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ABSTRACT
Aim: To evaluate the application of cytogenetic techniques in determining the diagnosis, prognosis, and therapeutics in oral cancer.
Background: Genetic aberrations that play animportant role in oral oncogenesis demand for substantial research for in-depth characterization of

the tumor. Cytogenetic techniques have the potential to detect these aberrations. This review highlights about various cytogenetic approaches
in cancer and how the cytogenetic findings support its application in the field of oral oncology.

Methods: Google scholar search was done for articles on cancer cytogenetics, and in particular, PubMed database was queried for articles
published from 2015 to 2020 using keywords cytogenetics, chromosomal aberrations, conventional cytogenetics, karyotyping, banding
techniques, molecular cytogenetics, fluorescent in situ hybridization, spectral karyotyping, comparative genomic hybridization, multiplex
ligation probe analysis, and next-generation sequencing (NGS) in oral cancer. Abstracts were reviewed, and relevant full text was accessed to
extract the cytogenetic findings in oral cancer.

Results: Data regarding various cytogenetic approaches from conventional to molecular techniques have been published in oral cancer. They
convey a highly complex cytogenetic finding from gross chromosomal aberrations to specific gene mutations in oral cancer.

Conclusion: Crucial information in the development and progression of oral cancer is achieved through cytogenetic findings in particular with
the molecular cytogenetic techniques. Novel technologies like NGS have emerged in recent years that hold promise in the detection of these
alterations more efficiently.

Clinical significance: An appraisal of cytogenetic analysis in oral cancer helps to determine the diagnosis and the most important prognosticators.
It assists in building targeted therapies for patient benefit.

Keywords: Conventional cytogenetics, Fluorescent in situ hybridization, Microarray techniques, Molecular cytogenetics, Next-generation

sequencing, Oral cancer.
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INTRODUCTION

Cancers are a result of genetic variations and the chromosomal
aberrations are considered as a key feature of oncogenesis.' Any
irregularity or abnormality of chromosome distribution, number,
structure, or arrangement is referred as chromosomal aberration.?
They can be numerical (aneuploidy) or structural aberrations
(translocations, deletions, etc).> Chromosomal aberrations lead to
the amplification or deletion of genes and are commonly observed
in tumors.*® These genetic changes may appear way prior than the
actual clinical manifestation and can serve as prognostic biomarkers.
Therefore, knowledge of genetic changes and chromosomal instability
is of high significance as it aids in better understanding of disease
etiology.S Itis also amodern era of precision medicine; hence, in-depth
characterization of the tumors adds value in cancer therapeutics.
Cytogenetics and cytogenomic technologies have the potential to
detect the aberrations in the cancer cells.” Morphology, structure,
pathology, function, and behavioral study of chromosomes during
somatic cell division (mitosis) and germ cell division (meiosis) and
theirinfluence on phenotype is known as cytogenetics.®? Cytogenetic
techniques are mainly categorized into conventional (karyotyping)
and molecular cytogenetics.”'® The history of cytogenetics goes
back to the era of the 1840s where Nageli first described transitory
cytoblasts, Waldeyer coined the term “chromosome,” and Mendel’s
laws explained the behavior of chromosomes in germ cells.'” These
earlier genetic studies were mostly confined to plant and animal
species. The emergence of human cytogenetics began late in the
1950s with the discovery of exact number of human chromosome
(46 chromosomes) by Tijo and Levan.'? Based on the technological
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evolution, modern human cytogenetics are classified into three
eras.® "> Flowchart 1 represents different eras of human cytogenetics.
At present, cytogenetics is widely employed in genetic testing and
counseling, prenatal diagnosis, genotoxicity studies, hematopoietic
disorders, and in the field of oncology.'®"” Crucial diagnostic and
prognosticinformation of specificabnormalities associated with cancer
can be envisioned through cytogenetic findings, more precisely by
molecular cytogenetics.””'® The present narrative review emphasizes
the application of cytogenetics in the field of oral cancer. The main
aim of this review is (1) to elucidate the methodological aspects of
cytogenetics in cancer, (2) to gather data and provide information
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Flowchart 1: Summary of the eras in human cytogenetics
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on cytogenetic alterations in oral cancer, and also (3) to evaluate
how beneficiary is cytogenetics in determining the therapeutics and
prognosis in oral cancer patients.

MeTHOoDOLOGICAL APPROACHES IN CANCER
CYTOGENETICS

Chromosomal abnormalities are exhibited in most malignant solid
tumors, and utilization of this data can refine the histopathologic
diagnosis of many tumors.'>?° The ease with which chromosome
preparations can be obtained enables cytogenetic techniques to
be routinely employed in leukemias. They are also considered as
mandatory investigations to diagnose, classify, and determine the
prognosis of leukemia patients. This is followed by its application
in lymphomas and solid tumors.?'"23 An explosion of technological
advances has been observed in clinical research and cancer
diagnostics in the past decade. Identification of Philadelphia
chromosome in chronic myeloid leukemia (CML) by conventional
cytogenetics in 19602 to the fusion gene identification by high-
throughput sequencing techniques in various cancers in 2020%* is
the paradigm of this technological advancement. Conventional
cytogenetics by banding techniques was introduced early
with quinacrine mustard stain or quinacrine hydrochloride on
chromosomes that yielded characteristic Q bands. Quenching of
the fluorescent stain limited the routine use of quinacrine banding
technique. GTG banding technique was developed shortly after
that, where metaphase chromosomes were treated with enzyme
trypsin followed by Giemsa stain. Permanent preparations, better
resolution, and fluorescent microscopy being avoided made
GTG banding as a commonly employed technique in the clinical
settings. Reverse of G banding or R-banding uses heat application
before Giemsa staining and is rarely used owing to the complicated
procedures. C-banding identifies the constitutive heterochromatin
regions, whereas NOR identifies the active nucleolar organizer
regions on chromosomes using silver nitrate stain. C banding

and NOR staining are applied to analyze polymorphism of donor
and recipient cells and to evaluate the outcome of bone marrow
transplantation in leukemia patients. Although banding techniques
are considered as the gold standard at every cytogenetic laboratory,
cancer karyotypes show complex rearrangements of different
chromosomal origin. Moreover, low mitotic index, inferior quality
metaphases, and demand of technique expertizations may be
detrimental to karyotype the tumor cells. The advent of molecular
cytogenetics, microarray-based technologies, and next-generation
sequencing (NGS) has expanded the approach and has enabled
to detect aberrations that could have escaped by traditional
karyotyping.>'%2>

Unprecedented access of genomic DNA using either
interphase nuclei, metaphase spread, tissue sections, or living
cells is achieved by fluorescent in situ hybridization (FISH).'® This
method employs probes, which are fragments of genomic DNA.
The fluorochrome-labeled probes are complementary to specific
sequences in the human genome. They are hybridized to fixed
metaphase chromosomes or interphase nuclei, and the signals
obtained are then visualized using a fluorescence microscope.?6?
Centromeric probes may help to detect numerical aberrations.
It consists of chromosome-specific DNA repeats (satellite DNA).
Whole chromosome painting probes participate in structural
aberration detection and are capable of binding to the entire
length of specific metaphase chromosome. Locus/gene-specific
probes are utilized to detect recurrent structural abnormalities
by hybridizing to particular sequences within individual
genes.?> Multiplex FISH (M FISH) and spectral karyotyping
(SKY) allow for the simultaneous identification of all 24 human
chromosomes in different colors by a single hybridization. An
enormous progress in understanding the complexity of cancer
karyotypes has been achieved through these techniques.
Nevertheless, limited resolution and the requirement for high-
quality metaphase chromosome spreads remain a challenge.'®?®
Comparative genomic hybridization (CGH) involves competitive
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hybridization of differentially labeled cells with fluorescent
dyes on metaphase spreads. In this technique, equal amounts
of control DNA from normal karyotype and sample DNA from
study are differentially labeled with red and green fluorochromes
and are cohybridized. CGH allows for genome-wide screening of
cells. The major drawback of CGH is resolution, and to overcome
this, array-based CGH (aCGH) was developed. Replacement of
metaphase chromosome by increasingly shorter normal genomic
DNA fragments like bacterial artificial chromosomes (BACs) or
oligonucleotides yielded a higher resolution of chromosomes.'”
Improvisations in array technologies, known as single nucleotide
polymorphism (SNP) arrays, resulted in hybridization efficiency
of two DNA fragments that differed in a single nucleotide.
The amenability of any cancer specimen to DNA extraction is
an added advantage of CGH and SNP arrays. However, these
techniques demand for at least 60-70% tumor purity to identify
single-copy genomic alterations; contamination with normal
and noncancerous cells is problematic.®?° Multiplex ligation
probe analysis (MLPA) is a polymerase chain reaction (PCR)-
based technique in which probes hybridized to DNA sample

are amplified using single PCR primer. Requirement of multiple
techniques is avoided in MLPA and genetic aberrations such
as changes in copy number, methylation, or the presence of
point mutations can be easily detected. The technique is robust
and cost-effective. Since they are unable to detect unknown
point mutations and distinguish polyploidy from diploidy or
haploidy, balanced translocations or inversions are some of the
major drawbacks of this technique.3%3! The field of genomics
is revolutionized by NGS technique, also referred as massive
parallel sequencing. First-generation low-throughput sequencing
was developed by Frederick Sanger in 1977, which underwent
revolution over decades giving rise to high-throughput second-
and third-generation NGS technologies.? Whole-genome, exome
sequencing, tumor-specific gene panels can be easily elucidated
through this approach.®®* Commercially available second-
generation sequencing technologies involve Roche 454, lllumina
(Miseq, Hiseq etc.), and lon torrent, which are the short-read
sequencers. To overcome the limitations of short read sequencers,
third-generation sequencing techniques evolved eventually.
The third-generation sequencing technologies include single-

Table 1: Conventional and molecular cytogenetic techniques with principle, advantages, and disadvantages

Techniques

Principle

Advantages

Limitations

Banding
« Q—AQuinacrine fluorescent stain

+ GTG—Trypsin treatment and Giemsa

stain

« R—Denaturing in hot acidic saline
before Giemsa stain

+ C—Denaturation with sodium
hydroxide, incubation in saline and
Giemsa stain

+ NOR—Ammoniacal silver solution,
Silver nitrate stain

FISH—Three types of probes

+ Whole chromosome painting

+ Centomere specific

+ Gene/locus specific

Multicolor karyotyping
M FISH
SKY

CGH

aCGH/SNP arrays

MLPA

NGS
Roche 454
Illumina/Solexa
lon torrent
Pacific biosciences
Oxford nanopore

Protein digestion and/or special dye
generate banding pattern specific for
each chromosome

Small-labeled DNA fragment is used
as a probe to search for homologous
target sequences in DNA

Hybridization with 24 differentially
labeled chromosome-specific probes
allows painting of every chromosome
in distinct color

Competitive hybridization of differ-
entially labeled cells with fluorescent
dyes on metaphase chromosomes

Hybridization performed on matrix
or microarray instead of metaphase
chromosomes

A PCR-based technique in which
probes hybridized to the sample DNA
are amplified using only one PCR
primer pair

Sequencing of DNA by
pyrosequencing/synthesis/ligation/
enzyme/nanoscaled pore

Low cost for reagents
and instrumentation

Simple and robust
procedures

Rapid
Simple and robust
procedure

Accurate origin
identification of all
segments in complex
rearrangements

Cell culture not
required

High resolution

Simple
Fast
Inexpensive

High throughput
High accuracy

Low resolution

Dependent on chromosome
condensation

Requires mitotic cells and
well-spread chromosomes

Low efficacy in highly rearranged
karyotypes

Conclusions limited to the tested
targets
Reagents cost more

Requires mitotic cells and
well-spread chromosomes

Less accuracy in detecting
intrachromosomal, breakpoints

Dedicated instrument required
Low resolution

Dependent on chromosome
condensation

Expensive

Cannot detect unknown point
mutations, differentiate
polyploidy

Expensive
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molecule real-time (SMRT) sequencing by Pacific biosciences
and Oxford nanopore sequencing technologies. They provide
longer sequencing reads but have a major issue of high error
rate.>*3° Understanding the genetic basis of tumor initiation and
progression can be easily achieved by the advances in NGS. This
makes them an attractive platform to better guide personalized
precision medicine. These technologies have a higher coverage
rate of detecting aberrations in comparison with microarray-
based techniques. However, the routine use of these technologies
is limited due to high cost and long processing time.'® Table 1
discusses various techniques involved in cancer cytogenetics
with advantages and disadvantages, respectively. Flowchart 2
illustrates the relationship of cytogenetics application with various
methodologies in cancer.

ORrAL CANCER CYTOGENETICS

Abroad spectrum of genomicimbalances from gross chromosomal
aberrations (polysomy, aneuploidy, intrachromosomal rear-
rangements) to specific gene alterations (amplifications, point
mutations etc.) is observed in oral squamous cell carcinoma (OSCC).
These imbalances can drive to specific abnormal karyotypes by
oncogene activation and silencing of tumor suppressor genes.®
Progressive transformation of oral oncogenesis also involves the
epigenetic changes, which include promoter methylations and
miRNA deregulations.?” All of these genetic events are responsible
for deregulation of normal cell genome, desynchronizing the cell
cycle, leading to malignant transformation.?® They also cause
aggressive phenotype due to elevated metastatic potential and
recurrence rates. Enhanced examination of these alterations by
considering specific markers is required for understanding the
development and progression of 0SCC.3° Therefore, cytogenetic

analysis has an important role to play in the comprehensive
workup of OSCC.

Methodology of Screening Data in Oral Cancer
Cytogenetics

A web-based search is performed via the PubMed database
with the keywords cytogenetics, chromosomal aberrations,
conventional cytogenetics, karyotyping, banding techniques,
molecular cytogenetics, fluorescent in situ hybridization, spectral
karyotyping, comparative genomic hybridization, multiplex
ligation probe analysis, and NGS in oral cancer. Original research
studies, reviews, and case reports published from 2015 to 2020 are
included to evaluate the diagnostic, prognostic, and therapeutic
cytogenetic findings in oral cancer. Lastly, future perspective of
cytogenetics in oral cancer is emphasized.

Role of Various Techniques in Oral Cancer
Cytogenetics

Diagnostic and Prognostic Significance

Banding techniques: Banding is usually combined or redefined with
other cytogenetic techniques. In a study by Ribeiro et al., HSC-3
tongue cell line with lymph node metastasis (LNM) was used to
characterize the cytogenetic, genomic, and epigenetic involvement.
GTG banding technique was done on metaphase chromosomes
with other techniques like MFISH, aCGH, and MLPA. Several
simple rearrangements involving two chromosomes to complex
rearrangements involving multiple chromosomes, isochromosomes,
aneuploidies, loss, and partial deletions in chromosomes were
determined by GTG banding in the cell line, which reflects the
0SCC signature.*

Flowchart 2: Summary of various techniques and cancer cytogenetic application

Cancer cytogenetic detection

v

v

Conventional Molecular
Bandin FISH FISH (whole chromosome painting, CGH, aCGH,
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analysis analysis analysis analysis
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polymorphism rearrangements- structural aberrations specific
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R-identify late transplants breakpoints interchromosomal analysis,
replicating X in leukemia rearrangements, methylations,
chromosome marker chromosomes point mutations etc
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FISH, MFISH, and SKY: In the clinical setting, FISH has become an
essential tool in the diagnosis and management of a variety of solid
tumors, including OSCC. FISH technique can also be employed in
noninvasive procedures like the detection of oral cancer through
micronuclei in buccal epithelial cells.*' Wangsa et al. utilized a multiple
FISH marker to predict the prognosis of oral tongue squamous cell
carcinoma (OTSCC) independent of the tumor stage. They analyzed
oncogenes TERC on 3g26, EGFRon 7p12,CCND10on 11q13,andTP53
on 17p13, respectively, and suggested that a diverse distribution of
copy number changes is associated with poor prognosis.*> CCND1
copy number analysis by FISH was significantly correlated with
increased nuclear cyclin D1 and occult nodal metastasis in early floor
of the mouth (FOM) and tongue cancers in a study by Noorlag et al.*>
According to Kakuya et al., copy number changes and ACTN4 gene
amplification by FISH revealed significantly shorter overall survival
time and were considered as significantly independent risk factors for
death in patients with stage I/1l oral tongue cancer.** Investigation of
epidermal growth factor receptor (EGFR) gene amplification by FISH
was associated with advanced clinical stage regardless of the age of
patients by Costa et al.,*> and EGFR (7p11.2), CCND1 (11q13.3) copy
number gains were associated with OSCC progression and LNM in
a study by Chien et al.*® According to a study done by Cierpikowski
et al., an aggressive behavior of OSCC was seen due to the PDGFRa/
HER2 and PDGFRa/p53 co-expression.*” Chromogenic in situ
hybridization (CISH) was implemented to analyze chromosome 7
status by Mastronikolis et al. and chromosome 17 numerical status
by Chrysovergis et al.in OSCC tissues. It was observed that they were
correlated with a progressive dedifferentiation of the malignant
tissues and chromosome 7 polysomy was observed more frequently
in non-human papilloma virus (HPV) cases.*®* Itis also reported that
loss of heterozygosity (LOH) on chromosome 17 (17p13 band) leads
to p53 overexpression correlating with advanced stage and positive
LNM as analyzed by Zedan et al.>® M FISH results by Ribeiro et al. in
the HSC-3 cell line with LNM had a complex karyotype with multiple
chromosomal aberrations.”> Wang et al. established a novel OTSCC
cell line designated as UCSF-OT-1109 from a never-smoking patient
where SKY analysis revealed numerical and structural chromosomal
abnormalities. Copy number aberration analysis showed cell line
losses in chromosome 3p and 9p and lacked the amplification of 3q
and 119>

CGH, aCGH, and SNP arrays: The molecular basis of oral carcinogenesis
can be determined by genome-wide screening approach like
CGH. da Silva et al. investigated metastatic and non-metastatic
tongue tumors to analyze genes potentially contributing to OSCC
progression to metastasis by aCGH. Predominant amplifications of
chromosomal regions that encompass the RAB5, RAB7, and RAB11
genes (3p24-p22,3921.3, and 8p11-12, respectively) in metastatic
0SCC were detected.’? Chen et al. analyzed genome-wide LOH
and DNA copy number aberration and their associations with risk
factors, tumor characteristics, and oral cancer-specific mortality
with HPV-negative OSCC through SNP arrays. 4q, 8p, 9p, and 11q
regions played an important role in oral cancer and survival from this
disease in their assay.>> Meta-analysis by Chong et al. found high-
frequency gainsin chromosomes 5p, 14q, 11q, 7p, 179, 20q, 8q, and
3q, and high-frequency losses in chromosomes 3p, 8p, 6p, 189, and
4q through aCGH in OSCC. These chromosomes contain multiple
cancer-related genes like CCDN1 (11g13), EGFR (7p12), V-Myc
avian myelocytomatosis (MYC) viral oncogene homolog (8q24),
telomerase RNA component (3q24), fragile histidine triad (3p14.2),
and p16 (9p21) that might be altered during oral carcinogenesis.>*

MLPA: Multiple parallel analysis of quantitative genetic alterations
from small quantities of fragmented tumor DNA is efficiently
achieved by MLPA in OSCC. In a study by van Kempen et al., copy
number status was correlated with HPV status in oropharyngeal
squamous cell carcinoma (OPSCC), with occult LNM in OSCC, and
with patient survival by MLPA. They found that gain of the 11q13
region (CCND1 gene) was significantly correlated with LNMin stage
I-Il OSCC.** Ribeiro et al. analyzed DNA copy number alteration and
methylation status using methylation-specific MLPA in OSCC. They
observed better prognosis with WT1 gene promoter methylation
and that of MSH6 and GATA5 gene promoter methylation served as
worst prognostic predictors. Shorter survival rate was significantly
associated with GATA5 gene promoter methylation. It was also
observed that PAX5 gene promoter methylation was significantly
associated with tongue tumors.>®

NGS:In diagnostic clinical settings, targeted NGS are widely accepted
and play a crucial role in novel discoveries but are not yet fully
reported in OSCC. A systematic review published by Sharma et al.
showed a total of 28 loci that were validated to be associated with oral
cancer by candidate gene studies, genome-wide association studies,
and NGS approaches. The loci detected were 14932.33 (AKT1),5q922.2
(APC), 11922.3 (ATM), 2g33.1 (CASP8), 11g13.3 (CCND1), 16922.1
(CDH1), 9p21.3 (CDKN2A), 1931.1 (COX-2), 7p11.2 (EGFR), 22q13.2
(EP300), 4935.2 (FAT1), 4g31.3 (FBXW?7), 4p16.3 (FGFR3), 1p13.3
(GSTM1-GSTT1),11913.2(GSTP1), 11p15.5 (H-RAS), 3p25.3 (hOGG1),
1932.1(1L-10),4q13.3 (IL-8), 12p12.1 (KRAS), 12q15 (MDM2), 12913.12
(MLL2),9g34.3 (NOTCH1), 17p13.1 (p53), 3¢26.32 (PIK3CA), 10923.31
(PTEN), 13q14.2 (RB1), and 5q14.2 (XRCC4).>” According to Nakagaki
et al. and Ma et al,, TP53, NOTCH1, CASP8, CDKN2A, PIK3CA, HRAS,
MET, STK11, and CDH1 were the most frequently mutated genes in
0SCC patients as detected by NGS techniques.®®*° A review by Kim
etal. also reveals that p53, CDKN2A, PIK3CA, and HRAS are the most
common genes pertaining to the development and progression of
0SCC as detected by NGS techniques lon torrent, lllumina, etc.%

Therapeutic Significance

OSCC exhibits tumor heterogeneity, which remains a major
challenge for treating this malignancy. Growth factor receptors,
signal transduction or transcription activation key molecules
and genes involved in proliferation and metastasis of cancer cells
are some of the cancer-specific genetic targets. Targeting these
molecules has an advantage of increasing the therapeutic index
and reducing the toxicity of the drugs in oral cancer patients.
Several drug-targeted gene therapies are utilized and under
further evaluation for treating OSCC. p53 is the most common
mutated gene in OSCC, and p53-targeted therapy reactivates the
transcriptional activity of wild-type 53 by restoring p53 to its wild
type. PRIMA-1, MIRA-1, STIMA-1, and COTI-2 are the p53-targeting
drugs. Depending on targeting mechanism, EGFR-targeting drugs
consist of two subgroups. Function as monoclonal antibodies
against EGFR is obtained by drugs cetuximab and nimotuzumab,
and the EGFR tyrosine kinase inhibitors are gefitinib, erlotinib,
and afatinib, which are currently under clinical trials for treating
OSCC. Vascular endothelial growth factor (VEGF) receptors and
their inhibitors include monoclonal antibodies bevacizumab or
multikinase inhibitors like sorafenib and vandetanib. Mammalian
target of rapamycin (mTOR) inhibitors reduce the tumor growth by
making them radiation sensitive and sensitive to EGFR inhibitors.
Agents targeting the programmed cell death receptor 1 (PD-1) like
pembrolizumab and nivolumab are in various stages of clinical
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trials in treating oral cancer.°-%2 There are many more therapeutic
approaches which are rapidly evolving for effectively treating oral
cancer. da Silva et al. highlight pan-Rab inhibitors as a potential
therapeutic approach for invasive OSCC in patients exhibiting
amplifications of chromosomal regions encoding RAB5, RAB7,
and RAB11 genes, which were detected by aCGH in their study.>?
A study by Koole et al. has shown that FGFR3 gene copy numbers
as determined by FISH in OSCC and OPSCC may serve as an
interesting therapeutic target for FGFR3-directed therapies.®> The
development of these drugs is possible only due to the exploration
of the molecular mechanism involved in oral cancer. In this context,
findings through cytogenetic and cytogenomic techniques can

make a major contribution to enhance novel discoveries and help
develop targeted therapies. Table 2 summarizes various targeted
therapies which are currently available and are under various stages
of clinical trials for treating OSCC.

Review of publications (2015-2020) have also revealed that the
above-discussed cytogenetic techniques were usually coupled
with other techniques like quantitative polymerase chain reactions
(gPCR), immunohistochemistry (IHC) etc. to arrive at the diagnosis
or to validate the results obtained by a particular technique. It
was observed that LOH in chromosomes 3p, 9p, 11q, and 17p was
consistent in most oral cancer cases and amplifications of genes
in these regions were associated with advanced stages and poor

Table 2: Targeted gene therapies currently used and under evaluation in the treatment of OSCC

Targeted therapies Mechanism of action Drugs

p53 targeted Reactivating the transcriptional activity of wild-type ~ PRIMA-1, MIRA-1, STIMA-1, COTI-2
p53, induce apoptosis by caspase activation

EGFR targeted Stabilize EGFR protein through the ubiquitin/ Cetuximab, nimotuzumab, gefitinib, erlotinib
proteasome pathway

VEGF targeted Act as monoclonal antibodies and multikinase Bevacizumab, sorafenib, vandetanib

inhibitors against VEGF
mTOR inhibitors

PD-1 targeted Immune checkpoint inhibitors

Regulate P13K/AKT signal transduction pathway

Rapamycin, everolimus, sirolimus
Pembrolizumab, nivolumab, durvalumab, atezolizumab

Table 3: Cytogenetic alterations in OSCC and their outcomes detected by various cytogenetic techniques (2015-2020)

Chromosomal
References Sample type Technique region/aberrations Gene involved Alterations Outcome of studies
Zedan et al.>° Paraffin- FISH, IHC 17 trisomy p53 Amplification
embedded
tissue sections
17monosomy p53 Deletion Aggressive tumors with
poor prognosis
Chen et al.> Peripheral SNP array 4p,8q,9p, 11q MYEOV, CCND1, Amplification Points heterogeneity and
blood ORAOV1, FGF19, genomic complexity of
FGF4, FADD, etc. 0scc
da Silva et al.>? Paraffin- aCGH, IHC 3p24-p22,39g21.3, RAB5,RAB7,RAB11 Amplification =~ OSCC progression,
embedded 8p11-12 prognostic markers
tissue sections
Kempen et al.> Paraffin- MLPA 11913 CCND1, FGF4, Amplification Biomarker for predicting
embedded FADD, CTTN occult LNM in stage |-l
tissue sections OscCC.
Wangsa et al.*? Paraffin- FISH 3926,7p12,11q13, TERC, EGFR Poor prognosis in OTSCC
embedded 17p13 CCND1,TP53
tissue sections
Chong et al>* aCGH, gPCR  3q, 5p, 7p, 89, 9p, CCND1, EGFR, Amplification ~ 3q amplifications-
10p, 11q TPM2, LRP12, advanced stage
CTTN, FADD, etc. 11q13-poor prognosis
3 and 8 CNAs—poor
prognosis
3p and 8p Deletion
Ribeiro et al.*® Freshfrozen ~ MS-MLPA WT1, MSH6 GATAS, Promoter MSH6,GATAS5-poor
sections PAX5 methylation prognosis
PAX5 associated with
tongue tumors
Noorlag et al.*> Paraffin- FISH, IHC 11913 CCND1, FADD Amplification ~ Marker for occult nodal
embedded metastasis in early FOM

tissue sections
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Kakuya et al.** Tissue sections  FISH, IHC ACTN4 Amplification  Prognostic marker for
overall survival in stage I/
I OTSCC
Wang et al.” Cell line SKY, Tp53 Cell line losses 3p,  Tp53, CDKN2A, A novel OTSCC cell line
targeted 9p SPTBN5, NOTCH2, (UCSF-OT-1109) from a
sequencing  19p FAM136A Focal never-smoking patient
WES amplification was established
3gand 11q No
amplification
Riberio et al.* Cell line GTGband-  Gains-1, 3q, 5p, TP73, GATA5 Methylation HSC-3 cell lineis a
ing, MFISH,  7p, 89,99, 10, 11p, and gain complex karyotype—
aCGH, MS 11913,12,13,14, help develop
MLPA 17,18p, 20, Yp, Xq therapeutics in
Loss-18q RARB, ESR1, Methylation ~ advanced stages
CADM1 and loss
Costa et al.*® Paraffin- FISH, IHC EGFR Amplification  Advanced stage
embedded regardless of the age of
tissue sections the patient
Cierpikowski et a Paraffin- FISH, IHC PDGRFa/HER2 or  Co-expression  Poorly differentiated
embedded PDGRFa/p53 OSCC, invasion,
tissue sections aggressive behavior
Mastronikolis et al.*®  Paraffin- CISH 7 polysomy Rare, advanced stage,
embedded observed in non-HPV
tissue sections cases
Chien et al.%® Frozen tissue  SNP array, 7p11.2,119q13.3 EGFR, CCND1 Amplification ~ OSCC progression, lymph
sections, FISH,gPCR  3p14.2-p12.1, FHIT, FAT1, node metastasis
Peripheral 4q35.1 etc. CDKN2A, ATM
blood
Chrysovergis et a Paraffin- CISH 17 polysomy, HER2 Amplification  Progressive
embedded sporadic p53 Deletion dedifferentiation of
tissue sections monosomy malignant tissue
Sharma et al.>’ NGS-lon 17p13.1,11q13.3,  p53, CCNDI, p53-most common
Kim et al.%° torrent, 9q34.3, 3926.32 NOTCH1, PIK3CA, NOTCH1-poor survival
[llumina 9p21.3,11p15.5 CDKN2A PIK3CA—seen in stage

40sCC

prognosis.* The above-discussed cytogenetic alterations, their
outcomes depicted in Table 3, and the therapeutic approaches
mentioned are just few examples of the complexity involved in
OSCC. Further research and larger validation studies must be carried
out for in-depth characterization of the molecular basis in OSCC,
and more targeted therapies should be employed for the benefit
of the patient. Table 3 summarizes various cytogenetic techniques
and their respective findings published from 2015 to 2020 in OSCC.

Future Perspective

Recently, improvements in high-throughput technologies (HTS)
have led to profile the molecular basis of many tumors, including
OSCC. The HTS platforms belong to NGS technologies and have
helped to understand the omic mechanisms in cancers more
efficiently.® From second-generation sequencing, HTS platforms
lllumina Solexa®® and lon torrent (Thermo Fisher),*” to recent
third-generation sequencing techniques like SMRT by Pacific
biosciences,’® minion by Oxford nanopore technologies,’® have
been carried out in both clinical and research settings to evaluate
the efficiency of these techniques in oral cancer patients. These
platforms are rapidly developing either by bioinformatics tools or
by computational methods and have greatly enhanced the analysis
of sequenced DNA and RNA fragments. The most diverse microbial
community is the oral microbiome, which is crucially important to

study human oral cancers, and HTS, in particular, have been applied
to characterize the oral microbiome.”® Tumor heterogeneity of
OSCC possesses as one of the major challenges, which could be
revealed through single-cell sequencing. Single-cell analysis can
be used to characterize genetic and nongenetic mechanisms,
identify minimal residual disease and tumor microenvironment,
and determine the disease progression by identifying the cell
subpopulations but in a routine clinical practice, this technology
is still unreachable. The ongoing revolution of these technologies
can effectively help in achieving regenerative therapy and targeted
therapy in OSCC patients in the near future.”"’?

CoNcLUSION

Cytogenetic techniques have evolved enormously, and
deciphering the cancer genomes has provided insights into the
diagnosis, prognosis, and therapeutics in numerous cancers,
including OSCC. Molecular techniques like FISH, aCGH, and MLPA
have outshone traditional conventional cytogenetic techniques
by providing unprecedented access to oral cancer genome. In
the future, with advancements and cost-effectiveness, NGS has
a great potential to detect the molecular basis of oral cancer
precisely. Through these technologies, targeted therapies can be
pursued although some challenges regarding cost and practical
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applicability for the benefit of patient needs to be overcome.
Multidisciplinary approach between clinicians, researchers, and
cytogeneticists with modern technological advances can play a
crucial role tointerpret the results and achieve better therapeutics
in OSCC patients.
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