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Abnormal metabolism is one of the hallmarks of cancer cells. Monoacylglycerol lipase
(MGLL), a key enzyme in lipid metabolism, has emerged as an important regulator of
tumor progression. In this study, we aimed to characterize the role of MGLL in the
development of lung adenocarcinoma (LUAD). To this end, we used tissue microarrays to
evaluate the expression of MGLL in LUAD tissue and assessed whether the levels of this
protein are correlated with clinicopathological characteristics of LUAD. We found that the
expression of MGLL is higher in LUAD samples than that in adjacent non-tumor tissues. In
addition, elevated MGLL expression was found to be associated with advanced tumor
progression and poor prognosis in LUAD patients. Functional studies further
demonstrated that stable short hairpin RNA (shRNA)-mediated knockdown of MGLL
inhibits tumor proliferation and metastasis, both in vitro and in vivo, and mechanistically,
our data indicate that MGLL regulates Cyclin D1 and Cyclin B1 in LUAD cells. Moreover,
we found that knockdown of MGLL suppresses the expression of matrix
metalloproteinase 14 (MMP14) in A549 and H322 cells, and in clinical samples,
expression of MMP14 is significantly correlated with MGLL expression. Taken together,
our results indicate that MGLL plays an oncogenic role in LUAD progression and
metastasis and may serve as a potential biomarker for disease prognosis and as a
target for the development of personalized therapies.

Keywords: monoacylglycerol lipase,matrixmetalloproteinase14,proliferation,metastasis, lungadenocarcinoma,prognosis
INTRODUCTION

Non-small cell lung cancer is one of the leading causes of cancer-related deaths worldwide, with
lung adenocarcinoma (LUAD) representing the major subtype of this disease (1, 2). Although
significant progress has been made in the treatment of LUAD, it is still associated with a high
mortality rate (3). In particular, a number of new target drugs have been discovered and applied for
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patients with lung cancer in recent years. However, the sensitivity
to these drugs varies extensively among patients (4).

Emerging evidences have revealed that dysregulated
metabolic pathways involved in cancer development (5, 6), and
metabolic reprogramming can regulate cancer cell stemness,
proliferation, metastasis, and drug resistance (7, 8). Notably,
tumor progression and metastasis are recognized as main causes
of death in patients with lung cancer (9, 10). Recently, a number
of studies have further demonstrated that aberrantly activated
lipid metabolic pathways can promote cancer cell proliferation
and metastasis (11–13), and intriguingly, disordered lipid
metabolism has been detected in lung cancer (14). These
observations therefore suggest that the development of drugs
targeting lipid metabolic pathways may provide a new
therapeutic strategy for LUAD.

Monoacylglycerol lipase (MGLL) is an important enzyme
in the process of lipolysis, which functions to hydrolyze
monoacylglycerol (MAG), producing glycerol and free fatty
acids (FFA) (15, 16). In this way, MGLL can regulate a
number of cellular processes, as both MAGs and FFA can act
as signaling lipids or precursors (15). Critically, MGLL has also
been found to contribute to tumorigenesis and cancer metastasis.
Studies have revealed that MGLL is highly expressed in a number
of aggressive human cancer cells and primary tumors, and
overexpression of MGLL promotes tumor migration, invasion,
and proliferation (16–18). However, the role of MGLL in lung
cancer has not been elucidated.

Here, to address this question, we measured and compared
MGLL expression in LUAD samples and adjacent non-tumor
tissues. We then established cell lines with stable depletion of
MGLL to assess the effect of MGLL on malignant phenotypes of
LUAD cells both in vitro and in vivo. Lastly, we explored the
mechanisms by which MGLL can modulate cell proliferation and
metastasis in LUAD.
MATERIALS AND METHODS

Cell Lines and Cell Culture
H322 and A549 LUAD cell lines were cultivated in Dulbecco’s
Modified Eagle Medium (DMEM) and Roswell Park Memorial
Institute (RPMI) 1640 medium (Corning, Corning, NY, USA),
respectively, supplemented with 10% fetal bovine serum
(Corning, Mediatech Inc., Manassas, VA, USA). Cell lines were
cultured at 37°C with 5% CO2. Moreover, all the cell lines used in
the study were regularly authenticated by short tandem repeat
detection and tested for the presence of mycoplasma.

Patient Samples
Formalin-fixed paraffin-embedded cancer tissues from 156
patients diagnosed with LUAD between 2006 and 2017, as well
as 76 adjacent non-tumor tissues, were obtained from the Cancer
Hospital, Chinese Academy of Medical Sciences. Information
including age, gender, and tumor node metastasis (TNM) stage
was collected from medical records. Informed consent was
obtained from all patients and the study protocol was
Frontiers in Oncology | www.frontiersin.org 2
approved by the Research Ethics Committee of the Cancer
Hospital, Chinese Academy of Medical Sciences.

Immunohistochemical Staining
Sections of paraffin-embedded LUAD and adjacent non-tumor
tissues were prepared for immunohistochemical staining. Briefly,
antigen retrieval was performed by microwaving the sections in
Antigen Retrieval Buffer with pH 6.0. Sections were incubated
with MGLL (1:200, Proteintech) or MMP14 (1:200, Abclonal)
antibodies overnight at 4°C and then incubated with appropriate
secondary antibodies. We quantitatively scored the tissues
according to the percentage of positive staining cells and the
staining intensity. Briefly, the staining intensity was graded as 0
(negative), 1 (low), 2 (moderate) or 3 (high), and the proportion
of staining was evaluated as 0 (negative), 1 (< 1%), 2 (1–10%), 3
(11–30%), 4 (31–70%), or (71–100%). A pathologist and two
experienced researchers independently scored the slides.

Establishment of Stable Knockdown
Cell Lines
Two short-hairpin RNAs, 5’- GGATGGTAGTGTCTGACTTCC
-3 ’ and 5 ’- CAACTCCGTCTTCCATGAAAT-3 ’ , were
synthesized for MGLL suppression. They were independently
inserted into the pLKO.1-puro lentiviral shRNA vector (Generay
Biotech Co., Shanghai, China) to produce lentivirus in HEK293T
cells. Cells were selected using medium containing 2 mg/ml
puromycin (Sigma-Aldrich, USA) for 7 days.

Quantitative Reverse Transcription PCR
(qRT-PCR)
qRT-PCR was performed as previously described (19). The primers
used for MGLL: forward, 5’- CACAGTGGCCGCTATGAAGA-3’;
reverse, 5’- CCACATGCTGCAACACATCC-3’.

Western Blot
Western blots were performed as previously described (20). The
following primary antibodies were used: MGLL (1:200, Abcam,
Cambridge, UK), Tubulin (1:5,000, Sigma-Aldrich), CCNB1
(1:1,000, Cell Signaling Technology, Danvers, MA, USA),
CCND1 (1:1,000, Cell Signaling Technology), BCL-2 (1:1,000,
Cell Signaling Technology), BAX (1:1000, Cell Signaling
Technology), E-cadherin (1:1,000, Cell Signaling Technology),
N-cadherin (1:1,000, Cell Signaling Technology), and MMP14
(1:500, ABclonal).

Proliferation and Colony Formation Assay
Cell viability was assessed by the cell counting kit-8 (CCK-8)
assay (Dojindo, Kumamoto, Japan). Optical density was
measured at 450 nm, and the cells were monitored
continuously for 3 days. For colony formation assays, A549
and H322 cells were seeded in 6-well plates at 600 cells/well,
and these were allowed to grow for 1 and 2 weeks, respectively.
The colonies were then fixed and stained with 1% crystal violet.

Migration and Invasion Assay
For migration and invasion assays, A549 cells (5 × 104) or H322
cells (1 × 105) in serum-free RPMI 1640 or DMEM medium,
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respectively, were plated into the upper chamber of 24-well transwell
inserts (Corning, 8.0-mm pores) that were either uncoated or coated
with Matrigel (BD Biosciences, Franklin Lakes, NJ, USA).
Experiments were performed as previously described (21).

Cell Cycle and Cell Apoptosis Analysis
For cell cycle analysis, cellswereharvested andfixedwith70%alcohol
at 4°C overnight, digested in RNase at 37°C for 30 min, stained with
propidium iodide (PI) for 30 min and analyzed with a BD flow
cytometer (Becton Dickinson FACSCanto II). For cell apoptosis
analysis, cells were digested, washed and then resuspended with
binding buffer. Then, FITC annexin V and PI were added to the cell
suspension and incubated in the dark for 10 min. Apoptosis was
detected with a BD FACSCanto II flow cytometer.

RNA Sequencing (RNA-seq)
RNA-seq was used to measure mRNA expression profiles after
knockdown of MGLL in A549 cells. For these assays, total RNA
extraction, cDNA library preparation, and RNA sequencing were
performed at Novogene (Beijing, China). Differentially expressed
genes (DEGs) were identified with Cuffdiff, using a cutoff of |fold
change| ≥2.0 as our threshold for identifying upregulated and
downregulated mRNAs (Supplementary Data 1).

Animal Experiments
BALB/c-nu mice (female, 4–5 weeks old) were used for our
xenograft model. Briefly, A549 cells transfected with MGLL-
shRNA or the vector control were injected into the right dorsal
flanks of BALB/c-nu mice (1.5 × 106 cells per animal, 6 mice per
group). Tumor size was measured twice a week. All mice were
sacrificed after 4 weeks, and the tumors were excised and weighed.
Non-obese diabetic (NOD)-SCID mice (female, 4–5 weeks old)
were used for our lung metastasis model. For these experiments,
A549 cells (1 × 106 cells per animal, 6 mice per group) transfected
with MGLL-shRNA or the vector control were administered to
NOD-SCIDmicevia tail vein injection.After8weeks, themicewere
sacrificed, lungs were excised, and the number of lung metastatic
nodules was evaluated by gross and microscopic examination.

Statistics
Data analysis was performed using GraphPad Prism 7 (GraphPad
Software, Inc., SanDiego,CA,USA).The chi-square testwasused to
identify associations between clinicopathological characteristics
and MGLL expression. Survival analysis was performed with the
Kaplan-Meier method and the log-rank test. Data were compared
between groups using two-tailed Student’s t-tests, and the results
were expressed as themean ± standard deviation (SD). P <0.05 was
considered statistically significant.
RESULTS

MGLL Is Significantly Overexpressed in
LUAD Tissue and Increased MGLL Levels
Are Correlated With Poor Prognosis
We first used IHC staining to detect MGLL expression in 156
LUAD samples and 76 adjacent non-tumor tissues and found
Frontiers in Oncology | www.frontiersin.org 3
that MGLL expression is significantly overexpressed in cancer
tissues relative to non-tumor tissues (Figures 1A, B). Our data
further suggest that MGLL is mainly localized to the cytoplasm
in both LUAD and non-tumor tissues (Figure 1B). We then
conducted western blot analysis to measure MGLL levels in seven
pairs of randomly selected LUAD and non-tumor samples, and
our data confirm that most tumor tissues display elevated MGLL
expression, as compared to adjacent non-tumor tissues
(Figure 1C).

We further investigated the associations between MGLL
levels and the clinicopathological characteristics of LUAD
patients (Table 1). The chi-square test showed that the
expression level of MGLL is significantly correlated with TNM
stage (P = 0.041) and histology grade (P = 0.037). Furthermore,
we examined the relationship between MGLL expression level
and patient survival. MGLL expression level was significantly
correlated with patient survival, and patients high MGLL
expression had worse outcomes according to both Kaplan-
Meier analysis (P = 0.042, log-rank test; Figure 1D) and
univariate Cox regression analysis (Supplementary Table 1).
However, MGLL expression was not independently associated
with overall survival by multivariate Cox regression analysis in
this cohort after adjustment of age, histology grade and TNM
stage (Supplementary Table 1).

MGLL Knockdown Inhibits LUAD Cell
Proliferation and Tumor Growth in Vitro
and in Vivo
To investigate the effect of MGLL on the malignant phenotypes
of LUAD cells, we used shRNA to stably knockdown MGLL
expression in the A549 and H322 cell lines, which display higher
endogenous MGLL expression (Figures 2A, B). Cell viability was
then evaluated by CCK-8 and colony formation assays. Our data
show that MGLL depletion significantly attenuates both cell
proliferation and colony formation in A549 and H322 cells, as
compared to cells transfected with empty vector control (Figures
2C, D).

To further investigate the effects of MGLL knockdown on
tumor growth in vivo, A549 cells with stable MGLL-knockdown
or negative control cells were injected subcutaneously into the
right flank of nude mice. Consistent with our in vitro data, we
found that tumor size and weight were markedly reduced in the
A549-shMGLL group compared to the control group (Figures
2E, F).

A previous study reported that knockdown of MGLL in
colorectal cancer cells inhibits tumor cell proliferation and
induces apoptosis via downregulation of Cyclin D1 and BCL-2
(18). Using flow cytometry, we tested whether a similar effect
could be observed in LUAD cells. Indeed, we detected a reduced
percentage of MGLL-knockdown cells in the S and G2/M phases,
as compared to the negative control, for both A549 and H322
cells (Figure 2G). However, cell apoptosis revealed that the
percentage of apoptotic cells was not significantly affected
following MGLL knockdown (Figure 2H). We then measured
the protein levels of cell proliferation and apoptosis-related
proteins by western blot and found that MGLL knockdown
December 2020 | Volume 10 | Article 559568
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attenuates the expression of both Cyclin D1 and Cyclin B1;
whereas the expression levels of the apoptosis-related proteins
BCL-2 and BAX are not significantly affected by MGLL
knockdown (Figure 2I). Taken together, our results suggest
that enhanced MGLL expression promotes lung cancer cell
proliferation and tumor growth in vitro and in vivo.
Frontiers in Oncology | www.frontiersin.org 4
MGLL Knockdown Inhibits LUAD Cell
Migration and Invasion in Vitro and in Vivo
To investigate the effect of MGLL on the migration and invasion of
LUAD cells, we performed transwell assays with stable MGLL-
knockdown and control cells. We found that both the migratory and
invasivecapabilitiesofA549andH322cellsaresignificantlysuppressed
byMGLL knockdown relative to the control (Figures 3A, B).

We then injected A549 cells containing the shMGLL or control
plasmid into the tail veins of NOD-SCID mice and quantified the
number ofmetastatic nodules in lungs after 8 weeks.We found that
mice injected with A549-shMGLL cells displayed fewer pulmonary
metastatic nodules compared to those injected with the vector
control cells (Figure 3C). Hematoxylin and eosin (H&E) stained
images of lung tissue specimens are shown in Figure 3D. We also
measured the expression levels of the epithelial-to-mesenchymal
transition (EMT)markers E-cadherin andN-cadherin, which were
reported tobe regulatedbyMGLL inhepatocellular carcinoma (17).
However, our results indicate that the expression levels of both
proteins are not significantly affected by MGLL knockdown
(Figure 3E).

MGLL Is Involved in Multiple Cellular
Pathways and Regulates the Expression
of MMP14
To better understand the molecular mechanisms underlying the
role of MGLL in LUAD proliferation and metastasis, we
TABLE 1 | Correlations between MGLL expression and clinicopathological
characteristics of LUAD patients.

Features Number of cases MGLL expression P

High Low

Age
≥ 60 82 39 43 0.975
< 60 74 35 39
Gender
Male 93 46 47 0.538
Female 63 28 35
Tobacco use
No 84 43 41 0.310
Yes 72 31 41
Histology grade
G1/G2 71 27 44 0.037
G3 85 47 38
TNM stage
I+II 83 33 50 0.041
III 73 41 32
A B

D

C

FIGURE 1 | MGLL is overexpressed in LUAD tissue, and its expression levels are correlated with poor prognosis. (A) Immunohistochemical (IHC) staining reveals
that MGLL is overexpressed in LUAD relative to adjacent non-tumor tissues (**P < 0.01). (B) Representative images from IHC staining of MGLL in LUAD and non-
tumor tissues; scale bar = 50 µm. (C) Western blot analysis of MGLL expression in randomly selected LUAD samples and adjacent non-tumor tissues. (D) Kaplan-
Meier analysis indicates that high MGLL expression is predictive of poor overall survival.
December 2020 | Volume 10 | Article 559568
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performed RNA-seq analysis to uncover the transcriptional
profiles of A549 cells following MGLL knockdown (Figures
4A, B, Supplementary Data1). Consistent with the metabolic
role of MGLL, KEGG pathway analysis indicated that MGLL
primarily affected biological processes such as cytokine-cytokine
receptor interaction, PI3K-Akt signaling pathway, neuroactive
ligand-receptor interaction, and retrograde endocannabinoid
signaling (Figure 4C). We then carefully examined the list of
Frontiers in Oncology | www.frontiersin.org 5
upregulated and downregulated mRNAs and found that
expression of MMP14 is significantly decreased following
MGLL knockdown (Figure 4A). Proteins in the matrix
metalloproteinase family are known to be involved in the
breakdown of extracellular matrix components and often
associated with tumor invasion. Consistent with our
transcriptional profiling, western blot analysis revealed that
expression of MMP14 is significantly decreased following
A

B

D

E

F

G I

H

C

FIGURE 2 | MGLL knockdown inhibits LUAD cell proliferation and tumor growth. (A) Western blot analysis to measure the levels of MGLL in 5 LUAD cell lines.
(B) MGLL knockdown efficiency in LUAD cells was verified by qRT-PCR. (C) The proliferative capacity of MGLL-knockdown and control A549 and H322 cells was
measured by the CCK8 assay. (D) Representative images from colony formation assays with shMGLL and control in A549 and H322 cells. Columns on the right
show the mean number of clones from three independent experiments. (E, F) Images of excised xenograft tumors from nude mice subcutaneously injected with
shMGLL or vector control A549 cells. Growth curves and average tumor weight for each group are shown. (G) Flow cytometric cell cycle analysis revealed that
knockdown of MGLL decreases the percentage of S and G2/M phase cells. (H) Cell apoptosis analysis showed that the percentage of apoptotic cells was not
significantly affected following MGLL knockdown in A549 and H322 cells (ns, not significant). (I) Western blot analysis to measure expression of the cell cycle
proteins Cyclin D1 and Cyclin B1 and the apoptosis-related proteins BCL-2 and BAX in MGLL-knockdown and control cells. *P < 0.05, **P < 0.01.
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MGLL knockdown in A549 and H322 cells (Figure 4D).
Moreover, IHC staining of tissue from the A549 xenograft
model confirmed this result (Figure 4E).

MMP14 Is Upregulated and Associated
With Poor Outcome in LUAD Tissues
To further assess the clinical significance of MMP14 in lung
cancer, we measured the expression levels of MMP14 in 76
LUAD and paired adjacent non-tumor tissues using IHC. Our
results revealed that MMP14 is significantly overexpressed in
tumor tissues compared to non-tumor tissues (Figures 5A, B),
and high MMP14 expression is significantly correlated with poor
overall survival (P = 0.019, Figure 5C). In addition, we detected
a positive correlation between expression of MGLL and
MMP14 in the 76 tumor tissue samples (P = 0.036, Figure
5D). Taken together, our data indicate that MGLL promotes
Frontiers in Oncology | www.frontiersin.org 6
cell proliferation and metastasis and plays an oncogenic role
in LUAD.
DISCUSSION

The role of lipid metabolism in cancer has gained increasing
attention in recent years. In particular, it has become well
recognized that aberrant expression of genes involved in fatty acid
synthesis or fatty acid oxidation correlate with malignant
phenotypes, including metastasis and drug resistance (22–24). As
described above, MGLL is an important enzyme in the process of
lipolysis, and the oncogenic roles of MGLL have been validated in
multiple tumors. In this study, we present both clinical and
experimental evidence demonstrating that MGLL is an oncogenic
factor that promotes LUAD tumor cell proliferation andmetastasis.
A

B

D

EC

FIGURE 3 | Knockdown of MGLL inhibits migration and invasion of LUAD cells. (A, B) Transwell assays to measure the migration and invasion activities of shMGLL
and control A549 and H322 cells. (C) Representative images of lung tissues isolated from mice injected with shMGLL or vector control A549 cells via the tail vein.
(D) Representative hematoxylin and eosin-stained images of lung tissues from shMGLL and control mice, and metastatic nodules are indicated by arrow heads;
scale bar = 2 mm. (E) Western blot analysis to measure expression of EMT markers in MGLL-knockdown and control A549 and H322 cells. *P < 0.05, **P < 0.01.
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MGLL upregulation has been reported in several tumor
tissues, including hepatocellular carcinoma and colorectal
cancer (17, 18). Here we showed that MGLL is upregulated in
LUAD tissues via IHC staining, and MGLL expression levels
were significantly correlated with overall survival. These results
Frontiers in Oncology | www.frontiersin.org 7
indicate that MGLL may serve as a valuable prognostic
biomarker for LUAD.

MGLL can promote cancer cell proliferation in many ways,
such as via fatty acid accumulation, regulation of the cell cycle,
and inhibition of apoptosis (16, 18). We therefore evaluated the
A B

D E

C

FIGURE 4 | MGLL knockdown inhibits expression of MMP14 in LUAD cells. (A, B) Heatmap and Venn diagram showing the up- and downregulated genes
following MGLL knockdown in A549 cells, as determined by RNA-seq analysis. (C) Top-ranked KEGG pathway terms associated with up- and downregulated
genes. (D) Western blot analysis measuring the protein levels of MGLL and MMP14 in MGLL-knockdown and control A549 and H322 cells. (E) Representative IHC
images of MGLL and MMP14 staining in MGLL-knockdown and control xenograft tumors; scale bar = 50 µm.
A B

DC

FIGURE 5 | MMP14 is overexpressed in LUAD, and protein levels are correlated with MGLL expression. (A) IHC staining demonstrates that MMP14 is
overexpressed in LUAD relative to adjacent non-tumor tissues (**P < 0.01). (B) Representative images from IHC staining of MMP14 in LUAD and non-tumor tissues;
scale bar = 50 µm. (C) Kaplan-Meier analysis indicates that high MMP14 expression is predictive of poor overall survival. (D) Expression of MMP14 is correlated with
MGLL expression, as demonstrated by the chi-square test (P = 0.036).
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role of MGLL in cell proliferation in A549 and H322 cells and
found that MGLL knockdown inhibits cancer cell proliferation
both in vitro and in vivo. We further found that MGLL regulates
expression of Cyclin B1 and Cyclin D1, which are required for
cell cycle transition. Interestingly, the expression of apoptosis-
related proteins BCL-2 and BAX was not significantly affected
following MGLL knockdown, suggesting that MGLL may not
affect apoptosis in LUAD cells.

Previous studies have reported that MGLL can regulate
and promote cell metastasis through the involvement of
multiple pathways. In hepatocellular carcinoma, for example,
MGLL promotes disease progression via NF-kB-mediated
EMT transition (17). The role of MGLL in colorectal cancer
oncogenesis, however, is controversial. Ye L. et al. demonstrated
that increased MGLL levels have a tumor-promoting effect in
colorectal cancer cell lines (18). Conversely, Sun H. et al. detected
reduced MGLL expression in colorectal cancer tissues and
reported a tumor suppressive effect for MGLL overexpression
in colon cancer cells (25). Here, our data indicate that MGLL can
promote lung cancer cell metastasis, both in vitro and in vivo.
However, we found that expression of EMT markers, including
E-cadherin and N-cadherin, was not significantly affected
following MGLL knockdown in A549 and H322 cells. To
further elucidate the mechanisms underlying the oncogenic
role of MGLL in LUAD, we performed RNA-seq and identified
genes and pathways regulated by MGLL. Our results indicate
that MGLL is primarily involved in processes, such as cytokine-
cytokine receptor interaction, PI3K-Akt signaling pathway,
neuroactive ligand-receptor interaction, and retrograde
endocannabinoid signaling (Figure 4C). Previous studies have
also reported that MGLL is involved in endocannabinoid
signaling (26–29), and notably, the endocannabinoid system has
been found to play a significant role in cancer development and
may serve as a therapeutic target (30–33). Although an
investigation into the role of the endocannabinoid system in
LUAD was beyond the scope of this study, future research
should be aimed at exploring a possible role for MGLL in
modulating endocannabinoid signaling in LUAD.

Among the MGLL-regulated genes uncovered via RNA-seq,
we found that MMP14 is significantly downregulated following
MGLL knockdown. These data are consistent with reports
showing that MMP14 is often upregulated during tumor
progression, and its upregulation predicts the invasive potential
of many cancers (34–36). We therefore measured the expression
of MMP14 in LUAD tissues and found that this protein is
upregulated in LUAD relative to non-tumor tissues, and like
MGLL, its expression is significantly correlated with overall
survival. More importantly, using the chi-square test, we
further found that the expression of MMP14 is significantly
correlated with MGLL expression.

However, in this study, we did not investigate the roles of
MGLL in lung squamous cell carcinoma (LUSC), which is
another broad subtype of non-small cell lung cancer. LUSC is
different from LUAD in many ways, including gene expression
profiles and genomic alterations (37). Thus, further study is
needed to characterize the roles of MGLL in LUSC.
Frontiers in Oncology | www.frontiersin.org 8
In summary, to our knowledge, we present the first study
demonstrating that MGLL plays an oncogenic role in LUAD.
Critically, we find that knockdown of MGLL inhibits the
expression level of Cyclin B1, Cyclin D1 and MMP14. LUAD
tissues with high MGLL and MMP14 expression are associated
with poor overall survival. Our results therefore suggest that
MGLL may serve as both a potential prognostic marker and a
therapeutic target for LUAD patients.
DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found below: BioProject, PRJNA606140 (https://
www.ncbi.nlm.nih.gov/sra/?term=PRJNA606140).
ETHICS STATEMENT

This study was approved by the Research Ethics Committee of
the Cancer Hospital, Chinese Academy of Medical Sciences.
Written informed consent to participate in this study was
provided by the participants.
AUTHOR CONTRIBUTION

HZ: methodology, data analysis, writing original draft. WG,
FZ, RL, YZ, and FS: methodology, patient information
collection. XF, JW: investigation, data curation. FT,
SG: investigation. YG and JH: conceptualization, supervision.
All authors contributed to the article and approved the
submitted version.
FUNDING

This study was supported by the National Key R&D Program of
China (2017YFC1308700,2017YFC1311000); CAMS Initiative
for Innovative Medicine (2017-I2M-1-005, 2017-I2M-2-003,
2019-I2M-2-002); Non-profit Central Research Institute Fund
of Chinese Academy of Medical Sciences (2018PT32033);
Innovation team development project of Ministry of Education
(IRT_17R10). R&D Program of Beijing Municipal Education
commission (KJZD20191002302)
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2020.
559568/full#supplementary-material
December 2020 | Volume 10 | Article 559568

https://www.ncbi.nlm.nih.gov/sra/?term=PRJNA606140
https://www.ncbi.nlm.nih.gov/sra/?term=PRJNA606140
https://www.frontiersin.org/articles/10.3389/fonc.2020.559568/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2020.559568/full#supplementary-material
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. MGLL Plays an Oncogenic Role
REFERENCES

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer
statistics, 2012. CA Cancer J Clin (2015) 65:87–108. doi: 10.3322/caac.21262

2. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics
in China, 2015. CA Cancer J Clin (2016) 66:115–32. doi: 10.3322/caac.21338

3. Hirsch FR, Scagliotti GV, Mulshine JL, Kwon R, Curran WJJr., Wu YL, et al.
Lung cancer: current therapies and new targeted treatments. Lancet (2017)
389:299–311. doi: 10.1016/S0140-6736(16)30958-8

4. Wang DC, Wang W, Zhu B, Wang X. Lung Cancer Heterogeneity and New
Strategies for Drug Therapy. Annu Rev Pharmacol Toxicol (2018) 58:531–46.
doi: 10.1146/annurev-pharmtox-010716-104523

5. Hensley CT, Faubert B, Yuan Q, Lev-Cohain N, Jin E, Kim J, et al. Metabolic
Heterogeneity in Human Lung Tumors. Cell (2016) 164:681–94. doi: 10.1016/
j.cell.2015.12.034

6. Huang K, Liang Q, Zhou Y, Jiang LL, Gu WM, Luo MY, et al. A Novel
Allosteric Inhibitor of Phosphoglycerate Mutase 1 Suppresses Growth and
Metastasis of Non-Small-Cell Lung Cancer. Cell Metab (2019) 30:1107–
19.e1108. doi: 10.1016/j.cmet.2019.09.014

7. Gentric G, Mieulet V, Mechta-Grigoriou F. Heterogeneity in Cancer
Metabolism: New Concepts in an Old Field. Antioxid Redox Signal (2017)
26:462–85. doi: 10.1089/ars.2016.6750

8. Wang Y, Zhang J, Ren S, Sun D, Huang HY, Wang H, et al. Branched-Chain
Amino Acid Metabolic Reprogramming Orchestrates Drug Resistance to
EGFR Tyrosine Kinase Inhibitors. Cell Rep (2019) 28:512–25.e516. doi:
10.1016/j.celrep.2019.06.026

9. Reck M, Heigener DF, Mok T, Soria JC, Rabe KF. Management of non-small-
cell lung cancer: recent developments. Lancet (2013) 382:709–19. doi:
10.1016/S0140-6736(13)61502-0

10. Pastushenko I, Blanpain C. EMT Transition States during Tumor Progression
and Metastasis. Trends Cell Biol (2019) 29:212–26. doi: 10.1016/
j.tcb.2018.12.001

11. Vriens K, Christen S, Parik S, Broekaert D, Yoshinaga K, Talebi A, et al.
Evidence for an alternative fatty acid desaturation pathway increasing cancer
plasticity. Nature (2019) 566:403–6. doi: 10.1038/s41586-019-0904-1

12. Rohrig F, Schulze A. The multifaceted roles of fatty acid synthesis in cancer.
Nat Rev Cancer (2016) 16:732–49. doi: 10.1038/nrc.2016.89

13. MacVicar T, Ohba Y, Nolte H, Mayer FC, Tatsuta T, Sprenger HG, et al. Lipid
signalling drives proteolytic rewiring of mitochondria by YME1L. Nature
(2019) 575:361–5. doi: 10.1038/s41586-019-1738-6

14. Zhang L, Zhu B, Zeng Y, Shen H, Zhang J, Wang X. Clinical lipidomics in
understanding of lung cancer: Opportunity and challenge. Cancer Lett (2019)
470:75–83. doi: 10.1016/j.canlet.2019.08.014

15. Grabner GF, Zimmermann R, Schicho R, Taschler U. Monoglyceride lipase as
a drug target: At the crossroads of arachidonic acid metabolism and
endocannabinoid signaling. Pharmacol Ther (2017) 175:35–46. doi: 10.1016/
j.pharmthera.2017.02.033

16. Nomura DK, Long JZ, Niessen S, Hoover HS, Ng SW, Cravatt BF.
Monoacylglycerol lipase regulates a fatty acid network that promotes cancer
pathogenesis. Cell (2010) 140:49–61. doi: 10.1016/j.cell.2009.11.027

17. Zhu W, Zhao Y, Zhou J, Wang X, Pan Q, Zhang N, et al. Monoacylglycerol
lipase promotes progression of hepatocellular carcinoma via NF-kappaB-
mediated epithelial-mesenchymal transition. J Hematol Oncol (2016) 9:127.
doi: 10.1186/s13045-016-0361-3

18. Ye L, Zhang B, Seviour EG, Tao KX, Liu XH, Ling Y, et al. Monoacylglycerol
lipase (MAGL) knockdown inhibits tumor cells growth in colorectal cancer.
Cancer Lett (2011) 307:6–17. doi: 10.1016/j.canlet.2011.03.007

19. Huang J, Li J, Li Y, Lu Z, Che Y, Mao S, et al. Interferon-inducible lncRNA IRF1-
AS represses esophageal squamous cell carcinoma by promoting interferon
response. Cancer Lett (2019) 459:86–99. doi: 10.1016/j.canlet.2019.05.038

20. Zhang H, Shao F, Guo W, Gao Y, He J. Knockdown of KLF5 promotes
cisplatin-induced cell apoptosis via regulating DNA damage checkpoint
proteins in non-small cell lung cancer. Thorac Cancer (2019) 10:1069–77.
doi: 10.1111/1759-7714.13046

21. Lu Z, Li Y, Che Y, Huang J, Sun S, Mao S, et al. The TGFbeta-induced lncRNA
TBILA promotes non-small cell lung cancer progression in vitro and in vivo
via cis-regulating HGAL and activating S100A7/JAB1 signaling. Cancer Lett
(2018) 432:156–68. doi: 10.1016/j.canlet.2018.06.013
Frontiers in Oncology | www.frontiersin.org 9
22. Veglia F, Tyurin VA, Blasi M, De Leo A, Kossenkov AV, Donthireddy L, et al.
Fatty acid transport protein 2 reprograms neutrophils in cancer. Nature
(2019) 569:73–8. doi: 10.1038/s41586-019-1118-2

23. Chen L, Vasoya RP, Toke NH, Parthasarathy A, Luo S, Chiles E, et al. HNF4
Regulates FattyAcidOxidation and is Required for Renewal of Intestinal StemCells
inMice.Gastroenterology (2019) 158:985–99.e989. doi: 10.1053/j.gastro.2019.11.031

24. Visweswaran M, Arfuso F, Warrier S, Dharmarajan A. Concise review:
Aberrant lipid metabolism as an emerging therapeutic strategy to target
cancer stem cells. Stem Cells (2019) 38:6–14. doi: 10.1002/stem.3101

25. Sun H, Jiang L, Luo X, Jin W, He Q, An J, et al. Potential tumor-suppressive
role of monoglyceride lipase in human colorectal cancer. Oncogene (2013)
32:234–41. doi: 10.1038/onc.2012.34

26. Carey CE, Agrawal A, Zhang B, Conley ED, Degenhardt L, Heath AC, et al.
Monoacylglycerol lipase (MGLL) polymorphism rs604300 interacts with
childhood adversity to predict cannabis dependence symptoms and
amygdala habituation: Evidence from an endocannabinoid system-level
analysis. J Abnorm Psychol (2015) 124:860–77. doi: 10.1037/abn0000079

27. Imperatore R, Morello G, Luongo L, Taschler U, Romano R, De Gregorio D,
et al. Genetic deletion of monoacylglycerol lipase leads to impaired
cannabinoid receptor CB(1)R signaling and anxiety-like behavior.
J Neurochem (2015) 135:799–813. doi: 10.1111/jnc.13267

28. Harismendy O, Bansal V, Bhatia G, Nakano M, Scott M, Wang X, et al.
Population sequencing of two endocannabinoid metabolic genes identifies rare
and common regulatory variants associated with extreme obesity and metabolite
level. Genome Biol (2010) 11:R118. doi: 10.1186/gb-2010-11-11-r118

29. Chanda PK, Gao Y, Mark L, Btesh J, Strassle BW, Lu P, et al. Monoacylglycerol
lipase activity is a critical modulator of the tone and integrity of the
endocannabinoid system. Mol Pharmacol (2010) 78:996–1003. doi: 10.1124/
mol.110.068304

30. Moreno E, Cavic M, Krivokuca A, Casado V, Canela E. The Endocannabinoid
System as a Target in Cancer Diseases: Are We There Yet? Front Pharmacol
(2019) 10:339. doi: 10.3389/fphar.2019.00339

31. Schwarz R, Ramer R, Hinz B. Targeting the endocannabinoid system as a
potential anticancer approach. Drug Metab Rev (2018) 50:26–53. doi: 10.1080/
03602532.2018.1428344

32. Liu LY, Alexa K, Cortes M, Schatzman-Bone S, Kim AJ, Mukhopadhyay B,
et al. Cannabinoid receptor signaling regulates liver development and
metabolism. Development (2016) 143:609–22. doi: 10.1242/dev.121731

33. Xiang W, Shi R, Kang X, Zhang X, Chen P, Zhang L, et al. Monoacylglycerol
lipase regulates cannabinoid receptor 2-dependent macrophage activation and
cancer progression. Nat Commun (2018) 9:2574. doi: 10.1038/s41467-018-
04999-8

34. Infante E, Castagnino A, Ferrari R, Monteiro P, Aguera-Gonzalez S, Paul-
Gilloteaux P, et al. LINC complex-Lis1 interplay controls MT1-MMP matrix
digest-on-demand response for confined tumor cell migration. Nat Commun
(2018) 9:2443. doi: 10.1038/s41467-018-04865-7

35. Nguyen AT, Chia J, Ros M, Hui KM, Saltel F, Bard F. Organelle Specific O-
Glycosylation Drives MMP14 Activation, Tumor Growth, and Metastasis.
Cancer Cell (2017) 32:639–653 e636. doi: 10.1016/j.ccell.2017.10.001

36. Qiang L, Cao H, Chen J, Weller SG, Krueger EW, Zhang L, et al. Pancreatic
tumor cell metastasis is restricted by MT1-MMP binding protein MTCBP-1.
J Cell Biol (2019) 218:317–32. doi: 10.1083/jcb.201802032

37. Faruki H, Mayhew GM, Serody JS, Hayes DN, Perou CM, Lai-Goldman M.
Lung Adenocarcinoma and Squamous Cell Carcinoma Gene Expression
Subtypes Demonstrate Significant Differences in Tumor Immune
Landscape. J Thorac Oncol (2017) 12:943–53. doi: 10.1016/j.jtho.2017.03.010

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Zhang, Guo, Zhang, Li, Zhou, Shao, Feng, Tan, Wang, Gao, Gao
and He. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
December 2020 | Volume 10 | Article 559568

https://doi.org/10.3322/caac.21262
https://doi.org/10.3322/caac.21338
https://doi.org/10.1016/S0140-6736(16)30958-8
https://doi.org/10.1146/annurev-pharmtox-010716-104523
https://doi.org/10.1016/j.cell.2015.12.034
https://doi.org/10.1016/j.cell.2015.12.034
https://doi.org/10.1016/j.cmet.2019.09.014
https://doi.org/10.1089/ars.2016.6750
https://doi.org/10.1016/j.celrep.2019.06.026
https://doi.org/10.1016/S0140-6736(13)61502-0
https://doi.org/10.1016/j.tcb.2018.12.001
https://doi.org/10.1016/j.tcb.2018.12.001
https://doi.org/10.1038/s41586-019-0904-1
https://doi.org/10.1038/nrc.2016.89
https://doi.org/10.1038/s41586-019-1738-6
https://doi.org/10.1016/j.canlet.2019.08.014
https://doi.org/10.1016/j.pharmthera.2017.02.033
https://doi.org/10.1016/j.pharmthera.2017.02.033
https://doi.org/10.1016/j.cell.2009.11.027
https://doi.org/10.1186/s13045-016-0361-3
https://doi.org/10.1016/j.canlet.2011.03.007
https://doi.org/10.1016/j.canlet.2019.05.038
https://doi.org/10.1111/1759-7714.13046
https://doi.org/10.1016/j.canlet.2018.06.013
https://doi.org/10.1038/s41586-019-1118-2
https://doi.org/10.1053/j.gastro.2019.11.031
https://doi.org/10.1002/stem.3101
https://doi.org/10.1038/onc.2012.34
https://doi.org/10.1037/abn0000079
https://doi.org/10.1111/jnc.13267
https://doi.org/10.1186/gb-2010-11-11-r118
https://doi.org/10.1124/mol.110.068304
https://doi.org/10.1124/mol.110.068304
https://doi.org/10.3389/fphar.2019.00339
https://doi.org/10.1080/03602532.2018.1428344
https://doi.org/10.1080/03602532.2018.1428344
https://doi.org/10.1242/dev.121731
https://doi.org/10.1038/s41467-018-04999-8
https://doi.org/10.1038/s41467-018-04999-8
https://doi.org/10.1038/s41467-018-04865-7
https://doi.org/10.1016/j.ccell.2017.10.001
https://doi.org/10.1083/jcb.201802032
https://doi.org/10.1016/j.jtho.2017.03.010
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Monoacylglycerol Lipase Knockdown Inhibits Cell Proliferation and Metastasis in Lung Adenocarcinoma
	Introduction
	Materials and Methods
	Cell Lines and Cell Culture
	Patient Samples
	Immunohistochemical Staining
	Establishment of Stable Knockdown Cell Lines
	Quantitative Reverse Transcription PCR (qRT-PCR)
	Western Blot
	Proliferation and Colony Formation Assay
	Migration and Invasion Assay
	Cell Cycle and Cell Apoptosis Analysis
	RNA Sequencing (RNA-seq)
	Animal Experiments
	Statistics

	Results
	MGLL Is Significantly Overexpressed in LUAD Tissue and Increased MGLL Levels Are Correlated With Poor Prognosis
	MGLL Knockdown Inhibits LUAD Cell Proliferation and Tumor Growth in Vitro and in Vivo
	MGLL Knockdown Inhibits LUAD Cell Migration and Invasion in Vitro and in Vivo
	MGLL Is Involved in Multiple Cellular Pathways and Regulates the Expression of MMP14
	MMP14 Is Upregulated and Associated With Poor Outcome in LUAD Tissues

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contribution
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


