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NEAT1 Negatively Regulates Cell
Proliferation and Migration of
Neuroblastoma Cells by miR-183-5p/
FOXP1 Via the ERK/AKT Pathway

Weikang Pan1,*, Ali Wu2,*, Hui Yu1, Qiang Yu1, Baijun Zheng1,
Weili Yang1, Donghao Tian1, Ya Gao1, and Peng Li1

Abstract
Neuroblastoma, a malignant tumor of the sympathetic nervous system, is an aggressive extracranial tumor in childhood. Long
noncoding RNAs (lncRNAs) have been discovered to play a key role in the eukaryotic regulatory gene network and be involved
in a wide variety of biological processes. We observed that the expression of lncRNA nuclear-enriched abundant transcript-1
(NEAT1) was significantly decreased in human neuroblastoma tissues and cell lines, compared with the normal. We observed cell
proliferation, migration, and invasion with Cell Counting Kit-8 assay, colony formation assay, and Transwell assay to investigate
the effects of NEAT1, miR-183-5p, or FOXP1 on neuroblastoma cells. And we also used StarBase and luciferase reporter gene
assay to predict and confirm the interaction of NEAT1, miR-183-5p, and FOXP1 in neuroblastoma cells. First, overexpression of
NEAT1 suppressed cell proliferation and played a key role in cell migration and invasion. In addition, NEAT1 was demonstrated
to directly interact with miR-183-5p and exerted its antioncogenic role in neuroblastoma by negatively regulating miR-183-5p
expression. miR-183-5p suppressed the expression of FOXP1 and regulated cell proliferation and migration by directly targeting
FOXP1 mRNA 30-untranslated region. Moreover, FOXP1 antagonized the effect of miR-183-5p on the phosphorylation of
extracellular-regulated kinase/protein kinase B (ERK/AKT), while FOXP1 siRNA increased the reduced phosphorylation of ERK/
AKT caused by miR-183-5p inhibitor in neuroblastoma cells. Taken together, these data showed that NEAT1 negatively
regulated cell proliferation and migration of neuroblastoma by the miR-183-5p/FOXP1 axis via suppression of the ERK/AKT
pathway. Our findings may provide a new target for the study of pathogenesis and treatment of neuroblastoma.
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Introduction

Neuroblastoma (NB), a malignant tumor of the sympathetic

nervous system, is an aggressive childhood tumor accounting

for 8% to 10% of childhood tumors1. Despite multimodal

treatment regimen, children with high-risk clinical pheno-

types still have poor prognosis and long-term survival rates

of less than 40%2. While some favorable NBs are easy to treat,

almost 50% of unfavorable NBs with widespread tumor dis-

semination and late recurrence exhibit very aggressive beha-

viors3. The signs and symptoms of NB vary widely,

depending on age, primary tumor site, presence of metastases,

and occasional on paraneoplastic syndrome1. The clinical

manifestation of NB is heterogeneous and high-risk aggres-

sive, with the most affected sites being bone, bone marrow,

and lymph nodes4. Standard therapy for high-risk NB patients

has at least four components: induction, local control, conso-

lidation, and treatment of minimal disease with biologic

agents. Among the current treatments for high-risk NB

patients, novel diagnostic, prognostic, and therapeutic

approaches are required to improve treatment outcomes.
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Long noncoding RNAs (lncRNAs), a class of noncoding

RNAs with more than 200 nucleotides, have been discov-

ered to play a key role in the eukaryotic regulatory gene

network5. A significant number of lncRNAs have been

functionally involved in a wide variety of biological pro-

cesses such as cell proliferation, invasion, and metastasis

during cancer development. For example, lncRNA

metastasis-associated lung adenocarcinoma transcript-1

(MALAT1) promoted glioblastoma (GBM) cell prolifera-

tion and progression in vitro and in vivo, and was nega-

tively correlated with GBM patient survival6. MEG3/

miR-21 axis influenced the proliferation and apoptosis of

psoriasis keratinocyte7. Similar to other human cancers, it

was reported that several lncRNAs played important roles

in neurodegenerative diseases, including Parkinson’s dis-

ease, Alzheimer’s disease, and Huntington’s disease8. In

addition, lncRNA nuclear-enriched abundant transcript-1

(NEAT1) contributed to many other human cancers.

NEAT1 regulated the oxygen and glucose deprivation–

reperfusion injury and neuroinflammation damage via the

Wnt/b-catenin signaling pathway in cerebral microglial

cells9. It was confirmed that serine/arginine-rich splicing

factor 1 (SRSF1) targeted NEAT1 and implicated in glio-

magenesis by regulating cell cycle10. It was also reported

that NEAT1 was overexpressed in Parkinson’s disease sub-

stantia nigra and conferred drug-inducible neuroprotection

from oxidative stress11. However, the role of lncRNA

NEAT1 in NB remains unclear.

In this study, we investigated the expression of lncRNA

NEAT1 in the human NB tissue samples and different NB

cell lines. Then we observed cell proliferation, migration,

and invasion with Cell Counting Kit-8 (CCK-8) assay, col-

ony formation assay, and Transwell assay to investigate the

effects of NEAT1 in NB cells.

Materials and Methods

Cell Culture and Tissue Samples

The tissue samples used in the present study were obtained

from NB patients (stage I, n ¼ 5; stage II, n ¼ 12; stage III,

n ¼ 9; stage IV, n ¼ 4). The protocol was approved by the

Ethics Committee of The Second Affiliated Hospital of Xi’an

Jiaotong University (Xi’an, China). Human NB cell lines (SK-

N-SH, SH-SY5Y, IMR-32, and SH-N-AS) and human umbi-

lical vein endothelial cell line were purchased from ATCC

(Manassas, VA, USA). All cells were resuspended in Dulbec-

co’s modified Eagle medium (Thermo Fisher Scientific, Wal-

tham, MA, USA) mixture supplemented with 10% fetal

bovine serum (FBS; Gibco, Carlsbad, CA, USA), 100 U/ml

penicillin, and 100 mg/ml streptomycin (Thermo Fisher Sci-

entific) in a humidified incubator containing 5% CO2 at 37�C.

Cell Transfection

To overexpress NEAT1, the NEAT1 genomic fragment was

cloned by polymerase chain reaction (PCR) and then

inserted into the pcDNA3.1 empty vector. Different cell

lines of human NB cells were planted in six-well plates at

about 70% confluence, and then transfected transiently with

miR-183-3p mimic, miR-183-5p inhibitor, their negative

control, siRNA against FOXP1 (si-FOXP1), and scrambled

siRNA negative control (Lonza, Walkersville, MA, USA),

following the manufacturer’s instructions.

RNA Extraction and Real-Time Quantitative
Polymerase Chain Reaction Analysis

Total RNAs of tissue samples and human NB cells were

extracted in accordance with the instruction of Trizol reagent

(Thermo Fisher Scientific). The reverse transcription of

mRNA was performed using the High-Capacity complemen-

tary DNA Reverse Transcription Kit (Thermo Fisher Scien-

tific). The mRNA level was quantified by real-time

quantitative polymerase chain reaction (RT-qPCR) using

an SYBR Premix Ex Taq (TaKaRa Biotech, Dalian, China),

and U6 RNA was used as the endogenous control. The

experimental operation was repeated at least three times

independently. The experiment used a 20-ml reaction system:

cDNA (1 ml), specific primers (1 ml), SYBR Green Mix

(10 ml), and ddH2O (7 ml). All PCR steps were performed

on the ABI 7300 Real Time PCR System (Thermo Fisher

Scientific) under the following conditions: 95�C for 1 min

followed by 35 cycles of 95�C for 20 s, then 56�C for 10 s,

and 72�C for 15 s and data were analyzed using the relative

quantification 2-DDCT method.

Cell Proliferation Assay

CCK8 (Dojindo, Kumamoto, Japan) method was used to

measure the cell proliferation efficiency after transfection

for 48 h. First, cells were grown at a rate of 5 � 104 cells/

well in 24-well plates containing 8 ml CCK-8 plus 100 ml

FBS-free medium. We then measured the cell proliferation

efficiency at 24, 48, 72, and 96 h and the absorbance was

read at 450 nm. Cells were incubated in a humidified incu-

bator containing 5% CO2 at 37�C.

Colony Formation Assay

To assess colony-forming ability, the transfected cells were

suspended into agarose plates at 500 cells/well and cultured

for 2 wk. The cells were then fixed and stained with 0.1%
crystal violet in 4% methanol solution. Colonies were

observed and counted under an inverted microscope.

Transwell assay

The migration and invasion of human NB cells were mea-

sured by Transwell assay. For cell migration, cells were

suspended in 200 ml of serum-free medium and placed in

the upper chamber of 24-well Transwell plates (Corning,

NY, USA) after transfection. The lower chamber was filled
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with 500 ml of medium containing 20% FBS. After 24 h of

incubation at 37�C, the residual cells remained on the upper

surface of the filters. The migrated cells on the lower filter

surface were fixed with 4% formaldehyde and stained with

0.1% crystal violet for visualization. The stained cells were

counted under an optical microscope. Similar to the migra-

tion assay, excluded cells were seeded onto a Matrigel-

coated upper chamber for the invasion assay.

Luciferase Reporter Gene Assay

Target gene analysis was performed using the online data-

base of StarBase biological prediction website (http://star

base.sysu.edu.cn/). The full length of the 30 untranslated

region (30-UTR) of the FOXP1 mRNA or full-length NEAT1

mRNA was cloned and amplified, then the PCR product was

cloned into the polyclonal loci downstream of the pmir-GLO

luciferase gene (Promega, Madison, WI, USA). Cells co-

transfected were in HEK293 T cells (Shanghai, china), and

the luciferase activity was measured using a Synergy 2 Multi-

detector Microplate Reader (BioTek Instruments, Inc.,

Winooski, VT, USA). The experiment was independently

repeated three times. Data were normalized for transfection

efficiency by dividing firefly luciferase activity by Renilla

luciferase activity.

Western Blot Analysis

PBS was used to wash the human NB cells twice, and the cells

lysed using RIPA lysis buffer (CW Biotech, Beijing, China).

Protein concentration was measured by BCA kit (KeyGEN,

Nanjing, China) and adjusted to 3 mg/ml before conducting

western blot. Ten microliters of boiled proteins per well with

5� loading buffer (Beyotime Biotechnology, China) were

separated in 12% sodium dodecyl sulfate polyacrylamide gel

electrophoresis at 70 V for 20 min and 100 V for 100 min.

Samples were then transferred to polyvinylidene difluoride

membranes (Millipore, Bedford, MA, USA) at 350 mA for

105 min. Then the membranes were blocked with 5% nonfat

milk 2 h incubated with primary antibodies. The following

antibodies were, respectively, used to incubate with the mem-

brane at 4�C overnight: ERK antibody (1:500 dilution,

ab176660, Abcam, Cambridge, UK), AKT antibody (1:400

dilution, ab142088, Abcam), S6 antibody (1: 300 dilution,

ab70271, Abcam), FOXP1 antibody (1:600 dilution,

ab16645, Abcam), and b-actin antibody (1:300 dilution,

ab181602, Abcam). b-actin was set as the endogenous con-

trol. After three times washing with Tris-buffered saline-

Tween (TBS-T), the following secondary antibodies were,

respectively, used to incubate with the membrane for 1 h at

room temperature: ERK antibody (1:1,200 dilution, ab205718,

Abcam), AKT antibody (1:1,200 dilution, ab205718, Abcam),

S6 antibody (1: 1,000 dilution, 205718, Abcam), FOXP1 anti-

body (1:1,500 dilution, ab205718, Abcam), andb-actin anti-

body (1:1,000 dilution, ab205718, Abcam). The enhanced

chemiluminescence system was used to show the banding of

proteins, and the optical density of the protein bands was

quantified using Image J software (National Institutes of

Health, Bethesda, MD, USA). Each experiment was per-

formed three times to obtain a mean value. The relative

expression level of the target gene was displayed as the fold

change versus control group.

RNA Pull-Down Assay

HEK293 cells were transfected with biotinylated miRNA

(200 nM) and harvested 24 h after transfection. Briefly, the

cells were washed with PBS followed by brief vortex, and

incubated in a lysis buffer on ice for 10 min. The lysates

were precleared by centrifugation, and 50 ml of the samples

were aliquoted for input. The remaining lysates were incu-

bated with streptavidin magnetic beads (Thermo Fisher Sci-

entific). After coated with RNase-free bovine serum albumin

and yeast tRNA (both from Sigma), the beads were incu-

bated at 4�C for 3 h, washed twice with ice-cold lysis buffer,

three times with the low-salt buffer, and once with the high-

salt buffer. The bound RNAs were purified using TRIzol and

then for NEAT1 expression analysis by RT-qPCR.

Statistical Analysis

Data analysis was performed with SPSS version 22.0 soft-

ware. Each measurement was obtained from at least three

experiments and expressed as the mean + standard error

of mean. Statistical significance difference was set at

P < 0.05 using one-way variation analysis followed by

student’s t-test.

Results

NEAT1 was Downregulated in Human NB Tissues and
Cell Lines

To explore the potential role of NEAT1 in human NB, we

detected its expression in human NB tissues and different

cell lines using RT-qPCR analysis. As presented in Fig. 1,

expression of NEAT1 was significantly decreased (Fig.

1A–C) in human NB tissues compared with the adjacent

normal tissues. We also observed different transcript levels

in different NB stages, and expression of NEAT1 was the

lowest in stage IV (Fig. 1B) and substantially decreased in

patients older than 18 mo (Fig. 1C). To further confirm

downregulation of NEAT1, we detected transcript levels in

different NB cell lines, and the expression of NEAT1 was

significantly downregulated (Fig. 1D).

NEAT1 Overexpression Promoted the Cell
Proliferation, Migration, and Invasion in NB Cells

To investigate the precise biological function of NEAT1 in

NB, we performed gain-of-function experiments by overex-

pressing NEAT1. NEAT1 overexpression was achieved by

transfecting different doses of the pcDNA-NEAT1 (1 or 2
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mg/ml) into SK-N-SH or SH-SY5Y NB cell lines and its

transfection efficiency was detected by RT-qPCR (Fig. 2A,

B). Next, we examined the effect of NEAT1 overexpression

on the cell proliferation, migration, and invasion in NB cell

lines (SK-N-SH or SH-SY5Y). It was revealed using the

colony formation assay that the upregulation of NEAT1

decreased the colony-forming ability of SK-N-SH or

SH-SY5Y cells (Fig. 2C, D). The CCK-8 assay implied that

overexpression of NEAT1 also significantly inhibited the pro-

liferation of NB cells (Fig. 2E, F). In addition, the Transwell

assay detected that the upregulation of NEAT1 significantly

reduced the migrative and invasive abilities of NB cells (Fig.

2G–I). All of these results showed that transfection with 2-

g/ml pcDNA-NEAT1 regulated the cell proliferation, migra-

tion, and invasion of NB more effectively . Collectively, these

data showed that the upregulation of NEAT1 inhibited the cell

proliferation, migration, and invasion in NB cells.

Mir-183-5p MiR-183-5p Was a Target of NEAT1 and
Was Upregulated in NB Cells

As known to all, one of the most typical regulatory mechan-

isms of lncRNAs is to negatively regulate the expression and

activity of miRNAs as ceRNAs or molecular sponges of

miRNAs. Bioinformatic analysis with online database of

StarBase (http://starbase.sysu.edu.cn/) showed that NEAT1

directly bound to miR-183-5p (Fig. 3A). To test whether

NEAT1 binds to miR-183-5p, we used the luciferase reporter

gene assay to validate the binding of them. The results indi-

cated that NEAT1 directly bound to miR-183-5p (Fig. 3B).

HEK293 cells were transfected with biotinylated miR-183-

5p or its mutant form, and then a biotin-based pull-down

assay was performed to detect NEAT1 expression and nor-

malized to a biotinylated mimic control by RT-qPCR (Fig.

3C). Moreover, we detected expression of miR-183-5p in

human NB tissues and different cell lines by using RT-

qPCR analysis. It was found that miR-183-5p was signifi-

cantly upregulated in human NB tissues and different cell

lines (Fig. 3D, E). As showed in Fig. 3, overexpression of

NEAT1 significantly downregulated the expression of miR-

183-5p in NB cell lines SK-N-SH or SH-SY5Y (Fig. 3F, G).

These results demonstrated that NEAT1 negatively modu-

lated miR-183-5p expression by binding to its 30-UTR and

might serve as a molecular sponge.

MiR-183-5p Promoted the Cell Proliferation,
Migration, and Invasion in NB Cells

To study the effect of miR-183-5p on the biological function

of NB, we transfected miR-183-5p mimic, inhibitor, and the

Fig. 1. Expression of NEAT1 in human neuroblastoma tissues and cell lines using real-time quantitative polymerase chain reaction analysis.
(A) Expression of NEAT1 in human neuroblastoma tissues (n ¼ 30) and normal tissues (n ¼ 30). b-actin was used as an internal reference.
(B) Expression of NEAT1 in different tumor stages (stage I, n¼ 5; stage II, n¼ 12; stage III, n¼ 9; stage IV, n¼ 4). (C) Expression of NEAT1 in
different age groups (n < 18 mo and n > 18 mo). (D) Expression of NEAT1 in different cell lines. Statistical significance was determined using
an independent-sample t-test. Values were expressed as mean + standard error of mean, n ¼ 3. *P < 0.05 and **P < 0.01 vs normal or
control. NB: neuroblastoma; NEAT1: nuclear-enriched abundant transcript-1; HUVEC: human umbilical vein endothelial cell.
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corresponding negative control oligonucleotides, respec-

tively, in NB cells. First, we tested the expression of miR-

183-5p after transfection with different oligonucleotides to

detect whether the transfection was successful. Expression

of miR-183-5p was significantly upregulated after transfec-

tion with miR-183-5p mimic, while expression of miR-183-

5p was significantly downregulated after transfection with

miR-183-5p inhibitor in NB cell lines SK-N-SH or SH-

SY5Y (Fig. 4A, E). Next, we examined the effect of trans-

fection with miR-183-5p mimic or miR-183-5p inhibitor on

the proliferation, migration, and invasion in SK-N-SH or

SH-SY5Y. The colony formation assay indicated that miR-

183-5p mimic promoted the colony-forming ability in SK-N-

SH or SH-SY5Y cells, while miR-183-5p inhibitor

decreased the colony-forming ability (Fig. 4B, F). Moreover,

the Transwell assay detected that upregulation of miR-183-

5p significantly promoted the migrative (Fig. 4C, G) and

invasive abilities in NB cells (Fig. 4D, H), while

downregulation of miR-183-5p decreased the migrative (Fig.

4C, G) and invasive abilities (Fig. 4D, H). These results

indicated that miR-183-5p also significantly promoted the

cell proliferation, migration, and invasion in NB cells.

MiR-183-5p Overexpression Reversed the Effect of
NEAT1 on Inhibiting Cell Proliferation and Migration in
NB Cells

In order to further validate the correlation between NEAT1

and miR-183-5p, NB cells were co-transfected with pcDNA-

NEAT1 (2 mg/ml) and miR-183-5p mimic. Mir-183-5p sig-

nificantly reversed the inhibition of cell proliferation induced

by pcDNA-NEAT1 (Fig. 5A, E). Next, we investigated the

colony-forming, migrative, and invasive capacities under

the same treatment with pcDNA-NEAT1 and miR-183-5p

mimic. As shown in the figures, miR-183-5p could restore

Fig. 2. NEAT1 overexpression regulated the cell proliferation, migration, and invasion in neuroblastoma cells. (A, B) real-time quantitative
polymerase chain reaction was performed to determine the expression of NEAT1 in SK-N-SH or SH-SY5Y neuroblastoma cells (1.0 � 105/
cm2) transfected with pcDNA3.1 (vector, 1 mg/ml), pcDNA-NEAT1 (1 or 2 mg/ml), or control. (C, D) The colony-forming ability was tested
by using the colony formation assay. (E, F) Cell proliferation ability was tested by Cell Counting Kit-8. (G–I) The Transwell assay detected the
migrative and invasive abilities in neuroblastoma cells. Neuroblastoma cells were transfected with pcDNA-NEAT1 for 48 h. Statistical
significance was determined using an independent-sample t-test. Values were expressed as mean + standard error of mean, n ¼ 3. *P < 0.05
and **P < 0.01 vs vector or control. #P < 0.05 and ##P < 0.01 vs vector or control. NEAT1: nuclear-enriched abundant transcript-1.
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pcDNA-NEAT1-mediated inhibition of colony-forming

(Fig. 5B, F), migrative (Fig. 5C, G), and invasive capacities

(Fig. 5D, H). Collectively, these results suggested that

NEAT1 overexpression inhibited cell proliferation, migration,

and invasion in NB cells by targeting miR-183-5p.

MiR-183-5p Targeted FOXP1 in NB Cells

To investigate the mechanisms of miR-183-5p in NB cells,

we used online database of StarBase (http://starbase.sysu.

edu.cn/) to bioinformatic analysis. It showed that miR-183-

5p directly binds to FOXP1 30-UTR (Fig. 6A). To test

whether miR-183-5p binds to FOXP1 30-UTR, we used luci-

ferase reporter gene assay to validate. As the results showed,

miR-183-5p directly binds to FOXP1 30-UTR (Fig. 6B).

Then we detected the expression of FOXP1 in human NB

tissues and different cell lines by western blot analysis (Fig.

6C). The results indicated that FOXP1 was significantly

downregulated in human NB tissues and different cell lines

(Fig. 6D, E). In order to assess the effect of miR-183-5p on

FOXP1, we transfected with miR-183-5p mimic, miR-183-

5p inhibitor, and corresponding negative control oligos in

NB cells, respectively. These results showed that the expres-

sion of FOXP1 was significantly decreased after transfection

with miR-183-5p mimic and upregulated after transfection

with miR-183-5p inhibitor (Fig. 6F–H). It has been demon-

strated that FOXP1 might participate in the phosphorylation

of ERK and AKT, so we detected the phosphorylation of

ERK, AKT, and pS6 in NB cells (Fig. 6I). Results showed

that transfection with miR-183-5p mimic induced the phos-

phorylation, while miR-183-5p inhibitor suppressed the

phosphorylation of ERK, AKT, and pS6 in NB cells (Fig.

6J–L). These results suggested that miR-183-5p/FOXP1

induced the ERK/AKT pathway.

MiR-183-5p Participated in the ERK/AKT Pathway by
Targeting FOXP1

To further validate the correlation between miR-183-5p and

FOXP1, the pcDNA-FOXP1 or/and miR-183-5p mimic were

Fig. 3. NEAT1 directly targeted miR-183-5p. (A) Online database StarBase showed sequence alignment between NEAT1 and miR-183-5p.
(B) The luciferase reporter gene assay validated the binding of NEAT1 and miR-183-5p. Firefly and Renilla luciferase activities were
determined. (C) HEK293 cells were transfected with biotinylated miR-183-5p (Bio-183-5p-wt) or its mutant form (Bio-183-5p-mut), and
then a biotin-based pull-down assay was performed to detect NEAT1 expression and normalized to a biotinylated mimic control (Bio-NC)
by RT-qPCR. (D) Expression of mir-183-5p in different cell lines. (E) Expression of miR-183-5p in human neuroblastoma tissues (n¼ 30) and
normal tissues (n ¼ 30). U6 was used as an internal reference. (F, G) Effect of NEAT1 overexpression on miR-183-5p in SK-N-SH or SH-
SY5Y neuroblastoma cells. RT-qPCR was performed to determine the expression of mir-183-5p. Statistical significance was determined
using an independent-sample t-test. Values were expressed as mean + standard error of mean, n¼ 3. *P < 0.05 and **P < 0.01 vs normal or
control. HUVEC: human umbilical vein endothelial cell; NB: neuroblastoma; NEAT1: nuclear-enriched abundant transcript-1; RT-qPCR:
real-time quantitative polymerase chain reaction.
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transfected in NB cells. FOXP1 siRNA or/and miR-183-5p

inhibitor were also transfected in NB cells. Overexpression

of FOXP1 significantly reversed the cell proliferation ability

induced by miR-183-5p mimic (Fig. 7A, B), while knock-

down of FOXP1 improved the inhibition of cell proliferation

by miRNA inhibitor (Fig. 7C, D). Furthermore, we observed

that the increased cell migration (Fig. 7E, F) and invasion

(Fig. 7G, H) caused by miR-183-5p mimic was mitigated by

transfection with pcDNA-FOXP1 in SK-N-SH or SH-SY5Y

NB cells. Moreover, si-FOXP1 also attenuated the effect of

miR-183-5p inhibitor decrease in cell migration and inva-

sion (Fig. 7E–H). As shown in the figures, the results were

demonstrated to be similar to the results of detection of cell

proliferation. The pcDNA-FOXP1 significantly attenuated

the downregulation of mRNA (Fig. 7I, J) and protein expres-

sion (Fig. 7K, L) of FOXP1 caused by miR-183-5p over-

expression. It also showed that upregulation of FOXP1

transfected with miR-183-5p inhibitor was mitigated by

transfection with si-FOXP1. Moreover, pcDNA-FOXP1 sig-

nificantly mitigated the upregulation of miR-183-5p expres-

sion caused by miR-183-5p overexpression and si-FOXP1

also attenuated the downregulation of miR-183-5p expres-

sion caused by miR-183-5p inhibitor (Fig. 7M, N) in NB

cells. Then we detected the phosphorylation of ERK and

AKT in NB cells. Results showed that pcDNA-FOXP1

antagonized the effect of miR-183-5p on the phosphoryla-

tion of ERK/AKT. When transfected with FOXP1 siRNA,

the downregulation of p-ERK and p-Akt induced by mir-

183-5p inhibitor was partially restored (Fig. 7P, R). Collec-

tively, these results suggested that NEAT1 negatively

regulated cell proliferation and migration of NB by miR-

183-5p/FOXP1 via the ERK/AKT pathway.

Discussion

LncRNAs play a pivotal role in many biologic processes

and are implicated in the control of multiple molecular

pathways leading to gene expression changes. During the

past few years, a large body of evidence has shown that

downregulation of lncRNAs expression is associated with

the carcinogenesis and development of malignant tumors

and is implicated in the control of cell proliferation, migra-

tion, and apoptosis5. Our studies focused on the involve-

ment of NEAT1 in NB cells and it is a possible molecular

mechanism. The results showed that NEAT1 was least

expressed and it regulated cell proliferation and migration

in NB cells. Moreover, NEAT1 partially attributed to its

ability to serve as a molecular sponge of miR-183-5p, lead-

ing to upregulation of FOXP1. Therefore, this study eluci-

dated the important role of the NEAT1/miR-183-5p/

FOXP1 axis in NB, and also provided therapeutic targets

for NB.

NEAT1, an important cancer-associated lncRNA, has

been shown to be involved in numerous cellular processes

Fig. 4. MiR-183-5p overexpression promoted the cell proliferation, migration, and invasion in neuroblastoma cells. SK-N-SH or SH-SY5Y
neuroblastoma cells (1.0 � 105/cm2) were transfected with NC mimic (20 nM), miR-183-5p mimic (20 nM), NC inhibitor (20 nM), and miR-
183-5p inhibitor (20 nM) for 48 h. (A) Expression of miR-183-5p was transfected with miR-183-5p mimic, miR-183-5p inhibitor, and control
(NC mimic and NC inhibitor) in SK-N-SH cells and (E) SH-SY5Y cells. (B) The capacity of cell proliferation was tested by Cell Counting Kit 8
in SK-N-SH cells and (F) SH-SY5Y cells. (C, D) Transwell assay detected the migrative and invasive abilities in SK-N-SH cells and (G, H) SH-
SY5Y cells. Statistical significance was determined using an independent-sample t-test. Values were expressed as mean + standard error of
mean, n ¼ 3. *P < 0.05 and **P < 0.01 vs NC mimic or NC inhibitor.
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including the control of cell proliferation, migration, and

apoptosis in several cancers. For example, expression of

NEAT1 was reduced in schizophrenia and it modulates oli-

godendrocytes transcription and differentiation12. But over-

expression of NEAT1 promoted cell proliferation and

suppressed apoptosis in ovarian cancer cells13. Researchers

also found that downregulation of NEAT1 aggravated progres-

sion of osteoarthritis via modulating the miR-181a/GPD1 L

axis14. As our results showed, NEAT1 was downregulated

in NB tissues and cell lines, while upregulation of NEAT1

inhibited the cell proliferation, migration, and invasion in

NB cells. Most interestingly, a previous study found that the

expression of NEAT1 was downregulated more signifi-

cantly in patients older than 18 mo and downregulated with

the progression of the disease. In the current study, NEAT1

was sharply downregulated in the tumor tissue compared

with the adjacent nontumor tissue, and it displayed signifi-

cantly lower levels in patients with advanced NB. Moreover,

we found that adult patients had a lower level of NEAT1 than

the minor adolescent patients. These findings suggested that

NB is possibly more detrimental for patients older than 18

mo with lower expression levels of NEAT1. Moreover, the

luciferase reporter gene assay validated the binding of

NEAT1 and miR-183-5p. Overexpression of miR-183-5p

promoted NB cell proliferation, migration, and invasion,

while downregulation of miR-183-5p decreased the cell pro-

liferative, migrative, and invasive abilities. Furthermore,

our experiments revealed that NEAT1 negatively regulated

NB cell proliferation, migration, and invasion by sponging

miR-183-5p.

To further understand the mechanism of miR-183-5p in

NB, we used bioinformatic tools to predict the downstream

targets of miR-183-5p. As expected, luciferase reporter gene

assays showed the combination of miR-183-5p and FOXP1.

Similar to our experimental results, miR-182-5p and miR-

183-5p regulated expression of FOXO transcription factors

in dopaminergic midbrain neurons15. As our results showed,

expression of FOXP1 was significantly decreased after

transfection with miR-183-5p mimic and upregulated after

transfection with miR-183-5p inhibitor. MiR-183-5p has

been reported in several cancers, such as glioma16 and endo-

metrial cancer17. In addition, miR-183-5p was dysregulated

on cell biological performances, including viability, apopto-

sis, and autophagy of gastric cancer cell lines, such as

SGC-7901, and may serve as a therapeutic target for gastric

cancer18. Compared with osteosarcoma patients with high

expression of miR-183-5p, those with low miR-183-5p had

a higher rate of distant metastasis and lower overall survival.

Fig. 5. MiR-183-5p overexpression reversed the effect of NEAT1 in neuroblastoma cells. SK-N-SH or SH-SY5Y neuroblastoma cells (1.0 �
105/cm2) were co-transfected with pcDNA-NEAT1 (2 mg/ml) and miR-183-5p mimic (20 nM) for 48 h. (A) The capacity of cell proliferation
was tested by Cell Counting Kit 8 in SK-N-SH cells and (E) SH-SY5Y cells. (B) The colony-forming capacity was tested by colony formation
assay in SK-N-SH cells and (F) SH-SY5Y cells. (C, D) The Transwell assay detected the migrative and invasive abilities in SK-N-SH cells and
(G, H) SH-SY5Y cells. Statistical significance was determined using an independent-sample t-test. Values were expressed as mean +
standard error of mean, n ¼ 3. *P < 0.05 and **P < 0.01 vs control. NEAT1: nuclear-enriched abundant transcript-1.
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Next, there are four members comprising the FOXP subfam-

ily of forkhead transcription factors and all of them have

been shown to be involved in cancers.

Our results showed that FOXP1 and miR183-5p inhibited

their mRNA or protein expression by each other. It showed

that miR-183-5p directly binds to FOXP1 30-UTR. When

FOXP1 expression increased, there will be more opportuni-

ties to bind miR-183-5p, making the expression of miR-183-

5p downregulated. Likewise, the increased expression of

miR-183-5p in cells would provide more opportunities to

bind to its target gene, making its expression downregulated.

So, they have a negative regulation relationship with each

other, and the upregulation of one side’s expression will

significantly affect the expression of the other side. FOXP1

has been shown to play a key role in regulating cancers. For

instance, FOXP1 is required to establish its function via the

PI3K/AKT/p70S6 K signaling pathway in breast cancer19.

Similarly, in GBM, suppression of miR-9 by mutant EGFR

signaling upregulated FOXP1, which resulted in GBM

tumorigenicity20. Finally, the relationship among NEAT1,

miR-183-5p, and FOXP1 was explored, and it was found

that NEAT1 regulated FOXP1 expression by sponging

miR-183-5p. Overexpression of FOXP1 significantly

reversed the cell proliferation, migration, and invasion abil-

ities induced by miR-183-5p mimic, while knockdown

FOXP1 rescued the inhibition of cell proliferation, migra-

tion, and invasion by miR-183-5p inhibitor. The ERK/AKT

signaling pathway is an important signaling pathway for

genetic signal changes in cancer development and is closely

related to tumor growth, angiogenesis, patient prognosis, and

treatment21–23. In the occurrence and development of vari-

ous cancers, there are interactions between different signal-

ing pathways24. Chemokine receptor 7 targeted the vascular

endothelial growth factor via the AKT/ERK pathway to reg-

ulate angiogenesis in colon cancer and the phosphorylation

of AKT and ERK, as well as the expression of the vascular

endothelial growth factor, which can be inhibited using the

LY294002 and U0126 inhibitors25. Bakuchiol demonstrated

significant bioactivity toward chondrocyte proliferation via

the PI3K–AKT and ERK1/2 pathways mediated by estrogen

Fig. 6. MiR-183-5p directly targeted FOXP1. (A) Online database StarBase showed sequence alignment between miR-183-5p and FOXP1.
(B) The luciferase reporter gene assay validated the binding of miR-183-5p and FOXP1. Firefly and Renilla luciferase activities were
determined. (C) Expression of FOXP1 in different cell lines was tested by using western blot analysis. (D) The quantification of band
intensity relative to b-actin intensity of (C) was quantified by MBF ImageJ software. (E) Expression of FOXP1 in human neuroblastoma tissues
(n ¼ 30) and normal tissues (n ¼ 30). b-actin was used as an internal reference. (F) Effect of miR-183-5p on FOXP1 in SK-N-SH or (G) SH-
SY5Y neuroblastoma cells and the quantification of band intensity relative to b-actin intensity of (F, G) was quantified by MBF ImageJ
software. (H) Expression of FOXP1 in different cell lines was tested by using western blot analysis. (I) Western blot detected the
phosphorylation of ERK, AKT, and pS6 in neuroblastoma cells. (J–L) The quantification of band intensity relative to b-actin intensity of
(I) was quantified by MBF ImageJ software. Statistical significance was determined using an independent-sample t-test. Values were expressed
as mean + standard error of mean, n ¼ 3. *P < 0.05 and **P < 0.01 vs normal or control.
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Fig. 7. MiR-183-5p participates in the ERK/AKT pathway by targeting FOXP1. SK-N-SH or SH-SY5Y neuroblastoma cells (1.0 � 105/cm2)
were co-transfected with pcDNA-NEAT1 (2 mg/ml) and miR-183-5p mimic (20 nM), or co-transfected with FOXP1 siRNA (20 nM) and miR-
183-5p inhibitor (20 nM) for 48 h. (A–D) The capacity of cell proliferation was tested by Cell Counting Kit 8 in SK-N-SH cells and SH-SY5Y
cells. (E, G) The Transwell assay detected the migrative and invasive abilities in SK-N-SH cells and (F, H) SH-SY5Y cells. (I, J) Expression of
FOXP1 mRNA and (K, L) protein in SK-N-SH or SH-SY5Y neuroblastoma cell lines. (M, N) Expression of miR-183-5p in different cell lines
was tested by using RT-qPCR analysis. (O) The quantification of band intensity relative to b-actin intensity of (K, L) was quantified by MBF
ImageJ software. (P) Western blot detected the phosphorylation of AKT and (Q) ERK in neuroblastoma cells. (R) The quantification of band
intensity normalized to b-actin intensity of (P, Q) was quantified by MBF ImageJ software. Statistical significance was determined using an
independent-sample t-test. Values were expressed as mean + standard error of mean, n ¼ 3. *P < 0.05 and **P < 0.01 vs normal or
control.NEAT1: nuclear-enriched abundant transcript-1.

10 Cell Transplantation



receptor activation and exhibited enhanced promotion of the

remodeling of injured cartilage21. In this study, we suspected

that miR-183-5p might affect the activation of the ERK path-

way by suppressing the expression of FOXP1. We found that

overexpression of FOXP1 reversed the increased p-AKT and

p-ERK levels in cells transfected with miR-183-5p mimic,

while silencing of FOXP1 reversed the decreased p-AKT

and p-ERK protein levels in cells transfected with miR-

183-5p inhibitor.

In conclusion, these findings indicated that NEAT1

negatively regulated cell proliferation and migration of

NB cells through miR-183-5p/FOXP1 axis. Therefore,

NEAT1/miR-183-5p/FOXP1 axis plays a crucial role in the

pathogenesis of NB, and it also provided a potential ther-

apeutic target for NB patients.

Ethical Approval

This study was approved by the Ethics Committee at The Second

Affiliated Hospital of Xi’an Jiaotong University (Xi’an, China).

Statement of Human and Animal Rights

All procedures in this study were conducted in accordance with

The Second Affiliated Hospital of Xi’an Jiaotong University of

Ethics Committee (Approval Number: 2020043)-approved

protocols.

Statement of Informed Consent

Written informed consent was obtained from the patients for their

anonymized information to be published in this article.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect

to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support

for the research, authorship, and/or publication of this article: This

study was supported by the National Natural Science Foundation of

China (No. 81701501, 81770513, 81741096).

ORCID iD

Peng Li https://orcid.org/0000-0002-2368-8659

References

1. Janoueix-Lerosey I, Schleiermacher G, Delattre O. Molecular

pathogenesis of peripheral neuroblastic tumors. Oncogene.

2010; 29(11):1566–1579.

2. Scaruffi P, Stigliani S, Moretti S, Coco S, De Vecchi C, Val-

dora F, Garaventa A, Bonassi S, Tonini GP. Transcribed-ultra

conserved Region expression is associated with outcome in

high-risk neuroblastoma. BMC Cancer. 2009;9(1):441–467.

3. Wang SS, Hsiao R, Limpar MM, Lomahan S, Tran TA, Mal-

oney NJ, Ikegaki N, Tang XX. Destabilization of MYC/MYCN

by the mitochondrial inhibitors, metaiodobenzylguanidine,

metformin and phenformin. Int J Mol Med. 2014;33(1):35–42.

4. Park JR, Eggert A, Caron H. Neuroblastoma: biology, prog-

nosis, and treatment. Hematol Oncol Clin North Am. 2010;

24(1):65–86.

5. Haemmerle M, Gutschner T. Long non-coding RNAs in cancer

and development: where do we go from here? Int J Mol Sci.

2015;16(1):1395–1405.

6. LiaoK,Lin Y,GaoW,XiaoZ,MedinaR,DmitrievP,Cui J,Zhuang

Z, Zhao X, Qiu Y, Zhang X, et al. Blocking lncRNA MALAT1/

miR-199a/ZHX1 axis inhibits glioblastoma proliferation and pro-

gression. Mol Ther Nucleic Acids. 2019;18(1):388–399.

7. Jia HY, Zhang K, Lu WJ, Xu GW, Zhang JF, Tang ZL.

LncRNA MEG3 influences the proliferation and apoptosis of

psoriasis epidermal cells by targeting miR-21/caspase-8. BMC

Mol Cell Biol. 2019;20(1):46–71.

8. Wan P, Su W, Zhuo Y. The Role of long noncoding RNAs in

neurodegenerative diseases. Mol Neurobiol. 2017;54(3):

2012–2021.

9. Han D, Zhou Y. YY1-induced upregulation of lncRNA NEAT1

contributes to OGD/R injury-induced inflammatory response in

cerebral microglial cells via Wnt/beta-catenin signaling path-

way. In Vitro Cell Dev Biol Anim. 2019;55(7):501–511.

10. Zhou X, Li X, Yu L, Wang R, Hua D, Shi C, Sun C, Luo W,

Rao C, Jiang Z, Wang Q, et al. The RNA-binding protein

SRSF1 is a key cell cycle regulator via stabilizing NEAT1 in

glioma. Int J Biochem Cell Biol. 2019;113(1):75–86.

11. Simchovitz A, Hanan M, Niederhoffer N, Madrer N, Yayon N,

Bennett ER, Greenberg DS, Kadener S, Soreq H. NEAT1 is

overexpressed in Parkinson’s disease substantia nigra and con-

fers drug-inducible neuroprotection from oxidative stress.

FASEB J. 2019;33(10):11223–11234.

12. Katsel P, Roussos P, Fam P, Khan S, Tan W, Hirose T, Naka-

gawa S, Pletnikov MV, Haroutunian V. The expression of long

noncoding RNA NEAT1 is reduced in schizophrenia and mod-

ulates oligodendrocytes transcription. NPJ Schizophr. 2019;

5(1):3–36.

13. Ding N, Wu H, Tao T, Peng E. NEAT1 regulates cell prolif-

eration and apoptosis of ovarian cancer by miR-34a-5p/BCL2.

Onco Targets Ther. 2017;10(1):4905–4915.

14. Wang Z, Hao J, Chen D. Long noncoding RNA Nuclear

Enriched Abundant Transcript 1 (NEAT1) regulates prolifera-

tion, apoptosis, and inflammation of chondrocytes via the miR-

181a/Glycerol-3-phosphate dehydrogenase 1-like (GPD1 L)

axis. Med Sci Monit. 2019;25(1):8084–8094.

15. Roser AE, Caldi Gomes L, Halder R, Jain G, Maass F, Tonges

L, Tatenhorst L, Bahr M, Fischer A, Lingor P. miR-182-5p and

miR-183-5p Act as GDNF mimics in dopaminergic midbrain

neurons. Mol Ther Nucleic Acids. 2018;11(1):9–22.

16. Zhang BL, Dong FL, Guo TW, Gu XH, Huang LY, Gao DS.

MiRNAs mediate GDNF-induced proliferation and migration

of glioma cells. Cell Physiol Biochem. 2017;44(5):1923–1938.

17. Yan H, Sun BM, Zhang YY, Li YJ, Huang CX, Feng FZ, Li C.

Upregulation of miR-183-5p is responsible for the promotion

of apoptosis and inhibition of the epithelial-mesenchymal tran-

sition, proliferation, invasion and migration of human endome-

trial cancer cells by downregulating Ezrin. Int J Mol Med.

2018;42(5):2469–2480.

Pan et al 11

https://orcid.org/0000-0002-2368-8659
https://orcid.org/0000-0002-2368-8659
https://orcid.org/0000-0002-2368-8659


18. Li H, He C, Wang X, Wang H, Nan G, Fang L. MicroRNA-183

affects the development of gastric cancer by regulating autop-

hagy via MALAT1-miR-183-SIRT1 axis and PI3K/AKT/

mTOR signals. Artif Cells Nanomed Biotechnol. 2019;47(1):

3163–3171.

19. Halacli SO, Dogan AL. FOXP1 regulation via the PI3K/Akt/

p70S6 K signaling pathway in breast cancer cells. Oncol Lett.

2015;9(3):1482–1488.

20. Gomez GG, Volinia S, Croce CM, Zanca C, Li M, Emnett R,

Gutmann DH, Brennan CW, Furnari FB, Cavenee WK. Sup-

pression of microRNA-9 by mutant EGFR signaling upregu-

lates FOXP1 to enhance glioblastoma tumorigenicity. Cancer

Res. 2014;74(5):1429–1439.

21. Xu K, Sha Y, Wang S, Chi Q, Liu Y, Wang C, Yang L. Effects

of Bakuchiol on chondrocyte proliferation via the PI3K-Akt

and ERK1/2 pathways mediated by the estrogen receptor for

promotion of the regeneration of knee articular cartilage

defects. Cell prolif. 2019;52(5):e12666–e12676.

22. Ma B, Jing R, Liu J, Qi T, Pei C. Gremlin is a potential target

for posterior capsular opacification. Cell Cycle. 2019;18(15):

1–13.

23. Kalhori MR, Irani S, Soleimani M, Arefian E, Kouhkan F. The

effect of miR-579 on the PI3K/AKT pathway in human glio-

blastoma PTEN mutant cell lines. J Cell Biochem. 2019;

120(10):16760–16774.

24. Schmitz KJ, Wohlschlaeger J, Lang H, Sotiropoulos GC,

Malago M, Steveling K, Reis H, Cicinnati VR, Schmid

KW, Baba HA. Activation of the ERK and AKT signalling

pathway predicts poor prognosis in hepatocellular carci-

noma and ERK activation in cancer tissue is associated

with hepatitis C virus infection. J Hepatol. 2008;48(1):

83–90.

25. Li X, Wang X, Li Z, Zhang Z, Zhang Y. Chemokine receptor 7

targets the vascular endothelial growth factor via the AKT/

ERK pathway to regulate angiogenesis in colon cancer. Cancer

Med. 2019;8(11):5327–5340.

12 Cell Transplantation



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


