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Abstract: Pancreatic ductal adenocarcinoma (PAAD) is one of the most common malignant tumors
in digestive system. To find the new therapeutic targets and explore potential mechanisms underlying
PAAD, the bioinformatics has been performed in our study. The PAAD gene expression profile
GSE28735 was chosen to analyze the differentially expressed genes (DEGs) between PAAD
carcinoma tissues and normal adjacent tissues from 45 patients with PAAD. Gene ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis were performed using
Database for Annotation, Visualization and Integrated Discovery (DAVID). Moreover, a
protein-protein interaction (PPI) network was also constructed to help us screen the top 20 hub genes
in this profile and demonstrated the underlying interactions among them. The Gene Expression
Profiling Interactive Analysis (GEPIA) was further performed in order to valid the mRNA levels of
top5 up-regulated and top5 down-regualted DEGs, apart from exploring their association with
survival rate as well as tumor stage. Finally, Q-PCR was further employed to valid the top5
up-regulated and top5 down-regulated genes in patients with PAAD. In our study, there were a total
of 444 DEGs captured (271 up-regulated genes and 173 down-regulated genes). Among these DEGs,
the top5 up-regulated genes were CEACAMS5, SLC6A14, LAMC2, GALNT5 and TSPAN1 while the
top5 down-regulated genes were GP2, CTRC, IAPP, PNLIPRP2 and PNLIPRP1. GO analysis
disclosed that the DEGs were predominantly enriched in cell adhesion, lipid metabolism, integrin
binding, proteolysis and calcium ion binding. KEGG analysis disclosed that the enriched pathway
included pancreatic secretion, protein digestion and absorption, fat digestion and absorption,
ECM-receptor interaction, focal adhesion and PI3K-Akt signaling pathway. Survival analysis
unveiled that the high expression levels of SLC6A14, GALNT5 and TSPANL1 may correlate with the
poor prognosis while high expression levels of IAPP may contribute to a better prognosis in patients
with PAAD. Additionally, the levels of CEACAM5, SLC6A14, LAMC2 and GALNT5 were also
associated with tumor stage. Furthermore, according to the connectivity degree of these DEGs, we
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selected the top20 hub genes, namely ALB, FN1, EGF, MMP9, COL1A1, COL3A1, FBN1, CXCL12,
POSTIN, BGN, VCAN, THBS2, KRT19, MET, MMP14, COL5A2, GCG, MUC1, MMP1 and CPB1,
which were expected to be promising therapeutic targets in PAAD. Collectively, our bioinformatics
analysis showed that DEGs and hub genes may be defined as new biomarkers for diagnosis and for
guiding the therapeutic strategies of PAAD.

Keywords: pancreatic ductal adenocarcinoma; biomarkers; hub genes; bioinformatics analysis

1. Introduction

The pancreas is a complex and unique digestive organ, which is composed of exocrine cells
which are responsible for the production of pancreatic juice containing essential digestive enzymes,
and endocrine cells which are implicated with synthesis, storage and secretion of insulin as well as
glucagon [1,2]. Pancreatic cancer costs countless of lives each year all over the world, having one of
the lowest survival rates among various cancers [3]. Pancreatic ductal adenocarcinoma (PAAD), one
of the main types of pancreatic cancer, is the fifth cause of cancer-related death and is particularly
aggressive and resistant to conventional and targeted therapeutic agents, giving rise to a dismal
5-year survival rate of 5% [4,5]. Currently, imageological examination and pathological biopsy are
the conventional diagnostic methods of PAAD [6]. However, the current biomarkers are of little help
in addressing diagnosis of PAAD and no specific biomarker for this disease exists [7]. Hence, the
identification of specific and sensitive biomarkers are of necessity in order to obtain accurate
diagnosis and treatment of PAAD as early as possible.

More recently, high-throughput gene microarray has been regarded as a very crucial strategy for
medical research especially in various cancers [8]. Bioinformatics analysis could help to screen and
identify the differentially expressed genes (DEGs) between normal samples (tissues or serum) as
well as pathological samples, and further explore the potential mechanisms underlying the
occurrence and development of diseases by processing high-throughput sequencing data, which has
been applied to the extensive research about carcinoma, involving early diagnosis, staging and
grading, prognosis and so on [9]. However, the application of the existing microarrys in clinical
application is greatly restricted by countless number of genes identified by gene profiling, short of
both repeatability and independent verification, apart from complex statistical analyses [10].
Therefore, to put these expression profiles applying in clinic as soon as possible, it is vital to identify
an appropriate amount of genes which could serve as biomarkers or therapeutic targets and develop a
suitable way that can be done by routine assay.

In this study, we selected the dataset GSE28735 from Gene Expression Omnibus (GEO) and
applied bioinformatics analysis to screen the DEGs in PAAD. Meanwhile, we used STRING to
construct a protein-protein interaction (PPI) network to identify the hub genes with top20 degree of
connectivity in PAAD. Moreover, the Gene ontology (GO) analysis including biological process
(BP), molecular function (MF), cellular component (CC) and KEGG pathways analysis were
performed based on DAVID. We also analyzed tumor stage and overall survival (OS) of top5
up-regulated and top5 down-regulated DEGs in PAAD. Finally, we further re-identified the mRNA
expression levels of the top5 up-regulated and top5 down-regulated DEGs by Q-PCR. Meanwhile,
we randomly selected one of the top5 up-regulated genes (TSPAN1) to observe its impact on the
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proliferation of pancreatic cancer cells. These genes are promised to act as novel biomarkers and
therapeutic targets for the diagnosis and treatment of PAAD in the near future.

2. Methods
2.1. Screening database

We searched the relevant datasets about PAAD in PubMed and the dataset GSE28735 was
finally selected out. GSE28735 is a dataset based on GPL570 platform, which contains 45 pairs of
carcinoma tissues and adjacent non-tumor pancreatic tissue from patients with PAAD. Meanwhile,
we also downloaded the raw series matrix file of the GSE28735 dataset.

2.2. Screen genes of differential expression

The analysis of DEGs between PAAD samples and normal pancreatic ductal tissues samples
was performed by using GEO2R (https://www.ncbi.nlm.nih.gov/geo/geo2r/), an online analysis
method for GEO database based on R language [11]. We regarded DEGs as differentially expressed
with logFC < -1 (down-regulated genes with the fold change of 2) or logFC > 1 (up-regulated
genes with the fold change of 2), according to a criteria described in previous research [9]. The adjust
P value < 0.05 was regarded as statistically significant, aiming to reduce the false positive rate.
Subsequently, 444 DEGs were selected out, including 271 up-regulated genes and 173
down-regulated genes. What is more, we also utilized visual hierarchical cluster analysis to get the
heatmap and volcano plot of two groups by ImageGP
(http://www.ehbio.com/ImageGP/index.php/Home/Imdex/index.html) after the correlative raw data
of TXT files was downloaded.

2.3. Gene ontology and KEGG pathway analysis of DEGs

Gene ontology (GO) analysis is in essence a common framework annotating genes and gene
products, which includes functions of cellular components (CC), biological pathways (BP) and
molecular function (MF) [12]. Kyoto Encyclopedia of Genes and Genomes (KEGG) was a collection
of databases which help to analyze genomes, biological pathways, diseases, chemical substances and
drugs [13]. The Database for Annotation, Visualization and Integrated Discovery (DAVID,
http://david.ncifcrf.gov) is an online bioinformatics database [14]. It has covered a great many
biological data and relevant analysis tools, and provide tools for the biological function annotation
information for plenty of genes or proteins. P < 0.05 was considered as the cut-off criterion with
significant difference. We could visualize the key biological processes (BP), molecular functions (CC),
cellular components (MF) and KEGG pathways of these DEGs by using DAVID online database.

2.4. ldentify sensitive biomarkers of PAAD
The Gene Expression Profiling Interactive Analysis (GEPIA), designed by Chenwei Li, Zefang
Tang, and Boxi Kang of Zhang Lab, Peking University, is a newly developed interactive web server

(http://gepia.cancer-pku.cn/index.html), in order to analyze the RNA sequencing expression data of
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9736 tumors and 8587 normal samples from the GTEx and TCGA projects in a standard processing
pipeline [15]. In our study, we employed the boxplot to visualize the mRNA expression of top5
up-regulated and top5 down-regulated DEGs in PAAD tissues and normal pancreas tissues.

2.5. The overall survival (OS) and tumor stage of the top5 upregulated and top5 downregulated DEGs

Similarly, we used the GEPIA database to get the overall survival (OS) and tumor stage
information of these DEGs. The logrank P value and hazard ratio (HR) with 95% confidence
intervals were showed on the plot. P < 0 05 was statistically significant.

2.6. Establishment of the PPI network

Search Tool for the Retrieval of Interacting Genes (STRING) is an online app for evaluating PPI
network. In order to investigate the potential correlation of DEGs, we used online app STRING to
map the DEGs, subsequently the Cytoscape software was utilized to construct a PPl network. The
confidence score > 0.4 and maximum number of interactors = 0 were set as the criterion.

2.7. Quantitative Real-time PCR (Q-PCR)

A total of 30 male patients who were diagnosed with PAAD by pathology reports in our hospital
were enrolled. The samples from patients with PAAD for the validation of these DEGs were
supported by the ethics committee in our hospital. To begin with, the paired carcinoma tissues and
adjacent tissues were isolated. Then total RNA was isolated using the TRIzol (Invitrogen, Carlsbad,
CA, USA) Kkit, the concentrations and purities of which were quantified by a ultraviolet
spectrophotometer (Synergy 4 Microplate Reader, BioTek, USA). The RNA was then reversely
transcribed according to the standard operation process [16]. The expression levels of top5
up-regulated genes and top5 down-regulated genes were normalized to GAPDH. Relative mRNA
expression levels were analyzed by 2-AAcycle threshold (CT) method.

2.8. Cell culture and MTT assay

The PAAD SW1990 cell line was obtained from Shanghai Cell Bank (Shanghai, China). The
cell line were then propagated and cultured in Dulbecco's modified Eagle's medium (DMEM,
Invitrogen, Carlsbad, CA, USA), supplemented with 10% fetal bovine serum (FBS; Sigma, St. Louis,
MO, USA), 100 pg/mL penicillin and streptomycin, in a humidified chamber at 37°C with 5% COx.
SW1990 cells in the logarithmic growth phase were seeded in 6-well plates at a density of 1.5 x 10°
cells per well the day before transfection. To knockdown TSPAN1 expression, SW1990 cells were
transiently transfected with siRNA directed against TSPAN1 (50 nM, Santa Cruz Biotechnology)
according to the protocol provided by the manufacture. Cells transfected with control (scrambled)
siRNAs (50 nM, Santa Cruz Biotechnology) served as a control.

Cell proliferation was evaluated by performing CellTiter 96° AQueus One Solution Cell
Proliferation Assay (MTS). MTS assay was carried out according to the manufacturer’s instruction.
The absorbance of each group was detected at 490 nm with the Synergy 4 Microplate Reader
(BioTek). Three independent experiments were performed for each experimental condition.
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2.9. Statistical analysis

All values were reported as means £ SD. Statistical significance was analyzed by SPSS 19.0
software. Differences were considered significant when P < 0.05.

3. Results
3.1. Identification of DEGs

In this study, a total of 45 paired carcinoma tissues and adjacent tissues from patients with
PAAD were analyzed. We applied the GEOZ2R online analysis tool with default parameters to screen
the DEGs, using adjust P value < 0.05 and logFC < —1 or logFC > 1 as the cut-off criteria. We
captured 444 DEGs including 271 up-regulated DEGs and 173 down-regulated DEGs. Subsequently,
the DEGs were presented in the form of a heatmap and a volcano plot (Figure 1A,B). In the heatmap,
the top25 up-regulated genes and top25 down-regulated genes between carcinoma tissues and
adjacent tissues were displayed. Among the 444 DEGs, the top5 up-regulated genes involved
CEACAMS5, SLC6A14, LAMC2, GALNTS5 and TSPAN1 while the top5 down-regulated genes were
GP2, CTRC, IAPP, PNLIPRP2 and PNLIPRP1. The gene tiles and biological functions of top5
up-regulated and top5 down-regulated genes were displayed in Table 1.

(A) (B)
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Figure 1. Volcano plot and heatmap of the differentially expressed genes (DEGS)
between adjacent tissues and carcinoma tissues from patients with pancreatic ductal
adenocarcinoma (PAAD). (A) Volcano plot of genes detected in PAAD green means
up-regulated DEGs. Red means down-regulated DEGs; gray means no difference. (B)
Heatmap of top 25 up-regulated DEGs and top25 down-regulated DEGs between normal
and PAAD tissues.
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Table 1. The top 5 up-regulated and down-regulated differentially expressed genes in
patients with pancreatic ductal adenocarcinoma.

DEGs Gene title Gene symbol LogFC Biological function
carcinoembryonic antigen related Cell adhesion, invasion, and
) CEACAM5 3.1812869 . o
cell adhesion molecule 5 metastasis by antibodies
. . Sodium and chloride dependent
solute carrier family 6 member 14 SLC6A14 3.075768 )
neurotransmitter transporters
Cell adhesion, differentiation,
Up-regulated laminin subunit gamma 2 LAMC2 2.9016536 migration, signaling, neurite
outgrowth and metastasis
olypeptide Cell migration and metastasis b
PolYP p GALNT5 2.7894651 g o Y
N-acetylgalactosaminyltransferase 5 antibodies
. Regulating cell development,
tetraspanin 1 TSPAN1 2.7266844 o N
activation, growth and motility.
glycoprotein 2 GP2 - 2.793808 Innate immune response
chymotrypsin C CTRC - 2.7982229 Serum calcium-decreasing factor
islet amyloid polypeptide IAPP - 2.809762 Inducing apoptotic cell-death

Down-regulated o )
pancreatic lipase related protein 2 o
PNLIPRP2 - 2.8201451 Fat digestion
(gene/pseudogene)

pancreatic lipase related protein 1 PNLIPRP1 - 3.0266571 Fatty acid decomposition

3.2. GO enrichment analysis

The results (Table 2 and Figure 2A,B) from GO term enrichment analysis varied from
expression levels and GO classification of the DEGs. By analyzing GO enrichment of these
up-regulated and down-regulated DEGs of PAAD via DAVID, we found that the up-regulated DEGs
in BP were mainly enriched in extracellular matrix organization, cell adhesion, collagen catabolic
process, extracellular matrix disassembly and skeletal system development while the down-regulated
DEGs in BP were mainly concentrated on proteolysis, digestion, lipid digestion, lipid catabolic
process and lipid metabolic process. As for CC, the up-regulated DEGs were principally enriched in
extracellular space, extracellular matrix, extracellular region, extracellular exosome and
proteinaceous extracellular matrix while the down-regulated DEGs were enriched in extracellular
space, extracellular region, extracellular exosome, platelet alpha granule lumen and endoplasmic
reticulum. Additionally, MF analysis uncovered that the up-regulated DEGs were mainly enriched in
integrin binding, extracellular matrix structural constituent, collagen binding, metalloendopeptidase
activity and calcium ion binding while the down-regulated DEGs are responsible for serine-type
endopeptidase activity, triglyceride lipase activity, lipase activity, acylglycerol lipase activity, protein
disulfide isomerase activity.

3.3. KEGG pathway analysis

To obtain a more comprehensive information regarding to the critical pathways of those
selected DEGs, KEGG pathways analysis were also performed via DAVID. The results in Table 3
and Figure 3 disclosed the most vital KEGG pathways of the down-regulated and up-regulated
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DEGs. The down-regulated DEGs were mainly enriched in pancreatic secretion, protein digestion
and absorption, fat digestion and absorption, glycerolipid metabolism and maturity onset diabetes
of the young. By contrast, the up-regulated DEGs were mainly responsible for ECM-receptor
interaction, focal adhesion, PI3K-Akt signaling pathway and protein digestion and absorption.

(A) (B)

calcium ion binding disulfide isomerase activity
metalloendopeptidase activity acylglycerol lipase activity
collagen binding lipase activity
extracellular matrix structura triglyceride lipase activity
integrin binding serine-type endopeptidase acti
proteinaceous matrix a endoplasmic reticulum
E extracellular exosome 3 platelet alpha granule lumen
g extracellular region i extracellular exosome
E extracellular matrix E extracellular region
3 extracellular space 5 extracellular space
skeletal system development lipid metabolic process
extracellular matrix disassamb lipid catabolic process
collagen catabolic process lipid digestion
cell adhesion digestion
extracellutar matrix organizat proteolysis

S I N & § N 3 s ) ®

Count Count

Figure 2. GO term enrichment analysis of up-regulated DEGs (A) and down-regulated
DEGs (B).

Protein digestion & absorption
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Figure 3. The enriched KEGG pathway in PAAD.
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Table 2. Gene ontology analysis of differentially expressed genes in PBMCs from
patients with NICM.

Expression Category Term Count P-Value Genes
GO: 0030198 ~ PXDN, COL3AL, ITGA11, ITGB4,
GOTERM_BP_ ) 17
DIRECT extracellular matrix 26 1.77 x 10~ POSTN, LAMB3, ERO1A, COMP,
organization TGFBI, COL6A3, COL8Al
NRP2, ITGA1l, ITGB4, FERMTY,
GOTERM_BP_ GO: 0007155 ~ cell 15
34 4.10 x 10~ POSTN, EDIL3, CDH3, LAMBS,
DIRECT adhesion

COMP, FAP, TGFBI, COL6A3
MMP9, COL3A1, MMP7, MMP14,

GOTERM_BP_ GO: 0030574 ~ collagen 13
15 1.27 x 10~ COL5A2, MMP12, MMP1, MMP11,

DIRECT catabolic process
CTSK, COL6A3, COL12A1
GO: 0022617 CTSK, LAMB3, LAMA3, MMP9,
GOTERM_BP_ ' CAPG, FBN1, MMP7, LAMC2,
extracellular matrix 13 4.24 « 1071
DIRECT di bl MMP14, MMP12, MMP1, MMP11,
isassem
y FN1
MATNS3, AEBP1, MMP9, COL3A1,
GOTERM_BP_  GO: 0001501 ~ skeletal .
14 4,58 x 10~ FBN1, POSTN, NPR3, COL5A2,
DIRECT system development
COMP, COL12A1, VCAN
CTHRC1, AEBP1, PXDN, MMP9,
GOTERM_CC_ GO: 0005615 ~ 5 3.44 « 10-19 MMP7, POSTN, SEMATA, FAP,
. X
U DIRECT extracellular space TGFBI, CEACAMG6, COL12A1,
p_
SEMAZ3C,
regulated
GOTERM CC GO: 0031012 PXDN, AEBP1, LTBP1, COL3A1,
~ ' _ 28 2.23x10®  MMP7, POSTN, EDIL3, MMP1, PKM,
DIRECT extracellular matrix
COMP, TGFBI, COL6A3, TGM2,
GOTERM CC GO: 0005576 NRP2, ADGRF1, LTBP1, CORIN,
- ' ) 60 2.05 x 107 MMP9, MMP7, CDCP1, MMP1,
DIRECT extracellular region
ILIRAP, TGFBI, COL12A1, ANGPT2
AEBP1, PXDN, TSPAN1, MLPH,
GOTERM_CC_ GO: 0070062 ~ 8 9.00 x 10-13 SLC44A4, MMP9, ANO1, MMP7,
. X
DIRECT extracellular exosome TSPANS, EDIL3, GPX2, PKM,
SLC2A1
GOTERM CC GO: 0005578 ~ CTHRC1, MATN3, PXDN, LTBP1,
DIREC_T ~  proteinaceous extracellular 24 1.07 x 107* MMP9, FBN1, MMP7, POSTN,
matrix COL5A2, MMP1, MMP
FBN1, COL3A1, ITGA2, TSPANS,
GOTERM_MF_ GO: 0005178 ~ integrin 8
DIRECT bindi 13 1.39 x 10~ ITGA3, EDIL3, ESM1, MMP14,
indin
g SEMATA, FAP, TGFBI, ADAMY, FN1
GOTERM MF GO: 0005201 ~ MATNS3, PXDN, BGN, COMP,
DIREC_T - extracellular matrix 11 1.70 x 1078 COL3A1, FBN1, VCAN, COL1A1,
structural constituent COL11A1, MFAP5, COL5A2

Continued on next page
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Expression Category Term Count P-Value Genes
CTSK, COMP, MMP9, TGFBI,
GOTERM_MF_ GO: 0005518 ~ collagen 8
DIRECT bindi 10 8.59 x 10~ ITGALL, ITGA2, ITGA3, ANTXR1,
indin
J FN1, ADAM9
U GOTERM ME GO: 0004222 ~ ADAMZ28, ADAMTS6, FAP, MMP9,
:Jt d DIREC_T - metalloendopeptidase 12 2.98 x 1077 MMP7, ADAMTS12, ADAM12,
regulate
J activity MMP14, MMP12, MMP1, MMP11
LTBP1, EDIL3, CDH3, MMP1, COMP,
GOTERM_MF_  GO: 0005509 ~ calcium ion 6
DIRECT bindi 27 3.09 x 10~ PLS1, THBS2, MATN3, S100A16,
indin
d S100P, FBN1, PCDH7, MMP14
GOTERM_BP_ . ; F11, CELA3A, CELA3B, CTRC, CPA2,
GO: 0006508 ~ proteolysis 9 193 x 10°
DIRECT CELA2B, CELA2A, CPA1, CTRL
GOTERM_BP_ . . 5
DIRECT GO: 0007586 ~ digestion 4 8.45 x 10~ CELAS3A, CLPS, PNLIPRP2, CTRL
GOTERM_BP_ GO: 0044241 ~ lipid 4
DIRECT digesti 3 1.39 x 10~ CEL, CLPS, PNLIPRP2
igestion
GOTERM_BP_ GO: 0016042 ~ lipid 4 206 104 CLPS, PNLIPRP1, PNLIPRP2,
. X
DIRECT catabolic process PLA2G1B
GOTERM_BP_ GO: 0006629 ~ lipid
. 3 0.019323177 CEL, CLPS, PNLIPRP1
DIRECT metabolic process
GOTERM CC GO: 0005615 F11, CELA3A, PNLIPRP1, CELA3B,
- ' 16 6.89 x 1072 PNLIPRP2, SERPINI2, CEL, ALB,
DIRECT extracellular space
IAPP, PLA2G1B
GOTERM CC GO: 0005576 F11, CEL, CLPS, PNLIPRP1,
- ' 13 2.14 x 1077 PNLIPRP2, ALB, IAPP, CTRC, GP2,
DIRECT extracellular region
Down- PLA2G1B, CPA2, CELA2B, EGF
regulated GOTERM_CC_ GO: 0070062 ~ 10 0.007042958 F11, CEL, CLPS, REG1B, ALB, AOX1,
DIRECT extracellular exosome ' GP2, KIAA1324, EGF, SERPINI2
GOTERM_CC_ GO: 0031093 ~ platelet
2 0.070015503 ALB, EGF
DIRECT alpha granule lumen
GOTERM_CC_ GO: 0005783 ~
. . 4 0.093223495 CEL, ALB, ERP27, PDIA2
DIRECT endoplasmic reticulum
GOTERM_MF_  GO: 0004252 ~ serine-type ; 012 x 107 F11, CELA3A, CELA3B, CTRC,
. X
DIRECT endopeptidase activity CELA2B, CELA2A, CTRL
GOTERM_MF_  GO: 0004806 ~ triglyceride .
. L 3 2.39 x 10~ CEL, PNLIPRP1, PNLIPRP2
DIRECT lipase activity
GOTERM_MF _ GO: 0016298 ~ lipase
2 0.012198565 CEL, PNLIPRP1
DIRECT activity
GOTERM_MF_  G0:0047372~acylglycerol
. o 2 0.013545141 CEL, PNLIPRP2
DIRECT lipase activity
GOTERM_MF_ GO:0003756~protein
2 0.029567714 ERP27, PDIA2
DIRECT disulfide isomerase activity

GO: Gene Ontology.
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Figure 4. Tumor stage of top5 up-regulated and top5 down-regulated genes. (A-J)
represents CEACAMS, SLC6A14, LAMC2, GALNTS5, TSPAN1, GP2, CTRC, IAPP,
PNLIPRP2 and PNLIPRP1. P < 0 05 was regarded statistically different.
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Figure 5. Overall survival associated with top5 up-regulated and top5 down-regulated
genes base on TCGA database via GEPIA. (A-J) represents CEACAMS5, SLC6A14,
LAMC2, GALNT5, TSPAN1, GP2, CTRC, IAPP, PNLIPRP2 and PNLIPRP1. P <0 05
was regarded statistically different.

3.4. Tumor stage and overall survival (OS)

We further analyzed the potential associations between the expression levels of top5
up-regulated genes as well as top5 down-regulated genes and the tumor stage and OS of patients

Mathematical Biosciences and Engineering \Volume 17, Issue 1, 910-927.



920

with PAAD. The results obtained from GEPIA database demonstrated that the levels of CEACAMS5,
SLC6A14, LAMC2 and GALNTS5 were also associated with tumor stage (Figure 4). To be more
specific, the expression levels of the above 4 genes in tumor stage | were significantly lower than
that in stage Il (P << 0.05).The Kaplan-Meier showed that the high expression levels of SLC6A14,
GALNTS5 and TSPAN1 may correlate with the poor prognosis while high expression levels of IAPP
may contribute to a better prognosis in patients with PAAD (P < 0.05) (Figure 5).

Table 3. KEGG pathway analysis of differentially expressed PBMCs from patients
with NICM. (KEGG: Kyoto Encyclopedia of Genes and Genomes; FDR: False
Discovery Rate.)

Category Term Count P-Value Genes
hsa04972: Pancreatic 16 CELA3A, CEL, CELA3B, PNLIPRP1, PNLIPRPZ2,
secretion 1 %2610 PLA2G1B, CPA2, CELA2B, CELA2A, CPAL, CTRL
hsa04974: Protein ; 267 x 108 CELAS3A, CELA3B, CPA2, CELAZ2B, CELA2A,
digestion and absorption CPA1, CTRL
Down-regulated sa04975: Fat digestion 5 1.53 x 107 CEL, CLPS, PNLIPRP1, PNLIPRP2, PLA2G1B

and absorption
hsa00561: Glycerolipid
metabolism
hsa04950: Maturity onset

3 0.007771843 CEL, PNLIPRP1, PNLIPRP2

] 2 0.058851896 IAPP, NR5A2
diabetes of the young

COL3AL, ITGB4, ITGA11, ITGA2, ITGAS,
15 222 x 1071 COL5A2, LAMB3, LAMA3, COMP, COL6A3,
LAMC2, COL1A1L, THBS2, COL11A1, FN1
COL3AL, MET, ITGB4, ITGA1L, ITGA2, ITGAS,
hsa04510: Focal adhesion 16 2.94 x 107 COL5A2, LAMB3, LAMA3, COMP, COL6AS3,
LAMC2, COL1AlL, THBS2, COL11A1, FN1
COL3AL, MET, ITGALL, ITGB4, ITGA2, ITGAS,

hsa04512: ECM-receptor

interaction

Up-regulated

hsa04151: PI3K-Akt 19 246 % 10°° COL5A2, LAMB3, LAMA3, COMP, COL6A3,
signaling pathway LAMC2, EFNAS5, IL2RG, COL1A1, THBS2,
ANGPT2, COL11A1, FN1
hsa04974: Protein 9 498 % 10°5 KCNN4, COL17A1, COL3AL, COL6A3, COL12A1,
digestion and absorption COL1A1, COL11A1, COL5A2, COL10A1

KEGG: Kyoto Encyclopedia of Genes and Genome.

3.5. Validation of DEGs by TCGA

To ensure the credibility of the microarray of GSE28735 and proceed further credible analysis,
we validated the top5 up-regulated genes and top5 down-regulated genes based on TCGA database
via GEPIA. The results showed that the mRNA expression levels of CEACAMDS5, SLC6A14, LAMC2,
GALNTS5 and TSPAN1 were significantly higher in carcinoma tissues compared to adjacent tissues
while the mMRNA expression level of GP2, CTRC, IAPP, PNLIPRP2 and PNLIPRP1 in carcinoma
tissues were statistically lower than the adjacent tissues (P << 0.05) (Figure 6A-J).
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Figure 6. Validation of top5 up-regulated and top5 down-regulated DEGs of PAAD
based on GEPIA. (A-E) CEACAMS5, SLC6A14, LAMC2, GALNT5 and TSPAN1 were
significantly up-regulated in carcinoma group. (F-J) GP2, CTRC, IAPP, PNLIPRP2 and
PNLIPRP1 were significantly down-regulated in carcinoma group. * P < 0.05 versus
adjacent tissues. P < 0 05 was regarded statistically different.

3.6. Re-identification of DEGs by Q-PCR

Furthermore, we re-identified the top5 up-regulated genes and top5 down-regulated genes in
patients with PAAD from our hospital via Q-PCR. Q-PCR (Figure 7A,B) showed that the mMRNA
expression levels of CEACAMS5, SLC6A14, LAMC2, GALNTS5 and TSPAN1 were significantly
higher in carcinoma tissues compared with adjacent tissues (P << 0.05). Meantime, the mRNA
expression levels of GP2, CTRC, IAPP, PNLIPRP2 and PNLIPRP1 were obviously down-regulated
in carcinoma tissues from patients with PAAD (P << 0.05).

3.7. Hub genes with top20 connectivity degree

Hub genes are considered to be the most critical genes located in the node of the network of
DEGs, which may play vital roles [17]. Applying the STRING online tool, 199 nodes with 178 PPI
relationships were established, accounting for about 89% of these selected DEGs. According to the
degree of connectivity of these DEGs, we constructed the PPl network and selected the top20 hub
genes (Figure 8A,B). The top15 hub genes with high degree of connectivity in PAAD are as follows,
ALB, FN1, EGF, MMP9, COL1A1, COL3Al, FBN1, CXCL12, POSTIN, BGN, VCAN, THBS2,
KRT19, MET, MMP14, COL5A2 GCG, MUC1, MMP1 and CPB1. The 20 hub genes could interact
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with 288 genes directly, and ALB acted as the most intensive gene which could interact with 76
up-regulated genes and 56 down-regulated genes. Intriguingly, among these hub genes, there also
displayed very strong interactions.
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Figure 7. Re-identification of top5 up-regulated and top5 down-regulated DEGs in the
samples from patients with PAAD using Q-PCR. (A) CEACAMS5, SLC6A14, LAMC?2,
GALNTS5 and TSPAN1 were significantly up-regulated in carcinoma group. (B) GP2,
CTRC, IAPP, PNLIPRP2 and PNLIPRP1 were significantly down-regulated in
carcinoma tissues. * P < 0.05 versus adjacent tissue group. P < 0 05 was regarded
statistically different.

3.8. Inhibition of TSPAN1 reduces PAAD cells proliferation

Finally, we selected 1 of the top5 up-regulated genes (TSPAN1) to observe its impact on the
proliferation of PAAD cells. To determine whether TSPAN1 blockade affects SW1990 cell
proliferation, TSPAN1 in SW1990 cells were knocked down with TSPAN1 siRNA. MTS assays
were performed to evaluate cell proliferation (Figure 9A,B). The result showed that transfection
SW1990 cells with TSPAN1 siRNA significantly inhibited the protein expression of TSPAN1 and
resulted in an obvious time-dependent reduction in cell proliferation.
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Figure 8. Protein-protein interaction (PP1) network. (A) The PPI network of top20 hub
genes. (B) The connectivity degree of top20 hub gens.
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Figure 9. Inhibition of TSPANL1 reduces PAAD cells proliferation. (A) Western blotting
analysis and quantitative data of TSPANL1 in indicated groups (n = 6). (B) Time course of
MTS assay of PAAD cell proliferation. * P < 0.05 versus control group. P < 0 05 was
regarded statistically different.
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4. Discussion

In recent years, the morbidity and mortality of PAAD have been increasing globally. Although
the early diagnosis and treatment have greatly developed, the overall survival rates and prognosis of
PAAD is still poor, suggesting that sensitive and specific biomarkers for PAAD are urgently
necessary [18]. High throughput study can develop the thorough exploration of the vital mechanisms
by which lead to PAAD [19]. In our study, we identified DEGs between 45 pairs of carcinoma tissues
and normal tissues from patients diagnosed with PAAD in the GEO database. In order to increase the
statistical power of these DEGs, we defined that the absolute value of the logarithm (base 2) fold
change (logFC) greater than 2 and a total of 444 DEGs were captured including 271 up-regulated
genes and 173 down-regulated genes. In order to have an in-depth understanding of these DEGs, we
employed GO function, KEGG pathway, PPl network and connectivity analysis of these DEGs, via
which we screened PAAD-related genes and pathways attaching great important to cancer initiation
and progression.

Our analysis screened 444 DEGs with a double fold change between carcinoma tissues and
adjacent tissues from patients with PAAD. A total of 50 DEGs involving top25 up-regulated genes and
top25 down-regulated genes were presented in the heatmap. From our perspective, these DEGs could
serve as potential candidates for the diagnosis of PAAD in near future. At presently, some of these
DEGs, in fact, have been already proved to be novel biomarkers of PAAD. For example, The
CEACAMS, also known as CD66e, could code for the protein, CEA, which was first described in 1965
as a gastrointestinal oncofetal antigen, and is now found to be increased in most human carcinomas,
such as the respiratory and genitourinary systems [20], gastrointestinal tract [21], as well as breast
cancer [22]. As for PAAD, CEACAM 5 expressions were significantly correlated with lymph node
metastasis, which gave rise to a shortened disease free survival and overall survival [23]. SLC6A14
(also known as ATBO, +) is another DEG screened by our bioinformatics analysis, which is in essence a
Na"and CI™ dependent solute transport system of the SLC6 family responsible for the active transport
of all neutral and basic amino acids [24]. Alan R. Penheiter et al. [25] found that SLC6A14 was
significantly overexpressed at the transcriptional level in patients with PAAD, the staining of which
was predominantly cytoplasmic in most resected PAAD tissues. For the reason that protein kinase C
alpha (PKCa) activation could induce an obvious translocation of SLC6A14 to the membrane and
enhance its transport activity [26], here, we speculated that the loss of blood supply caused by surgical
resection could give rise to the inhibition of signals required for membrane localization of SLC6A14.
To the best of our knowledge, our study screened the DEGs of PAAD from the angle of bioinformatics
for the first time, however, the clinical practice of these DEGs needs to be further investigated.

Meanwhile, we also screened 20 hub genes of PAAD, all of which located in the core nodes in
PPI network, indicating that these genes could be critical therapeutic targets to combat PAAD. For
example, some evidence has characterized the effects of chemokine CXCL12 and its corresponding
receptor CXCR4 in various cancers as well as their effects in local invasion and distant metastasis of
PAAD [27,28]. Recent study also disclosed that CXCL12 bound to and activated chemokine receptor
CXCRT7 [29]. Eileen L Heinrich et al. [27] found that CXCR4 and CXCR7 were frequently
co-expressed in both human pancreatic cancer cell lines and tissues in a B-arrestin-2-dependent
manner, which subsequently controlled CXCL12 signals to the MAPK pathway. Additionally,
CXCL12 also activated both canonical and non-canonical G protein coupled receptor signals in
pancreatic cancer cell lines, eventually driveing an increase in pancreatic cancer cells proliferation.
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On the other one hand, CXCL12/CXCR4 axis could also trigger sonic hedgehog expression in
pancreatic cancer cells by activating extracellular regulated kinase- and Akt kinase-mediated nuclear
factor-xB signals [28]. Finally, the protein expression of CXCL12 was also significantly correlated
with microvessel density but not significantly correlated with microlymphatic vessel density, while
CXCR4 expression was significantly associated with microlymphatic vessel density but not
significantly associated with microvessel density [30]. Our study also showed that the expression of
CXCL12 was significantly repressed in carcinoma tissues from patients with PAAD, and the
connectivity degree of CXCL12 was relatively high among all the DEGs, unveiling its importance in
the development of PAAD.

Our GO and KEGG analysis also showed that most of these DEGs were mainly enriched in
pathways implicated with pancreatic secretion, protein digestion and absorption, fat digestion and
absorption, glycerolipid metabolism and PI3K/AKkt signaling pathway. Beyond our expectation, most
abnormally expressed genes were associated with pancreatic digestive function but not the
oncogenes, suggesting that biomarkers in pancreatic juice may be more promising than those in
carcinoma tissues for the diagnosis of PAAD.

Although a majority of the identified connectivity genes have been tried as therapeutic targets,
no obvious success was obtained in pancreatic cancer. In particular, genes such as EGF, MMP9,
MUC1, MET are not actionable targets in pancreatic cancer. To allow these biomakers and targets
to be used more routinely in clinic, we need to perform further research in the future to clarify the
underlying mechanisms of these differences in PAAD.

5. Conclusion

In conclusion, we provided a comprehensive and novel analysis of gene expression profiles
patients with PAAD. The top5 down-regulated genes including GP2, CTRC, IAPP, PNLIPRP2 and
PNLIPRP1 and the top5 up-regulated genes including CEACAMS5, SLC6A14, LAMC2, GALNT5
and TSPAN1, are expected to novel biomarkers in diagnosis of PAAD. Meanwhile, we also screened
the top 20 hub genes involving ALB, FN1, EGF, MMP9, COL1Al, COL3Al, FBN1, CXCL12,
POSTIN, BGN, VCAN, THBS2, KRT19, MET, MMP14, COL5A2, GCG, MUC1, MMP1 and CPB1,
which could be potential targets of PAAD. Additionally, genes involved in pancreatic digestive
function were also significantly altered in patients with PAAD. Anyway, this analysis may offer the
powerful evidence and clues for the future genomic individualized treatment of PAAD.
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