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Introduction

Pancreatic cancer is the fourth leading cause of cancer related 
deaths with an estimated 227 000 deaths reported globally per 
year.1 In the United States alone, it is estimated that 39 590 
pancreatic cancer related deaths will occur in the year 2014.2 The 
prognosis of patients with pancreatic cancer is extremely poor 
with a 5-y relative survival rate of ~6%.2,3 Chemotherapy and 
radiotherapy have not been effective in improving the survival 
rate of these patients and carbohydrate antigen 19-9 (CA19-9) 
has significant limitations as a biomarker.3-6 Thus, there is an 
urgent need for identification and evaluation of new biomarkers 
for this cancer for translation into clinical practice.

Recent advances in high-throughput technology platforms 
have enabled several Omics types of studies, which have led to 
identification of a large number of transcripts and proteins that 
are differentially expressed in pancreatic cancer tissues or cell 
lines when compared with their non-tumor counterparts. A vast 
amount of such Omics data are scattered across the literature, 
which makes it difficult for biologists to make the most effective 
use of such data in generating new hypotheses or in identifying 
candidate markers to pursue. A central repository that integrates 
information regarding molecules that have been observed to 
be differentially expressed in pancreatic cancer will accelerate 
clinical research as well as basic science. To achieve this goal, 
we had previously cataloged a list of potential biomarkers for 
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Pancreatic cancer is the fourth leading cause of cancer-related death in the world. The etiology of pancreatic cancer is 
heterogeneous with a wide range of alterations that have already been reported at the level of the genome, transcriptome, 
and proteome. The past decade has witnessed a large number of experimental studies using high-throughput technology 
platforms to identify genes whose expression at the transcript or protein levels is altered in pancreatic cancer. Based on 
expression studies, a number of molecules have also been proposed as potential biomarkers for diagnosis and prognosis 
of this deadly cancer. Currently, there are no repositories which provide an integrative view of multiple omics data sets 
from published research on pancreatic cancer. here, we describe the development of a web-based resource, Pancreatic 
Cancer database (http://www.pancreaticcancerdatabase.org), as a unified platform for pancreatic cancer research. PCd 
contains manually curated information pertaining to quantitative alterations in mirNA, mrNA, and proteins obtained 
from small-scale as well as high-throughput studies of pancreatic cancer tissues and cell lines. We believe that PCd will 
serve as an integrative platform for scientific community involved in pancreatic cancer research.
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pancreatic cancer (RNA and protein) that were overexpressed 
in pancreatic cancer.7 However, we felt that there was a need to 
make this resource more accessible to the biologists. Thus, we 
decided to develop a web-based resource to provide easy access to 
the data related to pancreatic cancer. Pancreatic Cancer Database 
(PCD) is a web-based (http://www.pancreaticcancerdatabase.
org/) compendium of molecules that are differentially expressed 
in pancreatic cancer along with the corresponding fold-change, 
citation(s) in PubMed, and details of the tumor subtype or cell 
lines used in the studies.

PCD Design and Architecture

PCD was developed using PHP (http://www.php.net) as 
an application server. MySQL (http://www.mysql.com) was 
used as the data storage system at the backend. Data in PCD 
can be queried using gene symbol, protein name, molecular 
alterations, cancer types, cell lines and experimental methods. 
To provide a quick and simple access to the information, an 
autocomplete option has been enabled in the database. The 
“browse” option can be used to navigate through the molecular 

alterations reported at RNA and protein levels alphabetically 
and miRNA levels.

For every molecule cataloged in PCD, the precise pathologic 
subtype of pancreatic cancer is annotated (e.g., invasive ductal 
adenocarcinoma). We have also documented the status of the 
cataloged molecules in chronic pancreatitis (whenever available 
from literature) since it is an inflammatory condition with 
symptoms similar to pancreatic cancer. We have also provided 
information whether these molecules are found in body fluids or 
known to be present on the plasma membrane. In order to provide 
a ready reference to the user, PubMed citations are made available 
with each data entry. External links to various resources available 
in the public domain including Human Protein Reference 
Database (HPRD),8,9 Entrez Gene,10,11 Online Mendelian 
Inheritance in Man (OMIM),12 Swiss-Prot,13 and HUGO Gene 
Nomenclature Committee (HGNC)14 have also been provided 
for all the molecules. For miRNAs, an external link to miRBase15 
is also provided. As community participation is vital for updating 
and improving a database, we have also incorporated an option 
for submitting new articles and comments to the support team. A 
screenshot of the molecule page for mesothelin, for an instance, 
is explored as shown in Figure 1.

Figure 1. A screenshot of the primary information page for mesothelin in Pancreatic Cancer database. (A) The query, browse and comments page for 
mesothelin are shown. (B) The molecule page for mesothelin with the mrNA and protein level alterations along with the cancer subtype, level of regula-
tion, experimental assay used, PubMed citation, and external links to publicly available resources.
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Annotation Strategy

PCD contains manually curated alterations reported at 
mRNA, miRNA, and protein levels from the published literature. 
Searches using keywords and Medical Subject Headings (MeSH) 
in NCBI retrieved around 5000 articles related to expression 
alterations in pancreatic cancer. These articles were then screened 
to capture molecules reported to be up or downregulated at the 
RNA, protein, and miRNA levels in pancreatic cancer tissues/
cell lines compared with the normal tissues/cell lines. A ≥2-fold 
change was used to consider a molecule as upregulated or 

downregulated in pancreatic cancer. We have not considered 
unpublished data for inclusion into PCD. The detailed criteria 
used to annotate the molecular alterations are shown in Figure 2.

mRNA Alterations

mRNA alterations were annotated from both microarray 
and non-microarray data. An mRNA molecule, identified from 
a microarray study was considered for inclusion into PCD if 
it was upregulated or downregulated by ≥2-fold in neoplastic 

Figure 2. Strategy for annotation of molecular alterations in PCd. Articles published on pancreatic cancer are screened to identify the molecules (mrNA, 
mirNA, and protein) reported to be differentially expressed by ≥2-fold in pancreatic cancer tissues/cell lines when compared with their normal counter-
parts. The screened articles are curated manually to catalog the mrNA, protein, and mirNA level alterations. information pertaining to the pancreatic 
cancer subtype, level of regulation (up or downregulation), the experimental method used, and the PubMed citation are provided for each molecule. 
The presence of the molecules in any body fluids and/or plasma membrane is also included, whenever available.
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pancreatic tissues/cell lines as compared with non-neoplastic 
pancreatic tissue/cell lines. However, if an mRNA molecule 
was reported to be over/under expressed by multiple methods, it 
was included in the database even if no fold-change information 
was available. For non-microarray data, the data was included 
if ≥2-fold change was present or if evidence at the protein level 
was present.

Protein Alterations

Both mass spectrometry and other proteomics-based studies 
were considered for curation of protein level alterations. A protein 
identified from quantitative proteomic methodologies (e.g., 
ICAT, SILAC,16 or iTRAQ17 methods) was included in PCD 
if it was reported to be up- or down- regulated by ≥2-fold in 
pancreatic cancer tissues/cell lines when compared with their 
normal counterparts. However, proteins identified using non-
quantitative proteomic methods (e.g., 2D gel electrophoresis) 
were included only if it was validated by other techniques such as 
western blot, immunohistochemistry, or ELISA.

miRNA Alterations

miRNAs have shown promise as prognostic markers for 
cancers. Their stability in body fluids and tissues make them 
as suitable markers for early detection of cancers.18 Individual 
miRNAs and miRNA signatures reported to be associated with 
pancreatic cancer have been cataloged according to the same 
criteria mentioned above.

Salient Features of PCD

All molecular level alterations reported from different studies 
are displayed on a single page, thus providing the users an easy 
access to the molecule information at a glance. The “Browse 
Page” allows visualization of the level of regulation at the mRNA, 
protein, or miRNA as a heat map. This heat map is provided for 
each molecule in the browse page. A red box indicates upregulation 
and a green box represents downregulation. A gradient scale is 
shown from red-to-green color that reflects the fold change of the 

molecules from a scale of +10 to −10, representing upregulation 
or downregulation, respectively. A mouse-over option allows 
display of the fold-change values. Upon clicking the box, the 
corresponding cancer type and level of regulation with fold-
change values along with PubMed citation are displayed. This 
feature in PCD permits the users to obtain an easy overview of 
the level of regulation of the molecules.

PCD Statistics

PCD currently contains a total of 3481 unique genes reported 
to be altered at the expression level in pancreatic cancer. Of these, 
703 genes have altered expression at both mRNA and protein 
levels, 570 genes only at the protein level, and 1982 genes only at 
the mRNA level. Apart from these, 226 miRNAs that have been 
shown to be associated with pancreatic cancer have been included 
in PCD. Table 1 provides the overall statistics of the annotations 
in PCD.

Future Outlook

PCD will be updated on a regular basis as new data become 
available in the published literature. In the future, we will also 
incorporate genomic, epigenetic, and metabolomic alterations 
in PCD. We expect PCD to ultimately become a comprehensive 
and integrate resource that will allow users to navigate through 
multiple levels of various Omics data pertaining to pancreatic 
cancer.

Conclusions

Although a few databases for pancreatic cancer research 
have recently become available, it is still difficult to explore a 
single gene of interest across different data sets/publications.19,20 
Pancreatic Cancer Database was developed with the major goal 
of providing users an integrated view of genes that are observed 
to be altered in pancreatic cancer. This centralized data portal 
should not only help design of future experiments but also 
reduce the time spent in searching for published literature by 
biologists. In addition to guiding and facilitating future studies, 
we anticipate that PCD will be invaluable to those investigating 
biomarkers and prognosis factors in pancreatic cancer. Over time, 
we anticipate that this database could become a model database 
for development of future databases on other cancers.
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Table 1. Summary of molecules in Pancreatic Cancer databases

Feature Statistics

Number of unique molecules 3481

Number of molecules with both mrNA and protein level 
expression

703

Number of molecules with only mrNA level expression 1982

Number of molecules with only protein level expression 570

Number of mirNA molecules cataloged 226

Total number of unique PubMed citations 799
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