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ABSTRACT
The structural and molecular characterization of long non-coding DNA molecules has created tremendous scope for 
gaining insights into the molecular genetics of different types of malignancies. Studies have clearly indicated that these 
long-non coding DNAs are excellent candidates as far as cancer interventions are concerned and recent developments 
in different bioinformatics tools and paradigms have completely changed our cancer therapeutic and diagnostic 
outlook. The inherent objective of this review article in to present an overview on the molecular characteristics of 
lncRNAs and their role in cancer progression and discuss the far reaching implications for cancer diagnostics and 
therapeutics through bioinformatics analysis of lncRNAs. This review elaborates on the bioinformatics analysis of 
RNA-seq data from expression profiling of lncRNAs and also emphasizes on the significance of different lncRNA 
databases.
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INTRODUCTION

When Francis Crick proposed the central dogma in 1958 stating 
that within the the nucleus of every cell there is transcription 
of DNA to RNA and translation of RNA to protein, scientists 
were unaware of the fact that less than 3% of the human DNA 
get expressed into protein [1]. This aspect came to light with the 
completion of the human genome project and it became clear that 
more than 97% of the human DNA is essentially "junk" and do not 
conform to the central dogma proposed by Francis Crick [1,2]. It 
was also assumed that these noncoding regions of the genome do 
not come under any form of selective pressure, allowing mutations 
to accumulate without any negative impact on the host organism. 
Considering the fact that more than 97% of the human genome 
is supposedly "noise" a key scientific inquisitiveness that needs to 
be addressed is wheather they are truly redundant in nature or if 
they have any significant regulatory role to play. Major functional 
annotation initiatives such as ENCODE and FANTOM have 
indicated that around 80% of the DNA in higher organisms such 
as mammals undergo transcription into noncoding RNA elements 
that are also subjected to extensive genetic regulation [3,4]. The 
volume of noncoding RNA in different mammalian species varies 
significantly and it has been observed that in higher species the 
abundance of the molecules increase significantly, thus indicating 
their molecular significance [5,6]. Majority of the non-coding RNAs 
present in the higher mammals are at least 200 base pairs long or 
more and play an active role in the epigenetic and transcriptional 
regulation of gene expression and enzymatic activity modulation 
[7]. Recent bioinformatics ribosomal profiling analyses have clearly 
indicated that large sections of non-coding RNAs contain highly 

conserved small ORFs that interact and bind with ribosome [8-
10]. This observation is a strong indication of the coding capacity 
of the noncoding RNAs and it appears that until recently the 
molecular capabilities of these supposedly "redundant" genetic 
material have largely been overlooked [11,12]. The non-coding 
RNAs longer than 200 base pairs are referred to as long non-
coding RNAs (lncRNAs) and bioinformatics analysis of targeted 
RNA sequencing data along with genome wide association studies 
have allowed annotation of large populations of multi-exonic non-
coding RNAs (mencRNAs) associated to malignancies such as 
breast cancer [13]. At the moment scientific endeavour from across 
the world have been highly successful in cataloguing thousands of 
long non-coding RNAs (lncRNAs) and some key lncRNA that are 
implicated in cancer metastasis include MALAT1 which is over-
expressed in a wide range of cancer types, HOTAIR associated 
with breast cancer and colon cancer and PCNCR1 associated with 
prostate cancer [14-18]. Considering the fact that majority of the 
annotated lncRNAs have still not been functionally characterized 
it is difficult to say how many more lncRNAs contribute towards 
cancer progression and metastasis [19,20]. Modern bioinformatics 
approaches that are available today can be very effective in 
identification and annotation of for lncRNAs at systemic and 
functional levels and could contribute immensely towards better 
understanding of cancer pathogenesis. LncRNAs have very low 
expression levels with majority of them devoid of the poly-A tail, 
making their identification and annotation a major challenge. 
However latest sequencing approaches such as RNA-seq, ChIRP-
Seq and genome editing tools such as CRISPR have been very 
effective in high resolution identification and annotation of novel 
lncRNAs [21,22]. Furthermore, availability of lncRNA databases 
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such as GENCODE, NONCODE, LncRNASNP2, LNCipedia, 
CHIPBase, DIANA-LncBase, Noncode v3.0 and lncRNome and 
bioinformatics computational analysis and prediction tools such as 
LncDisease, LncRscan-SVM and LncRNA-MFDL have been very 
resourceful in identifying and characterizing the properties and 
functions of lncRNAs [23].

This review will start by describing the molecular characteristics 
and functional mechanism of lncRNAs in cancer pathogenesis and 
discuss the promise of lncRNA biomarkers for early characterization 
of different cancer phenotypes. The review will then present a 
comprehensive discussion on the different bioinformatics analysis 
and prediction tools and annotation databases for lncRNAs and 
elaborate on how they can aid in better understanding of the 
molecular pathogenesis of different types of cancer.

THE MOLECULAR CHARACTERISTICS OF 
LNCRNAS AND THEIR ROLE IN CANCER 
PROGRESSION

The concentration of lncRNAs in the genome is very high and 
majority of them do not possess active open reading frames [24,25]. 
Furthermore the expression levels of most of the lncRNAs are very 
low and this makes is very challenging to properly characterize 
them. While modern sequencing approaches such as RNA-seq 
have clearly indicated that lncRNA conservation in the DNA is 
very insignificant, around 3% of the molecule is highly conserved 
in humans [26]. It is very likely that lncRNAs evolve very rapidly in 
certain organisms and they might not need a high level of sequence 
conservation to retain their inherent functional characteristics. 
Interestingly, the promoters regions of lncRNAs are found to be 
highly conserved thus indicating the fact that genetic regulation 
of lncRNA expression has lot of significance. A very large number 
of lncRNAs have very similar molecular characteristics with active 
protein coding genes such as more than exons, polyA+ tails and a 
5′ cap and majority of the lncRNA genes are situated within a 10 
kb region of the protein coding genes [27,28]. LncRNA can also 
exist as intronic RNA and antisense RNA as illustrated in Figure 1.

Thus, it is apparent that there is a good level of diversity as far as 
the functional profile of the lncRNAs is concerned and they are 
also present in different types of tissues. Studies have also shown 
that the diversity of lncRNA is highest in the CNS and they can 
be present both in the cytoplasm and the cell nucleus [29,30]. 
Considering the fact that lncRNAs have low levels of expression and 
also due to the discovery of promoter-associated RNA types such 
as promoter upstream transcripts that have very little molecular 
stability, these long non-coding molecules were also presumed to 
be highly unstable [31]. However recent studies have been able 
to establish that majority of lncRNAs are very stable with very 
healthy half-lives [32]. LncRNAs contribute very diversely towards 
cancer pathogenesis and it includes chromatin remodelling and 
looping, acting as natural antisense transcripts and formation of 
cancer networks. With regards to chromatin remodelling lncRNAs 
can function as signal lncRNAs or act as scaffolds and they also 
contribute towards stabilization of chromatin loops [33-35]. A key 
role of the chromatin loops is to facilitate interaction of distally-
located enhancers with their respective target gene promoters 
[36,37].

BIOINFORMATICS ANALYSIS OF LNCRNA: 
FAR REACHING IMPLICATIONS FOR CANCER 
DIAGNOSTICS AND THERAPEUTICS 

Given the extensive role of lncRNA in cancer growth, 
progression and proliferation as discussed in the previous section, 
comprehensive expression profiling of these RNA molecules can 
contribute immensely towards cancer diagnostics and therapeutics. 
Phenomenal development in high-throughput sequencing 
technologies and bioinformatics data analysis paradigms in the 
recent times has created possibilities for deeply insightful lncRNA 
expression profiling. Bioinformatics analysis of non-coding RNA 
data can also facilitate discovery as well as functional characterization 
of previously unknown lncRNA, profiling of inherent expression 
pattern and structural characterization of annotated lncRNAs. 
Expression profiling approaches such as microarray and high-

Figure 1: Molecular characteristics of lncRNAs. 
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throughput sequencing techniques such as Serial Analysis of Gene 
Expression (SAGE), Cap Analysis Gene Expression (CAGE) and 
RNA-seq are routinely used for characterization of lncRNA and 
bioinformatics analysis of the data generated involve steps such as 
1. Detection of differential gene expression; 2. Gene expression 
based clustering; 3. Classification and, 4. Pathway analysis.

BIOINFORMATICS ANALYSIS OF RNA-SEQ 
DATA FROM EXPRESSION PROFILING OF 
LNCRNAS

Among different expression profiling techniques, RNA-seq is the 
method of choice for characterization of new lncRNA molecules 
because of high resolution at single nucleotide level and nominal 
sequencing costs. The working principle of RNA-seq is based on the 
conversion of RNA into cDNA, sequence fragmentation and finally 
high throughput sequencing of the fragments using techniques 
such as Illumina HiSeq. The high sequencing resolution of RNA-
seq is very ideal for lncRNA expression profiling because in order 
to identify and characterize novel lncRNA molecules involved in 
cancer biology a very high sequencing depth of at least 150 million 
reads is necessary [38]. A study by Yu et al. successfully used the 
RNA-seq technique to detect nine different lncRNA markers to 
predict the different stages of oesophageal squamous cell carcinoma 
and present a very accurate prognosis for affected patients [39].

The first stage in the bioinformatics data analysis workflow for 
RNA-seq data involves pre-processing of the raw data to eliminate 
poor quality reads and reference mapping of the good reads with 
existing databases using tools such as Blat, SHRiMP and LastZ [40]. 
The next stage in the bioinformatics analysis workflow is assembly 
of the transcripts using tools such as BowTie [41] and mapping 
of the assembled transcripts with major lncRNA databases such 
as CPAT and Pfamscan. LncRNA data analysis pipelines such as 
lncRNAscan have been successfully used to detect novel lncRNAs 
involved in cancer and present highly accurate predictions of cancer 
therapeutics [36]. Functional characterization of detected lncRNAs 
can be performed using the existing lncRNA databases such as 
lnRNAdb that lead to the identification of lncRNA involved in 
malignancies such as gastric cancer [42]. Similarly, other lncRNA 
databases such as NONCODE lead to the identification and 
characterization of lncRNAs that are involved in hepatocellular 
carcinomas [43].

THE SIGNIFICANCE OF LNCRNA DATABASES

For efficient bioinformatics lncRNA analysis a number of database 
resources are available today. Notable mentions include databases 
such as ENCODE, FANTOM, and TCGA that are results of 
significant RNA-seq experiments on a wide range of tissue samples 
including samples from cancer patients [43-46]. While these 
databases contain a very good collection of lncRNAs from actual 
sequencing experiments, there are other database resources such 
as lncRNome and LncRNA Disease that consist of lncRNA lists 
derived from extensive data mining of scientific literature as well as 
scientific predictions [47,48]. While lncRNome may be considered 
as a general repository of characterized lncRNA molecules, the 
LncRNA disease database presents an excellent overview on the 
disease associations of different lncRNA molecules. Apart from 
the databases mentioned above, key bioinformatics tools have also 
been developed to access databases such as lncRNAtor which is a 
rich repository of information on gene-lncRNA co expression [49]. 

The bioinformatics tools can also be used to carry out molecular 
characterization of lncRNAs with regards to detection of similar 
functional motifs and structure prediction using resources such as 
LNCipedia and lncRNome.

CONCLUSION 

While there is considerable therapeutic and research significance 
of lncRNAs, researchers are still not entirely aware of their 
underlying molecular functions. In order to gain further insights 
into the underlying molecular functions of long non-coding RNAs 
more studies are required that could lead to unravelling of novel 
functions of the molecule. Important characteristics of lncRNAs 
such as their ability to influence the process of alternative splicing 
through the regulation of processes such as phosphorylation 
and distribution of serine/arginine splicing factors have been 
characterized. It is very likely that through further bioinformatics 
approaches different lncRNAs molecules will be discovered that 
could cause the regulation of processes such as alternative splicing 
through different molecular mechanism. This review article did 
not focus on new mechanisms and types of long non-coding RNAs 
such as circular RNAs and a subject of future research could be 
discovery ad characterization of novel lncRNAs that could through 
significant insights into cancer pathways. 
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