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Meningioma (MEN) is a common central nervous system disease. Accumulating evidence
indicated that long non-coding RNA maternally expressed gene 3 (MEG3) participated in
the progression of MEN. However, the potential mechanisms of MEG3 in altering the
aggressive phenotypes of MEN need further exploration. Levels of MEG3, microRNA
(miR)-29c, and A-kinase anchor protein 12 (AKAP12) were determined using quantitative
real-time Polymerase Chain Reaction (qRT-PCR) assay. Dual-luciferase reporter and RNA
immunoprecipitation (RIP) assays were performed to verify the relationship between miR-
29c and MEG3 or AKAP12. The protein level of AKAP12 was detected by western blot.
Moreover, cell-cycle arrest, migration, invasion, and proliferation were assessed by flow
cytometry, wound healing, transwell assays, and CCK-8 assay, respectively. Levels of
MEG3 and AKAP12 were downregulated, while miR-29c was effectively increased in MEN
tissues and cell line. Mechanically, MEG3 was a sponge of miR-29c to regulate the
expression of AKAP12. Functionally, increase of MEG3 diminished cell-cycle, migration,
invasion, and proliferation in MEN cells, and reintroduction of miR-29c could eliminate
these effects. In addition, AKAP12 depletion overturned the inhibitory effects of miR-29c
absence on cell-cycle, migration, invasion, and proliferation in vitro. Also, AKAP12 was co-
regulated by MEG3/miR-29c axis. MEG3 mediated the aggressive behaviors of MEN cells
via miR-29c/AKAP12 axis, supporting that MEG3 served as a promising biomarker for the
diagnosis and treatment of human MEN.
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INTRODUCTION

Meningioma (MEN) belongs to the central nervous system disease
with 30–40% morbidity (1). MEN is classified according to the
classification of the World Health Organization (WHO). MEN is
regarded as a type of general neoplasm that derived from the
meningeal coverings of the brain or spinal cord. Although most of
MEN is classified as benign tumors in qualitative classification (2, 3),
the malignant MEN usually occurs with rapid growth and
metastasis (4). Currently, continuous studies have achieved
development on diagnosis and therapy for MEN, but the
occurrence and recurrence of MEN is still pessimistic due to
the ambiguous pathogenesis (5). Hence, it is important to
discover the effective therapeutic strategies for MEN via
understanding the pathogenesis and progression of MEN.

Among the transcriptome, the largest portion of gene is non-
coding RNAs (ncRNAs). Also, long non-coding RNAs (lncRNAs)
with over 200 nucleotides in length constitute the partial members of
ncRNAs (6). Emerging evidence implied the extensive function of
lncRNAs on the onset and development of diverse tumors, such as
cell proliferation, metastasis, and recrudesce (7–9). Moreover, various
lncRNAs were identified and confirmed to modify the pathological
processes of MEN. Maternally expressed gene 3 (MEG3) is a well-
known lncRNA, and it is commonly considered to be a tumor
suppressor (10). For example, MEG3 impeded tumor growth of
cervical carcinoma cells via promoting cell-cycle arrest and apoptosis
(11). Furthermore, MEG3 was also associated with MEN, and it can
constrain the tumorigenesis of MEN (12). Thus, we attracted more
attention on the biological role of MEG3 in MEN progression.

Recently, microRNAs (miRNAs) are a type of post-transcriptional
mediator that play the master roles in the modulation of gene
expression (13). Moreover, miRNAs were demonstrated to be
involved in cell-cycle arrest, apoptosis, and other physiological
progressions (14). Multiple researches reported that miRNAs
played key roles in healthy individuals and several cancers (15).
Consequently, miRNAs are intensely considered as the biomarkers of
diagnosis and prognosis in cancers (16). To be specific, miR-29c
served as a tumor suppressor in nasopharyngeal carcinoma by
targeting TIAM1 to suppress cell metastasis (17). Nevertheless,
miR-29c-3p was validated to be upregulated in MEN tissues,
implying that miR-29c restrained the development of MEN (18).
In this study, we aimed to explore whether miR-29c could interact
with MEG3 to regulate the pathogenesis and tumorigenesis of MEN.
In addition, miRNAs exerted their functions via binding to the 3’-
untranslated regions (3’UTRs) of targets (19). A-kinase anchor
protein 12 (AKAP12) was confirmed to be closely implicated in
MEN (20). In this paper, we determined the expression profiles of
MEG3, miR-29c, and AKAP12 in MEN, and the work pathway
among them was also expounded.
MATERIALS AND METHODS

Clinical Specimens and Cell Culture
A total of 32 cases of human MEN tissues and 5 cases of normal
meninges samples were collected from The First Affiliated
Frontiers in Oncology | www.frontiersin.org 2
Hospital of Fujian Medical University. The clinicopathologic
features of MEN patients were presented in Table 1. All the
available specimens were immediately stored at -80°C. Moreover,
all written informed consents were gained from every
participator before surgery, and this research was approved by
the Ethics Committee of The First Affiliated Hospital of Fujian
Medical University.

Malignant meningioma cell lines (IOMM-Lee and CH157-
MN) were obtained from the Chinese Academy of Medical
Sciences (Beijing, China). In this assay, the meningioma cells
were maintained in Dulbecco’s Modified Eagle’s Medium
(DMEM; Gibco, Carlsbad, CA, USA), supplemented with 10%
fetal bovine serum (FBS; Gibco), and cultured in a humidified
incubator containing 5% CO2 at 37°C.

Vector and Oligonucleotide Transfection
Small interfering RNA (siRNA) targeting MEG3 (si-MEG3, 5’-
GGAUGGCACUUGACCUAGA-3’), siRNA targeting AKAP12
(si-AKAP12, 5’-AGGUUAGUCACGCCAAGAA-3’), and the
siRNA control (si-con) were purchased from Ribobio
(Guangzhou, China). Also, the overexpression vector of MEG3
(MEG3) and its blank control (pcDNA) were obtained from
Ribobio. All the oligonucleotides, including miR-29c mimic
(miR-29c), miR-29c inhibitor (anti-miR-29c), and their relative
controls (miR-con and anti-miR-con), were purchased from
GenePharma (Shanghai, China). Transient transfection was
carried out using Lipofectamine 3000 (Invitrogen, Carlsbad,
CA, USA) as per the manuals.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR) Assay
Total RNA was harvested and extracted from clinical tissues and
meningioma cell lines using Trizol reagent (Invitrogen) in
accordance with the user’s guidebook. RNA was reversely
transcribed into complementary DNA (cDNA) using PrimeScript
RT Reagent Kit (TaKaRa, Dalian, China). Next, SYBR Premix Ex
Taq (TaKaRa) was employed to perform qRT-PCR assay via
mixture with equal cDNA, primers, and RNA-free water.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH; for MEG3
and AKAP12) and U6 (for miR-29c) acted as the endogenous
TABLE 1 | Clinicopathological variables and MEG3 level in meningioma.

Clinicopathologic features Relative MEG3 level P value

Low (%) High (%)

Age(years) >0.05
≥55 10 (55.6) 8 (44.4)
<55 8 (57.1) 6 (42.9)
Gender >0.05
Male 6 (50.0) 6 (50.0)
Female 12 (60.0) 8 (40.0)
Tumor side >0.05
Right 13 (65.0) 7 (35.0)
Left 5 (41.7) 7 (58.3)
Tumor location >0.05
Frontal and/or
temporal lobes

14 (60.9) 9 (39.1)

Other 4 (44.4) 5 (55.6)
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controls, and the relative level was assessed via the 2-DDCt method.
The primers were provided by Sangon Biotech (Shanghai, China):

MEG3 (Forward: 5’-CTGCCCATCTACACCTCACG-3’,
Reverse: 5’-CTCTCCGCCGTCTGCGCTAGGGGCT-3’); miR-
29c (Forward: 5’-GCCTAGCACCATTTGAAATCG-3’, Reverse:
5’-GTGCAGGGTCCGAGGT-3’); AKAP12 (Forward: 5’-
GGAATTCGATGGGCGCCGGGAGCTCCAC-3’, Reverse: 5’-
CCGCTCGAGGTCATCTTCGTTGGCCCCTG- 3 ’ ) ;
GAPDH (Forward: 5’-ACTCCTCCACCTTTGACGC-3’,
Reverse: 5 ’-GCTGTAGCCAAATTCGTTGTC-3 ’) ; U6
(Forward: 5’-CTCGCTTCGGCAGCACA-3’, Reverse: 5’-
AACGCTTCACGAATTTGCGT-3’).

Bioinformatics Analysis
LncBase V2.0 was used to predict the potential binding sites
between MEG3 and miR-29c. StarBase showed that there were
binding sites between miR-29c and AKAP12.

Dual-Luciferase Reporter Assay
The sequences of MEG3 and 3’UTR of AKAP12 containing the
binding sites of miR-29c were amplified and cloned into
psiCHECK-2 vector (Promega, Madison, WI, USA), named as
MEG3-WT and AKAP12-WT. The putative common fragments
were replaced as indicated (MEG3-MUT and AKAP12-MUT) to
mutant the predictive binding sites of MEG3 and AKAP12.
IOMM-Lee and CH157-MN cells were seeded into a 24-well
plate. Then, cells were co-transfected with the above-formed
reporters and miR-29c or miR-con when cells reached ~70%
confluence. The fluorescence intensities of the reporters were
identified by the Dual-Luciferase Reporter Assay System
(Promega) at 48 h post-transfection.

RNA Immunoprecipitation (RIP) Assay
Magna RIP Kit (Millipore, Bedford, MA, USA) was used to
analyze the relationship between miR-29c and MEG3 or
AKAP12. First, IOMM-Lee and CH157-MN cells were lysed by
the RIP lysis buffer, and then the lysate was incubated with the
relative magnetic beads that conjugated with human anti-
Argonaute2 (Ago2; Abcam, Cambridge, MA, USA) antibody or
matched control antibody (IgG; Abcam). QRT-PCR was used to
assess levels of MEG3, miR-29c, and AKAP12.

Flow Cytometry Assay
MEN cells were re-suspended and fixed with 70% ethanol (ice-
cold) for at least 1 h. Then, cells were re-suspended in HBSS
(Hank’s balanced salt solution) supplemented with 50 µg/mL
Propidium Iodide (PI; Sigma, St. Louis, MO, USA) and RNase A
(Thermo Fisher Scientific, Rockford, IL, USA) and incubated for
1 h at room temperature without light. The ability of cell-cycle
arrest was assessed using flow cytometry (FACS Calibur; BD
Biosciences, San Jose, CA, USA).

Wound Healing Assay
For wound healing assay, cells were plated into the 6-well plates,
and a 200 µL pipette tip was employed to generate an artificial
wound at 12 h post-inoculation. Then, the cells were incubated
Frontiers in Oncology | www.frontiersin.org 3
for 48 h, and the wound closure was observed and photographed.
The migrated distance of the cell coverage across the initial
wound was deemed to represent the migration rate.

Transwell Assay
Cell invasion assay was performed using the transwell chamber
(8 µm, Corning Costar, Corning, NY, USA). Briefly, the upper
chamber was pro-coated with Matrigel (Corning Costar). Then,
the transfected MEN cells (5×104) were re-suspended with
serum-free media and added into the upper transwell chamber.
Meanwhile, to the lower chamber was added 600 µL complete
medium. After incubation for 48 h, the non-invasion cells were
erased, and the invaded cells were stained with 0.1% crystal violet
(Sigma). The stain condition was photographed and quantitated
via counting five random fields.

Cell counting Kit-8 (CCK-8) Assay
The proliferation ability of MEN cells was assessed by CCK-8
assay. Seeded into each well were 5 × 103 cells in 200 uL cell
suspension of the 96-well plates. Then, cells were treated with
10 mL CCK-8 solution (Dojindo, Tokyo, Japan) and the
absorbance was detected at 450 nm using Multiskan Go
spectrophotometer (Thermo Fisher Scientific, Inc., Waltham,
MA, USA).

Western Blot Assay
As previously described (21), total proteins were isolated from
MEN tissues and cells by RIPA lysis buffer (Beyotime, Shanghai,
China). Next, sodium dodecyl sulfate-polyacrylamide gel (12%)
was used to separate equal proteins, and the isolated proteins
were transferred onto the nitrocellulose membrane (Millipore)
and incubated with corresponding primary antibodies (Abcam):
anti-AKAP12 (1:6000, ab9698) and b-actin (1:6000, ab8226).
After incubation overnight at 4℃, the membrane was covered by
the diluted secondary antibody for 40 min at room temperature.
Then, the complex signals were visualized with enhanced
chemiluminescence reagent (Millipore) and film exposure.

Statistical Analysis
The data from the three independent assays were exhibited as
mean ± standard deviation (SD). Difference comparison was
analyzed using one-way analysis of variance (ANOVA; for three
or more groups) or Student’s two-tailed t-test (for two-group),
and Tukey test was selected as the post-hoc test for ANOVA.
Pearson correlation analysis used to analyze the expression
correlations among MEG3, miR-29c, and AKAP12. A P-value
less than 0.05 was considered to be statistical significance.
RESULTS

MEG3 Was Low-Expressed, While Mir-29c
Was Upregulated in MEN Tissues
The expression of MEG3 was determined in MEN specimens.
Compared with normal control, a low level of MEG3 was
November 2020 | Volume 10 | Article 537763
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observed in MEN tissues (Figure 1A). In addition, relative
operating characteristic curves (ROC) analysis was carried out,
and the area under the ROC curves (AUC; 0.85) showed that
MEG3 might be a potential marker in MEN progression
(Figure 1B). Moreover, miR-29c was increased in MEN
tissues (Figure 1C). Similarly, the ROC curves implied the
apparent isolation between MEN and match healthy donators,
with an AUC of 0.875 for miR-29c (Figure 1D). From all
subjects, we displayed that miR-29c was inversely correlated
with MEG3 in clinical MEN tissues (Figure 1E). Collectively,
MEG3 and miR-29c acted as strict factors in the process
of MEN.

MEG3 Was a Sponge of miR-29c
According to the opposite expression between MEG3 and miR-
29c, we speculated that MEG3 could regulate miR-29c. As
described in Figure 2A, lncBase V2.0 predicted that there
were the binding sites between MEG3 and miR-29c. Then,
dual-luciferase reporter assay and RIP assay were performed to
verify the interrelation between them. We found that the
luciferase activity of MEG3-WT reporter was remarkably
decreased (about 70%) in miR-29c-transfected IOMM-Lee
Frontiers in Oncology | www.frontiersin.org 4
and CH157-MN cells, whereas miR-29c had no statistical
impact on the luciferase activity of mutant reporter (Figures
2B, C). As shown in Figures 2D, E, the levels of MEG3 and
miR-29c were augmented in the Ago2-treated group. Next,
MEG3 or si-MEG3 was transfected into IOMM-Lee and
CH157-MN cells, respectively. QRT-PCR analysis exhibited
that MEG3 passively regulated miR-29c in the two MEN cells
(Figures 2F, G). All the results demonstrated that MEG3 served
as the upstream of miR-29c in MEN cells.

The Repressive Impact of MEG3 Increase
on Cell-Cycle, Migration, Invasion, and
Proliferation Was Overturned by miR-29c
Upregulation in MEN Cells
Given the molecular mechanism between miR-29c and MEG3, we
investigated the biological function of them in MEN cells. First,
MEG3 alone or combined with miR-29c was transfected into
IOMM-Lee and CH157-MN cells. As depicted in Figures 3A, B,
MEG3 increase could impede the level of miR-29c in the two MEN
cells, and reintroduction with miR-29c could overturn this effect.
The triggered ability of cell-cycle arrest resulted from MEG3
augment was distinctly hindered via co-transfection with MEG
A B

D

E

C

FIGURE 1 | MEG3 was low-expressed, while miR-29c was upregulated in MEN tissues. (A, C) Relative levels of (A) MEG3 and (C) miR-29c in MEN tissues
compared with normal control. (B, D) ROC curve about (B) MEG3 and (D) miR-29c in which MEN samples compared with matched control. (E) The correlation
between miR-29c and MEG3 in MEN samples. *P<0.05.
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and miR-29c in the two MEN cells (Figures 3C, D). Moreover, cell
migration was assessed using wound healing assay, and the results
determined that miR-29c supplement relieved the inhibitory effect
of MEG3 on cell migration in vitro (Figures 3E, F). Also, cell
invasion was restrained as a result of MEG3 increase, which was
Frontiers in Oncology | www.frontiersin.org 5
regained by miR-29c supplement in IOMM-Lee and CH157-MN
cells (Figures 3G, H). MEG3 overexpression inhibited cell
proliferation, which was reversed by miR-29c upregulation
(Figure 3I). In brief, MEG3 regulated cell-cycle arrest, migration,
invasion, and proliferation via miR-29c in MEN cells.
A B

D E F G

C

FIGURE 2 | MEG3 was a sponge of miR-29c. (A) The predictive common fragments between MEG3 and miR-29c. (B, C) The luciferase activities of MEG3-WT and
MEG3-MUT reporters in IOMM-Lee and CH157-MN cells with miR-29c or miR-con transfection. (D, E) RIP analysis for the relationship between miR-29c and MEG3.
(F, G) Relative level of miR-29c in the two MEN cells under MEG3 or si-MEG3 introduction. *P<0.05.
A B D

E

F

G IH

C

FIGURE 3 | The repressive impact of MEG3 increase on cell-cycle, migration, invasion, and proliferation was overturned by miR-29c upregulation in MEN cells.
(A-I) IOMM-Lee and CH157-MN cells were transfected with pcDNA, MEG3, MEG3+miR-con, or MEG3+miR-29c, respectively. (A, B) Relative level of miR-29c in
MEN cells with MEG3 and miR-29c introduction. (C, D) Flow cytometry analysis for cell-cycle arrest in the two MEN cells. (E, F) Wound healing analysis for the
influence of MEG3 or miR-29c increase on cell migration in vitro. (G, H) The capacity of cell invasion in IOMM-Lee and CH157-MN cells with MEG3 and miR-29c
supplement. (I) Cell proliferation was detected by CCK-8 assay. *P<0.05.
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MiR-29c Directly Targeted AKAP12
In view of the foregoing introduction, we attempted to seek the
potential targets of miR-29c. After prediction with starBase
software, we found that miR-29c possessed complementary
sequence with AKAP12 (Figure 4A). Results from dual-luciferase
reporter analysis showed that the luciferase activity of AKAP12-WT
reporter was significantly diminished by miR-29c, but miR-29c had
no statistical effect on changing luciferase activity of the mutant
reporter system in IOMM-Lee and CH157-MN cells (Figures 4B,
C). Levels of miR-29c and AKAP12 were notably upregulated in
Ago2-treated IOMM-Lee and CH157-MN cells (Figures 4D, E). As
shown in Figures 4F, G, miR-29c could inversely regulate the level
of AKAP12 at the aspect of protein expression. Overall, we could
conclude that AKAP12 acted as the downstream of miR-29c.
The Absence of AKAP12 Reversed The Reductive
Effect Of Mir-29c Inhibitor n Cell-Cycle, Migration,
Invasion, and Proliferation In Vitro
Considering the molecular mechanism between miR-29c and
AKAP12, we further researched the functional roles of them.
First, anti-miR-29c alone or along with si-AKAP12 was
introduced into IOMM-Lee and CH157-MN cells. AKAP12
silencing could abrogated miR-29c inhibitor-mediated
promoting effect on the level of AKAP12 in vitro (Figures
5A, B). Then, functional assays were carried out, and flow
cytometry analysis illustrated that cell-cycle arrest was
reinforced as a result of miR-29c inhibition, and such
promoting effect was abolished via simultaneous deficiency of
AKAP12 in IOMM-Lee and CH157-MN cells (Figures 5C, D).
Moreover, reintroduction with si-AKAP12 could eliminate the
reductive impact of miR-29c inhibitor on cell migration and
invasion in the two MEN cells (Figures 5E–H). Furthermore,
AKAP12 knockdown could abolish the inhibition effect of miR-
29c inhibitor on cell proliferation (Figures 5I, J). Namely, miR-
Frontiers in Oncology | www.frontiersin.org 6
29c modified cell behaviors, including cell-cycle arrest,
migration, invasion, and proliferation via targeting AKAP12
in MEN progression.

AKAP12 Was Co-Regulated by MEG3
and miR-29c
As mentioned above, we were devoted to exploring the
regulatory mechanism systematically. As described in Figure
6A, an inverse correlation between miR-29c and AKAP12 was
observed in clinical MEN tissues. On the contrary, AKAP12 was
positively associated with MEG3 in MEN samples (Figure 6B).
Then, MEG3 alone or combined with miR-29c was transfected
into IOMM-Lee and CH157-MN cells, and the high level of
AKAP12, caused by MEG3 increase, was apparently decreased
after co-transfection with miR-29c and MEG3 in the two MEN
cells (Figure 6C). Similarly, the declined level of AKAP12
induced by si-MEG3 was restored by anti-miR-29c (Figure
6D). Collectively, AKAP12 was co-regulated by MEG3 and
miR-29c in the process of MEN.
DISCUSSION

The interaction between lncRNAs and human cancers has been
generally illustrated by increasing researches, suggesting the
critical functions on epigenetic modulation of human
phenotypes (8, 9, 22). MEN, especially malignant MEN (high-
grade), is characterized by migrated and invasive capacity.
Therefore, the underlying role of lncRNAs in MEN process is
complex and ambiguous, but attractive. And there are still other
possible transformations of MEN from benign to malignancy.

As previously described, lncRNAs were believed to participate
in multiple human diseases, including cardiovascular, endocrine
system disease, and tumors (23, 24). For example, LINC00341
A B

D E
F G

C

FIGURE 4 | MiR-29c directly targeted AKAP12. (A) The binding sites between miR-29c and AKAP12. (B, C) Dual-luciferase reporter analysis for the interrelation
between miR-29c and AKAP12. (D, E) Relative levels of miR-29c and AKAP12 in Ago2 or IgG-combined precipitates. (F, G) The role of miR-29c mimic or inhibitor in
altering the protein level of mature AKAP12 in IOMM-Lee and CH157-MN cells. *P<0.05.
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A B D E

F G IH J

C

FIGURE 5 | The absence of AKAP12 reversed the reductive effect of miR-29c inhibitor on cell-cycle, migration, invasion, and proliferation in vitro. (A–J) The anti-
miR-con, anti-miR-29c, anti-miR-29c+si-con, or anti-miR-29c+si-AKAP12 was introduced into IOMM-Lee and CH157-MN cells, respectively. (A, B) Relative level of
AKAP12 in selected MEN cells. (C, D) The effect of miR-29c or AKAP12 decrease on the alteration of cell-cycle arrest in vitro. (E, F) The ability of cell migration in
anti-miR-29c or anti-miR-29c+si-AKAP12-transfected MEN cells. (G, H) Transwell analysis for the change of cell invasion in IOMM-Lee and CH157-MN cells with
anti-miR-29c or anti-miR-29c+si-AKAP12 introduction. (I, J) Cell proliferation in MEN cells was determined by CCK-8 assay. *P<0.05.
A B

DC

FIGURE 6 | AKAP12 was co-regulated by MEG3 and miR-29c. (A, B) The correlation between AKAP12 and (A) miR-29c or (B) MEG3 in clinical MEN tissues.
(C, D) PcDNA, MEG3, MEG3+miR-con, or MEG3+miR-29c was transfected into IOMM-Lee and CH157-MN cells, respectively. Relative level of AKAP12 in treated
MEN cells. *P<0.05.
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reinforced cell proliferation and migration of vascular smooth
muscle cells by targeting miR-214 (25). The tumor growth and
metastasis of MEN were modulated by the LINC00460/miR-539
axis in vitro (26). MEN is a type of brain disease with a large
proportion as benign. However, the occurrence of the rapid
invasion capacity becomes a serious barrier for human health. In
consideration of the critical function of lncRNAs in
tumorigenesis and pathogenesis, we attempted to discover the
influence of unique lncRNA in the progression and initiation of
MEN. In the present research, we determined that MEG3 was
expressed at a low level in clinical MEN specimens and cell lines
(IOMM-Lee and CH157-MN) with respect to the matched
controls, indicating the possible tumor-suppressive role of
MEG3 in aggressive phenotypes. A previous report manifested
that MEG3 could retard aggressive behaviors, including cell
proliferation, migration, and invasion by sponging miR-19a in
glioma cells (22). Currently, the supplement of MEG3 acted as a
tumor suppressor, showing as the blockage of cell-cycle,
migration, invasion, and proliferation in MEN cells. Moreover,
the incidence of cell migration in vivo is related to mostly Grade
II (atypical) and Grade III (malignant) meningioma (27). Our
results provided that MEG3 could regulate cell migration in
MEN cells, indicating a potential biomarker for the treatment
of MEN.

Until now, the well-known pattern of lncRNAs mediating the
carcinogenesis is the competing endogenous RNA (ceRNA) of
miRNAs. Especially, lncRNAs served as the sponge of miRNAs to
separate the abundance of target miRNAs (28–30). According to the
above description, we tried to expose the partial work pathway
of MEG3 in MEN.We found that miR-29c was a potential target of
MEG3. In the present investigation, an evident high expression of
miR-29c was observed in MEN tissues and cell lines in comparison
with matched controls. Previous research implied that miR-29c-3p
regulated the pathogenesis of MEN by mediating pentraxin 3
(PTX3) (18). In addition, miR-29c acted as cancer-associated
miRNA and could modulate the tumorigenesis of multiple
human carcinomas. For instance, miR-29c deletion was tightly
implicated in poor prognosis in laryngeal squamous cell
carcinoma (31). Also, another report presented that miR-29c
retarded cell migration and invasion by inactivating cyclin-
dependent kinase 6 (CDK6) in gastric cancer (32). Currently, the
interrelation between MEG3 and miR-29c was illustrated by means
of the dual-luciferase reporter and RIP assays. Also, an inverse
correlation between miR-29c and MEG3 was determined.
Subsequently, functional assays were conducted to explore the
biological role of miR-29c in affecting the process of MEN in
vitro. Furthermore, the reductive impact of MEG3 increase on
cell-cycle, migration, invasion, and proliferation was eliminated
after co-transfection with miR-29c mimic in IOMM-Lee and
CH157-MN cells. Moreover, ROC analysis indicated that MEG
and miR-29c might be the biomarkers for the diagnosis of MEN.

Accruing findings have disclosed that miRNAs exerted their
function by repressing the expression or transcription of special
mRNAs (33). Consequently, finding the underlying targets might
serve as a novel insight for genetic therapy. As predicted by
starBase software, AKAP12 possessed some binding sites of miR-
Frontiers in Oncology | www.frontiersin.org 8
29c. AKAP12 was regarded to be strictly connected with several
human cancers (34). A previous research expounded that the
absence of AKAP12 caused the augment of cell proliferation and
metastasis and conferred an anaplastic profile in MEN cells (20).
Consistently, we agreed that AKAP12 suppressed the aggressive
phenotypes of MEN cells. In the current study, we proved that
miR-29c negatively regulated AKAP12 expression. Indeed, the
inhibition of miR-29c declined cell-cycle and mobility of MEN
cells, and such repressive influence of anti-miR-29c could be
abolished via co-transfection with si-AKAP12 in vitro. Apart
from that, AKAP12 was co-modulated by miR-29c and MEG3 in
the two MEN cells.

In general, this present study revealed that MEG3 was down-
regulated in MEN tissues and cells, serving as a tumor-
suppressive lncRNA in MEN malignancy. MEG3 declined the
expression of AKAP12 by targeting miR-29c to block cell-cycle,
migration, invasion, and proliferation in vitro and might supply a
novel biomarker for the treatment of MEN.
DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding authors.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by This study was approved by The First Affiliated
Hospital of Fujian Medical University Ethics Committee.
Informed consents were obtained from the parents or their
guardians in accordance with the Declaration of Helsinki. The
patients/participants provided their written informed consent to
participate in this study.
AUTHOR CONTRIBUTIONS

CD, XY, and JX performed and designed experiments, analyzed,
and interpreted data, and wrote the manuscript. DK, ZH, XB,
DW, HG, and GZ performed the experiments. JG, DK, and XW
contributed to discussions and reviewed and edited the
manuscript. All authors contributed to the article and
approved the submitted version.
FUNDING

XW: Special Health Fund of Fujian Provincial Department of
Finance (BPB-20100201-1, BPB-WXY2011, BPB-WXY2014,
BPB-WXY2014-2) and Professor Fund of Fujian Medical
University (JS15013). CD: National Natural Science
Foundation of China (No. 81901395).
November 2020 | Volume 10 | Article 537763

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Ding et al. MEG3 in Progression of Meningioma
REFERENCES

1. Konig SA, Spetzger U. Surgical strategies for supra- and infratentorially
grown occipital meningeomas. J Neurol Surg A Cent Eur Neurosurg (2012)
73:79–83. doi: 10.1055/s-0032-1309061

2. Jaaskelainen J. Seemingly complete removal of histologically benign
intracranial meningioma: late recurrence rate and factors predicting
recurrence in 657 patients. A multivariate analysis. Surg Neurol (1986)
26:461–9. doi: 10.1016/0090-3019(86)90259-4

3. Murnyak B, Bognar L, Klekner A, Hortobagyi T. Epigenetics of Meningiomas.
BioMed Res Int (2015) 2015:532451. doi: 10.1155/2015/532451

4. Ohla V, Scheiwe C. Meningiomatosis restricted to the left cerebral hemisphere
with acute clinical deterioration: Case presentation and discussion of treatment
options. Surg Neurol Int (2015) 6:64. doi: 10.4103/2152-7806.155447

5. Lam Shin Cheung V, Kim A, Sahgal A, Das S. Meningioma recurrence rates
following treatment: a systematic analysis. J Neurooncol (2018) 136:351–61.
doi: 10.1007/s11060-017-2659-6

6. Cimadamore A, Gasparrini S, Mazzucchelli R, Doria A, Cheng L, Lopez-
Beltran A, et al. Long Non-coding RNAs in Prostate Cancer with Emphasis on
Second Chromosome Locus Associated with Prostate-1 Expression. Front
Oncol (2017) 7:305. doi: 10.3389/fonc.2017.00305

7. Qin CY, Cai H, Qing HR, Li L, Zhang HP. Recent advances on the role of long
non-coding RNA H19 in regulating mammalian muscle growth and
development. Yi Chuan (2017) 39:1150–7. doi: 10.16288/j.yczz.17-193

8. Meng YB, He X, Huang YF, Wu QN, Zhou YC, Hao DJ. Long Noncoding
RNA CRNDE Promotes Multiple Myeloma Cell Growth by Suppressing miR-
451. Oncol Res (2017) 25:1207–14. doi: 10.3727/096504017x14886679715637

9. Sun Y, Jin JG,MiWY, Zhang SR,MengQ, Zhang ST. LongNoncoding RNAUCA1
Targets miR-122 to Promote Proliferation, Migration, and Invasion of Glioma Cells.
Oncol Res (2018) 26:103–10. doi: 10.3727/096504017x14934860122864

10. Zhou Y, Zhang X, Klibanski A. MEG3 noncoding RNA: a tumor suppressor. J Mol
Endocrinol (2012) 48:R45–53. doi: 10.1530/jme-12-0008

11. Qin R, Chen Z, Ding Y, Hao J, Hu J, Guo F. Long non-coding RNAMEG3 inhibits
the proliferation of cervical carcinoma cells through the induction of cell cycle
arrest and apoptosis. Neoplasma (2013) 60:486–92. doi: 10.4149/neo_2013_063

12. Balik V, Srovnal J, Sulla I, Kalita O, Foltanova T, Vaverka M, et al. MEG3: a
novel long noncoding potentially tumour-suppressing RNA in meningiomas.
J Neurooncol (2013) 112:1–8. doi: 10.1007/s11060-012-1038-6

13. Xue J, Niu J, Wu J, Wu ZH. MicroRNAs in cancer therapeutic response: Friend
and foe. World J Clin Oncol (2014) 5:730–43. doi: 10.5306/wjco.v5.i4.730

14. Kalla R, Ventham NT, Kennedy NA, Quintana JF, Nimmo ER, Buck AH, et al.
MicroRNAs: new players in IBD. Gut (2015) 64:504–17. doi: 10.1136/gutjnl-
2014-307891

15. Monroig Pdel C, Chen L, Zhang S, Calin GA. Small molecule compounds
targeting miRNAs for cancer therapy. Adv Drug Delivery Rev (2015) 81:104–
16. doi: 10.1016/j.addr.2014.09.002

16. Cheng G. Circulating miRNAs: roles in cancer diagnosis, prognosis and therapy.
Adv Drug Delivery Rev (2015) 81:75–93. doi: 10.1016/j.addr.2014.09.001

17. Liu N, Tang LL, Sun Y, Cui RX, Wang HY, Huang BJ, et al. MiR-29c
suppresses invasion and metastasis by targeting TIAM1 in nasopharyngeal
carcinoma. Cancer Lett (2013) 329:181–8. doi: 10.1016/j.canlet.2012.10.032

18. Dalan AB, Gulluoglu S, Tuysuz EC, Kuskucu A, Yaltirik CK, Ozturk O, et al.
Simultaneous analysis of miRNA-mRNA in human meningiomas by
integrating transcriptome: A relationship between PTX3 and miR-29c. BMC
Cancer (2017) 17:207. doi: 10.1186/s12885-017-3198-4

19. Muniategui A, Nogales-Cadenas R, Vazquez M, Aranguren XL, Agirre X,
Luttun A, et al. Quantification of miRNA-mRNA interactions. PloS One
(2012) 7:e30766. doi: 10.1371/journal.pone.0030766

20. Parada CA, Osbun J, Kaur S, Yakkioui Y, Shi M, Pan C, et al. Kinome and
phosphoproteome of high-grade meningiomas reveal AKAP12 as a central
Frontiers in Oncology | www.frontiersin.org 9
regulator of aggressiveness and its possible role in progression. Sci Rep (2018)
8:2098. doi: 10.1038/s41598-018-19308-y

21. Zheng J, Liu X, Wang P, Xue Y, Ma J, Qu C, et al. CRNDE Promotes
Malignant Progression of Glioma by Attenuating miR-384/PIWIL4/STAT3
Axis. Mol Ther (2016) 24:1199–215. doi: 10.1038/mt.2016.71

22. Qin N, Tong GF, Sun LW, Xu XL. Long Noncoding RNA MEG3 Suppresses
Glioma Cell Proliferation, Migration, and Invasion by Acting as a Competing
Endogenous RNA of miR-19a. Oncol Res (2017) 25:1471–8. doi: 10.3727/
096504017x14886689179993

23. Chang J, Xu W, Liu G, Du X, Li X. Downregulation of Rab23 in Prostate
Cancer Inhibits Tumor Growth In Vitro and In Vivo. Oncol Res (2017)
25:241–8. doi: 10.3727/096504016x14742891049118

24. Li Y, Luo H, Xiao N, Duan J, Wang Z, Wang S. Long Noncoding RNA
SChLAP1 Accelerates the Proliferation and Metastasis of Prostate Cancer via
Targeting miR-198 and Promoting the MAPK1 Pathway. Oncol Res (2018)
26:131–43. doi: 10.3727/096504017x14944585873631

25. Liu X, Ma BD, Liu S, Liu J, Ma BX. Long noncoding RNA LINC00341
promotes the vascular smooth muscle cells proliferation and migration via
miR-214/FOXO4 feedback loop. Am J Transl Res (2019) 11:1835–42.

26. Xing H, Wang S, Li Q, Ma Y, Sun P. Long noncoding RNA LINC00460 targets
miR-539/MMP-9 to promote meningioma progression and metastasis.
BioMed Pharmacother (2018) 105:677–82. doi: 10.1016/j.biopha.2018.06.005

27. Wilisch-Neumann A, Kliese N, Pachow D, Schneider T, Warnke JP,
Braunsdorf WE, et al. The integrin inhibitor cilengitide affects meningioma
cell motility and invasion. Clin Cancer Res (2013) 19:5402–12. doi: 10.1158/
1078-0432.CCR-12-0299

28. Gao YL, Zhao ZS, Zhang MY, Han LJ, Dong YJ, Xu B. Long Noncoding RNA
PVT1 Facilitates Cervical Cancer Progression via Negative Regulating of miR-
424. Oncol Res (2017) 25:1391–8. doi: 10.3727/096504017x14881559833562

29. Xue Y, Ni T, Jiang Y, Li Y. Long Noncoding RNA GAS5 Inhibits
Tumorigenesis and Enhances Radiosensitivity by Suppressing miR-135b
Expression in Non-Small Cell Lung Cancer. Oncol Res (2017) 25:1305–16.
doi: 10.3727/096504017x14850182723737

30. Hua F, Li CH, Chen XG, Liu XP. Long Noncoding RNA CCAT2 Knockdown
Suppresses Tumorous Progression by Sponging miR-424 in Epithelial Ovarian
Cancer. Oncol Res (2018) 26:241–7. doi: 10.3727/096504017x14953948675412

31. Fang R, Huang Y, Xie J, Zhang J, Ji X. Downregulation of miR-29c-3p is
associated with a poor prognosis in patients with laryngeal squamous cell
carcinoma. Diagn Pathol (2019) 14:109. doi: 10.1186/s13000-019-0893-2

32. Jiang H, Liu ZN, Cheng XH, Zhang YF, Dai X, Bao GM, et al. MiR-29c
suppresses cell invasion and migration by directly targeting CDK6 in gastric
carcinoma. Eur Rev Med Pharmacol Sci (2019) 23:7920–8. doi: 10.26355/
eurrev_201909_19006

33. Ni WJ, Leng XM. miRNA-Dependent Activation of mRNA Translation.
Microrna (2016) 5:83–6. doi: 10.2174/2211536605666160825151201

34. Wu X, Wu T, Li K, Li Y, Hu TT, Wang WF, et al. The Mechanism and
Influence of AKAP12 in Different Cancers. BioMed Environ Sci (2018)
31:927–32. doi: 10.3967/bes2018.127

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 Ding, Yi, Xu, Huang, Bu, Wang, Ge, Zhang, Gu, Kang and Wu.
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.
November 2020 | Volume 10 | Article 537763

https://doi.org/10.1055/s-0032-1309061
https://doi.org/10.1016/0090-3019(86)90259-4
https://doi.org/10.1155/2015/532451
https://doi.org/10.4103/2152-7806.155447
https://doi.org/10.1007/s11060-017-2659-6
https://doi.org/10.3389/fonc.2017.00305
https://doi.org/10.16288/j.yczz.17-193
https://doi.org/10.3727/096504017x14886679715637
https://doi.org/10.3727/096504017x14934860122864
https://doi.org/10.1530/jme-12-0008
https://doi.org/10.4149/neo_2013_063
https://doi.org/10.1007/s11060-012-1038-6
https://doi.org/10.5306/wjco.v5.i4.730
https://doi.org/10.1136/gutjnl-2014-307891
https://doi.org/10.1136/gutjnl-2014-307891
https://doi.org/10.1016/j.addr.2014.09.002
https://doi.org/10.1016/j.addr.2014.09.001
https://doi.org/10.1016/j.canlet.2012.10.032
https://doi.org/10.1186/s12885-017-3198-4
https://doi.org/10.1371/journal.pone.0030766
https://doi.org/10.1038/s41598-018-19308-y
https://doi.org/10.1038/mt.2016.71
https://doi.org/10.3727/096504017x14886689179993
https://doi.org/10.3727/096504017x14886689179993
https://doi.org/10.3727/096504016x14742891049118
https://doi.org/10.3727/096504017x14944585873631
https://doi.org/10.1016/j.biopha.2018.06.005
https://doi.org/10.1158/1078-0432.CCR-12-0299
https://doi.org/10.1158/1078-0432.CCR-12-0299
https://doi.org/10.3727/096504017x14881559833562
https://doi.org/10.3727/096504017x14850182723737
https://doi.org/10.3727/096504017x14953948675412
https://doi.org/10.1186/s13000-019-0893-2
https://doi.org/10.26355/eurrev_201909_19006
https://doi.org/10.26355/eurrev_201909_19006
https://doi.org/10.2174/2211536605666160825151201
https://doi.org/10.3967/bes2018.127
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

	Long Non-Coding RNA MEG3 Modifies Cell-Cycle, Migration, Invasion, and Proliferation Through AKAP12 by Sponging miR-29c in Meningioma Cells
	Introduction
	Materials and Methods
	Clinical Specimens and Cell Culture
	Vector and Oligonucleotide Transfection
	Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR) Assay
	Bioinformatics Analysis
	Dual-Luciferase Reporter Assay
	RNA Immunoprecipitation (RIP) Assay
	Flow Cytometry Assay
	Wound Healing Assay
	Transwell Assay
	Cell counting Kit-8 (CCK-8) Assay
	Western Blot Assay
	Statistical Analysis

	Results
	MEG3 Was Low-Expressed, While Mir-29c Was Upregulated in MEN Tissues
	MEG3 Was a Sponge of miR-29c
	The Repressive Impact of MEG3 Increase on Cell-Cycle, Migration, Invasion, and Proliferation Was Overturned by miR-29c Upregulation in MEN Cells
	MiR-29c Directly Targeted AKAP12
	The Absence of AKAP12 Reversed The Reductive Effect Of Mir-29c Inhibitor n Cell-Cycle, Migration, Invasion, and Proliferation In Vitro

	AKAP12 Was Co-Regulated by MEG3 and miR-29c

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	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


