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Introduction
The incidence of pancreatic cancer has gradually increased since the 

20th century [1]. It is one of the most aggressive human malignancies, 
with a very poor prognosis. It is one of the leading causes of cancer 
death in many countries. It has a high metastatic rate and is an almost 
uniformly lethal disease in humans [2,3]. Almost all pancreatic cancers 
are adenocarcinomas of the ductal epithelium. More than two thirds 
of pancreatic cancers occur in the head of the pancreas [4]. Pancreatic 
serous cystadenomas account for 1–2% of all exocrine pancreatic 
tumors, and endocrine tumors account for 1–2% of all pancreatic 
neoplasms [5]. The World Health Organization (WHO) recognizes 
several histomorphologic variants of ductal adenocarcinoma, 
including mucinous noncystic carcinoma, signet ring carcinoma, 
adenosquamous carcinoma, undifferentiated (anaplastic) carcinoma, 
undifferentiated carcinoma with osteoclast-like giant cells and mixed 
ductal-endocrine carcinoma [6]. 

Cancer of the pancreas is the sixth most common cancer and fourth 
cause of death from cancer (22% of deaths among gastrointestinal 
cancers). Pancreatic cancer is associated with a poor prognosis, with 
less than 5% of patients surviving 5 years after the diagnosis. Surgical 
resection remains the only chance for curative therapy in these patients 
[1]. For all the stages combined, the 1- and 5-year survival rates are only 
23% and 5%, respectively. The prognosis is even poorer for patients with 
advanced pancreatic cancer. At the time of diagnosis, approximately 
half of the patients have metastases, and their median overall survival 
(OS) with treatment is around 6 months; whereas approximately one 
third of patients diagnosed with locally advanced disease have an OS 
ranging between 6 and 9 months. Only 15%-20% of patients are eligible 

for surgery at diagnosis. Only about 20% of surgically resected patients 
with localized disease will survive 5 years [7]. The cancer’s lethal nature 
stems from its propensity to rapidly disseminate to the lymphatic 
system and distant organs. This aggressive biology and resistance to 
conventional and targeted therapeutic agents leads to a typical clinical 
presentation of incurable disease at the time of diagnosis [1,3,8,9]. Only 
16% of patients initially present a disease confined to the pancreas 
(stage I). Thus, of patients seen, 85%-90% have surgically unresectable 
tumors at the time of diagnosis [1]. Invasion and metastasis are major 
factors underlying cancer morbidity and mortality [10]. It is estimated 
that more than 90% of human cancer deaths result from metastasis, a 
complex process in which the cells from a primary tumor successfully 
invade and colonize a distant organ [11]. Drug resistance and metastasis 
are major impediments for the successful treatment of cancer [12]. 
There is a clear need for better systemic treatments [7]. 

TG 2 is a calcium-dependent enzyme that catalyzes the formation 
of covalent bonds between free amine groups in one protein and 
protein-bound glutamines of another, creating highly cross-linked 
protein complexes. TG 2 has been associated with certain pathologic 
conditions including certain cancers [13]. Several studies have shown 
that TG2expression is up-regulated in drug-resistant and metastatic 
cancer cells and cell lines. T﻿he increased expression of TG2 in drug-
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Abstract
Pancreatic cancer is one of the most aggressive malignant cancers with a high metastatic rate and a very poor 

prognosis. Tissue Transglutaminase 2 (TG2), Matrix metalloproteinase 2 (MMP2) and Matrix metalloproteinase 9 
(MMP9) are up regulated in pancreatic cancer and have been implicated in cancer metastasis. Nitric oxide (NO) can 
inhibit enzymatic activity of TG2. Inhibition of TG2 by NO donors- nitroglycerin and S-nitroso-N-acetylpenicillamine 
may offer a novel strategy for anticancer therapy. Phytochemicals namely, Bacoside A3 and Myricetin have an 
inhibitory effect on proteins MMP2 and MMP9. Computer aided drug designing is being used extensively to establish 
potential drugs for the treatment and containment of various diseases including cancer. In this in- silico study, we have 
generated 3 D structures of TG2, MMP2 and MMP9 using Homology Modeling. Chemical structures of nitroglycerin, 
S-nitroso-N-acetylpenicillamine and Bacoside A3-Myricetin combination were drawn using chemsketch. Chemical
structures of Nitroglycerin and S-nitroso-N-acetylpenicillamine were successfully docked with the 3D structure of
TG2. Similarly the chemical structure of Bacoside A3-Myricetin combination was successfully docked with the 3D
structures of MMP2 and MMP9.
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resistant and metastatic cancer cells was linked to their increased 
resistance to apoptosis [14-17]. The expression of TG 2 is elevated in 
the majority of pancreatic ductal adenocaricnoma (PDA) tumors and 
cell lines [18-20]. Elevated expression of TG2 in pancreatic cancer cells 
has been implicated in the development of drug resistance, metastatic 
phenotype and poor patient prognosis [21]. Down-regulation of TG2 
expression was associated with the increased sensitivity of cancer 
cells to apoptotic stimuli and reversal of the drug-resistant phenotype 
[19,22]. TG2 appears to be a promising target for containment and 
treatment of this formidable disease [18,19,21]. As per studies on the 
regulation, a novel function of TG2 in autophagy, and its possible 
role in tumorigenesis and in reducing chemosensitivity of pancreatic 
cancer cells, which are virtually resistant to standard chemotherapy 
and radiation, suggest that TG2 may serve as an excellent therapeutic 
target for induction of autophagic cell death in pancreatic cancer and 
other solid tumors over expressing TG2 [13,18,21].

MMPs are implicated in a wide range of physiological and 
pathological processes, including morphogenesis, wound healing, 
angiogenesis, inflammation, and cancer [23]. MMPs are upregulated 
in virtually all human and animal tumors and cell lines. MMPs, 
especially those capable of cleaving type IV basement membrane 
collagen (MMP-2 and -9) were considered to be ideal targets for 
drug development [24]. MMPs are up-regulated in almost every 
type of human cancer, and their expression is often associated with 
poor survival. MMPs promote cancer progression by enhancing 
tumor cell growth, migration, invasion, metastasis, and angiogenesis. 
These diverse effects are achieved through the cleavage of a broad 
range of substrates, including not only structural components of the 
extracellular matrix (ECM) but also growth-factor-binding proteins, 
growth-factor precursors, receptor tyrosine kinases, cell-adhesion 
molecules, and other proteases [25]. MMPs play an important role in 
the extracellular matrix degradation that is an essential step in tumor 
invasion and metastases [26-29]. Their elevated expression has been 
associated with poor prognosis [29]. The expression of MMP-9 in the 
neoplastic and inflammatory cells increased with more advance tumor 
stage, depth of tumor invasion and presence of lymph node as well as 
distant metastases [27].

Chemicals used for this in-silico study

NO is a gaseous neurotransmitter, a vasodilator and paracrine 
regulator. In the pancreas, NO regulates normal pancreatic exocrine 
secretion, endocrine pancreatic insulin secretion and pancreatic micro 
vascular blood flow [30]. NO has been implicated as intercellular and 
intracellular messenger in a wide range of biologic processes, such as 
vasodilatation, platelet aggregation, neurotransmission, macrophage 
killing ability, and cell death [31]. Studies support the role of NO in 
the regulation of TG2 function in the extracellular environment [32]. 
NO is now accepted as a fundamental signaling molecule regulating 
virtually every critical cellular function, as well as a potent mediator 
of cellular damage in a wide range of conditions including cancer 
[33]. Studies have been done on different tissues which show that the 
NO donors inhibited transglutaminase catalytic activity [31,34,35]. 
NO is promising as an antineoplastic pharmacological agent due to 
its cytotoxicity [36]. Studies show that nitric oxide could induce the 
death of colon cancer cells [37]. NO produces multiple effects that can 
influence the outcome of tumor growth and metastasis. This molecule 
regulates vasodilatation and platelet aggregation which affect tumor 

cell arrest in capillaries. NO is also a major cytotoxic mediator secreted 
by activated macrophages and endothelial cells. It is shown to be 
responsible for the destruction of tumor cells passing through capillary 
beds. The production of endogenous NO is associated with apoptosis 
of tumorigenic cells [38]. Various direct and indirect mechanisms 
have been proposed for the anti-tumor properties of NO. Mechanisms 
include direct damage of DNA, inhibition of DNA synthesis and 
inhibition of the rate limiting enzyme ribonucleotide reductase. 
Reduced activity of cis-aconitase and loss of a large fraction of the iron 
pool, have also been suggested as possible mechanisms. Importantly, 
NO-generation can affect mitochondrial physiology leading to 
reduction of O2 consumption and damage to complexes I and II in 
the mitochondrial electron transport chain, reversible inhibition of 
complex IV activity and induction of apoptosis [39]. NO biology has 
provided the impetus for the development of anticancer agents based 
on their ability to release NO [40].

Nitroglycerin is a NO donor, its biological activity is by liberating 
NO [41-43]. The administration of NO–donating drugs decreased 
hypoxia-induced resistance to anticancer drugs in cancer cell lines. 
Studies have shown that Nitroglycerin may improve the response to 
chemotherapy in advanced non–small cell lung cancer [44,45]. NO 
donors such as nitroglycerin have been demonstrated to improve the 
effects of cancer therapy in solid cancers, promising therapeutic roles 
of NO and NO-donating drugs for novel treatments in solid tumors. 
There are studies which recommend clinical use of nitroglycerin as 
a novel cancer therapy in combination with anticancer drugs for 
improvement of cancer therapeutic levels [46].

S-nitroso-N-acetylpenicillamine is a NO donor [47,48]. Studies have 
suggested a regulatory role of NO or S-nitrosothiols on angiogenesis 
essential for melanoma growth [49]. Studies on ovarian cancer cells 
suggest that the NO donor S-nitroso-N-acetylpenicillamine (SNAP) 
induced apoptosis and also enhanced cisplatin-induced apoptosis in 
cisplatin-resistant human ovarian cancer cells [50]. 

Bacopa monnieri, which belongs to the family Scrophulariaceae and 
is a creeping annual plant found throughout the Indian subcontinent. 
It has been used by Ayurvedic medicinal practitioners in India for 
almost 3000 years and is classified as a medharasayana, a substance 
which improves memory and intellect [51]. It is a well-known 
medicinal herb. In the Indian system of medicine it is known as Brahmi 
(Sanskrit) and Indian water hyssop. Constituent Bacoside-A inhibits 
MMPs enzyme [52]. Bacoside-A exerts its anti-metastatic effect against 
Diethyl nitrosamine -induced hepatocellular carcinoma by inhibiting 
the activities and expressions of MMP-2 and MMP-9 [29]. 

Myricetin also is a major flavonoid found in several foods including 
onions, berries and grapes as well as red wine. Research data suggest 
that one of the major chemo preventive actions of myricetin could 
be related to its activity as an antioxidant. It has also been reported 
to suppress invasion and both protein expression and enzyme activity 
of matrix metalloproteinase-2 in colorectal carcinoma cells. These 
accumulated data provide evidence that myricetin is a potent chemo 
preventive agent against carcinogenesis [53]. Studies reveal that 
Myricetin regulates MMP9 expression [54]. Myricetin has potent 
anticancer-promoting activity [53].

Methods and Materials
Data set used for this in-silico study

Protein involved in pancreatic cancer, Tissue Transglutaminase 
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2 was taken for this work. Human Tissue Transglutaminase 2, with 
accession no - P21980.2 was taken from NCBI’s entrez database. 
Templates used for homology modeling were taken from RCBS PDB 
database (information taken from Hhpred search) and were as follows-

a) 1g0dA- (identity=43%, source=Pagrus major), 1vjjA- 
(identity=39%, source= Homo sapiens), 1ex0A- (identity=38%, source= 
Homo sapiens)

b)	 Two other proteins implicated in pancreatic cancer- 
MMP2 and MMP9 were also used for this study. Human Matrix 
metalloproteinase 2, with accession no - NP_001121363.1 and Matrix 
metalloproteinase 9, with accession no- NP_004985.2, were taken from 
NCBI’s entrez database. Templates used for homology modeling were 
taken from RCBS PDB database (information taken from Hhpred 
search) and were as follows-

MMP2- 1fblA- (identity=39%, source= Sus scrofa), 1l6jA- 
(identity=59%, source= Homo sapiens), 3ba0A- (identity=44%, 
source= Homo sapiens)

MMP9- 1ck7A (identity=48%, source= Homo sapiens), 1qhuA 
(identity=39%, source= Oryctolagus cuniculus), 1slmA (identity=51%, 
source= Homo sapiens).

Chemical structures

The chemical structures used for this study were drawn using ACD 
chemsketch software (version 12.0.2). The structures were saved as 
*.mol file and were later converted to *.pdb file using Argus lab software 
(Table 1, Structure 1, Structure 2, Structure 3, Structure 4, Structure 
5, Structure 6) (version 4.0.1). Chemical structures of Nitroglycerin, 

S-nitroso-N-acetylpenicillamine, Bacoside A3 and Myricetin were 
obtained from Pubchem of NCBI database.

Homology modeling

In silico methods can be used to predict a protein structure from 
amino acid sequence. Homology modelling involves prediction of the 
three dimensional structure of a protein from the known structures of 
one or more related proteins, which are used as templates. Modeller 
9v7 is an automated program used for homology or comparative 
modeling of protein three-dimensional structures. The sequence to 
be modeled with known related structures is provided and Modeller 
9v7 automatically predicts a three dimensional model of the unknown 
protein. The models obtained by using the software modeler 9v7 can be 
subjected to structural validation by assessment of the Ramachandran 
plot. The quality of a model can be judged, by detecting residues whose 
conformational angles lie outside allowed ranges.

Chemical name Chemsketch structure Argus lab structure

Nitroglycerin (Structure 1) (Structure 2)
S-nitroso-N-

acetylpenicillamine (Structure 3) (Structure 4)

Bacoside A3 and Myricetin 
combination (Structure 5) (Structure 6)

Table 1: Chemical structures drawn using ACD/Chemsketch software and in 
Argus lab (*.pdb).
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Homology modeling was carried out using Modeller 9v7, for 
predicting 3 D structures for the above mentioned proteins. 5 models 
each, of the above proteins (TG2, MMP2, and MMP9) were generated. 
The models were analyzed by Rampage Ramachandran plot server and 
the best model of each of the proteins was selected.

Docking 

Docking is a process, in which 2 molecules fit or dock together in 
a three dimensional space. Docking explores ways in which a target 
protein molecule and another molecule, such as drugs fit together. 
Hex docking software is an interactive protein docking and molecular 
superposition program. Hex understands protein and DNA structures 
in PDB format. HEX is a protein docking software used for molecular 
superimposition of various macromolecules. 

Nitroglycerin: 3 D structure of protein Transglutaminase 2 was 
docked with nitroglycerin structure using Hex docking software 
(version 5.1). 

S-nitroso-N-acetylpenicillamine: 3 D structure of protein 
Transglutaminase 2 was docked with S-nitroso-N-acetylpenicillamine 
structure using Hex docking software (version 5.1). 

Myricetin and Bacoside A3 combination: 3 D structures of proteins 
MMP2 and MMP9 were docked with structure of Myricetin and 
Bacoside A3 combination using Hex docking software (version 5.1). 

Results 
Homology modeling

3D structures of TG2, MMP2 and MMP9, obtained by homology 
modeling were analyzed by Rampage Ramachandran plot server. The 
results obtained for the best models are given in (Table 2, Chart 1, 
Chart 2 and Chart 3).

Docking

The 3 D structure of TG2 was successfully docked with nitroglycerin 
chemical structure. Visualization was done using Swiss pdb viewer. 

Swiss-PdbViewer is an application that provides analysis of several 
proteins at the same time. The proteins can be superimposed in order 
to deduce structural alignments. It can be used as a visualization tool, 
to view docked molecules in a three dimensional space. The molecules 
can be highlighted and can be viewed as distinct entities. Thus the 
docking of the molecules can be visualized using SPDBV.

The docking score as per patch dock server was- 3328

PatchDock is an algorithm for molecular docking. It is a geometry-
based molecular docking algorithm. It is aimed at finding docking 
transformations that yield good molecular shape complementarity. 
The input is two molecules in PDB format. The output contains the 
PDB files of the top scoring solutions [55] (Figure 1).

The 3 D structure of TG2 was successfully docked with S-nitroso-
N-acetylpenicillamine chemical structure. The docking score as per 
patch dock server was- 3802 (Figure 2).
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Model ID Result specifications Ramachandran 
plot figure

Tissue 
Transglutaminase 
2 (model 4)

Number of residues in favored region 
(~98.0% expected): 659 (96.2%) Number 
of residues in allowed region (~2.0% 
expected): 23 (3.4%) Number of residues in 
outlier region: 3 (0.4%)

(Chart 1)

Matrix 
metalloproteinase 
2 (model 5) 

Number of residues in favored region 
(~98.0% expected): 484 (79.6%) Number 
of residues in allowed region (~2.0% 
expected): 76 (12.5%) Number of residues 
in outlier region: 48 (7.9%)

(Chart 2)

Matrix 
metalloproteinase 
9 (model 3) 

Number of residues in favored region 
(~98.0% expected): 639 (90.6%)Number 
of residues in allowed region (~2.0% 
expected): 42 (6.0%) Number of residues in 
outlier region : 24 (3.4%)

 (Chart 3)

Table 2: Analysis of best model for 3 D structure of proteins using Rampage 
Ramachandran plot server.
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The 3 D structures of proteins- MMP2 and MMP9 were successfully 
docked with Bacoside A3 and Myricetin combination using Hex 
docking software. The docking scores as per patch dock server are- 

Docking score of MMP2 with Bacoside A3 and Myricetin 
combination is 9276 (Figure 3)

Docking score of MMP9 with Bacoside A3 and Myricetin 
combination is 11180 (Figure 4)

Conclusion
This is an in-silico study, and using various bioinformatics 

tools, we have successful docked the 3 D structure of protein tissue 
transglutaminase 2 with the chemical structures of nitric oxide donors 
S-nitroso-N-acetylpenicillamine and nitroglycerin. This suggests that 
S-nitroso-N-acetylpenicillamine and nitroglycerin can be potential 
drugs for containment and treatment of pancreatic cancer which has 
a very poor prognosis. 

Similarly, two other proteins implicated in pancreatic cancer, 
namely MMP2 and MMP9 have been successfully docked with 
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Figure 1: Docked structure of Transglutaminase 2 with nitroglycerin (visualization 
in SPDBV- version 4.0.1).

 

 

 
Figure 2: Docked structure of Transglutaminase 2 with S-nitroso-N-
acetylpenicillamine (visualization in SPDBV, version 4.0.1).
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Bacoside A3- Myricetin combination structure, thus suggesting that 
this combination could be used for the containment of this aggressive 
cancer. 

This in silico work comprises of computer aided drug designing, 
using which we suggest that nitric oxide donors- nitroglycerin and 
S-nitroso-N-acetylpenicillamine can be used in the treatment of 
pancreatic cancer.

However, several lines of research have indicated that NO 
may have dual effects in cancer [39]. The biological effect of NO is 
dependent of the concentration at the site of action [41]. NO acts as 
an intracellular secondary messenger and provides an efficient system 
for cellular regulation, interaction and defense, while striking a very 
fine balance in its role in tumor growth and under some circumstances 
appearing to promote tumor growth, whereas other evidence suggests 
its production can be growth inhibitory. Low concentrations of NO 
can be pro-angiogenic and pro-tumor growth, whereas higher NO 
concentrations can have the opposite effect. Like many other areas of 
therapeutics, the concept of dose-response is very important [38,56].

Hence the authors propose that further studies are required 
to identify the concentration of NO liberated by nitroglycerin and 
S-nitroso-N-acetylpenicillamine for the containment of pancreatic 
cancer.

Studies have been done on Bacoside A3 and Myricetin suggesting 
their beneficial effect in certain cancers. Hence, Bacoside A3 and 
Myricetin combination structure was used for this study and was 
successfully docked with the proteins related to pancreatic cancer, 
namely MMP2 and MMP9. 

Further in-vitro studies need to be done to establish the efficacy 
 

 

 

 

 Figure 3: Docked structure of Matrix metalloproteinase 2 with Bacoside A3 and 
Myricetin combination (visualization in SPDBV, version 4.0.1).

of Bacoside A3 and Myricetin combination for the treatment of 
pancreatic cancer.

Computer aided drug designing is being extensively used to identify 
potential treatment for a number of diseases. There are numerous 
bioinformatics tools available which can be used to establish newer 
drugs for various diseases. Some of these tools were used in this study, 
to establish potential drugs for the treatment of pancreatic cancer. 
However, in-vitro and in-vivo studies are essential to verify the results 
obtained by using computer aided drug designing. 

In this study, we have tried to establish potential treatment of 
pancreatic cancer, using nitroglycerin, S-nitroso-N-acetylpenicillamine, 
and myriceitn-bacoside A3 combination, using bioinformatics tools. As 
stated earlier, further in-vitro and in-vivo studies could be undertaken 
to prove the same.
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