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ABSTRACT

Cancer is not just one disease but many diseases affecting the world over. Carcinoma is a type of cancer arise from epithelial
cells. Squamous-cell carcinoma of the head and neck (SCCHN) represents a heterogeneous disease entity, with various
etiological factors implicated in the genesis of distinct molecular subsets of tumors, which exhibit different biological and clinical
behavior. Historically, SCCHN has been about twice as common in men as in women and more frequent in people over 50 with
growing incidence reported among younger people. Alcohol and tobacco are common etiologic factors for SCCHN, linked to at
least 75% of cases. Systems biology emphasizes the need for molecular characterization of cancer development. Molecular tools
are screened as means of candidate biomarkers leading to cancer. Overexpression of proteins causing tumorigenesis is better
understood by studying their role in cancer proliferation. COX 2 and STAT3 are pathway-mediated bioagents in head and neck
cancer considered as targetable protein. Phytochemicals such as Rutin, Quercetin and Ellagic acid are well-known inhibitors of
both COX 2 and STAT3 proteins. In-silico approach was used to analyze binding interactions of phytochemicals against selected
protein structures of COX 2 and STAT3 using docking studies thereby forming drug able agents. The main objective is to find
an alternative treatment to chemoprevention therapy. This research work aims to carry out systematic review of head and neck
cancer in order to develop potential target-based therapy. Therefore, Rutin against 5IKR, 5F19, Quercetin against 6NJS and
Ellagic acid against 6QHD may be considered to be potential anti-cancer against SCCHN target which further needs to be
explored for drug development process.

Keywords— Squamous cell carcinoma of head and neck (SCCHN), COX 2, STAT 3, Phytochemicals and its analogues, Molecular
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1. INTRODUCTION

Cancer is a genetic disease that is, it is caused by changes to genes that control the way our cells function, especially how they grow
and divide. Genetic changes that cause cancer can be inherited from our parents. They can also arise during a person’s lifetime as a
result of errors that occur as cells divide or because of damage to DNA caused by certain environmental exposures. The genetic
changes that contribute to cancer tend to affect three main types of genes- proto-oncogenes, tumor suppressor genes, and DNA
repair genes. These changes are sometimes called “drivers” of cancer. [1]

Carcinomas are the most common type of cancer. They are formed by epithelial cells, which are the cells that cover the inside and
outside surfaces of the body. Squamous cell carcinoma of the head and neck (SCCHN) represents more than 90% of all head and
neck cancers and arises from the mucosa of the upper aero digestive tract multiple anatomic sites. Approximately 600,000 new cases
are diagnosed each year, including about 50,000 in the United States. HNSCC occurs most often in men in their 50s or 60s, although
the incidence among younger individuals is increasing. The worldwide incidence of SCCHN exceeds half a million cases annually,
making it the sixth most frequent cancer globally. Head and Neck carcinoma is a cancer that starts in the lip, oral cavity (mouth),
nasal cavity (inside the nose), paranasal sinuses, pharynx and larynx. They originate from epithelium and spread to head and neck.

[2]

This work focuses on the mechanisms that underlie fundamental processes such as cell growth, the transformation of normal cells
to cancer cells, and the spread, or metastasis, of cancer cells. Knowledge gained from such studies deepens our understanding of
cancer and produces insights that could lead to the development of new clinical interventions. The greatest advances in
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understanding the origin and progression of cancer during the past decade have occurred in the field of molecular genetics. [3]

Signaling pathways propagate information from one part or sub-process of the cell to another, often via a series of protein covalent
modifications, such as protein phosphorylation. Dysregulation of biological processes by aberrant signaling pathways causes cancer.
Proteins related to SCCHN are reported and their mechanism understood by identifying signaling pathways that play a role in cancer
proliferation. COX 2 and STATS3 are bioagents whose reaction mechanisms within cancer progression are subject to study. The two
factors COX 2 and STATS3 are pathway-mediated targets. Over expressions of these factors causes tumarigenesis. The goal is to
target these factors by inhibiting their growth and progression at molecular level thereby preventing tumor formation. This helps in
early diagnosis and prevention. [4]

Complex signaling pathways of a biological system are understood using pathway database. In past years, comprehensive
representations of cell signaling pathways have been developed by manual curation from literature. Mathematical modelling
techniques are used to simulate the complex behavior of cell signaling networks, which ultimately sheds light on the mechanisms
leading to complex diseases or helps in the identification of drug targets. KEGG is not only a database for pathways but consists of
19 highly interconnected databases, containing genomic, chemical and phenotypic information. KEGG categorizes its pathways into
metabolic processes, genetic information processing, environmental information processing, including signaling pathways, cellular
processes, information on human diseases and drug development. COX 2 and STAT3 pathway system was observed and their
interactions studied. [5]

Over the years natural medicine cancer researchers around the world have developed highly effective natural cancer treatments
which use a combination of tactics to slow down the spread of the cancer; safely and gently kill cancer cells; reverting cancer cells
into normal cells. The term "chemoprevention” refers to efforts to prevent or delay the development of cancer by taking medicines,
vitamins or other agents’. The ideal chemo preventive agent will not significantly alter quality of life, is inexpensive, safe, well
tolerated, and effective. However, some chemo preventive drugs may have severe side effects in some patients, which is an issue
when considering long-term administration of a compound to healthy people who may or may not develop cancer. Chemotherapy
drugs are the most toxic substances ever put deliberately into the human body. They are known poisons; they are designed poisons.
Effectiveness is only temporary. The effectiveness of chemotherapy is being rapidly overtaken by new targeted therapies. [6]

The idea that nutrition is an important factor in cancer causation is not new. Roger Williams in 1908 observed that excessive feeding
especially meat, deficient exercise and probably lack of sufficient vegetable food are the predisposing factors for cancer. Role of
diet therefore plays a special importance. The phytochemicals are under observation. Their role as inhibitors is reported. Various
dietary sources contain these substances that act as cancer preventives and therapeutic agents. [7]

Target based therapy attack specific cancer cells yet leaves the rest of the body untouched. Phytochemicals can block the activity of
these agents thereby preventing further reactions. The basic idea is to find an alternative means of treating head and neck cancer by
developing potential therapeutics. In-silico methods give tremendous opportunity to design and develop potential drug targets.
Structural analysis of molecules (proteins) is carried out using bioinformatics tools. [8]

Understanding the role of phytochemical is important in order to develop potential drugs against the target agents of SCCHN. Both
protein (COX 2 and STAT3) and phytochemical compounds (Rutin, Quercetin and Ellagic acid) were considered for study.
Bioinformatics study applies computational simulations and does predictions of biological components. Pathway databases provide
huge information about the disease mechanism. COX 2 (51KR, 5F19) and STAT 3 (6NJS, 6QHD) protein structures were screened
from PDB database and downloaded in PDB file format. Phytochemical screening was carried out using PubChem Compound
database. Docking analysis of these complex structures were performed via Auto Dock Vinatool. Discovery Studio helped visualize
docked structures. Inferences were drawn in accordance with the results obtained. This work focuses on in silico methods of
developing potential therapeutics for target-based diagnosis and treatment of cancer. Therefore, these phytochemicals can be
considered as potent medicine.

2. METHODOLOGY

2.1 Selection of proteins

Proteins related to SCCHN are reported and their mechanism understood by identifying signaling pathways that play a role in cancer
proliferation. COX 2 and STATS3 are bioagents whose reaction mechanisms within cancer progression are subject to study. The two
factors COX 2 and STATS3 are pathway-mediated targets. Over expressions of these factors causes tumorigenesis. The goal is to
target these factors by inhibiting their growth and progression at molecular level thereby preventing tumor formation. The structures
were downloaded from PDB database

2.2 Selection of ligands

Approximately 2500 medicinal plant species have been recorded globally [19,20] to treat a myriad of inflictions and diseases.
Polyphenols, alkaloids, flavonoids, saponins, quinones, terpenes, proanthocyanins, lignins, tannins, polysaccharides, steroids,
thiosulfonates and coumarins are prominent bioactive phytochemicals, which have been observed to combat infections. Many
traditional medicinal plants and herbs have been reported. Total phytochemicals as ligands was selected on basis of their anticancer
properties and their 3D conformer was download from PubChem database.

2.3 Docking studies

Proteins were docked with selected phytochemicals to find a potent natural molecule for SCCHN which acts as an anti- cancer agent
by using AutoDock Vina software as it’s an automated procedure for predicting the interaction of ligands with biomacromolecule
targets.
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2.4 Visualization

Interaction between ligands (phytochemicals) & proteins was visualized by Discovery Studio 4.1 Visualizer. Discovery Studio is a
comprehensive software suite for analyzing and modelling molecular structures, sequences, protein-ligand interactions and other
data of relevance to life science researcher

3. RESULTS

3.1 Docking results

Molecular docking approach was used to determine potent phytochemicals which will show the best binding energy with the selected
proteins. Total 6 ligands (namely Rutin, quercetin, ellagic acid, myricetin, Kaempferol, apigenin) were docked against each of 4
proteins (namely 51KR, 5F19, 6NJS, 6QHD) using AutoDock tool where coordinates for each docked conformation to the docking
log file is been created, along with information on clustering and interaction energies and provides options for analyzing the
information stored in the docking log file. With this study; it was found that docking score with all 4 proteins were showing the
highest binding affinity as binding energy obtained in negative values indicates that the scores obtained are highly efficient. The
following table shows top docking poses ranked according to their binding energy.

Table 1: Ranked Docking conformations showing binding energy of docked structures

Sr. No. | PDB ID | Protein Phy’;loa::rrrl]:n?{cals Bin(fgg/?nf;:;lity Binding residue
T i I I i i
3 6NJS Quercetin 8.0 LYS370, ASP369, \I;itjgg HI1S437, SER381,
4 6QHD STAT 3 Ellagic acid 75 LYS573, ASPEA?IS_,I_;';LI’Q'SAIRE)(,;??;SGG, HIS332,

3.2 Visualization results

Since docking was performed by AutoDock software; protein-ligand interactions of the docked structure were interested to be
observed and performed using Discovery Studio 4.1 Visualizer. Following figures shows protein-ligand interactions viewed in
Discovery Studio 19.1 Visualizer where amino acid residues are labelled. Top-ranked phytochemical (Table 1) were selected to
show interaction with the all 4 proteins.
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ig. 1: 2D and 3D visualization of 51KR docked with Rutin along with amino acid interaction
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Fig. 2: 2D and 3D visualization of 5F19 docked with Rutin along with amino acid interaction
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Fig. 3: 2D and 3D visualization of Quercetin along with amino acid interaction
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Fig. 4: 2D and 3D visualization of 6QHD docked with Ellagic acid along with amino acid interaction

3.3 Interpretation

Molecular docking is a computational method which aims to identify non-Covalent binding between protein (receptor) and a small
molecule (ligand/Inhibitor). Docking predicts the mode of interaction between a target protein and a small ligand for an established
binding site. Binding energy suggests the affinity of a specific ligand and strength by which a compound interacts with and binds to
the pocket of a target protein. A compound with a lower binding energy is preferred as a possible drug candidate. In order to
understand the effect of active phytochemicals compounds on COX 3 and STAT 3, molecular docking of 6 active phytochemicals
compounds were selected after screening from literature

The phytochemical structures were retrieved from PubChem Compound Database based on their bioavailability. Rutin, Quercetin,
Ellagic acid, Myricetin, Kaempferol, Apigenin are used as ligand molecules against COX 2 and STAT 3 protein and structures were
subjected to geometry optimization i.e. protein and ligand optimization were done and further used for docking using AutoDock
Vina tool.

Out of the 6 compounds, the best three namely Rutin (against 51KR) exhibited the docked score (-10.5 Kcal/mol) with COX 2
protein, Quercetin (against 6NJS) exhibited the docked score (-8.5 Kcal/mol) and Ellagic acid (against 6QHD) exhibited the docked
score (-7.5 Kcal/mol) with STAT 3 protein with the respect amino acid interaction (Table 1)

4. DISCUSSION

The majority of head and neck cancers (HNCs) around 90% arise in the squamous cells that line the moist mucosal surfaces of the
oral cavity, pharynx, larynx, and paranasal sinuses and are referred to as squamous cell carcinoma of the head and neck (SCCHN).
Cancer proliferation within SCCHN is better understood by molecular characterization of target protein. Proteins responsible for
tumor growth are studied in accordance with the pathway in which they play a vital role. Pathway classification helps characterize
biochemical reactions with respect to signaling factors that are responsible for cancer development. We have thus focused on
targeting biological agents as means of screening candidate biomarkers for diagnosis of head and neck cancer.

At the same time phytochemicals are screened for their anticancer role because the objective is to develop potential drugs against
the proteins in order to block or inhibit the activity of tumor. The small molecule knows as ligand usually fits within the protein’s
cavity which is predicted by the search algorithm and helps to predict the best binding affinity and actual active site of protein.
Therefore, in silico approach i.e. Docking is frequently used to predict the binding orientation of small molecule drug candidates to
their protein targets in order to predict the affinity and cavity of the small molecule so that the interaction of two molecules can be
determined and search the best orientation of ligand which would form a complex with overall minimum energy and prove as a
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probable target site. Thus, leading to drug repurposing approach which would be the fast and most approapriate option to find
therapeutic solutions for SCCHN.

5. CONCLUSION

The molecular docking analysis was performed using phytochemicals showing good binding affinity with four different HNSCC
proteins responsible for it. The analysis was performed using Autodock tool, a freely available docking platform. All protein-ligand
interactions were visualized using Discovery Studio 4.1 Visualizer, a free viewer for viewing and editing molecular structures.
Rutin showed binding affinity in the range of -10.5 to -9.5 kcal/mol. There are very few reported studies of Rutin docked with COX2
proteins and this study has discovered relatively better and promising binding affinities that may have huge impact in development
of effective therapeutics against SCCHN patients. Thus, it is remarkable to observe the computational finding of novel and potent
inhibitors for COX 2 and STAT 3.

Thus, very few in silico studies have been performed on head and neck squamous carcinoma with respect to phytochemicals. On
the basis of RMSD value and negative scores and comparing current results with literature; we can conclude that the binding affinity
obtained in the docking ranks are good. All the protein-ligand interactions of the docked structures showing amino acid residues
assumed to be possible binding sites. This analysis can be further implemented in various related studies to suppress expression of
COX2 and STAT3.
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