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Lung cancer is a leading cause of cancer death worldwide. Although smoking remains the
predominant cause of lung cancer, lung cancer in never smokers is an increasingly prominent public

Copyright © 2018, Dr. Sudarsanam and Udhayakumar. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Lung cancer develops when normal lung cells sustain genetic
damage that eventually leads to uncontrolled cell proliferation.
Like all cancers, lung cancer cells have the ability to invade
neighboring tissues and spread or metastasize to distant parts of
the body. Left untreated, lung cancer eventually causes death.
Lung cancer is sometimes referred to as bronchiogenic cancer
or bronchiogenic carcinoma. The word bronchiogenic means
originating from the bronchi, the airways of the lungs. Most
lung cancers begin in the cells lining the bronchi of the lungs.
There are two main types of lung cancer, and they are treated
differently. Learning about your particular type of lung cancer
can help you talk with your health care providers about your
treatment choices. Lung cancer kills more people in the United
States every year than breast, colon, and prostate cancer
combined. The American Cancer Society estimates there will
be 172,570 17 new cases of lung cancer in the United States in
2005, and 163,510 lung cancer deaths. This means that every
day of the year in this country, approximately 470 people are
diagnosed with lung cancer and 450 people die of the disease.
Lung cancer is the leading cause of cancer deaths not only in
the United States, but worldwide. The World Health
Organization (WHO) reports that over 1.1 million people die of
lung cancer each year. This number increases every year. As a
result, WHO has identified lung cancer as one of the major
problems facing the world in this new century (Silverstri and
Jett, 2010). Lung Cancer Trends Lung cancer is a relatively new
problem for human beings. In the early 1900’s, lung cancer was
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extremely rare. Although people have used tobacco for
centuries, until the early 1900’s, it was most often smoked with
a pipe, in a cigar form, or chewed. The machines to
massproduce cigarettes were invented in the 1880’s, but it was
not until after World War 1 that cigarette smoking became
prevalent in the United States. During the war, American
soldiers were given free -cigarettes donated by tobacco
companies to the U.S. military. Many soldiers left the military
with a lifelong addiction to the nicotine in tobacco products. At
that time, the medical community did not realize the long-term
impact of cigarette smoking on health. There is usually a 20-30
year lag time between the onset of smoking and the
development of lung cancer. In the 1930’s, doctors started to
note a dramatic rise in the incidence of lung cancer. By 1950,
several studies reported the apparent link between rising lung
cancer incidence and the new wave of cigarette smoking.
(American Cancer Society, 2012; Ettinger, 2008; U.S.
Department of Health and Human Services 2010; Aldington et
al., 2008; Temel et al., 2010) In 1964, Dr. Luther L. Terry
released the first Surgeon General’s Report on Smoking and
Health that definitively established the role of smoking as a
contributing factor in the development of lung cancer and
several other diseases. Until recently, lung cancer was viewed
primarily as a man’s disease. When lung cancer incidence first
began to skyrocket, most cases were observed in men. This was
because when cigarette smoking first became prevalent in this
country, it was primarily among men. Over time, advertising
campaigns aimed at women and other factors led to cigarette
smoking eventually becoming almost as common in women as
in men. The result of this unfortunate 18 trend has been an
ever-increasing incidence of lung cancer among women. Death
rates from lung cancer in women increased an astonishing
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550% between 1962 and 1992. In 1987, deaths from lung
cancer among women surpassed breast cancer deaths. Today,
for every three women that die of breast cancer, five women die
of lung cancer. (National Cancer Institute, 2011) Clearly, lung
cancer is no longer a man’s disease. RISK FACTORS FOR
DEVELOPING LUNG CANCER Lung cancer develops when
the cells that line the lungs sustain genetic damage. Scientists
have identified several different chemicals and environmental
factors that are capable of causing the kind of genetic damage
that can lead to lung cancer. Substances capable of producing
cancerous changes in cells are called carcinogens. The majority
of lung cancers occur in people who are either current or former
smokers. While the relationship between smoking and lung
cancer is well-established, other factors also come into play.
We know this because only about one out of every ten smokers
develops lung cancer. Further, approximately one out of every
six people who develops lung cancer never smoked.

MATERIALS AND METHODS
Databases used

NCBI

PROCHEK

3DPSSM

MUSTER

PUBMED

STRING DATABASE

Tools used

SWISSPDB VIEWER
MOLGERO MOLECULAR VIEWER
DATABASES

NCBI

The National Center for Biotechnology Information (NCBI) is
part of the United States National Library of Medicine (NLM),
a branch of the National Institutes of Health. The NCBI is
located in Bethesda, Maryland and was founded in 1988
through legislation sponsored by Senator Claude Pepper. The
NCBI houses genome sequencing data in GenBank and an
index of biomedical research articles in PubMed Central and
PubMed, as well as other information relevant to
biotechnology. All these databases are available online through
the Entrez search engine. The NCBI is directed by David
Lipman, one of the original authors of the BLAST sequence
alignment program and a widely respected figure in
Bioinformatics. He also leads an intramural research program,
including groups led by Stephen Altschul (another BLAST co-
author), David Landsman, and Eugene Koonin (a prolific
author on comparative genomics).

PROCHECK

The PROCHECK analyses provide an idea of the
stereochemical quality of all protein chains in a given PDB
structure. They highlight regions of the proteins which appear
to have unusual geometry and provide an overall assessment of
the structure as a whole. The analyses can be generated by
clicking on the PROCHECK button at the top of the
PROCHECK summary page; you can get to this page from the

PDBsum page of the structure in question either by clicking on
PROCHECK in the index on the left hand side of the page, or
else by clicking on the Ramamchandran plot on the right.

3DPSSM

The 3D-PSSM server is a designed to take a PROTEIN
sequence of interest to you, and attempt to predict its 3-
dimensional structure and its probable function. We have a
library of known protein structures onto each of which your
sequence is "threaded" and scored for compatibility. We use a
variety of scoring components: 1D-PSSMs (sequence profiles
built from relatively close homologues), 3D-PSSMs (more
general profiles containing more remote homologues - see
Methods), matching of secondary structure elements, and
propensities of the residues in your query sequence to occupy
varying levels of solvent accesibility

MUSTER

MUSTER (MUIti-Sources ThreadER) is a new protein
threading algorithm to identify the template structures from the
PDB library. It generates sequence-template alignments by
combining sequence profile-profile alignment with multiple
structural information. The outputs of the MUSTER server
include:

e Top five template proteins and the query-template
alignments
o Full-length models built by MODELLER

PUBMED

PubMed is a free database accessing the MEDLINE database
of citations, abstracts and some full text articles on life sciences
and biomedical topics. The United States National Library of
Medicine (NLM) at the National Institutes of Health (NIH)
maintains PubMed as part of the Entrez information retrieval
system. Listing an article or journal in PubMed is not
endorsement. In addition to MEDLINE, PubMed also offers
access to

e OLDMEDLINE for pre-1966 citations. This has
recently been enhanced, and records for 1951+, even
those parts in the printed indexes, are now included
within the main portion.

e Citations to all articles (even those that are out-of-scope,
e.g., covering plate tectonics or astrophysics) from
certain MEDLINE journals, primarily the most
important general science and chemistry journals, from
which the life sciences articles are indexed for
MEDLINE.

e In-process citations which provide a record for an article
before it is indexed with MeSH and added to
MEDLINE or converted to out-of-scope status.

e Citations that precede the date that a journal was
selected for MEDLINE indexing (when supplied
electronically by the publisher).

e Some life science journals that submit full text to the
PubMed Central digital library and may not have been
recommended for inclusion in MEDLINE although they
have undergone a review by NLM, and some physics
journals that were part of a prototype PubMed in the
early to mid-1990s.
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Many PubMed citations contain links to full text articles which
are freely available, often in PubMed Central. In late 2007,
President George W. Bush signed the Consolidated
Appropriations Act of 2007 (H.R. 2764) into law; this law
included a provision requiring the NIH to modify its policies
and require inclusion into PubMed Central complete electronic
copies of their peer-reviewed research and findings from its
funded research. This is the first time the US government has
required an agency to provide open access to research and is an
evolution from the 2005 policy, in which the NIH asked
researchers to voluntarily add their research to PubMed Central.
[Silverstri and Jett, 2010] With an effective date of 7 April
2008, the Department of Health and Human Services gave
notice: "The Director of the National Institutes of Health shall
require that all investigators funded by the NIH submit or have
submitted for them to the National Library of Medicine's
PubMed Central an electronic version of their final, peer-
reviewed manuscripts upon acceptance for publication, to be
made publicly available no later than 12 months after the
official date of publication: Provided, That the NIH shall
implement the public access policy in a manner consistent with
copyright law". The National Library of Medicine also leases
the MEDLINE information to a number of private vendors such
as Ovid and SilverPlatter — as well as many other vendors.
PubMed has been available free on the Internet since the mid-
1990s. Information about the journals indexed in PubMed is
found in its Journals Database, searchable by subject or journal
title, Title Abbreviation, the NLM ID (NLM's unique journal
identifier), the ISO abbreviation, and both the print and
electronic International Standard Serial Numbers (pISSN and
eISSN). The database includes all journals in all Entrez
databases. As of 28 January 2010, PubMed has approximately
19.5 million citations going back to the year 1865.
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Tools
Swisspdb viewer

DeepView is a friendly but powerful molecular graphics
program. It is designed for full compatibility with computing
tools available from the Expert Protein Analysis System, or
ExPASy* Molecular Biology Server in Geneva, Switzerland.
While DeepView is simple to use for viewing structures and
creating vivid illustrations, it also shines as an analytical tool.
DeepView allows you to build models from scratch, simply by
giving an amino-acid sequence. DeepView can find hydrogen
bonds within proteins and between proteins and ligands. It
allows you to examine electron-density maps from
crystallographic structure determination, to judge the quality of
maps and models, and to identify many common types of
problems in protein models. It allows you to view several or
many models simultaneously and superimpose them to
compare their structures and sequences. It computes
electrostatic potentials and molecular surfaces, and carries out
energy minimization. For proteins of known sequence but
unknown structure, DeepView submits amino acid sequences
to ExPASy to find homologous proteins, onto which you can
subsequently align your sequence to build a preliminary three-
dimensional model. Then DeepView submits your alignment to
ExPASy, where the SWISS-MODEL server builds a final
model, called a homology model, and returns it directly to
DeepView. Swiss-PdbViewer was created by Nicolas Guex,
and is under continuing development by Nicolas, along with
Alexandre Diemand, Manuel C. Peitsch, and Torsten Schwede
of GlaxoSmithKline R&D and the Swiss Institute of
Bioinformatics. Thanks to Glaxo and to Nicolas and his
colleagues for making this marvelous tool available to
everyone. The program has been described in these articles:

1

The main user interface
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e Protein Modelling for All, N. Guex, A. Diemand and M.
C. Peitsch, Trends Biochem. Sci. 24 (9), 364-367
(1999).

e SWISS-MODEL and the Swiss-PdbViewer: An
environment for comparative protein modeling, N.
Guex and M.C. Peitsch, Electrophoresis, 18 (15), 14-23
(1997).

e Swiss-PdbViewer: A new fast and easy to use PDB
viewer for the Macintosh, N. Guex, Experientia 52, A26
(1996).

e Swiss-PdbViewer: A Fast and Easy-to-use PDB Viewer
for Macintosh and PC, N. Guex and M.C. Peitsch,,
Protein Data Bank Quarterly Newsletter 77, 7 (1996).

Molegro molecular viewer

Molegro Molecular Viewer is a free cross-platform application
for visualization of molecules and Molegro Virtual Docker
results. Molegro Molecular Viewer is able to visualize most
common molecular file formats (PDB, Mol2, SDF) as well as
docking results from Molegro Virtual Docker.

The latest version of MMV is 2.0.0 (released January 13th,
2010).

Features at a glance

e Free!
e Cross-platform: Windows, Linux, and Mac OS X are
supported.

e Share and view results from Molegro Virtual Docker
docking runs.

e Imports and exports PDB, SDF, Mol2, and MVDML

files.

Built-in raytracer for high-quality images.

Automatic preparation of molecules.

Molecular surface and backbone visualization.

Labels, sequence viewer and biomolecule generator.

Cropping of molecules and clipping planes.

Structural protein alignment

Identification of the template

Swiss-model template selection

METHODOLOGY
TARGET IDENTIFICATION  ----- NCBI
TEMPLATE SELECTION  ----— SWISS MODEL
MODELING OF THE PROTIEN = ----- SWISSPDB VIEWER

|

VISUALISATION OF THE
MODELED PROTEIN ------ MOLGERO

MOLECULARVIEWER J

EVALUATION OF THE = --—---- SAVSSERVER
MODELED PROTEIN

|

ANALYSIS OF PROTEINS ——— STRING DATABASE
INTERACTION NETWORK

RESULTS

Fasata format of the target protein sequence using NCBI

All Databases PubMed cleatide Prof & MIM PM 0l
Searchi Protein # | Clear

| Limits | Previewindex | History | Clipboard [ Details |
Format:  GenP t fore F

FASTA GCra mats ¥ Downloady  Savev  Links¥

Change Region Shown -

ras association (RalGDS/AF-6)domain family 1 protein
isoform 1A [Homo sapiens]

Analyze This Sequence
* Run BLAST

+ Identify Conserved Domains

Articles about the RASSF1 gene

» Seeall

ExPDB Sequences with high scorings

download lBlast lParent |

ExPDE | Score Exp. Reso. PDB Description
[ |2mEX 2e-09 (Detal | NMR, (999 |2fnf  |clDOMAD OF NOREL

1rthd 2e-09 Detail | NMR, (999 |lifh |soLUTION STRUCTURE OF THE C1 DOMADS OF NOREL, A NOVEL RAS EFFECTOR
[ 1ptA 8207 |Detai }R(—,_:\,Y 320 |1ptr i%gﬁl'r\z KINASE C DELTA CYS2 DOMATK COMELEXED WITH THORBOL-13-
[ |lptgh 8e-07 |Detail {R:\Y 195 |lptqg |FROTEDYKINASE CDELTA CYS2 DOMAMN
[ [1xE8fA 3e-06 Detall | NMR, 999 |1v8f |=cLUTION STRUCTURE OF THE MUNCI3-1 C1-DOMATY
[ |lthoA le-04 |Detail NMR, [99.9 |ltho 5}15;11'::\?&-—: OF A PROTED? KINASE C-G PHOREOL-BINDING DOMALY, 30
[ | 1xabA le-04 |Detal ,X_ 3.20 |1xaf |CRYSTAL STRUCTURE OF THE HUMAYN EETAICHDMAERTY

= RAY -

Ldl

le-04 |Detal NMR [99.9 | ltbn

NME. STRUCTURE COF

MINDMIZED AVERAGE STRUCTURE

4 PROTEDY KINASE C-G FHOFEBCL-BLNDING DOMADY,
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e iptra
ER

Plot statistics

Residues in most favoured regions [AB,L] 41 0530
Residues i additional allowed regions [a,b,l.p] 2 4.7%
Residues in generously allowed regions [~a,~b,~1.~p] i 0.0%
Residues in disallowed regions i 0.0%

Number of non-gly

ine and non-proline residues 300 100.0%

Number of end-residues (exel. Gly and Pro) 3
Number of glycine residues (shown as triangles) 4
Number of proline residues ]
Total number of residues 33
Based on an analysis of 118 structures of resolution of at least 2.0 Angstroms
and R-factor no greater than 20%, a good quality model would be expected
Structure of the modelled target protein using swisspdb 10 have over 90% in the most favoured regions
viewer

Modelled protein in molgero molecular viewer

Swriss-PdbYiewer 4.0.1
Fie Edt Select Buid Tooks Ft Display Colr Prefc SwissModd ‘Wind Help

Je = D= Te Te D= d= e

=

Te = D= Te e Ie d=

=

RESULT OF MUSTER
MUSTER (MUlti-Source ThreadER) results

> RASSF1 340 residues, "Hard" target

T =

Your submitted sequence and predicted secondary structure (by PSI-PRED)

Accuracy of the modelled protein using procheck-
SeqgMSGEPELIELRELAPAGRAGEGRTRLERANALRIARGTACNPTRQLVPGRGHRFQPAGPA

ramachandran plot 55
Pos:1234567890123456

12345678901234567880123456

PROCHECK Seq THTWCDLCGDE IWGVVREGLOCAHCKFTCHYRCRALVCLDCCGPRDLGWE PAVERDTNVD
Rﬂl]]ﬂchﬂl](’][‘ﬂl] PIO[‘ SS : CCCHHHHHHHHHHHHHCCEEEECCCCCEEEHHHHHHCCCCCCCCCT
. } H Pos:1234567682012345678

submit

of AR _

ETEQ
CCCHHHCCCC
4567

)

1354,

HHHHHHHHCCCCEECCCHH
2345678901234567890

= L ’_I i Seq KFALFERAERHGQVYLRKLLDDEQPLRLRLLAGP
L L S5 : HEEEEEEEECCCCEEEEECCCCCCCHHHHHHCCC
[ | i Pos:123456789012345678901234567890123

KALSFVLEKENDSGEVNWDAF SMPE
CCEEEEEEECCCCCCCHHHHHHHH
78901234567859012345678%0

o QO

s

)
(NN

[}

Psi idegrees )

T
|
h
’T

L
| B | F

| [ [ Seq LEHNFLRILQREEEEHLRQILQKYSYCRQKIQEALHACPE
| i SS : HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHACCC)
[ Pos:12345678901234567890123456789012345678

L
004 [ _,_,— — For detailed information ahout cutput, please see readme file.
- ’ -
-1354 [ |

[ | Models generated by MUSTER

90 135 150 MUSTER is a MUlti-Source ThreadER program,which considers six different sources: (1) sequence-derived profiles; (2
secondary structures; (3) structured-derived profiles; (4) solvent accessibility; (5) torsion angles( psi and phi angles); (6)
hydrophobic scoring matrix The optimized threading is found by global dynamic programming.

B0 o135 O -
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3-D models

Target- Full-length
Rank Template Align_length Coverage Zscore Seq_id Type template om models by
dligmments |03 N ioREITER
alignments
1 1xabA 296 0870 4513 0159 Bad al 1t 1 model 1
2 1f8ra 313 00920 4106 0086 Bad ali 2 threading 2 model 2
3 2bf2A 315 0926 4093 0098 Bad al 3 threading 3 model 3
4 Ixwl 323 0.95 4.013 0.071 Bad al 4 di 4 model 4
5 lxpgA 332 0976 4006 0120 Bad ali 5 threading 5 model 5
6 1foha 336 0.988 3929 0.104 Bad al 6 t di 6 model 6
7 lkfsa 321 0944 3919 0084 Bad ali 7 7 model 7
8 1624 327 0961 3.841 0.083 Bad al 8 i 8 model 8§
1f0ka 323 095 3806 0087 Bad ali 9 threading 9 model O
10 lgosa 331 0973  3.782 0.109 Bad al 10threading 10model 10

Reference: S Wu, Y. Zhang MUSTER: Improving protein sequence profile-profile alignments by using multiple sources
structure information. Proteins: Structure, Function, and Biomformatics 2008, 72: 347-556

Target proteins interaction network

DISCUSSION

The model structure for RASSF1 protein using swissPDB
Viewer and its analysis of ramachandran plot using
SAVSSERVER predicted that it is a fairly, very good model.
RASSF1 protein is found to interact with the complex of
CNK1, MST, MAP-1 in order to react with Bax protein to
induce apoptosis which is Important for tumor suppression in
Non Small Cell Lung Cancer. RASSF1 also causes cell cycle
arrest by preventing the formation of complex between Cdc20
and APC thereby results in tumor suppression. The loss of

these control and deactivation causes Non Small Cell Lung
cancer. A new therpeutic approach and path of activation of
this protein in cellular function can be investigated based on
this structure to prevent Non Small Cell Lung cancer or to
reduce the cell tumourogenesis. The active site prediction and
analysis of this protein can predict new modes to increase the
interaction between this protein and other proteins, thereby
gain resistance against cancer
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