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Abstract: Pancreatic cancer as a fatal malignant tumor is difficult in diagnosis and treatment. Effective biomarkers
are demanded in clinical practice. Up to now, there is little known about the DNA methylation signatures across the
whole genome scale in pancreatic cancer. In this study, comparison of differential mathylation sites was performed
between pancreatic cancer tissues and pericarcinous tissues using Infinium Human Methylation 450 Beadchips. A
total of 24,417 CpG sites representing 9,589 genes were identified between two cohorts. Of the 24,417 CpG sites,
14,721 (60%, 14,721 of 24,417) CpG sites were hypomethylated and 9,705 (40%, 9,705 of 24,417) CpG sites were
hypermethylated. GO (Gene Ontology) and KEGG analysis were implemented to systematically characterize the
significant differential methylated genes between pancreatic cancer tissues and pericarcinous tissues. In addition,
we further screened 51 genes with aberrant methylation, which were the most likely candidate methylation markers
within the scale of global differential methylation profiling. GO and KEGG analysis indicated these genes owning a
wide range of functions. The identification of differential methylated genes in this study provides information valu-

able to the in-depth study of pancreatic cancer.

Keywords: Pancreatic cancer, DNA methylation, CpG sites, KEGG, GO

Introduction

The estimated incidence of pancreatic cancer
in the United States was 37,700 cases, and an
estimated 34,300 patients died from the dis-
ease in 2008 [1]. The overall 5-year survival
rate among patients with pancreatic cancer is
<5% [2]. Pancreatic cancer is more common in
elderly persons than in younger persons, and
less than 20% of patients present with local-
ized, potentially curable tumors. Several envi-
ronmental factors have been implicated, but
evidence of a causative role exists only for
tobacco use. The risk of pancreatic cancer in
smokers is 2.5 to 3.6 times that in nonsmokers
[3]. Some studies have shown an increased
incidence of pancreatic cancer among patients
with a history of diabetes or chronic pancreati-
tis, and there is also evidence that chronic cir-
rhosis, a high-fat, high-cholesterol diet, and
previous cholecystectomy are associated with
an increased incidence [4, 5]. More recently, an
increased risk has been observed among
patients with blood type A, B, or AB as com-

pared with blood type O [6]. In some patients,
pancreatic cancer develops as part of a well
defined cancer-predisposing syndrome for
which germ-line genetic alterations are known.
In addition, in some families with an increased
risk of pancreatic cancer, a genetic rather than
an environmental cause is suspected [7].

Epigenetics is defined as the study of mitotically
or meiotically heritable variations in gene func-
tion that cannot be explained by changes in
DNA sequence [8]. Recently, attention to its
role in pancreatic cancer has recently increased.
DNA methylation has gained much recent inter-
est for its role in cancer biology. Aberrant pat-
terns of DNA methylation are known to be asso-
ciated with carcinogenesis and to affect the
regulation of genome stability and gene tran-
scription [9]. Genome wide studies of CpG
islands have uncovered thousands of loci where
differential methylation can segregate pancre-
atic tumor tissue from normal tissue [10, 11].
Despite this progress, the combination research
of changes in DNA methylation in pancreatic
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cancer tissues, pericarcinous tissues remains
unexplored.

In this study, we have employed a global meth-
ylation profiling platform in this work to compre-
hensively survey a large scale of CpG sites in
pancreatic cancer genome. We compared the
DNA methylation profiles of the pancreatic
tumors and pericarcinous tissues in order to
unravel methylation markers for diagnostic pur-
poses. The results suggested that 24,417 CpG
sites representing 9,589 genes were detected,
among which, 14,721 (60%, 14,721 of 24,417)
CpG sites were hypomethylated and 9,705
(40%, 9,705 of 24,417) CpG sites were hyper-
methylated. We then performed GO (Gene
Ontology) and KEGG analysis to systematically
characterize the differential methylated genes
between pancreatic cancer tissues and peri-
carcinous tissues. In addition, we further
screened 51 genes with aberrant methylation,
which were the most likely candidate methyla-
tion markers within the scale of global differen-
tial methylation. GO and KEGG analysis indicat-
ed these genes owning a wide range of
functions.

Materials and methods

Subjects and haematoxylin eosin (H&E) stain-
ing

Six patients with pancreatic cancer (2 males
and 4 females, mean age: 58.83+14.95 vy),
without radiation, chemotherapy and immuno-
therapy treatment, were recruited from General
Hospital of PLA in China. The diagnosis of pan-
creatic cancer was made by at least two experi-
enced oncologists. Sample collection accorded
to the following criterions: 1) the minimum
diameter of tumor was greater than 2 cm.
Meanwhile, pancreatic cancer was identified by
haematoxylin and eosin (H&E) staining and the
ratio of cancer cells in the whole cells section
was over 80%. 2) Tissue adjacent to cancer
was collected as far as possible from the can-
cer tissue in order to avoid the mistake sam-
pling. Pancreatic cancer tissue and tissue adja-
cent to cancer of each patient were collected
and stored in liquid nitrogen immediately for
DNA extraction and staining. All specimens
were subjected to autolysis for 4 to 8 h and
then snap-frozen at -80°C until use in analysis.
DNA was extracted from 25 mg samples of the
tissue specimens using the QlIAamp DNA Mini
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Kit (Qiagen) according to the manufacturer’s
instructions. The DNA yield and purity were de-
termined spectrophotometrically (NanoDrop®
ND1000; Thermo Fisher Scientific Inc., Wal-
tham, MA, USA) and by gel electrophoresis,
respectively. DNA of sample was stored at
-20°C for further study. Haematoxylin Eosin
(H&E) staining were prepared according to the
method of [12, 13]. Samples were fixed in 10%
buffered formalin, and embedded in paraffin.
Three to five micrometer thick sections were
stained with hematoxylin (Sigma H 3136) for
10 min and with eosin (Sigma E 4382) for 1 min
to establish the diagnosis areas. The Research
Ethics Committee of General Hospital of PLA
approved the collection of tissue samples for
research. Written informed consent was
obtained from individuals in order to collect the
tissues during surgery.

DNA methylation methods

Bisulfite conversion of 500 ng genomic DNA
was performed using the EZ DNA methylation
Kit (Zymo Research). DNA methylation level was
assessed according to the manufacturer’s
instructions using Infinium-HumanMethyla-
tion450 Beadchips (lllumina Inc.). The technical
schemes, the accuracy, and the high reproduc-
ibility of this array have been described in previ-
ous papers [14]. Quantitative measurements of
DNA methylation were determined for 485,577
CpG dinucleotides, which covered 99% of the
RefSeq genes and were distributed across the
whole gene regions, including promoter, gene
body, and 30-untranslated regions (UTRs). They
also covered 96% of CGls from the UCSC data-
base with additional coverage in CGl shores
(0-2 kb from CGl) and CGl shelves (2-4 kb from
CGl). Detailed information on the contents of
the array is available in the Infinium Hu-
manMethylation450 User Guide and Human-
Methylation450 manifest (www.illumina.com)
and in recent papers [15]. DNA methylation
data were analyzed with the methylation analy-
sis module within the BeadStudio software
(Mlumina Inc.). DNA methylation status of the
CpG sites was calculated as the ratio of the sig-
nal from a methylated probe relative to the sum
of both methylated and unmethylated probes.
This value, known as b, ranges from O (com-
pletely unmethylated) to 1 (fully methylated).
For intra-chip normalization of probe intensi-
ties, colored balance and background correc-
tions in every set of ten samples from the same
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Table 1. Haematoxylin and eosin (H&E) staining
analysis of pancreatic cancer tissue and tissue
adjacent to cancer of six patients

Haematoxylin Eosin (H&E) staining

analysis

Patients Age - - -
B (Pericarcinous  C (Pancreatic

tissue) cancer tissue)
Patient 1 (F) 74 B1 (&) C1(&)
Patient 2 (M) 36 B2 (*) C2 (&)
Patient 3 (M) 66 B3 (&) C3 (&)
Patient 4 (F) 60 B4 (*) C4 (&)
Patient5 (F) 46 B5 (&) C5 (&)
Patient 6 (F) 71 B6 (&) C6 (&)

Note: F means female, M means male. &represents
qualified sample, *represents unqualified samples.

chip were performed using internal control
probes. X chromosome CpG sites in the CGls in
the AR gene in this array as well as the internal
control probes were checked to validate the
DNA methylation measurements.

Statistical methods

Surrogate variable analysis was used to identify
CpG loci showing significant differences in DNA
methylation between pancreatic cancer tissues
and pericarcinous tissues [16]. This analysis is
useful in clinical studies, where a large number
of clinical variables, including known and
unknown factors, have a complicated joint
impact on microarray data, as applied in previ-
ous studies [17]. A false discovery rate (FDR)
correction was applied at the 0.05 level for mul-
tiple testing. A paired t-test was used to assess
the significance of DNA methylation differences
between pancreatic cancer tissue and tissue
adjacent to cancer. p values <0.01 were con-
sidered significant differential methylation of
DNA methylation differences between two
groups.

Bioinformatics

The biological processes, molecular functions,
and cellular components of the identified differ-
entially methylated genes were examined by
using the KOBAS software to perform gene
ontology (GO) annotation (http://kobas.cbi.pku.
edu.cn/home.do) [18]. GO enrichment analysis
of differentially methylated genes was imple-
mented by GORILLA (http://cbl-gorilla.cs.tech-
nion.ac.il/) [19], in which gene length bias was
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corrected. GO terms with corrected p-value
less than 10* were considered significantly
enriched by differential methylated genes.
KEGG is a database resource for understand-
ing high-level functions and utilities of the bio-
logical system, such as the cell, the organism
and the ecosystem, from molecular-level infor-
mation, especially large-scale molecular datas-
ets generated by genome sequencing and other
high-through put experimental technologies
(http://www.genome.jp/kegg/). We used KOBA-
S software to test the statistical enrichment
of differential methylated genes in KEGG
pathways.

Results
Histopathologic features

For each patient, one pancreatic cancer tissue
and one pericarcinous tissue were collected
respectively. Twelve tissues, including six pan-
creatic cancer tissues and six pericarcinous tis-
sues, were gathered from six patients accord-
ing our rigorous set of criteria as described in
method section (Table 1). Then all of the tis-
sues were implemented haematoxylin and
eosin (H&E) staining to test the accurate rate of
sampling, the results indicated that pericarci-
nous tissues of patients 2 and patients 4 can-
not reach the standers that we set were exclud-
ed from this study. Figure 1 showed two exam-
ples of pancreatic cancer tissues and two peri-
carcinous tissues after Haematoxylin Eosin
(H&E) staining using optical microscope with
different maghnification. The islands of tumor
cells were surrounded by an abundant muci-
nous stroma with separation of the tumor cells
from the surrounding stroma (clefting). Pro-
minent increased vascularity was also noted,
as well as solar elastosis and variable amounts
of predominantly mononuclear inflammatory
cells with scattered neutrophils.

Diagnostic differences in DNA methylation
between pancreatic cancer tissues with peri-
carcinous tissues

DNA methylation levels were compared be-
tween six pancreatic cancer tissues with four
pericarcinous tissues control subjects using
Infinium HumanMethylation450 Bead Chips. Of
485,577 CpG sites, significant diagnostic dif-
ferences in DNA methylation were observed at
24,417 CpG sites representing 9,589 genes at
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Figure 1. Aa. Pericarcinous tissue with 100 times magnification. Ab. Pericarcinous tissue with 200 times magni-
fication. Ba. Pancreatic cancer tissue with 100 times magnification. Bb. Pancreatic cancer tissue with 200 times

maghnification.

FDR 5% correction (Figure 2). Of 24,417 CpG
sites with significant diagnostic differences in
DNA methylation, 14,721 (60%, 14,721 of
24,417) CpG sites were hypomethylated and
9,705 (40%, 9,705 of 24,417) CpG sites were
hypermethylated. Functional distribution of
9,705 hypermethylated CpG sites suggested
that 42% of these sites were located in promot-
er regions, 37% of these sites were located in
gene bodies, 16% of these sites were located in
intergenic regions and 5% of these sites were
located in the 3’-untranslated regions (UTRs).
Furthermore, sublocation analysis of 4032 CpG
sites in promoter region with hypermethylated
indicated that 35% of these sites were located
in regions from -200 to -1,500 nt upstream of
the transcription start site (TSS1500), 26% of
these sites were located in regions from -200
nt upstream to the TSS itself (TSS200), 24% of
these sites were located in 1st Exon regions
and 15% of these sites were located in the
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5-untranslated regions (UTRs). These hyper-
methylated CpG sites were mostly located in
gene bodies and promoter regions. Meanwhile,
Functional distribution of 14,721 hypomethyl-
ated CpG sites suggested that 22% of these
sites were located in promoter regions, 39% of
these sites were located in gene bodies, 35% of
these sites were located in intergenic regions
and 4% of these sites were located in 3'UTR
regions. Furthermore, sublocation analysis of
14,721 hypomethylated CpG sites in promoter
regions indicated that 50% of these sites were
located in TSS1500 regions, 16% of these sites
were located in TSS200 regions, 13% of these
sites were located in 1st Exon regions and 21%
of these sites were located in 5’UTR regions.
These hypomethylated CpG sites were mostly
located in gene bodies, promoter regions and
intergenic regions. The results above seem to
be conflictive with the previous studies, which
showed that gene promoter areas of actively
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Figure 2. Graphic illustration of functional distribution and differential methyl-

ated CpG sites identified in this study.

transcribed genes are largely unmethylated so
as to be accessible to transcription factors.
Based on the research object, we speculated
that lots of transcription factor must be modi-
fied and detained from transcription so that
they can adapt to the cellular abnormalities as
cancer.

Because the 24,417 methylated CpG sites cor-
responded to 9,589 genes, some of the methyl-
ated genes must contain more than one meth-
ylated site. Further analysis showed that among
the 9,589 methylated genes, 5685 (59%) pos-
sessed only one methylated site, 2133 (22%)
contained two methylated sites, and 1771
(18%) contained three or more methylated sites
(Figure 3). In particular, one methylated gene
(PTPRN2, ENSGO0000155093) with protein
tyrosine phosphatase possessed 73 methylat-
ed sites. The MAD1 mitotic arrest deficient-like
1 (yeast) (MAD1L1, ENSGO0000002822), ade-
nosine deaminase (ADARB2, ENSGO000018-
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Sublocation of 3265
Hypomethylated Promoter loci

5736) and tenascin XB (TN-
XB, ENSG0O0000231608) all
possessed over 30 methyl-

24417 loci

Hypermethylated

ated sites.

FAR e Gene ontology (GO) and
KEGG pathway analysis
of differential methylated
genes

Sublocation of 4032
Hypermethylated Promoter loci

In order to improve the credi-
bility of this research, the
genes with counts of methyl-
ation sites were equal or
greater than three were se-
lected to perform intensive
study. After such screening,
1771 genes with more than
three counts of differential
methylated CpG sites were
harvested. GO terms were
further assigned to Homo
sapiens differential methyl-
ated genes based on their
sequence similarities to kno-
wn proteins in the UniProt
database annotated with GO
terms as well as InterPro and
Pfam domains they contain.
GO annotation of all 1771 dif-
ferentially methylated genes
was implemented by KOBAS
software (http://kobas.cbi.pku.edu.cn/home.
do) and GORILLA (http://cbl-gorilla.cs.technion.
ac.il/) was performed to GO enrichment, in
which gene length bias was corrected. GO
terms with corrected p-value less than 10+
were considered significantly enriched (Figure
4). Biological processes, cellular components,
and molecular functions are shown in Figure 4.
From the perspective of biological processes,
there are 430 GO terms were assigned under
this catalogues. Among these terms, homophil-
ic cell adhesion via plasma membrane adhe-
sion molecules (GO: 0007156, p value: 3.65E-
13), cell morphogenesis involved in differentia-
tion (GO: 0000904, p value: 1.29E-06) and cell
adhesion (GO: 0007155, p value: 1.07E-0O6)
were the top three significantly enriched terms.
From the cellular component perspective, there
are 103 GO terms were assigned under this
catalogues. Among these terms, cell projection
(GO: 0042995, p value: 5.75E-07) was the top
significantly enriched terms. From the molecu-
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1771 differential methylated genes.
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“biological processes (BP)”, “mo-
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components (CC)”. Hypergeometric
statistical test methods were used for
analysis, and the significance level of
enrichment was set at p value <10*.
Black solid lines symbolize the con-
nections between enriched terms.
The boxes contain GO functional po-
sitioning that is equivalent to the sig-
nificant GO terms.

lar function perspective, there are 135 GO
terms were assigned under this catalogues.
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molecular_function

Among these terms, calci-
um ion binding (GO: 00-
055009, p value: 4.63E-06)
and were the top signi-
ficantly over-represented
terms.

In vivo, various biological
functions were implement-
ed by cooperation of differ-
ent genes. Pathways en-
richment analysis can give
some clues to the bio-
chemical and signal trans-
duction pathways that dif-
ferential expression genes
may participate in. KEGG is
a database resource for un-
derstanding high-level fun-
ctions and utilities of the
biological system, such
as the cell, the organism
and the ecosystem, from
molecular level informati-
on, especially large-scale
molecular datasets gener-
ated by genome sequenc-
ing and other high through-
put experimental technolo-
gies (http://www.genome.
jp/kegg/). We used KOBAS

software to test the statistical enrichment of
differential methylated genes in KEGG path-
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Figure 5. KEGG enrichment analysis of all the 1771 differential methylated
genes identified in this study. The significance level of enrichment was set at

p value <0.01.

ways [20]. In this study, 1771 differential meth-
ylated genes involve 261 pathways. Figure 5
shows the results of pathways enrichment, it
clearly display that phosphatidylinositol signal-
ing system were the top enriched term. 22 dif-
ferential methylated genes that identified in our
study participate in this pathway. Moreover, it is
worth noting that arrhythmogenic right ventric-
ular cardiomyopathy (ARVC), oxytocin signaling
pathway, ascorbate and aldarate metabolism
and Focal adhesion were also significant
enriched in this study. The pathways mentioned
above were adopted with the function that can-
cer played.

Candidate genes regulated by aberrant DNA
methylation

To pinpoint the candidate genes regulated by
aberrant DNA methylation in pancreatic cancer,
we focused on the genes of discordant catego-
ries in Figure 6. Genes with count of methyla-
tion was equal or greater than 13 were selected
to perform further study (p value <0.05). After
such screening, 51 genes with equal or more
than 13 counts of methylated sites were har-
vested. Functional descriptions of these genes
suggested they owned a wide range. For exam-
ple, PTPRN2 gene as the most significant meth-
ylated item possessed 73 methylated CpG
sites, which was identified as protein tyrosine
phosphatase, MAD1L1 gene as the second sig-
nificant methylated item possessed 42 methyl-
ated CpG sites, which was identified as MAD1
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mitotic arrest deficient-like
1. GO analysis of these 51
genes revealed function po-
sitioning from three different
viewpoints (Figure 7). From
the perspective of biological
processes, homophilic cell
adhesion via plasma mem-
brane adhesion molecules
(GO: 0007156, p value:
1.27E-08), cell-cell adhesion
via plasma-membrane adhe-
sion molecules (GO: 0098-
742, p value: 1.34E-07) and
nervous system develop-
ment (GO: 0007399, p value:
0.026) were the top three
significantly enriched terms.
From the cellular component
perspective, intrinsic compo-
nent of membrane (GO: 00-
31224, p value: 0.063) was the top significantly
enriched terms. From the molecular function
perspective, calciumion binding (GO: 0005509,
p value: 0.00011) and protein kinase A cata-
lytic subunit binding (GO: 0034236, p value:
0.038) was the top two significantly enriched
terms. Meanwhile, KEGG analysis indicated
that Insulin signaling pathway (hsa04910, p
value: 0.01), Circadian entrainment (hsa04713,
p value: 0.036) and Platelet activation (hsa-
04611, p value: 0.06) were the most enriched
in this study.

Discussion

Feinberg and Vogelstein were the first to asso-
ciate differences in DNA methylation status to
cancer in the early 80’ of the previous century
[24]. Since then, it has been an explosion of
research regarding aberrant DNA methylation
of various diseases. Recently developed
genome scale methods for mapping DNA meth-
ylation across whole genomes have resulted in
translation of basic discoveries. Therefore,
aberrant methylation of genes which were
associated with diseases, including types of
cancer, Prader-Willi, Angelman and so on, were
introduced into routine clinical application.

In this study, genome-wide DNA methylation
profiling was conducted in pancreatic cancer
tissues and pericarcinous tissues (six pancre-
atic cancer tissues and four pericarcinous tis-
sues) using Infinium HumanMethylation450
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Beadchips. DNA methylation is associated with
genotypic variants [22]; sampling from pancre-
atic cancer tissues and pericarcinous tissues
of one patient is a useful method for investigat-
ing DNA methylation differences between dis-
ease phenotypes without the influence of
genetic discordance. In fact, this approach has
been applied successfully to identify epigenetic
differences in non-small cell lung cancer [23],
colorectal carcinoma [24] and hepatocellular
carcinoma [25]. In this study, a total of 24,417
differentially methylated CpG sites (5%, of
485,577 CpG sites,) corresponding 9,589
genes that were identified between the two
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cohorts. Of 24,417 CpG sites with significant
diagnostic differences in DNA methylation,
14,721 (60%, 14,721 of 24,417) CpG sites
were hypomethylated and 9,705 (40%, 9,705 of
24,417) CpG sites were hypermethylated.
Functional distribution of 9,705 hypermethyl-
ated CpG sites suggested that 42% of these
sites were located in promoter regions, 37% of
these sites were located in gene bodies.
Meanwhile, Functional distribution of 14,721
hypomethylated CpG sites suggested that 22%
of these sites were located in promoter regions,
39% of these sites were located in gene bod-
ies. The results mentioned above indicated

Int J Clin Exp Pathol 2016;9(5):5004-5014
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that hypomethylated CpG sites seem to be
more prevalent in the whole genome. On the
contrary, hypermethylated CpG sites can be
more easily indentified in promoter regions. As
shown in Figure 2, aberrant DNA methylation in
pancreatic cancer was mostly observed at CpG
sites in the gene bodies and promoter regions.
The present study demonstrated that altered
DNA methylation in pancreatic cancer tissues
occurred at CpG sites not only in the CGls but
also in CGl shores and CGI shelves. This is con-
sistent with previous research that is methyla-
tion of these regions can represses transcrip-
tion. For example, Irizarry et al. demonstrated
that altered DNA methylation in cancer occurred
in CGl shores rather than in the CGls, and DNA
methylation changes in CGl shores were strong-
ly related to gene expression [26]. In addition,
we had noticed that numerous differential CpG
sites were located in gene bodies. It is still
unknown about the mechanism that how these
differential CpG sites can have impact on gene
functions. Shann et al. demonstrated the cor-
relation between intragenic hypomethylation
and gene silencing in cancer cell lines [27], and
Ball et al. demonstrated that gene body DNA
methylation in highly expressed genes is a con-
sistent phenomenon in human cells [28].
Recently, it became apparent that CGls in gene
bodies act as alternative promoters [29, 30]
and that tissue-specific or cell type-specific CGlI
methylation is prevalent in gene bodies [30,
31]. GO enrichment analysis suggested that
significant function differences were identified
between pancreatic cancer tissues with peri-
carcinous tissues. Moreover, KEGG analysis
indicated several important pathways can be
retrieved in this study. For example, previous
studies suggested that phosphatidylinositol
3-kinases in the most enriched item of phos-
phatidylinositol signaling system (hsa04070)
play important role PISBK/Akt/mTOR signaling
pathway, which has impact on proliferation and
activation of tumor cell [32, 33], and this path-
way is becoming to research highlights of tar-
geted drug. Moreover, we have noticed that
focal adhesion kinase (FAK) which belongs to
Focal adhesion (hsa04510) pathway. FAK is a
focal adhesion-associated protein kinase
involved in cellular adhesion (how cells stick to
each other and their surroundings) and spread-
ing processes (how cells move around) [34]. It
has been shown that when FAK was blocked,
breast cancer cells became less metastatic
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due to decreased mobility [35]. FAK is phos-
phorylated in response to integrin engagement,
growth factor stimulation, and the action of
mitogenic neuropeptides [36, 37].

There are several limitations to the present
study. First, the sample size was not large.
Replication studies will be needed in larger
samples. Second, the analyzed CpG sites were
limited in number, although the 450 K microar-
ray is one of the most powerful and cost-effec-
tive tools currently available for assessing
methylation changes. Third, it is not possible to
differentiate methylation from 5-hydroxymeth-
ylation of cytosine, which also plays a critical
role in gene regulation [38]. In summary, aber-
rant DNA methylation in pancreatic cancer tis-
sues was identified at numerous CpG sites
across the whole genome in using two indepen-
dent sets of samples. Of the differently methyl-
ated CpG sites in the CGls, most of them were
located in the promoter regions. These findings
support the hypothesis that altered DNA meth-
ylation could be involved in the pathophysiology
of pancreatic cancer. In this study, we analyzed
the genome-wide DNA methylation profiles of
human somatic tissues. Although the number
of analyzed individuals was limited, the analy-
sis was sufficient to provide DNA methylation
distribution patterns across different genomic
regions that were largely in agreement with pat-
terns previously observed by previous studies.
The methylome data alone was sufficient for
correctly distinguishing between all the ten tis-
sues studied, collectively demonstrating that
tissues are characterized by distinctive methyl-
ation patterns that reflect their tissue-specific
functions. Our study provoked the question, of
how differential methylated CpG sites mecha-
nistically contribute to the gene functions,
especially for the numerous methylation
regions that were found in gene body areas. In
addition, it remains unclear, however, how the
gene body differential methylated CpG sites
may function as regulators of gene expression,
and this question should be addressed in the
future epigenetic studies.

Conclusion

Previous studies have demonstrated that DNA
methylation play important roles in the regula-
tion of developmental processes of several
types cancers. In this study, a total of 24,417
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CpG sites representing 9,589 genes that were
common between these two cohorts were iden-
tified. Of the 24,417 CpG sites, 14,721 (60%,
14,721 of 24,417) CpG sites were hypomethyl-
ated and 9,705 (40%, 9,705 of 24,417) CpG
sites were hypermethylated. Then GO (Gene
Ontology) and KEGG analysis were implement-
ed to systematically characterize the significant
differential methylated genes between pancre-
atic cancer tissues and pericarcinous tissues.
In addition, we further screened 51 genes with
aberrant methylation, which were the most like-
ly candidate methylation markers within the
scale of global differential methylation profiling.
GO and KEGG analysis indicated these genes
owning a wide range of functions. The identifi-
cation of differential methylated genes in this
study provides information valuable to the in-
depth study of pancreatic cancer. Moreover,
the results of this study will not only further our
understanding of the differential methylated
genes, but will also help to enhance methylome
studies of pancreatic cancer.
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