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The oncogene c-Jun is activated by Jun N-terminal kinase (JNK). Exosomes are
nanometer-sized membrane vesicles released from a variety of cell types, and are
essential for cell-to-cell communication. By using specific JNK inhibitor SP600125 or
CRISPR/Cas9 to delete c-Jun, we found that exosomes from SP600125-treated A549
cancer cells (Exo-SP) or from c-Jun-KO-A549 cells (Exo-c-Jun-KO) dramatically inhibited
tube formation of HUVECs. And the miR-494 levels in SP600125 treated or c-Jun-KO
A549 cells, Exo-SP or Exo-c-Jun-KO, and HUVECs treated with Exo-SP or Exo-c-Jun-
KO were significantly decreased. Meanwhile, Exo-SP and Exo-c-Jun-KO enhanced
expression of phosphatase and tensin homolog deleted on chromosome ten (PTEN).
Addition of miR-494 agomir in Exo-c-Jun-KO treated HUVECs inhibited PTEN expression
and promoted tube formation, suggesting the target of miR-494 might be PTEN in
HUVECs. Moreover, A549 tumor xenograft model and Matrigel plug assay demonstrated
that Exo-c-Jun-KO attenuated tumor growth and angiogenesis through reducing miR-494.
Taken together, inhibition of c-Jun in A549 cancer cells exhibited antiangiogenic activity in
vitro and in vivo through exosome/miRNA-494-3p/PTEN signal pathway.

Keywords: c-Jun, exosomes, CRISPR/Cas9, lung cancer, miR-494, angiogenesis
INTRODUCTION

c-Jun, encoded by the c-jun proto-oncogene, appears to play a central role in cellular signal
transduction and positively regulate cell proliferation through inhibiting tumor suppressor gene
expression and function (1, 2). The Jun is positively autoregulated by its product Jun/AP-1 (2). AP-1
(activating protein-1) dimers include the Jun, Fos and activating transcription factor (ATF)
subgroups of transcription factors that bind to a common DNA site (3). c-Jun activation requires
an upstream molecule Jun N-terminal kinase (JNK), which binds to the c-Jun transactivation
domain and phosphorylates at Ser63 and Ser73 (4).
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Angiogenesis is the formation of new blood vessels from pre-
existing ones. To support the growth or local metastasis of cancer
cells, tumor tissue needs oxygen and nutrients provided by blood
vessels (5). So suppression of tumor angiogenesis has become an
essential strategy for cancer therapy.

Different cell types such as hematopoietic cells, primary and
normal cells, and tumor cells release exosomes to epigenetically
reprogram their neighboring cells (6). Exosomes are a class of
extracellular vesicles defined as 40-100 nm diameter membrane,
present with a characteristic cup-shaped morphology as
observed by electron microscopy (7, 8). Exosomes contain
proteins, nucleic acids, lipids and other bioactive molecules,
which are shuttled from donor cells to the recipient cells (9).
Tumor-derived exosomes could alter local and systemic
microenvironment and therefore facilitate cancer cell proliferation,
chemoresistance, and tumor angiogenesis (10).

Micro RNAs (miRNAs) are single stranded non-coding
RNA with 19-25 nucleotides in length, which regulate gene
expression at the post-transcriptional level with predominant
mechanism of epigenetic regulation by binding sites in the 3’-
untranslated region (UTR) of target messenger RNA (mRNA)
(11). Numerous miRNAs are enriched in tumor-derived
exosomes, and are transferred to endothelial cells to regulate
angiogenesis (12).

However, the role of c-Jun in cancer cells in angiogenic effect
of exosomes remained unreported. Recently, we found that
Exosomes from SP600125 (JNK specific inhibitor)-treated non-
small cell lung carcinoma (NSCLC) A549 cells (Exo-SP)
inhibited human umbilical vein endothelial cells (HUVECs)
tube formation. In the present study, we investigated the
detailed mechanism of c-Jun in cancer cells to regulate
angiogenesis through mediating exosome/miRNA/tensin
homolog deleted on chromosome ten (PTEN) signal pathway.
METHODS

Cell Culture
A549 cells were obtained from the Cell Resource Center, Peking
Union Medical College (Beijing, China). A549 cells have been
authenticated using STR profiling within the last three years and
all experiments were performed with mycoplasma-free
cells. A549 cells and c-Jun-KO A549 cells were cultured in
RPMI 1640 medium containing 10% fetal bovine serum (FBS),
100 U/ml penicillin, and 100 mg/ml streptomycin. HUVECs were
obtained from Lifeline Cell Technology (Frederick, MD, USA).
Cell cultures were maintained in a humidified atmosphere with
5% CO2 at 37°C.
Reagents
RPMI1640, DMEM, FBS, the enhanced chemiluminescence
(ECL) reagent, and Total Exosome Isolation Reagents (from
cells) were purchased from Thermo Fisher Scientific (Waltham,
MA, USA). The antibodies specific for phosphatidylinositol 3-
kinase (PI3K) 110b, phospho-Akt (Ser 473, #9271), phospho-Akt
(Thr 308, #2965), Akt (#9272), b-actin (#4967) and the
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horseradish peroxidase-conjugated goat anti-rabbit secondary
antibody (#7074) were purchased from Cell Signaling
Technology, Inc. (Danvers, MA, USA). Ki-67 (27309-1-AP)
was purchased from Proteintech (Rosemont, IL, USA). The
antibody specific for c-Jun (sc-44) was obtained from Santa
Cruz Biotechnology, Inc. (Dallas, TX, USA). The a-SMA
specific antibody, SP600125, and PKH26 Red fluorescent cell
linker kit were purchased from Sigma Chemicals (St. Louis, MO,
USA). The antibody specific for phosphatase and PTEN
(abs131550) was purchased from Absin Bioscience Inc.
(Shanghai, China). The exosome specific primary antibodies
including CD81, CD9 and CD63 were purchased from SBI
System Biosciences (EXOAB-KIT-1, Palo Alto, CA, USA). The
Matrigel was purchased from BD Biosciences (San Josè, CA,
USA). Anti-CD31 (ab28364) antibody was purchased from
Abcam (Cambridge, MA, USA).

Cell Viability
Cell viability was assessed using MTT assay as we previously
reported (13), with a small modification. Briefly, A549 cells were
seeded onto a 96-well culture plate and incubated with various
concentrations of SP600125 (10, 25, 50, 100 mM) for 24 h or 48 h.
In the case of HUVECs, the cells were seeded onto a 96-well
culture plate and incubated with various concentrations of Exo,
Exo-SP600125, or Exo-c-Jun-KO for 24 h or 48 h, and then 20 ml
of MTT (5 mg/ml) was added to each well. After 4 h of
incubation, the formazan was dissolved in DMSO, and optical
density (OD) at 490 nm was measured using microplate reader
iMark (BIO-RAD, Hercules, CA, USA).

Isolation of Exosomes
After cell cultures reached 80% confluent, A549 cells or c-Jun-
KO A549 cells were washed with PBS and incubated with FBS
free RPMI 1640 medium for 48 h, or were treated with SP600125
for 48 h in FBS free medium. Exosomes were isolated from the
medium by Total Exosome Isolation Regent as described in the
manufacture’s manual. Briefly, the harvested supernatants were
filtered through 0.22 mm membrane to remove cells and debris,
then concentrated using Amicon Ultra-15 100K centrifuge tube
(MERCK Millipore). After transferring the cell-free culture
media to a new tube, 0.5 volumes of the Total Exosome
Isolation Reagent were added. After incubation at 4°C
overnight, the suspension was centrifuged at 10,000×g for 1 h
to remove the supernatant. The resulting exosomes were
re-suspended in PBS and stored at 4°C to be available for use.

Cell Migration Assay and Tube
Formation Assay
The cell migration assay was performed as we reported
previously (14), with a small modification. Confluent HUVEC
monolayers were mechanically wounded with a pipette tip and
washed with PBS to remove the debris. Then the monolayers
were cultured in the RPMI 1640 medium containing 1% FBS.
The wound healing was observed and the images were taken
under inverted microscopy after 18 h.

The tube formation assay was carried out as reported by us
(15), with a small modification. HUVECs were treated with Exo,
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Exo-SP, or Exo-c-Jun-KO for 24 h. Fifty microliters of growth
factor-reduced Matrigel were added in the wells of 96-well plates
and incubated at 37°C for 1 h. Then the pretreated HUVECs
were re-suspended and added to the Matrigel. Images of tube
formation were captured by inverted microscope after 3 h. For
quantification, total tubular length and nodes of tubes per well
were measured by computer-assisted image analysis using
ImageJ software.

Protein Extraction and Western Blot
Western blot analysis was carried out as we previously reported
(16). Cells and exosomes were collected with lysis buffer, and the
protein concentration of each sample was determined by the
BCA protein assay kit. Equal amounts of proteins were run on
sodium dodesyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to the PVDF membrane. After being
blocked with 5% skim milk, the membranes were incubated with
each primary antibody overnight at 4°C, and then incubated with
the respective HRP-conjugated secondary antibody for 1 h at
room temperature. The signals were detected with ChemiDoc™

XRS+ System (BIO-RAD, Hercules, CA, USA) after exposure to
ECL reagent.

Fluorescent Imaging of Exosome Uptake
The cellular uptake of exosomes was measured by fluorescence
microscopy. Exosomes were labeled with PKH26 red fluorescent
cell linker kit according to the manufacturer’s instructions, and
then cultured with HUVEC for 3 h. After washing, HUVECs
nuclei were stained with Hoechst for 15 min. Exosome uptake
was measured using a fluorescence microscope.

miRNA Isolation and Real-Time
Quantitative Reverse Transcription-PCR
(qRT-PCR) Assay
Total RNA from the cells and exosomes was isolated using the
TRIzol reagent (Life Technologies, Carlsbad, CA, USA) or
Frontiers in Oncology | www.frontiersin.org 3
E.Z.N.A.™ miRNA Kit (Omega Bio-tek, Norcross, GA, USA)
in accordance with the manufacturer’s instructions. First-strand
cDNA was synthesized from RNA primed by oligo (dT) using
M-MLV reverse transcriptase. The RT-qPCR assay for multiple
genes was performed with the miScript SYBR Green PCR Kit
by an CFX96™ Real-Time PCR Dectection System (BIO-RAD,
Hercules, CA, USA). The primer of miRNA sequences is listed
in Table 1. The expression levels of U6 snRNA were used to
normalize the relative amount of miRNA (RT-Primer 5’-
TTCACGAATTTGCGTGTCATC-3 ’ , F o rw a r d 5 ’ -
CGCTTCGGCAGCACATATAC-3’, Reversed 5’-TTCAC
GAATTTGCGTGTCATC-3’). The fold-change of miRNA was
calculated using the 2−DDCT method.

The Gene of c-Jun Knockout (KO) With
CRISPR/Cas9 Gene Editing
We used the CRISPR/Cas9 to disrupt the c-Jun gene. The c-Jun is
reported to contain one exon and to be located at chromosome 1
(The National Center for Biotechnology Information, NCBI).
The gRNA sequences targets c-Jun on exon1, with target-
sequence as TGCTCTGTTTCAGGATCTTG. A549 cells were
transfected with pX330A-1x2 plasmid of the c-Jun-targeted
gRNA encoding SpCas9 by Lipofectamine 3000. Following
72 h of puromycin selection, the cell culture was extended for
another 96 h without puromycin, and the surviving clonal cells
were sub-cultured into 96 well with a density of one cell/well.
Afterward, cells were cultured for 7-10 days. Individual clones
constructed with knockout of c-Jun were expanded and screened
for c-Jun depletion by genomic DNA sequencing and
Western blot.

miRNA Agomir Transfection
HUVECs were transfected with miR-494 agomir (sense: 5’-
UGAAACAUACACGGGAAACCUC-3 ’ ; anti-sense: 5 ’-
GGUUUCCCGUGUAUGUUUCAUU-3’) using Lipofectamine
6000 transfection reagent for 24 h, according to the
TABLE 1 | List of miRNA primers.

miRNA RT-Primer (5’-3’) Forward (5’-3’)

hsa-miR-21 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAACA GCGCGTAGCTTATCAGACTGA
hsa-miR-23a GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGGAAAT GCGATCACATTGCCAGGG
hsa-miR-221 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGAAACC CGCGAGCTACATTGTCTGCTG
hsa-miR-222 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACCCAG GCGCGAGCTACATCTGGCTA
hsa-miR-449a GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACCAGC CGCGTGGCAGTGTATTGTTA
hsa-miR-494 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGAGGTT CGCGTGAAACATACACGGGA
hsa-miR-9 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCATAC GCGCGTCTTTGGTTATCTAGCT
hsa-miR-34a GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACAACC CGCGTGGCAGTGTCTTAGCT
hsa-miR-125-3p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGCTCC GCGACGGGTTAGGCTCTTG
hsa-miR-125-5p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCACAA CGCGTCCCTGAGACCCTAAC
hsa-miR-126 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCGCATT CGCGTCGTACCGTGAGTAAT
hsa-miR-145 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGGGAT CGGTCCAGTTTTCCCAGGA
hsa-miR-146a GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAACCCA CGCGTGAGAACTGAATTCCA
hsa-miR-148a GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACAAAG GCGCGTCAGTGCACTACAGAA
hsa-miR-152 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCCAAGT CGCGTCAGTGCATGACAGA
hsa-miR-497 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACAAAC GCGCAGCAGCACACTGTG
hsa-miR-519c GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACATCCTC GCGCGAAAGTGCATCTTTTTA
hsa-miR-155 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAACCCC CGCGTTAATGCTAATCGTGATA
Reverse (5’-3’) AGTGCAGGGTCCGAGGTATT
April 20
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manufacturer’s instructions. All experimental control samples
were treated with equal concentrations of a non-targeting control
(NC) agomir (sense: 5’-UUCUCCGAACGUGUCACGUTT-3’;
ant i-sense : 5 ’-ACGUGACACGUUCGGAGAATT-3 ’) .
Chemically modified miR-494 agomir and NC agomir were
purchased from Shanghai GenePharma Co., Ltd. Simultaneously,
Exo or Exo-c-Jun-KO were added. After 24 h, cells were washed by
PBS and collected to be available for use.

Nude Mice Xenograft Tumor Experiments
BALB/c athymic nude mice (6 weeks old male) were kept in a
specific pathogen-free environment. All animal experiments
were conducted at Laboratory Animal Center of Institute of
Radiation Medicine, the Chinese Academy of Medical Sciences
in accordance with the Institutional Animal Care and Use
Committee guidelines. Mice were injected subcutaneously (s.c.)
in the flank with 1×107 A549 cells. When subcutaneous tumors
grew to 30 to 50 mm3, the mice were randomly divided into four
groups, with six mice each. For exosome treatment, 2 mg of
exosomes such as Exo, Exo-c-Jun-KO, and those treated with
miR-494 agomir or agomir NC was injected intratumorally every
other day for 14 days. Tumor volume was measured every other
day. Mice were sacrificed by cervical dislocation 16 days after
treatment, and tumor specimens were fixed with 4%
formaldehyde, embedded in paraffin, and subjected to routine
histological experiment. Immunohistochemistry (IHC) was
carried out on 5-mm sections to visualize cells by using Ki-67,
CD31, a-smooth muscle actin (a-SMA) antibodies. Six field
images were collected using a Leica photomicroscope from three
biopsies per specimen. Staining intensity was analyzed by Image-
pro plus software.

In Vivo Matrigel Plug Assay
HUVECs mixed with or without exosome, miR-494 agomir
and Lipofectamine 6000, were added in 200 ml of High
Concentration Matrigel™ Matrix and then subcutaneously
injected into BALB/c nude mice (6 weeks old, male). After 14
days, mice were sacrificed and the Matrigel plugs were harvested
for analysis. The degree of vascularization was evaluated by
measuring hemoglobin content using the Hemoglobin test kit.

Statistical Analysis
All data are expressed as means ± SD of triplicate values. One-
way ANOVA followed by Tukey’s Multiple Comparison Test
was utilized to determine the statistical significance with
GraphPad Prism 5 (GraphPad, San Diego, CA, USA). A p
value less than 0.05 was considered statistically significant.
RESULTS

A549 Cells Showed High Sensitivity to JNK
Inhibitor SP600125 With High Expression
of c-Jun
The transcription factor c-Jun is implicated with several cellular
processes such as proliferation and cell transformation, and is
Frontiers in Oncology | www.frontiersin.org 4
up-regulated in numerous carcinomas. To identify the tumor
cells with high level of c-Jun, we examined c-Jun protein
expression in 11 human tumor cell lines including CaCO2

(colon cancer), HCT116 (colon cancer), A375 (melanoma
cancer), A549 (non-small cell lung carcinama), MKN-1 (gastric
cancer), DU145 (prostate cancer), SKOV-3 (ovarian cancer),
MDA-MB-231 (breast cancer), PC3 (prostate cancer), SF295
(glioblastoma cancer), and U251 (glioblastoma cancer).
Among them, A375, A549, MKN-1, DU145, SKOV-3, MDA-
MB-231 and PC3 showed relatively higher expression of
c-Jun (Figure 1A). Since the c-Jun activation domain is
phosphorylated only by the JNKs, and the c-Jun promoter
activity is autoregulated by c-Jun/AP-1, we treated the above 7
kinds of cancer cell lines with specific JNK inhibitor SP600125 to
find out the most sensitive cancer cells to c-Jun. As a result,
SP600125 showed most potent cytotoxic activity on A549 lung
cancer cells (Figure 1B and Figure S1). SP600125 inhibits JNK
activity and, thus, c-Jun phosphorylation (Ser-63, -73). In A549
cells, the expression of c-Jun was dose-dependently inhibited by
SP600125 (Figure 1C).

Exo-SP Inhibits Tube Formation and
PTEN-Akt Pathway in the
Recipient HUVECs
Tumor-derived exosomes induce alterations in their recipient
cells, thereby play crucial roles in tumor growth, metastasis and
angiogenesis (17, 18). Firstly, A549 cells were incubated in FBS-
free RPMI 1640 medium for 24 h, and treated with or without
50 mM of SP600125 for 48 h. Then we isolated exosomes from
A549 cells and prepared Exo and Exo-SP lysates for immunoblot
with antibodies of CD81, CD63 and CD9, which are known as
exosome markers (Figure 2A). We further examined whether
Exo and Exo-SP from tumor cells affect endothelial cells, by
performing endothelial cell exosome uptake, proliferation assay,
and tube formation assay. The confocal imaging in Figure 2B
suggested that Exo and Exo-SP were successfully uptaken
by HUVECs.

Angiogenesis process involves the proliferation, migration,
and tube formation of endothelial cells, allowing subsequent new
vessel growth toward tumor (19). To investigate the influence of
Exo or Exo-SP on proliferation of endothelial cells, HUVECs
were treated with Exo or Exo-SP at concentration of 5, 10 and 20
mg/ml for 24 h or 48 h. Then the percentage of viable cells was
measured using MTT assay. As a result, the percentage of viable
cells was elevated by Exo, and reduced by Exo-SP (Figure 2C).
The treatment of Exo-SP for 24 h was more effective than that
for 48 h, and the effect of 5 mg/ml was too weak while that of
20 mg/ml too strong. Therefore, in order to eliminate the
influence of exosome-induced cell cytotoxicity, we used the
10 mg/ml of exosome to evaluate the effect on HUVECs in
the following study.

In tube formation assay, HUVECs were pre-incubated with
Exo or Exo-SP for 24 h, and then seeded into matrigel. Three
hours later, tube formation was photographed. Treatment with
Exo promoted the tube formation, which was reduced by Exo-SP
(Figures 2D, E).
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In order to investigate angiogenetic or anti-angiogenetic
effects of Exo or Exo-SP, we detected the angiogenesis-related
proteins such as PI3K/Akt pathway proteins by Western blot,
since PI3K/Akt pathway could activate endothelial cell
proliferation and migration (20). After treatment for 24 h, Exo
decreased the level of PTEN and increased the phosphorylation
of Akt, without effect on PI3K 110b. In contrast, Exo-SP
increased the level of PTEN and decreased the phosphorylation
of Akt (Figures 2F, G).

The Level of miR-494 Was Reduced in
SP-Treated A549 Cells, Exo-SP and
Exo-SP-Treated HUVECs
Exosomes isolated from human islets were found to carry a
subset of miRNAs. The miRNAs have become attractive because
they were reported to post-transcriptionally down-regulate target
mRNAs that initiate or facilitate the development of several
diseases. Particularly, miRNAs play crucial roles in vascular
remodeling (21). In this study we examined the levels of 18
human miRNAs such as miR-9, miR-21, miR-23a, miR-34a,
miR-125-3p, miR-125-5p, miR-126, miR-145, miR-146a, miR-
148a, miR-152, miR-155, miR-221, miR-222, miR-449a, miR-
494, miR-497, miR-519c, which were reported to target genes
that are involved in vascular remodeling processes (22–30). In
order to determine whether treatment of SP600125 leads to
miRNA variation, we evaluated the levels of miRNAs in
SP600125 treated A549 cells, Exo-SP, and Exo-SP treated
HUVECs. A549 cells were treated with or without SP600125
for 48 h, and then the miRNAs were isolated. qRT-PCR results
showed that the expressions of miR-494 and miR-155 were
significantly lower in SP600125 treated A549 cells relative to
non-treated group, and there were no obvious changes of other
miRNAs (Figure 2H). Between them, miR-494 was the more
Frontiers in Oncology | www.frontiersin.org 5
significantly decreased, therefore, we investigated the effect of
miR-494 in the following study. A549 cells were treated with or
without SP600125 for 48 h, and then miRNAs were isolated from
Exo or Exo-SP. As shown in Figure 2I, the level of miRNA-494
was significantly reduced in Exo-SP compared with Exo.
Furthermore, miR-494 level was also decreased in HUVECs
treated with Exo-SP compared to the Exo treated group
(Figure 2J).

Exo-c-Jun-KO Inhibits Angiogenesis
Through Down-Regulation of
Angiogenesis Related Signal Proteins in
HUVEC Cells
In order to verify whether c-Jun affects the expression of miR-
494 in A549 cell derived exosomes, thereby the angiogenesis of
HUVECs, we used CRISPR/Cas9 to knockout the c-Jun in A549
cells (c-Jun-KO A549). Diagram of c-Jun gene exon 1 of gRNA
targeting site is shown in Figure 3A. The sequence character of
exon 1 in c-Jun was confirmed in A549 cells with Sanger
sequencing carrying a 1-bp addition at the gRNA-targeting
region (Figure S2). In addition, Western blot further
confirmed no expression of c-Jun in gene-edited A549 cells
(Figure 3B).

The isolated particles from c-Jun-KO A549 cells were
confirmed to be exosomes, by examining the expression of the
exosome markers including CD81, CD63 and CD9 (Figure 3C).
Confocal images in Figure 3D showed that Exo-c-Jun-KO was
uptaken by HUVECs. To confirm whether Exo-c-Jun-KO could
exhibit anti-angiogenic effect on HUVECs as Exo-SP, we used
MTT assay to determine the cell viability of HUVECs firstly. As
shown in Figure 3E, the results were consistent with results of
Exo-SP. Exo promoted, but Exo-c-Jun-KO suppressed, HUVEC
proliferation, relative to untreated control for 24 h. However,
A

B C

FIGURE 1 | A549 was most sensitive to JNK inhibitor SP600125. (A) The expression of c-Jun in various tumor cells (CaCO2, HCT116, A375, A549, MKN-1,
DU145, SKOV-3, MDA-MB-231, PC3, SF295, and U251) was determined by Western blot. (B) A549 cells were incubated with various concentrations (10, 25, 50,
and 100 mM) of JNK inhibitor SP600125 for 24 h or 48 h. Cell viability was determined by MTT assay. (C) The cell lysates were collected and immunoblotted with
antibody for c-Jun after treatment with 10, 25, 50, and 100 mM of SP600125 for 48 h, the relative ratios of c-Jun was calculated by analyzing immunoblot band
intensities. Data show the mean ± SD of three independent experiments. *p < 0.05, **p < 0.01, and ***p < 0.001, compared to the non-treated HUVECs.
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FIGURE 2 | Exo-SP inhibits tube formation and suppresses PTEN/Akt pathway in the recipient HUVECs, and the levels of miRNAs in A549 or SP600125 treated
A549 cells, Exo or Exo-SP, and HUVECs treated with Exo or Exo-SP (A) A549 cells were treated with or without 50 mM of SP600125 for 48 h in FBS free RPMI
1640 medium, and Exo and Exo-SP were isolated. Expression of exosomes markers CD81, CD63 and CD9 in the Exo and Exo-SP was detected by Western blot.
(B) The isolated Exo and Exo-SP were labeled with PKH26 and Hoechst, and incubated with HUVECs for 3 h. The cellular uptake of Exo or Exo-SP was observed
under fluorescent microscope. (C) HUVECs were treated with different concentrations (5, 10, 20 mg/ml) of Exo or Exo-SP for 24 h or 48 h, respectively. Cell viability
was determined by MTT assay. (D) HUVECs were treated with Exo or Exo-SP for 24 h, and then seeded on Matrigel. Formation of tube-like structures was
examined 3 h later. (E) Quantitative data for the tube-like structures were obtained by analyzing Length (%) and Nodes (%) density with Image J software.
(F) HUVECs were treated with Exo or Exo-SP for 24 h, and then collected and lysed for immunoblot with specific antibodies. (G) Quantification of the results in (F).
(H) The levels of various miRNAs in A549 cells treated with or without SP600125 for 48 h. (I) The level of miR-494 in Exo and Exo-SP. Exosomes isolated from A549
cells were treated with or without SP600125 for 48 h, to be available for miR-494 analysis. (J) The level of miR-494 in HUVECs treated with Exo or Exo-SP for 24 h.
Data show the mean ± SD of three independent experiments. *p < 0.05, **p < 0.01, and ***p < 0.001.
Frontiers in Oncology | www.frontiersin.org April 2021 | Volume 11 | Article 6631836

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


FIGURE 3 | Exo-c-Jun-KO inhibits angiogenesis in HUVECs, and the levels
of miRNAs in A549 and c-Jun-KO A549 cells, Exo and Exo-c-Jun-KO, and
HUVECs treated with Exo and Exo-c-Jun-KO (A) Diagram of target site of
c-Jun. gRNA targeting site is at exon 1 (red), protospacer adjacent motif
(PAM) sequence (green). (B) Gene edited c-Jun-KO-A549 cells does not
express the c-Jun. (C) The expression of CD81, CD63 and CD9 in Exo and
Exo-c-Jun-KO. (D) Exosomes uptake determined by fluorescence staining
assay. Exo and Exo-c-Jun-KO were labeled with PKH26, and then cultured
with HUVECs for 3 h. HUVEC nuclei were labeled with Hoechst. (E) Cell
viability of HUVECs after treated with Exo or Exo-c-Jun-KO for 24 h or 48 h.
(F) Tube formation of HUVECs after treated with Exo or Exo-c-Jun-KO for
24 h. (G) Length (%) and Nodes (%) of tube formation were determined by
Image J software. (H) The expression of PI3K p110b, PTEN, and
phosphorylation of Akt in Exo or Exo-c-Jun-KO treated HUVECs.
(I) Quantification of the results in (H). (J) The levels of various miRNAs in
A549 or c-Jun-KO A549 cells. (K) The level of miR-494 in Exo and Exo-c-
Jun-KO. Exosomes isolated from A549 or c-Jun-KO A549 cells were cultured
with FBS free RPMI 1640 medium for 48 h, to be available for miR-494
analysis. (L) The level of miR-494 in HUVECs treated with Exo or Exo-c-Jun-
KO for 24 h. Data show the mean ± SD of three independent experiments.
*p < 0.05, **p < 0.01, and ***p < 0.001.
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treatment with Exo-c-Jun-KO for 48 h did not alter cell viability
obviously. Furthermore, we investigated the effect of Exo-c-Jun-
KO on tube formation in HUVECs. After incubation for 24 h, the
length and nodes of tube were reduced by Exo-c-Jun-KO
compared with the Exo-treated group (Figures 3F, G).
Meanwhile, Exo-c-Jun-KO decreased the Exo elevated
phosphorylation of Akt, but enhanced the expression of PTEN,
without obvious change of PI3K 110b (Figures 3H, I). These
results are consistent with Exo-SP treatment, indicating that
Exo-c-Jun-KO might suppress angiogenesis through PTEN-
Akt pathway.

The Level of miR-494 Was Reduced in
c-Jun-KO-A549 Cells, Exo-c-Jun-KO
and HUVECs Treated With Exo-c-Jun-KO
Exosomal miRNAs could stimulate angiogenesis and facilitate
metastasis in cancer (31). To verify whether c-Jun acts on the
exosomal miRNAs to influence endothelial angiogenesis, we
measured the miRNA levels in c-Jun-KO-A549 cells, Exo-c-
Jun-KO, and Exo-c-Jun-KO treated HUVECs. The qRT-PCR
analysis showed only miR-494 and miR-155 changed
significantly in c-Jun knockout A549 cells (Figure 3J).
Consistent with Exo-SP, miR-494 was more reduced than miR-
155. In addition, we also found c-Jun-KO-related reduction of
miR-494 level in Exo-c-Jun-KO and Exo-c-Jun-KO treated
HUVECs, respectively (Figures 3K, L).

Exosomal miR-494 Derived From
c-Jun-KO-A549 Cells Inhibits
Angiogenesis Through Targeting
PTEN in Recipient HUVECs
To investigate the effect of miR-494 on tumor-angiogenesis, we
established HUVECs with over expression of miR-494 by miR-
494 agomir transfection, and then performed the tube formation
assay and wound healing experiments. Firstly, HUVECs were
transfected with miR-494 agomir or their scramble control
agomir NC. qRT-PCR revealed that the transfection increased
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level of miR-494 to be 5 times over the agomir NC group
(Figure 4A), indicating that the miR-494 agomir was
successfully transfected in HUVECs. Tube formation results
showed that Exo-c-Jun-KO plus miR-494 agomir in HUVECs
significantly elevated tubular length and nodes compared with
the cells treated with Exo-c-Jun-KO plus agomir NC (Figures
4B, C). In addition, Exo-c-Jun-KO inhibited endothelial cell
migration compared with the Exo treated group, and Exo-c-Jun-
KO plus miR-494 agomir increased endothelial cell migration
compared with the Exo-c-Jun-KO treated group (Figures 4D, E).

The binding site between miR-494 sequence and PTEN
sequence is shown in Figure 4F, indicating that PTEN coding
sequence might be a potential target of miR-494. And several
previous reports have shown that miR-494 directly targets PTEN
(32–34). To demonstrate the target protein of miR-494 from
Exo-c-Jun-KO, we investigated the effect of miR-494 on Akt
pathway. HUVECs were cultured with Exo, Exo-c-Jun-KO, or
Exo-c-Jun-KO plus miR-494 agomir for 24 h, and the expression
and phosphorylation of the PI3K/Akt pathway proteins were
detected using Western blot. PTEN is the negative regulator of
the PI3K/Akt oncogenic signaling pathway, thereby inhibiting
uncontrolled cell survival, growth and migration (35). PTEN has
been reported as a target gene of miR-494, therefore, we verified
that PTEN was down-regulated by miR-494 agomir in HUVECs.
Exo-c-Jun-KO plus miR-494 agomir led to lower levels of PTEN
expression compared with Exo-c-Jun-KO group. However, the
phosphorylation of Akt was increased in Exo-c-Jun-KO plus
miR-494 agomir treated group compared with Exo-c-Jun-KO
(Figures 4G, H). These findings demonstrated that the PTEN
was the target gene of miR-494 in HUVECs.

Exo-c-Jun-KO Suppressed A549 Lung
Cancer Growth and Angiogenesis In Vivo
We used mouse xenograft model to investigate whether miR-494
from Exo-c-Jun-KO could affect tumor growth in vivo. A549
cells were subcutaneously inoculated into the flanks of nude
mice. And Exo, Exo-c-Jun-KO, or Exo-c-Jun-KO plus miR-494
agomir was intratumoral administered every other day for 14
days. Mice were sacrificed and the representative tumor images
were shown in Figure 5A. The tumors from the Exo group were
significantly larger than non-treated control group, and those
from the Exo-c-Jun-KO group were smaller than Exo group.
Tumors from Exo-c-Jun-KO plus miR-494 group were
larger than Exo-c-Jun-KO group. The tumor growth pattern
showed similar results (Figure 5B). Accordingly, the
immunohistochemical analysis showed that Exo treated tumors
had a higher number of cells positive for the proliferative marker
Ki-67 than control group, and Exo-c-Jun-KO had shown less
number of cancer cells that Exo group, and Exo-c-Jun-KO plus
miR-494 had higher number of cells than Exo-c-Jun-KO group
(Figures 5C, D). In addition, tumors from Exo group also had
more cells positive for endothelial cell marker CD31, with
stronger staining than control group, and Exo-c-Jun-KO
treatment had lower level of CD31 in the xenograft tumor
than Exo treatment. Fibroblasts are important component of
the tumor stroma, which are thought to be critical driver of
Frontiers in Oncology | www.frontiersin.org 8
tumor progression in a number of organs (36). We found that the
higher levels of a-SMA, a cancer (carcinoma)-associated
fibroblasts (CAF) marker, positive stromal cells were detected
in Exo treatment group, and Exo-c-Jun-KO treatment showed
lower levels of a-SMA (Figures 5C, D).

Exo-c-Jun-KO Suppressed A549 Lung
Cancer Angiogenesis In Vivo
To further investigate the anti-angiogenic effect of Exo-c-Jun-
KO, we examined the effect of Exo-c-Jun-KO by use of Matrigel
plug assay in vivo. HUVECs mixed with exosomes, agomir and
Matrigel were subcutaneously injected into nude mice, and the
vasculature was examined. Consistent with the in vitro and above
in vivo results, the photo of Matrigel plugs showed that Exo-
stimulated vascularization was markedly suppressed by Exo-c-
Jun-KO (Figure 5E). ELISA result showed that Exo accumulated
hemoglobin, while Exo-c-Jun-KO treatment led to decrease of
hemoglobin content (Figure 5F). And treatment of Exo-c-Jun-
KO plus miR-494 agomir reversed the reduction by Exo-c-
Jun-KO.
DISCUSSION

c-Jun was reported as an oncoprotein, of which the
overexpression greatly enhanced the tumorigenic properties of
the MCF7 human breast cancer cell line (37). c-Jun is highly
expressed in tumor cells of patients with classical Hodgkin’s
disease (38), and the number and size of hepatic tumors were
significantly attenuated when c-jun was inactivated (39). In the
present study, we found that tumor cell lines including A375,
A549, MKN-1, DU145, SKOV-3, MDA-MB-231 and PC3
expressed the c-Jun protein. JNK phosphorylates and regulates
the activity and expression of the Jun proteins (2, 4). Therefore,
we used JNK specific inhibitor SP600125 to find out JNK
sensitive cell line. Among the above 7 tumor cell lines, NSCLC
A549 was most sensitive, and therefore was selected to
investigate the c-Jun related mechanism.

Exosomes are a class of extracellular vesicles released by
various cell types, act as a mediator of cell-to-cell
communication (31). In this study, exosomes derived from
A549, SP600125 treated A549, or c-Jun-KO-A549 cells were
successfully isolated and characterized. Tumor-derived
exosomes reprogram endothelial cells by ligand/receptor
signaling, miRNA and RNA transfer after fusion with the
plasma membrane, internalization through phagocytosis,
endocytosis, micropinocytosis or lipid raft-mediated
internalization (12). In this study we found that PKH26-
labeled Exo, Exo-SP, Exo-c-Jun-KO were localized in the
cytoplasm of HUVECs, implying that exosomes could be
internalized by HUVECs.

Most cancer cells release exosomes, which dictate the
behavior of the recipient cells for the ultimate benefit of the
cancer cells (18, 40). Blood vessels deliver oxygen and essential
nutrients to nourish cancers. Neovascularization promotes
tumor extension and invasion into nearby normal tissue, as
April 2021 | Volume 11 | Article 663183
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FIGURE 4 | miR-494/PTEN is involved in angiogenesis inhibited by Exo-c-Jun-KO (A) The level of miR-494 in HUVECs transfected with the miR-494 agomir or
agomir NC. (B) Tube formation of HUVECs treated with Exo, Exo-c-Jun-KO, and those simultaneously transfected with miR-494 agomir or agomir NC. (C) Length
(%) and Nodes (%) were determined by Image J software. (D) Migration of HUVECs treated with Exo, Exo-c-Jun-KO, and those simultaneously transfected with
miR-494 agomir or agomir NC. (E) Quantification of the results in (D). (F) PTEN as the target gene of miR-494. (G) Changes of PTEN/Akt related proteins in HUVECs
treated with or without Exo or Exo-c-Jun-KO, and those simultaneously transfected with miR-494 agomir or agomir NC. (H) Quantification of the results in (G). Data
show the mean ± SD of three independent experiments. *p < 0.05 and **p < 0.01.
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FIGURE 5 | Exo-c-Jun-KO suppresses lung cancer growth and angiogenesis in vivo A549 cells were inoculated subcutaneously in the flank site of nude mice. Exo,
Exo-c-Jun-KO, miR-494 agomir were intratumorally injected every other day for 14 days. After 16 days, the tumors were excised from mice. (A) Representative
images of the tumors removed from nude mice. (B) Quantification of tumor volume. Tumor volumes were measured every other day starting from the day before the
first treatment. (C, D) Immunohistochemical staining of Ki-67, CD31 and a-SMA in tumor tissues of different groups and their quantification. (E) Photos of the
matrigel plugs from nude mice after various treatments. (F) Hemoglobin level in the matrigel plugs. Data show the mean ± SD (n=4). *p < 0.05, **p < 0.01, and
***p < 0.001.
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well as distant metastasis to form new colonies of cancer cells (5,
19). Therefore, angiogenesis plays an important role in tumor
growth and metastasis. It was reported that exosomes from
Chronic Myelogenous Leukemia (CML) cells modulate the
process of neovascularization by directly affecting endothelial
cells (41); exosomes from glioblastoma multiforme (GBM) cells
growing in hypoxic induce angiogenesis by phenotypic
modulation of endothelial cells (42). However, the role of c-
Jun in exosome-mediated angiogenesis has not been reported. In
the present study, we found that angiogenesis of HUVECs was
enhanced after stimulated by Exo. However, Exo-SP and Exo-c-
Jun-KO inhibited HUVEC tube formation and proliferation.
These results suggest that down-regulaton of c-Jun in tumor
cells reduced the vascular development caused by Exo in the
neighborhood of the tumor.

Cancer exosomes carry malignant information in the form of
miRNA, mRNA, DNA fragment and proteins that can
reprogram recipient cells (43). miRNAs are small, endogenous,
conserved, single-stranded, non-coding RNAs, which degrade
target mRNAs or inhibit translation post-transcriptionally (21).
Recently, exosomal miRNAs and their relation with cancer have
been frequently reported. Among which, exosomal miR-135b
from hypoxic multiple myeloma cells enhances angiogenesis by
targeting factor-inhibiting hypoxia-inducible factor 1 (44); miR-
23a from nasopharyngeal carcinoma derived exosomes mediated
angiogenesis by targeting testis-specific gene antigen (45). In this
Frontiers in Oncology | www.frontiersin.org 11
regard, we investigated variation of miRNA levels in A549 cells,
exosomes and exosomes treated HUVECs, and found that level
of miR-494 was reduced in A549 cells with SP treatment or c-
Jun-KO compared with non-treated group. And the level of miR-
494 was down-regulated in Exo-SP and Exo-c-Jun-KO. In
addition, incubation with Exo-SP and Exo-c-Jun-KO showed
lower level of miR-494 compared with Exo in recipient HUVECs.
These results revealed that miR-494 level might be involved in
the Exo-SP and Exo-c-Jun-KO mediated angiogenesis behaviors
of HUVECs.

Angiogenesis is a multistep process controlled by the balance
of pro- and anti-angiogenesis factors. PI3K/Akt pathway is
considered to play an important role in tumorigenesis (46).
PI3K regulates cell-cycle progression, protein synthesis, cell
growth, and angiogenesis mainly through Akt (46). In the
present study we found that Exo-SP and Exo-c-Jun-KO
decreased the phosphorylation of Akt elevated by Exo.
However, the level of PI3K 110 was unchanged. The second
messenger phosphatidylinositol 3,4,5-triphosphate (PIP3) is
produced through phosphorylation of phosphatidylinositol
4,5-bisphosphate (PIP2) catalyzed by PI3K. The PTEN
dephosphorylates PIP3 to PIP2, acting thereby as a direct
antagonist of PI3K (47). PTEN is known as a tumor
suppressor and appears to be mutated at considerable
frequency in human cancers (48). PTEN has been reported to
be lowly expressed in lung cancer (49). In this study we found
FIGURE 6 | Schematic diagram indicating how c-Jun affects angiogenesis in HUVECs through exosome/miR-494/PTEN signal pathway.
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that the anti-angiogenesis efficacy of Exo-SP and Exo-c-Jun-KO
might be mediated via elevation of PTEN expression in
HUVECs. We also found that increase of miR-494 by the miR-
494 agomir resulted in the reversal of the anti-angiogenesis effect
of Exo-c-Jun-KO including tube formation and migration. Exo-
c-Jun-KO plus miR-494 agomir further flipped the effect of Exo-
c-Jun-KO on phosphorylation of Akt. miR-494 activates the
PI3K/Akt pathway by targeting of PTEN and hence not only
enhances the ability of myeloid-derived suppressor cells
(MDSCs) to infiltrate into tumor tissue but also facilitates
tumor invasion and metastasis (50). Low PTEN expression and
high miR-494 expression are associated with high proliferation,
low differentiation of tumor tissues and high possibility of early
invasion and metastasis in NSCLC (51). In this study we verified
that PTEN was downregulated by miR-494 agomir compared
with the non-treated control group (Data not shown), and the
expression of PTEN was decreased in HUVECs by Exo-c-Jun-
KO plus miR-494 agomir compared with Exo-c-Jun-KO treated
group. These results suggest that the reduced exosomal miR-494
from c-Jun-KO-A549 cells regulate the angiogenesis though up-
regulation of expression of PTEN, which inactivated Akt and the
downstream pathway in HUVECs.

Exo-c-Jun-KO blocked tumor growth and reduced tumor
volume by approximately 57.8% compared with Exo treated
mice, and Exo-c-Jun-KO plus miR-494 agomir converted the
tumor growth. CD31 was used as a marker to indicate
vascularization or blood vessel formation within tumor. CAFs,
recognized by expression of a-SMA, are known to promote
malignant growth, angiogenesis, invasion and metastasis (52).
Immunohistochemical analysis showed that Exo-c-Jun-KO
suppressed Ki-67, CD31 and a-SMA expression in the tumor
section, and Exo-c-Jun-KO plus miR-494 agomir could
neutralize such effect. These data indicated that low miR-494
expression in Exo-c-Jun-KO is correlated with lung cancer
progression. Matrigel plug is a classic model to assess
angiogenesis in vivo. In this work, Exo-c-Jun-KO decreased
blood vessel formation in the Matrigel plug model compared
with the Exo treated mice. And the blood vessels were increased
after addition of miR-494 agomir. These results further revealed
that Exo-c-Jun-KO possessed the vascular recruitment and
organization through miR-494.
CONCLUSIONS

In conclusion, we first elucidated that miR-494 was reduced in
Exo-c-Jun-KO and Exo-SP, resulting in elevation of PTEN
Frontiers in Oncology | www.frontiersin.org 12
expression and down-regulation of Akt pathway in Exo-c-Jun-
KO and Exo-SP treated HUVECs, which might contribute to the
suppression of tumor angiogenesis. Our data demonstrated that
Exo-c-Jun-KO attenuates the lung cancer angiogenesis by
transferring exosomal miR-494 to recipient endothelial cells
(Figure 6), suggesting targeting oncogene c-Jun might be a
promising therapeutic approach for lung cancer.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.
ETHICS STATEMENT

The animal study was reviewed and approved by Laboratory
Animal Center of Institute of Radiation Medicine, the Chinese
Academy of Medical Sciences.
AUTHOR CONTRIBUTIONS

MJ and DK designed the experiments and acquired funding for
the study. CS, YH, BF, SP, XZ, and NZ performed the
experiments. WW, ZZ, RW, and YQ provided technical
assistances. CS and MJ wrote the manuscript. DK edited the
manuscript. All authors contributed to the article and approved
the submitted version.
FUNDING

This study was supported by grants from the National Natural
Science Foundation of China (81672809, 81673464, 81373441),
grant for Major Project of Tianj in for New Drug
Development (17ZXXYSY00050).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
663183/full#supplementary-material
REFERENCES
1. Shaulian E, Karin M. AP-1 in cell proliferation and survival. Oncogene (2001)

20(19):2390–400. doi: 10.1038/sj.onc.1204383
2. Angel P, Hattori K, Smeal T, Karin M. The jun proto-oncogene is positively

autoregulated by its product, Jun/AP-1. Cell (1988) 55(5):875–85.
doi: 10.1016/0092-8674(88)90143-2

3. Karin M, Liu Z, Zandi E. AP-1 function and regulation. Curr Opin Cell Biol
(1997) 9(2):240–6. doi: 10.1016/s0955-0674(97)80068-3
4. Derijard B, Hibi M, Wu IH, Barrett T, Su B, Deng T, et al. JNK1: a protein
kinase stimulated by UV light and Ha-Ras that binds and phosphorylates the
c-Jun activation domain. Cell (1994) 76(6):1025–37. doi: 10.1016/0092-8674
(94)90380-8

5. Rajabi M, Mousa SA. The Role of Angiogenesis in Cancer Treatment.
Biomedicines (2017) 5(2):34. doi: 10.3390/biomedicines5020034

6. Simpson RJ, Jensen SS, Lim JW. Proteomic profiling of exosomes:
current perspectives. Proteomics (2008) 8(19):4083–99. doi: 10.1002/
pmic.200800109
April 2021 | Volume 11 | Article 663183

https://www.frontiersin.org/articles/10.3389/fonc.2021.663183/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.663183/full#supplementary-material
https://doi.org/10.1038/sj.onc.1204383
https://doi.org/10.1016/0092-8674(88)90143-2
https://doi.org/10.1016/s0955-0674(97)80068-3
https://doi.org/10.1016/0092-8674(94)90380-8
https://doi.org/10.1016/0092-8674(94)90380-8
https://doi.org/10.3390/biomedicines5020034
https://doi.org/10.1002/pmic.200800109
https://doi.org/10.1002/pmic.200800109
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Shao et al. Targeting c-Jun in A549 Cells
7. Simons M, Raposo G. Exosomes–vesicular carriers for intercellular
communication. Curr Opin Cell Biol (2009) 21(4):575–81. doi: 10.1016/
j.ceb.2009.03.007

8. Mathivanan S, Ji H, Simpson RJ. Exosomes: extracellular organelles important
in intercellular communication. J Proteomics (2010) 73(10):1907–20.
doi: 10.1016/j.jprot.2010.06.006

9. Wan Z, Gao X, Dong Y, Zhao Y, Chen X, Yang G, et al. Exosome-mediated
cell-cell communication in tumor progression. Am J Cancer Res (2018) 8
(9):1661–73.

10. Kahlert C, Kalluri R. Exosomes in tumor microenvironment influence cancer
progression and metastasis. J Mol Med (Berl) (2013) 91(4):431–7.
doi: 10.1007/s00109-013-1020-6

11. Kai K, Dittmar RL, Sen S. Secretory microRNAs as biomarkers of cancer.
Semin Cell Dev Biol (2018) 78:22–36. doi: 10.1016/j.semcdb.2017.12.011

12. Ludwig N, Whiteside TL. Potential roles of tumor-derived exosomes in
angiogenesis. Expert Opin Ther Targets (2018) 22(5):409–17. doi: 10.1080/
14728222.2018.1464141

13. Peng X,Wang Z, Liu Y, Peng X, Liu Y, Zhu S, et al. Oxyfadichalcone C inhibits
melanoma A375 cell proliferation and metastasis via suppressing PI3K/Akt
and MAPK/ERK pathways. Life Sci (2018) 206:35–44. doi: 10.1016/
j.lfs.2018.05.032

14. Wang Z, Wang Y, Zhu S, Liu Y, Peng X, Zhang S, et al. DT-13 Inhibits
Proliferation and Metastasis of Human Prostate Cancer Cells Through
Blocking PI3K/Akt Pathway. Front Pharmacol (2018) 9:1450:1450.
doi: 10.3389/fphar.2018.01450

15. Kong D, Okamura M, Yoshimi H, Yamori T. Antiangiogenic effect of
ZSTK474, a novel phosphatidylinositol 3-kinase inhibitor. Eur J Cancer
(2009) 45(5):857–65. doi: 10.1016/j.ejca.2008.12.007

16. Zhang Z, Liu J, Wang Y, Tan X, ZhaoW, Xing X, et al. Phosphatidylinositol 3-
kinase b and d isoforms play key roles in metastasis of prostate cancer DU145
cells. FASEB J (2018) 32(11):5967–75. doi: 10.1096/fj.201800183R

17. Kosaka N, Yoshioka Y, Fujita Y, Ochiya T. Versatile roles of
extracellular vesicles in cancer. J Clin Invest (2016) 126(4):1163–72.
doi: 10.1172/jci81130

18. Guo W, Gao Y, Li N, Shao F, Wang C, Wang P, et al. Exosomes: New players
in cancer (Review). Oncol Rep (2017) 38(2):665–75. doi: 10.3892/or.2017.5714

19. Mousa SA, Mousa AS. Angiogenesis inhibitors: current & future directions.
Curr Pharm Des (2004) 10(1):1–9. doi: 10.2174/1381612043453531

20. Patel-Hett S, D’Amore PA. Signal transduction in vasculogenesis and
developmental angiogenesis. Int J Dev Biol (2011) 55(4–5):353–63.
doi: 10.1387/ijdb.103213sp

21. Fang YC, Yeh CH. Role of microRNAs in Vascular Remodeling. Curr Mol
Med (2015) 15(8):684–96. doi: 10.2174/1566524015666150921105031

22. Welten SM, Goossens EA, Quax PH, Nossent AY. The multifactorial nature of
microRNAs in vascular remodelling. Cardiovasc Res (2016) 110(1):6–22.
doi: 10.1093/cvr/cvw039

23. Tiwari A, Mukherjee B, Dixit M. MicroRNA Key to Angiogenesis Regulation:
MiRNA Biology and Therapy. Curr Cancer Drug Targets (2018) 18(3):266–77.
doi: 10.2174/1568009617666170630142725

24. Qin B, Yang H, Xiao B. Role of microRNAs in endothelial inflammation and
senescence. Mol Biol Rep (2012) 39(4):4509–18. doi: 10.1007/s11033-011-
1241-0

25. Cha ST, Chen PS, Johansson G, Chu CY, Wang MY, Jeng YM, et al.
MicroRNA-519c suppresses hypoxia-inducible factor-1alpha expression and
tumor angiogenesis. Cancer Res (2010) 70(7):2675–85. doi: 10.1158/0008-
5472.can-09-2448

26. Lu J, Liu QH, Wang F, Tan JJ, Deng YQ, Peng XH, et al. Exosomal miR-9
inhibits angiogenesis by targeting MDK and regulating PDK/AKT pathway in
nasopharyngeal carcinoma. J Exp Clin Cancer Res (2018) 37(1):147.
doi: 10.1186/s13046-018-0814-3

27. Petrek H, Yu AM. MicroRNAs in non-small cell lung cancer: Gene regulation,
impact on cancer cellular processes, and therapeutic potential. Pharmacol Res
Perspect (2019) 7: (6):e00528. doi: 10.1002/prp2.528

28. Seo HH, Lee SY, Lee CY, Kim R, Kim P, Oh S, et al. Exogenous miRNA-146a
Enhances the Therapeutic Efficacy of Human Mesenchymal Stem Cells by
Increasing Vascular Endothelial Growth Factor Secretion in the Ischemia/
Reperfusion-Injured Heart. J Vasc Res (2017) 54(2):100–8. doi: 10.1159/
000461596
Frontiers in Oncology | www.frontiersin.org 13
29. Xu Q, Liu LZ, Yin Y, He J, Li Q, Qian X, et al. Regulatory circuit of PKM2/NF-
kappaB/miR-148a/152-modulated tumor angiogenesis and cancer
progression. Oncogene (2015) 34(43):5482–93. doi: 10.1038/onc.2015.6

30. Zhou TB, Jiang ZP, Liu ZS, Zhao ZZ. Roles of miR-497 and its potential
signaling pathway in diseases and with vascular endothelial growth factor.
J Recept Signal Transduct Res (2015) 35(4):303–6. doi: 10.3109/10799893.
2014.977452

31. Zhang J, Li S, Li L, Li M, Guo C, Yao J, et al. Exosome and exosomal
microRNA: trafficking, sorting, and function. Genomics Proteomics Bioinf
(2015) 13(1):17–24. doi: 10.1016/j.gpb.2015.02.001

32. Sun HB, Chen X, Ji H, Wu T, Lu HW, Zhang Y, et al. miR−494 is an
independent prognostic factor and promotes cell migration and invasion in
colorectal cancer by directly targeting PTEN. Int J Oncol (2014) 45(6):2486–
94. doi: 10.3892/ijo.2014.2665

33. Zhao Q, Xiong Y, Xu J, Chen S, Li P, Huang Y, et al. Host MicroRNA hsa-
miR-494-3p Promotes EV71 Replication by Directly Targeting PTEN. Front
Cell Infect Microbiol (2018) 8:278. doi: 10.3389/fcimb.2018.00278

34. Wang X, Zhang X, Ren XP, Chen J, Liu H, Yang J, et al. MicroRNA-494
targeting both proapoptotic and antiapoptotic proteins protects against
ischemia/reperfusion-induced cardiac injury. Circulation (2010) 122
(13):1308–18. doi: 10.1161/circulationaha.110.964684

35. Gkountakos A, Sartori G, Falcone I, Piro G, Ciuffreda L, Carbone C, et al.
PTEN in Lung Cancer: Dealing with the Problem, Building on New
Knowledge and Turning the Game Around. Cancers (Basel) (2019) 11
(8):1141. doi: 10.3390/cancers11081141

36. Franco OE, Shaw AK, Strand DW, Hayward SW. Cancer associated fibroblasts
in cancer pathogenesis. Semin Cell Dev Biol (2010) 21(1):33–9. doi: 10.1016/
j.semcdb.2009.10.010

37. Smith LM, Wise SC, Hendricks DT, Sabichi AL, Bos T, Reddy P, et al. cJun
overexpression in MCF-7 breast cancer cells produces a tumorigenic, invasive
and hormone resistant phenotype. Oncogene (1999) 18(44):6063–70.
doi: 10.1038/sj.onc.1202989

38. Mathas S, Hinz M, Anagnostopoulos I, Krappmann D, Lietz A, Jundt F, et al.
Aberrantly expressed c-Jun and JunB are a hallmark of Hodgkin lymphoma
cells, stimulate proliferation and synergize with NF-kappa B. EMBO J (2002)
21(15):4104–13. doi: 10.1093/emboj/cdf389

39. Eferl R, Ricci R, Kenner L, Zenz R, David JP, Rath M, et al. Liver tumor
development. c-Jun antagonizes the proapoptotic activity of p53. Cell (2003)
112(2):181–92. doi: 10.1016/s0092-8674(03)00042-4

40. Brinton LT, Sloane HS, Kester M, Kelly KA. Formation and role of exosomes
in cancer. Cell Mol Life Sci (2015) 72(4):659–71. doi: 10.1007/s00018-014-
1764-3

41. Taverna S, Flugy A, Saieva L, Kohn EC, Santoro A, Meraviglia S, et al. Role of
exosomes released by chronic myelogenous leukemia cells in angiogenesis. Int
J Cancer (2012) 130(9):2033–43. doi: 10.1002/ijc.26217

42. Kucharzewska P, Christianson HC, Welch JE, Svensson KJ, Fredlund E,
Ringnér M, et al. Exosomes reflect the hypoxic status of glioma cells and
mediate hypoxia-dependent activation of vascular cells during tumor
development. Proc Natl Acad Sci USA (2013) 110(18):7312–7. doi: 10.1073/
pnas.1220998110

43. Ruivo CF, Adem B, Silva M, Melo SA. The Biology of Cancer Exosomes:
Insights and New Perspectives. Cancer Res (2017) 77(23):6480–8.
doi: 10.1158/0008-5472.can-17-0994

44. Umezu T, Tadokoro H, Azuma K, Yoshizawa S, Ohyashiki K, Ohyashiki JH.
Exosomal miR-135b shed from hypoxic multiple myeloma cells enhances
angiogenesis by targeting factor-inhibiting HIF-1. Blood (2014) 124(25):3748–
57. doi: 10.1182/blood-2014-05-576116

45. Bao L, You B, Shi S, Shan Y, Zhang Q, Yue H, et al. Metastasis-associated miR-
23a from nasopharyngeal carcinoma-derived exosomes mediates angiogenesis
by repressing a novel target gene TSGA10. Oncogene (2018) 37: (21):2873–89.
doi: 10.1038/s41388-018-0183-6

46. Kong D, Yamori T. Phosphatidylinositol 3-kinase inhibitors: promising drug
candidates for cancer therapy. Cancer Sci (2008) 99(9):1734–40. doi: 10.1111/
j.1349-7006.2008.00891.x

47. Sarris EG, Saif MW, Syrigos KN. The Biological Role of PI3K Pathway in Lung
Cancer. Pharm (Basel) (2012) 5(11):1236–64. doi: 10.3390/ph5111236

48. Li J, Yen C, Liaw D, Podsypanina K, Bose S, Wang SI, et al. PTEN, a putative
protein tyrosine phosphatase gene mutated in human brain, breast, and
April 2021 | Volume 11 | Article 663183

https://doi.org/10.1016/j.ceb.2009.03.007
https://doi.org/10.1016/j.ceb.2009.03.007
https://doi.org/10.1016/j.jprot.2010.06.006
https://doi.org/10.1007/s00109-013-1020-6
https://doi.org/10.1016/j.semcdb.2017.12.011
https://doi.org/10.1080/14728222.2018.1464141
https://doi.org/10.1080/14728222.2018.1464141
https://doi.org/10.1016/j.lfs.2018.05.032
https://doi.org/10.1016/j.lfs.2018.05.032
https://doi.org/10.3389/fphar.2018.01450
https://doi.org/10.1016/j.ejca.2008.12.007
https://doi.org/10.1096/fj.201800183R
https://doi.org/10.1172/jci81130
https://doi.org/10.3892/or.2017.5714
https://doi.org/10.2174/1381612043453531
https://doi.org/10.1387/ijdb.103213sp
https://doi.org/10.2174/1566524015666150921105031
https://doi.org/10.1093/cvr/cvw039
https://doi.org/10.2174/1568009617666170630142725
https://doi.org/10.1007/s11033-011-1241-0
https://doi.org/10.1007/s11033-011-1241-0
https://doi.org/10.1158/0008-5472.can-09-2448
https://doi.org/10.1158/0008-5472.can-09-2448
https://doi.org/10.1186/s13046-018-0814-3
https://doi.org/10.1002/prp2.528
https://doi.org/10.1159/000461596
https://doi.org/10.1159/000461596
https://doi.org/10.1038/onc.2015.6
https://doi.org/10.3109/10799893.2014.977452
https://doi.org/10.3109/10799893.2014.977452
https://doi.org/10.1016/j.gpb.2015.02.001
https://doi.org/10.3892/ijo.2014.2665
https://doi.org/10.3389/fcimb.2018.00278
https://doi.org/10.1161/circulationaha.110.964684
https://doi.org/10.3390/cancers11081141
https://doi.org/10.1016/j.semcdb.2009.10.010
https://doi.org/10.1016/j.semcdb.2009.10.010
https://doi.org/10.1038/sj.onc.1202989
https://doi.org/10.1093/emboj/cdf389
https://doi.org/10.1016/s0092-8674(03)00042-4
https://doi.org/10.1007/s00018-014-1764-3
https://doi.org/10.1007/s00018-014-1764-3
https://doi.org/10.1002/ijc.26217
https://doi.org/10.1073/pnas.1220998110
https://doi.org/10.1073/pnas.1220998110
https://doi.org/10.1158/0008-5472.can-17-0994
https://doi.org/10.1182/blood-2014-05-576116
https://doi.org/10.1038/s41388-018-0183-6
https://doi.org/10.1111/j.1349-7006.2008.00891.x
https://doi.org/10.1111/j.1349-7006.2008.00891.x
https://doi.org/10.3390/ph5111236
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Shao et al. Targeting c-Jun in A549 Cells
prostate cancer. Science (1997) 275(5308):1943–7. doi: 10.1126/
science.275.5308.1943

49. Ji Y, Zheng M, Ye S, Chen J, Chen Y. PTEN and Ki67 expression is associated
with clinicopathologic features of non-small cell lung cancer. J BioMed Res
(2014) 28(6):462–7. doi: 10.7555/jbr.27.20130084

50. Liu Y, Lai L, Chen Q, Song Y, Xu S, Ma F, et al. MicroRNA-494 is required for
the accumulation and functions of tumor-expanded myeloid-derived
suppressor cells via targeting of PTEN. J Immunol (2012) 188(11):5500–10.
doi: 10.4049/jimmunol.1103505

51. Wang J, Chen H, Liao Y, Chen N, Liu T, Zhang H, et al. Expression and
clinical evidence of miR-494 and PTEN in non-small cell lung cancer. Tumour
Biol (2015) 36(9):6965–72. doi: 10.1007/s13277-015-3416-0

52. Bremnes RM, Donnem T, Al-Saad S, Al-Shibli K, Andersen S, Sirera R, et al.
The role of tumor stroma in cancer progression and prognosis: emphasis on
Frontiers in Oncology | www.frontiersin.org 14
carcinoma-associated fibroblasts and non-small cell lung cancer. J Thorac
Oncol (2011) 6(1):209–17. doi: 10.1097/JTO.0b013e3181f8a1bd

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 Shao, Huang, Fu, Pan, Zhao, Zhang, Wang, Zhang, Qiu,Wang, Jin
and Kong. 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.
April 2021 | Volume 11 | Article 663183

https://doi.org/10.1126/science.275.5308.1943
https://doi.org/10.1126/science.275.5308.1943
https://doi.org/10.7555/jbr.27.20130084
https://doi.org/10.4049/jimmunol.1103505
https://doi.org/10.1007/s13277-015-3416-0
https://doi.org/10.1097/JTO.0b013e3181f8a1bd
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Targeting c-Jun in A549 Cancer Cells Exhibits Antiangiogenic Activity In Vitro and In Vivo Through Exosome/miRNA-494-3p/PTEN Signal Pathway
	Introduction
	Methods
	Cell Culture
	Reagents
	Cell Viability
	Isolation of Exosomes
	Cell Migration Assay and Tube Formation Assay
	Protein Extraction and Western Blot
	Fluorescent Imaging of Exosome Uptake
	miRNA Isolation and Real-Time Quantitative Reverse Transcription-PCR (qRT-PCR) Assay
	The Gene of c-Jun Knockout (KO) With CRISPR/Cas9 Gene Editing
	miRNA Agomir Transfection
	Nude Mice Xenograft Tumor Experiments
	In Vivo Matrigel Plug Assay
	Statistical Analysis

	Results
	A549 Cells Showed High Sensitivity to JNK Inhibitor SP600125 With High Expression of c-Jun
	Exo-SP Inhibits Tube Formation and PTEN-Akt Pathway in the Recipient HUVECs
	The Level of miR-494 Was Reduced in SP-Treated A549 Cells, Exo-SP and Exo-SP-Treated HUVECs
	Exo-c-Jun-KO Inhibits Angiogenesis Through Down-Regulation of Angiogenesis Related Signal Proteins in HUVEC Cells
	The Level of miR-494 Was Reduced in c-Jun-KO-A549 Cells, Exo-c-Jun-KO and HUVECs Treated With Exo-c-Jun-KO
	Exosomal miR-494 Derived From c-Jun-KO-A549 Cells Inhibits Angiogenesis Through Targeting PTEN in Recipient HUVECs
	Exo-c-Jun-KO Suppressed A549 Lung Cancer Growth and Angiogenesis In Vivo
	Exo-c-Jun-KO Suppressed A549 Lung Cancer Angiogenesis In Vivo

	Discussion
	Conclusions
	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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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


