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Introduction

Oral cancer is a significant public health issue,
with a high morbidity rate and limited
treatment options. Traditional methods of
diagnosing  oral  cancer, such  as
histopathological examination and imaging
techniques, have their limitations in terms of
accuracy and sensitivity.! However, there has
been a remarkable advancement in molecular
biology and genomics to overcome these
limitations, particularly with the emergence of
high-throughput  technologies, such as
nanopore sequencing (NS).? This sequencing
procedure is a revolutionary technology that
allows for the direct analysis of DNA and RNA
molecules, providing a real-time and single-
molecule approach to sequencing. NS involves
passing single-stranded DNA or RNA
molecules through a nanopore embedded in a
membrane. An electrical current is applied
across the membrane. As the nucleic acid
strands pass through the nanopore, they cause
disruptions in the current. These disruptions
are unique to each nucleotide (adenine,
thymine, cytosine, and guanine in DNA;
adenine, uracil, cytosine, and guanine in
RNA), allowing the sequencer to read the
sequence of the molecule in real-time.® The
two primary types of nanopores used are

biological nanopores derived from proteins
and solid-state nanopores made from synthetic
materials.*

Biological Nanopores

Biological nanopores are proteins with
transmembrane pores that can be embedded in
a lipid bilayer. Various engineered nanopore
proteins and strategies are deployed to improve
the sensitivity of specific analytes. An
exotoxin-based alpha-hemolysin channel is
one of the well-studied biological nanopores.
Several other pore proteins, such as MspA and
Phi29, are also employed for sequencing
ssDNA, dsDNA, peptides, and small proteins.®

Solid-state Nanopores

Solid-state nanopores are emerging tools in
NS, a technique for DNA analysis. These
nanopores, made from materials like silicon
nitride or graphene, offer robustness and
chemical stability compared with biological
nanopores. They detect changes in ionic
currents as DNA strands pass through the
nanopore. Recent advancements have
improved fabrication precision, sensitivity,
and throughput.® Solid-state  nanopores
provide high-resolution data and can be
engineered  for  specific  sequencing
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applications, enhancing their utility in
genomics and personalized medicine. Their
versatility and durability make them promising
for future sequencing technologies, pushing
the boundaries of analysis of biomarkers.’

Applications of NS

Screening and early detection of oral cancer
NS has shown significant potential in the early
detection of oral cancer. Traditional diagnostic
methods, such as biopsies and imaging, often
detect cancer at later stages. They can identify
genetic mutations and epigenetic
modifications associated with oral cancer in its
early stages using minimally invasive samples
like saliva or blood. It can prompt intervention
and treatment by detecting oncogenes, tumor
suppressor genes, and specific mutational
signatures early. Additionally, NS offers a
promising approach for liquid biopsy
procedures, allowing for efficient and non-
invasive detection of genomic alterations in
cancer cells. This technology enables the
analysis of circulating tumor DNA in blood
samples, providing valuable insights into
tumor heterogeneity and evolution with its
high sensitivity and throughput capabilities
(Figure 1).2

Genomic profiling for treatment planning
NS provides a significant advantage by
generating long reads, enabling a more
comprehensive analysis of complex genomic
regions. This is especially beneficial in oral
cancer diagnosis, as structural variants, gene
fusions, and large deletions or insertions are
common. A new technology has been
developed by combining Oxford Nanopore
Technology and CyclomicsSeq to investigate
the TP53 mutation in the circulating tumor
DNA at a frequency of 0.02%. This technology
had a proven advantage of sequencing short
read sequences for the detection of single
nucleotide variants, structural variants, and
methylation profiling of cell-free DNA.° NS
can precisely detect these alterations, offering
a detailed profile of the genomic makeup of the
tumor. This thorough analysis helps identify
potential therapeutic targets and provides
insights into tumor behavior.

Monitoring treatment response

NS has emerged as a promising tool for
monitoring treatment response in oral cancer
patients. By allowing for real-time, high-
throughput analysis of DNA and RNA
molecules, clinicians can track changes in
tumor genetics over the course of treatment.
This technology can personalize therapy and
adapt treatment plans based on the molecular
profile of the tumor. With its ability to provide
rapid and accurate results, NS holds great
promise in improving outcomes for patients
with oral cancer.!

Pre-symptomatic testing

Several studies have stated a strong correlation
between family history of cancer (FHC)
positivity and prognosis in oral cancer patients.
Therefore, pre-symptomatic testing should be
offered to individuals with FHC. A study
analyzed the 39 Kb structural variant causing
Lynch syndrome (LS). Oxford Nanopore
MiniON mapped the inserted sequence and
insertion breakpoints, revealing the presence
of the same wvariant in two unrelated
Norwegian families with LS, which was
seldom detected using targeted exon
sequencing or multiplex-ligation-dependent
probe amplification.’> Once the pathogenic
variants are detected in high-risk individuals,
the results should be clinically correlated by
performing additional tests to include or rule
out conditions related to a specific disease
type. The interpretation of the rare variant/s
identified in individuals can be derived by
performing computational analysis to deduce
the pathogenicity of the variants.

Advantages of NS

The real-time sequencing capability of
nanopore technology offers a significant
advantage in clinical settings. Traditional
sequencing methods often require weeks to
process and analyze samples, whereas NS can
provide results in hours. This rapid turnaround
is crucial for oral cancer patients, allowing for
quicker decision-making regarding treatment
plans. Early intervention can significantly
impact patient outcomes, making NS a
valuable tool in clinical diagnostics. This
method is highly scalable and capable of
analyzing multiple samples simultaneously.



This high throughput is essential for large-
scale screening programs and population-
based studies.™

In addition, the portability of NS devices, such
as Oxford Nanopore MinlON, enables on-site
testing and analysis, making it accessible in
various clinical and field settings. It is a cost-
effective option compared with other
sequencing technologies. Its lower cost per run
and the ability to use minimal reagents make it
an attractive choice for widespread clinical
use. This affordability can facilitate routine
screening and monitoring of high-risk
populations, contributing to the early detection
and prevention of oral cancer. Genetic
mutations and epigenetic modifications, such
as DNA methylation, are important factors in
the development of oral cancer. NS can
directly identify these modifications without
requiring bisulfite treatment, which is
necessary for other sequencing methods. This
ability enables a more thorough cancer genome
analysis, offering insights into gene regulation
and potential biomarkers for early diagnosis.'*

Potential Limitations

Despite its advantages, NS has some technical
limitations. While its accuracy is improving, it
is still lower than traditional sequencing
methods like Illumina. Errors in base calling
and difficulties in sequencing homopolymeric
regions can impact the reliability of results.
Continuous advancements in  nanopore
technology and bioinformatics tools are
needed to address these challenges and
enhance accuracy.®® The large volume of data
NS produces poses storage, management, and
analysis challenges. It is crucial to have
advanced computational tools and reliable
bioinformatics pipelines to process and
interpret the data effectively. Integrating
sequencing data with clinical information
necessitates interdisciplinary expertise and
seamless collaboration between researchers,
clinicians, and bioinformaticians. NS for
diagnosing oral cancer in clinical settings
needs thorough validation and
standardization.® It is crucial to develop
standardized protocols and quality control
measures and obtain regulatory approvals for
its routine clinical use. Additionally,
systematic workflows have to be developed for

training healthcare professionals to effectively
use and interpret NS data to integrate it into the
diagnostic module.

Future Perspectives

The future of NS in oral cancer diagnosis is
quite  promising.  Ongoing  nanopore
technology advancements, including accuracy,
throughput, and cost-efficiency, will further
enhance its diagnostic capabilities. Integrating
NS with other omics technologies, such as
transcriptomics and proteomics, can provide a
holistic view of cancer biology, paving the way
for personalized medicine and targeted
therapies. In conclusion, NS represents a
transformative approach to diagnosing oral
cancer. Its real-time sequencing,
comprehensive genomic profiling, and cost-
effectiveness offer advantages over traditional
methods. While technical limitations and
clinical  implementation  remain, the
continuous evolution of nanopore technology
holds great promise for improving early
detection, treatment, and, ultimately, patient
outcomes in oral cancer.
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Figure 1. This figure depicts the workflow of circulating DNA/RNA sequencing from sample
preparation to application, including early diagnosis, personalized treatment, and monitoring
treatment response using nanopore technology.



