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critical role in cancer cell processes, such as cell proliferation, apoptosis, migration,
and regulate gene expression. Thus, the identification and characterization of
transcription factors involved in lung cancer would provide valuable information for
further elucidation of the mechanism(s) underlying pathogenesis and the identifica-
tion of potential therapeutic target types, which are critical for the development of
therapeutic strategies. Through an extensive literature survey, we have identified 349
transcription factors noted for their strong involvement in lung cancer. Database of
Transcription Factors in Lung Cancer (DBTFLC) was constructed as a data repository
and analytical platform for systematic collection, curation of TFs and their interacting
partners. The database includes all pertinent information such as lung cancer related
TFs, chromosomal location, family, lung cancer type, references, TF-TF interaction-
(s), and TF-target gene interaction(s); thus, it could serve as a valuable resource for
therapeutic studies in lung cancer. The database is freely available at http://www.vit.

ac.in/files/database/Home.php

KEYWORDS

cytoscape, lung cancer, TF-TF interaction, transcription factors, transcriptome

1 | INTRODUCTION

developing new approaches to overcome these issues.
Approximately 7% of proteins have been described as

Lung cancer is the second most common deadly disease,
leading to approximately 155 870 deaths per year globally.'
Lung cancer can be classified into two types: non-small cell
lung cancer (85% of cancerous cells) and small cell lung
cancer (15% of cancerous cells).2 Over time, cancer cells
appear to have developed resistance to chemotherapeutic
drugs that target cancer genes, which has led to a dire need for

transcription factors (TFs), many of which are associated
with cancer progression in the human proteome.>* One
transcription factor can affect many gene functions and thus
TFs can be proactive in inhibiting the activity of malignant
cells.>® The critical role played by TFs in developmental,
sensory, and signaling regulatory processes seems to be
highly intriguing. For example, signal-transducing
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transcription factors play a major role in cell cycle
progression, differentiation, and apoptosis.”® TFs are
promiscuous molecules for therapeutics and are often
found to be overactive in diseases.” These proteins also
affect the formation of gene products thought to be involved
in metastasis and tumor growth. Importantly, TFs contain
specific residues and binding sites important for protein-
protein and protein-DNA interactions, which may be
amenable to therapeutic targeting.'®™'! This paves the
way for developing delivery systems that specifically target
tumor cells by targeting transcription factors.

Here, we developed a DBTFLC database consisting of
TFs involved in lung cancer with subtype information
identified via the manual curation of PubMed abstracts.
The database also details chromosomal location, family, and
TF-target and TF-TF interactions (Figure 1). For efficient
curation, we used a keyword-based text-mining approach in
which keywords that might pertain to transcriptional
regulation were first extracted and then subjected to manual
curation. We believe that the DBTFLC data could serve as a
useful benchmark for computational reconstruction of human
lung cancer regulatory networks.

2 | MATERIALS AND METHODS

2.1 | Dataset collection

Lung cancer microarray datasets were downloaded from the
Gene Expression Omnibus (GEO) database, accession
number GSE2514, GSE43346, and GSE3268. These datasets
were pre-processed and analyzed using the LIMMA package
in R program. GCRMA (Gene Chip Robust Multiarray
Averaging) method normalization and a moderated #-statistic
were used to identify the differentially expressed genes
(DEGs) between normal and Lung cancer samples. The log2-
fold change (1o0g2FC)>2 and adjusted P-value <0.05 were
considered as cut-off value for up regulated and down

Literature II GEO
Survey Dataset

Family

DBTFLC

Chromosomal|
Location

TF-TF Funtional TF-TG
Interaction Analysis Interaction

FIGURE 1 Schematic representation of DBTFLC
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regulated genes. The differentially expressed transcription
factors (DETFs) were obtained manually from DEGs in each
dataset (Supplementary Table SII). In addition to that, TFs
were identified using the keyword search, “transcription
factors associated with lung cancer, lung adenocarcinoma,
non-small cell lung cancer, small cell lung cancer, and lung
neoplasms” from the PubMed database (Figure 2).

2.2 | Data resources

The Database of Transcription Factors in Lung Cancer
(DBTFLC) integrates the following transcription factor
related resources: TRRUST,'” TcoF-DB v2,"> PAZAR,"
OregAnno,"” ITFP,'® TRED,'” HTRL'® Tfacts,'® STRING
v9.1,20 and RegNetwork.21 Transcription factors, families,
and chromosomal location are annotated according to Uniprot
(http://www.uniprot.org/), HGNC (http://www.genenames.
org/cgi-bin/genefamilies/), and NCBI (https://www.ncbi.
nlm.nih.gov/genome/tools), respectively.

2.3 | Database construction

The data resource in the DBTFLC has been designed as a
relational model and stored in the MySQL database system.
PHP language scripts were used to generate the data on a web
interface; briefly, the database is queried via PHP and the
Apache web server is used as the server software. Website
design was conducted using CSS and basic HTML. The
graphic network between genes displayed with each result
was executed using Cytoscape-embedded in JavaScript. All
procedures were performed with the Windows Operating
System. Gene symbols were used as the main keys to organize
and link all of the tables.

2.4 | Functional analysis

To study the biological functions of selected transcription
factors, we used Target explorer tool and Gene Ontology
online tool with a threshold P-value <0.05.%* The biological
pathways of the identified transcription factors were retrieved
using the pathway mapping tool of KEGG pathway database.”

3 | RESULTS AND DISCUSSION

3.1 | Database description

This database allows the user to retrieve transcription factors
involved in lung cancer and pertinent factors such as,
chromosome location, family, and type of lung cancer, and
the network representation shows TF-TARGET GENE and
TF-TF interactions (Supplementary Table SI). For a more
user-friendly interface of this database, Cytoscape embedded
in JavaScript were used to visualize the interactions.
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FIGURE 2 Flowchart of lung cancer involving TFs dataset construction

First, in the DBTFLC database, we have identified 68
differentially expressed TFs in lung cancer dataset and 324
lung cancer involving TFs were manually curated from the
literatures till the year of 2016 (Figure 2). Overall 349 TFs
were obtained, in which 249 TFs having minimum of three
publications in lung cancer and 24 TFs were not having any
literature evidence. Further, we recognized the target gene
and interacting transcription factors for identified TFs from
available TF related public databases. In this study, we
assembled a human TF-TF and TF-TARGET GENE network.
The overall statistics of the data are listed in Table 1.

3.2 | Database interface

An overview of available search and browse options is shown on
the home page screen (Figure 3). The search option of the page
includes Transcription Factors (TFs), TF-TF interaction, TF-
TARGET GENE (TF-TG) interaction and functional analysis,
which facilitates the user to browse the various features of TFs.

3.2.1 | Browse by transcription factor

The DBTFLC web interface allows searching by either
alphabetical order of TF list or TF name, which facilitates the
user to search particular transcription factors. After entering
to the respective TF page, the database will provide complete
information about the TF which includes TF family,

TABLE 1 The available data in DBTFLC database

chromosomal location, lung cancer type, and citation for
role in lung cancer (Figure 4).

3.2.2 | Browse by TF interaction categories

This option facilitates the user can browse transcription factor
interaction data in DBTFLC according to their query. The TF-
TF interaction web page comprises of details about the
identified 349 TFs and their interacting TFs present in human.
After entering the TF of interest and click on the enter button,
the same page will show the network representation of TF-TF
interaction. Similarly, user can also browse target genes in the
TF-TARGET GENE interaction option by entering the TF
name. The page will be showing network of user query TF
with TF targeting genes. For example, the interactions of
transcription factor ATF1 are shown in Figures 5 and 6.

3.2.3 | Browse by function categories

This page comprises of hyperlinks for gene ontology and
pathway search tool. By clicking on the tool, link redirects to
the home page of Gene ontology consortium and the KEGG
pathway database (Figure 7). In this option, search TF of
interest to the hyperlinked tools, which enables users to do
further analysis.

DBTFLC represents a valuable resource for the study
of TF in lung cancer regulation and play a key controlling

S.No Data type Statistics
1. Transcription factors from Literature 324

2 Transcription factors from Microarray dataset 68

3 Lung cancer involving Transcription factors 349

4. Number of other transcription factors in TF-TF Network 603

5 Number of target genes in TF-TG Network 18 445
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DBTFLC is a data repository and analytic platiorm
emphasised on lung cancer specific human transcription
factors which also are publicly sourced. Transcription factors,
as we know, are key determinant for routine cellular function
along with being overaclive in cancer progression. The
systematic collection and curation of transcription factors in
luny cancer or ils Lypes is critically important [or evaluation of
their biological function as well as for developing therapeutic
slralegies. Intriguingly, we identified 349 transcriplion [aclors
that were consistently plays a starring role in lung cancer.

‘The database enables discovery of relationships among:
o Transcriplion factor-Transcription factor Nelwork
 Transcription factor-Target gene Network
« Family

« Chromosomal Location

All of these are provided and easily queried through search.
Although there is still & need to study more about crucial role
of transcription factors in lung cancer.Nevertheless, DBTFLC,
we believe, Is the only available database that provides the
transcription factors and their features in lung cancer.

FIGURE 3 Home page of DBTFLC
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FIGURE 4 Transcription factors search module
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role in various functional enrichments like pathway and
biological processes. Here, we have done gene ontology
and pathway analysis for 349 TFs identified in this study.
Among them, 323TFs were involved in cellular metabo-
lism, cellular physiological process, and biological
regulation. There are 73 TFs involved in organogenesis,
10-50 TFs were involved in wounding and cell differen-
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tiation, cell cycle, stress, defense response, cell prolifer-
ation and below 10 TFs were involved in angiogenesis,
cell growth, immune response, apoptosis, and cell death
(Figure 8). Out of 349 TFs, 38 TFs were involved in
pathways related cancer and signaling pathway which
showed in Figure 9. However, only 12 TFs were reported
in lung cancer pathway of KEGG database.
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FIGURE 6 TF-TARGET GENE interaction network module
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In addition to micro-array data, we have compared with
RNA-seq data in normal versus lung adenocarcinoma and
normal versus lung squamous cell carcinoma from cancer
nexus RNA-seq database to get substantially deeper
information on differentially expressed coding transcripts
relating with identified transcription factor in lung cancer.
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Functional Analysis

Among 349 TFs, 314 TFs (251-Lung adenocarcinoma and
282-Squamous cell lung cancer) shows significant transcript
expression and tabulated in supplementary Table S3. From 64
differentially expressed TFs identified from microarray data,
59 of them showing statistically significant expression in
RNA-seq data of lung cancer excluding NONAG, PAX4,
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FIGURE 8 Gene Ontology analysis of transcription factors

35U0 1T SUOWILLIOD dAIER1D 3|ceot|dde sy Ag peutenoh ale sapie YO ‘3sn JO Sa|nJ J0j ARelg 1T 8uluQ A3|IAA UO (SUOTIPUOD-pUR-SWLBY W0’ A3 1M ARiq 1)Ul JUO//:SdNY) SUOIIPUOD pUe SWB | Y} 88S *[€202/20/7T] U0 ARiqiauliuo A8|1Mm ‘ABojouyos | JO aimnsu| eifioss Aq €099z 00 (/200T 0T/I0p/wod A |1m ArIgi Ul Uo//:Sdny WwoJy papeojumod */ ‘8TOZ ‘t19v.60T



AMALRAJ ET AL.

(A) (B)

WiLE Y- Sl

«Qu

L 4 )
Adherens sr&lz S&‘
i g.ﬁm Juntion 8 P
nscriptional misregulation in ca —— ¢
N patways in cancer e . . ¢ Qe B
TG:.L\‘,:K:gna::ngynl::ay ] FoxO &: Hippo m&z
“beta signaling pathway —- signaling SMAD2 & signaling p
. Wn:l Tp::gp::iwly - pathway I~ 5 A pathway L ]
Non small cell Lung Cancer  SD SMAD4
Small cell Lung Cancer (D Non small cell zzqu m&s.:ﬂl m”sn sa&m TGF-.bem H&l sig:):cli: -
Hippo signaling pathway S Lung Cancer e 8 signaling pathway
Pm:':“"f“"::""":‘"y -— o5 2 Cell Cycle GlLI2 pathway
Akt signaling pathway D R&B L)
Thyroid hormone signaling pathway @S s’r’w .
Cell Cyele MDD ® rR0s Pathwaysin @ *_j&‘ﬁ?gg sz VEGE rifts
TNF signaling pathway GEEED EGFR tyrosine stea cancer  Small cell signaling
v pathway Qm thway
Tuberculosis @D ) kll\l"li)]'ste 9 3 Thyroid Lung Cancer NFATC4 Pathway
cAMP signaling pathway GHEID inhibitor = stAry HIFIA o SMAD1 ]
L7 signaling pathway —_— o resistance STAQI‘S gi;m:;signnling s Wnt s;i}ilmnlin ~efhee arfem
hh'orﬂlngmllnf\l’n:'lly - Cl!emnoll_une ro¥oi Ppathway pathway R pathway cin X .
poptosis D . S
JakSTAT signaling pathway @D zﬁ{i“::f sTAm2 Jak-STAT t =) 1 e celea s o Basal
Chemokinesignaling pathway P signaling p.%l _ErbB R.&B & * 16 ﬁ g m‘,l&l,n'l'mnsacript.ion
Ras signaling pathway @D pathway Slﬁzll:llmz RYRG GATA4 SPiL sb1 ° factor
s on D S pathway 2
Tollike reccptor :iu h:f.“’ J‘:::.n - -1 S . @ M’x Tight Juntion o TAF1
e l«phn .‘ﬂu."'wm ¥ - signaling AMPK Adipocytokine p53 signaling NFATCL @
Iposytoking sigaaling pathwsy pathway Signaling signaling ¢ pathway NPATCS S Q
AV-::‘mph :-lcn-:-_ncw:h"y pathway pathway Y N %‘; 1
NF-kappaB signali way < s
gbﬁ-l:::ll::lhw-y == Ras R4 ki A o NFRBz e PPARG cAMP o i 1
A - s signaling Neutrophin EB“ signaling Transcri tional (X
e i pathway sngl;‘almg e @ By pathway MisregulationHoXan rRs
~1 signaling pathway 5
PPAR signaling pathway @9 efe ' pat wal:"F = N % ® 10 cancan, momu()é\m
Hedgehog signaling pathway @ M A *-kapp: Estrogen ’
Tight Juntion @9 T°u"tkf_ stglelng MAPK  gimmaling o efvs_HO%9
Basal Transcription factor @9 P13K-Akt :icgc::sigg pathwaycy®s; signaling pathway R FIn
GnRH signaling pathway @ signaling ‘pathwny & pathway M & g
Notch signaling pathway @ pathway Apoptosis ® DE 4 u#‘“ A2
EGFR tyrosine kinascinhibitor resistance @ o CP&_B ,IL'I? wﬁp 21S1
VEGF signaling pathway @ Q, Tuberculosis @ afe . Hng oiftrs
L S — Es Rai ey
0 3 1013202 2 3 0 4 VBR Gu}l{ TNF signaling

FIGURE 9 Pathway analysis of transcription factors

SOX10, SRY, and TCF7L2. To cover extensive cancer—TF
associations, three well known disease databases were used
such as DisgeNet, Disease Gene Annotation, Comparative
Toxicogenomics Database. After removal of overlap between
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these databases, identified TFs were associated with 37
different types of cancer which is depicted in Figure 10
(Supplementary Table S4). Also from our analysis, we have
identified 95 TFs are oncogenes and 92 TFs tumor suppressor
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genes (Supplementary Table S5). These findings clearly
indicated that the regulatory relationships of TFs in lung
cancer progression are thought-provoking in therapeutics. We
believe that the DBTFLC will be beneficial for the clinical
researchers and assists to make an effort for identifying
druggable targets in lung cancer.

4 | CONCLUSIONS

DBTFLC is a web-accessible database of transcription factors
involved in lung cancer. This database includes integrated
data resources related to transcription factors associated with
lung cancer and their interacting partners as an easy-to-use
web-based module. We believe that, DBTFLC will serve as a
significant resource for transcriptional factor research in lung
cancer. This database includes molecular targets and their
interacting genes along with the link for Gene Ontology and
Pathway analysis. Moreover, the database envisage to obtain
and display the interaction of TF-TF and TF-TARGET GENE
networks and to integrate their functional attributes. Thus, the
database could serve as a potential resource for lung cancer
research through identifying putative biomarkers and to
discern enriched Gene Ontology annotations via the network
biology approach. As the development in intensive oncol-
ogical research, the understanding of TFs involved in lung
cancer which enhance to focus as a druggable targets for the
treatment in the coming years, we will continuously collect
the information and the database will be updated periodically.

51 AUTHOR SUMMARY

Lung cancer is the leading cause of cancer-related mortality
worldwide for both women and men, with 1.38 million deaths
annually. The two major types of lung cancer include small-
cell lung cancer and non-small-cell lung cancer. As the early
stage of the disease is asymptomatic, disease diagnosis at this
stage can be quite challenging. Hence, understanding the
mechanisms that govern lung carcinogenesis is important for
developing novel therapeutic strategies. Recent studies have
reported that a small subpopulation of cancer stem cells is
responsible for tumor initiation, progression, metastasis,
recurrence, and even resistance to treatment. The unique
gene-expression patterns in different cells result in the
presence of molecular markers that can be used to distinguish
specific cell types. The different type of markers used to
identify stem cells includes cell surface molecules, signaling
pathway markers, as well as transcription factors. Transcrip-
tion factors play a key role in the regulation of gene
expression. The aim of developing this database was to
explore and review the current data on transcription factors
involved in lung carcinogenesis and their interacting
molecules, gene ontology, and pathways.
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