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Purpose: Abnormal CLEC9A expression is concerned with carcinogenesis. However, the
role of CLEC9A in lung adenocarcinoma (LUAD) remains unknown. The goal of this study
was to reveal the role of CLEC9A in LUAD based on bicinformatics and cellular functional
experiments.

Materials and methods: Data available from The Cancer Genome Atlas (TCGA) were
employed to study CLEC9A expression and mutations in LUAD. Expression and
alterations of CLEC9A were analyzed using UALCAN and cBioPortal, respectively.
Kaplan—Meier analysis was used to analyze the effect of CLEC9A on the survival of
LUAD. Protein—protein interaction (PPI) network was built using GeneMANIA analysis. The
similar genes of CLEC9A were obtained using GEPIA analysis, while co-expression genes
correlated with CLEC9A were identified using LinkedOmics analysis. The effects of
CLECO9A expression on immune cell infiltration was assessed. The effect of CLEC9A on
the proliferation, apoptosis, cell cycle distribution, and invasion of human LUAD cells was
detected in the LUAD cell line.

Results: CLEC9A was downregulated and the CLEC9A gene was often altered in LUAD.
The survival of LUAD patients was correlated with the expression level of CLEC9A. The
similar genes of CLEC9A were linked to functional networks involving positive regulation of
interleukin-12 production, plasma membrane and CD40 receptor binding, primary
immunodeficiency, intestinal immune network for IgA production, and cell adhesion
molecules pathways. Cell cycle, apoptosis, EMT, and RAS/MAPK were significantly
enriched pathways in positive and negative correlation genes with CLEC9A. A
difference in the immune infiltration level of immune cell between the high and low
CLECO9A expression groups was observed. Somatic cell copy number alternations
(CNAs) of the CLEC9A, including arm-level gain and arm-level deletion, observably
changed the infiltration levels of B cells, CD4+ T cells, macrophages, and neutrophils in
LUAD. Except for LAGS, the expression of CD274, CTLA4, PDCD1, and TIGIT was
positively correlated with the expression level of CLEC9A. After transfection,
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overexpression and knockdown of CLEC9A could affect the proliferation, apoptosis, cell
cycle distribution, and invasion of LUAD cells.

Conclusion: CLEC9A is associated with prognosis and tumor immune microenvironment
of LUAD, suggesting that CLECOA may be considered as a novel biomarker for LUAD.

Keywords: CLEC9A, lung adenocarcinoma, functional network analysis, cell proliferation, biomarkers

INTRODUCTION

Lung cancer remains the most frequent cause of malignancy-
related mortality worldwide, due to its unsatisfactory cure rate,
high metastatic rate, and poor prognosis (1-3). It is now
generally believed that cancer, especially lung cancer, is the
result of interactions between environmental and genetic
factors (4, 5). The most common type of lung cancer is non-
small cell lung cancer. Lung adenocarcinoma (LUAD), the major
type of non-small cell lung cancer, is considered to be a multistep
process of carcinogenesis (6). Despite improvements in
therapeutic modalities, the 5-year overall survival for LUAD is
still low. Thence, it is urgent to identify new robust biomarkers
and therapeutic target to assist the treatment of LUAD.

The study of human diseases ultimately depends on
understanding the genome and its functions (7). Rapid
development of bioinformatics has provided novel tools to
research cancer in a more comprehensive fashion (8). Many
researchers study the cancer mechanisms and search for robust
biomarkers by integrating omics data from different platforms
(9-11). Based on the TCGA dataset, Feng et al. have shown that
patients with LUAD have a high HMGBI level, which indicates
poor overall survival, suggesting that these novel developed
genomic sample databases and methods can find biomarkers
for LUAD (12). Some molecular biomarkers have been studied
to be involved in the pathogenesis of lung cancer and have
clinical associations with LUAD (13-15). With the help of
bioinformatics, we identified new reliable biomarkers to
understand the underlying mechanisms of LUAD.

Here, we analyzed CLEC9A expression and mutations in data
from patients with LUAD in TCGA. Based on multi-dimensional
analysis, we analyzed genomic alterations and functional
networks related to CLEC9A in LUAD. The effects of CLEC9A
expression on immune cell infiltration was assessed. The impact
of CLEC9A on the proliferation, apoptosis, cell cycle
distribution, and invasion of human LUAD cells was also
detected. Therefore, our findings could potentially find novel
targets for LUAD treatment.

MATERIALS AND METHODS

CTD Analysis
The Comparative Toxicogenomics Database (CTD; http://
ctdbase.org/) is a premier public database for uncovering the
mechanisms by which chemical exposure affects human health
functions (16). We used CTD to find the correlation between
CLEC9A and tumor.

UALCAN Analysis

UALCAN (http://ualcan.path.uab) is a premier public resource to
further explore TCGA gene expression data (9). UALCAN allows
analysis of relative expression across cancer and normal samples, as
well as indifferent cancer subgroups based on individual cancer
clinicopathological information (17). We utilized UALCAN to
perform the expression of CLEC9A in LUAD.

c-BioPortal Analysis

The cBio Cancer Genomics Portal (http://cbioportal.org) is a web
interface for revealing and evaluating multidimensional cancer
genomics datasets, currently including 225 cancer studies (18).
The CLEC9A gene mutation and expression information in LUAD
were obtained based on the cBioPortal’s online instructions.

Kaplan-Meier Analysis

The mRNA expression data LUAD patient sample and clinical
information were downloaded from UCSC Xena (https://gdc.
xenahubs.net). The following samples were excluded: (1) “0” gene
expression value and (2) insufficient survival information. A total of
513 LUAD patients were obtained. According to the median of
CLECYA expression, the data of 513 LUAD patients were divided
into a high CLEC9A expression group and a low CLEC9A expression
group. Kaplan-Meier analysis was performed to compare the overall
survival rate between the high and low CLEC9A expression groups
using the p-value determined in the log-rank test.

GeneMANIA Analysis

GeneMANIA (http://www.genemania.org) is a public resource
for building protein-protein interaction (PPI) network,
producing hypotheses about gene function, displaying gene
lists, and prioritizing genes for functional assays (19). We
constructed the PPI network of proteins interacting with and
associated with CLEC9A using GeneMANIA.

GEPIA Analysis

GEPIA (Gene Expression Profiling Interactive Analysis; http://
gepia.cancer-pku.cn/) is a novel web interface for analyzing the
RNA sequencing expression data from the TCGA database on
the standard processing pipeline (20). GEPIA was used to obtain
similar genes of CLEC9A. The thresholds for similar genes of
CLEC9A were defined as Pearson correlation coefficient r > 0.5.

GeneCoDis3 Analysis

Gene Ontology (GO) classification and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analysis were
performed using GeneCoDis3 (http://genecodis.cnb.csic.es/
analysis). p-value < 0.05 was considered as statistically significant.
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LinkedOmics Analysis

The LinkedOmics database (http://www.linkedomics.org/login.
php) is a web server for analyzing cancer-associated multi-
dimensional datasets of 32 cancer types and 11,158 patients
(21). Genes positively and negatively correlated with CLEC9A
expression were obtained using LinkedOmics. The screening
criteria was p value < 0.05 and |r| > 0.5. GSCALite (http://
bioinfo.life.hust.edu.cn/web/GSCALite/) is a user-friendly web
resource for dynamic analysis and visualization of gene set in
cancer, which will be of broad utilities to cancer researchers (22).
Pathway enrichment analysis of co-expressed gene with CLEC9A
was performed using GSCALite.

The Effects of CLEC9A Expression on
Immune Cell Infiltration

The single-sample gene-set enrichment analysis (SSGSEA)
algorithm was performed to compare differences in immune
cell infiltration between high and low CLEC9A expression
groups. Then, the effect of somatic cell copy number
alternations (CNAs) of the CLEC9A on immune cell
infiltration levels was assessed using the Tumor Immune
Estimation Resource (TIMER, https://cistrome.shinyapps.io/
timer/) composed of six immune cell types (B cells, CD4+ T
cells, CD8+ T cells, neutrophils, macrophages, and dendritic
cells). To explore the relationship between immune checkpoints
(CD274, CTLA4, LAG3, PDCD1, and TIGIT) and CLEC9A, we
evaluated the expression of these immune checkpoints in the
high and low CLEC9A expression groups using Wilcoxon test.

Cell Culture

The human LUAD cell line A549, Calu-3, NCI-H1975, NCI-
H1395, and immortalized human bronchial epithelial cell line
BEAS-2B were purchased from the American Type Culture
Collection (Rockville, MD, USA) and cultured in high-glucose
Dulbecco’s Modified Eagle’s Medium (DMEM; Hyclone, Logan,
UT, USA) supplemented with 10% fetal bovine serum (FBS;
Hyclone, Logan, UT, USA) and 1% penicillin/streptomycin
(Sangon; Shanghai, China) at 37°C in 5% CO,.

Construction and Transfection of Plasmids
and Small Interfering RNA (siRNA)

The overexpression plasmid (pcDNA3.1-CLEC9A) and the control
vector (pcDNA3.1-vector), siRNA-CLEC9A, and non-targeting
control siRNA (NC-siRNA) were purchased from GenePharma
(Shanghai, China). Cells were seeded into six-well plates, and the
media were aspirated once the cells grew to 65%-70% confluence.
Cells were transfected with the corresponding plasmid or siRNA
with Lipofectamine 2000 (Thermo Fisher Scientific, Waltham,
USA) following the manufacturer’s instructions. After 24 h post-
transfection, the transfection medium was changed with fresh
serum medium. Cells were then cultured for 24 h and collected
for further experiments.

Quantitative Real-Time Polymerase Chain
Reaction (RT-gPCR)

Total RNA was extracted from cells using TRIzol reagent
(Tiangen, Beijing, China) and subjected to reverse

transcription with the Fast Quant RT Kit (Tiangen) following
the manufacturer’s protocol. RT-qPCR assay was carried out
with the Super Real PreMix Plus SYBR Green (Tiangen) as
described on the manufacturer’s instructions. The primers of
CLEC9A and GAPDH were listed as follows: CLEC9A, 5'-
CAGCCCATAACAGCAGTCCT-3" (forward) and 5'-
CATCCTGAGACAACCCCACC-3’ (reversed) and GAPDH,
5-GGAGCGAGATCCCTCCAAAAT-3" (forward) and 5'-
GGCTGTTGTCATACTTCTCATGG-3' (reversed). Relative
quantification of CLEC9A levels was assessed by using the
2724 method with normalization to the endogenous control.

Cell Proliferation Analysis

Cell viability was detected using the MTT assay. In brief, cells
were seeded and incubated at a concentration of 3 x 10” in 100 pl
of medium into 96-well plates and cultured for 24 h. Then, 20 ul
of MTT medium was added into each well for 4 h. The medium
was removed, and 150 pl of DMSO was used to dissolve the
formazan crystal. The optical density of each well at 570 nm was
detected with a SpectraMax M5 plate reader system (Molecular
Devices, Sunnyvale, California, USA).

Apoptosis Analysis

An apoptosis detection kit (Beyotime, Shanghai, China) was
applied to detect cell apoptosis according to the manufacturer’s
protocols. Briefly, transfected cells were harvested and prepared,
and subsequently stained with Annexin V-FITC and propidium
iodide (PI) in the dark for 15 min. Finally, apoptotic cells were
analyzed immediately by flow cytometer (BD Biosciences, San
Jose, CA, USA).

Cell Cycle Analysis

Transfected cells were harvested, fixed with cold 70% ethanol, and
incubated at 4°C overnight. Then, we stained the cells with PI,
followed by analysis of cell cycle distribution on a flow cytometer
(BD Biosciences). The proportion of the cells was analyzed using
CellQuest Pro software version 5.1 (BD Biosciences).

Cell Invasion Analysis

Cell invasion was detected using transwell assay. Transfected
cells resuspended in serum-free medium were placed into the
upper chamber of a 24-transwell plate with an 8-um pore filter
(BD Biosciences). Then, 500 pl of growth medium containing
10% FBS was added into the lower chamber. After incubation for
24 h, the cells that moved through the underside of the
membrane filter were fixed with 4% paraformaldehyde and
stained with 0.25% crystal violet. The number of invaded cells
was counted and the images were photographed under a light
microscope (Olympus, Tokyo, Japan).

RESULTS

CLEC9A Expression in LUAD

We initially investigated cancers related to CLEC9A and found
that CLEC9A had the highest correlation with lung cancer
(Table 1). Then, we studied CLEC9A expression levels in
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TABLE 1 | Cancer associated with CLEC9A.

Disease Name Disease ID Inference Score Reference
Count
Lung Neoplasms MESH:D008175 25.05 27
Cell Transformation, MESH:D002471 23.75 22
Neoplastic
Liver Neoplasms, MESH:D008114 22.72 175
Experimental
Cholangiocarcinoma MESH:D018281 21.49 9
Liver Neoplasms MESH:D008113 17.06 101
Skin Neoplasms MESH:D012878 15.81 10
Ovarian Neoplasms MESH:D010051 15.53 5
Sarcoma MESH:D012509 14.43 2
Colonic Neoplasms MESH:D003110 1417 4
Neoplasms, Experimental MESH:D009374 13.85 9

multiple LUAD samples from TCGA, and the results displayed
that CLEC9A was significantly downregulated in LUAD
(Figure 1). We also evaluated CLEC9A expression on the basis
of multiple clinic pathological features in LUAD samples from
TCGA. The expression level of CLEC9A was significantly lower
in LUAD patients than the normal control in subgroup analyses
based on stage, race, gender, age, and smoking habits (Figure 1).

Genomic Alterations and Survival of
CLEC9A in LUAD

We performed the cBioPortal to determine the types and
frequency of CLEC9A alterations in LUAD based on
sequencing data from the TCGA database. CLEC9A was
altered in 42 of 566 (7.42%) LUAD patients (Figure 2A).
These alterations were mRNA upregulation in 21 cases
(3.71%), amplification in 2 cases (0.35%), mutation in 12 cases

(2.12%), and deep deletion in 7 cases (1.24%) (Figures 2B, C).
Thence, mRNA upregulation is the most usual type of CLEC9A
DNA copy number variation in LUAD. Based on TCGA data
and clinical information, we analyzed the survival curves for
patients by comparing LUAD patients with a higher expression
CLEC9A to LUAD patients with a lower expression CLEC9A.
Kaplan-Meier analysis showed that the overall survival rate of
low-expressing CLEC9A was lower than that of high-expressing
CLEC9A (p = 0.012; Figure 3).

PPl Network Analysis of Interacting Genes
With CLEC9A

The PPI network analysis of interacting genes with CLEC9A was
produced by GeneMANIA. The PPI network consisted of 21
nodes and 447 edges (Figure 4). The top five proteins with
higher degrees are CLEC17A (degree = 40), CLEC2B (degree =
36), KLRC3 (degree = 34), KLRBI (degree = 32), and CLEC12B
(degree = 30).

Functional Annotation of Similar Genes

of CLEC9A

A total of 15 similar genes of CLEC9A were utilized to perform
the GO and KEGG pathway enrichment analysis. Based on
GO enrichment analysis, positive regulation of interleukin-
12 production (p = 2.36E-05), plasma membrane (p =
0.000685639), and CD40 receptor binding (p = 0.000701477)
were markedly enriched GO terms (Figures 5A-C). KEGG
pathway enrichment analysis showed that primary immuno
deficiency (p = 0.0115169), intestinal immune network for
IgA production (p = 0.0153287), and cell adhesion molecules
(p = 0.0429855) were three significantly enriched pathways
(Figure 5D).
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Co-Expression Genes Correlated

With CLEC9A

As shown in the volcano plot (Figure 6A), 86 genes showed
significant positive correlations with CLEC9A, whereas 76
demonstrated significant negative correlations. Hierarchical
clustering analysis of 50 significant gene sets positively and
negatively correlated with CLEC9A are displayed in
Figures 6B, C.

PPl Network Analysis of Co-Expression
Genes Correlated With CLEC9A

The PPI network of positive correlation genes with CLEC9A
consisted of 88 nodes and 326 edges (Supplementary Figure 1A).
The PPI network of negative correlation genes with CLEC9A
consisted of 78 nodes and 364 edges (Supplementary Figure 1B).
KEGG pathway analyses of co-expression genes correlated with
CLEC9A were performed using GSCALite. Among which, cell
cycle, apoptosis, EMT, and RAS/MAPK were significantly
enriched pathways in positive and negative correlations genes
with CLEC9A (Supplementary Figure 2).

The Effects of CLEC9A Expression on
Immune Cell Infiltration

The differential of immune cell infiltration between high and low
CLEC9A expression groups was detected using SSGSEA
algorithm. The distribution of immune infiltration cells between
high and low CLEC9A expression groups was demonstrated in
Figure 7A. These results showed that, except for activated CD4 T
cells, the immune infiltration level of 22 other cells was different
between the high and low CLEC9A expression groups. Next, we
studied the effect of changes in CNAs of CLEC9A on immune cell
infiltration. As shown in Figure 7B, the CNAs of the CLEC9A,
including arm-level gain and arm-level deletion, observably
changed the infiltration levels of B cells, CD4+ T cells,
macrophages, and neutrophils in LUAD. To reveal the
relationship between immune checkpoints (CD274, CTLA4,
LAG3, PDCDI, and TIGIT) and CLEC9A, we evaluated the
expression of these immune checkpoints between high and low
CLEC9A expression groups. Except for LAG3, the expression of
CD274, CTLA4, PDCD1, and TIGIT was positively correlated
with the expression level of CLEC9A (Figures 7C, D). The above
results show that CLEC9A may be involved in the regulation of
tumor immune microenvironment in LUAD patients.
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Impact of CLEC9A on the Proliferation,
Apoptosis, Cell Cycle Distribution, and
Invasion of Human LUAD Cells
To further uncover the confirmed effect of CLEC9A in LUAD,
we adopted A549 and BEAS-2B to CLEC9A transfection. RT-
qPCR results showed that the expression of CLEC9A was
markedly increased in the CLEC9A group than in the empty
vector group and the control group (Supplementary Figure 3A).
These results showed that the CLEC9A was successfully
transfected into A549 and BEAS-2B cells. Subsequently, MTT
assay was used to detect the effect of CLEC9A on cell
proliferation. CLEC9A overexpression remarkably inhibited
cell proliferation of A549 cells, while CLEC9A overexpression
had no significant effect on the cell proliferation of BEAS-2B cells
(Supplementary Figure 3B). In conclusion, these results suggest
that CLEC9A only affects the proliferation of LUAD cells and has
no effect on the proliferation of normal lung cells, which
indicates that it is necessary to further study the biological role
of CLEC9A in LUAD cells.

We then studied the expression of CLEC9A by RT-qPCR in
various human LUAD cell lines, including A549, Calu-3, NCI-

H1975, and NCI-H1395. Among the cell lines examined, the
expression of CLEC9A in NCI-H1395 cells was the lowest, while
that in NCI-H1975 cells was the highest (Figure 8A). To control
the endogenous expression of CLEC9A in NCI-H1395 and NCI-
H1975 cells, pcDNA3.1-CLEC9A construct or CLEC9A siRNA
was used, respectively. The expression of CLEC9A increased
significantly upon transfection with pcDNA3.1-CLEC9A in
NCI-H1395 cells and it decreased upon transfection with
CLEC9A siRNA in NCI-H1975 cells (Figure 8B).

To uncover the functional role of CLEC9A in LUAD cell
proliferation, MTT assays were carried out. The cell proliferation
was significantly increased in the CLEC9A siRNA transfected
NCI-H1975 cells compared to that in the NC-siRNA transfected
cells (Figure 8C). In contrast, cell proliferation observably
decreased in the pcDNA3.1-CLEC9A transfected NCI-H1395
cells, compared to that in the control vector transfected cells
(Figure 8C). Next, we used flow cytometric analyses to evaluate
the effect of CLEC9A expression on apoptosis and cell cycle
distribution. The rate of apoptosis was decreased in cells
transfected with the CLEC9A siRNA transfected NCI-H1975
cells compared to that in the NC-siRNA transfected cells
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(Figure 8D). The rate of apoptosis was increased in NCI-H1395
cells after the overexpression of CLEC9A (Figure 8D). CLEC9A
knockdown decreased the proportion of cell cycle arrest in the
G1 phases in NCI-H1975 cells, while CLEC9A overexpression
increased the cell cycle arrest in NCI-H1395 cells (Figure 8E).
Furthermore, we performed transwell assay to illustrate the effect
of CLEC9A expression on cell invasion. The number of invading
CLEC9A siRNA transfected NCI-H1975 cells was markedly
increased compared to that of NC-siRNA transfected cells
(Figure 8F). In contrast, the number of invading pcDNA3.1-
CLEC9A NCI-H1395 cells was significantly decreased relative to
that of control vector transfected cells (Figure 8F). To sum up,
overexpression and knockdown of CLEC9A can affect the
proliferation, apoptosis, cell cycle distribution, and invasion of
LUAD cells.

DISCUSSION

C-type lectin domain containing 9A (CLEC9A), also called DNGR-
1, is located in the “Dectin-1 cluster” of related receptors, which is
encoded within the natural killer gene complex. Dendritic cells have
strong antigen-presenting capabilities and have long been
recognized as a key factor in anti-tumor immunity (23). CLEC9A
is a potential target to dendritic cell vaccines for anti-tumor use (24).
Dendritic cells targeting antigens via CLEC9A may enhance anti-
tumor immunity (24, 25). CLEC9A is a dendritic cell restricted
marker that can detect damaged cells and antigens, so targeting
CLEC9A + dendritic cells can promote humoral and cellular
immunity (24). In order to understand the potential function of
CLEC9A in LUAD and its regulatory network in more detail, we
performed bioinformatics analysis of public sequencing data and
in vitro functional experiments to guide future studies of LUAD.

Lung cancer is the most common cause of cancer-related
mortality worldwide, causing more than 1 million deaths each
year, and adenocarcinoma is the most common histological type.
Recently, despite the continuous progress and development in
the treatment of LUAD, the prognosis is still poor and the
survival rate over 5 years is low (6, 26). LUAD occurrence and
metastasis are relatively usual, even with the tumor diagnosed at
an early stage (27). Thence, it is essential to seek new biomarkers
for LUAD treatment. Here, we analyzed CLEC9A expression and
mutations in data from patients with LUAD in TCGA databases.
Using multi-dimensional analysis methods, we performed
functional networks related to CLEC9A in LUAD.

DNA copy number variations may have significant genomic
significance, interfering with genes and altering genetic content,
leading to phenotypic differences (28). Here, we reported that the
copy number of CLEC9A was upregulated in LUAD, and that the
major type of CLEC9A alteration was mRNA upregulation.
Altered CLEC9A expression in LUAD may result from
alterations in chromosomal structure. Since CLEC9A plays
several important physiological functions, its alteration may
cause change in various downstream signaling pathways.
GO enrichment analysis of similar genes of CLEC9A are
involved in positive regulation of interleukin-12 production

and CD40 receptor binding, which is closely related to
immunity. The KEGG pathway enrichment analysis results
displayed that primary immunodeficiency, Intestinal immune
network for IgA production, and Cell adhesion molecules were
three significantly enriched pathways.

Based on KEGG pathway analyses of co-expression genes
correlated with CLEC9A, cell cycle, apoptosis, EMT, and RAS/
MAPK were significantly enriched pathways in positive and
negative correlation genes with CLEC9A. Cell cycle pathway
controls a kind of cell cycle genes and is a potential treatment
regulator for tumor therapy. Disorder of cell cycle is a pivotal
indicator of lung cancer (29). The upregulation of HOTAIR was
related to resistance of gefitinib through the regulating cell cycle
in lung cancer (29). The downregulation of Rac3 markedly
induced cell growth inhibition, cell cycle arrest, and apoptosis
of LUAD cell lines, which is accompanied by significant
downregulation of the cell cycle pathway involved in the
tumorigenesis of LUAD (30). Ketamine induces apoptosis in
LUAD cells via the expression of CD69 (31). PDIA6 induces
apoptosis of lung cancer cells by regulating the MAP4K1/JNK
signaling pathway (32). EMT has been shown to play a pivotal
role in the kinds of cancer, including LUAD. Body of evidence
has displayed that activation of EMT signaling promotes lung
cancer metastasis and therapeutic resistance (33). Therefore, we
speculated that CLEC9A might play pivotal roles in LUAD by
regulating the signaling pathway of cell cycle, apoptosis, EMT,
and RAS/MAPK. Further studies should verify this hypothesis.

CLECYA is reported to be a significant target for cancer
immunotherapy (24). Therefore, we studied the effect of
CLEC9A on tumor immune microenvironment in LUAD.
SSGSEA algorithm results showed that, except for activated
CD4 T cell, the immune infiltration level of 22 other cells was
different between the high and low CLEC9A expression groups.
Next, we studied the effect of changes in CNAs of CLEC9A on
immune cell infiltration. The CNAs of the CLEC9A, including
arm-level gain and arm-level deletion, observably changed the
infiltration levels of B cells, CD4+ T cells, macrophages, and
neutrophils in LUAD. Except for LAG3, the expression of other
immune checkpoints (CD274, CTLA4, PDCDI, and TIGIT) was
positively correlated with the expression level of CLEC9A. This
finding showed that CLEC9A might be involved in the regulation
of tumor immune microenvironment in LUAD patients.

As far as we know, the function of CLEC9A in LUAD cells has
not been reported. To further uncover the biological role of
CLEC9A, we overexpressed CLEC9A in NCI-H1395 cells with
low CLEC9A expression and knocked down CLEC9A in NCI-
H1975 cells with high CLEC9A expression. The expression of
CLECY9A increased significantly upon transfection with
pcDNA3.1-CLEC9A in NCI-H1395 cells and it decreased upon
transfection with CLEC9A siRNA in NCI-H1975 cells.
Molecular biological experiments were performed to explore
the effect of CLEC9A on proliferation, apoptosis, cell cycle
distribution, and invasion of human LUAD cells. Our results
demonstrated that knockdown of CLEC9A promoted cell
proliferation and invasion and suppressed apoptosis and cell
cycle arrest in NCI-H1975 cells, and overexpression of CLECOA
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suppressed cell proliferation and invasion and promoted
apoptosis and cell cycle arrest in NCI-H1395 cells. These data
suggested that CLEC9A acts as a regulatory factor in LUAD.

CONCLUSION

CLEC9A was markedly downregulated in LUAD and associated
with prognosis and tumor immune microenvironment of LUAD.
Overexpression and knockdown of CLEC9A could affect the
proliferation, apoptosis, cell cycle distribution, and invasion of
LUAD cells. Thence, CLEC9A may be a potential target for the
treatment of LUAD in the future. Some limitations should be
acknowledged in this study; our results were not verified by the
results in LUAD clinical samples. This study is a pilot study and
further experiments are needed to uncover the pathogenesis of
CLECYA in the LUAD.

DATA AVAILABILITY STATEMENT

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

REFERENCES

1. Herbst RS, Heymach JV, Lippman SM. Lung Cancer. N Engl ] Med (2008) 359
(13):1367-80. doi: 10.1056/NEJMra0802714

2. Stewart GL, Enfield KSS, Sage AP, Martinez VD, Minatel BC, Pewarchuk ME,
et al. Aberrant Expression of Pseudogene-Derived IncRNAs as an Alternative
Mechanism of Cancer Gene Regulation in Lung Adenocarcinoma. Front
Genet (2019) 10:138. doi: 10.3389/fgene.2019.00138

3. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global
Cancer Statistics. CA Cancer ] Clin (2011) 61(2):69-90. doi: 10.3322/
caac.20107

4. Xiao M, Cui S, Zhang L, Yu T, Zhang G, Zhang Q, et al. AC138128.1 an
Intronic IncRNA Originating From ERCC1 Implies a Potential Application in
Lung Cancer Treatment. ] Cancer (2019) 10(16):3608-17. doi: 10.7150/
jca.31832

5. Ceppi M, Munnia A, Cellai F, Bruzzone M, Peluso MEM. Linking the
Generation of DNA Adducts to Lung Cancer. Toxicology (2017) 390:160-6.
doi: 10.1016/j.t0x.2017.09.011

6. The Cancer Genome Atlas Research Network. Comprehensive Molecular
Profiling of Lung Adenocarcinoma. Nature (2014) 511(7511):543-50.
doi: 10.1038/nature13385

7. Ozsolak F, Platt AR, Jones DR, Reifenberger JG, Sass LE, McInerney P, et al.
Direct RNA Sequencing. Nature (2009) 461(7265):814-8. doi: 10.1038/
nature08390

8. Wang,Y, Wu N, Liu J, Wu Z, Dong D. FusionCancer: A Database of Cancer
Fusion Genes Derived From RNA-Seq Data. Diagn Pathol (2015) 10:131.
doi: 10.1186/s13000-015-0310-4

9. Lin Y, Liang R, Qiu Y, Lv Y, Zhang J, Qin G, et al. Expression and Gene

Regulation Network of RBM8A in Hepatocellular Carcinoma Based on

Data Mining. Aging (Albany NY) (2019) 11(2):423-47. doi: 10.18632/

aging.101749

Cho SH, Pak K, Jeong DC, Han ME, Oh SO, Kim YH. The AP2M1 Gene

Expression Is a Promising Biomarker for Predicting Survival of Patients With

Hepatocellular Carcinoma. J Cell Biochem (2019) 120(3):4140-6. doi: 10.1002/

jcb.27699

Dastsooz H, Cereda M, Donna D, Oliviero S. A Comprehensive

Bioinformatics Analysis of UBE2C in Cancers. Int ] Mol Sci (2019) 20

(9):2228. doi: 10.3390/ijms20092228

10.

11.

AUTHOR CONTRIBUTIONS

CY, FM, and ZL contributed to the conception of the study. SJ, DW,
YS, and HL contributed materials and performed the experiment.
SJ, DW, YS, and HL performed the data analyses. CY, FM, and ZL
contributed significantly in writing the manuscript. All authors
contributed to the article and approved the submitted version.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
682814/full#supplementary-material

Supplementary Figure 1 | PPI network of correlations genes with CLEC9A in
LUAD. (A) Positive correlations genes. (B) Negative correlations genes.

Supplementary Figure 2 | KEGG pathway of correlations genes with CLEC9A in
LUAD. (A) Positive correlations genes. (B) Negative correlations genes.

Supplementary Figure 3 | Overexpression of CLEC9A inhibits LUAD cell
proliferation. (A) Transfection efficacy were detected by RT-gPCR. (B) MTT assay
revealed the viability of LUAD cells was suppressed by overexpression of CLEC9A.
*P <0.05, P < 0.01.

12. Feng A, Tu Z, Yin B. The Effect of HMGBI1 on the Clinicopathological and
Prognostic Features of Non-Small Cell Lung Cancer. Oncotarget (2016) 7
(15):20507-19. doi: 10.18632/oncotarget.7050

Gutschner T, Hammerle M, Eissmann M, Hsu ], Kim Y, Hung G, et al. The
Noncoding RNA MALAT1 Is a Critical Regulator of the Metastasis Phenotype
of Lung Cancer Cells. Cancer Res (2013) 73(3):1180-9. doi: 10.1158/0008-
5472.can-12-2850

Sun M, Liu XH, Wang KM, Nie FQ, Kong R, YangJS, et al. Downregulation of
BRAF Activated Non-Coding RNA Is Associated With Poor Prognosis for
Non-Small Cell Lung Cancer and Promotes Metastasis by Affecting Epithelial-
Mesenchymal Transition. Mol Cancer (2014) 13:68. doi: 10.1186/1476-4598-
13-68

Gao F, Chang ], Wang H, Zhang G. Potential Diagnostic Value of miR-155 in
Serum From Lung Adenocarcinoma Patients. Oncol Rep (2014) 31(1):351-7.
doi: 10.3892/0r.2013.2830

Davis AP, King BL, Mockus S, Murphy CG, Saraceni-Richards C, Rosenstein
M, et al. The Comparative Toxicogenomics Database: Update 2011. Nucleic
Acids Res (2011) 39(Database issue):D1067-72. doi: 10.1093/nar/gkq813
Chandrashekar DS, Bashel B, Balasubramanya SAH, Creighton CJ, Ponce-
Rodriguez I, Chakravarthi B, et al. UALCAN: A Portal for Facilitating Tumor
Subgroup Gene Expression and Survival Analyses. Neoplasia (2017) 19
(8):649-58. doi: 10.1016/j.ne0.2017.05.002

Gao ], Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer SO, et al.
Integrative Analysis of Complex Cancer Genomics and Clinical Profiles Using
the Cbioportal. Sci Signal (2013) 6(269):pl1. doi: 10.1126/scisignal.2004088
Fan G, Tu'Y, Chen C, Sun H, Wan C, Cai X. DNA Methylation Biomarkers for
Hepatocellular Carcinoma. Cancer Cell Int (2018) 18:140. doi: 10.1186/
512935-018-0629-5

Warde-Farley D, Donaldson SL, Comes O, Zuberi K, Badrawi R, Chao P, et al.
The GeneMANIA Prediction Server: Biological Network Integration for Gene
Prioritization and Predicting Gene Function. Nucleic Acids Res (2010) 38(Web
Server Issue):W214-20. doi: 10.1093/nar/gkq537

Vasaikar SV, Straub P, Wang ], Zhang B. LinkedOmics: Analyzing Multi-
Omics Data Within and Across 32 Cancer Types. Nucleic Acids Res (2018) 46
(D1):D956-63. doi: 10.1093/nar/gkx1090

Liu CJ, Hu FF, Xia MX, Han L, Zhang Q, Guo AY. GSCALite: A Web Server
for Gene Set Cancer Analysis. Bioinformatics (2018) 34(21):3771-2.
doi: 10.1093/bioinformatics/bty411

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Frontiers in Oncology | www.frontiersin.org

September 2021 | Volume 11 | Article 682814


https://www.frontiersin.org/articles/10.3389/fonc.2021.682814/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.682814/full#supplementary-material
https://doi.org/10.1056/NEJMra0802714
https://doi.org/10.3389/fgene.2019.00138
https://doi.org/10.3322/caac.20107
https://doi.org/10.3322/caac.20107
https://doi.org/10.7150/jca.31832
https://doi.org/10.7150/jca.31832
https://doi.org/10.1016/j.tox.2017.09.011
https://doi.org/10.1038/nature13385
https://doi.org/10.1038/nature08390
https://doi.org/10.1038/nature08390
https://doi.org/10.1186/s13000-015-0310-4
https://doi.org/10.18632/aging.101749
https://doi.org/10.18632/aging.101749
https://doi.org/10.1002/jcb.27699
https://doi.org/10.1002/jcb.27699
https://doi.org/10.3390/ijms20092228
https://doi.org/10.18632/oncotarget.7050
https://doi.org/10.1158/0008-5472.can-12-2850
https://doi.org/10.1158/0008-5472.can-12-2850
https://doi.org/10.1186/1476-4598-13-68
https://doi.org/10.1186/1476-4598-13-68
https://doi.org/10.3892/or.2013.2830
https://doi.org/10.1093/nar/gkq813
https://doi.org/10.1016/j.neo.2017.05.002
https://doi.org/10.1126/scisignal.2004088
https://doi.org/10.1186/s12935-018-0629-5
https://doi.org/10.1186/s12935-018-0629-5
https://doi.org/10.1093/nar/gkq537
https://doi.org/10.1093/nar/gkx1090
https://doi.org/10.1093/bioinformatics/bty411
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Miao et al.

Role of CLEC9A in LUAD

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Chou YH, Pan SY, Yang CH, Lin SL. Stem Cells and Kidney Regeneration.
J Formos Med Assoc (2014) 113(4):201-9. doi: 10.1016/j.jfma.2013.12.001
Yan Z, Wu Y, Du J, Li G, Wang S, Cao W, et al. A Novel Peptide Targeting
Clec9a on Dendritic Cell for Cancer Immunotherapy. Oncotarget (2016) 7
(26):40437-50. doi: 10.18632/oncotarget.9624

Veglia F, Gabrilovich DI. Dendritic Cells in Cancer: The Role Revisited. Curr
Opin Immunol (2017) 45:43-51. doi: 10.1016/.c0i.2017.01.002

Moore W, Talati R, Bhattacharji P, Bilfinger T. Five-Year Survival After
Cryoablation of Stage I Non-Small Cell Lung Cancer in Medically Inoperable
Patients. ] Vasc Interv Radiol (2015) 26(3):312-9. doi: 10.1016/j.jvir.2014.12.006
Koo HK, Jin SM, Lee CH, Lim HJ, Yim JJ, Kim YT, et al. Factors Associated
With Recurrence in Patients With Curatively Resected Stage I-II Lung Cancer.
Lung Cancer (2011) 73(2):222-9. doi: 10.1016/j.lungcan.2010.11.013

Urrutia E, Chen H, Zhou Z, Zhang NR, Jiang Y. Integrative Pipeline for
Profiling DNA Copy Number and Inferring Tumor Phylogeny. Bioinformatics
(2018) 34(12):2126-8. doi: 10.1093/bioinformatics/bty057

Liu M, Zhang H, Li Y, Wang R, Li Y, Zhang H, et al. HOTAIR, a Long
Noncoding RNA, Is a Marker of Abnormal Cell Cycle Regulation in Lung
Cancer. Cancer Sci (2018) 109(9):2717-33. doi: 10.1111/cas.13745

Wang G, Wang H, Zhang C, Liu T, Li Q, Lin X, et al. Rac3 Regulates Cell
Proliferation Through Cell Cycle Pathway and Predicts Prognosis in Lung
Adenocarcinoma. Tumour Biol (2016) 37(9):12597-607. doi: 10.1007/s13277-
016-5126-7

Zhou X, Zhang P, Luo W, Zhang L, Hu R, Sun Y, et al. Ketamine Induces
Apoptosis in Lung Adenocarcinoma Cells by Regulating the Expression of
CD69. Cancer Med (2018) 7(3):788-95. doi: 10.1002/cam4.1288

Bai Y, Liu X, Qi X, Liu X, Peng F, Li H, et al. PDIA6 Modulates Apoptosis
and Autophagy of Non-Small Cell Lung Cancer Cells via the MAP4K1/

JNK Signaling Pathway. EBioMedicine (2019) 42:311-25. doi: 10.1016/
j.ebiom.2019.03.045

33. Otsuki Y, Saya H, Arima Y. Prospects for New Lung Cancer Treatments That
Target EMT Signaling. Dev Dyn (2018) 247(3):462-72. doi: 10.1002/
dvdy.24596

Conflict of Interest: Authors SJ, DW, YS, and HL were employed by the company
Beijing Medintell Bioinformatic Technology Co., LTD, Beijing, China. Author CY
was employed by the company Beijing Medintell Bioinformatic Technology
Co., LTD, Beijing, China and Gu’an Bojian Bio-Technology Co., LTD,
Langfang, China.

The remaining 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.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Miao, Lou, Ji, Wang, Sun, Liu and Yang. 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.

Frontiers in Oncology | www.frontiersin.org

September 2021 | Volume 11 | Article 682814


https://doi.org/10.1016/j.jfma.2013.12.001
https://doi.org/10.18632/oncotarget.9624
https://doi.org/10.1016/j.coi.2017.01.002
https://doi.org/10.1016/j.jvir.2014.12.006
https://doi.org/10.1016/j.lungcan.2010.11.013
https://doi.org/10.1093/bioinformatics/bty057
https://doi.org/10.1111/cas.13745
https://doi.org/10.1007/s13277-016-5126-7
https://doi.org/10.1007/s13277-016-5126-7
https://doi.org/10.1002/cam4.1288
https://doi.org/10.1016/j.ebiom.2019.03.045
https://doi.org/10.1016/j.ebiom.2019.03.045
https://doi.org/10.1002/dvdy.24596
https://doi.org/10.1002/dvdy.24596
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

	Downregulated Expression of CLEC9A as Novel Biomarkers for Lung Adenocarcinoma
	Introduction
	Materials and Methods
	CTD Analysis
	UALCAN Analysis
	c-BioPortal Analysis
	Kaplan–Meier Analysis
	GeneMANIA Analysis
	GEPIA Analysis
	GeneCoDis3 Analysis
	LinkedOmics Analysis
	The Effects of CLEC9A Expression on Immune Cell Infiltration
	Cell Culture
	Construction and Transfection of Plasmids and Small Interfering RNA (siRNA)
	Quantitative Real&minus;Time Polymerase Chain Reaction (RT&minus;qPCR)
	Cell Proliferation Analysis
	Apoptosis Analysis
	Cell Cycle Analysis
	Cell Invasion Analysis

	Results
	CLEC9A Expression in LUAD
	Genomic Alterations and Survival of CLEC9A in LUAD
	PPI Network Analysis of Interacting Genes With CLEC9A
	Functional Annotation of Similar Genes of CLEC9A
	Co-Expression Genes Correlated With CLEC9A
	PPI Network Analysis of Co-Expression Genes Correlated With CLEC9A
	The Effects of CLEC9A Expression on Immune Cell Infiltration
	Impact of CLEC9A on the Proliferation, Apoptosis, Cell Cycle Distribution, and Invasion of Human LUAD Cells

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Supplementary Material
	References



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

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


