
Abstract. – BACKGROUN: Pancreatic cancer is
the fourth most common cause of cancer-related
deaths across the globe and has a poor prognosis.

AIM:: To investigate the characteristics of ge-
nomic expression profiles of pancreatic cancer
and screen differentially expressed genes.

MATERIALS AND METHODS: Using GSE16515
dataset downloaded from GEO (Gene Expression
Omnibus) database, we first screened the differen-
tially expressed genes (DEGs) in pancreatic can-
cer by packages in R language. The key functions
of DEGs were investigated by GO (Gene Ontology)
and KEGG (Kyoto Encyclopedia of Genes and
Genomes) pathway enrichment analysis. The po-
tential functionally important SNP (Single Nu-
cleotide Polymorphism) was selected from the db-
SNP database.

RESULTS: A total of 1270 DEGs were identified.
Most of them were predicted to be involved in
pancreatic cancer development by sequence vari-
ant. Six genes (CDC42, STAT1, RALA, BCL2L1,
TGFA, and EGF) were enriched in the known pan-
creatic cancer pathway. All these six genes had
SNP, usually mutation at A/G and C/T point.

CONCLUSIONS: Our results provide some un-
derlying biomarkers for early diagnosis of pan-
creatic cancer.

Key Words:
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Introduction

Pancreatic cancer is a common gastrointestinal
malignancy, with an estimated 44,030 new cases
in 20111. Early stages of pancreatic cancer are
truly asymptomatic and the majority of patients
are diagnosed at an advanced stage. Once cancer
is diagnosed, the disease is associated with poor
prognosis. The five-year survival rate is usually
less than 5% and nearly zero in advanced
cancer2, although several anticancer regimens
have been recommended to treat pancreatic can-
cer. Therefore, it is urgently to develop fine ap-
proaches for early diagnosis of pancreatic cancer.
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Recently, the development of pancreatic can-
cer has been attributable to the over-expression
of several oncogenes (c-myc3,4 and K-ras4,5), in-
activation tumor suppressor genes (Kruppel-like
factor 66 and p537) or the deregulation of various
signaling pathway (Hedgehog8 and PI3K/Akt9).
In addition, several molecular markers have been
applied for early prediction of pancreatic tumor.
For example, CA19-9 (carbohydrate antigen
19.9) is a tumor marker that is frequently elevat-
ed in pancreatic cancer. Elevated preoperative
CA19-9 is significantly associated with lymph
node involvement, tumor ≥ 3 cm, and lack of tu-
mor differentiation10. However, any sensitive
enough and highly specific tumor markers for
early pancreatic cancer screening have not been
identified11.

Global gene-expression profiling and the use of
microarray databases have allowed simultaneous
identification of hundreds of thousands of genes
in pancreatic cancer12, which is helpful for screen-
ing more molecular biomarkers. In this study, we
aimed to investigate the characteristics of genom-
ic expression profiles of pancreatic cancer and
screen differentially expressed genes (DEGs) by
using the GSE16515 microarray data. The under-
ling functions of these crucial genes were ex-
plored by Gene Ontology (GO) term and Kyoto
Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analyses. In addition, we al-
so analyzed the single nucleotide polymorphism
(SNP) of these genes, which is beneficial to de-
veloping personalized therapeutic strategy.

Materials and Methods

Expression Profiles Related to 
Pancreatic Cancer

Expression profile of GSE1651513 was ob-
tained from a public functional genomics data
repository National Center for Biotechnology In-
formation Gene Expression Omnibus (NCBI
GEO, http://www.ncbi.nlm.nih.gov/geo/) which
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The DAVID21 was also used to identify over-
represented KEGG pathway based on hypergeo-
metric distribution. p-value < 0.05 and FDR <
0.01 were set as the threshold for the significant
pathway analysis.

SNP Screening 
The potential functionally important SNP was

selected from the dbSNP NCBI database
(http://www.ncbi.nlm.nih.gov/SNP) using pan-
creatic cancer related DEGs.

Results

Differentially Expressed Genes Analysis
Due to various reasons, such as background

and the probe design, the original microarray
data cause a great difference between the mi-
croarray data, so the data must be normalized.
After data preprocessing, gene expression pro-
file data with higher normalization was used
for DEGs analysis (Figure 1). The differentially
expressed genes were test by three statistical
tests and multiple test screening. A total of
1,380 genes were selected as DEGs with the p-
value < 0.05 and |logFC| > 1. All data are shown
in Table I.

GO Enrichment Analysis 
All DEGs were enriched into 19 functional

clusters based on the cutoff of p-value < 0.05 and
Fold Enrichment > 1. It can be seen from Figure
2, in which 1270 DEGs (accounting for more
than 92% of the total genes) were enriched in se-
quence variant.

KEGG Pathways Analysis
All genes were mapped into KEGG database.

According to the threshold of hypergeometric dis-
tribution p < 0.05 and FDR < 0.01, the DEGs were
enriched into a total of 26 pathways (Table II).
Among them, 9 pathways were associated with
cancer. Hsa05212 (pancreatic cancer pathway)
showed the minimum p value, in which five up-reg-
ulated genes (CDC42, STAT1, RALA, BCL2L1
and TGFA) and one down-regulated gene (EGF)
were involved.

Comparing With the Known SNP
We searched the known SNPs of the above 6

genes in dbSNP of NCBI (National Center for
Biotechnology Information) database. As shown
in Table III, SNP phenomenon of these genes

is based on the Affymetrix GPL570 platform data
(Affymetrix Human Genome U133A 2.0 Array).
This chip contained 52 samples, of which 36 and
16 pancreatic samples were from pancreatic can-
cer patients and normal control, respectively. In
all samples, the ratio of male to female was 17:9,
and ages were from 49 to 84.

Pre-processing of Expression Profile
The original CEL (Celestia) files and the plat-

form probe annotation information file were also
downloaded for the next step of bioinformatics
analysis. The raw data were transformed into ex-
pression values using the affy package in R lan-
guage, and then the missing part of the data was
filled14. Expression data were normalized using
the global median normalization method15.

Analysis of Differentially Expressed
Genes (DEGs) 

Significance of gene expression differences
between normal and cancer sample was tested by
using three statistical test methods: t-test,
Wilcox-test and Fisher exact-test of multtest-
package in R language16. To circumvent the mul-
ti-test problem which may induce too much false
positive results, all p-values in three methods
were adjusted into false discovery rate (FDR)
used Benjamini and Hochberg method17. Only
the genes with FDR < 0.05 and |logFC (fold
change)| > 1 were selected as DEGs.

Enrichment Analysis of Gene Function
In order to find the function enrichment of

DEGs on cell level, we used the database GO
(Gene Ontology)18 to classify the gene function
and location information. We performed GO clus-
tering analysis by cluster Profiler package19,20, then
deduced the affection of these DEGs to the cells
by cluster the cells within the molecular functions
and biological processes.

The database for annotation, visualization and
integrated discovery (DAVID)21 was used to
identify over-represented GO terms in biological
process. p-value < 0.05 and Fold Enrichment > 1
were set as the threshold for the analysis using
the hypergeometric distribution.

Pathway Analysis
In order to understand the pathways and genes

related to pancreatic cancer on the cellular level,
all DEGs were mapped into the KEGG pathway
database20,22 for the signaling pathways and genes
of pancreatic cancer.
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Figure 1. Normalized expression value data box plots. The gray boxes show 16 normal pancreatic sample; Black ones show
cancer patients samples. Black line in each box represents the median of each sample. All the black lines are almost in the
same position, which indicates high degree of standardization.

Gene t-test adj Wilcox adj Exact_test adj logFC

RBM20 0.019727 0.047474 0.000386 0.004237 3.22E-99 6.06E-96 -3.991628444
PM20D1 0.001608 0.007129 0.001788 0.010518 2.53E-99 4.93E-96 -3.958876991
GNMT 7.46E-05 0.001298 0.002417 0.012389 2.44E-113 8.88E-110 -3.940700753
TRHDE 0.000341 0.002598 0.002339 0.01217 2.13E-110 6.84E-107 -3.916501301
RBPJL 1.56E-05 0.000721 0.001937 0.01099 3.35E-105 9.15E-102 -3.760315752
ALB 0.00012 0.001533 0.004439 0.017196 1.13E-98 1.99E-95 -3.545989557
CTRL 1.51E-05 0.000712 0.005532 0.019305 1.37E-84 1.27E-81 -3.257324281
EGF 6.79E-05 0.001257 0.005677 0.019566 2.33E-75 1.72E-72 -3.118090632

Table I. Some of differentially expressed genes.

existed in humans. Most of them have been cit-
ed by PubMed, but not been confirmed by the
clinical study. 

After statistical analysis, we found that the
SNP of 6 genes focused on mutation at A/G (4/6)
and C/T (2/6) point (A, adenine; G, guanine; C,
cytosine; T, thymine).

Discussions 

In this study, we systemically investigated the
differential gene expression profiling of pancreat-
ic cancer patients and explore their possible roles

by GO and pathway enrichment analyses. The
silent results included 1270 DEGs had been iden-
tified and 6 genes of them (CDC42, STAT1,
RALA, BCL2L1, TGFA, and EGF) were in-
volved in pancreatic cancer pathway. They may
participate in pancreatic cancer development and
progression by sequence variant. These seemed
to be in accordance with the previous studies as
following:

CDC42 (cell division cycle 42), a Rho GTPase
family member, has been implicated as an impor-
tant regulator of cell transformation, prolifera-
tion, survival, invasion and metastasis of human
cancer cells23. CDC42 has been reported to be
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Figure 2. Proportion of genes from each functional cluster. The different colors indicated different functions.

Term p-value FDR

hsa05212: Pancreatic cancer 2.03E-89 2.10E-86
hsa05200: Pathways in cancer 1.81E-51 1.87E-48
hsa05220: Chronic myeloid leukemia 2.72E-34 2.82E-31
hsa05223: Non-small cell lung cancer 1.06E-25 1.10E-22
hsa05210: Colorectal cancer 1.61E-23 1.67E-20
hsa05215: Prostate cancer 5.39E-23 5.60E-20
hsa05219: Bladder cancer 6.60E-22 6.85E-19
hsa05214: Glioma 7.23E-19 7.51E-16
hsa05218: Melanoma 5.17E-18 5.37E-15
hsa04010: MAPK signaling pathway 1.11E-13 1.15E-10
hsa05213: Endometrial cancer 2.49E-13 2.58E-10
hsa05221: Acute myeloid leukemia 9.04E-13 9.39E-10
hsa05222: Small cell lung cancer 2.54E-12 2.63E-09
hsa05211: Renal cell carcinoma 7.99E-12 8.30E-09
hsa04110: Cell cycle 4.91E-09 5.10E-06
hsa04370: VEGF signaling pathway 9.48E-09 9.84E-06
hsa04662: B cell receptor signaling pathway 9.48E-09 9.84E-06
hsa04062: Chemokine signaling pathway 3.24E-08 3.36E-05
hsa04012: ErbB signaling pathway 3.59E-08 3.73E-05
hsa04722: Neurotrophin signaling pathway 6.36E-08 6.60E-05
hsa04510: Focal adhesion 7.26E-08 7.54E-05
hsa04520: Adherens junction 2.18E-07 2.27E-04
hsa04810: Regulation of actin cytoskeleton 1.34E-06 0.00139
hsa04660: T cell receptor signaling pathway 3.00E-06 0.003112
hsa04210: Apoptosis 7.72E-06 0.008009
hsa05120: Epithelial cell signaling in Helicobacter pylori infection 2.16E-05 0.022467

Table II. Pathways analysis.



overexpressed in testicular cancer24, colorectal
cancer25, lung cancer26, and breast cancer27. There
are few reports about CDC42 expression in pan-
creatic cancer. CDC42 may promotes migration
of cancer cells through �1 integrin28.

Mucin 4 (MUC4) is a transmembrane mucin,
which is aberrantly expressed in pancreatic adeno-
carcinoma with no detectable expression in the
normal pancreas. Recent study indicates that
MUC4 expression is mediated by stimulation of
STAT1 (signal transducer and activator of tran-
scription 1) expression and this effect is abrogated
by short interfering RNA-mediated inhibition of
STAT1 expression29. Unphosphorylated or serine-
phosphorylated STAT1 can act as transcription fac-
tors of MUC4, either alone by progressive binding
to different sites in the promoter or both together30.

RAL small GTPases, encoded by the RALA
and RALB genes, are members of the RAS su-
perfamily of small GTPases and can act as down-

stream effectors of RAS. RALA, but not Ralb ex-
pression has been demonstrated to promote the
tumorigenic growth of the fibrosarcoma, bladder-
and colon-cancer and pancreatic cancer cell
lines31,32. However, using a Kras-driven non-
small cell lung carcinoma mouse model, either
RALA or RALB is found to be sufficient for tu-
mor growth33.

BCL2L1 protein (also known as Bcl-XL) be-
longs to the BCL-2 protein family and play impor-
tant role in antiapoptosis. Bcl-XL is found to be
high expressed in both pancreatic cancer tissues
and cell lines34. Patients whose tumors exhibited
no, faint, or weak bcl-xL expression tended to live
longer after tumor resection (median 12 months)
than patients whose tumors exhibited moderate
bcl-XL mRNA expression (median 5 months)35.

Mice with transgenic overexpression of trans-
forming growth factor, alpha (TGFα) under con-
trol of the pancreatic Elastase promoter (Ela-Tgfa)
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Gene Cited in PubMed Clinical source Human (active)

EGF 2 0 68
BCL2L1 1 0 43
CDC42 1 0 48
RALA 0 0 47
TGFA 11 0 74
STAT1 12 0 36

Table III. 6 gene SNP search results.

Gene SNP Num Gene SNP Num

EGF G/T 1 RALA -/A/T/TAA 1
A/C 4 C/G 1
A/T 4 A/T 3
C/G 6 A/C 4 
G/T 9 G/T 6
C/T 16 C/T 15

BCL2L1 G/T 1 STAT1 A/C 2
G/T 3 A/T 3
A/C 5 G/T 5
C/G 5 C/G 5
A/G 9 C/T 10
C/T 11 A/G 11

CDC42 C/G/T 1 TGFA C/G/T 1
-/A/G/T 1 A/C/G 1

A/T 1 A/T 1
A/C/T 1 -/A/C 2
A/C 2 G/T 5
G/T 5 C/G 6
C/G 5 A/C 8
C/T 14 A/G 20
A/G 21 C/T 31

Table IV. Mutation and statistical number of each gene.
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can develop pancreatic tumors36. TGF-α is able to
promote tumor progression throughout induction
of cyclin D1-Cdk4 without increase of cyclin E or
proliferating cell nuclear antigen in ductal le-
sions37. Concomitant expression of TGFα and
KrasG12D accelerates the progression of pancreatic
intraepithelial neoplasia lesions to metastatic pan-
creatic cancer and leads to the development of
cystic papillary lesions resembling human intra-
ductal papillary mucinous neoplasms38. 

Conclusions

Present findings shed new light on the biology
of pancreatic cancer and have implications for
future research. The genes screened in this analy-
sis may serve as a genetic marker for diagnosis
of pancreatic cancer because they have SNP re-
gion. However, further clinical trials are needed
to validate our conclusions.
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