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Monoacylglycerol lipase inhibitor JZ1.184 regulates
apoptosis and migration of colorectal cancer cells
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Abstract. Monoacylglycerol lipase (MAGL) is involved in
the degradation of triacylglycerol. Previous studies have
demonstrated that MAGL regulates tumor growth and
metastasis via fatty acid networks, and is associated with
colorectal cancer. JZL184 is a MAGL inhibitor, which in
the present study was administered to colorectal cancer
cell lines, resulting in decreased tumor proliferation,
increased apoptosis and increased tumor cell sensitivity to
5-fluorouracil. B-cell lymphoma 2 (Bcl-2) and Bcl-2-associated
X protein (Bax) are key proteins in apoptosis. The expression
levels of Bcl-2/Bax were determined in colorectal cancer cell
lines following JZL184 administration, and it was observed
that the mRNA and protein expression levels of Bcl-2 were
decreased, whereas the expression levels of Bax were
increased. These results indicated that JZL184 may induce
tumor cell apoptosis by regulating the expression of Bcl-2 and
Bax. Epithelial-mesenchymal transition (EMT) is closely asso-
ciated with metastasis. Administration of JZL184 in various
malignant colorectal cancer cell lines suppressed migration
and altered the expression of EMT markers; E-cadherin was
increased, whereas the expression levels of vimentin and zinc
finger protein SNAIl were decreased. These results suggested
that JZL184 was able to regulate the EMT process, in order to
control the migration of colorectal cancer cells, particularly
in tumors with a stronger metastatic capability. Therefore, in
colorectal cancer, MAGL may be considered a potential thera-
peutic target and JZL184 may be a possible therapeutic agent.
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Introduction

Monoacylglycerol lipase (MAGL), which is an enzyme of the
serine hydrolase family, is the key enzyme associated with
the degradation of triacylglycerol (TAG) into free-fatty acids
(FFA) (1). MAGL hydrolyzes 2-arachidonoylglycerol (2-AG)
into arachidonic acid and glycerol, thus regulating the endo-
cannabinoid system (2). A previous study regarding MAGL
focused on the role of 2-AG hydrolysis in endocannabinoid
signaling (3). 2-AG belongs to the endocannabinoid system,
which is associated with the regulation of inflammation,
nociception and the immune response (4), and exerts a neuro-
protective effect in brain injury (5). Long et al (6) identified
a selective and effective inhibitor of MAGL, JZ1L.184, which
significantly decreased the hydrolytic activity of MAGL and
inhibited 2-AG hydrolysis in the brains of mice. It has previ-
ously been demonstrated that MAGL is highly expressed in
certain types of aggressive cancer, and regulates the fatty
acid network to influence tumor metastasis (7). Furthermore,
Nomura et al (8) demonstrated that in androgen-dependent
prostate cancer, MAGL influenced tumor proliferation
and metastasis via the cannabinoid system and fatty acid
network. As a characteristic of the malignant colorectal
cancer phenotype, metastasis is markedly associated with the
epithelial-mesenchymal transition (EMT) process (9). A
previous study indicated that MAGL is a marker of EMT; there-
fore, the effects of JZL184 in colorectal cancer have recently
garnered interest (10). Furthermore, Ye et al (11) observed
that MAGL was highly expressed in colorectal cancer tissues,
as compared with normal tissue, and MAGL expression was
associated with the body mass index (BMI) of patients. With
decreasing MAGL activity, the protein expression levels of
cyclin D1 and B-cell lymphoma 2 (Bcl-2) were reduced, apop-
tosis was increased, and the cell cycle was arrested in colorectal
cancer cell lines (11). Metastasis and decreased apoptosis are
associated with tumorigenesis, both of which are particu-
larly associated with Bcl-2/Bcl-2-associated X protein (Bax)
and the EMT process. A previous study demonstrated that
Bcl-2/Bax was closely associated with apoptosis in colorectal
cancer pathogenesis (12,13). Bcl-2 decreases apoptosis in
cancer cells (14); however, Bax inhibits the function of Bcl-2
in order to induce cell death (15). However, the association
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between JZL184 and Bcl-2/Bax in colorectal cancer remains
to be elucidated.

The present study aimed to determine the effects of JZL184
on apoptosis and migration, and to elucidate the association
between JZL184, Bcl-2/Bax and EMT markers.

Materials and methods

Cell culture. The HCT116, SW480 and LoVo colorectal cancer
cell lines were supplied by the Laboratory of Gastrointestinal
Surgery, Union Hospital (Wuhan, China). The cells were
grown in high glucose Dulbecco's modified Eagle's medium
(DMEM; Hyclone; GE Healthcare Life Sciences, Logan,
UT, USA) supplemented with 10% fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA).
SW620 cells (supplied by the Laboratory of Gastrointestinal
Surgery, Union Hospital) were grown in RPMI-1640 (Hyclone;
GE Healthcare Life Sciences) and supplemented with
10% FBS (16). All cells were maintained in a humidified 37°C
incubator containing 5% CO,. The HCT116, SW480 and LoVo
cell lines were grown in DMEM with varying concentrations
of JZL184 (10, 25 or 50 uM; Sigma-Aldrich, St. Louis, MO,
USA) or dimethyl sulfoxide (DMSO; 0.1%), representing the
control group, for 48 h. These cells were then used in the
following assays, except the migration assay.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. Cells (1x10*) of the HCT116, SW480 and LoVo
cell lines were grown in 96-well plates for 48 h, as described.
Medium was then replaced in the cell cultures with DMEM only
(control group) or DMEM supplemented with 10 uM JZL184
(experimental group). Cells were then treated with varying
concentrations of 5-fluorouracil (10, 100, 200 or 500 xM) for
48 h. Subsequently, 20 ul (5 mg/ml) MTT was added to each
well for 4 h. The MTT formazan precipitate was dissolved in
DMSO to 150 ul. The absorbance of each well was measured
at a wavelength of 490 nm, and the cell proliferation inhibition
rate was calculated using the following formula: Proliferation
inhibition rate = [1 - value of the experimental group/average
value of the control (5-fluorouracil only) group] x 100% (17).

Annexin-V allophycocyanin (APC)/propidium iodide (PI)
double labeling. The cells were collected and washed with
phosphate-buffered saline (PBS). According to the manufac-
turer's protocol, samples were stained with Annexin-V APC
(Nanjing KeyGen Biotech Co., Ltd., Nanjing, China) and PI
(Sigma-Aldrich) for 30 min at room temperature in the dark.
The cells were then examined using a BD FACSCanto II flow
cytometer (BD Biosciences, Franklin Lakes, NJ, USA).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total mRNA was extracted from the cells using
TRIzol® (Takara Bio, Inc., Otsu, Japan). According to the
manufacturer's protocols the RNA was reverse transcribed to
cDNA using Primescript RT Master mix (Takara Bio, Inc.).
RT-qPCR was used to detect the levels of mRNA in each
sample, with glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) serving as an internal control. SYBR Green Master
mix (Takara Bio, Inc.) and the StepOnePlus™ Real-time PCR
system (Applied Biosystems; Thermo Fisher Scientific, Inc.)
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were used to conduct qPCR, according to the manufacturers'
protocols. The qPCR cycling conditions were as follows:
Denaturing the cDNA at 95°C for 30 sec; annealing at 60°C for
60 sec; and extension at 95°C for 5 sec. The reaction proceeded
for 40 cycles, gathering the data of each sample, and the mRNA
expression levels were evaluated using the 2“4 method (18).
The primers were obtained from Genscript Corporation
(Nanjing, China) and the sequences were as follows: Bcl-2,
forward 5-TTGCCCTCAAACAGAACAGC-3' and reverse
5"TGCAGCTCCTCTTGGCTAAA-3'; Bax, forward 5-GGC
CGGGTTGTCGCCCTTTT-3' and reverse 5'-CCGCTCCCG
GAGGAAGTCCA-3'; and GAPDH, forward 5'-GTTCCCACT
GTCGATGTCTCA-3' and reverse 5-CCCTTCATCTTGCCC
TCAGA-3.

Western blot analysis. Cells were lysed with sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
Sample Loading buffer (Beyotime Institute of Biotechnology,
Haimen, China) supplemented with proteinase inhibitors
(Roche Diagnostics, Basel, Switzerland), and the concentra-
tion of total protein was measured using a Bradford Protein
assay kit (Beyotime Institute of Biotechnology). Proteins
(5 pg/ul) were separated on 8 or 12% SDS-polyacrylamide
gels by electrophoresis and were transferred to polyvinylidene
fluoride (PVDF) membranes (EMD Millipore, Billerica, MA,
USA). The PVDF membranes were blocked with 5% skimmed
milk protein and 0.1% Tween 20 for 1 h. Primary antibodies
were added and incubated overnight at 4°C, prior to the addi-
tion of goat anti-rabbit secondary antibody for 2 h at room
temperature. The primary antibodies used in the present study,
from Cell Signalling Technology Inc. (Danvers, MA, USA)
and used at a dilution of 1:1,000, were: Rabbit anti-E-cadherin
(cat. no. 3195), rabbit anti-vimentin (cat. no. 5741), rabbit
anti-zinc finger protein SNAII (Snail; cat. no. 3879), rabbit
anti-Bcl-2 (cat. no. 2870), rabbit anti-Bax (cat. no. 2772). Rabbit
anti-GAPDH was supplied by Sigma-Aldrich (cat. no. G9545)
and used at a dilution of 1:5,000. The secondary antibody
used was polyclonal horseradish peroxidase-conjugated goat
anti-rabbit IgG (dilution, 1:1,000; cat. no. BA1054; Boster
Biological Technology, Pleasanton, CA, USA). Background
autofluorescence was removed and blots were imaged using
a ChemiDoc XRS+ imaging system and blots were analyzed
with Image Lab software (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA), with GAPDH acting as a reference
protein. Relative expression of the relevant protein was calcu-
lated using the formula: Relative expression = (density value of
the experimental group - value of GAPDH) / (density value of
the control group - value of GAPDH).

Cell migration assay. SW480 and SW620 cells (1x10°) were
treated with 10 uM JZL184 for 48 h and plated onto transwell
cell culture inserts (8 m microporous filters; BD Biosciences),
which provided an artificial basement membrane, for 12 h. The
upper chamber of the transwell system contained DMEM (in
the case of SW480 cells) or RPMI-1640 (for SW620 cells);
the lower chamber contained corresponding medium supple-
mented with 20% FBS. The migrating cells were stained with
0.1% crystal violet and five randomly selected areas were used
to count the number of cells using an Olympus 1X71 inverted
microscope (Olympus Corporation, Tokyo, Japan) (16).
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Figure 1. JZL184 suppressed the proliferation of colorectal cancer cells. (A) As assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
assay, proliferation decreased by varying degrees in response to various concentrations of JZL184 in three colorectal cancer cell lines. Cell proliferation was
decreased the most following treatment with 10 xM JZL184 in each group. Dimethyl sulfoxide served as the control. (B) JZL184 (10 xM) combined with
various concentrations of 5-fluorouracil, as indicated on the x-axis, was administered to the tumor cells for 48 h. The inhibition ratios of cancer cells were
increased in cells treated with both JZ1.184 and 5-fluorouracil, as compared with 5-fluorouracil alone. Data are presented as the mean + standard deviation.

Statistical analysis. Each experiment was performed at least
three times independently. The data are presented as the
mean + standard deviation. SPSS v. 18.0 software (SPSS,
Inc., Chicago, IL, USA) was used for all statistical analyses.
Student's t-test was used to statistically analyze the data.
P<0.05 was considered to indicate a statistically significant
difference.

Results

JZL184 influences the proliferation of colorectal cancer cell
lines. JZ1.184 was dissolved in DMSO and administered to the
SW480, LoVo and HCT116 colon cancer cell lines. DMSO was
used as a negative control. After a 48 h incubation, the inhibi-
tion ratio was measured by MTT assay. The inhibition ratio
was non-significantly increased (P>0.05) in all three cell lines
following treatment with 10 xM JZL184 (Fig. 1A). In addition,
JZ1.184 (10 uM) was combined with various concentrations
of 5-fluorouracil. In the colorectal cancer cells treated with
JZ1.184, cell growth was decreased (P>0.05). The inhibition
ratio was increased in the cells treated with both JZL184 and
5-fluorouracil, as compared with in the cells treated with
5-fluorouracil alone (Fig. 1B; P>0.05).

JZL184 induces colorectal cancer cell apoptosis. The present
study demonstrated that JZL.184 had marked effects on the
proliferation of colorectal cancer cell lines. Proliferation is
closely associated with apoptosis in cancer; therefore, apop-
tosis of the colorectal cancer cells treated with JZL184 was
investigated by flow cytometry. Compared with the control
group, the number of cells in early (Q2) and late (Q4) apop-
tosis was increased in the treatment group (Fig. 2A). The rate
of apoptosis was increased in the three colorectal cancer cell
lines (Fig. 2B). These results indicate that JZL.184 may induce
apoptosis via decreasing proliferation in colorectal cancer cell

lines. In addition, the expression levels of MAGL were signifi-
cantly decreased following treatment with JZL184 (Fig. 2C
and D).

JZL184 regulates Bcl-2 and Bax to induce apoptosis of
colorectal cancer cell lines. JZ1.184 promoted the apoptosis
of colorectal cancer cells. Bcl-2 and Bax are closely associated
cell apoptosis proteins (19); therefore, the effects of JZL184 on
their mRNA expression levels were detected by RT-qPCR. The
mRNA expression levels of Bcl-2 were significantly lower in
the JZL184 intervention groups, as compared with the control
group; however, the expression levels of Bax were significantly
higher following JZL184 administration, as compared with
in the control group in the three colorectal cancer cell lines
(Fig. 3A). The protein expression levels of Bcl-2 and Bax were
also detected following JZL.184 administration. Consistent
with the mRNA expression levels, following JZL184 inter-
vention Bcl-2 protein expression levels were significantly
decreased, as compared with the control group, whereas Bax
protein expression levels were increased (Fig. 3B and C). These
results indicate that JZL184 is able to regulate apoptosis via
altering the mRNA and protein expression of Bcl-2 and Bax.

JZL184 decreases migration in colorectal cancer cell lines.
Migration is required for metastasis in colorectal cancer.
To investigate whether JZL184 affected the migratory
ability of colorectal cancer cells, SW480 and SW620 cells
were selected. SW480 cells were initially derived from
colon cancer tissue from a patient with Duke's type B colon
cancer, whereas SW620 cells were initially derived from
the metastatic lymph nodes of a patient with Duke's type C
colon cancer, as listed by the American Type Culture
Collection (www.lgcstandards-atcc.org/). The metastatic
potential of these cells from two stages of colorectal cancer
differs (20). Following administration of JZL184, the migra-
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Figure 2. JZL184 induced apoptosis of colorectal cancer cells and regulated the expression of MAGL. (A) Apoptosis was detected using flow cytometry.
The number of apoptotic LoVo, HCT116 and SW480 cells was increased. (B) Compared with the control group, the apoptotic rate was increased in the
three colorectal cancer cell lines to 17.11+4.77% (LoVo), 20.04+7.43% (SW480) and 22.98+8.89% (HCT116). (C and D) As assessed by western blotting, the
expression levels of MAGL following JZL184 treatment were significantly decreased in the three colorectal cancer cell lines, as compared with in the control
group. Data are presented as the mean + standard deviation. "P<0.05. MAGL, monoacylglycerol lipase; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Figure 3. JZL184 regulated the expression of Bcl-2 and Bax. (A) mRNA expression levels of Bcl-2 decreased with JZL184 administration, whereas Bax
expression was increased, as compared with the control group. (B-D) As assessed by western blotting, the protein expression levels of Bcl-2 were markedly
suppressed by JZL184 intervention in the three colorectal cancer cell lines, and the protein expression levels of Bax were increased, as compared with
the control group. Data are presented as the mean = standard deviation. "P<0.05. Bcl-2, B-cell lymphoma 2; Bax, Bel-2-associated X protein; GAPDH,

glyceraldehyde-3-phosphate dehydrogenase.
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Figure 4. JZL184 inhibited the migration of colorectal cancer cell lines and the association between MAGL and EMT. (A) Migratory ability was assessed by
Transwell assay. Compared with the control group, the number of cells was decreased in the colorectal cancer cell lines that exhibited different levels of aggres-
siveness. Scale bar=50 ym. "P<0.05, vs. the control group. (B) Western blotting was used to detect the protein expression levels of EMT markers, following
administration of JZL184, E-cadherin protein expression levels were increased, and vimentin and Snail expression levels were decreased in colorectal cancer
cell lines. Data are presented as the mean + standard deviation. "P<0.05. EMT, epithelial-mesenchymal transition; MAGL, monoacylglycerol lipase; Snail, zinc

finger protein SNAIl; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

tion of SW480 and SW620 cells was significantly decreased.
Compared with the SW480 cells, the suppression of SW620
cell migration was markedly increased (Fig. 4A).

JZL184 inhibits EMT in colorectal cancer cell lines. EMT in
epithelial tumor cells is closely associated with the process
of tumor cell metastasis. In the present study, migration was
observed to be inhibited by JZL184 in colorectal cancer cell
lines; therefore, the protein expression levels of EMT markers
were detected by western blotting. Following JZL.184 admin-
istration, the SW480 and SW620 colorectal cancer cell lines
exhibited significantly increased E-cadherin protein expres-
sion and decreased vimentin and Snail protein expression
(Fig. 4B), thus indicating that MAGL may regulate migration
via EMT.

Discussion

In a tumor-bearing state, endogenous fatty acid hydrolysis
and oxidation are increased, triglyceride conversion and
plasma FFA levels are increased, and utilization of exogenous
fat is reduced (21). Previous studies regarding MAGL have
focused on the role of the nervous system endocannabinoid
signals in peripheral tissues and the central nervous system.
These have demonstrated that cannabinoids inhibit cancer cell
proliferation, induce tumor cell apoptosis and influence tumor

angiogenesis (22-24). Nomura et al (7) demonstrated that
MAGL may regulate the fatty acid metabolism network via
the MAGL-FFA pathway, resulting in an increase in various
lipid signaling molecules, including lysophosphatidylcholine
and lysophosphatidic acid ethanolamine, and particularly lyso-
phosphatidic acid and prostaglandin E, (PGE,), which have
been indicated to be closely associated with tumor prolifera-
tion and metastasis. Nomura et al (8) also demonstrated that in
androgen-dependent prostate cancer, MAGL influences tumor
proliferation and metastasis via the cannabinoid system and
fatty acid network.

The present study demonstrated that tumor cell prolif-
eration was reduced and apoptosis increased in response to
MAGL inhibition. Furthermore, treatment with JZL184 and
5-fluorouracil induced greater cell apoptosis than
5-fluorouracil alone in colorectal cancer cell lines. These
results suggested that JZL184 may decrease tumor growth and
enhance sensitivity to chemotherapy. In addition, Bcl-2 and Bax
mRNA and protein expression levels were altered by JZL184
administration. This may suggest that MAGL regulates Bcl-2
and Bax protein expression levels to affect cancer cell activity.
Ye et al (11) demonstrated that MAGL expression was posi-
tively correlated with BMI values, and individuals with a BMI
>30 had higher levels of MAGL. Inhibition of MAGL activity
with corresponding small interfering RNA was able to reduce
the protein expression levels of cyclin D1 and Bcl-2, decrease
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tumor proliferation, induce apoptosis of tumor cells, and result
in cell cycle arrest. The Bcl-2 protein family comprises key
regulators of apoptosis, and alterations to protein expression
affects the apoptosis of cells with DNA damage or cell cycle
abnormalities, thus influencing the apoptosis of tumor cells.
Bcl-2 and Bax exert an inhibitory and promoting effect on
apoptosis, respectively (25). Increasing Bax protein expression
increases cell sensitivity and apoptosis. A decrease in Bax
protein expression reduces its preventative effects on Bcl-2,
thus promoting cell survival (26,27). By inhibiting MAGL
with JZL184, the present study demonstrated that MAGL may
regulate Bcl-2 protein expression, thus promoting the effects
of Bcl-2 and reducing Bax protein expression levels, resulting
in anti-apoptotic effects in colorectal cancer cells.

EMT-associated proteins are important in the process
of EMT (28). EMT results in tumor cell migration and
increased invasive ability. The epithelial marker, E-cadherin,
is decreased during EMT; however, vimentin and Snail are
increased (29). It has previously been demonstrated that
vimentin (22) is associated with the degree of tumor malig-
nancy. EMT regulates the behavior of tumor cells (29), and
the abnormal expression of E-cadherin is a key marker of
the EMT process. Joyce et al (30) reported that MAGL may
act as an EMT gene expression marker. Hu ef al (31) inves-
tigated the association between nasopharyngeal carcinoma
(NPC) and MAGL, and observed that MAGL promoted
the metastasis of NPC by affecting EMT. These previous
studies suggested that MAGL may be closely associated with
colorectal cancer and the EMT process. In order to investi-
gate the role of MAGL in the EMT of colorectal cancer cell
lines, cells with various metastatic potentials were selected.
The migration of colorectal cancer cells was significantly
suppressed by JZL184 intervention, particularly in SW620
cell, as compared with SW480 cells. These results suggested
that JZL184 interrupted cell migration, and as the degree of
malignancy increased, the tumor cells were more sensitive
to the effects of JZL184. To elucidate a possible mechanism
underlying the effects of JZL184 on the colorectal cancer cell
lines, the expression levels of EMT markers were detected.
The present study observed that JZL184 increased the
protein expression levels of E-cadherin, and decreased the
protein expression levels of Snail and vimentin. These results
indicated that the MAGL inhibitor, JZL184, decreased
migration of colorectal cancer lines via influencing EMT,
and the inhibitory effects was enhanced depending on
the metastatic potential of the colorectal cancer cell line.
MAGL, as a colorectal EMT marker, increases the invasive
and metastatic potential of tumor cells, possibly via regula-
tion of tumor cell EMT. In addition, metabolic products in
the regulation of MAGL, including PGE, (32), have been
demonstrated to be associated with tumor cell EMT, and the
endocannabinoid system is also associated with the process
of EMT (5). However, whether MAGL regulates the EMT
of colorectal cancer via the fatty acid network or endocan-
nabinoids remains to be elucidated.

In conclusion, the MAGL inhibitor, JZL184, induced
apoptosis by regulating the expression of Bcl-2 and Bax
in colorectal cancer cells. In addition, JZL184 increased
the sensitivity of colorectal cancer cells to 5-fluorouracil,
decreased migration of the tumor cells, and regulated the
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expression of EMT markers. These results suggested that
MAGL may be considered a potential therapeutic target, and
JZ1.184 may be a possible therapeutic agent for the treatment
of colorectal cancer. Further research regarding the role of
MAGTL in colorectal cancer is required, which may elucidate
the mechanisms underlying how JZL184 and MALG regulate
proliferation and metastasis of colorectal cancer cells.
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