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Gastric cancer seriously affects human health and research on gastric cancer is attracting
more and more attentions. In recent years, molecular targets have become the research
focus. Accumulating evidence indicates that miR-450a-5p plays a critical role in cancer
progression. However, the biological role of miR-450a-5p in gastric carcinogenesis
remains largely unknown. In this study, we explore the effects and mechanisms of miR-
450a-5p on the development and progression of gastric cancer. We used gain-of-function
approaches to investigate the role of miR-450a-5p on gastric cancer cell proliferation,
migration, invasion, and apoptosis using biological and molecular techniques including
real-time quantitative PCR (RT-qPCR), CCK-8, colony formation, flow cytometry, Western
blot, wound healing, transwell chamber, dual luciferase reporter, and tumor xenograft
mouse model. We found that gastric cancer cells have low expression of miR-450a-5p
and overexpression of miR-450a-5p inhibited gastric cancer cell proliferation, migration
and invasion, and induced apoptosis in vitro. Moreover, we demonstrated that ectopic
expression of miR-450a-5p inhibited gastric cancer growth in vivo. At the molecular level,
overexpression of miR-450a-5p significantly increased the expression of pro-apoptotic
proteins, including caspase-3, caspase-9, and Bax, and inhibited the expression of anti-
apoptotic protein Bcl-2. Luciferase reporter experiment suggested that camp response
element binding protein 1 (CREB1) had a negative correlation with miR-450a-5p
expression, and knockdown of CREB1 alleviated gastric cancer growth. Furthermore,
we also found that miR-450a-5p inhibited the activation of AKT/GSK-3b signaling
pathway to inhibit the progression of gastric cancer. Collectively, miR-450a-5p
repressed gastric cancer cell proliferation, migration and invasion and induced
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apoptosis through targeting CREB1 by inhibiting AKT/GSK-3b signaling pathway. MiR-
450a-5p could be a novel molecular target for the treatment of gastric cancer.
Keywords: gastric cancer, proliferation, apoptosis, CREB1, AKT/GSK-3b signaling pathway, miR-450a-5p
INTRODUCTION

Human gastric cancer is one of the common malignancies
around the world. Approximately 1,000,000 cases of gastric
cancer are diagnosed and 783,000 deaths occur in 2018 (1).
Different treatment strategies, including surgery, chemotherapy,
and radiation, have achieved remarkable advance. However, the
overall therapeutic outcome for advanced disease remains poor
(2, 3). Thus, it is critical to better understand the molecular
mechanisms and explore new treatment strategies for improving
the treatment of gastric cancer.

MicroRNAs (miRNAs) are a kind of endogenous small RNA
with a length of about 20–24 nucleotides, that have a variety of
important regulatory roles in cells. Previous studies showed that
miRNAs are involved in regulating the development of gastric
cancer. MiR-4317 inhibits cell proliferation and blocks the
conversion of S-G2/M phase in gastric cancer cells, and is a
promising therapeutic molecular target (4). MiR-455 suppresses
cell proliferation and migration by inhibiting EGFR, acting as a
potential target for treatment of gastric cancer (5). MiR-582-5p
inhibits cell proliferation and promotes apoptosis by regulating
AKT3 (6). Other studies have also shown the inhibitory effect of
miRNAs on the progression and development of gastric cancer,
including miR-744, miR-140-5p, miR-181a, miR-182, miR-802,
miR-21, and miR-149 (7–14). On the other hand, miR-450, as a
novel miRNA, functions as a tumor suppressor in colorectal
cancer (15). However, its specific role in gastric cancer and the
underlying mechanism remain unknown.

The role of CAMP-response element binding protein (CREB1)
has been reported previously. For instance, aberrant expression of
CREB1 affects proliferation and invasion of cancer cells, and has
been highlighted in various pathologies (16, 17).Yang et al.
demonstrated that CREB1 was a target of miR-134-5p and
affected infarct-induced cardiomyocyte apoptosis (18).

In the present study, we found that gastric cancer cells have
low expression of miR-450a-5p. Overexpression of miR-450a-5p
inhibited cell proliferation, migration, and invasion and induced
cell apoptosis in gastric cancer cells both in vitro and in vivo.
Furthermore, we found that CREB1 is targeted by miR-450a-5p
and mediated the anti-tumor effects of miR-450a-5p by
inhibiting AKT/GSK-3b signaling pathway. Our study
indicated that miR-450a-5p could be a potential molecular
target for the treatment of gastric cancer.
MATERIALS AND METHODS

Cell Culture
The human gastric cancer cell lines (BGC-823, SGC7901) and
human gastric epithelial cell (GES-1) were purchased from the
Cell Bank of the Chinese Academy of Science (Shanghai, China).
2

Cells were maintained in Dulbecco’s modified Eagle’s Medium
(DMEM) containing 10% fetal bovine serum (FBS, Gibco, NY,
USA) in a humidified chamber with 5% CO2 atmosphere at 37°C.

RNA Extraction and RT-qPCR Assay
RNA was isolated using TRIzol (Invitrogen, CA, USA) reagent
according to the manufacturer’s protocols. RNAs were reverse
transcribed to cDNA by using PrimeScript RT Master Mix
(Takara, Dalian, China) following the manufacturer’s protocol.
PCR amplification was conducted with the SYBR Premix Ex
TaqTM Kit (Takara, Dalian, China). GAPDH and U6 were used
to normalize the expression. The relative expression was
calculated using the 2−DDCt method.

Oligonucleotides and Transfection
The plasmid carrying the CREB1 CDS domain was used to
overexpress the CREB1 in gastric cancer cells and a pcDNA
(pcDNA3.1) vector was used as a negative control (GenePharma,
Guangzhou, China). The cDNA encoding CREB1 CDS domain
was amplified by PCR, and then sub-cloned into the pcDNA3.1
vector (Invitrogen, CA, USA) to obtain the pcDNA-CREB1.
Short hairpin RNA (shRNA) against CREB1(sh-CREB1), their
corresponding negative control (sh-NC), miR-450a-5p mimic,
and the negative control (NC) were synthesized and purchased
from GenePharma (Guangzhou, China). The transfection was
performed by using Lipofectamine 3000 Reagent (Life
Technologies, Carlsbad, CA, USA).

Cell Proliferation Assay
Cell Counting Kit-8 (CCK-8) and colony formation assays were
performed to examine gastric cancer cell proliferation. In brief,
BGC-823 or SGC7901 cells (1 × 104/well) were seeded in 96-well
plates and incubated for 0, 24, 48, and 72 h. Then BGC-823 or
SGC7901 cells were incubated with 10 ml CCK-8 solution for 4 h
at 37°C. The optical density (OD) was recorded at 490 nm using
a microplate reader (Multiskan MK3, Thermo Scientific, USA).
For colony formation assay, BGC-823 and SGC7901 cells (2 ×
104 cells/well) were seeded in 24-well plates. After incubation for
12 days, the cells were immobilized with paraformaldehyde for
30 min, and stained with 10% crystal violet for another 30 min.
Colonies were counted and photographed with a light
microscope (Olympus, Tokyo, Japan).

Cell Apoptosis Assay
Flow cytometry was conducted to investigate the gastric cancer
cell apoptosis. Cells (1×104 cells/well) were seeded in six-well
plates and culture for 48 h. Thereafter, cells were washed using
PBS, treated with 5 µl of annexin V-FITC and 5 µl of PI in the
dark for 15 min at room temperature. Then apoptotic cells were
detected through a FACSCalibur Flow Cytometry (BD
Biosciences, CA, USA).
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Cell Migration and Invasion Assays
Wound healing and transwell chamber (5-mm pore size, Costar,
Cambridge, MA, USA) assays were conducted to examine gastric
cancer cell migration and invasion. For wound healing assay,
cells were seeded into six-well plates. The supernatant fluid was
removed when BGC-823 or SGC7901 cells were highly confluent
(> 90%). Scratches were made using a sterile pipette tip, with the
scratch width remaining the same. After continuous culture for
48 h, the width of the scratch was photographed and recorded
under a microscope (100×).The distance was assessed by ImageJ
software (ImageJ Software Inc., MD, USA). Wound healing
rate = (scratch width at 0–48 h)/scratch width at 0 h × 100%.

Cell invasion assay was performed using transwells. In short,
transfected BGC-823 or SGC7901 cells were added to the upper
chamber loaded with Matrigel (Corning, Cambridge, MA)and
the bottom of the chamber were supplemented with complete
medium containing 1% FBS. 48 h later, cells on the surface of
membranes were wiped out. Invaded cells were fixed in 10%
formaldehyde, dyed with 0.1% crystal violet and then counted
under a light microscope (Olympus, Tokyo, Japan) (200×).

Dual Luciferase Reporter Assay
A putative 3’-untranslated regions (3’-UTR) of CREB1 was
mutated using mutagenesis kit (Promega, USA). Wild type and
mutant sequences were amplified and inserted into the vector to
construct luciferase reporter plasmids according to the
manufacturer’s instructions (Promega, USA). The luciferase
activities were detected with the dual luciferase reporter kit
(Promega, USA). Luciferase activity was measured by dual-
luciferase reporter assay system (Promega) and presented as
firefly luciferase intensity normalized to Renilla luciferase activity.

Western Blotting Analysis
Total proteins in tissues or cells were extracted with RIPA lysate
buffer (Beyotime Inc, Shanghai, China). The protein was
quantified using BCA protein assay Kit (Thermo Scientific, CA,
USA). The protein samples were separated by 12%
polyacrylamide gel, which were transferred onto the PVDF
membrane, sealed with 5% skim milk powder. The membrane
was incubated with the primary antibody at 4°C overnight and
then incubated with HRP coupled secondary antibody (Santa
Cruz Inc, CA, USA) at room temperature for 1 h. The protein
signal was detected by ECL detection reagents (Thermo Scientific,
CA, USA) and GAPDH was used as the internal reference.

Xenograft Tumors in Nude Mice
Female nude mice (6-week-old, 18–22 g) were provided by
Nanjing Medical University and housed under germ free
conditions. Animal care and use were carried out according to
the ethical guidelines by the First Affiliated Hospital of USTC
Animal Care and Use Committee and approved by the Ethics
Committee of the First Affiliated Hospital. Nude mice were
maintained in a 12h light/12 dark cycle in a temperature- and
humidity-controlled environment. To detect the effect of miR-
450a-5p on tumor growth in vivo, BGC-823 cells (1 × 106 cells)
were injected subcutaneously into the right axilla of the nude
mice. Following a 30-day period, nude mice were sacrificed, and
Frontiers in Oncology | www.frontiersin.org 3
tumors were isolated for further analyses. Note that the tumor
volumes were recorded every week and calculated with the
formula: volume = 0.5 × length × wide2.

Statistical Analyses
All data are presented as the mean ± SD. Each bar expressed the
mean ± SD of three independent experiments. Statistical
significance between two or multiple groups was analyzed by
t-test or one-way ANOVA using SPSS 17.0 (SPSS Inc, Chicago,
IL, USA). Experiments were repeated three times independently.
Statistical significance was assumed when P< 0.05.
RESULTS

Effect of miR-450a-5p on Gastric Cancer
Cell Proliferation and Apoptosis
RT-qPCR analysis was employed to examine the expression of
miR-450a-5p in gastric cancer cells. As shown in Figure 1A,
gastric cancer cells (BGC-823 and SGC7901) had low expression
of miR-450a-5p compared with the human gastric epithelial cell
(GES-1). To further evaluate the roles of miR-450a-5p in the
regulation of gastric cancer, miR-450a-5p mimic was transfected
into BGC-823 and SGC7901 gastric cancer cells for gain-of-
function assays. The efficiency of transfection was validated by
RT-qPCR assay (Figure 1B). CCK-8 and colony formation assays
were performed to evaluate cell viability and proliferation of BGC-
823 and SGC7901 cells. The results indicated that the cell viability
and number of colonies were significantly decreased in BGC-823
and SGC7901 cells transfected with miR-450a-5p mimic,
compared with that in NC group (Figures 1C, D).
Subsequently, flow cytometry assay was conducted to examine
cell apoptosis of these cells. We found that cell apoptosis was
significantly increased in miR-450a-5p mimic group, compared
with NC group (Figure 1E). Consistent with these findings,
Western blot analysis revealed that the expression levels of
apoptosis-associated proteins, including caspase-3, caspase-9,
and Bax, were significantly increased, whereas the anti-apoptotic
protein Bcl-2 was decreased in BGC-823 and SGC7901 cells
transfected with miR-450a-5p mimic (Figure 1F). These results
indicated that miR-450a-5p overexpression inhibited cell
proliferation and induced cell apoptosis of gastric cancer.

Overexpression of miR-450a-5p Inhibits
Tumor Growth In Vivo
To confirm whether miR-450a-5p inhibit gastric cancer growth
in vivo, we generated BGC-823/miR-450a-5p mimic cells and
their negative control, then injected them into nude mice to
establish tumor xenograft mouse models. Representative images
of tumors with miR-450a-5p mimic and NC in the nude mice
were shown in Figure 2A. Tumor volume and tumor weight
were significantly decreased in miR-450a-5p mimic group
compared with that in NC group (Figures 2B, C).
Furthermore, Western blot assay suggested that the expression
of apoptosis-associated proteins, including caspase-3, caspase-9,
and Bax, were significantly decreased in miR-450a-5p mimic
group compared with that in NC group. On the contrary, the
March 2021 | Volume 11 | Article 633366
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FIGURE 1 | Overexpression of miR-450a-5p inhibits cell proliferation and promotes apoptosis of gastric cancer. (A) The expression of miR-450
and SGC-7901) and a human gastric epithelial cell line (GES-1). **P <0.01 vs. GES-1 group. (B) The expression of miR-450a-5p assessed by R
formation, and flow cytometry assays detected the cell proliferation and apoptosis in BGC-823 and SGC-7901 cells. **P <0.01 vs. miR-NC grou
associated proteins in BGC-823 and SGC-7901 cells. **P <0.01 vs. miR-NC group.

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


Zhao et al. miR-450-5p Abrogates GC Cell Progression
expression of Bcl-2 increased in miR-450a-5p mimic group
compared with that in NC group (Figure 2D). These results
indicated that overexpression of miR-450a-5p suppressed gastric
cancer growth in vivo.

Overexpression of miR-450a-5p Inhibits
Gastric Cancer Cell Migration and
Invasion
Cell migration and invasion play important role in the
pathogenesis of cancer metastasis. To evaluate the effect of
miR-450a-5p on tumor migration and invasion, wound healing
assay, and transwell assay were carried out. The results showed
that the wound closure rate was significantly decreased in miR-
450a-5p-overexpressed BGC-823 and SGC7901 gastric cancer
cells, compared with that in NC group (Figure 3A). Moreover,
the results of transwell invasion assay showed that ectopic
expression of miR-450a-5p limited the invasive capability of
BGC-823 and SGC7901 cells, compared with that in NC group
(Figure 3B). Furthermore, Western blot assay suggested that the
expression of matrix proteins that are associated with migration-
and invasion, such as MMP-2 and MMP-9, were significantly
decreased in both BGC-823 and SGC7901 cells transfected with
miR-450a-5p mimic, compared with that in NC group (Figure
3C). These results suggested that overexpression of miR-450a-5p
inhibits migration and invasion of BGC-823 and SGC7901 cells.

MiR-450a-5p Negatively Regulates CREB1
To study the possible targets of miR-450a-5p involved in the
occurrence of gastric cancer, TargetScan was carried out.
Frontiers in Oncology | www.frontiersin.org 5
Thenbsp;result predicted that CREB1 was a potential candidate
of miR-450a-5p (Figure 4A). The expression of CREB1 in gastric
cancer cells was investigated. It was found that BGC-823 and
SGC7901 gastric cancer cells have overexpression of CREB1
(Figure 4B). The luciferase reporter assay showed that miR-
450a-5p mimic repressed the relative luciferase activities
containing the WT 3’-UTR of CREB1, but had no obvious
effect on Mut 3’-UTR of CREB1 (Figure 4C). Moreover, RT-
qPCR and Western blot analysis were adapted to evaluate the
expression of CREB1 in BGC-823 and SGC7901 cells transfected
with miR-450a-5p mimic or NC, and the data revealed that up-
regulation of miR-450a-5p decreased the expression of CREB1
(Figures 4D, E). These results indicated that miR-450a-5p
negatively regulates CREB1.

Knockdown of CREB1 Inhibits Gastric
Cancer Cell Proliferation, Migration,
Invasion, and Promotes Apoptosis
The above results indicated that CREB1 is a target of miR-450a-
5p in gastric cancer. We then examined whether CREB1 regulate
the progression of gastric cancer. We knocked-down CREB1 in
BGC-823 and SGC7901 cells and evaluated the knockdown
efficiency by RT-qPCR analysis (Figure 5A). CCK-8 and
colony formation assays were performed and the results
showed that the cell viability and the number of colonies were
significantly decreased in BGC-823 and SGC7901 cells
transfected withsh-CREB1 compared with that in cells
transfected with sh-NC (Figures 5B, C). Subsequently, flow
cytometry was conducted to examine cell apoptosis after
A

B

D

C

FIGURE 2 | Overexpression of miR-450a-5p inhibits tumor growth. (A–C) Tumor phenotype, tumor volume, and weight. (D) Western blot analysis on the expression
of apoptosis-associated proteins in tumor tissues. **P <0.01 vs. miR-NC group.
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A

B

C

FIGURE 3 | Overexpression of miR-450a-5p inhibits gastric cancer cell migration and invasion. (A) Wound healing assay on the cell migration capability of BGC-823
and SGC-7901 gastric cancer cells after transfection of miR-450a-5p mimic. (B) Transwell chamber assay on the cell invasion capability of BGC-823 and SGC-7901
gastric cancer cells after transfection of miR-450a-5p mimic. (C) Western blot assay on the expression of matrix proteins in BGC-823 and SGC-7901 gastric cancer
cells after transfection of miR-450a-5p mimic. **P <0.01 vs. miR-NC group.
A B

D E

C

FIGURE 4 | MiR-450a-5p targets and negatively regulates CREB1. (A) The expression of CREB1 determined by RT-qPCR in GES-1, BGC-823, and SGC7801 cells.
*P <0.05 vs. GES-1 group. (B) The binding sites between miR-450a-5p and CREB1 were predicted. (C) Dual luciferase reporter assay performed in HEK-293T cells to
detect the interaction between miR-450a-5p and CREB1. **P <0.01 vs. miR-NC group. (D) RT-qPCR on the CREB1 expression after transfection of miR-450a-5p mimic.
**P <0.01 vs. miR-NC group. (E) Western blot assay on the CREB1 expression after transfection of miR-450a-5p mimic. **P <0.01 vs. miR-NC group.
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knocking-down of CREB1 expression in BGC-823 and SGC7901
cells. The results indicated that cell apoptosis was significantly
increased in CREB1-knockdown BGC-823 and SGC7901 gastric
cancer cells, compared with that in NC group (Figure 5D).
Frontiers in Oncology | www.frontiersin.org 7
Wound healing and transwell chamber assays showed that the
gastric cancer cell migration and invasion capability was
significantly inhibited in CREB1-knockdown BGC-823 and
SGC7901 gastric cancer cells, compared with that in NC group
A B

D

E

F

C

FIGURE 5 | Knockdown of CREB1 affects gastric cancer cell proliferation, apoptosis, migration, and invasion. (A) RT-qPCR evaluated the efficiency of CREB1
knockdown in BGC-823 and SGC-7901 cells. (B, C) CCK-8 and colony formation assays on the cell proliferation of BGC-823 and SGC-7901 cells after knockdown
of CREB1. (D) Flow cytometry on the cell apoptosis of BGC-823 and SGC-7901 cells after knockdown of CREB1. (E, F) Wound healing and transwell chamber
assays on the cell migration and invasion of BGC-823 and SGC-7901 cells after knockdown of CREB1. **P <0.01 vs. sh-NC group.
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(Figures 5E, F). These results showed that knockdown of CREB1
suppressed gastric cancer cell proliferation, migration, and
invasion and induced apoptosis.

CREB1 Overexpression Partially
Restores the Effects of miR-450a-5p
on Gastric Cancer
To further explore the role of CREB1 in mediating the inhibitory
effect of miR-450a-5p on gastric cancer, BGC-823 and SGC7901
gastric cancer cells were overexpressed with CREB1 and co-
transfected with miR-450a-5p mimic. CCK-8 and colony
formation assays indicated that the cell viability and the number
of colonies was significantly decreased in BGC-823 and SGC7901
cells in the miR-450a-5p mimic-treated group, compared with that
in NC + pcDNA 3.1 group, suggesting that CREB partially
abolished the inhibitory effects of miR-450a-5p mimic on cell
proliferation of BGC-823 and SGC7901 gastric cancer cells
(Figures 6A, B). Flow cytometric analysis indicated that miR-
450a-5p mimic-induced promotion of cell apoptosis was
prominently abrogated by CREB1 overexpression (Figure 6C).
Frontiers in Oncology | www.frontiersin.org 8
At the molecular level, Western blot analysis indicated that the
expression of apoptosis-associated proteins, including caspase-3,
caspase-9, and Bax, were significantly increased in BGC-823 and
SGC7901 gastric cancer cells treated with miR-450a-5p mimic,
compared with that in NC + pcDNA 3.1 group, whereas the
overexpression of CREB similarly abolished the activation effects
of miR-450a-5p mimic on the expression of apoptosis-associated
proteins, including caspase-3, caspase-9, and Bax. In contrast, the
expression of anti-apoptotic protein of BCL-2 were decreased
(Figure 6D). These results demonstrated that CREB1
overexpression partially restored the effects of miR-450a-5p on
proliferation and apoptosis of gastric cancer.

MiR-450a-5p Regulates Gastric Cancer
Progression Through Inhibiting AKT/GSK-
3b Signaling Pathway
Given the importance of AKT/GSK-3b in the regulation of gastric
cancer, we investigated the expression of proteins in the AKT/
GSK-3b signaling pathway by Western blot assay (Figure 7). We
found that the expression of the AKT/GSK-3b pathway-associated
A B

D

C

FIGURE 6 | CREB1 overexpression partially restores the effects of miR-450a-5p on gastric cancer. (A, B) CCK-8 assay and colony formation assay on the cell
proliferation of BGC-823 and SGC-7901 cells. (C) Flow cytometry on the cell apoptosis of BGC-823 and SGC-7901 cells. (D) Western blot analysis evaluated the
expression of apoptosis-associated proteins in BGC-823 and SGC-7901 cells. **P <0.01 vs. NC + pcDNA3.1 group. #P<0.05, ##P <0.05 vs. miR-450a-5p mimic group.
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protein, including GSK-3b and AKT, had no significantly change.
However, the phosphorylated proteins in this pathway were
markedly decreased in response to the overexpression of miR-
450a-5p, while CREB overexpression increased AKT/GSK-3b
phosphorylated proteins in BGC-823 cells treated with miR-
450a-5p mimic. To further identify the role of AKT/GSK-3b in
mediating the anti-gastric cancer role of miR-450a-5p, we use
SC79 as an activator of the AKT/GSK-3b signaling pathway. As
shown in Figures 8A, B, D, E, CCK-8, colony formation, wound
healing, and transwell chamber assays showed that the gastric
cancer cell proliferation, migration, and invasion abilities were
significantly decreased in the miR-450a-5p mimic-treated group,
while significantly increased in themiR-450a-5p mimic + SC79
group compared with that in miR-450a-5p mimic group. These
results were further confirmed by flow cytometry, which showed
that the apoptosis rate markedly increased in miR-450a-5p mimic
group, while significantly decreased in miR-450a-5p mimic +
SC79 group (Figure 8C). These results suggested that miR-
450a-5p represses gastric cancer progression by targeting CREB1
through inhibiting AKT/GSK-3b signaling pathway.
DISCUSSION

Over the past years, more and more evidence indicated that
microRNAs are involved in regulating various biological and
Frontiers in Oncology | www.frontiersin.org 9
pathological processes. In this study, we found that miR-450a-5p
was significantly downregulated in gastric cancer cells. Gain-of-
function analysis indicated that overexpression of miR-450a-5p
inhibited cell proliferation, migration, and invasion, and
facilitated cell apoptosis in gastric cancer cells in vitro, and
suppressed tumor growth in vivo. Moreover, we found that
overexpression of miR-450a-5p increased the expression of
apoptosis-associated proteins, including caspase-3, caspase-9,
and Bax, while inhibited the expression of anti-apoptotic
protein Bcl-2. In addition, overexpression of miR-450a-5p
suppressed the expression of matrix protein enzymes MMP-2
and MMP-9, and promoted cancer cell migration and invasion.
Our results suggested that miR-450a-5p could function as a
tumor suppressor to inhibit gastric cancer cell growth. Although
the public data shows miR-450a-5p has a bit higher expression in
gastric tumors (Supplementary Data), the role of miR-450a-5p
in clinic tissues still need further study.

A number of studies have been focused on trying to identify
effective new targets for the treatment of gastric cancer. MiRNAs
have been attracted great attention. Various miRNAs were found
to be associated with cancer development and progression, and
therefore, they could be potential molecular targets for cancer
treatment. In the area of gastric cancer, Feng et al. reported that
miR-518 suppresses the progression of gastric cancer by
promoting cell apoptosis via targeting MDM2 (19). Therefore,
miR-518 may be a promising therapeutic target for gastric
FIGURE 7 | MiR-450a-5p regulates the AKT/GSK-3b signaling pathway. Western blotting evaluated the protein expression of CREB1, GSK-3b, AKT, p-GSK-3b,
p-AKT. **P <0.05 vs. NC + pcDNA3.1 group. #P<0.05, ##P<0.01 vs. miR-450a-5p mimic group.
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cancer. Liu et al. demonstrated that miR-204 modulates the EMT
process to inhibit gastric cancer cell migration and invasion via
regulating snai1both in vitro and in vivo (20). Wang et al.
confirmed that miR-129-5p inhibits gastric cancer cell
proliferation and EMT by high-mobility group box 1
(HMGB1), and could be a potential target for the treatment of
Frontiers in Oncology | www.frontiersin.org 10
gastric cancer (21). Wang et al. showed that overexpression of
miR-128b inhibits cell proliferation, migration, and invasion, and
promotes apoptosis in gastric cancer cells via down-regulating
adenosine 2b receptor (A2bR) (22). Wu et al. reported that up-
regulation of miR-449c suppresses gastric cancer cell growth and
promotes apoptosis, while down-regulation of miR-449c
A B

D

E

C

FIGURE 8 | MiR-450a-5p inhibits the progression of gastric cancer by inhibiting the AKT/GSK-3b signaling pathway. (A, B) CCK-8 and colony formation assays on
the cell proliferation of BGC-823 cells. (C) Flow cytometry on the cell apoptosis of BGC-823 cells. (D) Wound healing assay on the cell migration of BGC-823 cells
after knockdown of CREB1. (E) Transwell chamber assay on the cell invasion of BGC-823 cells after knockdown of CREB1. **P <0.01 vs. NC mimic group.
##P <0.01 vs. miR-450a-5p mimic group.
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promotes gastric cancer cell growth and inhibits apoptosis (23).
Wang et al demonstrated that over-expression of miR-217
inhibits gastric cancer cell proliferation, invasion and promotes
apoptosis via regulating geriatric palliative care 5 (GPC5), and
could be a potential therapeutic target (24). In addition to the
above mentioned miRNAs, other miRNAs, for instance, miR-
376c-3p (25), miR-133b (26), miR-99b-5p and miR-203a-3p (27),
miR-491-5p (28), miR-143 (29) are involved in the regulation of
the development and progression of gastric cancer. Our study
suggested that miR-450a-5p plays critical roles in inhibiting the
development and progression of gastric cancer.

Multiple lines of evidence have proofed that miRNAs exert
their diverse biological functions, such as acting as key signal
transduction mediators and regulating cell activities, mainly by
degrading mRNA or suppressing mRNA translation. Therefore,
we further explored the potential downstream target of miR-
450a-5p by bioinformatic analysis. TargetScan revealed that
CREB1 could be a potential candidate of miR-450a-5p. Dual
luciferase reporter assay, RT-qPCR and Western blot analysis
confirmed that CREB1 is negatively regulated by miR-450a-5p.
Therefore, miR-450a-5p might alleviate the development and
progression of gastric cancer via targeting CREB1. In this study,
we also found that CREB overexpression increased the
phosphorylated proteins of AKT/GSK-3b signaling pathway,
promoting cell proliferation, migration, and invasion, and
suppressed apoptosis. Simultaneously, knockdown of CREB1
suppressed gastric cancer cell growth.

It was well known that the AKT/GSK-3bsignaling pathway is
closely associated with cancer development and progression.
Hua et al. reported that knockdown of ANXA11 suppressed
gastric cancer cell proliferation, invasion, and migration through
the AKT/GSK-3b signaling pathway (30). Pan et al.
demonstrated that CD36 regulated palpitate acid-induced
metastasis in gastric cancer by AKT/GSK-3b/b-catenin
signaling pathway (31). Targeting AKT/GSK-3b signaling
pathway might be critical for cancer intervention. In our study,
we found that miR-450a-5p blocked the AKT/GSK-3b signaling
pathway to inhibit the growth of gastric cancer cells and the level
of miR-450a-5p were related to the inhibitory ability of the AKT/
GSK-3b signaling pathway.

Previous study reported that miR-21, miR-450 and miR-149
participate in the regulation of cancers (13, 15). Moreover,
miR-21 and miR-149 are associated with the development of
gastric cancer (12, 14). As miR-21 and miR-149 play a role in
other cancers, for instance, colorectal cancer (32), ovarian cancer
(33), breast cancer (34), bladder cancer (35), and hepatocellular
Frontiers in Oncology | www.frontiersin.org 11
carcinoma (36), it is worthy to investigate whether miR-450a-5p
also plays a role in these cancers. Future study will be directed to
understand the role of miR-450a-5p in various cancers, which
will provide the advantages of using miR-450a-5p as a molecular
therapeutic target.

In conclusion, miR-450a-5p targets CREB1 and inhibits the
AKT/GSK-3b signaling pathway to repress the development and
progression of gastric cancer. Our study suggests that miR-450a-
5p is a tumor suppressor and could be a new molecular target for
the treatment of gastric cancer.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The animal study was reviewed and approved by Use Committee
and approved by the Ethics Committee of the First Affiliated
Hospital of USTC.
AUTHOR CONTRIBUTIONS

X-YH conceived the study. Y-JZ and X-YH designed the study.
JZ, Y-CW, and LW performed the literature search and data
extraction. Y-JZ and X-YH drafted the manuscript. All authors
contributed to the article and approved the submitted version.
FUNDING

This work was supported by the Youth Fund Project of The First
Hospital of USTC (West District, No. 2018YJQN002).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
633366/full#supplementary-material
REFERENCES
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer

statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries (vol 68, pg 394, 2018). Ca-Cancer J Clin (2020)
70(4):313–. doi: 10.3322/caac.21609

2. Song ZY, Wu YY, Yang JB, Yang DQ, Fang XD. Progress in the treatment of
advanced gastric cancer. Tumor Biol (2017) 39(7):1010428317714626. doi:
10.1177/1010428317714626

3. Sasako M. Progress in the treatment of gastric cancer in Japan over the last 50
years. Ann Gastroent Surg (2020) 4(1):21–9. doi: 10.1002/ags3.12306
4. Hu XY, Zhang M, Miao JY, Wang XF, Huang C. miRNA-4317 suppresses
human gastric cancer cell proliferation by targeting ZNF322. Cell Biol Int
(2018) 42(8):923–30. doi: 10.1002/cbin.10870

5. Ning T, Peng ZJ, Li S, Qu YJ, Zhang HY, Duan JJ, et al. miR-455 inhibits
cell proliferation and migration via negative regulation of EGFR in
human gastric cancer. Oncol Rep (2017) 38(1):175–82. doi: 10.3892/
or.2017.5657

6. Jin Y, Tao LP, Yao SC, Huang QK, Chen ZF, Sun YJ, et al. MicroRNA-582-
5p suppressed gastric cancer cell proliferation via targeting AKT3. Eur Rev
Med Pharmacol Sci (2017) 21(22):5112–20. doi: 10.26355/eurrev_
201711_13827
March 2021 | Volume 11 | Article 633366

https://www.frontiersin.org/articles/10.3389/fonc.2021.633366/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.633366/full#supplementary-material
https://doi.org/10.3322/caac.21609
https://doi.org/10.1177/1010428317714626
https://doi.org/10.1002/ags3.12306
https://doi.org/10.1002/cbin.10870
https://doi.org/10.3892/or.2017.5657
https://doi.org/10.3892/or.2017.5657
https://doi.org/10.26355/eurrev_201711_13827
https://doi.org/10.26355/eurrev_201711_13827
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhao et al. miR-450-5p Abrogates GC Cell Progression
7. Liu JX, Wei YL, Li SY, Li YJ, Liu HX, Liu JM, et al. MicroRNA-744 promotes
cell apoptosis via targeting B cell lymphoma-2 in gastric cancer cell line SGC-
7901. Exp Ther Med (2018) 16(4):3611–6. doi: 10.3892/etm.2018.6602

8. Sun YH, Han CY. Long Non-Coding RNA TMPO-AS1 Promotes Cell
Migration and Invasion by Sponging miR-140-5p and Inducing SOX4-
Mediated EMT in Gastric Cancer. Cancer Manag Res (2020) 12:1261–8.
doi: 10.2147/CMAR.S235898

9. Lu Q, Chen YC, Sun D, Wang SK, Ding K, Liu MY, et al. MicroRNA-181a
Functions as an Oncogene in Gastric Cancer by Targeting Caprin-1. Front
Pharmacol (2019) 9:1565. doi: 10.3389/fphar.2018.01565

10. Tang L, Chen F, Pang EJ, Zhang ZQ, Jin BW, Dong WF. MicroRNA-182
inhibits proliferation through targeting oncogenic ANUBL1 in gastric cancer.
Oncol Rep (2015) 33(4):1707–16. doi: 10.3892/or.2015.3798

11. Zhang XY, Mu JH, Liu LY, Zhang HZ. Upregulation of miR-802 suppresses
gastric cancer oncogenicity via targeting RAB23 expression. Eur Rev Med
Pharmacol Sci (2017) 21(18):4071–8.

12. Gu YF, Fei ZW, Zhu RH. miR-21 modulates cisplatin resistance of gastric
cancer cells by inhibiting autophagy via the PI3K/Akt/mTOR pathway.
Anti-cancer Drugs (2020) 31(4):385–93. doi: 10.1097/CAD.000000
0000000886

13. Obermannova R, Redova-Lojova M, Vychytilova-Faltejskova P, Grell P, Cho
WC, Sachlova M, et al. Tumor Expression of miR-10b, miR-21, miR-143 and
miR-145 Is Related to Clinicopathological Features of Gastric Cancer in a
Central European Population. Anticancer Res (2018) 38(6):3719–24. doi:
10.21873/anticanres.12651

14. Wang XY, Zhou YC, Wang Y, Liu YY, Wang YX, Chen DD, et al. miR-149
contributes to resistance of 5-FU in gastric cancer via targeting TREM2 and
regulating beta-catenin pathway. Biochem Biophys Res Commun (2020) 532
(3):329–35. doi: 10.1016/j.bbrc.2020.05.135

15. Jin YH, Jiang Z, Guan X, Chen YG, Tang QC, Wang GY, et al. miR-450b-5p
Suppresses Stemness and the Development of Chemoresistance by Targeting
SOX2 in Colorectal Cancer. DNA Cell Biol (2016) 35(5):249–56. doi: 10.1089/
dna.2015.3120

16. Lihua G, Min Y, Yixuan WJOL. CREB1, a direct target of miR-122, promotes
cell proliferation and invasion in bladder cancer. (2018) 16:3842–8. doi:
10.3892/ol.2018.9118

17. Rodón L, Svensson RU, Wiater E, Chun MGH, Montminy M. The CREB
coactivator CRTC2 promotes oncogenesis in LKB1-mutant non–small cell
lung cancer. Sci Adv (2019) 5:(7):eaaw6455. doi: 10.1126/sciadv.aaw6455

18. Yang J, Liu S, Wang H, Liu Y, Liu Y, Diseases C. miR-134-5p inhibition reduces
infarct-induced cardiomyocyte apoptosis via Creb1 upregulation. Stroke
Cerebrovasc Dis (2020) 29: (8):104850. doi: 10.1016/j.jstrokecerebrovasdis.
2020.104850

19. Feng CJ, Xian QJ, Liu ST. Micro RNA-518 inhibits gastric cancer cell growth
by inducing apoptosis via targeting MDM2. Biomed Pharmacother (2018)
97:1595–602. doi: 10.1016/j.biopha.2017.11.091

20. Liu Z, Long J, Du RX, Ge CL, Guo KJ, Xu YH. miR-204 regulates the EMT by
targeting snai1 to suppress the invasion and migration of gastric cancer.
Tumor Biol (2016) 37(6):8327–35. doi: 10.1007/s13277-015-4627-0

21. Feng J, Guo J, Wang JP, Chai BF. MiR-129-5p inhibits proliferation of gastric
cancer cells through targeted inhibition on HMGB1 expression. Eur Rev Med
Pharmacol Sci (2020) 24(7):3665–73. doi: 10.26355/eurrev_202004_20829

22. Wang P, Guo XY, Zong W, Song B, Liu GS, He SX. MicroRNA-128b
suppresses tumor growth and promotes apoptosis by targeting A2bR in
gastric cancer. Biochem Biophys Res Commun (2015) 467(4):798–804. doi:
10.1016/j.bbrc.2015.10.062
Frontiers in Oncology | www.frontiersin.org 12
23. Chen X, Wang AP, Yue XX. miR-449c inhibits migration and invasion of
gastric cancer cells by targeting PFKFB3. Oncol Lett (2018) 16(1):417–24. doi:
10.3892/ol.2018.8609

24. Wang H, Dong XL, Gu X, Qin R, Jia HP, Gao JP. The MicroRNA-217
Functions as a Potential Tumor Suppressor in Gastric Cancer by Targeting
GPC5. PloS One (2015) 10(6):e0125474. doi: 10.1371/journal.pone.0125474

25. Tu L, Zhao EH, Zhao WY, Zhang ZZ, Tang DF, Zhang YQ, et al. hsa-miR-
376c-3p Regulates Gastric Tumor Growth Both In Vitro and In Vivo. BioMed
Res Int (2016) 2016:9604257. doi: 10.1155/2016/9604257

26. Guo LH, Bai H, Zou DL, Hong T, Liu J, Huang JQ, et al. The role of
microRNA-133b and its target gene FSCN1 in gastric cancer (vol 33, pg 99,
2014). J Exp Clin Cancer Res (2020) 39(1). doi: 10.1186/s13046-014-0099-0

27. Wang ZZ, Zhao ZH, Yang Y, Luo M, Zhang M, Wang XF, et al. MiR-99b-5p
and miR-203a-3p Function as Tumor Suppressors by Targeting IGF-1R in
Gastric Cancer. Sci Rep (2018) 8:10119. doi: 10.1038/s41598-018-27583-y

28. Yu T, Wang LN, Li W, Zuo QF, Li MM, Zou QM, et al. Downregulation of
miR-491-5p promotes gastric cancer metastasis by regulating SNAIL and
FGFR4. Cancer Sci (2018) 109(5):1393–403. doi: 10.1111/cas.13583

29. Liu JJ, Yang F, Li WL, Wan HX, Gao NN, Chen SY, et al. Mir-143 Suppresses
Tumorigenesis and Progression of Gastric Cancer through Targeting Irbit.
Gastroenterology (2019) 156(6):S375–S. doi: 10.1016/S0016-5085(19)37780-7

30. Hua KL, Li Y, Zhao Q, Fan LQ, Tan BB, Gu JB. Downregulation of Annexin
A11 (ANXA11) Inhibits Cell Proliferation, Invasion, and Migration via the
AKT/GSK-3 beta Pathway in Gastric Cancer. Med Sci Monit (2018) 24:149–
60. doi: 10.12659/MSM.905372

31. Pan JM, Fan ZY, Wang ZQ, Dai QQ, Xiang Z, Yuan F, et al. CD36 mediates
palmitate acid-induced metastasis of gastric cancer via AKT/GSK-3/-catenin
pathway. J Exp Clin Cancer Res (2019) 38. doi: 10.1186/s13046-019-1049-7

32. Wu Y, Song Y, Xiong Y, Wang X, Xu K, Han B, et al. MicroRNA-21 (Mir-21)
Promotes Cell Growth and Invasion by Repressing Tumor Suppressor PTEN
in Colorectal Cancer. Cell Physiol Biochem: Int J Exp Cell Physiol Biochem
Pharmacol (2017) 43(3):945–58. doi: 10.1159/000481648

33. Baez-Vega PM, Echevarria Vargas IM, Valiyeva F, Encarnacion-Rosado J,
Roman A, Flores J, et al. Targeting miR-21-3p inhibits proliferation and
invasion of ovarian cancer cells. Oncotarget (2016) 7(24):36321–37. doi:
10.18632/oncotarget.9216

34. Wu X. Expressions of miR-21 and miR-210 in Breast Cancer and Their
Predictive Values for Prognosis. Iran J Public Health (2020) 49(1):21–9. doi:
10.18502/ijph.v49i1.3048

35. Yang D, Du G, Xu A, Xi X, Li D. Expression of miR-149-3p inhibits
proliferation, migration, and invasion of bladder cancer by targeting
S100A4. Am J Cancer Res (2017) 7(11):2209–19.

36. Luo G, Chao YL, Tang B, Li BS, Xiao YF, Xie R, et al. miR-149 represses
metastasis of hepatocellular carcinoma by targeting actin-regulatory proteins
PPM1F. Oncotarget (2015) 6(35):37808–23. doi: 10.18632/oncotarget.5676

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 © 2021 Zhao, Zhang, Wang, Wang 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.
March 2021 | Volume 11 | Article 633366

https://doi.org/10.3892/etm.2018.6602
https://doi.org/10.2147/CMAR.S235898
https://doi.org/10.3389/fphar.2018.01565
https://doi.org/10.3892/or.2015.3798
https://doi.org/10.1097/CAD.0000000000000886
https://doi.org/10.1097/CAD.0000000000000886
https://doi.org/10.21873/anticanres.12651
https://doi.org/10.1016/j.bbrc.2020.05.135
https://doi.org/10.1089/dna.2015.3120
https://doi.org/10.1089/dna.2015.3120
https://doi.org/10.3892/ol.2018.9118
https://doi.org/10.1126/sciadv.aaw6455
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104850
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104850
https://doi.org/10.1016/j.biopha.2017.11.091
https://doi.org/10.1007/s13277-015-4627-0
https://doi.org/10.26355/eurrev_202004_20829
https://doi.org/10.1016/j.bbrc.2015.10.062
https://doi.org/10.3892/ol.2018.8609
https://doi.org/10.1371/journal.pone.0125474
https://doi.org/10.1155/2016/9604257
https://doi.org/10.1186/s13046-014-0099-0
https://doi.org/10.1038/s41598-018-27583-y
https://doi.org/10.1111/cas.13583
https://doi.org/10.1016/S0016-5085(19)37780-7
https://doi.org/10.12659/MSM.905372
https://doi.org/10.1186/s13046-019-1049-7
https://doi.org/10.1159/000481648
https://doi.org/10.18632/oncotarget.9216
https://doi.org/10.18502/ijph.v49i1.3048
https://doi.org/10.18632/oncotarget.5676
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	MiR-450a-5p Inhibits Gastric Cancer Cell Proliferation, Migration, and Invasion and Promotes Apoptosis via Targeting CREB1 and Inhibiting AKT/GSK-3β Signaling Pathway
	Introduction
	Materials and Methods
	Cell Culture
	RNA Extraction and RT-qPCR Assay
	Oligonucleotides and Transfection
	Cell Proliferation Assay
	Cell Apoptosis Assay
	Cell Migration and Invasion Assays
	Dual Luciferase Reporter Assay
	Western Blotting Analysis
	Xenograft Tumors in Nude Mice
	Statistical Analyses

	Results
	Effect of miR-450a-5p on Gastric Cancer Cell Proliferation and Apoptosis
	Overexpression of miR-450a-5p Inhibits Tumor Growth In Vivo
	Overexpression of miR-450a-5p Inhibits Gastric Cancer Cell Migration and Invasion
	MiR-450a-5p Negatively Regulates CREB1
	Knockdown of CREB1 Inhibits Gastric Cancer Cell Proliferation, Migration, Invasion, and Promotes Apoptosis
	CREB1 Overexpression Partially Restores the Effects of miR-450a-5p on Gastric Cancer
	MiR-450a-5p Regulates Gastric Cancer Progression Through Inhibiting AKT/GSK-3β Signaling Pathway

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	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


