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Abstract: Monoacylglycerol lipase (MAGL) is a serine hydrolase that hydrolyzes monoacylglycerides into free fatty
acids and glycerol. It has recently been found to be involved in cancer progression through the free fatty acid or
endocannabinoid network after studies on its function in the endocannabinoid system. Here, we determined a role
for MAGL in nasopharyngeal carcinoma (NPC), which is known for its high metastatic potential. Among the different
NPC cells we tested, MAGL was highly expressed in high metastatic NPC cells, whereas low metastatic potential NPC
cells exhibited lower expression of MAGL. Overexpression of MAGL in low metastatic NPC cells enhanced their motile
behavior and metastatic capacity in vivo. Conversely, knockdown of MAGL reduced the motility of highly metastatic
cells, reducing their metastatic capacity in vivo. Growth rate was not influenced by MAGL in either high or low meta-
static cells. MAGL expression was associated with the epithelial-mesenchymal transition (EMT) proteins, such as
E-cadherin, vimentin and Snail. It was also related to the sidepopulation (SP) of NPC cells. Our findings establish that
MAGL promotes metastases in NPC through EMT, and it may serve as a target for the prevention of NPC metastases.
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cerous to a cancerous state is associated with
alterations in metabolic pathways, which inclu-
de aerobic glycolysis (“Weinberg effect”) [11-
13], glutamine-dependent anaplerosis [14, 15],
and de novo lipid biosynthesis [16, 17].

Introduction

Nasopharyngeal carcinoma (NPC) is a disease
with remarkable racial and geographic distribu-
tion. It has a high incidence in southern China
and southeast Asia, with an incidence rate

ranging from 25 to 50/100,000; however, it is
rarely found in most of the rest of the world
[1-3]. However, the molecular basis of NPC is
far from being fully understood. Previous stud-
ies revealed that genetic susceptibility, Epstein-
Barr virus (EBV) infection and environmental
factors play roles in the development of NPC [4,
5]. Moreover, NPC has the highest metastasis
rate among the head and neck cancers [6-8].
Patients with metastases to regional lymph
nodes (LN) or even distant organs exhibited
poor prognosis, with disease relapse rates as
high as 82% [9].

Cancer cells differ from normal cells, and
deregulation of metabolism is a hallmark of
cancer [10]. The transformation from a noncan-

A well-studied lipid metabolism gene is fatty
acid synthase (FASN). It is a key lipogenic
enzyme in the synthesis of long-chain fatty
acids from acetyl-coenzyme A (CoA) and malo-
nyl CoA and catalyzes one of the terminal steps
in the de novo biogenesis of fatty acids [18-21].
Its high expression is observed in a wide variety
of human cancers . Increased FASN has been
linked to short-term survival in colorectal, ovar-
ian and melanoma cancers [22-24], and the
inhibition of FASN resulted in decreased cell
proliferation, loss of cell viability, and decreased
tumor growth in vivo [20, 25-27]. Its selective
expression in cancer cells makes it a good tar-
get for cancer therapy. The development of sev-
eral FASN inhibitors both by academic labs and
in industry has been reported; these inhibitors
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Figure 1. MAGL expression in different NPC cells and tissues. A. The mRNA level of MAGL (normalized to GAPDH)
in the 6 NPC cell lines were measured by quantitative real-time PCR, showing that the expression of MAGL was
significantly higher in high metastatic potential cells, S18, than in its parental low metastasis cell line, CNE-2. More-
over, high levels of mMRNA were also observed in another high-metastatic clone, 5-8F, in contrast to its parental low
metastatic NPC cell line SUNE-1. NP 69, an immortalized nasopharyngeal epithelial cell line exhibited a relatively
low expression of MAGL. Column, mean; error bar, + SD (from triplicates). B. The MAGL protein levels in these cell
lines were confirmed by western blotting. C. The mRNA level of MAGL (normalized to GAPDH) in 10 NPC patients was
significant higher than that in 10 non-cancer patients with rhinitis (***, p < 0.001).

include Cerulenin, C75, orlistat, C93, C247, and
GSK837149A [28].

High FASN expression in NPC correlates with
advanced stage and shorter survival [29].
Previous studies have reported that the con-
centration of some lipids and unsaturated fatty
acids were increased in the serum of NPC
patients. Recently, a familial study from a
research group at Sun-Yat Sen University
Cancer Center indicated that NPC patients
exhibit a high concentration of high density
lipoprotein (HDL) compared with normal con-
trols. These studies indicate that fatty acid
metabolism may also play an important role in
NPC pathogenesis.

Monoacylglycerol lipase (MAGL) is a serine
hydrolase that hydrolyzes monoacylglycerides
into free fatty acids and glycerol. MAGL studies
over the last few decades have focused on its
participation in the breakdown of adipose triac-
ylglyceride (TCA) stores and its role in the
endogenous cannabinoid system [30-32].
Endocannabinoids are lipid molecules that
modulate a diverse set of physiological pro-
cesses such as pain, cognition, appetite, and
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emotional states, and their levels and functions
are tightly regulated by enzymatic biosynthesis
and degradation [33]. 2-Arachidonoylglycerol
(2-AG) is the most abundant endocannabinoid
in the brain and is believed to be hydrolyzed pri-
marily by the serine hydrolase monoacylglycer-
ol lipase (MAGL). In 2011, Nomura’s group
found that MAGL plays a protumorigenic role in
prostate cancer [34]. Later, MAGL's function in
colon cancer was studied.

Therefore we sought to determine how MAGL is
involved in NPC carcinogenesis and develop-
ment. Does it play an important role in NPC as
well as in prostate cancer?

Materials and methods
Cell culture

The human NPC cell line CNE-2 and its clones
(818 and S26, cultured in less than 50 pas-
sages) and SUNE-1 and its clone 5-8F were
kindly provided by Dr. Chao-Nan Qian, Sun Yat-
Sen University Cancer Center (SYSUCC), China.
The other NPC cell lines, NP69 and CNE1, were
obtained from SYSUCC. Cells were cultured in
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Figure 2. Overexpression of MAGL enhanced the metastasis ability in NPC cells. A. The stable overexpression of
MAGL was achieved in CNE-2 cells and SUNE-1 cells. B. Overexpression of MAGL did not affect the growth rate of
both CNE-2 and SUNE-1 cells. C. Transwell assay with and without Matrigel was used to evaluate the migration and
invasion abilities, respectively. MAGL-OE cells displayed more migration or invasion through the chamber. D. Num-
bers of cells obtained through the chamber per field. Column, mean; bars, + SD (from triplicates). *, P < 0.01 with

Student’s t test.

Dulbecco’s modified Eagle’s medium (DMEM,
Invitrogen, Carlsbad, CA) with 10% fetal bovine
serum (FBS, Invitrogen, Carlsbad, CA) at 37°C
in 5% CO,,.

Human tissues

All of the human tissue samples were obtained
from the Department of Pathology, Sun Yat-Sen
University Cancer Center (SYSUCC) with prior
patient consent and the approval of the
Institutional Clinical Ethics Review Board at
SYSUCC.

MTT assay

The MTT assay was performed as previously
described [35]. Briefly, cells were seeded in
96-well plates at a density of 3000 cells per
well. At the same time on Days 1, 2, 3, 4 and 5,
20 pl MTT (5 mg/ml) solution was added to
each well, followed by the addition of 150 ul
DMSO. Cell viability was measured with a
microtiter plate reader (Bio-Tek, VT, USA).

Transwell assay

Migration and invasion assays were performed
as previously described [37]. Migration assays
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were performed in transwell chambers (8 um
pore size; Costar). Invasion assays were con-
ducted wusing the BD Matrigel Invasion
Chambers. The numbers of migrated and
invaded cells in five random optical fields (200
x magnification) from triplicate filters were
averaged.

Quantitative PCR

Total RNA was extracted from malignant and
non-malignant nasopharyngeal tissues or from
NPC cells using Qiagen RNeasy mini-columns
according to the manufacturer’s instructions.
RNA was reverse transcribed using random
hexamers (Invitrogen) and reverse transcrip-
tase (Superscript Il, Invitrogen). Real-time PCR
was performed using TagMan gene expression
pre-synthesized reagents and master mix
(Applied Biosystems, Warrington, UK). Reac-
tions were prepared following the manufactur-
er’'s instructions. All reactions were performed
in triplicate on 96-well PCR plates (ABIPRISM,
Applied Biosystems) using an ABI PRISM 7000
sequence detection system (Applied Bio-
systems). Standard thermal cycling conditions
included a hot start of 5 min at 50°C and 10
min at 95°C followed by up to 40 cycles of the

Int J Clin Exp Pathol 2014;7(7):3704-3713



MAGL in nasopharyngeal carcinoma

518 C
oot 518 NC SH1 SH2 NC SH1 SH2

0.01 MAGL l'z. R i b, . _: i . o
l - = : & 5 e v, e s

0.00 A | Tl : Lyt 28] Y :_7 : :

00 ta hd 5 o .

b
w

Relative MAGL
mRNA level

“s.l %i"\ ‘fﬂ, D
5-8F
i O s18NC
- -
why NCSH1 SH2 3 ] s18 SHA
Y 5-8F 2 200 B s18sH2
O3 =
§§000 MAGL 8 Il 5-8F NC
T s [ 5-8F SH1
g%umz & 8 100 O 5-8F sH2
£ =
g R
000 0

Figure 3. Suppression of MAGL inhibits the migration and invasion abilities of S18 cells and 5-8F cells. S18 and
5-8F cells were transduced with lentiviruses expressing scrambled shRNA (NC) or shRNAs targeting MAGL (SH 1
and SH 2). A. MAGL mRNA levels (normalized to GAPDH) determined by quantitative real-time PCR in the MAGL
knockdown cells were significantly reduced. B. MAGL protein levels were determined by immunoblotting. Expres-
sion of MAGL in SH 1 and SH 2 cells were decreased both in S18 and 5-8F cells. C, D. Transwell assay was used for
further evaluation of the invasion/migration ability of the S18 cells. Suppression of MAGL significantly reduced the
migration and invasion abilities of the cells. Column, mean; bars, £ SD (from triplicates). Student’s t test was used
for the statistical analyses. **, P < 0.001 relative to that of scrambled shRNA (S18-NC); #, P < 0.05 for SH 1 and
SH 2 when compared with that of scrambled shRNA (5-8F NC).

following: 95°C for 15 seconds, 60°C for 1 min. lines stably expressing either MAGL short hair-
The sequences of PCR primers used for amplifi- pin RNA (shRNA) or a scrambled nontarget
cation of MAGL and glyceraldehyde-3-phos- shRNA were established according to the man-
phate dehydrogenase (GAPDH) were as follows: ufacturer’s instructions. The targets of human
MAGL forward, 5-GTGACAGCCGCAACCCT-3; MAGL shRNAs are 5-CCGGCAACTCCTTCCAT-
MAGL reverse, 5-GAGCCACAGTGACATAGCA- GAAATCTCGAGATTTCATGGAAGACGGAGTTGT-
AAC-3’; GAPDH forward, 5-TCACTGCCACCCAGA- TTTTG-3" and 5-CCGGCCAATCCTGAATCTGCA-
AGA-3’; and GAPDH reverse, 5-TACCAGG- ACAACTCGAGTTGTTGCAGATTCAGGATTGTTTT-
AAATGAGCTTGAC-3'. The experiments were TG-3'.

performed in triplicate.
Side population (SP) assay by flow cytometry

Overexpression studies in human cancer cell

lines SP assay was performed as previously

described [36]. The cells were digested with
Stable expression of MAGL was achieved by trypsin (Sigma-Aldrich, St. Louis, MO), and
retroviral infection. CNE-2 and SUNE-1 cells resuspended at a concentration of 1 x 10°
were transduced for 4 h with supernatants cells/ml. The DNA binding dye, Hoechst 33342,
obtained from 293T cells that were previously was then added to a final concentration of 5
transfected with a retroviral vector carrying ug/ml, and the samples were incubated for 90
flag-tagged MAGL or the corresponding empty min in the dark with periodic mixing. After wash-
construction (pBABE). Infected cells were ing twice with PBS, the cells were kept at 4°Cin
selected with puromycin. the dark before flow cytometry (Moflo XDP,

Beckman Coulter) using dual-wavelength analy-
Knockdown studies in human cancer cell lines sis. On the other hand, a subset of the cells was

incubated with 10 M fumitremorgin C (FTC, a
Mission Sh RNA (Cat. SHCLND-NM_007283) specific inhibitor ABCG2) for 5 min at 37°C prior
were purchased from Sigma-Aldrich, and cell to adding Hoechst 33342 to determine wheth-
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Figure 4. In vivo metastasis rates of MAGL-overexpressing cells and MAGL knockdown cells. For overexpressing
cells, CNE-2-MAGL-OE and vector cells were subcutaneously injected into the left hind footpad of nude mice as well
as SUNE-1-MAGL-OE and its vector cells, which led to metastases to the left popliteal LN in some animals. For the
knockdown cells, S18 and 5-8F cells stably expressing MAGL shRNAs (SH 1 and SH 2) or scrambled shRNA (NC)
were used. A. The proportion of popliteal LN metastasis after inoculation of CNE-2 cells. Overexpression of MAGL in
CNE-2 cells significantly increased the metastasis rate from 16.67% (5 of 30) to 60% (18 of 30). B. The proportion
of popliteal LN metastasis after inoculation of SUNE-1 cells. Overexpression of MAGL in SUNE-1 cells significantly
increased the metastasis rate from 20% (6 of 30) to 63.33% (19 of 30). C. Knockdown of MAGL in S18 cells sig-
nificantly reduced the metastasis rate from 76.67% (23 of 30) to 40% (12 of 30). D. The proportion of popliteal LN
metastases after inoculation of 5-8F cells. Knockdown of MAGL in 5-8F cells significantly reduced the metastasis
rate from 73.33% (22 of 30) to 40% (12 of 30). x? test was used.

er this would block the fluorescent efflux of SP Antibodies and reagents

cells.
An MAGL polyclonal antibody (Cat. 011994)

Western blotting was purchased from Sigma-Aldrich. E-cadherin
(Cat. 610181) and vimentin (Cat. 550513) anti-
bodies were obtained from BD Biosciences
(Franklin Lakes, NJ). Snail (Cat. 3879) was pur-
chased from Cell Signaling (Beverly, MA).
Antibodies against MMP2 (Cat. 104577) and
GAPDH (Cat. 48166) were obtained from
GeneTex (Irvine, CA, USA) and Santa Cruz
Biotechnology (Santa Cruz, CA), respectively.

Western blotting was conducted using stan-
dard procedures. Briefly, cells were lysed with
RIPA lysis buffer (100 mM Tris-HCI, 300 mM
NaCl, 2% NP40, 0.5% sodium deoxycholate)
supplemented with proteinase inhibitors, and
the concentration of total protein in lysate was
measured using the Bradford method. An equal
amount of protein in each sample was mixed

with loading buffer and subjected to SDS-PAGE Animals and spontaneous lymph node metas-
separatmn f_ollow_ed by blotting onto a.p.olyw— tasis assay

nylidene difluoride membrane (Millipore,

Bedford, MA). Membranes probed with specific Female nude mice aged 5 and 6 weeks were
primary antibodies were washed in PBS with purchased from Guangdong Medical Laboratory
Tween-20 (PBST) for three times and then Animal Center (Guangzhou, China). All of the
probed with secondary peroxidase conjugated animal studies were conducted in accordance
antibodies (1:5000). Protein bands were with the principles and procedures outlined in
detected on X-ray film using a chemilumines- the guidelines of Institutional Animal Care and
cence method. Use Committee at Sun Yat-Sen University. The

3708 Int J Clin Exp Pathol 2014;7(7):3704-3713
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Figure 5. MAGL expression is associated with the epithelial-mesenchymal transition. A. Western blotting was per-
formed to determine the expression of EMT markers of MAGL-OE cells. In CNE-2 cells, vimentin, Snail and MMP-2
were increased in MAGL-overexpression group, when E-cadherin expression was decreased (left). The same situa-
tion was found in SUNE-1 cells (right). B. The quantitative real-time PCR was conducted to check the mRNA level of
several EMT markers. In SH MAGL cells, the mRNA of vimentin and Snail were decreased, as accompanied by the
increased mMRNA expression of E-cadherin. C. The protein levels of relative EMT markers were checked by western
blotting. In SH 1 and SH 2 cells, with the decreased expression of MAGL, the expression of vimentin and Snail were
also decreased, while the expression of E-cadherin obtained a higher level.

spontaneous LN metastasis model was per-
formed as previously described [37]. Briefly, a
total of 1 x 10° cells were injected into the left
hind footpad of each mouse to generate a pri-
mary tumor. After one and a half months, the
popliteal LN of the left hind foot was collected
on the last day for routine tissue processing.

Statistical analysis

The data were presented as the means * stan-
dard deviation (SD) and were analyzed with
Student’s t-test or x? test. All statistical tests
were two-tailed. The results were considered
statistically significant when the p values were
less than 0.05.

Results

MAGL expression is elevated in NPC cells with
high metastasis potential

First, we examined the expression of the MAGL
in different NPC cell lines. Quantitative PCR
results (Figure 1A) showed a particularly low
mMRNA expression of MAGL in NP 69, an immor-
talized nasopharyngeal epithelial cell line. S18
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originated from the CNE-2 cell, but S18 had a
higher metastatic ability. Interestingly, S18,
with a relatively high metastatic potential,
showed a relatively high expression of MAGL.
CNE-2, the origin cell line of S18, with a relative
low metastatic ability, exhibited low expression
of MAGL. The same results were obtained with
the SUNE-1 and 5-8F groups. 5-8F was a single
clone from SUNE-1, and 5-8F exhibited a higher
metastatic ability than SUNE-1; corresponding-
ly, the expression of MAGL in 5-8F was higher
than that in SUNE-1 cells.

The western blot results confirmed the expres-
sion levels in the different NPC cell lines (Figure
1B); high potential metastatic cells exhibited a
higher expression of MAGL. In addition, we
obtained nasopharyngeal samples from the
NPC patients as well as patients with rhinitis
(Figure 1C). The cancer patients exhibited high-
er expression of MAGL, whereas the non-can-
cer patients exhibited a relatively low expres-
sion of MAGL at the mRNA level. These
interesting findings led us to determine wheth-
er MAGL plays a protumorigenic role in NPC
development or in NPC metastases.

Int J Clin Exp Pathol 2014;7(7):3704-3713
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Figure 6. MAGL expression is associated with the percentile of cancer stem cells. A. The percentages of sidepopu-
lation (SP) cells in CNE-2 and SUNE-1 cells analyzed by FACS. The percentage of SP cells was increased in MAGL-
overexpression cells, 11.3% to 26.7% in CNE-2 cells and 16.8% to 29.1% in SUNE-1 cells. The bottom panels show
samples in the presence of FTC. B. The percentages of sidepopulation (SP) cells in SH 1 (43.1%) and SH-2 cells
(46.5%) were decreased when compared to the scrambled group NC (56.14%).

Overexpression of MAGL promotes the motility
of low metastatic NPC cells

We selected the two relatively low metastatic
cells, CNE-2 and SUNE-1, for further study.
Stable overexpression of MAGL in CNE-2 and
SUNE-1 cells was achieved (Figure 2A).

The MTT assay showed there was not a signifi-
cant difference between the MAGL overex-
pressing cells and the vector cells (Figure 2B).
Using the transwell assay, we compared the
metastatic ability of both the MAGL overex-
pressing cells and the vector cells, as shown in
the Figure 2C; the overexpressing cells showed
greater metastatic ability than the control cells
(Figure 2D).

Knockdown of MAGL suppresses the migration
and invasion of NPC cells without influencing
growth rate

To examine the causal role of MAGL in the motil-
ity of NPC cells, we engineered cell lines from
S18 and 5-8F that stably expressed either shR-
NAs targeting MAGL expression (SH MAGL1
and SH MAGL2) or a scrambled nontarget
shRNA (NC). The suppression of MAGL expres-
sion at the mRNA level was confirmed by quan-
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titative real-time PCR (Figure 3A). Immunoblo-
tting confirmed the decreased MAGL expres-
sion in SH 1 and SH 2 cells (Figure 3B).

Consistent with the overexpression group, sh
MAGL S18 and 5-8F cells had a weaker meta-
static ability than the scramble groups, which
could influence the migration ability and inva-
sion ability of the cells (Figure 3C and 3D).

Expression of MAGL mediates the metastasis
rate of NPC in vivo

After confirming the role of MAGL role in vivo,
we next examined its functionin vitro. To deter-
mine whether it can mediate the metastasis
rate of NPC in vivo, we used a lymph node
metastasis model. Cancer cells were injected
into the foot pad after one and a half months to
induce the formation of carcinoma in situ; then,
the mice were sacrificed, and the lymph nodes
were removed. RNA was extracted, and the
metastases were examined using quantitative
PCR of the HPRT, which is a homo gene. As
expected, the MAGL overexpression group
showed an increased metastasis rate: 60% ver-
sus 16.67% in the CNE-2 cells (Figure 4A) and
63.33% versus 20% in the SUNE-1 cells (Figure
4B); MAGL knockdown produced a significant

Int J Clin Exp Pathol 2014;7(7):3704-3713
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reduction in the metastasis rate from 76.67%
10 40% in the S18 group and 73.33% to 40% in
the 5-8F group (Figure 4C, 4D). These results
confirm that MAGL is involved in the control of
NPC metastasis in vivo.

MAGL expression is associated with the
epithelial-mesenchymal transition

Metastatic ability was found to be related to the
epithelial-to-mesenchymal transition, EMT. We
sought to determine whether MAGL expression
was related to EMT. Western blotting was con-
ducted to investigate the EMT markers in the
overexpression and knockdown of MAGL.

As the figure shows (Figure 5A, 5B), the overex-
pression of MAGL increased the expression of
Snail and vimentin, but decreased the expres-
sion of E-cadherin.

Degradation of the extracellular matrix is a cru-
cial step in the metastatic process, especially
during tumor cell intravasation and extravasa-
tion [38]. Matrixmetallo-proteinases (MMPs)
have long been associated with this process
due to their ability to degrade the components
of the extracellular matrix [39]. We found that
overexpression of MAGL increased the expres-
sion of MMP-2, which also supported the rela-
tionship between MAGL and EMT.

In sh MAGLS18 and 5-8F cells, the mRNA levels
of vimentin and Snail were decreased along
with an increase in the mRNA levels of
E-cadherin (Figure 5C). These results showed
that MAGL was relevant to the EMT.

MAGL expression is associated with the per-
centile of cancer stem cells

EMT was shown to be correlated with cancer
stem cells. We determined the sidepopulation
(SP) percentile of the overexpression of MAGL
in CNE-2 and SUNE-1 cells, and as expected,
the MAGL-OE cells had a high SP percentile
compared to the control CNE-2 cells (Figure
6A). The same result was obtained for the
SUNE-1 cells.

Accordingly, the shMAGL in the S18 and 5-8F
cells had a lower percentile of the SP cells
(Figure 6B). These results were consistent with
the expression of EMT markers.
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Discussion

Cancer cells undergo heighten lipogenesis to
meet the dysregulated need for biosynthetic
and bioenergetic requirements, which include
membrane building blocks, signaling lipid mol-
ecules, posttranslational modifications of pro-
teinsas well as energy supply [40]. Dysregulated
lipid metabolism enzymes have been implicat-
ed in cancer; these enzymes include FASN, ATP
citrate lyase (ACL) and acetyl-CoA carboxylase
(ACC).

Monoacylglycerol lipase (MAGL) was investigat-
ed in the current study. It catalyzed the conver-
sion of monoacylglycerol (MAG) to glycerol, with
the release of a free fatty acid molecule.
Previous studies on MAGL were mainly focused
on its role in endocannabinoid signaling in the
nervous system and some peripheral tissues,
where it can degrade the endocannabinoid
receptors (CB1 and CB2), 2-arachidonoylglyc-
erol (2-AG; C20:4 monoacylglycerol). Studies
have shown that cannabinoids inhibit cancer
cell proliferation, induce cancer cell apoptosis,
and impair tumor angiogenesis [41-44].
Cannabinoids reduce ErbB2-driven breast can-
cer progression through Akt inhibition.

In addition, the free fatty acid is another prod-
uct of MAGL. Normura found that MAGL regu-
lates a fatty acid network that feeds into a num-
ber of protumorigenic signaling pathways [34],
which include LPA and PGE2, that have been
shown to stimulate the motility of cancer cells
[45].

This study is the first to show that MAGL is
involved in NPC cancer cells. MAGL was highly
expressed in high metastatic cells but lowly
expressed in NPC cells with low metastatic
potential. MAGL may promote NPC metastases
both in vivo and in vitro. However, MAGL did not
affect the growth rate of NPC cells, which is not
the same as its effect in prostate cancer cells.
Overexpression of MAGL increases vimentin
expression as well as the stem cancer cell per-
centile but decreases the expression of
E-cadherin.

In conclusion, our study showed that MAGL
plays an important role in regulating NPC
metastasis by enhancing cellular migration,
cellular invasiveness, vimentin and Snail
expression, and the in vivo spread of cancer

Int J Clin Exp Pathol 2014;7(7):3704-3713
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cells. Those findings suggest that MAGL may be
a potential target for preventing NPC metasta-
ses. The metabolic pathway of cancer is impor-
tant, and the precise mechanism by which
MAGL influences the metastases in NPC
requires further study.
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