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INTRODUCTION
The initial DNA sequencing methodology was introduced by Maxam and 
Gilbert in 1977, which was soon followed by the chain termination method 

1of DNA sequencing developed by Sanger et al in 1977.  Sanger and Maxam 
– Gilbert technologies are referred to as the rst generation of sequencing 
technology. These were used commonly until the introduction of high 
throughput technologies or next-generation sequencing (NGS) which 
opened new perspectives and new avenues in genome exploration and 

2analysis in 2005.  Genomic technology has evolved and many next-
3generation sequencing technologies have been developed since then.  NGS 

can be used to sequence entire genomes or constrained to specic areas of 
interest, including all 22,000 coding genes (a whole exome) or small 

4numbers of individual gene.  The NGS is divided in to second and third 
generation technologies. The basic characteristics of second generation 
sequencing technology are: (1) The generation of millions of short reads in 
parallel, (2) Speed of the sequencing process compared to the rst 
generation, (3) the low cost of sequencing and (4) the sequencing output is 
directly detected without the need for electrophoresis. The basic 
characteristics of third generation sequencing is easy sample preparation 
without the need PCR amplication which also makes it signicantly faster 
than the second generation sequencing technologies. Also these produce 
long reads exceeding several kilobases unlike short reads in second 
generation sequencing thus resolving the assembly problem and repetitive 

2regions of complex genomes.

Oral squamous cell carcinomas (OSCC) are a group of cancers which arise 
5 from the mucosal lining of the oral cavity. OSCC corresponds to 95% of all 

oral cancers. It is associated with severe morbidity, recurrence and reduced 
6survival rates. Sometimes, oral cancers are preceded by lesions which are 

visible clinically, are noncancerous in the beginning and therefore have 
been termed precancerous. The most common oral potentially malignant 
disorders are leukoplakia, erythroplakia, oral lichen planus and oral 
submucous brosis. A large number of these oral mucosal lesions have a 

7tendency to transform into malignancy.  Next-generation sequencing 
technologies provide a powerful tool for understanding the genetic basis of 
tumor initiation and progression, which makes it very useful to guide us in 

8personalized precision medicine.

DISCUSSION
NGS refers to the second-generation DNA sequencing technologies where 
millions of DNA can be sequenced simultaneously. Some of the next gen 
sequencing methods employed are Roche/454 life science, 
Illumina/Solexa, SOLiD system and HeliScope. Application of NGS in 
decoding the genomic database of various oral diseases may possess 
therapeutic and prognostic value. Since the rst DNA sequencing in 1970s, 
there has been tremendous advancements in the technologies aimed to 
determine the entire human genome.

Methodologies of clinical NGS:
1. DNA Extraction:
DNA extraction from the sample which is followed by DNA 

quantitation.

2. Library preparation:
It refers to the process of preparing DNA for use on a sequencer. It 
involves breaking DNA into fragments and adding adaptors to the 
ends. Adaptors may include molecular bar codes (to allow pooling of 
patient samples), universal polymerase chain reaction (PCR) primers, 
hybridization sequences to bind the DNA fragment to a surface, and 
recognition sites to initiate sequencing. The term library refers to these 
fragments of DNA with anking adaptors that are ready for 

9sequencing.

3. Target Enrichment:
The resulting library undergoes enrichment for both whole exome 
analysis and targeted testing or is sequenced directly for whole genome 
analysis. Enrichment may be performed by hybridization to 

9complementary sequences (sequence capture) or by PCR.

4. Sequencing:
Clinical sequencing is commonly performed on 2 main types of 
instruments: Illumina sequencers (San Diego, California); or the Ion 

9Torrent series of machines (Thermo Fisher Scientic).

5. Bioinformatics:
The raw data reads from either type of instrument undergo a series of 
bioinformatics processes to deliver a variant call le (VCF). 

These processes include demultiplexing, quality analysis, mapping of 
the reads to a reference genome (resequencing), and variant 
identication/ annotation. The use of bar codes to tag a specimen's DNA 
fragments allows multiple samples to be pooled and sequenced together, 
thus decreasing the sequencing cost. Demultiplexing process is where all 
reads are sorted by bar code/sample before further analysis. This 
demultiplexed le with raw reads is referred to as a FASTQ le. 
Following this step, the individual reads for a sample are mapped to a 
reference genome which is referred to as the BAM le (.bam) and any 
difference between the reference and the sequencing read is noted. 
Identical (duplicate) reads are discarded for whole genome sequencing 
but not for the amplicon-based sequencing. If multiple reads show the 
same difference, a variant is called (the threshold for the number or 
percentage of reads required is determined by the laboratory and should 
be validated. The quality of signal for an individual base read and the 
mapping quality are also factors considered when calling a variant. The 
output le that denes all the variants for a sample and their allelic 
fractions is referred to as a variant call le (VCF). The variant call le will 
contain all variants including common variants, and additional 
bioinformatics tools are used to lter out variants meeting certain criteria. 
Before implementation, clinical NGS requires end-to-end validation 

9from DNA extraction through the bioinformatics pipeline.

6. Interpretation of variants:
There are guidelines for the interpretation of germline variants put 
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ABSTRACT
The need for rapid and accurate sequencing of human genome has resulted in the introduction of next generation sequencing (NGS) technology. 
NGS refers to the second-generation and third generation DNA sequencing technologies where millions of DNA can be sequenced simultaneously. 
NGS is useful to determine the individual genetic sequence, larger genetic regions, chromosomes as well as to sequence RNA and proteins. Oral 
squamous cell carcinoma (OSCC) is one of the most frequently occurring malignancies and most often it is preceded by potentially malignant 
disorders like oral leukoplakia, oral submucous brosis and oral lichen planus. NGS technique provides valuable insights in its study and 
management. This paper provides an overview of the basics of NGS and some of its applications in oral cancer and common potential malignant 
disorders.
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forth jointly by the American College of Medical Genetics (ACMG) 
(now the American College of Medical Genetics and Genomics), the 
Association of Molecular Pathologists, and the College of American 
Pathologists (CAP).These guidelines assign strength of evidence for 
various criteria regarding a particular variant and rules for combining 
all the criteria to classify that variant as pathogenic, likely pathogenic, 

9uncertain signicance, likely benign, or benign.

When we re-sequence the entire genome and map the sequence back to 
the human genome to identify mutations, it is called the whole genome 
sequencing. It provides the advantage of full coverage of the entire 
genome, including promoters and regulatory regions. Therefore, 
whole genome sequencing is mostly used to identify novel and rare 
mutations. On the other hand, whole exome sequencing involves 
sequencing all exons of all known genes at a relatively deeper depth. 
This is also more cost effective compared to whole genome 
sequencing. It is used to identify genes associated with cancer, 
diabetes, immunologic disorders etc. Transcriptome sequencing 
involves sequencing complementary DNA (cDNA) fragments 
generated by reverse transcription of RNA. Cancer epigenetics can 

10also be analyzed using NGS.

Applications of NGS in cancer diagnostics, therapy and research:
1. Diagnosis:   Many tumor subtypes are now dened by genetic 

mutations they have. By the use of whole genome (or whole 
exome) sequencing, novel genetic aberrations and associated 
potential therapeutic targets are found in many cancers. This 
information also sheds light on the pathogenesis of these 

10,11tumors.
2. NGS for personalized cancer therapy: An increasing number of 

therapies are now tied to DNA sequencing results (Targeted 
10,11therapy).

3. When a patient stops responding to a targeted therapy with known 
11resistance mutations. In this scenario, patients can be redirected 

to other available targeted therapy or be enrolled to clinical 
research studies which offer them additional chance at a 
treatment.

104. NGS in hereditary cancer syndrome genetic testing.

NGS in Oral squamous cell carcinoma (OSCC):
Several previous studies have documented that the most common 
genetic aberrations in OSCC involve the FAT1 (FAT Atypical 
Cadherin 1), CASP8 (cysteine-aspartic acid protease 8), TP53 (tumor 
protein p53), CDKN2A (cyclin-dependent kinase inhibitor 2A), 
NOTCH1 (Notch homolog 1), FBXW7 (F-Box And WD Repeat 
Domain Containing 7), HRAS (Harvey Rat sarcoma virus), and 
PIK3CA (Phosphatidylinositol-4,5-Bisphosphate 3-Kinase Catalytic 

12,5 Subunit Alpha) genes. TP53 is the most frequently mutated gene in 
OSCC. Among the different mutations observed in TP53 in OSCC, 
missense mutations are found to be the most common. In addition, it 
should be noted that most of the mutations in this gene are located near 
the DNA binding domain of the protein, which is associated with poor 
prognosis. PIK3CA is another commonly mutated gene in OSCC and 
these are commonly seen in HPV (Human Papilloma virus) positive 
oral cancers. Most often, the mutation is seen in the exon 20 region of 

12this gene.

Targeted therapy in OSCC:
EGFR (epidermal growth factor receptor) is a common target for the 
targeted therapy in OSCC. The drugs in this category are subdivided in to 
two depending on their targeting mechanism. Cetuximab and 
nimotuzumab function as monoclonal antibodies against EGFR. The 
EGFR tyrosine kinase inhibitors are getinib, erlotinib, and afatinib. 
Another important mechanism which is targeted by the targeted therapy 
is the tumor angiogenesis through Vascular endothelial growth factor 
(VEGF) and its receptors. Some of the anti-angiogenic drugs or 
inhibitors of VEGF include bevacizumab, sorafenib, aibercept, and 
vandetanib. The mammalian target of the rapamycin (mTOR) signaling 

12pathway plays a key role in regulating metabolic processes in cells.

Immune check point inhibitors: (ICI)
Pembrolizumab and nivolumab are the FDA approved antibodies that 
target the programmed cell death protein 1 (PD-1). The newly 
developed durvalumab and atezolizumab also bind to PD-L1 
(Programmed death-ligand 1) of tumor cells. Durvalumab as well as 
atezolizumab are currently under phase III clinical trials for HNSCC 

11(Head and neck squamous cell carcinoma) treatment.

Expression of miRNA
MicroRNAs (miRNAs) are small, non-coding RNA molecules, made 

up of 22 nucleotides and which regulates the gene expression in 
various organisms. There is differential expressions of miRNA among 
cancerous tissue and benign tissue which help in diagnosis. NGS is 
very useful for identifying novel miRNAs as it does not require 
knowledge of the miRNA sequences in advance. miR-21 was the most 
commonly identied miRNA using NGS and it is up-regulated in 
OSCC. Apart from being a promising biomarker, miRNA also acts as a 

12potential therapeutic target.

Cancer associated fibroblasts (CAF) in OSCC:
CAF are the most prominent non-immune cells cancers. The cell of 
origin of CAF or progenitor are local broblasts, pericyte, adipocytes, 
endothelial cells bone marrow derived mesenchymal stem cells, 
macrophages and cancer stem cells. With the help of single cell 
transcriptomic sequencing (scRNAseq) we are now beginning to 
characterise CAF heterogeneity within OSCC. We now know that 
myobroblast activation in the stroma (CAF) is a promoter of the 
malignant transformation in oral potentially malignant lesions like 
leukoplakia, oral submucous brosis and erythroplakia. It is also a 
marker of tumour aggressiveness, including invasion, metastasis, 
absence of T-cells and resistance to treatment implying the 

13multifactorial role of this cell.  The treatments directed to target CAF 
have been unsuccessful and it has been difcult to identify specic 
CAF targets due to a limited understanding of the molecular and 
functional phenotypes of this cell. But with the advancement of new 
technologies, especially the single-cell RNA-sequencing, is 
unraveling the complexity associated with CAF and it needs to be seen 
if this paves way for new advancements and success in therapies 

13directed towards this cell.

Metagenomics in Oral cancer:
The human body is is a habitat for over 100 trillion microbial cells 
which live in symbiosis with their host. Microbiome is a term coined to 
describe “the collective genomes and gene products of all microbes 

14 residing within an organism. Their role in health and disease is not 
well understood because of difculties in isolating and culturing the 
organisms. With the recent development of metagenomic sequencing, 
which allows the discovery of all the DNA sequences in a specimen, it 
is now possible to investigate the microbiome in more detail than 

15ever. We know that specic bacteria strongly correlate with OSCCs, 
such as Streptococcus,  Peptostreptococcus,  Prevotel la , 
Porphyromonas gingivalis and Capnocytophaga gingivalis. So far, we 
have gathered some knowledge about the bacterial community as they 
are the predominant species in oral cavity but there is a growing 
interest in the less abundant microbial communities such as fungi and 

16viruses. Sequencing studies are revealing new organisms and are 
discovering many differences between the microbiome of healthy 
persons and patients with oral cancer. Also, sequencing studies show 
the existence of DNA sequences that may be from novel microbes but 
are actually of unknown origin and therefore are referred to as the dark 
matter. All the sequencing data must be further studied to reveal novel 
pathogens and new pathways in the development of oral cancer and 

15new targets to treat oral cancer.

Application of NGS in Oral Lichen Planus
Oral lichen planus (OLP) is a immune mediated disorder and the 
immune system is affected by a lot of things including drugs, systemic 
and metabolic diseases, physical and mental stress, and also the oral 
microbiome or pathogens. In attempts to improve the treatment 
outcomes, various molecular pathways active in oral cavity cells of 
OLP patients and the related pathogens were identied using NGS 
techniques and in the process, it was found that HNF4A (hepatocyte 
nuclear factor alpha) gene network activation was present in the oral 
cavity cells of OLP patients, and several periodontopathogens, 
including Prevotella denticola, dominated in patients with OLP. This 
bacteria could activate the HNF4A network in cells of the oral cavity. 
Prevotella denticola may serve as a target for future therapies in this 

17context. 

 Application of NGS in Oral Leukoplakia
In a study, whole exome sequencing was performed to differentiate 
between progressive and non-progressive oral leukoplakia using the 
frequency of exomic variants, particularly in DNA damage repair 
pathway genes like BRCA1 (BReast CAncer gene 1), BRCA2 (BReast 
CAncer gene 2) and other double strand break (DSB) repair Fanconi 

18anaemia (FA)/BRCA pathway genes. 

Evasion of apoptosis is one of the important hallmarks of cancer. This 
could be due to inactivation of CASP8 (which encodes Caspase 8 
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protein) through various pathways such as mutations, epigenetic 
modications, altered transcription, alternative splicing and post 
translational changes. In a study, using NGS, 56% cancer and 30% 
leukoplakia tissues were found to have CASP8 somatic mutations and 
it was suggested that CASP8 mutation could serve as a potential 
signature for progression of oral cancer from leukoplakia. It was also 
implied that although clinically diagnosed leukoplakia did not show 

19any sign of invasion but these were not free from molecular alteration. 

CONCLUSION
NGS is being developed as an important research means in assessment 
of genomic alterations in various human diseases. The advantage is 
that most of the available NGS platforms share a common parallel 
sequencing process of clonally amplied DNA molecules. With ever 
improving knowledge regarding its utility, NGS can have a wider role 
in clinical practice provided some of the limitations are addressed. The 
need of the hour is to educate the current and future clinicians 
regarding its applications, the availability of accurate bioinformatics 
tools to assess the enormous data generated; and to improvise the 
technical skill and expertise of the laboratory operators. Overall, NGS 
is a signicant discovery to help in disease diagnosis and 
implementation of appropriate therapy with minimal complications.
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