid (12-HETE) concentrations increased
along with exogenously added 2-AG, and 12-HETE concentrations increased with exogenously
added AA. Invasion of PC-3 cells also increased with exogenously added AA and 12(S)-HETE but
not 12(R)-HETE. The exogenous 2-AG-induced invasion of PC-3 cells was inhibited by 3-
octylthio-1,1,1-trifluoropropan-2-one (OTFP, an inhibitor of 2-AG hydrolysis) and baicalein (a 12-
LO inhibitor). Western blot and RT-PCR analyses indicated expression of 12-HETE producing
lipoxygenases (LOs), platelet-type 12-LO (P-12-LO) and leukocyte-type 12-LO (L-12-LO), in PC-3
cells. These results suggest that exogenous 2-AG induced, rather inhibited, cell invasion because of
its rapid hydrolysis to free AA, and further metabolism by 12-LO of AA to 12(S)-HETE, a promoter
of PC cell invasion. The results also suggest that PC-3 cells and human prostate stromal (WPMY-1)
cells released free AA, 2-AG, and 12-HETE. In the microenvironment of the PC cells, this may
contribute to the cell invasion. The 2-AG hydrolysis and concentration of 2-AG in microenvironment
are critical for PC cell's fate. Therefore, inhibitors of 2-AG hydrolysis could potentially serve as
therapeutic agents for the treatment of prostate cancer.

Keywords
2-arachidonoylglycerol; hydrolysis; cell invasion; 12-LO; prostate cancer

2-Arachidonoylglycerol (2-AG) is an endocannabinoid (endogenous ligand) for the
cannabinoid (CB) receptors.1,2 The endocannabinoid signaling system is comprised of CB
receptors, putative endogenous ligands and enzymes that synthesize and metabolize
endocannabinoids. The endocannabinoid signaling system has recently been implicated in the
regulation of various types of cancer.3-12 However, the role of 2-AG in prostate carcinoma
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cells are not well understood. 2-AG inhibits prolactin-induced proliferation in DU-145 cells
by activation of the CB1 receptors.13 We previously demonstrated that 2-AG is endogenously
produced in prostate carcinoma cells and acts as an endogenous antiinvasive factor in androgen-
independent prostate carcinoma (PC-3 and DU-145) cells.14 Increasing the endogenous 2-AG
concentration by inhibiting its hydrolysis or treating cells with a nonhydrolyzable analog of 2-
AG, noladin ether (a CB1 receptor ligand), decreased cell invasion.14,15

Although the endogenous 2-AG and its stable analog inhibit invasion of prostate carcinoma
cells, exogenously added 2-AG does not block cell invasion. 2-AG can be readily hydrolyzed
to arachidonic acid (AA) and glycerol by 2 well characterized enzymes, monoacylglycerol
lipase (MGL)16,17 and fatty acid amide hydrolase (FAAH).16 The 2-AG hydrolysis may
possess 2 important effects; (i) it reduces 2-AG concentration as a ligand for binding to the CB
receptors and (ii) it generates free AA as a substrate for enzymes in the AA metabolic cascade.
Both these 2 pathways can promote invasion of prostate carcinoma cells. In this study, we
investigated enzymatic pathways that contribute to detrimental effects of exogenous 2-AG on
invasion of prostate carcinoma cells.

Material and methods
Materials

Androgen-independent prostate carcinoma (PC-3) cells, human prostate stromal cells
(WPMY-1) and human fibroblast were obtained from the American Type Culture Collection
(ATCC, Rockville, Maryland). AA, 2-AG, 12(R)-HETE, 12(S)-HETE, [2H8]AA, [2H8]2-AG,
[2H8]12-HETE, and primary antibody against L-12-LO were obtained from Cayman Chemical
(Ann Arbor, Michigan). Another primary antibody against L-12-LO was raised in rabbits in
our laboratory.18,19 Human P-12-LO and porcine L-12-LO were obtained from Oxford
Biochemical Research. (Oxford, Michigan). Goat anti-rabbit IgG-HRP was obtained from
Zymed Laboratories. (South San Francisco, CA). Baicalein was obtained from Calbiochem
(San Diego, CA). Thymidine [methyl-3H] (1 μCi/ml) was obtained from Applied Biosystems
(Foster City, CA). Matrigel was obtained from BD Biosciences (Bedford, MA). 3-
Octylthio-1,1,1-trifluoropropan-2-one (OTFP) was synthesized as previously described.20,
21 [14C]2-AG was synthesized in Dr. J.R. Falck's laboratory. Western Lightning
Chemiluminescence Reagent was obtained from Perkin Elmer (Boston, MA). Trizol Reagent
was obtained from Invitrogen (Carlsbad, CA). Primers for P-12-LO and GAPDH were obtained
from Integrated DNA Technologies (Coralville, IA). Adenosine-5′-triphosphate (γ-32P) was
obtained from Perkin-Elmer Life Science (Wellesley, MA). C18 Bond Elut solid phase
extraction (SPE) columns were obtained from Varian (Harbor City, CA). All other chemicals
and solvents were of analytical or highest purity grades. Distilled, deionized water was used
in all experiments.

Cells and cell culture
PC-3 cells, human fibroblasts and human prostate stromal (WPMY-1) cells were maintained
in RPMI 1640 medium supplemented with 10% fetal bovine serum, L-glutamine (2 mM),
streptomycin (100 μg/ml) and penicillin (100 U/ml).14 Cells were grown in 75-cm2

polystyrene tissue culture flasks at 37°C in 5% CO2 in air to ∼70% confluency before use.

The media for human fibroblasts were changed to serum free RPMI and cultured overnight.
Then, the conditioned media were used as a chemoattractant in invasion assay.

For conditioned media of PC-3 cells or WPMY-1 cells, the media were changed to serum free
RPMI and the cells were incubated for 24 hr. Then, the conditioned media were analyzed for
2-AG, AA and 12-HETE, or used to treat PC-3 cells during invasion assay.
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Determination of AA, 2-AG and 12-HETE by liquid chromatography-electrospray ionization-
mass spectrometry

Cells were grown in T-75 flasks, rinsed with 5-ml HEPES buffer, pH 7.4, treated with OTFP
(1 μM), baicalein (10 μM) or vehicle in HEPES buffer at 37°C for 15 min. In some experiments,
cells were incubated with exogenous 2-AG following the 15-min pre-treatment with the
inhibitors or vehicle as previously described.22 Cells were lysed, scraped and transferred into
15-ml tubes. An aliquot of 100 μl of cell lysates was saved for protein determination by Bio-
Rad Protein Assay. [2H8]12-HETE (1 ng), [2H8]AA (60 ng), and [2H8]2-AG (30 ng) were
added to the samples as internal standards. The samples were extracted by SPE as previously
described,22 redissolved in 20 μl acetonitrile, and analyzed or kept at −80°C. Samples were
analyzed by using liquid chromatography-electrospray ionization-mass spectrometry (LC-
ESI-MS) (Agilent 1100 LC-MSD, SL model).22 Briefly, the samples were separated on a
reverse phase C18 column (Kromasil, 250 × 2 mm2, Phenomenex) using water/acetonitrile
containing 0.005% acetic acid as a mobile phase at a flow rate of 0.2 ml/min. The gradient
started at 15% acetonitrile, linearly increased to 80% acetonitrile in 40 min, then to 100%
acetonitrile in 5 min, and was held at 100% acetonitrile for 10 min. Drying gas flow of the
electrospray chamber was 12 l/min, drying gas temperature was 350°C, nebulizer pressure was
35 psig, vaporizer temperature was 350°C, capillary voltage was 3000 V, and fragmentor
voltage was 120 V. The detection was made in the negative mode for 12-HETE and AA, and
the positive mode for 2-AG. For quantitative measurement, the m/z 319, 327, 303, 311, 379
and 387 were used for 12-HETE, [2H8]12-HETE, AA, [2H8]AA, 2-AG, and [2H8]2-AG,
respectively. The concentrations of 12-HETE, AA and 2-AG were calculated by comparing
their ratios of peak areas (12-HETE to [2H8]12-HETE, AA to [2H8]AA, and 2-AG to [2H8]2-
AG) to the standard curves. The results were normalized to the protein content.

Concentrations of AA, 2-AG and 12-HETE in conditioned media of PC-3 cells and WPMY-1
cells (cultured in serum free RPMI media for 24 hr) were also determined by LC-ESI-MS as
earlier.

Determination of 2-AG metabolism by high performance liquid chromatography
To determine the conversion of 2-AG to AA in PC-3 cells, the cells were incubated with
[14C]2-AG at 37°C for 30 min, lysed and extracted by SPE. Samples were separated on a
C18 reverse phase column (4.6 × 250 mm2, Nucleosil, Phenomenex) using water:acetonitrile
containing 0.1% acetic acid as a mobile phase at a flow rate of 1.0 ml/min. The mobile phase
started at 50% acetonitrile and linearly increased to 100% acetonitrile in 35 min. The eluent
was collected at 5 fractions/min and counted for radioactivity. The retention times of the
radioactive peaks of 2-AG and AA in the samples were compared with the retention times of
the 2-AG and AA standards.

For the determination of 12-HETE stereoisomers in PC-3 cells, the samples were separated by
liquid chromatography using a chiral column (Chiracel OD, 4.6 × 250 mm2, Chiral
Technologies, Exton, PA) with a mobile phase of hexane containing 0.1% isopropanol, 1%
ethanol and 0.1% acetic acid at a flow rate of 1.0 ml/min. The UV absorption detection was
made at the wavelength of 235 nm. The fractions corresponding to the retention times of 12
(R)-HETE and 12(S)-HETE standards (19.32 and 21.45 min, respectively) were collected and
then analyzed by LC-ESI-MS (Waters, Quattro micro API) using a similar protocol as
described earlier.

Western blot analysis of L-12-LO
Cells were grown to 75% confluency and lysed in the presence of a “Complete Mini tablet” of
protease inhibitors as described earlier. Protein samples (75 μg) were separated by SDS-PAGE
(Ready Gels) and transferred to a 0.7-μm nitrocellulose membrane (BioRad, Hercules, CA).
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Human L-12-LO protein was used as a positive control. Primary antibodies against L-12-LO
from 2 sources, Cayman Chemical. (1:500 dilution) and 1 produced in our laboratory (1:1000
dilution) were used. Then, goat anti-rabbit IgG-HRP (1:3000 dilution) was used to complex
with the primary antibody. In some experiments, rabbit serum instead of the primary antibodies
was used to determine nonspecficity of the antibodies. The detection was made by using
Western lightning chemiluminescence reagent and captured by Fuji film X-ray (Tokyo, Japan).

Reverse-transcriptase polymerase chain reaction of P-12-LO
Since a primary antibody against human P-12-LO was not available for this study, the
expression of P-12-LO mRNA in PC-3 cells was detected by RT-PCR as previously described
with modifications.23 Briefly, PC-3 cells were washed twice with ice-cold PBS and RNA was
extracted using Trizol followed by treatment with RNase-free DNA-Free (Ambion, Austin,
TX). One microgram of total RNA was reverse-transcribed using oligo-dT primers with
SuperScript III First-Strand Synthesis Kit (Invitrogen). Then, PCR was performed using PCR
Master mix (Qiagen, Valencia, CA) with reported human P-12-LO primers (5′-
GATGATCTACCTCCAAATATG and 3′-CTGGCCCCAGAAGATCTGATC)23 and
amplified for 40 cycles. PCR products were separated on a 1.5% agarose gel supplemented
with 20 μg of ethidium bromide, exposed to UV light and pictures for markers and GAPDH
were captured. For P-12-LO detection, the bands was transferred to a zeta probe membrane
(BioRad), and hybridized with a P-12-LO-specific probe
(GTTTGAGGGCCATCTCCAGAGC) labeled with adenosine-5′-triphosphate (γ-32P) by T4
kinase (Invitrogen). Radioactivity was exposed overnight at −80°C using audioradiography
film.

Cell invasion assay
Cell invasion assay was performed as previously described.14 Briefly, cells were incubated
with thymidine [methyl-3H] (1 μCi/ml) in media containing 10% fetal bovine serum, rinsed
with fresh complete media to remove unbound thymidine and detached. Cell suspensions of
50,000 cells containing the vehicle control or various concentrations of pharmacological agents
[AA, 2-AG, 12(R)-HETE, 12(S)-HETE, OTFP and baicalein] were added to each upper
compartment of Transwells containing Matrigel-coated 8.0-μm pore polyvinylpyrrolidone-
free polycarbonate filters (Corning, Corning, NY). Fibroblast conditioned media (400 μl) was
added in the bottom compartment of the well as a chemoattractant. Cells were incubated at 37°
C in the incubator for 5 hr. The cells that passed into the lower compartment were detached
and counted for radioactivity. Each treatment was performed on 6 wells. Two or three separate
experiments were performed. The invasion was reported as the percentage of the invasion of
the control cells.

For effects of conditioned media on cell invasion, the conditioned media from PC-3 cells or
WPMY-1 cells were diluted with serum free media to 100, 50 and 25% of conditioned media
and added in the upper compartments of the Transwells to treat PC-3 cells during the invasion
assay. Cell invasion was measured as above.

Results
Metabolism of 2-arachidonoylglycerol in PC-3 cells

PC-3 cells were incubated with exogenous [1-14C]2-AG for 30 min and samples were extracted
and analyzed by HPLC. Two major radiolabeled peaks comigrating with 2-AG and AA
standards indicated that [1-14C]2-AG was hydrolyzed to [1-14C]AA (Fig. 1b). The
chromatogram also contained small, more polar [1-14C]-radiolabeled peaks. One of these
radioactive peaks comigrated with the 12-HETE standard (Fig. 1b).
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Concentrations of free AA in PC-3 cells were analyzed by LC-ESI-MS. Free AA was present
in PC-3 cells (control) and OTFP (1 μM) reduced the AA concentration (Fig. 1c). Exogenous
2-AG (1 μM) markedly increased AA concentration from the control cells. Again, OTFP
reduced AA concentration (Fig. 1c). These results suggest that the exogenous 2-AG was
hydrolyzed to AA and increased the concentration of free AA in PC-3 cells, and OTFP inhibited
the hydrolysis of 2-AG and resulted in a decrease in concentration of free AA.

12-HETE, a major LO metabolite of AA in PC-3 cells, was also analyzed by LC-ESI-MS. PC-3
cells produced 12-HETE, and both OTFP (1 μM) and baicalein (a selective 12-LO inhibitor,
10 μM) significantly reduced the 12-HETE concentrations (Fig. 1d). Again, the exogenous 2-
AG (1 μM) markedly increased the 12-HETE concentration from the control cells, and both
OTFP (1 μM) and baicalein (10 μM) reduced the 12-HETE concentration (Fig. 1d). These
results suggest that the exogenous 2-AG is hydrolyzed to AA and further metabolized by 12-
LO to 12-HETE as illustrated in the schematic diagram (Fig. 1a). OTFP inhibited the hydrolysis
of 2-AG to AA and reduced the 12-HETE concentration while baicalein inhibited the
metabolism of AA by 12-LO and resulted in a decrease in 12-HETE concentration.

Identification of 12-HETE stereoisomers
To identify the stereoisomers of 12-HETE, PC-3 cells were treated with exogenous 2-AG (1
μM) for 30 min, lysed and extracted by SPE. The samples were separated on a chiral column
and the fractions corresponding to the 12(S)-HETE and 12(R)-HETE standards (Fig. 2a) were
collected. The fractions containing 12(S)-HETE and 12(R)-HETE were individually analyzed
by LC-ESI-MS22 and compared with 12-HETE standard (Fig. 2b). The compositions of 12
(S)-HETE and 12(R)-HETE were 62.5% ± 1.4% and 37.5% ± 1.4% (n = 4), respectively (Figs.
2c and 2d). Interestingly, baicalein (10 μM) reduced the 12-HETE concentrations in PC-3 cells
(as shown in Fig. 1d) with a greater reduction in 12(S)-HETE than 12(R)-HETE (the
compositions were 55.1 and 44.9%, respectively).

Expression of 12-LO in PC-3 cells
Western blot analysis of L-12-LO in PC-3 cell lysates exhibited an immunoreactive band
corresponding to the L-12-LO protein standard at the molecular marker of 75 kDa (Fig. 3a).
Both primary antibodies (Cayman Chemical and our laboratory) gave identical results. RT-
PCR of P-12-LO mRNA indicated the gene expression of P-12-LO in PC-3 cells (Fig. 3b).
Results from previous studies demonstrated an expression of P-12-LO and its role in cell
invasion of PC-3 cells.24-26 The results from this study suggest that L-12-LO as well as P-12-
LO are expressed and may contribute to production of 12(S)-HETE and cell invasion in PC-3
cells.

Effects of exogenous 2-AG, AA, and 12-HETE on cell invasion
Exogenously added 2-AG increased invasion of PC-3 cells, and OTFP (1 μM) blocked the
invasion (Fig. 4a). Exogenously added AA increased invasion of PC-3 cells, and baicalein (10
μM) blocked the invasion (Fig. 4b). Exogenously added 12(S)-HETE also increased invasion
of PC-3 cells (Fig. 4c). However, 12(R)-HETE did not significantly alter cell invasion (Fig.
4d). Taken together, these results suggest that the increase in cell invasion of PC-3 cells by the
exogenous 2-AG, at least in part, because of the hydrolysis of 2-AG and metabolism of AA by
12-LO to produce 12(S)-HETE.

Release of 2-AG, AA and 12-HETE from PC-3 cells and WPMY-1 cells
To demonstrate the presence of exogenous 2-AG, AA and 12-HETE that may influence the
invasion of prostate carcinoma cells, these lipids in the conditioned media of PC-3 cells and
WPMY-1 cells were determined by LC-ESI-MS. Figure 5a shows the LC-MS chromatograms
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of 12-HETE, 2-AG, and AA standards (upper panel), in conditioned media of PC-3 cells
(middle panel), and in conditioned media of WPMY-1 cells (lower panel), respectively. These
results indicate that PC-3 cells and WPMY-1 cells release free 2-AG, AA and 12-HETE into
the media.

PC-3 cells were treated with conditioned media from PC-3 cells or WPMY-1 cells at different
dilutions, and cell invasion was determined as above. The effects of conditioned media from
PC-3 cells and WPMY-1 cells on invasion of PC-3 cells are shown in Figures 5b and 5c.
Invasion of PC-3 cells increased with the percentage of conditioned media from either PC-3
cells or WPMY-1 cells. These results suggest that 2-AG, AA and 12-HETE, among other
factors released by PC-3 cell or WPMY-1 cells, may contribute to an increase of invasion of
PC-3 cells.

Discussion
This study demonstrated that endogenous 2-AG is anti-invasive in prostate carcinoma (PC-3
cells) while exogenous 2-AG causes the opposite effect, an increase of cell invasion. The rapid
hydrolysis of the exogenous 2-AG to AA and subsequent 12-LO metabolism is responsible for
the increase invasion of prostate carcinoma PC-3 cells.

The basal AA concentration was reduced with OTFP. This is consistent with our previous
findings that the inhibition of endogenous 2-AG hydrolysis by OTFP increases 2-AG
concentrations and decreased invasion in PC-3 cells.15 Exogenously added 2-AG markedly
increased free AA concentration. Again, the increase in AA concentration was reduced by
OTFP. Both OTFP and baicalein reduced the 12-HETE concentrations in PC-3 cells by
reducing the availability of free AA from 2-AG hydrolysis and by inhibiting the 12-LO
metabolism of AA to 12-HETE, respectively. These results indicate that 2-AG is one of the
sources of free AA and its 12-LO metabolite, 12-HETE.

Platelet-type, leukocyte-type and epidermal-type are the characterized forms of 12-LO that
metabolize AA to 12(S)-HETE.27,28 12(R)-LO has been cloned from human keratinocytes,
29 and produces 12(R)-HETE. P-12-LO has been investigated in androgen-independent PC-3
cells. P-12-LO promotes prostate cancer metastasis and angiogenesis.23-26,30-32 L-12-LO
has been investigated in the vascular systems.23,33,34 The expression and function of L-12-
LO have been characterized in human breast cancer tissues and cells35 and rat W256 cells36
but not in prostate cancer. Western blot analysis demonstrated that L-12-LO is expressed in
PC-3 cells. These results suggest that L-12-LO may have a role in prostate carcinoma cells,
which needs further investigation.

P-12-LO and L-12-LO are enantiomeric selective enzymes that produce only 12(S)-HETE.
37,38 About two-thirds of the 12-HETE detected in PC-3 cells is 12(S)-HETE, suggesting that
enzyme(s) other than P-12-LO and L-12-LO metabolize AA to 12(R)-HETE in PC-3 cells. 12
(R)-HETE can be produced by cytochrome P450s39 or 12(R)-LO.29 Cytochrome P450
inhibitors such as miconazole (30 μM) and 17-octadecynoic acid (10 μM) did not reduce the
12(R)-HETE or 12(S)-HETE concentrations in PC-3 cells (data not shown), suggesting that
12(R)-HETE may be derived from 12(R)-LO. At present, the function of 12(R)-HETE in
prostate carcinoma cells is unknown.

Exogenously added 2-AG increased cell invasion in PC-3 cells and OTFP inhibited the increase
of cell invasion. Exogenously added AA also increased cell invasion which was inhibited by
baicalein. Similarly, exogenously added 12(S)-HETE increased cell invasion consistent with
previous studies demonstrating enhanced prostate carcinoma cell invasion with 12-(S)-HETE.
37 These studies indicate metabolism of 2-AG to AA and 12-HETE is required for increased
invasion.
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The role of 12(S)-HETE in promoting prostate cancer growth and metastasis is established.
25,26 However, prostate carcinoma cells also produce 12(R)-HETE. Since 12(R)-HETE is
functionally inactive, AA metabolism to 12(R)-HETE may be desirable to reduce prostate
cancer invasion.

Studies of the metabolism and effects of exogenous 2-AG is more than an experimental
curiosity. These results suggest that exogenous 2-AG in the microenvironment of the prostate
carcinoma cells may play a role in prostate tumor metastasis. In the microenvironment of the
prostate carcinoma cells, other cell types can synthesize and release 2-AG and may be
metabolized to AA and 12-HETE and influence carcinoma cell growth and migration.
Although PC-3 cells and WPMY-1 cells might release several factors that can induce invasion
of PC-3 cells, they also released 2-AG and its enzymatic metabolites (AA and 12-HETE) into
the microenvironment and may promote the invasion of prostate carcinoma cells. These results
suggest the release of 2-AG and its metabolites by surrounding cells such as other carcinoma
cells and stromal cells may enhance the metastatic potential of prostate carcinoma cells. We
have previously shown that endothelial cells release 2-AG in response to agonist.40 Platelets
are another source of this lipid.41-44 The local concentrations of these lipids at close proximity
or in microenvironment of prostate carcinoma cells can be high. Thus, 2-AG from these other
cell types will behave as exogenous 2-AG to promote prostate carcinoma cell invasion.

In conclusion, an increase of invasion in PC-3 cells by exogenous 2-AG is mediated, at least
in part, through the hydrolysis of 2-AG to AA and further AA metabolism by 12-LO. Since
the binding sites of the CB receptors are located in the plasma membrane,45 the exogenous 2-
AG will be susceptible to hydrolysis before it can bind to the receptors. These studies emphasize
the critical role of enzymes that metabolize endogenous and exogenous 2-AG. These enzymes
represent molecular switches that determine if invasion is turned off or invasion is turned on.
Whereas endogenous 2-AG inhibits cell invasion, the metabolism of 2-AG to AA and 12-HETE
results in the opposite effect, an increase in invasion. Understanding the regulation of 2-AG
metabolism and the enzymes responsible for its metabolism is important to our understanding
of prostate cancer. Molecular and pharmacological approaches to reducing 2-AG metabolism
represent a therapeutic approach of great potential for controlling prostate cancer invasion.
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Figure 1.
Metabolism of 2-AG in PC-3 cells. (a) Diagram depicting the hydrolysis of 2-AG to AA and
the 12-LO metabolism of AA to 12-HETE. (b) Chromatogram of exogenous [14C]2-AG
incubated with PC-3 cells for 30 min indicating the formation of AA and more polar products
including a radiolabeled peak that comigrates with the 12-HETE standard. (c) Effects of OTFP
(1 μM) and exogenous 2-AG (1 μM) on the concentrations of free AA in PC-3 cells. (d) Effects
of OTFP (1 μM), baicalein (10 μM) and exogenous 2-AG (1 μM) on the concentrations of 12-
HETE in PC-3 cells. Values are mean ± S.E.M. (n = 4–6). *, significantly lower than control,
p < 0.05; #, significantly higher than control, p < 0.005; $, significantly lower than 2-AG
treatment, p < 0.005.

Endsley et al. Page 11

Int J Cancer. Author manuscript; available in PMC 2008 October 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Stereoisomers of 12-HETE. (a) Chromatogram of 12(R)-HETE and 12(S)-HETE standards
separated on a chiral column and detected by UV detection. (b) Chromatogram of 15-, 11-, 12-
and 5-HETE separated on a reverse phase C18 column and detected by ESI-MS. Note: The LC-
ESI-MS technique used in this study cannot differentiate the 12-HETE stereoisomers.
Chromatograms of (c) 12(S)-HETE and (d) 12(R)-HETE in PC-3 cells treated with exogenous
2-AG (1 μM). 12-HETE mixtures were first separated on an HPLC chiral column as in (a) and
subsequently analyzed by LC-ESI-MS.
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Figure 3.
Expression of L-12-LO and P-12-LO in PC-3 cells. (a) Western blots depicting
immunoreactive bands corresponding to L-12-LO (at 75 kDa of molecular weight markers).
Lane 1 = L-12-LO protein standard and Lane 2 = PC-3 cell lysate. The upper blot was probed
by a primary antibody (Cayman) that cross reacts with human L-12-LO and the lower blot was
probed with the antibody raised in our laboratory against the NH2 terminus peptide sequence
for the L-12-LO. (b) RT-PCR blots for P-12-LO mRNA in PC-3 cells. Left blot indicates the
markers (Lane 1), blank negative control (Lane 2), and GAPDH (Lane 3) corresponding to
marker of 284 bp. Right blot indicates the markers (Lane 1), negative control without reverse
transcriptase (Lane 2), and the radioactive band of P-12-LO (Lane 3) corresponding to marker
of 159 bp.
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Figure 4.
Invasion of PC-3 cells treated with exogenous 2-AG, AA and 12-HETE. (a) Invasion of PC-3
cells treated with exogenous 2-AG at various concentrations (0.1–10.0 μM) and OTFP (1
μM). (b) Effect of exogenous AA at various concentrations (0.1–10.0 μM) and baicalein (10
μM) on invasion of PC-3 cells. (c) Effect of exogenous 12(S)-HETE at various concentrations
(0.1–10.0 μM) on invasion of PC-3 cells. (d) Effect of exogenous 12(R)-HETE at various
concentrations (0.1–10.0 μM) on invasion of PC-3 cells. Invasion was normalized to the control
cells. Values are mean ± SEM (n = 12–18). *, significantly lower than control with p < 0.01;
#, significantly higher than control with p < 0.005.
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Figure 5.
Release of 2-AG, AA, and 12-HETE by PC-3 cells and WPMY-1 cells and effects of
conditioned media on invasion of PC-3 cells. (a) LC-MS chromatograms of 12-HETE, 2-AG
and AA standards (upper panel), in conditioned media of PC-3 cells (middle panel), and in
conditioned media of WPMY-1 cells (lower panel), respectively. (b) Effects of PC-3 cell
conditioned media at 25, 50 and 100% on invasion of PC-3 cells. (c) Effects of WPMY-1 cell
conditioned media at 25, 50 and 100% on invasion of PC-3 cells. Invasion was normalized to
the control cells. Values are mean ± SEM (n = 6–12). #, significantly higher than control with
p < 0.005.
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