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Abstract

Background: Pancreatic cancer is a devastating disease with a low five-year survival rate. Dendritic cells
(DCs), which are the most potent antigen-presenting cells in the human body, play a pivotal role in the immune
response. However, few studies have investigated the role of pancreatic cancer-derived exosomes (PEXs) in
DC-meditated immune escape. The expression profiles of long noncoding RNAs (IncRNAs) and mRNAs of
PEX-treated dendritic cells are unknown.

Methods: We used integrated IncRNA and mRNA microarrays to determine the expression profiles of
PEX-treated DCs and normal DCs derived from five healthy donors. Gene Ontology (GO), KEGG, and cancer
genomics analyses were performed to identify significant functions, pathways, and the associations of
differentially expressed mRNAs. A coexpression network was constructed to identify the correlation between
differentially expressed IncRNAs and mRNAs and further validated using real-time quantitative PCR in twenty
healthy donors. The AnnolLnc program was used to perform an annotation analysis of IncRNAs.

Results: We identified 3,227 and 924 differentially expressed IncRNAs and mRNAs, respectively, in
PEX-treated DCs. GO and pathway analysis revealed differentially expressed mRNAs involved in many critical
biological processes and molecular functions. Cancer genomics analysis revealed that 36 of the most
differentially expressed mRNAs were involved in a pancreatic cancer network and were associated with many
critical mutated genes such as TP53, KRAS, SMAD4, and CDKN2A. LncRNAs such as ENST00000560647 and
mRNAs such as legumain (Igmn) were differentially expressed in PEX-treated DCs, and the data were validated
using RT-qPCR.

Conclusions: To our knowledge, this is the first study to detect the differential expression of IncRNAs and
mRNAs associated with PEX-treated DCs. LncRNAs such as ENST00000560647 and mRNAs such as Igmn

might play a critical role in immune escape of DCs treated with PEX. Further investigation is required to
validate the functions and associations of these RNAs.
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Introduction

Pancreatic cancer is a devastating disease that is
difficult to diagnose, which helps to explain the 10%
five-year survival rate [1]. Moreover, approximately
53,070 Americans were predicted to have been
diagnosed with pancreatic cancer, and approximately
41,780 Americans were predicted to have died of

pancreatic cancer in 2016. This lethal disease is the
fourth most common cause of cancer-related deaths
among Americans [2]. Surgical resection, radiation
therapy, chemotherapy, and adoptive
immunotherapy are continuously improving;
however, patients diagnosed with pancreatic cancer
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remain extremely vulnerable to relapse and death.
New strategies to prevent and cure pancreatic cancer
are therefore urgently required. For example,
exosomes and nanovesicles secreted by living cells
serve as intercellular couriers of mRNA, microRNAs
(miRNAs), long noncoding RNAs (IncRNAs), and
proteins and have thus garnered considerable interest
[3]. Tumor-derived exosomes can deliver tumor
antigens to dendritic cells [4] that participate in tumor
progression [5, 6] and play an important role in the
immune system [7-10].

Dendritic cells (DCs) are the most potent
antigen-presenting cells in the human body, because
they play a pivotal role in the immune response,
which is inhibited in the tumor microenvironment
[11]. The regulatory factor X-associated protein
(RFXAP), is an important transcription factor for
MHC 1I, and is inhibited by miR-212-3p transferred
from pancreatic cancer-derived exosomes (PEXs) to
inhibit MHC II expression [12]. Further, PEXs inhibit
the expression of toll-like receptor 4 (TLR4) and tumor
necrosis factor-alpha (TNF-alpha) via miR-203 and
induce immune escape of DCs [13].

Long noncoding RNAs (IncRNAs) (>200
nucleotides) interact with DNA, RNA, or protein
molecules to regulate gene expression and affect
cellular processes [14, 15]. Tumor-derived exosomes
are key players in the communication between cancer
cells and their microenvironment through their
cargoes, which include proteins, IncRNAs, mRNAs,
and miRNAs [16]. However, few studies [12, 13]
investigated the role of PEXs in DCS that mediate
immune escape. The expression profiles of IncRNAs
and mRNAs in DCs treated with PEXs are unknown.

To identify potential differentially expressed
IncRNAs and mRNAs in PEX-treated DCs (exo-DCs),
we determined their expression profiles in exo-DCs
and normal dendritic cells (nDCs) derived from
twenty five healthy donors. For this purpose, we
employed integrated IncRNA and mRNA
microarrays, and differentially expressed IncRNAs
and mRNAs were subsequently evaluated using
real-time quantitative PCR (RT-qPCR). We conducted
bioinformatics analysis to identify the potential
functions of differentially expressed IncRNAs and
mRNAs.

Materials and Methods

Cell culture and exosome preparations

The human pancreatic cancer cell line PANC-1
was obtained from Chinese Academy of Sciences
(Shanghai, China), tested, and authenticated. The cell
line was cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM) with 1% antibiotics (Gibco, USA)

and 10% fetal bovine serum (Gibco) until 90%
confluent. The medium was then replaced with
serum-free DMEM for 48 h. The cell-free supernatant
was collected by centrifugation at 300 x g for 10 min
and 2000 x g for 10 min to remove residual cells and
debris and then for 10,000 x g for 30 min to remove
microparticles. The supernatant was then passed
through a 0.22-pm filter (Millipore, USA) and then
centrifuged at 100,000 x g for 70 min to pellet the
small vesicles that corresponded to exosomes. The
pellet was washed in a large volume of
phosphate-buffered saline (PBS), to eliminate
contaminating proteins and centrifuged at the same
speed [17] using an Optima TLX Ultracentrifuge
(Beckman Coulter, USA). The final pellet was
resuspended in 100-pl PBS. The size distribution of
exosomes was determined wusing nanoparticle
tracking analysis (NTA) Version 2.3 Build 0034. The
exosomes were placed on carbon-coated 400-mesh
copper grids, stained with 2% wuranyl acetate,
air-dried, and imaged using transmission electron
microscopy.

Western blotting

PEX preparations were lysed in RIPA buffer
(Sigma-Aldrich, USA) containing a cocktail of
protease inhibitors (Thermo, USA). Proteins were
denatured in 2 x SDS buffer at 95°C, separated using
10%  SDS-polyacrylamide gel  electrophoresis
(SDS-PAGE), and electrophoretically transferred onto
polyvinylidene  difluoride (PVDF) membranes
(Millipore, Bedford, USA). After blocking with 5%
milk powder for 1 h at room temperature, the
membranes were incubated with the antibodies as
follows: mouse monoclonal anti-TSG101 (1:500,
Abcam, UK), mouse monoclonal anti-CD63 (1:1000,
Abcam, UK), mouse monoclonal anti-ALIX (1:1000,
Abcam, UK), and mouse monoclonal anti-GAPDH
(1:2000, Abcam, UK) as the control. The samples were
incubated with a secondary goat anti-mouse antibody
(1:5000, Pierce, USA) for 1 h at room temperature. The
blots were visualized using a GE Amersham Imager
600.

Generation of DCs and treatment of DCs with
PEXs

Peripheral blood mononuclear cells (PBMCs)
were isolated from 25 healthy donors (Table S1).
Briefly, after Ficoll-Paque density gradient
centrifugation (GE, USA), monocytes were sorted
from PBMCs wusing human anti-CD14-coated
microbeads (Miltenyi Biotec, German). The resulting
CD14-positive monocytes were cultured for up to 5
days in Roswell Park Memorial Institute (RPMI)-1640
medium (Gibco) containing 100 U/ml penicillin, 100
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pg/ml streptomycin, interleukin-4 (IL-4, 40 ng/ml,
PeproTech, USA), and granulocyte-macrophage
colony stimulating factor (GM-CSF, 100 ng/ml;
PeproTech) to generate the immature DCs [12]. To
activate immature DCs, human recombinant TNF-a
(rTNF-a; 20 ng/ml; R&D Systems) was added on day
5, and the culture was continued for 2 days to convert
these cells into mature DCs (mDCs).

Phenotypic analysis of DCs was performed
using flow cytometry. On day 7 of culture, cells were
harvested and stained with a monoclonal antibodies
against HLA-DR (APC-conjugated anti-HLA-DR; BD
Biosciences, USA) and CD83 (PE-conjugated
anti-CD83; BD Biosciences) in the dark for 30 min at
4°C. Cells were then washed twice with PBS.
Fluorescence-activated cell sorting (FACS) was
performed using a FACSCalibur flow cytometer (BD
Biosciences, USA) and CellQuest Software (BD
Biosciences). On day 8, DCs were treated with PEXs
(20 pg/mL) for 24 h (exo-DCs), and PBS was used as
negative control for nDCs.

T cell proliferation

CD4+ and CD8+ T cells were sorted from PBMCs
using human anti-CD4-conjugated and human
anti-CD8-conjugated microbeads (Miltenyi Biotec,
German). To determine the proliferation of T cells,
mixed DCs and T cells were continuously cultured for
7 days with 25 U/ml recombinant IL-2 (R&D
Systems), which was added on days 3 and 5,
[*H]-thymidine was added on day 6, and T cell
proliferation was subsequently assessed.

RNA extraction

Total RNAs of exo-DCs and DCs were isolated
and purified using an miRNeasy Mini Kit (Qiagen,
USA). Each step followed the manufacturer's
instructions. RNA quality was assessed using a
NanoDrop ND-2000 (Thermo Fisher Scientific, USA),
and RNA integrity was assessed using electrophoresis
through an agarose gel performed under denaturing
conditions.

Microarray processing and analysis

An Agilent IncRNA Gene Expression 4 x 180K
Microarray (Design ID: 74348, Agilent, USA) was
used to query 77,103 IncRNAs and 18,853 mRNAs.
Sample labeling, microarray hybridization, and
washing were performed according to the
manufacturer's standard protocols. Briefly, total RNA
was amplified and labeled using a Low Input Quick
Amp WT Labeling Kit (Agilent) following the
manufacturer’s instructions. Labeled cRNAs were
purified wusing an RNeasy Mini Kit (Qiagen,
Germany). Each slide was hybridized with 1.65 pg of
Cy3-labeled cRNA wusing a Gene Expression

Hybridization Kit (Agilent) in a Hybridization Oven
(Agilent)  according to the manufacturer’s
instructions. After hybridization for 17 h, slides were
washed in staining dishes (Thermo Fisher Scientific,
USA) using a Gene Expression Wash Buffer Kit
(Agilent) following the manufacturer’s instructions.
Slides were scanned using an Agilent Microarray
Scanner (Agilent) with the default settings as follows:
dye channel, green; scan resolution = 3 pm; PMT,
100%; 20 bits. Data were extracted using Feature
Extraction software 10.7 (Agilent). Raw data were
normalized using the Quantile algorithm, GeneSpring
Software 12.6.1 (Agilent).

mRNA GO, KEGG, and cancer genomics
analyses

Gene Ontology (GO, www.geneontology.org/)
analysis, Kyoto Encyclopedia of Genes and Genomes
(KEGG, www.genome.jp/kegg/) analysis, and cancer
genomics analysis, which is based on a TCGA
pancreatic adenocarcinoma dataset with 186 samples
and 185 patients using the cBioPortal for Cancer
Genomics program [18, 19] (http://www.cbioportal.
org/), were performed to identify the functions and
associated enriched pathways of differentially
expressed mRNAs. The mRNA expression z-score
threshold was defined as *+ 2.0.

Construction of an IncRNA-mRNA
coexpression network

According to the normalized signal intensities of
differentially expressed IncRNAs and mRNAs, an
IncRNA-mRNA coexpression network was built to
identify the correlations between IncRNAs and
mRNAs. For each IncRNA-mRNA pair, the Pearson
correlation was calculated to identify significantly
correlated pairs. The Pearson correlation value cutoff
=0.95, P <0.05.

RT-qPCR

RT-qPCR was performed to validate the
expression of significantly altered levels of IncRNAs
and mRNAs. Total RNA was isolated and purified
using an miRNeasy Mini Kit (Qiagen, USA) following
the manufacturer’s instructions. RT-qPCR was
performed using an ABI 7500 Real-Time PCR System
(Applied Biosystems, USA) with the primer pairs
listed (Table S2). The relative expression ratios of
IncRNAs and mRNAs are presented as fold-changes
normalized to those of GAPDH.

LncRNA annotation analysis

LncRNAs annotation analysis was performed
using the AnnoLnc program [20], a portal for
systematically annotating novel human IncRNAs, by
analyzing secondary structure, transcriptional
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regulation, and GO annotation.

Statistical analysis

SPSS 19.0 software (IBM Corp., Armonk, NY,
USA) was used to perform statistical analysis. The
Student f test was used to evaluate the significance of
differences in expression among IncRNAs and
mRNAs differentially expressed by exo-DCs and DCs.
The threshold value used to designate differentially
expressed IncRNAs and mRNAs was a fold change >
2.00r <0.5, P <0.05.

Ethics statement

The Research Ethics Committee of Sir Run Run
Shaw Hospital, School of Medicine, Zhejiang
University reviewed and approved the protocol. All
participants or their guardians gave written consent

for the use of subjects’ tissue samples and the medical
information used for scientific research purposes.

Results

Characterization of PEXs and DCs

PEXs were detected using western blotting
analysis of the expression of the exosome-specific
markers ALIX, TSG101, and CD63 (Fig. 1A). The size
distribution of the PEXs ranged from 20-200 nm (Fig.
1B). Transmission electron microscopy showed
typical vesicular structures, and the size distribution
was consistent with that determined using NTA (Fig.
1C). DCs were identified using flow cytometry. The
percentages of CD83 and HLA-DR-double positive
cells reached 80.2% (Fig. 1D).
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Figure 1. Characterization of PEXs and DCs. (A) Western blotting analysis of PEXs detected the presence of the exosomal markers ALIX, TSG101, and CDé3. (B)
According to nanoparticle tracking analysis, the sizes of the PEXs ranged from 20 nm to 200 nm. (C) Transmission electron microscopy of PEXs. (D) Flow cytometric

analysis of DCs.
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Figure 3. Summary of microarray results of IncRNA and mRNA expression in PEX-treated DCs (exo-DCs). (A) Box plots of the distributions of IncRNAs and
mRNA:s. (B) Scatter plots of the distributions of IncRNAs and mRNAs. (C) 3,227 of 91,007 (3.55%) differentially expressed IncRNAs, including 1,815 up-regulated
IncRNAs and 1,412 down-regulated IncRNAs. (D) 924 of 29,857 (3.09%) differentially expressed mRNAEs, including 504 up-regulated mRNAs and 420 down-regulated

mRNA:s.

http://www.jcancer.org



Journal of Cancer 2018, Vol. 9 26

A B

exo-DC1
exo-DC2
exo-DC3
ex0-DC4
ex0-DCS

3 8 8 8 3
3 8 5 & 5
- o 3 3 2 2 2 o 2 2
H H H i H
Inc-HES1-2:8 NM_
NR mssgas_
1

iGM-

ENST00000560077 |
Inc-ARS2-1:1

Inc-UMPS-2:1
NR_031574

Inc-KCF15-1:8]

Inc-GP-4:1
ENSTO0000455902
NR_046601

Inc-RH(
Inc-RP11-603424.9.1-5:
Inc-TBLY

Inc-SPESP

Inc-FAM1108-
Inc-DDR
nc-PEL

Inc-SLCBA:

e N e e

o=

L™

NM_000584 IS
NMZ000600

D

[I.L LTLT
]

il

[J
Cl

]

:

-

L L

R

S IEIN

Lo10 2
776 10
642 045
508 651
70 478
240 NM_002119 295

Inc-CTC1-3:1 106 N 12
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PEX-treated DCs have reduced ability to
activate autologous T cells

The functions of exo-DCs and DCs were
evaluated by measuring their capacity to induce the
proliferation of autologous CD4* and CD8* T cells.
Compared with normal DCs, exo-DCs showed
significantly less potency to stimulate autologous
CD4* (P < 0.01) and CD8+ (P < 0.01) T cells at DC:T
cell ratios = 1:10, 1:20, and 1:40 (Fig. 2).

Expression profiles of LhncRNAs and mRNAs

In exo-DCs, we detected 3,227 (3.55%)
differentially expressed IncRNAs and 924 (3.09%)
mRNAs, including 1,815 up-regulated IncRNAs and
1,412 down-regulated IncRNAs as well as 504
up-regulated mRNAs and 420 down-regulated
mRNAs (fold change > + 2, P < 0.05) (Fig. 3). The
IncRNA and mRNA expression profiles differed
significantly between exo-DCs compared with DCs
(Fig. 4, Fig. S1 and Fig. S2).

GO, KEGG, and cancer genomics analyses

GO analysis revealed differentially expressed
mRNAs involved, for example, in the positive
regulation of leukocyte chemotaxis, positive
regulation of leukocyte migration, cytokine activity,
and monocyte chemotaxis (Fig 5). Pathway analysis
revealed differentially expressed mRNAs involved,
for example, in the TNF and NOD-like receptor
signaling pathways, cytokine-cytokine receptor
interaction, the Toll-like receptor signaling pathway,

and cytosolic DNA-sensing interaction. (Fig. 5).
Cancer genomics analysis generated a network that
contains 86 nodes, including 36 seed genes (36 most
differentially expressed mRNAs) and the 50 most
frequently altered neighboring genes total = 2,158
genes) (Fig. 6).

IncRNA-mRNA coexpression network

We constructed an IncRNA-mRNA coexpression
network to identify potential interactions between
differentially expressed IncRNAs and mRNAs. The
results show that the coexpression network
comprised 3,867 connections between IncRNAs and
mRNAs (Fig. 7).

RT-qPCR validation

To further validate the results of the microarray
analysis, the top 10 differentially expressed IncRNAs
and mRNAs were analyzed using RT-qPCR in 20

healthy donors (Table S1). LncRNAs
ENST00000560647, Inc-G0S2-3:2, Inc-SPINK7-1:4,
ENST00000512538, Inc-Clorf137-1:1, Inc-ITPK1-3:1,

Inc-HSPA6-2:4, Inc-ASZ1-3:1, Inc-CXCR2-1:4,
Inc-ADIPOR2-3:1 and mRNAs WNT5A, MYOIB,
CTTNBP2, FCGR2B, LGMN, Sim2, FCGR2A,
CTTNBP2, WNT5B, CXCR2 were validated (Fig. 8,
Tables S3 and S4). The microarray data correlated well
with the RT-qPCR results.
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Figure 9. LncRNA ENST00000560647 annotations determined using the AnnoLnc program. (A) Predicted secondary structure of ENST00000560647. (B) The 60
transcription factors predicted to regulate the expression of ENST00000560647. (C) The predicted interaction of five miRNAs.

Annotation of IncRNA ENST00000560647

LncRNA ENST00000560647 was up-regulated by
approximately 6.33- to 7.16-times in exo-DCs.
According to the genes that were coexpressed with
this IncRNA, we attempted to determine if they were
enriched in functions that might provide hints that

would illuminate function. The predicted secondary
structure of IncRNA ENST00000560647 (702 bp;
chromosome 15, sequence positions 45,742,316 to
45,805,965) is shown in Fig. 9A. Its expression was
predicted to be regulated by 60 transcription factors
(Fig. 9B) and to interact with 5 miRNAs (Fig. 9C). The
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table shows the GO annotation of IncRNA
ENST00000560647. The GO annotations of biological
process and molecular function of the positive
coexpression gene sets are shown in Tables 1 and 2.

Table 1. Biological Processes (Positive Correlation).

GO Term Description P Value
GO:0018149  peptide cross-linking 2.07e-2
GO:0031424  keratinization 2.07e-2
GO:2000249  regulation of actin cytoskeleton reorganization 2.36e-2
GO:0008544  epidermis development 4.02e-2
GO:0043588  skin development 4.02e-2
GO0:0032956  regulation of actin cytoskeleton organization 4.02e-2
Table 2. Molecular Function (Positive Correlation).

GO Term  Description P Value
GO:0030506 ankyrin binding 5.45e-3
GO:0070004 cysteine-type exopeptidase activity 2.01le-2
GO:0016807 cysteine-type carboxypeptidase activity 2.01e-2
GO:0001948 glycoprotein binding 2.86e-2
GO:0030984 kininogen binding 3.61e-2

Discussion

Tumor-derived exosomes are involved in cancer
development, invasion, and metastasis [21-24].
Exosomal IncRNAs are potential biomarkers and
therapeutic targets for multiple cancers [23, 25-29].
However, few studies [12, 13] investigated the role of
PEXs in DC-meditated immune escape. The
expression profiles of IncRNAs and mRNAs of
exo-DCs are unknown.

In the present study, the expression profiles of
IncRNAs and mRNAs revealed 3,227 differentially
expressed IncRNAs and 924 differentially expressed
mRNAs, including 1,815 up-regulated IncRNAs and
1412 down-regulated IncRNAs as well as 504
up-regulated mRNAs and 420 down-regulated
mRNAs in exo-DCs. Functional annotation of mRNAs
revealed, for example, differentially expressed
mRNAs involved in positive regulation of leukocyte
chemotaxis, positive regulation of leukocyte
migration, cytokine activity, monocyte chemotaxis.
Pathway analysis revealed, for example, differentially
expressed mRNAs involved in the TNF and NOD-like
receptor signaling pathways, cytokine-cytokine
receptor interaction, Toll-like receptor signaling
pathway, and cytosolic DNA-sensing interaction.
These are critical biological processes and molecular
functions. For example, monocyte chemotaxis is a
vital biological process of DCs, and PEXs might
impair the chemotaxis of DCs and thus contribute to
DC-meditated immune escape. Moreover, TNF-o and
TLR4 expression decreased in DCs treated with PEXs
[13], and pathway analysis of the present study
supports these results.

To further explore the relationships to pancreatic
cancer among these differentially expressed mRNAs,
we performed a cancer genomics analysis, which was
based on a TCGA pancreatic adenocarcinoma dataset
comprising 186 samples and 185 patients. The results
show that the 36 most differentially expressed
mRNAs are involved in the pancreatic cancer network
and are associated with many critical mutated genes
such as TP53, KRAS, SMAD4, and CDKN2A.

To further validate the results of the microarray
analysis, the top 10 differentially expressed IncRNAs
and mRNAs in 10 healthy donors were analyzed
using RT-qPCR. The results indicated that the
microarray data correlate well with the RT-qPCR
results. Lgmn expression decreased by approximately
3-fold in PEX-treated DCs. Lgmn encodes an enzyme
that may be involved in the processing of bacterial
peptides and endogenous proteins for MHC class 1I
presentation to the lysosomal/endosomal systems.
Further, lgmn plays a critical role in endocytic
Toll-like receptor processing and signaling in DCs
[30]. This result suggests that PEXs may inhibit the
function of DCs by down-regulating the expression of
Toll-like receptor and MHC class II proteins. Further
research is required to validate this hypothesis.

LncRNA ENST00000560647 was up-regulated by
approximately 6.33- to 7.16-times in PEX-treated DCs.
However, its function is unknown. Annotation
analysis based on the AnnolLnc program, predicted
that IncRNA ENST00000560647 (702 bp; chromosome
15, nucleotides 45,742,316 to 45,805,965), is regulated
by 60 transcription factors and that it interacts with
five miRNAs. These five miRNAs are involved in
many cancers, including pancreatic cancer [31-37]. For
example, Wang et al. [34] found that miR-323-3p
expression in pancreatic cancer tissues and cell lines is
significantly decreased. Re-expression of miR-323-3p
might provide a new therapeutic target against
metastasis in patients with pancreatic cancer. Certain
IncRNAs can serve as “sponges” to titrate microRNAs
based on the competing endogenous RNA mechanism
[38, 39]. Further validation is required to establish the
relationship  between = ENST00000560647  and
miR-323-3p in pancreatic cancer.

Conclusions

In summary, to our knowledge, this is the first
study to screen and analyze the expression profiles of
IncRNAs and mRNAs of exo-DCs and reveals a set of
IncRNAs and mRNAs that were differentially
expressed. LncRNAs such as ENST00000560647 and
mRNAs such as Igmn may play critical roles in
immune escape mediated by exo-DCs. Further
investigation is required to validate the function and
relationships among these IncRNAs and mRNAs.

http://www.jcancer.org
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