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N-acylethanolamines (NAEs) are a class of bioactive lipid molecules in animal tissues,
including the endocannabinoid anandamide and the anti-inflammatory substance
N-palmitoylethanolamine. Enzymatic hydrolysis of NAEs is considered to be an
important step to regulate their endogenous levels. Lysosomal NAE-hydrolysing acid
amidase (NAAA) as well as fatty acid amide hydrolase (FAAH) is responsible for this
reaction. Here, we report relatively high expression of NAAA in human prostate
cancer cells (PC-3, DU-145 and LNCaP) and prostate epithelial cells (PrEC), with the
highest mRNA level in LNCaP cells. FAAH and the NAE-forming enzyme N-acylphos-
phatidylethanolamine-hydrolysing phospholipase D (NAPE-PLD) were also detected
in these cells. NAAA activity in LNCaP cells could be distinguished from coexisting
FAAH activity, based on their different pH dependency profiles and specific
inhibition of FAAH activity by URB597. These results showed that both the enzymes
were functionally active. We also found that NAAA was partly secreted from LNCaP
cells, which underlined possible usefulness of this enzyme as a biomarker of prostate
cancer.

Key words: N-acylethanolamine, anandamide, endocannabinoid, LNCaP cell,
lysosomal enzyme.

Abbreviations: FAAH, fatty acid amide hydrolase; FCS, fetal calf serum; GAPDH, glyceraldehyde-
3-phosphate dehydrogenase; HEK, human embryonic kidney; NAAA, N-acylethanolamine-hydrolysing acid
amidase; NAE, N-acylethanolamine; NAPE-PLD, N-acylphosphatidylethanolamine-hydrolysing phospholi-
pase D; NOE, N-oleoylethanolamine; NPE, N-palmitoylethanolamine; TLC, thin layer chromatography.

N-acylethanolamines (NAEs) are ethanolamides of (megakaryoblastic cells CMK and macrophage-like cells

long-chain fatty acids and have received considerable
attention due to their biological activities in animal
tissues (I-3). In particular, N-arachidonoylethanolamine
(anandamide), N-palmitoylethanolamine (NPE) and
N-oleoylethanolamine (NOE) have been extensively stud-
ied as an endogenous ligand of cannabinoid receptors
(endocannabinoid), an anti-inflammatory substance, and
an anorexic substance, respectively (I-3). In animal
tissues, the major pathway to degrade NAEs is enzy-
matic hydrolysis to free fatty acids and ethanolamine.
The enzymes fatty acid amide hydrolase (FAAH) and
NAE-hydrolysing acid amidase (NAAA) are known to be
responsible for this reaction. FAAH is a well-character-
ized membrane-bound serine hydrolase, while NAAA is a
lysosomal hydrolase with homology to acid ceramidase
(4). Since this reaction is considered to be a critical step
for the regulation of endogenous NAE levels (5), it should
be important to clarify tissue distribution of these
enzymes in human tissues and characterize the native
enzymes. We previously reported the presence of
NAAA in cell lines derived from human blood -cells

*These authors contributed equally to this work.
"To whom correspondence should be addressed. Tel: +81-87-891-
2102, Fax: +81-87-891-2105, E-mail: nueda@med.kagawa-u.ac.jp

Vol. 144, No. 5, 2008 685

U937 and THP-1) (6, 7). However, NAAA of other human
tissues has been poorly understood. In the present study,
we report for the first time relatively high level of NAAA
expression in human prostate.

MATERIALS AND METHODS

Materials—[1-**C]Palmitic acid (2.06 GBg/mmol) was
purchased from PerkinElmer Life Science (Boston, MA,
USA); [1-'*Clarachidonic acid (2.07 GBg/mmol), horse-
radish peroxidase-linked anti-rabbit IgG, Hybond-P and
an ECL Plus kit were from GE Healthcare Life Sciences
(Piscataway, NJ, USA); palmitic acid and BSA were from
Sigma (St Louis, MO, USA); arachidonic acid was from
Nu-Chek-Prep (Elysian, MN, USA); NPE and URB597
were from Cayman Chemical (Ann Arbor, MI, USA);
dithiothreitol (DTT) was from Wako Pure Chemical
(Osaka, Japan); ethanolamine and Nonidet P-40 were
from Nacalai Tesque (Kyoto, Japan); n-octyl-p-p-glucoside
was from Dojindo (Kumamoto, Japan); random hexamer
and Ex Taq DNA polymerase were from Takara Bio
(Ohtsu, Japan); protein assay dye reagent concentrate
was from Bio-Rad (Hercules, CA, USA); human MTC
panel I and II ¢cDNAs were from Clontech (Mountain
View, CA, USA); pre-coated silica gel 60 Fao54 aluminum
sheets for TLC (20 x 20 cm, 0.2 mm thickness) were from
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Merck (Darmstadt, Germany); Trizol, Moloney murine
leukemia virus-reverse transcriptase, RPMI 1640
and fetal calf serum (FCS) were from Invitrogen
(Carlsbad, CA, USA); prostate epithelial basal cell
medium was from BioWhittaker Inc. (Walkersville, MD,
USA); Amicon Ultra-15 centrifugal filter devices were
from Millipore (Billerica, MA, USA); a human prostate
epithelial cell line (PrEC) was from Clontics
(Walkersville, MD, USA); and prostate cancer cell lines
(PC-3, Du-145, and LNCaP) were obtained from
American Type Culture Collection (ATCC, Rockville,
MD, USA). [**CINPE and [**Clanandamide were synthe-
sized from ethanolamine and [1-'*Clpalmitic acid or
[1-1“Clarachidonic acid as described previously (8).
Anti-NAAA polyclonal antibody was raised in a rabbit
against a mixture of three peptides corresponding
to residues 229-250 (LTESEDFEAAVYTLAKTPLIAD),
291-305 (TNYDHWEPVPKRDDR), and 346-362 (MSAA
EPDKYMTMIRNPS) of rat NAAA (9).

Cell Culture—PC-3, DU-145 and LNCaP cells were
cultured at 37°C in RPMI 1640 supplemented with 10%
heat-inactivated FCS, penicillin (100 U/ml), streptomycin
(100 pg/ml) and 2mM glutamine in a humidified 5% COy/
95% air incubator. PrEC cells were cultured in prostate
epithelial basal cell medium according to the manufac-
turer’s instructions.

Enzyme Preparation—For the preparation of intracel-
lular NAAA, the cells were cultured in the presence of
10% FCS in a 100mm dish, harvested with the aid of
trypsin, washed twice, suspended in 0.4ml of PBS, and
subjected to sonic disruption. The sample was then used
as homogenate. The solubilized enzyme was prepared
from the homogenate as described previously (6). Protein
concentration was determined by the method of Bradford
(10) with BSA as standard. For the preparation of
released NAAA, the culture medium was replaced with
serum-free medium containing 10mM NH,CI, and the
cells were further cultured for 36 h. The culture medium,
into which NAAA was released, was then collected and
centrifuged at 300g for 10 min twice to remove contami-
nated cells. The obtained medium was transferred into
an Amicon Ultra-15 centrifugal filter device and concen-
trated 80 fold by centrifugation at 2,000g. During the
concentration, the buffer was replaced with PBS contain-
ing 0.1% octyl glucoside. Recombinant human NAAA was
transiently expressed in human embryonic kidney (HEK)
293 cells as described previously (11). All the samples
were stored at —80°C until use.

RT-PCR—Total RNA was isolated with Trizol reagent
from various human prostate cells. cDNAs were then
synthesized by the use of Moloney murine leukemia
virus-reverse transcriptase and random hexamer, and
were subjected to PCR amplification by Ex Taq DNA
polymerase. Primers and PCR conditions for human
NAAA, FAAH, and glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) were described previously (7). Primers
used for human N-acylphosphatidylethanolamine-
hydrolysing phospholipase D (NAPE-PLD) were 5-GCA
ACCAGTCTCTGATGACAAGCAG-3' (sense) and 5-GCT
TAAGCACTGGGAGTTCTTTGTCTAG-3’ (antisense).
PCR conditions for NAPE-PLD were: denaturation at
94°C for 48s, annealing at 65°C for 48s and extension
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at 72°C for 48s (30 cycles). To examine distribution of
NAAA in various human organs, PCR was performed
with human MTC panel I and II ¢cDNAs as templates.
PCR products, which were confirmed to be in the
logarithmic phases, were electrophoresed on 1.6-1.8%
agarose gels and stained with ethidium bromide.

Enzyme Assay—The enzyme was incubated with
200pM ["CINPE or [*Clanandamide (1000 cpm/nmol,
dissolved in 10pl of dimethylsulphoxide) at 37°C for
60 min (for the homogenates and solubilized proteins) or
120 min (for the concentrated culture medium) in 100 ul
of 100mM citrate-Na;HPO, (pH 4.5) to detect NAAA
activity or 100mM Tris—HCl (pH 9.0) to detect FAAH
activity. Both the buffers contained 3mM DTT, 0.1%
Nonidet P-40, 0.05% BSA and 150 mM NaCl. Separation
by TLC and quantification of radioactive products were
performed as described previously (11).

Western Blotting—After separation by SDS-PAGE on a
12% gel under denaturing conditions, proteins were
electrotransferred to a Hybond-P membrane. The mem-
brane was blocked with 5% non-fat dried milk in PBS
containing 0.1% Tween-20 overnight, and then incubated
with anti-NAAA antibody (1.8pg/ml) in the blocking
buffer at room temperature for 1h, followed by the
incubation with the horseradish peroxidase-linked sec-
ondary antibody (1:4000 dilution) in the blocking buffer
at room temperature for 1h. The immunopositive NAAA
was then treated with an ECL Plus kit and detected with
the aid of a LAS1000plus lumino-imaging analyzer
(Fujix, Tokyo, Japan).

RESULTS

Expression of NAAA, FAAH and NAPE-PLD in Human
Prostate—We first examined the expression level of
mRNA for NAAA in various human tissues (Fig. 1A).
Prostate showed the highest expression level, followed by
leukocyte, liver, spleen, kidney and pancreas. The
expression level was low or below detection limit with
other tissues. To further analyse NAAA expressed in
human prostate, we next examined expression of NAAA
mRNA in prostate epithelial cells (PrEC) and prostate
cancer cells (PC-3, DU-145 and LNCaP). As shown in
Fig. 1B, NAAA was expressed in all these cell lines, with
the highest mRNA level in LNCaP cells, followed by
PrEC and DU-145 cells. PC-3 cells showed the lowest
level. We also examined the other NAE-hydrolysing
enzyme FAAH (12) and the NAE-forming enzyme
NAPE-PLD (13, 14) (Fig. 1B). LNCaP cells showed the
highest expression level of FAAH mRNA, followed by
DU-145. The mRNA was weakly expressed with PrEC,
and hardly detected with PC-3 cells. We therefore used
LNCaP cells for further analysis on NAAA and FAAH.
On the other hand, NAPE-PLD mRNA was expressed in
all of these cell lines at similar levels.

Co-localization of Catalytically Active NAAA and
FAAH in LNCaP Cells—We investigated how NAAA
and FAAH shared the NAE-hydrolysing activity in
LNCaP cells. URB597 potently inhibited FAAH with an
IC50 of 0.07 uM, but did not inhibit NAAA at concentra-
tions at least up to 10 uM (7). In addition, NAAA showed
the optimal pH around 4.5 and was almost inactive at
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Fig. 1. Expression of NAAA in human tissues and expres-
sion of endocannabinoid-related enzymes in prostate
cells. (A) The tissue distribution of NAAA mRNA in human
was analysed by PCR. (B) Expression of mRNA for NAAA,
FAAH and NAPE-PLD was examined by RT-PCR. GAPDH
mRNA was used as a control.

neutral and alkaline pH (6, 15), while FAAH was most
active at pH 8.5-10 (6, 16). The different pH-dependent
activity profiles between NAAA and FAAH were success-
fully used to distinguish both the activities (7). We
therefore examined NPE-hydrolysing activity of LNCaP
cells at different pH in the presence or absence of
10 M URB597. In the absence of URB597, LNCaP cell
homogenates were active in a range of pH 3-10 with the
highest activity at pH 9.0 (Fig. 2A). The addition of
URB597 completely abolished the activity at pH 9.0. In
contrast, URB597 hardly changed the activity at pH 4.5.
Furthermore, NAAA, but not FAAH, was reported to be
solubilized by freezing and thawing without detergent
(6, 17). As shown in Fig. 2B, even in the absence
of URB597 the proteins solubilized from LNCaP cell
homogenates by freezing and thawing revealed a pH
dependent activity profile similar to that of the homo-
genate in the presence of URB597. These results clearly
showed that LNCaP cells have functionally active NAAA
as well as FAAH.

We also examined reactivity of the cell homogenate
with anandamide (Fig. 3). At pH 9.0, the homogenate
exhibited a higher hydrolysing activity for anandamide
than that for NPE, both of which were sensitive to
URB597. On the contrary, at pH 4.5 the homogenate was
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Fig. 2. pH dependency of NPE-hydrolysing activity
in LNCaP cells. The homogenates (64 ug of protein) (A) or
solubilized proteins (49 ug of protein) (B) of LNCaP cells were
allowed to react with [“*CINPE at the indicated pH in
the presence of 10pM of URB597 (open symbols) or in
its absence (closed symbols). The pH was adjusted with
the following buffers (100mM): citrate-Na,HPO, (circles),
Tris—HCl (diamonds), NayCO3—NaHCOj3; (triangles). Mean
values +SD are shown (n=3).

more active with NPE than with anandamide, and the
anandamide-hydrolysing activity was more sensitive to
URB597. The results suggested that the hydrolysis of
anandamide is largely dependent on FAAH.

Release of NAAA from LNCaP Cells—Recently, we
reported that recombinant human NAAA overexpressed
in HEK293 cells is partly released into the medium (11).
However, it remained unclear whether or not native
NAAA is released. We therefore examined possible
secretion of NAAA from LNCaP cells. When the culture
medium was concentrated and subjected to enzyme
assay, the NPE-hydrolysing activity was detected at pH
4.5 (Fig. 4A). This activity corresponded to about 2% of
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Fig. 3. Reactivity of the LNCaP cell homogenates with
NPE and anandamide. The homogenates of LNCaP cells
(48 ug of protein) were allowed to react with [**CINPE (closed
columns) or [**Clanandamide (open columns) at pH 4.5 or 9.0.
URB597 at 10 uM was contained or not. Mean values+SD are
shown (n=3).

that in the cell homogenate. NH,Cl is known to stimulate
the secretion of lysosomal enzymes such as acid cerami-
dase and cathepsin B (18, 19). When the cells were
cultured in the presence of 10 mM NH,CI for 36 h, NAAA
activity in the medium increased up to 3-fold. The
activity at pH 4.5 was resistant to URB597 and
the activity was hardly detectable at pH 9.0, showing
that contamination of the membrane-bound FAAH,
which might be derived from broken cells, was negligible.
In addition, western blotting with anti-NAAA antibody
revealed an immunopositive band around 30kDa (lane b
of Fig. 4B), which corresponded with the mature form of
recombinant human NAAA overexpressed in HEK293
cells (lane a). Interestingly, this result with LNCaP cells
was different from the NAAA-overexpressing cells which
released the 48kDa precursor as the major form of
recombinant NAAA (lane a), in agreement with our
previous report (11).

DISCUSSION

Although we previously reported tissue distribution of
NAAA in mouse and rat, prostate has not been examined
(7, 17). In the present study, we revealed that in human
tissues the prostate showed the highest NAAA mRNA
level. Our results on tissue distribution of human NAAA
were similar to that of human acid ceramidase-like
protein (20), which was later shown to be identical with
NAAA (15). However, prostate was not examined in the
previous study. Furthermore, we exhibited expression of
NAAA and NAPE-PLD in various human prostate cells
for the first time. FAAH was also detected with prostate
cells as reported by other researchers (21, 22). We also
exhibited that both NAAA and FAAH in LNCaP cells
were catalytically active. In accordance with the reported
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Fig. 4. Secretion of NAAA from LNCaP cells. (A) LNCaP
cells were cultured for 36h in the medium containing 10 mM
NH,CI or not, followed by concentration of the culture medium.
The concentrated medium (30 pl) was then allowed to react with
["“CINPE at pH 4.5 or 9.0. URB597 at 10 uM was contained or
not. Mean values +SD are shown (n=3). (B) The concentrated
medium (20pl) of LNCaP cells cultured in the presence of
NH,Cl (lane b) and recombinant human NAAA secreted from
HEK293 cells (lane a) were analysed by western blotting with
anti-NAAA antibody.

substrate specificity of NAAA and FAAH (15, 16), the
former in LNCaP cells preferred NPE to anandamide,
while the latter was highly active with anandamide.
NAAA is a lysosomal hydrolase degrading various
NAEs with the highest reactivity toward NPE (4). Since
the prostate expressed NAPE-PLD as a major NAE-
synthesizing enzyme (Fig. 1B) and since prostate cancer
cells contained endogenous anandamide (21, 22), it was
likely that NAEs are produced in this organ and
degraded by NAAA as well as FAAH. Human prostate
was reported to express the cannabinoid receptors CB1
and CB2, suggesting that anandamide acts as an
endocannabinoid in this organ (23, 24). NPE and NOE
are present together with a lower level of anandamide
in seminal plasma (25). Although NPE and NOE are
inactive with cannabinoid receptors, they act as anti-
inflammatory, anti-oxidant and antimicrobial agents,
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suggesting their roles in protecting sperm against
infection and maintaining sperm viability (25). Since
the prostate secretes various substances into seminal
fluid (26), NAEs detected in seminal plasma may be
derived at least in part from prostate. Thus, NAE-related
enzymes including NAPE-PLD, FAAH and NAAA of
prostate may participate in the regulation of NAE levels
in seminal plasma.

Endocannabinoids, including anandamide, its stable
analogue (R)-methanandamide, and 2-arachidonoylgly-
cerol, have been reported to show anti-proliferative effect
on human prostate cancer cells (24, 27-29). Moreover,
alteration of FAAH level modulated invasion and migra-
tion of prostate cancer cells (21). Treatment of prostate
cancer cells with NOE, which had been reported to be
an inhibitor of acid ceramidase, led to the increase
in intracellular ceramide levels, accompanied by an
increase in apoptotic cells (30). NPE was also reported
to possess anti-proliferative effect on cancer cells (31).
N-stearoylethanolamine showed pro-apoptotic activity in
rat C6 glioma cells (32). Considering these anti-tumor
activities of NAEs, NAAA and other NAE-related
enzymes expressed in prostate cancer cells may play a
role in the regulation of cell growth.

LNCaP is a prostate cancer cell line established from
metastatic lymph node, which responds to androgen
stimulation for growth and hence represents an early
and treatable cancer, while PC-3 and DU-145 are
androgen-insensitive cell lines, which represent the
androgen-refractory phase of advanced prostate cancer
(33). Although LNCaP revealed the highest NAAA level,
PC-3 and DU-145 showed NAAA levels similar to that
of PrEC. Thus, it remained unclear if NAAA is down-
regulated during loss of the antrogen-dependency.

High expression of lysosomal NAAA in prostate may be
related to the fact that prostatic epithelial cells are
enriched with lysosomes, which contain various lysoso-
mal hydrolases including acid phosphatase, glucosidase
and cathepsin B, L and D (34, 35). In the present study,
we found that NAAA is partly released into the medium
(Fig. 4). The physiological role of the released NAAA is
currently unclear. Like other lysosomal enzymes, the
released NAAA may be catalytically active at inflamma-
tion sites where pH is acidic. Several secretory proteins
such as prostate-specific antigen (PSA) received much
attention as biomarkers of prostate cancer (36-38).
NAAA was expressed not only in prostate cancer cells,
but also in PrEC, normal prostate tissue and other
human tissues (Fig. 1). Moreover, our previous studies
showed the presence of NAAA in human megakaryo-
blastic cells CMK and macrophage-like cells U937 and
THP-1 (6, 7). Because it remains unclear if NAAA is also
released from macrophages and other inflammatory cells,
we can not rule out a possibility that extracellular levels
of NAAA are elevated in human subjects with inflam-
matory diseases. Thus, further extensive studies will be
required to clarify whether NAAA is a candidate to be
developed as a prostate cancer-specific marker.

In conclusion, the present study revealed for the first
time the expression of NAAA, a lysosomal enzyme
hydrolysing bioactive NAEs, in prostate cancer cells.
We also found that NAAA expressed in LNCaP cells is
catalytically active and is partly secreted outside cells.

Vol. 144, No. 5, 2008

689

FUNDING

Ministry of Education, Culture, Sports, Science and
Technology of Japan; Medical Institution Union
Foundation; the Japan Foundation for Applied
Enzymology; Kagawa University Specially Promoted
Research Fund 2008.

CONFLICT OF INTEREST

None declared.

REFERENCES

1. Pacher, P., Batkai, S., and Kunos, G. (2006) The endocan-
nabinoid system as an emerging target of pharmacotherapy.
Pharmacol. Rev. 58, 389-462

2. Lambert, D.M., Vandevoorde, S., Jonsson, K.-O., and
Fowler, C.J. (2002) The palmitoylethanolamide family:
a new class of anti-inflammatory agents? Curr. Med.
Chem. 9, 663-674

3. Wang, J. and Ueda, N. (2008) Role of the endocannabinoid
system in metabolic control. Curr. Opin. Nephrol.
Hypertens. 17, 1-10

4. Tsuboi, K., Takezaki, N., and Ueda, N. (2007) The N-
acylethanolamine-hydrolyzing acid amidase (NAAA). Chem.
Biodivers. 4, 1914-1925

5. McKinney, M.K. and Cravatt, B.F. (2005) Structure and
function of fatty acid amide hydrolase. Annu. Rev. Biochem.
74, 411-432

6. Ueda, N., Yamanaka, K., Terasawa, Y., and Yamamoto, S.
(1999) An acid amidase hydrolyzing anandamide as an
endogenous ligand for cannabinoid receptors. FEBS Lett.
454, 267-270

7. Sun, Y.-X., Tsuboi, K., Zhao, L.-Y., Okamoto, Y.,
Lambert, D.M., and Ueda, N. (2005) Involvement of
N-acylethanolamine-hydrolyzing acid amidase in the degra-
dation of anandamide and other N-acylethanolamines in
macrophages. Biochim. Biophys. Acta 1736, 211-220

8. Ueda, N., Yamamoto, K., Yamamoto, S., Tokunaga, T.,
Shirakawa, E., Shinkai, H., Ogawa, M., Sato, T., Kudo, L.,
Inoue, K., Takizawa, H., Nagano, T., Hirobe, M.,
Matsuki, N., and Saito, H. (1995) Lipoxygenase-catalyzed
oxygenation of arachidonylethanolamide, a cannabinoid
receptor agonist. Biochim. Biophys. Acta 1254, 127-134

9. Tsuboi, K., Zhao, L.-Y., Okamoto, Y., Araki, N., Ueno, M.,
Sakamoto, H., and Ueda, N. (2007) Predominant expression
of lysosomal N-acylethanolamine-hydrolyzing acid amidase
in macrophages revealed by immunochemical studies.
Biochim. Biophys. Acta 1771, 623-632

10. Bradford, M.M. (1976) A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal. Biochem. 72, 248-254

11. Zhao, L.-Y., Tsuboi, K., Okamoto, Y., Nagahata, S., and
Ueda, N. (2007) Proteolytic activation and glycosylation of
N-acylethanolamine-hydrolyzing acid amidase, a lysosomal
enzyme involved in the endocannabinoid metabolism.
Biochim. Biophys. Acta 1771, 1397-1405

12. Cravatt, B.F., Giang, D.K., Mayfield, S.P., Boger, D.L.,
Lerner, R.A., and Gilula, N.B. (1996) Molecular character-
ization of an enzyme that degrades neuromodulatory fatty
acid amides. Nature 384, 83—87

13. Okamoto, Y., Morishita, J., Tsuboi, K., Tonai, T., and
Ueda, N. (2004) Molecular characterization of a phospholi-
pase D generating anandamide and its congeners. J. Biol.
Chem. 279, 5298-5305

14. Wang, J., Okamoto, Y., Morishita, J., Tsuboi, K.,
Miyatake, A., and Ueda, N. (2006) Functional analysis of
the purified anandamide-generating phospholipase D as

2102 ‘8z Jequieldes uoeulyd Jo ABojouyds | pue aousids Jo A1siealun e /Hlo'sfeulnolploxo-qly:diny woly pepeojumod


http://jb.oxfordjournals.org/

690

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

a member of the metallo-B-lactamase family. J. Biol. Chem.
281, 12325-12335

Tsuboi, K., Sun, Y.-X., Okamoto, Y., Araki, N., Tonai, T.,
and Ueda, N. (2005) Molecular characterization of
N-acylethanolamine-hydrolyzing acid amidase, a novel
member of the choloylglycine hydrolase family with struc-
tural and functional similarity to acid ceramidase. J. Biol.
Chem. 280, 11082-11092

Ueda, N., Kurahashi, Y., Yamamoto, S., and Tokunaga, T.
(1995) Partial purification and characterization of the
porcine brain enzyme hydrolyzing and synthesizing ananda-
mide. J. Biol. Chem. 270, 23823-23827

Ueda, N., Yamanaka, K., and Yamamoto, S. (2001)
Purification and characterization of an acid amidase selective
for N-palmitoylethanolamine, a putative endogenous anti-
inflammatory substance. JJ. Biol. Chem. 276, 35552—-35557
Ferlinz, K., Kopal, G., Bernardo, K., Linke, T., Bar, J.,
Breiden, B., Neumann, U., Lang, F., Schuchman, E.H., and
Sandhoff, K. (2001) Human acid ceramidase: processing,
glycosylation, and lysosomal targeting. J. Biol. Chem. 276,
35352-35360

Probst, 0O.C., Ton, P., Svoboda, B., Gannon, A,
Schuhmann, W., Wieser, J., Pohlmann, R., and Mach, L.
(2006) The 46-kDa mannose 6-phosphate receptor does not
depend on endosomal acidification for delivery of hydrolases
to lysosomes. oJ. Cell Sci. 119, 4935-4943

Hong, S.-B., Li, C.-M., Rhee, H.-J., Park, J.-H., He, X,
Levy, B., Yoo, O.J., and Schuchman, E.H. (1999) Molecular
cloning and characterization of a human ¢cDNA and gene
encoding a novel acid ceramidase-like protein. Genomics 62,
232-241

Endsley, M.P., Thill, R., Choudhry, I., Williams, C.L.,
Kajdacsy-Balla, A., Campbell, W.B., and Nithipatikom, K.
(2008) Expression and function of fatty acid amide hydrolase
in prostate cancer. Int. J. Cancer 123, 1318-1326
Ruiz-Llorente, L., Ortega-Gutiérrez, S., Viso, A,
Sanchez, M.G., Sanchez, A.M., Fernandez, C., Ramos, J.A.,
Hillard, C., Lasuncion, M.A., Lopez-Rodriguez, M.L., and
Diaz-Laviada, I. (2004) Characterization of an anandamide
degradation system in prostate epithelial PC-3 cells: synth-
esis of new transporter inhibitors as tools for this study.
Br. J. Pharmacol. 141, 457-467

Ruiz-Llorente, L., Sanchez, M.G., Carmena, M.J.,,
Prieto, J.C., Sanchez-Chapado, M., Izquierdo, A., and Diaz-
Laviada, I. (2003) Expression of functionally active canna-
binoid receptor CB; in the human prostate gland. Prostate
54, 95-102

Melck, D., De Petrocellis, L., Orlando, P., Bisogno, T.,
Laezza, C., Bifulco, M., and Di Marzo, V. (2000) Suppression
of nerve growth factor Trk receptors and prolactin receptors
by endocannabinoids leads to inhibition of human breast and
prostate cancer cell proliferation. Endocrinology 141, 118-126

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

J. Wang et al.

Schuel, H., Burkman, L.J., Lippes, J., Crickard, K.,
Forester, E., Piomelli, D., and Giuffrida, A. (2002)
N-Acylethanolamines in human reproductive fluids. Chem.
Phys. Lipids 121, 211-227

Veltri, R. and Rodriguez, R. (2007) Molecular biology,
endocrinology, and physiology of the prostate and seminal
vesicles in  Campbel-Walsh ~ Urology (Wein, A.J.,
Kavoussi, L.R., Novick, A.C., Partin, AW. and
Peters, C.A., eds.), pp. 2677-2726, Elsevier, Philadelphia, PA
Bifulco, M., Laezza, C., Gazzerro, P., and Pentimalli, F.
(2007) Endocannabinoids as emerging suppressors of angio-
genesis and tumor invasion. Oncol. Rep. 17, 813-816
Mimeault, M., Pommery, N., Wattez, N., Bailly, C., and
Hénichart, J.-P. (2003) Anti-proliferative and apoptotic
effects of anandamide in human prostatic cancer cell lines:
implication of epidermal growth factor receptor down-
regulation and ceramide production. Prostate 56, 1-12
Sanchez, M.G., Sanchez, A.M., Ruiz-Llorente, L., and Diaz-
Laviada, I. (2003) Enhancement of androgen receptor
expression induced by (R)-methanandamide in prostate
LNCaP cells. FEBS Lett. 555, 561-566

Eto, M., Bennouna, J., Hunter, O.C., Lotze, M.T., and
Amoscato, A.A. (2006) Importance of C16 ceramide accumu-
lation during apoptosis in prostate cancer cells. Int. J. Urol.
13, 148-156

De Petrocellis, L., Bisogno, T., Ligresti, A., Bifulco, M.,
Melck, D., and Di Marzo, V. (2002) Effect on cancer cell
proliferation of palmitoylethanolamide, a fatty acid amide
interacting with both the cannabinoid and vanilloid signal-
ling systems. Fundam. Clin. Pharmacol. 16, 297-302
Maccarrone, M., Pauselli, R., Di Rienzo, M., and Finazzi-
Agro, A. (2002) Binding, degradation and apoptotic activity
of stearoylethanolamide in rat C6 glioma cells. Biochem. J.
366, 137-144

Isaacs, J.T. (1999) The biology of hormone refractory
prostate cancer. Why does it develop? Urol. Clin. North
Am. 26, 263-273

Tappel, A. (2005) Lysosomal and prostasomal hydrolytic
enzymes and redox processes and initiation of prostate
cancer. Med. Hypotheses 64, 1170-1172

Nomura, T. and Katunuma, N. (2005) Involvement of
cathepsins in the invasion, metastasis and proliferation of
cancer cells. J. Med. Invest. 52, 1-9

Lilja, H., Ulmert, D., and Vickers, A.J. (2008) Prostate-
specific antigen and prostate cancer: prediction, detection
and monitoring. Nat. Rev. Cancer 8, 268-278

Bradford, T.J., Tomlins, S.A, Wang, X.,, and
Chinnaiyan, A.M. (2006) Molecular markers of prostate
cancer. Urol. Oncol. 24, 538-551

Parekh, D.J., Ankerst, D.P., Troyer, D., Srivastava, S., and
Thompson, I.M. (2007) Biomarkers for prostate cancer
detection. J. Urol. 178, 2252-2259

J. Biochem.

2102 ‘8z Jequieldes uoeulyd Jo ABojouyds | pue aousids Jo A1siealun e /Hlo'sfeulnolploxo-qly:diny woly pepeojumod


http://jb.oxfordjournals.org/

