SABP

BIOCHIMICA
POLONICA

Vol. 64, No 3/2017
519-525
https://doi.org/10.18388/abp.2017_1520

Regular paper

Fatty acid amide hydrolase (FAAH) inhibitor PF-3845 reduces
viability, migration and invasiveness of human colon

adenocarcinoma Colo-205 cell line: an in vitro study*
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Earlier reports suggest that the endocannabinoids may
play a role of endogenous tumor growth modulators.
In this study, we investigated whether inhibition of the
enzymes involved in the synthesis and degradation of
endocannabinoids may reduce colorectal cancer cell
invasion and migration. The human colon adenocarci-
noma Colo-205 cells were incubated with PF-3845, JZL-
184 and RHC-80267 (fatty acid amide hydrolase (FAAH),
mono- (MAGL) and diacylglycerol lipase (DAGL) inhibi-
tors, respectively) for 48 h. The MTT colorimetric assay
was performed to quantify cell viability. Next, Colo-205
cells were incubated with PF-3845 alone or with PF-3845
together with selected antagonists: AM 251, AM 630, SB
366791, RN 1734 and G-15 (CB,, CB,, TRPV1, TRPV4 and
GPR30 antagonists, respectively). Western blot assay was
applied to identify the changes in CB, and CB, recep-
tor expression. Migration and invasion assays were em-
ployed to characterize the effect of PF-3845 on colorec-
tal cancer cell invasion. We found that of all the inhibi-
tors used, the FAAH inhibitor PF-3845 reduced the Colo-
205 cell line viability the most effectively (IC,,=52.55
KM). We also showed that the effect of decreased cell
viability was enhanced when Colo-205 cells were incu-
bated with PF-3845 and RN-1734, a TRPV4 antagonist
(IC,,=30.54 pM). Western blot assay revealed significantly
decreased CB, receptor expression levels, while CB, ex-
pression was increased in response to PF-3845 when
compared to control. Furthermore, PF-3845 inhibited mi-
gration and invasion of Colo-205 cell line. These results
suggest that pharmacological inhibition of FAAH and
consequent enhancement of the endocannabinoid levels
may reduce the colorectal cancer growth and progres-
sion.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common
cancer wotldwide, and constitutes about 10% of all di-
agnosed cancers (Steward e/ al, 2014). There are over
1.4 million new cases of CRC worldwide each year, of
which over 50 % are found in developed countries; it is
also estimated that there are almost 700000 deaths from
CRC worldwide. Although various therapeutic strategies
have been used in the treatment of CRC, including new-
ly developed chemotherapeutic agents and monoclonal
antibodies, often combined with partial surgical resection
of colon, CRC still carries poor prognosis (Kelly ez al,
2005). Thus, the real endeavor is to find new therapeutic
agents providing more effective treatment.

The global data suggest that cannabinoids may inhibit
tumor growth both i wifro and in animal tumor mod-
els. It has been demonstrated that natural and synthetic
exogenous cannabinoids, as well as endocannabinoids
inhibit tumor growth and progression of colon, breast,
prostate and thyroid cancer, and leukemia by cytotoxic
or cytostatic effects, induction of apoptosis, or inhibi-
tion of neoangiogenesis (Bifulco ez al, 2006). The endo-
cannabinoid system consists of “classical” CB, (Matsuda
et al, 1990; Gerard et al, 1991) and CB, Munro ¢/ al,
1993), and “non-classical” receptors, such as a transient
receptor potential vanilloid type 1 (TRPV1) and type 4
(TRPV4), and a G protein-coupled receptor 30 (GPR30),
also known as a G protein-coupled estrogen receptor 1
(GPER), as well as their endogenous ligands and metab-
olizing enzymes (Pertwee 2000).

The two most studied endocannabinoids are ananda-
mide (AEA) (Devane ef al, 1992) and 2-arachidonoylg-
lycerol (2-AG) (Mechoulam ez al, 1995). Anandamide
is mainly synthesized from its membrane phospholipid
precursor  N-arachidonoyl — phosphatidylethanolamine
(NAPE) by phospholipase D (NAPE-PLD) (Liu e/ af,
2008). Termination of AEA signaling occurs through a
time- and temperature-dependent uptake mechanism that
controls its cellular trafficking and metabolism (Chicca ef
al., 2012). Anandamide is transported into the cell via a
cell membrane carrier-mediated transporter and subse-
quently undergoes a rapid and almost complete intracel-
lular degradation by fatty acid amide hydrolase (FAAH)
into arachidonic acid and ethanolamine (EA) (Fowler,
2013; Day et al, 2001). 2-arachidonoylglycerol is syn-
thesized from membrane phospholipids iz sequential
activation of phospholipase CB and diacylglycerol lipase
(DAGL), and degraded by a monoacylglycerol lipase
(MAGL).
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The aim of our study was to investigate the effect of
selected inhibitors of the enzymes involved in the synthe-
sis (RHC-80267) and degradation (JZ1.-184 and PF-3845)
of AEA and 2-AG, on Colo-205 cell viability. Based on
the data obtained in the iz wvitro MTT [3-(4,5-dimethyl-
thiazolyl-2)-2,5-diphenyltetrazolium bromide| assay, the
FAAH inhibitor PF-3845 (IC,,=52.55 uM) was chosen
for further analysis (Ahn e a/, 2009). Next, we assessed
the IC,, values in cells treated with PF-3845 alone, and
co-incubated with selected cannabinoid receptor antago-
nists (AM 251, AM 630, SB 366791, RN 1734 and G-15
for CB,, CB,, TRPV1, TRPV4 and GPR30, respective-
ly). To explore the mechanisms of action of PF-3845 in
Colo-205 cell viability, we characterized the expression
of CB, and CB, receptors by Western blot analysis. We
also examined the effect of PF-3845 on Colo-205 cell
migration and invasiveness. Collectively, our results show
for the first time that PF-3845 may play a crucial role
in inhibiting viability, migration and invasiveness of the
Colo-205 cell line. Therefore, PF-3845 has the potential
to be an efficient anti-cancer drug in therapeutic strate-
gies for colorectal cancer.

MATERIALS AND METHODS

Culture conditions. Human colon adenocarcinoma
Colo-205 cells were purchased from the European Col-
lection of the Cell Cultures (ECACC). Colo-205 cells
were cultured in RPMI-1640 medium supplemented
with 10% fetal bovine serum (FBS), 4 mM L-glutamine,
50 U/mL penicillin, 50 pg/mL streptomycin, and 1%
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Figure 1. Chemical formulas of the tested inhibitors: PF-3845,
JZL-184 and RHC-80267.

non-essential amino acids. Cells were grown in a humidi-
fied atmosphere of 5% CO, at 37°C. All experiments
were carried out between passages 5 and 15.

Reagents. Enzyme inhibitors: PF-3845, JZ1.-184 and
RHC-80267, selective for FAAH, MAGL, and DAGL,
respectively (Fig. 1), the CB, and CB, receptor antago-
nists: AM 251 and AM 630, and the TRPV1, TRPV4
and GPR30 antagonists: SB 366791, RN 1734 and G-15,
were purchased from Tocris Bioscience (Ellisville, MO).
Inhibitors and antagonists were dissolved in dimethyl
sulfoxide (DMSO) and then diluted to the final con-
centration with a serum-free medium. DMSO was pur-
chased from Sigma-Aldrich, Inc. (St. Louis, Mo, USA).
Cell culture media and supplements were purchased
from Gibco (Life Technologies), except for ampho-
tericin B (Biochrom AG, Bertlin, Germany). Antibodies
to CB, (sc-20754), and CB, (sc-25494) were purchased
from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA),
and B-actin (A0545) was purchased from Sigma-Aldrich.

MTT assay. The effect of compounds on Colo-205
cell viability was assessed by the MTT assay as described
previously (Hansen ef al, 1989). The assay principle is
based on the fact that mitochondrial dehydrogenases of
metabolically active cells reduce the tetrazolium ring to
an insoluble MTT formazan crystals. The resulting pur-
ple solution is spectrophotometrically measured and cell
viability can be assessed. Cells were cultured in RPMI-
1640 medium supplemented with 10% heat-inactivated
FBS (Invitrogen, Paisley, UK), 4 mM L-glutamine, and
antibiotics (50 U/mL penicillin, 50 pg/mL streptomy-
cin), and 1% non-essential amino acids. Exponentially
growing colorectal cancer cells were seeded at 9.3 X103/
well in a 96-well plate (Nunc, Roskilde, Denmark). Stock
solutions of the analyzed compounds were freshly pre-
pared in DMSO and diluted with complete culture me-
dium to obtain the concentration range from 1077 to
10 M. The final concentration of DMSO in the me-
dium did not exceed 0.02%. Cells were exposed to the
test compound for 46 h, then MTT reagent (Sigma, St.
Louis, USA) was added (5 mg/mL PBS) and incuba-
tion was continued for 2 h. MTT-formazan crystals were
dissolved in 20% SDS and 50% DMF at pH 4.7 and
absorbance was read at 570 nm with a Victor 3-plate
reader (Perkin-Elmer, Turku, Finland). For control, cells
were grown in the absence of compounds, but with their
respective vehicle. Values of IC,; (the concentration of
tested compounds required to reduce colon cancer cell
survival fraction to 50% of control) were used as a
measure of cellular sensitivity to a given treatment. Data
points represent means from at /east three independent
experiments performed in triplicate.

Western blot analysis. The cells were lysed using a
RIPA buffer (mammalian cell lysis kit, MCL-1; Sigma-Al-
drich) with a protease inhibitor cocktail and centrifuged
at 14000 X g for 20 min at 4°C supplemented with phos-
phatase and protease inhibitors. Cell lysates were stored
at —80°C until analysis. The samples protein concentra-
tion was assayed using the Bradford method. Aliquots
of the lysates (30 pg of protein) were boiled for 5 min,
denatured and separated by 12% SDS-polyacrylamide
gel electrophoresis. Next, a Bio-Rad Trans-Blot system
was used to transfer the proteins to a PVDF membrane.
After the transfer, the membrane was blocked with 5%
non-fat milk in Tris buffered saline containing 0.1%
Tween 20 (IBS-T) and then incubated for two hours.
The membrane was then washed in TBS-T and hybrid-
ized with primary rabbit CB, and CB, polyclonal anti-
bodies (Santa Cruz Biotechnology, Dallas, TX, USA),
which were diluted to a suitable concentration (1:200 —



Vol. 64

Inhibition of FAAH in Colo-205 521

1:500) in TBS-T, for 16 h. Additionally, the membranes
were incubated with a goat polyclonal antibody specific
for B-actin (1:100000 dilution) to use as a loading con-
trol. The membrane was washed six times with TBS-T
and incubated with appropriate peroxidase-conjugated
secondary antibody, and the protein bands were visual-
ized using enhanced chemiluminescence Western blot-
ting detection kit (Super Signal West Femto Reagent,
Thermo Fisher Scientific, Rockford, IL, USA).

Migration assay. Cell migration assay was performed
using the BD FalconTM 24-Multiwell Insert plate system
(Becton Dickinson, Bedford, MA, USA), as described
previously, with a slight modification (Lewandowska ez
al., 2013). Colo-205 cells were resuspended in a serum-
free medium with or without PF-3845 (0-100 pM) and
plated onto the upper chamber at the densities of 1 X103
per 500 pL. The lower chamber contained medium with
10% FBS as a chemoattractant. The chambers were in-
cubated for 48 h. After incubation, the non-migrated
cells in the upper chamber were gently scraped away
and adherent cells present on the lower surface of the
insert were stained with crystal violet, photographed, and
counted using the NIH Image] analysis software.

Invasion assay. Invasion studies were conducted us-
ing the Matrigel BM matrix assay developed for meas-
urement of tumor cell invasiveness. We used BioCoat
Matrigel invasion chambers (24-well cell culture inserts
containing an 8.0-um PET membrane with a uniform
layer of Matrigel [Becton Dickinson, Bedford, MA]).
Cells were resuspended in a serum-free medium with or
without PF-3845 (0-100 pM) and plated onto the up-
per chamber at the densities of 1X10° per 500 pL. The
lower chamber contained medium with 10% FBS as a
chemoattractant. The chambers were incubated for 72 h.
After incubation, the non-migrated cells in the upper
chamber were gently scraped away and adherent cells
present on the lower surface of the insert were stained
with crystal violet, photographed, and counted using the
NIH Image] analysis software.

Statistical analysis. Data are presented as means *
standard deviation. Statistical significance was determined
by one-way analysis of variance (ANOVA) followed
by the Bonferroni ~test for multiple comparisons. The
significance between two groups was determined using
#~test. Statistical analyses were performed using PRISM
5.0 (GraphPad Softwatre Inc., La Jolla, CA, USA). Dif-
ferences resulting in a p-value of 0.05 or less were con-
sidered to be significant.

RESULTS

PF-3845, but not JZL-184 and RHC-80267, significantly
decreased the Colo-205 cell viability

In our study, we first determined the influence of se-
lected inhibitors: PF-3845, JZ1.-184 and RHC-80267 (se-
lective for FAAH, MAGL and DAGL, respectively) on
Colo-205 cell viability. PF-3845, at concentrations lower
than 10 uM, had an inconsiderable effect (viability re-
duced by 7.73% at 10 pM concentration) vetsus control,
while it had a significant influence on Colo-205 cell via-
bility (»<0.001) at the concentration of 100 uM (89.90 %
decrease in viability) (Fig. 2).

A significant effect for JZL-184 (p<0.001) has been
observed only at the concentration of 1000 puM, with re-
duced cell viability to 43.16 %. We did not observe any
effect of JZI.-184 at concentrations 0.1, 1, 10, and 100
uM on the Colo-205 viability. Similarly, Colo-205 cell
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Figure 2. Survival curves for Colo-205 exposed to the tested
compounds: PF-3845, JZL-184 and RHC-80267.

Cells (9.3x103 cells/well) were seeded in 96-well culture plates.
After 24 h, the cells were treated with PF-3845, JZL-184 or RHC-
80267 (0, 0.1, 1.0, 10, 100, 1000 pM) for another 48 h. Cell viability
was measured by MTT assay. Each point represents the mean of
5-10 independent determinations. Standard deviations were ex-
cluded for clarity and did not exceed 12% of the mean value for
each point.

viability did not clearly decrease in response to RHC-
80267 at the concentrations lower than 10 uM. The ef-
fect of RHC-80267 reached a statistically significant de-
crease at 100 and 1000 uM (»p<0.001), with reduction in
cell viability to 73.40 and 34.88 %, respectively.

Based on the MTT test results and calculated IC,;
values for inhibitors: 52.55, 900.89 and 638.95 uM for
PF-3845, JZI.-184 and RHC-80267, respectively, the
former was selected for further studies as the most ef-
ficient in decreasing the Colo-205 cell viability. Thus,
we next compared the IC,; values in cells treated with
PF-3845 alone, and PF-3845 with selected receptor
antagonists (Fig. 3). The calculated IC,, values were
lower when cells were treated with PF-3845+antago-
nist than with PF-3845 alone. Namely, PF-3845 co-in-
cubated with a TRPV4 antagonist RN 1734 displayed
the highest potency to reduce Colo-205 cell viability,
with an IC,; value of 30.54 uM (»s. IC,,=51.38 uM for
PF-3845 alone). The 1C,, values for PF-3845 + AM 251,
PF-3845+SB-366791, and PF-3845+AM-630 were 37.51,
38.49, and 40.20 pM, respectively. On the contrary,
PF-3845+G-15 (GPR30 antagonist) exhibited slightly
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Figure 3. Survival curves for Colo-205 exposed to FAAH inhibi-
tor PF-3845 alone or co-incubated with selected antagonists:
AM 251 (CB1 receptor antagonist), AM 630 (CB2), SB 366791
(TRPV1), RN 1734 (TRPV4) and G-15 (GPR30).

Each point represents mean of 5 independent determinations.
Standard deviations were excluded for clarity and did not exceed
12% of the mean value for each point.
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Figure 4. Effect of PF-3845 on CB1 and CB2 receptor expression
in the Colo-205 cells.

(A) Cells were treated with PF-3845 for 48 h and subjected to
Western blot analysis. PF-3845 decreased expression of CB, and in-
creased expression of CB, receptor. (B) B-actin in the cell lysate is
shown as control. Each blot is representative of at least three oth-
er blots. Density values of the bands are graphically expressed rel-
ative to control. Data are shown as mean +S.D. (n=4). Significance
of differences between means: *p<0.05 versus control; ***p<0.001
versus control.

higher IC,, value (55.89 uM) when compared with IC,,
of PF-3845 alone (IC,;=51.38 uM).

Expression of CB, receptors decreased, while CB,
increased in the Colo-205 cells

Anandamide is a known CB, and CB, receptor agonist
(Reggio et al., 2000). To examine the effect of the inhi-
bition of FAAH by PF-3845 on the expression of CB,
and CB, receptors in the Colo-205 cells, Western blot
analysis was used. As shown in Fig. 4A and 4B, when
the cells were treated with PF-3845 at the concentration
of 52.55 uM (IC,, value determined for PF-3845 alone
in the previous stage), a significant (»p<0.05) decrease
was observed in expression of the CB, receptor. On
the contrary, CB, expression level significantly increased
(»<0.001) in response to PF-3845 when compared with
the untreated control. Taken together, these results dem-
onstrate that PF-3845 affects expression of the key re-
ceptors of endocannabinoid pathway.

PF-3845 significantly reduces migration and
invasiveness of the Colo-205 cells

To investigate the activity of PF-3845 against tumor
metastasis, we investigated its effects on migration of the
Colo-205 cells. As illustrated in Fig. 5, the data from the
migration assay indicated that migration of the Colo-205
cells was clearly inhibited by PF-3845 in a concentra-
tion-dependent manner (Fig. 5A and 5B). Suppression of
the Colo-205 migration reached 49.57, 81.73, 96.4 and
100% versus control at PF-3845 concentrations of 25 uM,
50 uM, 75 uM and 100 uM, respectively.

The loss of cell-cell adhesion capacity allows tumor
cells to dissociate from the primary tumor mass leading
to the spread of metastatic cancers. In the next stage,
we decided to test whether PF-3845 displays the poten-
cy to reduce colorectal cancer cell invasion. An invasion
assay in Matrigel-coated transwell chamber indicated that
PF-3845 inhibited invasiveness of the Colo-205 cells
(Fig. 6A and 6B). At the lowest concentration tested
(25 uM), PF-3845 was not efficient in inhibiting Colo-
205 invasiveness and the reduction was only of 5.53%
vs. control, whereas at 50, 75 and 100 uM concentrations
it reached 71.28%, 88.50%, and 100% versus control, re-
spectively.
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Figure 5. Inhibition of Colo-205 cell migration by PF-3845 in the
concentration range of 0 to 100 uM.

Migration studies were conducted using BD Falcon™ 24-Multiwell
Insert plate system. Total area of inserts with crystal violet-stained
cells was photographed and counted using the NIH ImageJ analy-
sis software. (A) Representative images obtained for Colo-205 are
shown above graphs. Initial magnification: x200. (B) Each value on
the graph represents the mean value +£S.D., n=3 independent ex-
periments. Significance of differences between means: ***p<0.001
versus control.

DISCUSSION

Here, we have demonstrated that modulation of the
activity of enzymes involved in the endocannabinoid
turnover translates into cancer cell viability, migration
and metastasis. This may have an important implication
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Figure 6. Inhibition of Colo-205 cell invasiveness by PF-3845 in
the concentration range of 0 to 100 puM.

Invasion studies were conducted using the Matrigel BM matrix as-
say developed for measurement of tumor cell invasiveness. Total
area of inserts with crystal violet-stained cells was photographed
and measured using the NIH ImageJ analysis software. (A) Repre-
sentative images obtained for Colo-205 are shown above graphs.
Initial magnification: x 200. (B) Each value on the graph represents
the mean value +S.D., n=3 independent experiments. Significance
of differences between means: ***p<0.001 versus control.
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for development of anticancer strategies targeting the en-
docannabinoid system.

We have observed that the Colo-205 cell viability was
reduced after treatment with PF-3845. It is a potent and
selective inhibitor of the FAAH enzyme which hydro-
lyzes AEA into arachidonic acid and EA (Bifulco e al,
2004; De Lago et al., 2006; Endsley ez al., 2007). Blocking
of the endocannabinoid degradation has been proven
to be effective for eradication of other cancer cell types.
For example, Matas and coworkers (2007) had observed
that the non-selective FAAH inhibitor URB597 induces
cell death in neuroblastoma cells. Noteworthy, this ef-
fect was obtained by preventing generation of EA from
AEA, and not by increasing the AEA level or signaling
through the CB receptors. What may be important also
for our study, Matas and coworkers (2007) had shown
that EA exerts an anti-apoptotic action; therefore, a
pharmacologically-induced decrease of EA levels may
deteriorate cancer cell viability. Earlier reports indicate
that the inhibition of FAAH may induce cell death also
by activating the nuclear factor (erythroid-derived 2)-like
2 (NFE2L2 or NRF2)/antioxidant responsive element
(ARE) signaling pathway and the heme oxygenase-1
(HO-1) induction and transcription (Ranger e af, 2009).
These pathways can be taken into consideration when
explaining the anti-cancer action of PF-3845 obsetved in
our study. Of note, we did not observe any statistically
significant effect of JZI.-184, a MAGL inhibitor, on re-
duction of the Colo-205 cell viability. This is in contrast
to Ye and coworkers (2011) ¢ a/. who had demonstrat-
ed inhibition of the tumor cell growth and invasion via
knockdown of MAGL by JZI.-184 and siRNA in human
CRC cells.

In search for underlying pathways, we have assessed
the influence of Colo-205 cell incubation with PF-3845
alone and in the presence of “classical” (CB, and CB,)
and “non-classical” (TRPV1, TRPV4, GPR30) cannabi-
noid receptor antagonists (AM 251, AM 630, SB 366791,
RN 1734 and G-15, respectively). Interestingly, we have
found that co-incubation with the receptor antagonists,
except for G-15, reduced the Colo-205 cell viability, with
the highest potency displayed by RN 1734. In contrast, a
slight, but not statistically significant antagonizing effect
of G-15 was observed. Our data may suggest that the ef-
fect of PF-3845 on the Colo-205 cell viability is not nec-
essarily CB,, CB,, TRPV1 or TRPV4-dependent. Further
studies are needed to verify whether a different receptor
type, either “classical” or “non-classical” is involved.

Noteworthy, the higher potency to reduce Colo-205
cell viability by PF-3845 in the presence of the antago-
nists may be related to a dual action of this inhibitor;
namely, PF-3845 inhibits FAAH and may be also in-
volved in blocking of the AEA uptake through actions
on the plasma membrane transport protein (Bjorklund ez
al, 2014; Day et al, 2001). It is known that AEA ac-
tivates the TRPV1 capsaicin receptor and leads to an
increase of intracellular Ca?*-levels (Ralevic ef al, 2001).
Recently, TRPV1 has been found to contribute to AEA
transport into endothelial cells in a Ca?*-independent
manner and to be involved in the pro-angiogenic effect
of AEA in the endothelial cells (Hofmann ef al, 2014).
Therefore, a complex interplay of the effects mediated
by receptor and uptake proteins in the presence of PF-
3845 and these protein inhibitors needs to be acknowl-
edged. It has been also shown previously that the in-
crease of cannabinoid receptor expression may lead to
activation of the pro-survival signal of the Akt kinase,
and as a result, the treatment does not induce apopto-
sis, unless the Akt activation is blocked (Cudaback ¢7 al,

2010). Whether this is the case for PF-3845 and Colo-
205, especially in view of the cannabinoid receptor ex-
pression data discussed below, remains to be determined.

The study presented here was also designed to esti-
mate the effect of PF-3845 on CB, and CB, receptor
expression level. Here, we found that the CB, level de-
creased, while CB, expression was increased in cells in-
cubated with the FAAH inhibitor. There are only a few
studies focused on the expression of the cannabinoid re-
ceptors in tumor cells. An increased expression of CB,
and/or CB, has been demonstrated in mantle cell lym-
phoma (Ek ez al, 2002; Islam et al., 2003), acute myeloid
leukemia (Alberich e# al, 2004), breast cancer (Caffarel
et al., 2006), and prostate cancer cell lines. Of note, CB,
receptor expression by tumor cells was associated with
poor prognosis in patients with prostate cancer (Cipriano
et al, 2013). Downregulation of CB, receptor expression
was observed in neoplastic epithelial cells from colon
cancer biopsies (Cianchi e¢f al, 2008). Jung ez a/. had dem-
onstrated that CB, receptor expression was correlated
with distant metastasis in CRC, but not with tumor inva-
sion and lymph node metastasis, and CB, expression was
downregulated as CRC progressed to a highly advanced
stage of disease (Jung e¢# al, 2013). Gustafsson e/ al. had
shown that high intensity of the CB, receptor was cor-
related with a shorter survival time than with a low CB,
receptor intensity (Gustafsson ef a/, 2011). Wang et al.
had shown that CB, expression was silenced in human
CRC due to high (77%) methylation of the CB, pro-
moter (Wang et al., 2008). To summarize, whether the
PF-3845-induced changes in the cannabinoid receptor
expression result from adaptation mechanisms upon
modulation of the endocannabinoid levels and whether
these can be efficiently used in colon cancer treatment
needs further investigation.

In this work, we have also investigated the effects
of PF-3845 on migration ability of the Colo-205 cell
line. We have found that PF-3845 decreases migration
of tumor cells by 49.57%, already at the concentration
of 25 uM. This correlates with a general observation
that cannabinoids are anti-migratory agents in cancer
cell lines. For example, Met-fluoro-anandamide (Met-
F-AEA), an analog of AEA, caused a CB, receptor-
dependent antimigratory effect in breast cancer cells.
Met-F-AEA inhibited the activity of the GTPase, RhoA,
and led to translocation of RhoA to the cytosol, which
caused changes in the actin cytoskeleton (Laczza e/ al,
2008). Another study had shown that cell migration in-
itiated by mast cells was reduced by 2-AG and WIN-
55,212-2 in a CB, receptor dependent manner (Rudolph
et al, 2008). Noteworthy, AEA and HU-210 were shown
to block the migration of colon carcinoma cells with low
CB, receptor expression. On the contrary, as shown for
cannabidiol (CBD), its effect on inhibition of the U87
human glioma cell migration was not mediated via the
classical CB receptors or a G protein-coupled signaling-
related mechanism (Massi et al, 2004; Vaccani et al,
2005).

The invasion capacity of cancer cells determines their
penetration power into surrounding tissues, a crucial ear-
ly step in the metastatic cascade. Here, we investigated
the influence of PF-3845 on invasiveness of the Colo-
205 cell line and observed that blocking FAAH efficient-
ly inhibits cell invasion. Similarly, another study reported
that increase in the 2-AG levels significantly inhibits
invasion of the human androgen-independent prostate
cancer cells, PC-3 and DU-145. The effect is comparable
to that of WIN55,212-2 and (R)-(+)-methanandamide,
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which decrease PC-3 and DU-145 cell invasion in a CB,-
dependent manner (Nithipatikom e7 af, 2004).

Interestingly, PF-3845 was efficient in inhibiting mi-
gration of the Colo-205 cells at non-cytotoxic concen-
trations, whereas the inhibition of invasiveness was ob-
served at concentrations equal to IC50 or higher. The
clinical significance of this observation needs further in-
vestigation.

CONCLUSION

Our study demonstrates that the FAAH blocker PF-
3845, but not MAGL and DAGL blockers JZL-184 and
RHC-80267, effectively decreases viability, migration and
invasiveness of the Colo-205 cell line. These results sug-
gest that modulation of the endocannabinoid turnover
through inhibition of their hydrolysis could be a poten-
tial anticancer strategy. However, more studies are needed
to clarify long-term effects of FAAH blockers on cancer
cells and translating these into clinical conditions.
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