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Abstract
The 94% death rate of pancreatic ductal adenocarcinoma indicates that current histopathological analyses and treatments do not adequately address 
the disease and thus in critical need of novel/additional treatment options for the different subsets of pancreatic cancer, the deadliest of all cancers. 
This is due to the inherent limitations of existing current practices. With its wide molecular heterogeneity and subsets, to analyze pancreatic ductal 
adenocarcinoma (PDAC), we need advanced technologies and know the clinicopathological characteristics of the genes and proteins in the tumors. 
Towards this, use of key genes/proteins as novel biomarkers and/or targets is an attractive alternative. Studying the various genes involved and their 
interactions offer a wealth of additional/novel information on the various genes, their pathways, and their impact on prognosis and treatment. The 
clinical relevance and significance of four key pancreatic cancer genes are analyzed and they are found to be potential targets for clinical practice.
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Introduction
With 466,000 deaths out of 496,000 cases (94%) worldwide, 
[1], pancreatic cancer needs urgent novel/additional techniques 
to diagnose and treat it. Both incidence and death rates are 
higher in high income countries, such as Europe, Northern 
America, Australia and New Zealand, due to obesity, diabetes, 
etc. Considering that the disease is either stable or slightly 
increasing, while breast cancer death rates are decreasing, it has 
been projected that pancreatic cancer will surpass breast cancer 
as the 3rd leading cause of cancer death by 2025 [1]. The 5-year 
survival rate is also only about 6% [2,3]. Pathology is one of the 
avenues to improve this, by using state-of-the art techniques, such 
as proteomics/genomics. 

The difference between the normal and pathological, between a 
healthy and a malignant cancerous cell, arise from a variety of 
subtle causes [4]. It would seem reasonable to use these sensitivities 
and subtleties to characterize cancer tumors, and understand 
their basis, mechanisms that operate at the molecular and sub 
molecular levels. Using Genomics and Proteomics studies, it is 
possible to obtain the gene/protein profiles, and their interactions 
and pathways, and these techniques must be utilized to treat 21st 
century pancreatic cancers. 

Molecular/protein analysis could improve outcomes with current 
treatments and accelerate therapeutic development through better 
biopsy techniques and analyses. Genomic and proteomic analysis 
could potentially enrich for therapeutic vulnerabilities and require 
proper clinical assessments. Study of protein-protein interactions 
of a cell/tissue is an attractive alternative to address the various 
subsets of pancreatic cancer. The current pathology methods do 
not address the various genomic subsets of the most common 
type (over 90%) of pancreatic ductal adenocarcinoma (PDAC) [5]. 
The mutational landscape of PDAC is highly heterogeneous [6, 
7]. The diversity and complexity of somatic mutational processes 
underlying carcinogenesis could be revealed through mutational 
patterns observed in cancer proteomics and genomes. Elucidating 
underlying mutational processes using gene/protein studies will 
advance our standing of pancreatic cancer etiology with potential 
implications for better pathology and treatment. Towards this, the 
interactions of the four key genes of pancreatic are analyzed in 
this research for better outcomes to the patients.

Analysis of the four key genes
Table 1 shows the genetic profile of pancreatic carcinoma [8]. Out 
of these, the four key genes that are muted in most pancreatic 
cancers include Kirsten rat sarcoma viral oncogene (KRAS), 
tumor protein P53 (TP53), cyclin-dependent kinase inhibitor 2A 
(CDKN2A/p16), and Mothers against Decapentaplegic Homolog 
4 (SMAD4) [3, 8, 9]. The frequency of their mutations is 95%, 
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>90%, 75%, and 55% respectively [8,9]. Knowing the genes more 
frequently mutated in a cancer can have direct clinical impact; 

thus, it is of practical interest to study the interactions of these 
genes.

Figure 1 shows the interactions of these genes [10]. The number of lines indicate the strength of the intractions: the higher the number between proteins, the stronger 
the interactions. There are strong interactions between CDKN2A and the other 3 genes; the weakest link is between KRAS and P53, while the interaction is moderate 
between P53 and SMAD4. Table 2 shows list of gene ontology (GO) enrichment of biological process, molecular function, and cellular component. Table 3 shows the 
list of various pathways.

Figure 1: Interaction of the four pancreatic cancer proteins.

Table 1: Genetic Profile of Pancreatic Carcinoma [8].

Gene Gene locations % Frequency

Oncogenes

KRAS
BRAF
AKT2
GUCY2F
NTRK3
EGFR
EBV genome

12p12.1
7q34
19q13.2

15q25.3
7p11.2

95
4
10-20
3
1
1
<1

Tumor suppressors/Genome-maintenance genes

p16
TP53
SMAD4
BRCA2/PALB2
FANCC/FANCG
MAP2K4
LKB1/STK11
ACVR1B
TGFBR1
MSI-/TGFBR2
MSI+/TGFBR2
ACVR2
BAX
MLH1
FABW7/cyclin E deregulation

9p
17p13.1
18q21.2
13q13.1/16p12.2
9q22.32/9p13.3
17p12
19p13.3
12q13.13
9q22.33
3p24.1
3p24.1
2q22.3-q23.1
19q13.33
3p22.2
4q

>90
75
55
8
3
4
4
2
1
1
4
4
4
4
6

Tissue-maintenance genes

PRSS1 7q34 <1
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Table 2: List of GO enrichment.

Biological Process

Positive regulation of cell aging
Positive regulation of cellular senescence
Replicative senescence
Positive regulation of transcription from RNA polymerase
Positive regulation of muscle cell apoptotic process

Molecular Function

MDM2/MDM4 family protein binding
DISORDERED domain specific binding

Subcellular Localization

Beta-galactosidase complex chromatin

Table 3: List of top 5 pathways.

KEGG Pathways

Bladder cancer

Pancreatic cancer

Thyroid cancer

Chronic myeloid leukemia

Non-small cell lung cancer

Reactome Pathways

RUNX3 regulator CDKN1A transcription

Oncogene induced senescence

Transcriptional regulation by VENTX

Transcriptional regulation by RUNX3

Oxidative stress induced senescence

Genetic transcription pathway

WikiPathways

TP53 network

Bladder cancer

Extracellular vesicle-mediated signaling in recipient cells

miRNA regulation of prostate cancer signaling pathways

Head and neck squamous cell carcinoma
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Figure 2: Pancreatic cancer KEGG pathway.

KRAS is a member of RAS family of genes that harbor mutations 
in various cancers. It is mutated in over 90% conventional PDAC. 
As one of the most commonly mutated genes in PDAC, KRAS 
is an attractive target for the development novel/additional 
therapies, and an understanding of the cancer biology of RAS 
protein could help in the development of the RAS-targeted 
therapies [8,3].

TP53 gene binds to specific sites of DNA and activates the 
transcription of various genes that control the cell division cycle 
and apoptosis. In approx. 75% of pancreatic cancers, TP53 gene 
has point mutations that inhibit the ability of p53 to bind DNA 
[8].

In general, many pancreatic cancers suffer a loss of p16 protein, 
through homozygous deletions or promoter methylation of the 
p16/CDKN2A gene associated with a lack of gene expression. In 
addition, inherited mutations of the p16/CDKN2A gene cause a 
familial melanoma/pancreatic cancer syndrome [8]. Patients with 
CDKN2A mutations tend to have poor overall survival [12].

Ductal adenocarcinoma is invasive, gland-forming, epithelial 
neoplasms [9]. Normal duct epithelium progresses to infiltrating 
cancer through a series of histologically defined precursor 
lesions, the pancreatic intraepithelial neoplasia (PanIN). The 
overexpression of HER-2/neu and activating point mutations 
in the KRAS gene occur early, while, inactivation of the p16 
gene at an intermediate stage, and only at relatively late stages, 

the inactivation of p53, SMAD4, and BRCA2 occur. Activated 
KRAS engages multiple effector pathways. The various pathways 
include PI3-AKT signaling pathway, VEGF signaling pathway, 
p53 signaling pathway, and ErbB signaling pathway. PDAC shows 
extensive genomic instability and aneuploidy. Telomere attrition 
and mutations in p53 and BRCA2 are likely to contribute to 
these phenotypes. Inactivation of the SMAD4 tumor suppressor 
gene leads to loss of the inhibitory influence of the transforming 
growth factor-beta signaling pathway [8].

SMAD pathway mediates signals initiated on the binding of 
the extracellular proteins transforming growth factor-β (TGFβ) 
and activin to their receptors. These signals are transmitted to 
the nucleus by the SMAD family of genes, including SMAD4. 
SMAD protein complexes bind specific recognition sites on DNA 
and cause transcription of various genes [8]. The SMAD4 gene is 
frequently (55%) mutated [8, 12]. Mutations in SMAD4 include 
both homozygous deletions and intragenic. The role of SMAD4 
in pancreatic cancer has been explored in several studies [2,8,13-
15].

In the cytoplasm, SMAD4 mediates signals from a family of 
TGFβ ligands and their transmembrane receptors through 
the phosphorylation of SMAD proteins. Wang et al reported 
that SMAD4 mutation renders pancreatic cancer resistance to 
radiotherapy through the promotion of autophagy [13]. This was 
achieved through the induction of ROS and increased level of 

Figure 2 shows the pancreatic cancer KEGG pathway [11]. The 
genetic alterations include KRAS and Her2 oncogenes and p16, 
p53, SMAD4, and BRCA2 tumor suppressor genes. Infiltrating 
ductal adenocarcinoma is the most common (90%) malignancy of 
the pancreas [9]. The diversity and complexity of various mutational 
processes underlying pancreatic cancer is many. The dominating 

genetic patterns are altered among the various diagnostic types 
of pancreatic carcinoma. The intraductal papillary mucinous 
neoplasms, the mucinous cystic neoplasms, acinar cell carcinomas, 
neuroendocrine carcinomas, pancreatoblastomas, and solid 
pseudopapillary neoplasms, however diverge significantly from 
the patterns of PanINs and typical invasive ductal carcinomas [9].
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radiation-induced autophagy in Panc 1 and MIA PaCa-2 cell lines. 
The role of SMAD4 in regulating autophagy and radiosensitivity 
could be used as a novel biomarker for this frequently mutated 
gene in PDAC, which may have significant implication in deciding 
the proper treatment regimen for PDAC patients. A Meta-analysis 

of 1762 patients from 14 studies by Shugang X, et al. (2016) using 
STATA 12.0, and pooled hazard ratios, with 95% confidence 
intervals, revealed that loss of SMAD4 expression was found to 
be significantly correlated with poor overall survival [2]. Figure 3 
shows the cytoscape pancreatic pathway [16].

Conclusion
To treat pancreatic cancer effectively, we have to understand 
both the normal and pathological. The heterogeneous subtlety 
of biological processes of any cancer could well be explained 
by the various functions of genes/proteins. Without extending 
pathology to gene/protein dimension, the problem of cancer 

could not be solved, as indicated by the great number of 
pancreatic cancer deaths, each year worldwide. We cannot 
explain the subtle difference between a normal and a cancer cell 
without understanding the basic difference between gene/protein 
interactions and the various pathways.

The diversity and complexity of somatic mutational processes of 

Figure 3: The cytoscape pancreatic pathway [16].
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the four key genes in pancreatic cancer could be studied more 
using molecular profiling and epidemiology. Collectively these 
studies will advance our standing of cancer etiology with potential 
implications for better pathology and treatment.

A better understanding of the key genes altered in pancreatic, 
such as SMAD4 may be a clinically useful biomarker for clinical 
responses. This could lead to a to novel gene-specific therapies for 
this deadly cancer.
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