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Resumen: El cancer oral (CO) es uno de los 10 canceres mas comunes en el mundo y esta
representado por el carcinoma oral de células escamosas (COCE) en la mayoria de los casos.
En la clinica dental, el diagndstico de CO se basa en una combinacion de examen clinico y
analisis de una biopsia. La mayoria de las veces, la deteccion de CO se realiza en etapas
avanzadas, lo que conduce a una disminucién de la tasa de supervivencia. Por lo tanto, es
esencial y necesario encontrar biomarcadores genéticos mas confiables, como una técnica de
diagndstico mas confiable para la deteccion de CO en etapas tempranas. Esta revision de la
literatura presenta estudios recientes sobre nuevos biomarcadores genéticos salivales como
el ADN circulante tumoral (ADNc), las vesiculas extracelulares (VE) y el microARN, que pueden
aplicarse para la deteccién y el diagndstico en estadios tempranos de la enfermedad. Ademas,
también presenta un nuevo método de diagndstico no invasivo, la “biopsia liquida”, y se han
discutido ventajas y desventajas. La informacién obtenida de 329 pacientes con cancer oral
(CO) incluidos en un total de 9 estudios poblacionales humanos, estudios retrospectivos y
prospectivos, realizados en diferentes paises, ha demostrado que el ctDNA, EVs y miRNAs son
biomarcadores genéticos salivales que nos proporcionan datos utiles en el diagndstico precoz
de CO y por tanto se mejorara el prondstico de la enfermedad. Por el contrario, esta revisidon
indica que las técnicas para analizar estos biomarcadores estan disponibles, pero son costosas
y se necesita mas investigacidn para desarrollar protocolos estandarizados y reproducibles
qgue puedan usarse en la clinica dental. Ademads, nuestros resultados indican que la biopsia
liquida tiene varias aplicaciones prometedoras en la clinica dental en la evaluacién de la CO;
es indoloro, no invasivo, accesible, de bajo costo y su muy buena fuente para el analisis de
biomarcadores genéticos. Aunque faltan protocolos estandarizados de aislamiento vy
evaluacidn para la biopsia liquida de saliva, estudios recientes sugieren que la saliva puede ser

parte de los procesos de diagndstico en el futuro.



Abstract: oral cancer (OC) is one of the 10 most common cancers in the world, and it is
represented by oral squamous cell carcinoma (OSCC) in most cases. The diagnosis of OC, in
the dental clinic, is based on a combination of clinical examination and biopsy analysis. Most
of the time, detection of OCis done at advanced stages which leads to decreased survival rate.
Thus, finding more reliable genetic biomarkers and diagnostic techniques for OC detection at
early stages is essential and needed. This literature review presents recent studies regarding
novel salivary genetic biomarkers such as tumor circulating DNA (ctDNA), extracellular vesicles
(EVs) and microRNA, that can be applied for the detection and diagnosis in early stages of the
disease. Furthermore, it also presents a new non-invasive diagnostic method, “liquid biopsy”,
and advantages and disadvantages have been discussed. Information obtained from 329 oral
cancer (OC) patients included in a total of 9 human population studies, retrospective and
prospective studies, performed in different countries have showed that ctDNA, EVs and
miRNAs are salivary genetic biomarkers providing us with useful data in the early diagnosis of
OC and therefore the prognosis of the disease will be improved. In contrast, this review
indicates that techniques to measure the biomarkers analyzed are available but are expensive,
and more research is needed to develop standardized and reproducible protocols that could
be used in the dental clinic. Additionally, our results indicate that liquid biopsy has several
promising applications at the dental clinic in the assessment of OC; its painless, non-invasive,
accessible, low cost and its very good source for analysis of genetic biomarkers. Even though
standardized isolation and evaluation protocols for saliva liquid biopsy are missing, recent

studies suggest that saliva may be part of diagnosis processes in the future.
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1. Introduction

1.1. Oral cancer

Oral cancer is one of the 10 most common cancers worldwide. Oral cancer is a malignancy
that can arise on any part of the oral cavity (Table 1). Oral cancer is a multifactorial disease
that result of interaction between multiple genetic and environmental factors (e.g. tobacco,
alcohol and virus such as human papilloma virus (HPV)). Of special relevance is the fact that
alcohol and tobacco consumption are the most prominent environmental factors associated
with 90% of all oral cancer patients (1), suggesting that education of the patients regarding

these risk factors are primary responsibility of dentistry.

Oral cancer could be classified according to tumor location and histological characteristics (see
Table 1 and Table 2). At least three clinical subtypes have been described: oral squamous cell
carcinoma (OSCC), mucoepidermoid carcinoma (MC) and adenoid cystic carcinoma (ACC). The
squamous cell carcinoma (OSSC) is a cancer of stratified squamous epithelium and is the most
frequent type representing about 95% of oral cancers. The most common site for OSCC is the

tongue and floor of the mouth (1).

TABLE 1. ANATOMICAL LOCATIONS OF THE ORAL CAVITY CANCER

Upper lip and Lower lip (philtrum outer, skin surface, inner surface of the mucosa)

Labial commissure

Mobile tongue (dorsal surface, margins and apex, ventral surface)

Floor of mouth (anterior, lateral)

Buccal mucosa

Retromolar region

Lower gum and Upper gum

Hard palate




TABLE 2: HISTOLOGICAL ASPECTS OF ORAL CANCER

Tumor of epithelial origin EPIDERMOID CARCINOMA AND MELANOMA

Tumor of mesenchymal origin | IBROSARCOMA,  MALIGNANT  FIBROUS ISTOCITOMA,

LIPOSARCOMA

ANGIOSARCOMA, SARCOMA, RHABDOMYOSARCOMA,

The biological behavior of these tumors, shown in Table 2, is highly heterogenous and
variations within the same histological type may be individual, characteristic for the tumor,

but may determine prognosis and treatment at the same time as it is discussed below.

Another histological type of oral cancer, with prevalence of approximately 16%, is
mucoepidermoid carcinoma (MC). Mucoepidermoid carcinoma (MC) is the most common
occurring cancer in salivary glands. This malignant tumor affects both minor and major salivary
glands, and it occurs in the parotid gland in 89.6% of all cases of major salivary glands
malignancy (2). MC appears more in the posterior regions of the mandible than in maxilla and
it affects more females than males with a ratio at 3:1 at age of 40 and 50 years old (2).
Mucoepidermoid carcinoma can manifest in two variants, high-grade variant and low-grade
variant (2). A rare occurring oral cancer is adenoid cystic carcinoma (ACC) which accounts for
1% of all head and neck cancers. ACC affects more the minor salivary glands; therefore, it’s
found in the palate in most cases. It is asymptomatic and it progresses slowly. It has also a

female predominance like mucoepidermoid carcinoma (3)

Unfortunately, many of these types of oral cancer are detected in advanced stages causing
the death of the patients. Creating awareness, discovery through screening, early diagnosis

and when it’s appropriate referral to medicine for treatment should be responsibility of



dentists. Thus, one of the most important steps in reducing the death rate from oral cancer is
early diagnosis. Several authors have indicated the late detection of oral cancer results in poor
prognosis in almost 50% of all cases. Therefore, an early diagnosis tool is needed to improve
the outcome and increase the survival rate of patients with oral cancer. The early diagnosis of
oral cancer can be inhibited/limited by several factors. Such factors can be an absence of
symptoms of the premalignant lesions and OSCC in early stages, socioeconomic situation of
the patients that prevents the accessibility to dental clinic and the current diagnostic methods
and genetic markers that only detect the disease in advanced stages (4). Therefore, the dental
community is the first line of defense in early detection of the disease and finding a biomarker
for early diagnosis of these tumors, is of tremendous importance to reduce morbidity and
mortality. Recent studies and investigations present a promising new diagnostic tool that can
be used to study novel genetic biomarkers for early diagnosis of oral cancer. Such diagnostic
tool is liquid biopsy of blood and saliva that contain genetic biomarkers such as circulating

tumor DNA, microRNA and extracellular vesicles (5)

1.2, Statistics and epidemiology of oral cancer worldwide

Oral cancer is the 11" most common cancer worldwide with more than 350 thousand new
cases and 177 thousand deaths in 2018. The incidence rate of oral cancer varies widely
throughout the world, with an evident prevalence in South Asian countries (Figure 1 and Table
3) and it decreases in comparison with Western world. This high incidence is associated with
environmental factors such as alcohol, tobacco use, and HPV in developed countries (6). There
are more than 200 thousand new cases and of oral cancer in Asia (Figure 1 and Table 3), while

the mortality is approximately 130 thousand in 2018, (Figure 2 and Table 3) (7). The most



prominent Asian country with highest oral cancer incidence is India, as a consequence of low
socioeconomic status, which means a low probability of visiting the dentist regularly, and
higher exposure of predisposing factors such as tobacco and alcohol (6).The incidence rate in
Europe is decreased in comparison with Asia. European countries have around 61 thousand
new cases (Figure 1 and Table 3) and 24 thousand mortality cases (Figure 2 and Table 3) in
2018 (7). The incidence rate and mortality rate decrease even more in the rest of the
continents such as North America, South America and Africa (Figure 1&2 and Table 3). African
countries have the lowest incidence rate but higher mortality rate than North and South

America (Figure 1&2 and Table 3) (7).

FIGURE 1: PERCENTAGE OF INCIDENCE OF FIGURE 2: PERCENTAGE OF MORTALITY

ORAL CANCER WORLDWIDE (7) OF ORAL CANCER WORLDWIDE (7)
® Asia  ® Europe @ Noth America ® Asia @ Europe @ Noth America
Africa Africa

TABLE 3: INCIDENCE AND MORTALITY OF ORAL CANCER WORLDWIDE, IN

NUMBERS IN 2018 (7)

Continents | Asia Europe North South Africa
America America

Incidence 227906 61885 27112 19898 13613

Mortality 129939 24063 5198 7874 9314




1.3. Strategies in oral cancer prevention

Prevention of oral cancer plays a significant role in reducing mortality rate and increasing
life expectancy were. Preventive measurements of oral cancer can be subcategorized into
three categories: primary, secondary and tertiary prevention. As for the primary prevention,
the purpose of this prevention is to increase the populations knowledge about oral cancer by
providing educational sessions and programs about oral health and self-examination as well
as awareness about risk factors. The secondary prevention includes screening tests, of the
precancerous lesions, that provide early diagnosis of the disease by extracting
tissue/serum/saliva from the diseased area in order to study the genetic biomarkers available.
Genetic biomarkers help us diagnose any possible mutation on different tissues/cells of the
oral cavity in order to treat the affected area as soon as possible before it progresses into
malignant lesion (see Table 4 below). While the tertiary prevention aims at reducing the risk
of recurrencies (8). Not all oral cancer cases can be prevented, however, by avoiding certain
risk factors, it might reduce risk of developing the malignant manifestation in the oral cavity.
Predisposing factors such as alcohol and tobacco are involved greatly in the developing of oral
malignancies. Therefore, avoiding alcohol and smoking is the first step in the right direction
(9). Infections such as HPV infection is considered one of the oral cancer risk factors. It should
be avoided by limiting oral sex and multiple sex partners. Some types of HPV infection can be
avoided by vaccines (9). Reducing UV light exposure is also another important preventing
factor of oral cancer. Ultraviolet radiation is considered a great risk factor to develop lips
cancer, therefore using of sun cream and lip balm that contains a sun protection factor (SPF)

is important during sun exposure (9). Frequent clinical examination of oral cavity is very



important in order to detect any precancerous lesions such as leukoplakia or erythroplakia,

and to eliminate them before developing into malignant carcinoma.

In dentistry, an early screening test is required in high-risk patients. Therefore, genetic
biomarkers for early detection of oral cancer can save lives (8). Some risk factors cannot be
avoided, such as socio-economic status. People with low socio-economic status tend to have
poor diet, they are not able to choose healthy diet due to poor income. On the other hand,

these people tend to have high prevalence of alcohol consumption and tobacco use (8).

1.4. Early diagnosis of oral cancer

The diagnostic possibilities of oral cancer are based on knowledge of their etiology and
pathogenesis. Current diagnosis methods to date have focused primarily on the clinical
examination of the oral cavity such as leukoplakia and biopsy (4). Furthermore, molecular
biology has also brought more recent knowledge about this disease (see Table 4 below). An
element of dentistry is the early diagnosis of oral cancer and monitoring of traditional
parameters, which includes clinical examination of oral cavity and histological study of biopsy.
Early diagnosis is a critical factor in increasing the survival rate, avoiding more aggressive
procedures and improving the quality of life of the patient. Therefore, it's important to
observe any change in the oral cavity that manifests as patch/plaque lesions such as

leukoplakia (4). That is considered a premalignant lesion (10).
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TABLE 4: GENETIC BIOMARKERS OF ORAL CANCER COULD BE USED FOR PREVENTION AND
PROGNOSIS ACCORDING TO TIMELINE OF ORAL CANCER PROGRESSION

Inherited/Acquired Biological Onset of | Disease Detection | Tumor observation and

genetic factors the disease Tissue damage

Genetic tests Salivary and Blood | Salivary and Blood | Clinical examination and
biomarkers biomarkers histopathological biopsy

In the precancerous stage, we clinically observe a painless thick white/red patch known as
white leukoplakia or erythroplakia. Oral leukoplakia has a mean prevalence value of 2.6% and
can be present in any part of the oral cavity and has two subtypes: homogenous and non-
homogenous lesions. Homogenous lesions are clinically characterized by flat, thin and white
lesions while non-homogenous lesions are nodular and verrucous leukoplakia. Depending on
the risk factors, mentioned previously, (tobacco, alcohol) and the degree of dysplasia the
dentist should choose the appropriate treatment approach to treat the oral leukoplakia. If the
precancerous lesions are left un-treated or un-detected, they may develop into squamous cell

carcinoma which is the most common type of oral cancer (10).

The most common diagnosis method for oral precancerous/cancerous lesion is a combination
of clinical examination of oral cavity and histopathological study of biopsy, that will be

explained below(11).

In order to make the clinical examination of oral cancer, we need to recognize the
characteristic of the disease. The initial clinical appearance of cancer is normally a small ulcer
that doesn’t cure. We need to ask the patient if the lesion is painful or not. In the initial stage
of oral cancer, usually the lesion is not painful, and if it starts hurting it means it has passed

the connective tissue which results in bad prognosis (12).
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The histopathological study consists of slides of samples, obtained from a biopsy, analyzed
under a microscope to observe changes at cellular and molecular level (11). It's very important
to do a biopsy of premalignant lesions or when we suspect oral cancer. There are two types
of microscopical changes that we observe in the dysplasia of the lesion in a biopsy;
architectural changes and cytological changes (13). Architectural change means irregular
stratification of the cells, loss of polarity of basal cells, strange epithelial crest, and increased
mitosis. Microscopical changes are cytological changes that mean abnormal variation of core
size, core shape, cell size and cell shape. We will also observe hyperchromatism core of the
cells and that they have dark/intense blue color, more than normal. Another important factor
that we need to analyze under the microscope is the degree of the dysplasia. The degree of
dysplasia determines if the lesion is turning into malignant oral cancer or it can be prevented.

There are four stages of dysplasia that will be explained below (see Table 5) (13)

TABLE 5: STAGES OF DYSPLASIA IN ORAL CANCER (13)

Mild Dysplasia Changes in the basal third of the epithelium thickness
Moderate Dysplasia Two thirds of the epithelium thickness is affected
Severe Dysplasia More than 2/3 of the epithelium thickness is affected
Carcinoma in Situ Full epithelium thickness is affected

The clinical examination and biopsy have their limitations in fact, disadvantages. These

include, in particular:

1. They are an excellent indicator of history of the disease, however, we don’t have
standardized long-term measurements.
2. The damage must be significant in order to provide information about the severity of

the disease.

12



The tissue biopsy remains an aggressive and invasive technique to analyze the cancerous
tissue and it doesn’t always reveal the heterogenicity or behavior of the tumor. Sometimes,
it’s even difficult to perform a biopsy in a difficult accessible area such as cervical lymph nodes
(14). Additionally, this traditional “gold standard” technique is performed through an
incisional biopsy in most cases. The incisional biopsy requires obtaining a representative tissue
that manifests the most variations of the lesion and it should be including a healthy tissue as
well to be examined under a microscope. Considering that the oral cavity is moist and has
limited access, tissue biopsy faces some challenges in obtaining a representative tissue (15).
Other challenges and obstacles that a tissue biopsy has to overcome are difficulty in analyzing
the tumor heterogeneity (cellular morphology, gene expression, metabolism, motility,
proliferation and metastatic potential) and limitations in continuous sampling (16). As stated
previously, tissue biopsy considers an aggressive and invasive method (15). However, some of
the traditional analyzing technique are in fact less invasive such as oral brush biopsy, but this
technique is not 100% reliable as the sensitivity of this test is only 43% (17). As a result of
these disadvantages, laboratory molecular-biochemical approaches are increasingly used for

early diagnosis of oral cancer in the clinic (Table 4).

One approach to solve this problem, in the diagnostic step of oral cancer, would be to improve
the ability of dentists to detect relevant potentially malignant lesions or cancerous lesions at
their earliest or most incipient stage. Such a goal could be achieved by implementing new
ongoing science techniques, such as liquid biopsy of saliva and blood as a less-invasive
technique with higher sensitivity (18). Another strategy would be laboratory molecular-
biochemical approaches that could be used for the needs of early diagnosis and predicting the

worsening of the disease with emphasis on their usefulness in routine outpatient practice.
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This study will examine the role of new genetic biomarkers in oral cancer used in research and
evaluate the literature specifically about circulating tumor DNA (ctDNA), microRNA and
Extracellular vesicles (EV) that can be obtained from bodily fluids such saliva through a liquid

biopsy to aid in the detection and diagnosis of cancerous and precancerous lesions (18).

2. Objectives:
2.1.  Main objective: Literature review of novel genetic biomarkers involved in early

diagnosis of oral cancer.

2.2.  Specific objectives:

e To describe the application of circulating tumor DNA (ctDNA), extracellular
vesicles (EVs) and microRNA as salivary genetic biomarkers in early diagnosis
of oral cancer, as new diagnostic tools.

e To review the new diagnostic technique “salivary liquid biopsy” as a non-

invasive diagnostic test.

3. Materials and methods
The review is based on search of literatures in Medline, PubMed and Scholar Google. The

search started in October 2020 using the following key words: “novel genetic markers”; “oral

’

”n, u

cancer”;

”n, u », u

premalignant lesions”; “saliva”; “leukoplakia”; “salivary genetic markers”; “tumor
markers in saliva”; “circulating tumor DNA”; “miRNA”; “extracellular vesicles”, leading to 598

articles. The screening was based on title leading to 85 articles and later we ended up with 84

articles after assessing the accessibility to full text and the quality of the texts. Finally, the
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articles selected were 43 based on the eligibility of the texts, of which 9 of them were focused

on human population studies. These 9 articles were used for the results, see Table 6.

The review presents different types of studies; retrospective and prospective follow-up
studies performed on humans published between 2008-2020 on several genetic alterations
observed in association with oral cancer. For the selection of the studies, the inclusion criteria
applied were as follows: only English and Spanish language articles were chosen, and the
studies were applied in humans (cohort of patients). Other studies tested in other parts of the

human body were excluded. The selection of the articles is displayed in Figure 3.

FIGURE 3: STRATEGY USED DURING THE SELECTION OF THE RESEARCH OF THE ARTICLES
USED IN THIS PAPER.

Identification

Records identified through PubMed, Medline and Google Scholar (598)

Screening

Records screeened on title (85)

V4

Screening

Records screened on full-text (84)

7

Eligibility

Full-text articles assessed for eligbility (43)
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4. Results

Since OC disease is most frequently diagnosed at an advanced stage, finding genetic
biomarkers for early diagnosis of this pathology is of tremendous importance for dentistry
community in order to increase the probability of recovery and success and reduce mortality,
and improve quality of life of the patients. Several biomarkers have been investigated so far.
We provide a general overview of known genetic biomarkers circulating tumor DNA (ctDNA),
extracellular vesicles (EVs) and microRNA, in patients suffering OC; with the idea of discussing
the utility of these biomarkers in the early diagnosis of this disease. In Table 6, all the
investigated diagnostic biomarkers with brief additional information of the studies are
presented. In the following paragraphs, the biomarkers based on the type of studies

(retrospective and retrospective) have been presented.

Research studies has demonstrated that saliva is a highly viable biofluid for diagnostic
application in the dental clinic setting. Saliva includes various components, including DNA,
RNA, proteins, metabolites and microbiota containing therefore specific biomarkers for early
detection and diagnosis of OC. Saliva, as an inexhaustible biofluid, provides real-time data of
the patient’s health status with translational applications. Saliva collection is straightforward,
easily accessible and repeatable, and non-invasive that doesn’t require any extensive
equipment and handling. In this review, we present current knowledge and future aspects of
utilizing Liquid saliva biopsy as a reliable technique that could be used in the dental clinic to

guantify and analyzed the genetic biomarkers described in this study.
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4.1. Type of studies reviewed

The studies reviewed in this paper are 9 studies (see Table 6). These studies investigate
the salivary biomarkers (ctDNA, miRNA and EVs) separately. They are retrospective (7 studies,
(Viet and Schmidt et al,2008) (19), (Guerrero-Presto et al, 2011)(20), (Ferlazzo et al.,2017)
(21), (Zlotogorski-Hurvitz et al, 2016) (22), (Liu et al, 2012) (23), (Kadhim Al-Malkey et al, 2015)
(24) and (Zahran et al, 2015) (25)) and prospective (2 studies, (Zlotogorski-Hurvitz et al, 2019)
(26), and (Yang et al, 2013) (27)) studies, in which 329 oral cancer patients were being studied,
of which 218 had OSCC. Most of these studies used controls (healthy individuals) to obtain
better outcome. The majority of the participants were middle-aged people of both genders.
These studies were performed in different parts of the world, 1 study was performed in China
(Yang et al, 2013), 2 studies in USA (Viet and Schmidt et al, 2008), (Guerrero-Presto et al,
2011), 2 studies in Israel (Zlotogorski-Hurvitz et al, 2016), (Zlotogorski-Hurvitz et al, 2019), 1
study in Italy (Ferlazzo et al.,2017), 1 study in Spain (Guerrero-Presto et al, 2011), one study
in Taiwan (Liu et al, 2012), 1 study in Iraq (Kadhim Al-Malkey et al, 2015) and 1 study in Saudi

Arabia (Zahran et al, 2015).

The sample collection in these studies was based on unstimulated saliva and the extraction
technique of the genetic biomarkers was different depending on which genetic biomarker it

concerns, see Table 7.

4.2. Circulating tumor DNA, a novel genetic biomarker that detect genetic and
epigenetic alterations
Circulating tumor DNA (ctDNA) is fragmented DNA cells derived from tumor and found in

bodily fluids. When the human body is under exposure to a pathological condition, necrotic
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cells release debris and DNA/RNA molecules into body fluids such as blood, saliva,
cerebrospinal fluid and urine (14)(28) (Figure 4). Physiologically, this debris and cell-derived
molecules are taken care of by phagocytes, however in the presence of mutation this
physiological mechanism is impaired. Instead of eliminating the debris and cell-derived
molecules, the tumor circulating (ctDNA) accumulates in the biological fluids. This result in
high amount of ctDNA in the body fluids of cancerous patients. Normally, the measurement
of ctDNA is between 100-200 base pairs, however DNA molecules becomes larger, up to 400
base pairs, in presence of mutation. Recent studies demonstrate that ctDNA found in the
cancer patients represents the genetic (point mutation, CNV (Copy Number Variation),
chromosomal rearrangements) and epigenetic alterations in the tissue samples of cancerous

lesions (Figure 4).

Point
mutation

Chromosomal
rearregament

Figure 4: Cancerous cells release ctDNA into the saliva and blood through apoptosis, necrosis
and secretion. From the primary tumor lesions, some aggressive ctDNA cells enter saliva and
bloodstream. Quantifying ctDNA, a variety of genetic and epigenetic alterations or changes,
can be analyzed providing information about tumor heterogeneity, diagnosis of cancer,
monitoring of disease and improving target therapies. Figure adopted from (28)
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Mainly, ctDNA is found in the blood fluid, however it is also present in salivary fluid with
information about primary tumor or metastasis, this fact is the highly interest for dental clinic

applications.

4.2.1. Circulating tumor DNA in Oral Cancer patients
As demonstrated in Table 6, several studies have applied salivary ctDNA in the diagnosis of
oral cancer and OSCC in particular (Viet and Schmidt et al, 2008) (19), (Guerrero et al.,
2011)(20) and (Ferlazzo et al., 2017)(21). All these three-studies studied salivary ctDNA
obtained from both people with OSCC and from controls with healthy oral cavity, with and
without smoking habits in both groups. 87 of the participants had OSCC that hadn’t undergone
cancer treatment yet. The studies were performed in different countries. The first study was
performed retrospectively by Viet and Schmidt et al., 2008 (19) in USA. It consisted of 13 OSCC
(M/F= 12/1, average age= 60.8 y/o). As for the control group, there were 10 healthy
individuals participated (M/F= 8/2, average age= 45.5 y/o). Both cases and controls referred
to alcohol habits. The purpose of this study was to perform methylation array analysis of 807
cancer-associated genes with the aim of defining highly methylated gene loci with diagnostic
value as a biomarker. The methylation analysis array was performed on DNA extracted from
preoperative and postoperative OSCC saliva and saliva from healthy individuals. Unstimulated
saliva was collected in sterile cups, see Table 7 for saliva analysis protocol. The result of this
study indicates that hypermethylation of genes was found in preoperative saliva samples, but
it was absent in postoperative and healthy saliva samples. A genetic classifier based on
specifically methylated gene loci has been developed, and it can be used as a biomarker for

OSCC early diagnosis, see Table 6.
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Guerrero et al., 2011 (20) performed a study in two countries, USA and Spain. The study
consisted of 16 OSCC patients and 19 healthy individuals. The purpose of the study was to
study DNA hypermethylation of HOXA9 and NID2 in salivary ctDNA. References about the
participants age, gender and alcohol/smoking habits were missing. Salivary samples were
frozen in liquid nitrogen and stored in -80 grades, see Table 7 for saliva analysis protocol. The
result of this study suggests that DNA hypermethylation of HOXA9 and NID2 genes in salivary
ctDNA has the power in distinguishing between healthy and OSCC patients. Also, it shows that
the sensitivity of HOXA9 is 68% and NID2 71% while the specificity of them is 100% in OSCC

patients (Table 6).

In the study performed by Ferlazzo et al.,2017 (21) in Italy, 58 (F and M, 50,2 +/-) OSCC patients
were participating for the diagnosis of OSCC, of which 22 were smokers. As for the control
group, 90 healthy individuals with the same age and gender, were participating too. Some of
them were smokers. The purpose of this study was to assess the DNA methylation rate in the
participants. For the saliva collection, saliva samples were collected with Oragene DNA Self-
Collection kit, see Table 7 for saliva analysis protocol. The result of this study states that the
epigenetic alteration such as DNA methylation rate can be easily found in salivary ctDNA in
the assessment of OSCC, which makes salivary ctDNA a promising diagnostic tool. An
important finding in this study was that the rate of DNA methylation in OSCC patients was
increased in respect to healthy individuals. In conclusion, ctDNA is considered as a powerful

genetic biomarker in the diagnosis of OSCC as shown in Table 6.
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4.3.  Extracellular Vesicles in early detection and diagnosis of Oral Cancer

Extracellular vesicles (EVs) are lipid bilayer particles used as a communication mechanism
intercellularly. Three EVs subtypes exist: microvesicles, exosomes and apoptotic bodies
(Figure 5). The exosomes are the ones found in bodily fluids such as plasma, saliva, urine
cerebral spinal fluid and bronchial fluid. The ability of EVs to accumulate selectively contents
such as DNAs, RNAs, miRNA and proteins makes it an additional source of biomarkers. One of
the most analyzed vesicles in tumor formation and progression are exosomes and
microvesicles. Recent studies state the role of extracellular vesicles in oral cancer as well as
its role in transporting protein and nucleic acids, it’s very important in the development of
cancer. That means EVs are present in the tumor microenvironment. Additionally, studies
have been able to identify exosomal markers and their presence in OSCC tissue cells as well
as in metastatic tissue cells. As a result, exosomal markers of OSCC cells can be investigated
and studied in order to determine a diagnosis, prognosis and evaluation of the therapy
outcome, and even detection of possible recurrency (29) (30). EVs can be found in bodily
fluids, as stated previously, likewise the other biomarkers presented in this paper. Salivary
exosomes from a tumor sample have different characteristics and features than a healthy
sample. This shows the possibility of using salivary exosomes in early detection and diagnosis
of oral cancer in high-risk patients. Additionally, apart from salivary exosomes ability to
diagnose OSCC, they also have the ability of giving data about the prognosis of the disease by
pointing the existing of proteins related and associated with the cancer inflammatory

response, transport of metals, cellular proliferation and therapy (18) (30).
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Figure 5: Exosomes, microvesicles and apoptotic bodies are examples of extracellular vesicles
(EVs). Exosomes are intraluminal vesicles that are released when fusion occurs between
multivesicular body and cell membrane through exocytosis. Microvesicles are formed when
the cell membrane sheds into the extracellular space. Apoptotic bodies are the result of cells
suffer apoptosis. Figure adopted from (30).

4.3.1. Extracellular Vesicles in Oral Cancer Patients

Nevertheless, a few studies have applied the salivary EVs in the management of OC, see
Table 6. One of these studies of salivary EVs was performed by Zlotogorski-Hurvitz et al., 2016
(22) in Israel. In this study, salivary EVs from 36 oral cancer (OC) patients (F & M, average age=
61 y/o) and 25 healthy individuals (F & M, average age= 50 y/o0) was analyzed. Saliva of 2-7 ml
in OC and 5-20 ml in healthy individuals (HI) was collected into sterile cups, see Table 7 for
saliva analysis protocol. The purpose of this study was to analyze the expression of salivary
exosomal markers; CD9, CD81 and CD63 through nanoparticle tracking analysis (NTA). The
outcome of this study suggests that there are significant differences at morphological and
molecular level in salivary EVs obtained from OC patients in respect to salivary EVs obtained

from healthy individuals, meaning that NTA finding showed a significant higher concentration
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of nanoparticles and greater nanoparticles size in OC salivary samples. The expression of CD81
and CD9 was low in OC salivary samples while the expression of CD63 was higher than in Hl
samples. This study states that the EVs are powerful genetic biomarkers that have the
potential to be used in detection of oral cancer in early stages, even in the absence of clinical

signs.

The second study was performed prospectively by Zlotogorski-Hurvitz et al., 2019 (26) in
Israel, in a period of 24 months. It analyzed the salivary EVs in 21 oral cancer patients (F & M,
age: between 38 and 81 y/o0) and 13 healthy individuals, (HI), (F & M, age: between 28 and 52
y/0). Habits references weren’t addressed in this study. Saliva was assessed in the same way
as the previous study, see Table 7. The aim of this study was to determine the Fourier-
transform infrared (FTIR) spectra of salivary exosomes and the expression of exosomal
markers such as CD9, CD81 and CD63. The result of this study is identical to the previous one,
meaning higher concentration of nanoparticles in OC as well as larger size of them. In
comparison to healthy subjects, salivary EVs from OC patients demonstrated differences at
morphological and molecular level, based on assessment of changes in the conformations of
carbohydrates, proteins, lipids and nucleic acids in both OC and HI samples. It also indicates
that the expression of CD63 was abundant in OC in respect to HI, while CD9 and CD81 were
more prominent in HI. In conclusion, this study suggests the analysis of salivary EVs in the
detection of oral cancer as they present a sensitivity of 100% and a specificity of 86% (see

Table 6).
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4.4. MicroRNAs in early detection and diagnosis of Oral Cancer

miRNAs are a group of non-coding RNA that play a significant role in the management of
gene expression. miRNAs are single- strand molecules that can be cell-free miRNA in the body
fluids or packed into EVs. miRNA has been investigated and studied to understand its role in
the development or inhibition of tumor. Normally, miRNA’s expression alteration is frequently
tumor related. Therefore, using microRNA as an OC salivary biomarker has a lot of advantages
in diagnosis of OC. The salivary miRNA expression in form of miR-125, miR-200a, miR-21, miR-
145, miR-200, miR-93, miR-375 and miR-184 found in OSCC patients in comparison to healthy
individuals, is a promising and reliable technique in early diagnosis of cancerous oral lesions
and OSCC. Some of miRNA markers are even used as follow up markers of OC such as miR-
130-5p. Additionally, miRNA is demonstrating as a reliable marker in detecting low- grade
dysplasia. This means we can obtain information about possible transformation or progression

of oral malignant leukoplakia into OSCC (29).

4.4.1. MicroRNAs in Oral Cancer patients
A study performed retrospectively by Liu et al., 2012 (23), see Table 6, in Taiwan consisted of
45 OSCC cases (M/F= 43/2, average age= 53, 13 drinkers, 39 smokers), 10 oral verrucous
leukoplakia (OVL) individuals (M/F= 9/1, average age= 49, 3 drinkers, 9 smokers) and 24
healthy subjects (M/F= 23/1, average age= 51, 6 drinkers, 21 smokers). The objective of this
study was to assess the level of salivary miRNA-31 in OSCC patients with quantitative reverse
transcriptase- polymerase chain reaction (RT-PCR) in comparison with a previous study that
was done using plasma miRNA-31. Saliva of 3-5ml was collected and centrifugated, see Table
7 for saliva analysis protocol. The result of this study states that mi-RNA-31 was significant

high in OSCC cases in respect to healthy subjects while there was no obvious difference in OVL
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cases comparing to healthy individuals. The other important thing that this study shows is that
salivary miRNA-31 demonstrate a higher sensitivity in diagnosing OSCC than plasma miRNA-

31.

Another follow-up study was performed by Yang et al., 2013 (27) in Shanghai to analyze 8
selected deregulated miRNAs; miR-10b, miR-145, miR-99b, miR- 660, miR-197, miR-708, miR-
181c and miR-30e. This study consisted of 45 subjects (F and M, middle aged) with low grade
dysplasia (LGD). 10 of these subjects developed carcinoma in situ or OSCC after some time.
Among the remaining 35 subjects with LGD, 5 were discarded due to low RNA quality and 12
were also discarded due to appearance of a new oral lesion. At the end, only 7 subjects with
LGD were included in the study and 8 patients who developed oral cancer were also selected.
Another 7 healthy subjects were also studied for comparison. 2ml saliva was collected and
mixed with 5ml RNA Protect Saiva reagent preserved at room temperature for 24h before the
extraction of RNA, see Table 7 for saliva analysis protocol. As a result, they could find a specific
miRNA aberrant profile of the miRNAs mentioned above in salivary samples obtained from
LGD in comparing to healthy individuals, providing monitoring of precancerous lesions for

early detection of OSCC.

Kadhim Al-Malkey et al., 2015 (24) performed a study analyzing miRNA-31 as well in Baghdad.
This study consisted of 35 oral cancer (OC) cases and 20 healthy subjects. The participants in
both groups were from both genders, with male predominance, average age of 52 y/o and a
significant high use of alcohol and tobacco. Saliva samples of 5ml was collected and

centrifugated, see Table 7 for saliva analysis protocol. The result of this study suggests the use
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of salivary genetic biomarker miRNA-31 in early detection of OC as it shows a significant high

level in OC samples in respect to healthy samples.

The following three salivary miRNAs were studied and investigated in one of miRNA studies
displayed in Table 6: miRNA-21, miRNA-184 and miRNA-145. This study of Zahran et al., 2015
(25) consists of 100 Arab participants. They divided the participants into 5 groups. The first
group consisted of 20 healthy subjects, the second and third groups consisted of 40 patients
with oral potentially malignant disease (PMD) with and without dysplasia, the fourth group
consisted of 20 OSCC patients and the last groups consisted of 20 patients with recurrent
aphthous stomatitis (RAS). The objective of this study was to evaluate if these three microRNA
salivary biomarkers can be used as salivary diagnostic biomarkers in malignant transformation
of oral lesions. Unstimulated saliva, 5ml, samples were collected after chewing gums, see
Table 7 for saliva analysis protocol. They found out that there was a significant increase of
salivary miRNA-21 and miRNA-184 in OSCC and PMD patients in comparison to healthy
subjects. However, the level of miRNA-145 was significantly decreased in these two groups.
There was no significant difference in RAS group comparing to healthy subject. The sensitivity
and specificity of miRNA-21 were 65% while miRNA-145 had a specificity of 70% and a
sensitivity of 60%. The specificity of miRNA-184 was 75% and its sensitivity was 80%, making

it of best diagnostic value among these three miRNAs.

4.5. Liquid biopsy as a novel technique for Oral Cancer
To evaluate disease status, liquid biopsies use “liquid” samples such as saliva, blood, urine,
as well as other minimally invasive biological samples. The detecting of disease using

biomarkers present in bodily fluids is one application of liquid biopsy technology (31). Liquid
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biopsy is a new, promising analysis tool that seeks to deliver a useful information obtained
from biofluids to minimize the use of tissue biopsy. Tissue biopsy has some obstacles that
liquid biopsy can overcome (16). In a liquid biopsy we can obtain important and valuable
means that can help in early detection of malignancies that don’t show clinical signs. In liquid
biopsy, whether its blood or saliva, some constituents can be investigated and studied in order
to provide important information about cancerous diseases such as; circulating tumor DNA,

microRNA and exosomes (16) (32) (Figure 6).

Prosnosis
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FIGURE 6: Liquid biopsy a technique with clinical uses. Saliva, blood and urine are examples of
biofluids used in liquid biopsy. Cancer-derived subcellular elements such as ctDNA, miRNAs
and EVs are found in these biofluids and can be used in diagnosis of oral cancer at its first
stages. Figure adopted from (32).

In dentistry, saliva is the most investigated body fluid in the diagnosis of oral cancer. It has
more better advantages over blood in being easily accessible, lower contamination of its
contents (cells, DNA, RNA, and proteins) and easier to analyze comparing to blood.
Additionally, saliva plays a key role in detection of oral cancer given the proximity of it to the
potential premalignant lesions (14). Saliva is a biofluid with contents such as cytokines, DNA,

RNA, circulating and tissue- derived cells and extracellular vesicles (EVs). These contents can

27



be used as biomarkers and diagnostic tools to detect OSCC in early stages to improve the
prognosis. Studies show that liquid biopsy of salivary biomarkers in early diagnosis of OSCC
are showing future promising uses in the clinic; its painless, accessible and low cost (18). An
effective salivary component analysis includes an efficient procedure for the collection,
processing and storage of the samples. All these aspects need to be stable between different
selection and analysis points, especially when testing the same patient at different time points
(16). Centrifugation is carried out for isolation of cells from saliva after collection of salivary
samples. The supernatant is clearly produced after centrifugation, isolated from the pellet of
cells from the entire saliva. Finally, the separated samples are stored at -80 °C after the

addition of stabilizing agents (16).

28



TABLE 6: APPLICATION OF SALIVARY BIOMARKERS IN OSSC, BASED ON POPULATION STUDIES

Author Technique Biomarker Cases and | Diagnostic tool | Results
controls (early or late)
(Viet and Schmidt et | DNA extraction from saliva ctDNA 13 OScC In early diagnosis | Preoperative saliva samples were highly
al., 2008) (19) Methylation analysis array hypermethylation 10 Controls | of OSCC hypermethylated in respect to postoperative and
healthy samples.
Sensitivity of 62%-77% and specificity of 83%-
100%.
(Guerrero-Preston DNA extraction from saliva ctDNA 16 OSCC In early detection | Overexpression in DNA hypermethylation of
et al., 2011) (20) Quantiative Methylation hypermethylation 19 Controls | of OSCC HOXA9 and NID2 in OSCC versus healthy
Specific PCR individuals.
Sensitivity values of HOXA9 and NID2 are 68%
and 71% while the specificity
(Ferlazzo et al., | DNA extraction from saliva ctDNA 58 OSCC In early detection | DNA methylation rate increases in OSCC samples
2017) (21) Formic acid for DNA methylation DNA methylation 90 Controls | of OSCC in respect to healthy samples.
(Zlotogorski-Hurvitz | Exosomes extraction from saliva EVs 36 0OC In high-risk | Molecular and morphological changes in OC
et al., 2016) (22) Atomic force microscopy (AFM) 25 Controls | patients without | exosomes versus healthy samples.
clear clinical signs | Overexpression of CD63 and low expression of
of cancer CD9 and CD81.
(Zlotogorski-Hurvitz | Exosomes extraction from saliva EVs 21 0scC For early | Molecular and morphological changes in OC
et al., 2019) (26) Fourier-transform infrared (FTIR) 13 Controls | detection of | exosomes versus healthy samples.
spectroscopy lesions with | A sensitivity of 100% and specificity of 86% in
potential OSCC cases in early and late stages
malignant
transformation
(Liu et al., 2012) (23) | miRNA extraction from saliva miRNA-31 45 0scC For early | Significant overexpression of miRNA-31 in OSCC
gRT-PCR 24 Controls | dijagnosis of OSCC | Patients at all stages vs healthy samples.
miR-31 was more abundant in saliva than plasma.
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TABLE 6: APPLICATION OF SALIVARY BIOMARKERS IN OSSC, BASED ON POPULATION STUDIES (continuation)

Author Technique Biomarker Cases and | Diagnostic tool (Early | Results
controls or late)
(Yang et al., 2013) | miRNA extraction from saliva miRNA  aberrant | 45 OSCC In  diagnosis of | Overexpression of mMiRNAs
(27) Tag-man low density array and | profile 7 Controls precancerous was found in saliva samples
gRT-PCR miR-10b stages obtained from leukoplakia
miR-145 lesions with low grade
miR-99b dysplasia.
miR- 660
miR-197
miR-708
miR-181c
miR-30e
(Kadhim Al-Malkey | miRNA extraction from saliva miRNA-31 350C Early diagnosis of | miR-31 is overexpressed in
et al., 2015) (24) transcriptase-PCR (RT-PCR) 20 Controls | OC OC patients than healthy.
miR-31 is more abundant in
saliva than plasma.
(Zahran et al., 2015) | miRNA extraction from saliva miRNA-21 20 0sccC In early detection of | High expression of Salivary
(25) gRT-PCR miRNA-184 40 PMD OSCC, miRNA-184 | miRNA-21 and miRNA-184
miRNA-145 20 RAS in particular and low expression of
20 Controls miRNA-145 in OC samples

compared with saliva the
healthy individuals.
Sensitivity: miRNA-21 (65%),
miRNA-184 (80%), miRNA-
145 (60%)

Specificity: miRNA-21(65%),
mMiRNA-184(75%), miRNA-
145(70%)
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TABLE 7: PROTOCOL OF SALIVA SAMPLES

Studies

Saliva analysis technique

(Viet and Schmidt et al, 2008)

Saliva of 7,5ml was collected and stored at -80 grades. The postoperative saliva sample was collected 4 weeks after
surgery. DNA extraction was done using iPrep Chargeswitch Buccal Cell kit; Invitrogen. Then the samples were
analyzed using GoldenGate Methylation Array (Illumina).

(Guerrero-Preston et al, 2011)

Saliva samples were frozen in liquid nitrogen and stored in -80 grades. Later, the samples were centrifugated leading
to the isolation of DNA from the pellets. HumanMethylatuion27 BeadChip and Quantitative Methylation Specific PCR
were used to identify methylation in OSCC samples.

(Ferlazzo et al,2017)

Saliva samples were collected with Oragene DNA Self-Collection kit and was transported to the laboratory for DNA
extraction. DNA was purified using a specific DNA kit and then hydrolyzed with 90% formic acid for the assessment of
DNA methylation.

(Zlotogorski-Hurvitz et al, 2016)

Saliva of 2-7 ml in OC and 5-20 ml in healthy individuals was collected into sterile cups and was examined by
nanoparticle tracking analysis (NTA). After ultracentrifugation, exosomal pellets of both groups (cases and controls)
were assessed by transmission electron microscopy and atomic force microscopy (AFM). Analyzing of the exosomal
markers expression was performed by enzyme-linked immunosorbent assay (ELISA) and western blotting (WB).

(Zlotogorski-Hurvitz et al, 2019)

Saliva of 2-7 ml in OC and 5-20 ml in healthy individuals was collected into sterile cups and was examined by
nanoparticle tracking analysis (NTA). After ultracentrifugation, exosomal pellets of both groups (cases and controls)
were assessed by transmission electron microscopy and atomic force microscopy (AFM). Analyzing of the exosomal
markers expression was performed by enzyme-linked immunosorbent assay (ELISA) and western blotting (WB).

(Liu et al, 2012)

Saliva of 3-5ml was collected and centrifugated. The supernatant was kept at -80 degrees and then centrifugated at
1000 revolutions per minute for 5mins to eliminate possible contamination. The measurement of mi-RNA-31 was
performed using qRT-PCR.

(Yang et al, 2013)

2ml saliva was collected and mixed with 5ml RNA Protect Saiva reagent preserved at room temperature for 24h before
the extraction of RNA. For the extraction of RNA, TRIzol reagent (Invitrogen) was using and later on TagMan low
density array (TLDA) gRT-PCR system (Applied Biosystems) were applied for the analysis of miRNA expression.

(Kadhim Al-Malkey et al, 2015)

Saliva samples of 5ml was collected and centrifugated at 3000xg for 15min following another centrifugation at
12000xg for 10min. RNA was extracted by use of AccZol kit. Before analyzing miRNA-31 with RT-PCR, saliva samples
were purified of DNA with DNase enzyme

(zahran et al, 2015)

5ml, samples were collected after chewing gums for 30 mins and the RNA was extracted from the saliva using
microRNA isolation kit (Qiagen, UL). Then the analysis of miRNA was done using gRT-PCR (Applied Biosystems)
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5. Discussion

Early diagnosis of oral cancer (OC) plays a significant role in both survival rate and
treatment success. As mentioned previously, most OC cases are detected too late which leads
to higher mortality rate (18). Finding a biomarker that has the potential to detect OC at early
stages means reduction in morbidity and mortality rate (33). Recently, some of salivary
contents that can help in early diagnosis of OC have been identified. Such biomarkers are

ctDNA, microRNA and EVs (18).

Oral cancer is one of the 10 most common cancers worldwide and OSCC accounts for 95% of
all oral cancer cases affecting the head and neck zone, as stated previously (1). Despite the
ongoing and continuous scientific effort in improving the outcome of OSCC, the prognosis is
still poor due to diagnostic delay. The conventional cancer markers and screening strategies
are not adequate for the successful management of OSCC, given the intra-tumoral and inter-
tumoral heterogeneity and complex behavior with modification over time on the molecular

profile, novel biomarkers and novel strategies are desperately needed (29).

ctDNA is a very useful genetic biomarker in detection of OSCC, see studies in Table 6. The
studies of ctDNA indicate that there is hypermethylation of cancerous salivary samples in
respect to healthy samples, providing useful information in the early diagnosis of OC. Cristaldi
et al, 2019 states that information obtained from ctDNA found in salivary fluid is more
accurate and sensitive than the one found in the bloodstream due to low level of
contamination. In fact, recent studies demonstrate that the sensitivity of salivary ctDNA is
higher. Detection of ctDNA in early stages of OSCC is found to be 100% and 95% in advanced

stages. One of the epigenetic alterations found in salivary ctDNA is gene promoter
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methylation, which has been investigated in several studies of oral cancer. Studying the
methylation rate of genes that are part of the cell cycle, apoptosis and proliferation provides
different methylation rates between oral cancer samples and healthy samples. Thus, salivary
ctDNA methylation rate can be a great genetic biomarker in the diagnosis of oral cancer (29).
Despite its ability to carry information about the DNA genetic and epigenetic alterations,
intratumoral heterogeneity and its potential in detection OSCC in early stages of the disease,
ctDNA has to overcome some challenges in order to be implemented in the dental clinics (34).
First, isolation methods and detection techniques of ctDNA need to be improved. The ctDNA
sample can be contaminated due to the presence of ctDNA from non-tumoral cells. In
addition, there is high number of bias due to inter-patient variability (age, gender, diet and
smoking), intra-patient variability and tumoral heterogeneity. In order to reach higher
specificity of diagnosis, we need higher coverage platform of ctDNA alteration detection (35)
(Table 8). Regarding the results obtained from the salivary ctDNA studies we can indicate that
ctDNA is a promising genetic biomarker in the assessment of OSCC. However, the sensitivity
and specificity are still not high enough to be used in the clinical practice. The studies shown
in Table 6 include small samples of participants. Therefore, a larger sample should be studied

in the future for better outcome.

Another genetic biomarker that is being reviewed in this paper is extracellular vesicles, EVs,
see Table 6. The studies of EVs state that there are morphological and molecular changes in
cancerous salivary samples in comparison to healthy samples, meaning that EVs are very
useful in detecting OC at its early stages. EVs help in detection of low-expression biomarkers
that are hard to be detected in saliva. Additionally, its morphology and composition (lipids,

proteins, DNA and miRNAs) provide a very important informative source for detection of oral
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cancer. However, the application of EVs in OSCC management has obstacles and limitations.
These limitations are associated with the complicated and expensive isolation and analysis
methods, see Table 8. Currently, some of the isolation techniques that are being used are:
ultracentrifugation and ExoQuick-TC. The first one, ultracentrifugation, is widely used isolation
technique and provides the least contaminated EV pellet, however it’s a long and complex
process that needs a large number of samples. On the other hand, ExoQuick-TC doesn’t
require a big sample, but the contamination risk is higher with this methodology (36) (37).
Aqueous two-phase system is another isolation technique that has been developed by (38). It
provides better isolation features and better purity than the above-mentioned techniques.
Although, these techniques are being used in the laboratories on a daily basis, they are still
very expensive and time-consuming in the clinics (39). Finally, validated and standardized
protocols are needed in order to develop an easy and low-cost clinical techniques (25). The
results obtained from salivary EVs studies, shown in Table 6, are very optimistic and
demonstrate that salivary EVs can be reliable biomarkers in early diagnosis of OC.

Nevertheless, the studies are few and they studied a small sample of patients.

As mentioned previously miRNAs are great genetic biomarkers in early detection of oral
cancer, see Table 6. The studies that analyzed microRNAs show that there is overexpression
of miRNAs in salivary cancerous samples compared to healthy salivary samples, suggesting
that miRNAs are very useful salivary genetic biomarkers in early diagnosis of OC. Nevertheless,
they face limitations likewise the other salivary biomarkers when it comes to standardized
protocols for the isolation and analysis of miRNAs (40). Another factor that may affect the
miRNAs specificity and sensitivity is the inter-patient variability (age and inflammation), see

Table 8. Many studies indicate that miRNAs interfere in the age regulation processes and as
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known age is a variable that continuously influence the OSCC analysis (41). Another inter-
patient factor is inflammation. As a result of cancer development, inflammation arises as a
typical condition of this disease and it affects the expression of miRNAs. Alteration of miRNAs
expression doesn’t always associate with cancer development but it can be due to the body
response as a consequence of the cancer disease, disturbing the miRNA expression and
lowering the reproducibility of data (42). The salivary miRNAs studies present in this paper
include comparatively a large sample of patients, but still more number or patients are needed

to determine the validity of these biomarkers.

Liquid biopsy is currently under clinical investigation as a promising tool in molecular diagnosis
of OSCC. Liquid biopsy of plasma, saliva and urine is still under research. As stated previously,
salivary liquid biopsy of ctDNA, EVs and MiRNAs in the diagnosis of OSCC provides higher
sensitivity and specificity. Due to its accessibility, ease of management and natural proximity
with OSCC cells, “saliva is considered one of the most indicative body fluids for liquid biopsy
in OSCC” (29). Given that saliva contains the genetic biomarkers ctDNA, EVs and MiRNAs
derived from OSCC where genetic and epigenetic alterations can be provided easily, saliva is
considered as a valuable means for diagnosis of oral cancer in early and late stages. For the
diagnosis of OSCC, the preferred biomarkers seem to be the salivary genetic biomarkers since

they are very supportive in the management of oral cancer (29).

All proposed biomarkers in this paper have their advantages and disadvantages. Some of them
lack the required sensitivity and specificity to be utilized in the dental clinic. Additionally, the
reviewed studies have small samples and most of them are retrospective studies. Therefore,

larger and prospective studies are needed to be performed in the future in order to obtain
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more accurate assessment of the utility of these biomarkers in early diagnosis of oral cancer.

As mentioned by several authors, these biomarkers should be tested in populations at high

risk of developing oral cancer (18).

TABLE 8: ADVANTAGES AND DISADVANTAGES OF SALIVARY BIOMARKERS REVIEWED IN THIS

composition (lipids, proteins and
nucleic acids) of EVs provide a
useful diagnosis of oral cancer

STUDY
Salivary Advantages Disadvantages
Biomarkers
ctDNA e CtDNA contains genetic and e Inter- and intra- patient
epigenetic  modifications  of variability
cancer DNA e Expensive isolation and
e DNA alterations found in ctDNA detection techniques
are of great use in cancer e Absence of standardized and
diagnosis reproducible protocols
e CtDNA presents the tumor e Little coverage platform of
heterogenicity ctDNA
EVs e Evs allow detection of low- e Expensive and complicated
expression biomarkers in saliva isolation
e The morphology and e Absence of standardized and

reproducible protocols

miRNAs e The altered expression in miRNA
provides useful information for
cancer diagnosis

e Expensive  detection and
analysis techniques

e Inter-patient variability

e Absence of standardized and
reproducible protocols
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6. Conclusion

A lot of research is still ongoing to apply salivary biomarkers such as circulating
tumor DNA (ctDNA), microRNAs and extracellular vesicles (EVs), in the dental clinic
for early detection of OSCC.

All the studies reviewed in this paper indicate that these salivary genetic
biomarkers (ctDNA, miRNA and EVs) can be used in early diagnosis of oral cancer,
some of them such as EVs and some miRNAs markers (miR-10b, miR-145, miR-99b,
miR- 660, miR-197, miR-708, miR-181c, miR-30e) even proved to be very useful in
the diagnosis of lesions with potential of malignant transformation.

The use of ctDNA, miRNA and EVs as genetic salivary biomarkers have some
disadvantages linked with technical problems associate to isolation and lack of
standardized protocols and the required sensitivity and specificity in order to be
utilized in the dental clinic. Additionally, the reviewed studies have small patient
samples, therefore the utility of these biomarkers should be tested in populations
at high risk of developing oral cancer

Future studies on application of ctDNA, MiRNAs and EVs as salivary biomarkers in
OSCC clinical routine can help in establishing strategies in early diagnosis of
precancerous lesions.

The use of salivary liquid biopsy in the dental clinic for the diagnosis of OC can be
accurate in the future, as its inexpensive, non-invasive and very good tool for
analysis of the salivary genetic biomarkers, despite the lack of standardized

isolation and evaluation protocols for liquid biopsy.
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7. Responsibility
This project has clear interest for dentistry, medicine and society. This work review new
genetic biomarkers that can be used to detect and diagnose oral cancer at its early stages.
This represents a part of personal medicine that works towards improving the health of the
patients at high risk of suffering from oral cancer. The new salivary genetic biomarkers (ctDNA,
EVs and microRNA) are very useful in the early diagnosis of oral cancer, leading to a better
prognosis of the disease and a better quality of life of the patient. The use of these biomarkers
in the future, in dental clinic, could lead to better treatments, avoiding unnecessary

treatments saving costs and lives.

8. Bibliography
1. Rivera C, Venegas B. Histological and molecular aspects of oral squamous cell carcinoma. Oncol

Lett. 2014;8(1):7-11.

2. Jarvis SJ, Giangrande V, Brennan PA. Mucoepidermoid carcinoma of the tonsil: A very
rare presentation. Acta Otorhinolaryngol Ital. 2013;33(4):286-8.

3. Yaga US, Gollamudi N, Mengji AK, Besta R, Panta P, Prakash B, et al. Adenoid cystic
carcinoma of the palate: Case report and review of literature. Pan Afr Med J.
2016;24:1-6.

4, Baykul T, Yilmaz HH, Aydin U, Aydin MA, Aksoy MG, Yildirim D. Early diagnosis of oral
cancer. J Int Med Res. 2010;38(3):737-49.

5. Nonaka T, Wong DTW. Liquid Biopsy in Head and Neck Cancer: Promises and
Challenges. J Dent Res [Internet]. 2018;97(6):701-8. Available from:
https://doi.org/10.1177/0022034518762071

6. Varshitha A. Prevalence of oral cancer in India. J Pharm Sci Res. 2015;7(10):845-8.

7. International Agency for Research on Cancer, Organization WH. Lip, oral cavity:
Globocan 2018. Glob Cancer Obs [Internet]. 2019;2018-9. Available from:
https://gco.iarc.fr/today/data/factsheets/cancers/1-Lip-oral-cavity-fact-sheet.pdf

8. D’souza S, Addepalli V. Preventive measures in oral cancer: An overview. Biomed
Pharmacother. 2018;107(July):72-80.

38



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Warnakulasuriya S. Causes of oral cancer - An appraisal of controversies. Br Dent J.
2009;207(10):471-5.

Parlatescu I, Gheorghe C, Coculescu E, Tovaru S. Oral leukoplakia - an update.
Maedica (Buchar) [Internet]. 2014;9(1):88-93. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/25553134%0Ahttp://www.pubmedcentral.nih
.gov/articlerender.fcgi?artid=PMC4268300

Poojar B, Ommurugan B, Adiga S, Thomas H, Sori RK, Poojar B, et al. Methodology
Used in the Study. Asian J Pharm Clin Res. 2017;7(10):1-5.

Muthu K, Vaishnavi V, Sivadas G. Warning signs and symptoms of oral cancer and its
differential diagnosis. J Young Pharm. 2018;10(2):138-43.

Shirani S, Kargahi N, Razavi SM, Homayoni S. Epithelial dysplasia in oral cavity. Iran J
Med Sci. 2014;39(5):406-17.

Ribeiro IP, De Melo JB, Carreira IM. Head and neck cancer: Searching for genomic and
epigenetic biomarkers in body fluids - The state of art. Mol Cytogenet. 2019;12(1):4—
0.

Chopra S, Bansal P, Bansal P. Journal of Advanced Medical and Dental Sciences
Research |Vol. 8|lIssue 1|.J Adv Med Dent Scie Res [Internet]. 2020;8(1):184-6.
Available from: www.jamdsr.com

Aro K, Wei F, Wong DT, Tu M. Saliva liquid biopsy for point-of-care applications. Front
Public Heal. 2017;5(APR).

Reddy SG, Kanala S, Chigurupati A, Kumar S, Poosarla C, Venkata Ramana RB. The
sensitivity and specificity of computerized brush biopsy and scalpel biopsy in
diagnosing oral premalignant lesions: A comparative study. J Oral Maxillofac Pathol.
2012;16(3):349-53.

Yakob M, Fuentes L, Wang MB, Abemayor E, Wong DTW. Salivary Biomarkers for
Detection of Oral Squamous Cell Carcinoma: Current State and Recent Advances. Curr
Oral Heal Reports. 2014;1(2):133-41.

Viet CT, Schmidt BL. Methylation array analysis of preoperative and postoperative
saliva DNA in oral cancer patients. Cancer Epidemiol Biomarkers Prev.
2008;17(12):3603-11.

Guerrero-Preston R, Soudry E, Acero J, Orera M, Moreno-Lépez L, Macia-Colén G, et
al. NID2 and HOXA9 promoter hypermethylation as biomarkers for prevention and
early detection in oral cavity squamous cell carcinoma tissues and saliva. Cancer Prev
Res. 2011;4(7):1061-72.

Ferlazzo N, Currdo M, Zinellu A, Caccamo D, Isola G, Ventura V, et al. Influence of
MTHFR genetic background on p16 and MGMT methylation in oral squamous cell
cancer. Int J Mol Sci. 2017;18(4):1-10.

39



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Zlotogorski-Hurvitz A, Dayan D, Chaushu G, Salo T, Vered M. Morphological and
molecular features of oral fluid-derived exosomes: oral cancer patients versus healthy
individuals. J Cancer Res Clin Oncol. 2016;142(1):101-10.

Liu C-J, Lin S-C, Yang C-C, Cheng H, Chang K. Exploiting salivary mir_31 as a clinical
biomarker of oral squamous cell carcinoma. Head Neck. 2012;34.

Kadhim Al-Malkey M, Abbas AA, Khalaf NF, Mubarak IA, Jasim |A. Expression Analysis
of Salivary Microrna-31 in Oral Cancer Patients. IntJCurrMicrobiolAppSci [Internet].
2015;4(12):375-82. Available from: http://microrna.

Zahran F, Ghalwash D, Shaker O, Al-Johani K, Scully C. Salivary microRNAs in oral
cancer. Oral Dis. 2015;21(6):739-47.

Zlotogorski-Hurvitz A, Dekel BZ, Malonek D, Yahalom R, Vered M. FTIR-based
spectrum of salivary exosomes coupled with computational-aided discriminating
analysis in the diagnosis of oral cancer. J Cancer Res Clin Oncol [Internet].
2019;145(3):685—-94. Available from: http://dx.doi.org/10.1007/s00432-018-02827-6

Yang Y, Li Y xiu, Yang X, Jiang L, Zhou Z jun, Zhu Y gin. Progress risk assessment of oral
premalignant lesions with saliva miRNA analysis. BMC Cancer. 2013;13.

Yang M, Forbes ME, Bitting RL, O’Neill SS, Chou PC, Topaloglu U, et al. Incorporating
blood-based liquid biopsy information into cancer staging: Time for a TNMB system?
Ann Oncol. 2018;29(2):311-23.

Cristaldi M, Mauceri R, Di Fede O, Giuliana G, Campisi G, Panzarella V. Salivary
biomarkers for oral squamous cell carcinoma diagnosis and follow-up: Current status
and perspectives. Front Psychol. 2019;10(December):1-12.

Wang X, Guo J, Yu P, Guo L, Mao X, Wang J, et al. The roles of extracellular vesicles in
the development, microenvironment, anticancer drug resistance, and therapy of head
and neck squamous cell carcinoma. J Exp Clin Cancer Res. 2021;40(1):1-16.

Chen D, Xu T, Wang S, Chang H, Yu T, Zhu Y, et al. Liquid Biopsy Applications in the
Clinic. Mol Diagnosis Ther [Internet]. 2020;24(2):125-32. Available from:
https://doi.org/10.1007/s40291-019-00444-8

Shigeyasu K, Toden S, Zumwalt TJ, Okugawa Y, Goel A. Emerging role of microRNAs as
liquid biopsy biomarkers in gastrointestinal cancers. Clin Cancer Res.
2017;23(10):2391-9.

Konings H, Stappers S, Geens M, De Winter BY, Lamote K, van Meerbeeck JP, et al. A
Literature Review of the Potential Diagnostic Biomarkers of Head and Neck
Neoplasms. Front Oncol. 2020;10(June).

Payne K, Spruce R, Beggs A, Sharma N, Kong A, Martin T, et al. Circulating tumor DNA
as a biomarker and liquid biopsy in head and neck squamous cell carcinoma. Head
Neck. 2018;40(7):1598-604.

40



35.

36.

37.

38.

39.

40.

41.

42.

Ignatiadis M, Lee M, Jeffrey SS. Circulating tumor cells and circulating tumor DNA:
Challenges and opportunities on the path to clinical utility. Clin Cancer Res.
2015;21(21):4786-800.

Théry C, Amigorena S, Raposo G, Clayton A. Isolation and Characterization of
Exosomes from Cell Culture Supernatants and Biological Fluids. Curr Protoc Cell Biol.
2006;30(1):1-29.

Zlotogorski-Hurvitz A, Dayan D, Chaushu G, Korvala J, Salo T, Sormunen R, et al.
Human Saliva-Derived Exosomes: Comparing Methods of Isolation. J Histochem
Cytochem. 2015;63(3):181-9.

Kim J, Shin H, Park J. RNA in Salivary Extracellular Vesicles as a Possible Tool for
Systemic Disease Diagnosis. J Dent Res. 2017;96(8):938-44.

Witwer KW. Circulating MicroRNA biomarker studies: Pitfalls and potential solutions.
Clin Chem. 2015;61(1):56-63.

Mestdagh P, Van Vlierberghe P, De Weer A, Muth D, Westermann F, Speleman F, et
al. A novel and universal method for microRNA RT-qPCR data normalization. Genome
Biol. 2009;10(6).

Wan Y, Vagenas D, Salazar C, Kenny L, Perry C, Calvopifia D, et al. Salivary miRNA
panel to detect HPV-positive and HPV-negative head and neck cancer patients.
Oncotarget. 2017;8(59):99990-100001.

Kulkarni V, Uttamani JR, Naqvi AR, Nares S. MicroRNAs: Emerging players in oral
cancers and inflammatory disorders. Tumor Biol. 2017;39(5).

41



9. Annexes

ONCOLOGY LETTERS & 7.11, 2014

Histological and molecular aspects of oral
squamous cell carcinoma (Review)

CESAR RIVERA'? and BERNARDO VENEGAS®

'Unit of Histology and Embryology, Department of Basic Biomedical Sciences;
?Biomedical Scicnces Master Program, Oral Pathology Mention; 3Unit of Oral Pathology,
Department of Dentistry, Faculty of Health Sciences, University of Talca, Talca 3460000, Chile

Received July 23, 2013; Accepted February 13, 2014

DOI: 10.3892/01.2014.2103

Abstract. Oral squamous cell carcinoma (OSCC) represents
95% of all forms of head and neck cancer, and over the last
decade its incidence has increased by 50%. Oral carcinogen-
esis 15 a multistage process, which simultancously involves
precancerous lesions, invasion and metastasis. Degradation of
the cell cycle and the proliferation of malignant cells results in
the loss of control mechanisms that ensure the normal function
of tissues. The aim of the current review is to present the histo-
pathological features of OSCC, including potentially malignant
changes, the international classification of tumors, the tumor
invasion front and tumor biomarkers (Ki-67, p53, homeobox
genes and collagen type 1V), as well as the tumor microenvi-
ronment and function of cancer-associated fibroblasts in the
most common type of oral cancer that is encountered by dental
surgeons. In OSCC, associations have been identified between
the proliferation, basal lamina degradation and connective
tissue modulation. Therefore, the comparison of these factors
with the survival time of OSCC patients from the histopatho-
logical diagnosis is of interest.
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1. Introduction

Head and neck cancer is one of the 10 most common types of
cancer worldwide, afflicting >500,000 individuals cach year.
Oral cancer is considered to be a preventable condition, duc to
the possibility of carly detection and treatment (1). Oral squa-
mous cell carcinoma (OSCC) represents 95% of all forms of
head and neck cancer, and during the past decade its incidence
has increased by 50% (2,3). Snuff and alcohol consumption
are associated with 90% of paticnts that exhibit oral cancer (1)
and the two factors appear to have a synergistic cffect (4).

The majority of OSCC are diagnosed at a late phase (5), in
stages 111 or IV (6,7). which markedly decreases the chances
of survival and leads to a significant deterioration in patient
quality of life.

Despite the currently available therapeutic strategies,
which include the excision of malignant tissuc and combina-
tion of radiotherapy and chemotherapy, the five-year survival
rate is only 53% (3). In addition, a high percentage of patients
have a poor response to therapy and high recurrence rates (8).

The purpose of the current review was to present the histo-
logical and molecular characteristics of the most common type
of oral cancer encountered by dental surgeons.

2. Histology

In general, cancers, including OSCC, emerge from the accu-
mulation of genetic changes and epigenctic anomalies in the
signaling pathways that arc associated with cancer, resulting
in phenotypes that facilitate OSCC development. This process
was summarized by Hanahan and Weinberg in ‘Hallmarks of
Cancer’ (9).

OSCC is a malignant ncoplasm derived from the stratified
squamous cpithelium of the oral mucosa (10). Its pathogenesis
is multifactonial, associated with cigarette smoke, alcohol (11)
and snuff, as well as the papilloma virus, among others (12).
The malignant ncoplasm occurs at various sites, the most
frequent being the lip, lateral edges of the tongue (Fig. 1A) (13)
and floor of the oral cavity. The incidence of OSCC increases
with age, with the majority of OSCC occuring in paticnts
>40 years (14).

OSCC is characterized by histopathological and clinical
manifestations. All carcinogenesis evolves from initial
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Mucoepidermoid carcinoma of the tonsil:
a very rare presentation

Carcinoma mucoepidermoide della tonsilla: una presentazione molto rara
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SUMMARY

Mucoepadermosd carcinomsa is the most common malignant salivary gland tumour. However, shoet series or individual case reports have ideats-
fied this wmour in the maxilla, mandible, breast tssve and thymus. Mucoepidermoid carcinoma oeiginates from minor salivary glands, and it
is therefore surprising that it is not more commonly seen in the tonsil. To date, we believe there has been oaly one previously reported case in
the world literature of mucoepidermoid carcinoma occurring in the tonsil | We present a very rare case of mucoepidermoid carcinoma arising
from within the structure of the palatine tonsil, rather from the adjacent pharyngeal wall, together with a shoet review of the literature.

KEY WORDS: Palatine tonsil « Mucoepidermosd carcinoma

RIASSUNTO

N carcinoma mucoepidermoide rappresenta la neoplasia maligna pia comune delle ghiandole salivari. Tuttavia numerosi studi fanno rife-
rimento a casi isolati in cui guesto tipo di lumore rmgma dal mascellare, dalla mandibola, dalla ghiandola mammaria e dal timo. h.ndté il
carcinoma mucoepid ide origina soli nelle g dole salivari, "origine dalla tonsilla p & considerata al

Fino ad oggi riteniamo sia stato precedentemente npamua in letteratura solo un caso di carcinoma mucoepidermoide nella tonsilla ‘.
Presentiamo un caso molto raro di carcinoma muco epidermoide che originante dalla tonsilla palatina pivttosto che dalla adiacente parete

Sfaringea, insieme a una revisione dei casi riportati in letteratura.

PAROLE CHIAVE: Tonsilla palatina * Carcinoma mucoepidermoide

Acta Otorhinolaryngol Ital 2013,33:286-288

Introduction

Mucoepidermoid carcinoma is the most common ma-
lignant salivary gland tumour **. It has been reported in
all ages with peak incidence at the 4* and 5* decades,
with females affected more than males in a 3:1 ratio. It
is the most frequent malignant salivary gland neoplasm
in children*. In the major salivary glands, 89.6% of cases
present in the parotid *. Mucoepidermoid carcinoma dem-
onstrates a broad spectrum of aggressiveness, which can
be predicted by microscopic grading.

High-grade tumours are highly aggressive and regional
lymph node spread is common. The low-grade variant usu-
ally demonstrates a favourable outcome, but it is important
to note that metastasis may also be present . Distant me-
tastasis is rare, but case reports of metastases to the lungs,
brain, ovary and peritoneum have been reported ®. Histolog-
ically, the tumour i1s composed of mucous, basaloid, inter-
mediate and epidermoid cells. We present an unusual case
of mucoepidermoid carcinoma arising in the tonsil.

288

Case report

A 48-year-old male presented with an asymptomatic
lump in the neck at level II. The lump was progressively
increasing in size over 4 weeks. Intra-oral examination
and flexible nasoendoscopy was normal. A fine-needle
aspiration cytology specimen showed malignant cells
with no obvious architecture to determine the tissue of
origin. Ultrasound detected the presence of a suspected
necrotic node. A CT scan of the neck and chest con-
firmed a right-sided pathologic node at level II. No other
abnormalities were evident. Examination under anaes-
thesia (EUA) was performed, which was suggestive of a
bulky mass within the ipsilateral tonsil, and tonsillecto-
my was performed. Biopsy confirmed a high-grade mu-
coepidermoid carcinoma arising from entirely within the
substance of the ipsilateral tonsil, and not from the ad-
jacent pharyngeal wall. Management involved complete
tonsillectomy with ipsilateral neck dissection level I1-IV.
Histology of the resected specimen confirmed metastatic
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Abstract

Adenoid Cystic Caranoma (ACC) is a rare tumor constitutes for less than 1% of head and neck malignandes and 10% of all salivary gland tumors.
Palate is the most common site to be involved in the oral cavity followed by parotid gland and submandibular gland. They are usually
asymptomatic, slow growing, characteristically shows infiltrative growth and perineural invasion. This paper reports a case of Adenoid Cystic
Carcinoma in a 35 year old female man reported with a swelling on the left side of palate involving the hard and soft palate since 8 months which
was diagnosed histopathologically and review of kterature of the peculiar clinical, and histopathological features.
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Survival rates for oral cancer are very
poor, at approximately 50% overall, and
have not improved markedly in recent
decades despite advances in therapeutic
interventions. Detecting oral cancer at an
early stage is believed to be the most
effective means of reducing rates of death,
morbidity and disfigurement from this
disease. Tobacco and alcohol consumption
and pre-malign lesions are the most
common aetiological factors. The
proportion of patients presenting with

oral cancer at an advanced stage is
troubling. Early diagnosis is the most
effective way of reducing the individual
burden of the disease, decreasing
morbidity and mortality and improving
quality of life. For early diagnosis,
healthcare providers should perform oral
cancer examinations as part of their
patient care regime, and need to be
knowledgeable about early signs of oral
carcinoma. Oral cancer awareness among
the public should also be improved.

KEY WORDS: ORrAL CANCER; EARLY DIAGNOSIS; CANCER AWARENESS; REVIEW

Introduction

Oral cancer is a global health problem with
increasing incidence and mortality rates;
more than 500000 patients are estimated to
have oral cancer worldwide.! Oral cavity
squamous cell carcinoma (SCC) accounts for
90 - 94% of oral cancers, but various
malignancies, such as salivary gland
malignandies, soft and hard tissue sarcomas
and metastatic cancers, also occur.??
Survival rates for oral cancer are very poor,
at approximately 50% overall, and have not
improved markedly in the last few decades
despite advances in therapeutic
interventions.*$ It is now well established
that early diagnosis of oral malignancies is
an effective way of improving the dinical
outcome for patients.® Detecting oral cancer

at an early stage, when lesions are small or
localized, is believed to be the most effective
means to reduce death, morbidity and
disfigurement from this disease.®

Risk factors

The consumption of tobacco and alcohol is
strongly associated with the subsequent
emergence of oral tumours.” ~'? In the USA,
74% of the risk of oral cancer can be
attributed to tobacco and alcohol use,
particularly when these substances are
consumed heavily.!* A minority of patients
develop a cancer in the apparent absence of
one or both of these risk factors. In a
Kentucky population, Hodge et al.'* reported
a rate of 3.4% for oral cancers in non-users of
tobacco. Rich and Radden'® found that

737
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Abstract

Head and neck cancer s the sixth most common cancer worldwide. It remains one of the leading causes of death, and Its early
detection Is crucial. Liquid blopsy has emerged as a promising tool for d g and Itoring the di status of p with
early and advanced cancers. Circulating tumor DNA (ctDNA), circulating tumor cells (CTCs), and exosomal miIRNAs have received
enormous attention because of their apparent clinical implicati Analyses of these circulating blomarkers have paved the way for
novel therapeutic approachu and precision medicine. A growing number of reports have lrnplk:ued the use of dreulating blomarkers
for detection, tr resp Itoring, and prognosis assessment. Although these new biomarkers can provide a wide
range of possibk dnlul no validated circulating biomarkers have yet been Integrated Into clinical practce for head and
neck cancer. In this rcv\ew we summarize the current knwdedge of dreulating blomarkers in this field, focusing on their feasibility,
limitadions, and key areas of clinical applications. We also highlight recent advances In salivary diagnostics and their potential application
In head and neck cancer.

R
4

Keywords: biomarker, drculating tumor DNA, drculating tumor cell, exosomal miRNA, salivary diagnostics, saliva les

Introduction Circulating Tumor DNA

Head and neck cancer is the sixth leading malignancy world- and Clrculatlng Tumor Cells

wide (Jemal et al. 2011). The predominant histological type 1s .

squamous cell carcinoma (SCC) that mainly occurs in the oral an Detection

cavity, oropharynx, hypopharynx, and larynx. Despite advanced ~ ¢tDNA mainly originates from apoptotic or necrotic tumor
surgery and therapeutic strategics, the overall survival of head  cells and contains the mutations present in the tumor (Fig. 1).
and neck canccr paticnts has remained unchanged for decades.  Somatic mutations are tumor specific, and evaluation of these
Traditional cancer- g techniques such as imaging and unique genetic changes offers the potential for better diagnos-
protein biomarkers are not sufﬁclcm for carly detection. The tic accuracy. Several studies have demonstrated a high concor-
Cancer Genome Atlas Network recently provided a compre-  dance of mutational profiles between plasma c¢tDNA and
hensive catalog of somatic genomic alterations in 279 head and matched tumor samples in lung cancer (Newman ct al. 2014),
neck SCCs (HNSCCs) to understand the molecular basis, thus breast cancer (Beaver et al. 2014; Bettegowda ct al. 2014), and
accclerating the development of novel strategies for diagnosis colorectal cancer (Dichl et al. 2008; Thierry et al. 2014).
and targeted therapies (The Cancer Genome Atlas Network
2015). Liquid biopsy has been increasingly considered as an ICenter for OraliHead and Neck Oncology Research, School of
option for molecular charactenization and detection of cancer  Dentistry, University of Calfornia, Los Angeles, CA, USA

as it can provide real-time information about cancer in a mini- *Division of Oral Biology and Medicine, School of Dentistry, University
mally invasive manner. Circulating tumor DNA (ctDNA), cir- of Californa, Los Angeles, CA, USA

culating tumor cells (CTCs), and exosomal miRNAs are  gorresponding Authors:

emerging biomarkers that can be applied to cancer detecti T. Nonaka, Center for OraliHead and Neck Oncology Research,
treatment planning, and response monitoring (Siravegna ct al. Division of Oral Biology and Medicine, School of Dentistry, University
2017). Notably, ¢tDNA and cxosomal miRNAs have been of California, Los Angeles, 10833 Le Conte Avenue, CHS 73.017, Los
shown to be present in multiple body fluids, including saliva, ~ Angeles, CA 50095, USA.

and are very promising biomarkers for cancer (Weber ct al, ~ EmaE @ichiro.nonaka@me.com
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Abstract

Aim: To review about the oral cancer in India

Objective: To understand about the prevalence,
detail

ent, cause, Symp , diagnosi 8

and m. t of oral cancer in

Background: Oral cancer is defined as uncontrollable growth of cells seen in the oral cavity. It appears as a growth or sore in
the mouth that does not cure. Oral cancer includes cancers of the lips, tongue, cheeks, floor of the mouth, hard and soft palate,
sinuses, and pharynx.Squamous cell carcinomsa is the most common type of oral cancer.

Reason : In the present century the prevalence of oral cancer is more due o excessive consumption of alcohol, tobacco
chewing, smoking. Men face twice the risk of developing oral cancer when compared to women.

Key Words- Oral cancer, tobacco, alcohol consumption, poor oral hygiene, low economic status, diet

INTRODUCTION

Cancers are the most commonest cause of death in
adults[1]. Oral cancer is any malignant neoplasm which is
found on the lip, floor of the mouth, check lining, gingiva,
palate or in the tongue. Oral cancer is among the top three
types of cancers in India[2]. Severc alcoholismuse of
tobacco like cigarcttes, smokecless tobacco, betel nut
chewing and human papilloma virus(HPV) are the most
common risk factors for oral cancer{3,4]. Oral cancer may
also occur duc to poor dental care and poor diet[5).The
incidence of oral cancer is highest in India, south and
Southeast Asian countrics. In India, 90 -95% of the oral
cancers is squamous cell carcinoma [6). The international
agency for rescarch on cancer has predicted that India's
incidence of cancer will increase from 1 million in 2012 to
more than 1.7 million in 2035. This indicates that the death
rate because of cancer will also increase from 630000 to 1-
2 million in the same period[7]. A case control study
from India demonstrates that oral cancer is interrclated
with low income. Low social economic class is interrelated
with factors like nutrition, health care, living condition and
risk behaviors which contributes to the development of oral
cancer[8). In many low-income and middle-income
countries, including India, most of the population does not
have access to a well organized and well regulated cancer
carc system. A diagnosis of cancer often leads to high
personal health expenditures. Such expenditures can push
entire families below the poverty line and may threaten
social stability[9]. No significant advancement in the
treatment of oral cancer has been found in recent years,
though the present treatments improve the quality of life of
oral cancer patients but the overall survival rate of 5 years
has not improved in the past decades.

Here we review published data about the prevalence on oral
cancer in India. We also discuss about the cause,
symptoms, diagnosis and management of oral cancer in
brief.
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BURDEN OF ORAL CANCER IN INDIA
In India, 20 per 100000 population are affected by oral
cancer which accounts for about 30% of all types of
cancer|10]. Over 5 people in India die every hour everyday
because of oral cancer and the same number of people die
from cancer in oropharynx and hypo pharynx|[11].
CANCER registration is not compulsory in India, so the
true incidence and mortality may be higher, as many cases
are unrecorded and loses follow up[12]. None of the
national registry provides cancer incidence or mortality
data for India. However, the National Cancer Registry
Program provides population-bascd data from a sclected
network of 28 cancer registries located across the
country[9]. A number of studies usc data from urban and
rural cancer registrics cstablished at the national regional
level. Urban registrics includes Delhi Mumba: and
Chennai and rural registries include Barshi  Dindigul,
Manipuri ,Karunaga-pally , Eranakulam  Srikakulam and
Bhavnagar cancer is of significant public health importance
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Salivary bicesarkers cancer is tob intake,

Worldwide oral cancer is creating an alarming situation and it's a matter of ghobal concern &s it is the 11th mast
common carcinoma around the globe. After cardiovascular ailments, cancer is the next biggest killer.
Approximately 90% of the total oral malignancies are squamous cell carcinomas. The etiological base of oral

L al, I

), alcohol and areca nut intake,

Screening test

{snuff ar chewing tob

excessive sunlight exposure, reverse end smoking and Human Papilloma Virus (HPV). The treatment measures

:I:::‘:;u"mk, for oral cancer are very costly and affordability is low. So, umnz prevemive measures at the first place itsell is of
immense importance. P is a multidisci lving co-ordi d efforts from all
the sectors of the society. The preventive measures are cﬂegomed into primary, secondary and tertiary mea-
suru Alnngvmhtbenmusmmngtsuemphyedmdcmumlanwdlermewfommhmrkm

tea ion, Chios mastic gum extract, Poly (ADP.ribose)
Polymerase 1 (PARP1) wgeud optlcal Imulng aml. and their role in oral cancer prevention and control, The
review gives a brief outline on the pr to be adopted to help pr aral cancer and improve
the quality of life,

1. Introduction harmful carcinogens into the body cells. Once the tumor attains a finite

size, pain in the area develops and medical assi comes into action
Oral cancer is rlslng day by day. S cell i [10). As they are asymptomatic at the earlier stages, detection of oral
for 90% [1). I q ell i means that the cancer cancer b difficult. Diagnosis at the earliest stage is therefore very

cells have spread to deeper parts of the oral cavity [2]. 75% of oral
cancers are related to lifestyle choices. The distribution of oral cancer is
approximately 32% in buccal mucosa, 22% in tongue, 11% in lower lip,
11% in palate, 8% in vestibule, 5% in alveolus, 5% in floor of the
mouth, and 3% in gingiva [3). The occurrence of oral cancer are high in
countries like India, Taiwan, Sri Lanka, Pakistan and Bangladesh [4]).
Approximately 25% of all upcoming cases are oral cancer in these
countries and it is seen majorly in men [4]. The International Agency
for Research on Cancer has recently stated that smokeless tobacco can
be considered as a cause of oral cancer [5). The risk factors are many
including smoking, betel nut, tobacco chewing, drinking, poor nutri-
tion, HPV virus, mouth washes with a high alcohol content, poor oral
hygiene, immune system suppression, age, gender, etc. Other risk fac-
tors include genetic factors, mate drinking and chroni 6,7]).
But there are strong synergistic effects if the person is both a smoker
and a drinker [8). Tobacco smoke includes more than 4000 chemicals

and 60 of them are found to be carcinogens which include nicoti
hoxy hyl furfural, ic, and methanol [9]. Alcohol increases
the activation of procarcinogens & beh like a sob for entry of
* Corresponding author,

E-mail address: v.addepalli@nmims.edu (V. Addepalli).

bttps://dod,org/10.1016/). biopha.2018.07.114

important for increasing the rates of patient survival. The survival rates
are approximately 80-90% when detected at the earliest [10].

The delay in detection leads to higher chames of mortality. T‘hls
poor survival rate has not improved despi
available. Hence the major goal is to focus on preventive msure at
the first place so that mortality due to oral cancer is reduced and is in
control.

< ‘

g methods employed is for early detection and prediction of
oral cancer which includes OralCDx, Vizilite, VizilitePlus, Micolux/DL,
Orascoptic DK, and VELscope [11]. These help to locate the oral cancer
and help in diagnosis. Salivary b rkers like L-phenylalanine, an-
giogenetic marker e Cluster of differentiation factor 34 (CD34),
Genomic biomarkers such as integrin a3 and integrin B4, Cloning of an
acidic laccase gene 2 which is a proteomic biomarker aid in early di-
agnosis, monitoring and differentiation of oral cancer [12). Favourable
agents for chemoprevention of oral cancer include B-carotene, re-
tinoids, N-acetyl cysteine, NSAID's, E, retinoids, and

[13,14]. Mel in which is d by the pineal gland also plays an
important role as it has protective action against oral cancer, has anti-
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Causes of oral cancer
— an appraisal of controversies

S. Warnakulasuriya®

VERIFIABLE CPD PAPER

Major risk factors for oral cancer are cigarette smoking and alcohol misuse. Among Asian populations, regular use of betel
quid (with or without added tobacco) increases oral cancer risks. Dentists should be aware of some emerging risk factors
for oral, and particularly oropharyngeal cancer such as the role of the human papillomavirus infection (HPV). Decreases in
risk could be achieved by encouraging high fruit and vegetable consumption. Some controversies related to the aetiology
of this disease also need clarification. The objective of this paper is to provide an opinion on these debated controversies.

INTRODUCTION

Oral cancer, defined as cancers of lip,
tongue and mouth (ICD 10: C 01-06), is
a serious and growing problem in many
parts of the globe including Europe. Oral
and oropharyngeal cancer (ICD 10: C01-06,
C09-10, C14) grouped together is the sixth
most common cancer in the world. The
areas characterised by high incidence are in
South Asia, Pacific regions, Latin America
and in parts of central and eastern Europe.
A recent review provides up to date infor-
mation on the global epidemiology.’

In this context it is important for United
Kingdom (UK) dental practitioners to be
aware of some cancer statistics and figures
for the UK. There were 5,325 new cases
diagnosed in 2006. Since the 1980s, the
numbers of incident oral cancers reported
to the UK cancer registries have been rising
every year and more recent data suggest
a rise of 41.2% over a period of ten years.
The Cancer Research (UK) figures issued in
August 2009 confirmed a further steep rise
in the latest figures, while other tobacco-
associated cancers, eg Lung cancer, have
declined. In fact, based on these crude data
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(age unadjusted), no other cancer site has
shown such a rapid rise in incidence in the
past quarter of a century.

Oral cancer to a large extent is a self-
induced disease.” In order to plan preven-
tive measures it is important to understand
the risk factors associated with the disease.
The major risk factors are well known,
have been reviewed recently* and will
not be described in detail in this paper.
However, there are some emerging risk
factors for oral cancer that dentists should
be aware of, and some controversies
related to the aetiology of this disease that
need clarification.

The objective of this paper is to provide
an opinion on these debated controversies.
Several factors that have been often cited
as likely to be assoclated with oral cancer,
namely heredity and familial risk, mari-
juana (cannabis) smoking, khat chewing,
medicinal nicotine use, HIV infection and
alcohol containing mouthwashes, have
not been adequately validated as hav-
ing sufficient evidence to be linked with
oral cancer. It is important to clear some
myths about the disease causation so that
dentists can, with some confidence, dis-
cuss only the important and relevant risks
with their patients.

MAJOR RISK FACTORS - TOBACCO,
ALCOHOL AND BETEL QUID

Major risk factors for oral cancer in the
UK population are cigarette smoking and
alcohol misuse. There are several key epi-
demiological studies from many countries

that confirm the associated risk with these
two lifestyle habits. While all forms of
smoking (cigarette or cigar) have equal
excess risks, there is no clear evidence that
specific alcoholic drinks (wine, beer, spir-
its) have different effects on oral cancer.
The most prevalent alcoholic beverage in
a given population would be the one with
the highest risk in that population.

Smokeless tobacco (ST) use also sig-
nificantly increases the risk of oral can-
cer® The sale of ST is banned in the UK
so the public have no access to this form
of tobacco. However, chewing tobacco is
available on sale mostly mixed with betel
quid (areca nut). Betel quid is carcinogenic
to humans [both with and without added
tobacco)® and is an important risk fac-
tor among people with this habit in the
Asian ethnic minorities residing the UK’
For this reason, being South Asian [eth-
nicity but not race) could be considered
a risk factor.

The estimated elevated risks from these
different agents and exposures [among
smokers, regular users of alcohol and betel
quid; adjusted for each other) compared to
non-users are reported consistently from
many populations. The elevated risks
are confirmed by several meta-analyses
or systematic reviews, providing proof
of significant risks of these lifestyles for
oral cavity cancers. ™ In the UK there is
evidence that the increasing incidence of
oral cancer, especially affecting younger
people, is associated with increased intake
of alcohol.” The synergistic effect on the
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~~ABSTRACT -

The main purpose of this paper was to assess the current state of science on oral lewkoplakia. Although
it is considered a potentially malignant disorder the overall malignant progression of oral lewkoplakia
is of the order of 5% and even more. Nowadays there are no currently accepted markers to distinguish
those that may progress to cancer from those that may nof. The current golden standard is considered the
presence of epithelial dysplasia on the tissue biopsy of the lesion. Proliferative verrucous leukoplakia is a
rare form of OL which has mulfiple recurrences, is refractory to treatment and has malignant transfor-
mation in a short period. It is considered a true premalignant lesion. The management of oral lewkoplakia

Jran?es from a “wait and see” attitude and topical chemopreventive agents to complete surgical remomI.J

Keywords: oral leukoplakia, potentially malignant disorder

INTRODUCTION

t has been reported that oral squamous

cell carcinoma is associated with the pres-

ence of potentially malignant disorders in

15-48% cases (1). Oral leukoplakia (OL) is

the most frequent potentially malignant
disorder of oral mucosa. Although OL is men-
tioned in clinical reviews since 1969 (2), it was
first defined by World Health Organization in
1978 (3) as a white patch or plaque which can-
not otherwise be characterized clinically or
pathologically as any other disease. Since then
until now, the meaning of oral leukoplakia is
not very much changed. In 1994 (4), after an
international symposium held in Uppsala, Swe-
den in the definition, was added that oral leu-
koplakia is not associated with any physical or
chemical cause, excepting smoking and it can
become cancer. In 2007 it was decided that
the name of leukoplakia should be limited only

to a dinical diagnosis defined by exclusion of
other white lesions such as oral lichen planus,
white sponge nevus, nicotine stomatitis, leuko-
edema ete (5). In 2012 van der Waal (6) pro-
posed a new definition which seems more
oportune as it includes the histological confir-
mation “A predominantly white lesion or pla-
que of questionable behavior having exduded,
clinically and histopathologically, any other de-
finable white disease or disorder”. This one
hasn’t been assessed yet by WHO but it has
good chances for acceptance.

Incidence. Demographic distribution

The pooled estimated prevalence rate of
oral leukoplakia in 2003 varied between 1.7 to
2.7% in general population (7). For this estimat-
ed rate, the author- Stefano Petti, in a mela-
analysis including 23 primary studies from all
over the world published in the period 1986-
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A Clinicopathological Study of Various Oral Cancer Diagnostic
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£ Oral cancer is one of the most commonly occurring malignant tumors in the

:

head and neck regions with high incident rate and mortality rate in the developed
countries than in the developing countries. Generally, the survival rate of cancer
patients may increase when diagnosed at early stage, followed by prompt treatment
and therapy. Recently, cancer diagnosis and therapy design for a specific cancer
patient have been performed with the advanced computer-aided techniques. The
responses of the cancer therapy could be continuously monitored to ensure the
effectiveness of the treatment process that hardly requires diagnostic result as quick
as possible to improve the quality and patient care. This paper gives an overview
of oral cancer occurrence, different types, and various diagnostic techniques.
In addition, a brief introduction is given to various stages of immunoanalysis
including tissue image preparation, whole slide imaging, and microscopic image
analysis.

Keyworps: Biomarker, histopathology, immunohistochemistry, microscopic image

analysis, whole-slide imaging

INTRODUCTION

ral cancer is a frequently occurring and is the

sixth most common cancer worldwide. Oral
cancer is considered to be one of the most challenging
malignancies of the head and neck regions that
reportedly affect more than half million people every
year worldwide.!'?l Especially oral squamous cell
carcinoma (OSCC) accounts for 85% of all oral cancer
which afTects its site or origin and can spread to cervical
node, lungs, liver, and bones. During the year 2012,
three million oral cancer patients (both sexes) have
been identified, of which 145,000 cases were fatal. The
incident rates of oral cancer are higher in the developed
countries than in the developing countries. In India, the
incident rate of oral cancer is 12.6% per one million
populations and remains the most common cancer in
other Asian countries. In addition, the incident rate
remains higher in some of the developed countries,
namely, Australia, New Zealand, Germany, Poland,
Denmark, Scotland, and the USA. The S-year survival
rate of early stage oral cancer patients is approximately
82%, and the advanced stage is about 20%. However,

ss this article online

Website: www.jpbsonline.org
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the S-year survival rate increased in developed countries
such as the USA from 1983 to 2006. At the same time,
a negative trend is noticed in some countries such as
Brazil, Egypt, Japan, UK, and the Netherlands where the
number of causality has increased due to oral cancer."”!

The main risk factors associated with the development
of oral cancer and potentially malignant lesions (PML)
are smoking, consuming alcohol, and betel quid.” Early
diagnosis of OSCC followed by prompt treatment can
offer the best chance for cure and improve the survival
rate of patients. Unlike others, the malignant portion
of the oral cavity can be easily analyzed visually
and/or different types of noninvasive method can also
be used as a tool to increase the accuracy of physical
examination. In spite of all, detection of OSCC is still an
important and challenging problem for clinicians due to
the fact that many lesions are asymptomatic at an early
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ABSTRACT

Oral Cancer (Oral Sq Call C: 0sCC) to one

of the vwomm cawu of mortality i in hmmn beings. 'I'huo impanding
with g sgns and

i

may
svvrmoms which is often nomw dus 1o tha lack of

itute of Medicine, Science and Technology (AIMST) University, Kedah, MALAYSIA.

and analysis weare parformad to identify prompt warning signs and symp-
toms of OSCC.The key findngs of all the early prasentation wera Eloborated
with its clinical significance. In addition, this paper also helps to identify

n the lar type of oeal maligr wiith their chnical px
pepuiation. Though there are develepments in ﬁgg'nmo early stage of ruehng its smphasis basad on the w,m,,, signs md symptoms The
oral cancerthe detaction rate is continuad to be ch proved of re-evaluation and biopsy to di
a strong iation b early dizg and batter p is in these o N

Henca, rowdmg these warning indicators wil
cenanlv faciitate the dinicians to discover early cancer and provide an
overall benafit pertaining to treatment in these patients. This review aims
to hghight the early signs and symptoms of OSCC and their significance
in i is of the p A Medine-PubMed search was
nonductod of the Inmo over ﬂ\o past years using the keywords: “oral

q ceall i g signs. “Early symptom? “clinical
presentation; “whits lesion’ *ulcer’ “srythroplakia and “abnormal growth”

legion in doubtful cinical situation is also hiwimlsd.

Key words: Oral cancer, Warning signs, Symptoms, Parsistent ulcer,
Whitejred patch.
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A total of 58 articles were reviewed, of which 11 were literature
15 weare orginal studies and 32 were case reports. Appropriate Asssoumom

INTRODUCTION

Oral and maxillofacial cancer (malignancy) contribute to one of the
primary reasons of mortality worldwide. According to histological data,
oral squamous cell carcinoma accounts for majority of all oral cancer.
Dentists add to the crucial group of health care prof Is in diagnosing

" "

DO 10.5530/jyp.2018.10.32

symptoms adds clue to me cllnldans that aid m early diagnosis, timely
luation and imp gnosis for the p ts from an oncological
perception. The other assoclated oral mallgmndu with the warning sign

oral cancers by observing essential warning signs and symptom on
examination of the oral cavity and confirming with
aids. Thus, pertaining to the oral region, 2 ugn' refers to an ob;ectlve
evidence of a oral condition detected by a dentists during the examination
of the oral cavity while a “symptom™ refers to a subjective evidence of
disease or a patlent’s oral condition. Few signs may go unnoticed by the
patient although they remain meaningful and significant to the health-
care provider in assisting the diagnosis of medical condition(s) responsible
for the patient’s symptoms. Among all the dental signs and symptoms
detected on lar history and ion of the pati the warning
sign points to the intimation, threat, or sign of an impending danger of
the underlying disease. Usually, at the molecular level, the cells undergo
multistep process which includes initiation, proliferation and progres-
ston to become cancer cells during the pathogenesis of oral cancer. The
clinical features also depend upon the etiopathological behavior of the
individual tumors.

In this article, warning signs and symptoms of oral cancer (Table 1,.2)
from the review of the available literature has been highlighted which
might be first signal of undiscovered malignancies. These signs and

ahle db

and symp are also highlighted (Table 3) which would be helpful for
differential diagnosis in essential clinical situation.

WARNING SIGNS AND SYMPTOMS OF ORAL
CANCER AND ASSOCIATED MAXILLOFACIAL
MALIGNANCIES

Non Healing Ulcer [ Figure 1)

Ulcerations in the mouth may exhibit from a simple to highly complex
variations suggestive of oral malignancy. In other words, patients present
with this chief complaint of “ulceration” depicting to the epithelium and
connective tissue damage with the e of an central crater
caused by oedema or proliferation in the surrounding tissue.' Health
care professional must clearly grasp the distinction between malignant/
premalignant lesions from the group of reactive lesions persisting for
more than two weeks following the removal of etiological factors. These
lesions become more suspicious when It increases in its intensity and
turns non responsive to the ongoing treatment. Therefore, appropriate
diagnostic procedures (i.e., gold standard blopsy in addition to other
non-invasive chairside procedures of the lesion) are essential diagnostic

{at, o

Adteii i

NonC:

This is an open accass artick distributed undar the terms of the Creative C

to remix, tweak, and build upon the work nan-commercally, as long as the author is credited and the new

| of Young Ph cists, Vol 10, lssue 2, Apr-Jun, 2018

53

I-ShareAlike 4.0 Licanse, which allows others
ans are li d under the identical terms.

138



LUMS
Vel 39, No 5, Seplember 2014

Review Article

Epithelial Dysplasia in Oral Cavity

Samaneh Shirani', DDS, MS; Neda
Kargahi’, DDS, MS; Sayed Mchammad
Razavi’, DDS, MS; Soimaz Homayoni®,
DDS

This article has Continuous
Medical Education (CME)
credit for Iranian physicians
and paramedics. They may
earn CME credit by reading
this article and answering the
questions on page 491.

'Department of Oral and Maxillofacial
Patholegy, Islamic Azad University of
Khorasgun, Isfahan, lran,

“Department of Oral and Maxillofacial
Pathology, lsfahan University of Medical
Scdences, Isfahan, Iran;

*Department of Oral Patholegy,

Isfahan University of Medical Sciences,
Isfahan, lran

Correspondence:

Samaneh Shirani, DDS, MS;

Department of Oral and Maxillofacal

Pathology.,

School of Dental,

Islamic Azad University of Khorasgun,

Isfahan, lran

TellFax: +98 311 6644780

Emails: shiranisamaneh@yahoo.com
samane.shirani@gmail.com

Received: 8 May 2013

Revised: 23 July 2013

Accepled: 1 September 2013

406

Among oral lesions, we encounter a series of malignant epithelial
lesions that go through clinical and histopathologic processes in
order to be diagnosed. Identifying these processes along with
the etiology knowledge of these lesions is very important in
prevention and early treatments. Dysplasia is the step preceding
the formation of squamous cell carcinoma in lesions which have
the potential to undergo dysplasia. Identification of etiological
factors, clinical and histopathologic methods has been the topic
of many articles. This article, reviews various articles presenting
oral cavity dysplasia, new clinical methods of identifying lesions,
and the immunohistochemical research which proposes various
markers for providing more precise identification of such lesions.
This article also briefly analyzes new treatment methods such as
tissue engineering.

Please cite this arlicle as: Shirani S, Kargahi N, Razavi SM, Homayoni S.
Epithelial Dysplasia in Oral Cavity. Iran J Med Sci. 2014,39(5):406-417.

Keywords e Dysplasia e Review e Iran

In oral mucosa we might encounter some epithelial or mesenchymal
lesions. Based on epidemiologic research, the epithelial lesion could
be the cause of most malignancies. Clinicians need to know the
procedure of turning a malignant lesion to carcinoma.'* Awareness
of epidemiology of oral cancers, especially squamous cell carcinoma,
may provide effective and appropriate treatment plans, mortality
reduction and enhanced life quality. Squamous Cell Carcinoma
(SCC) is the highest prevalence lesion among cther oral malignancies
in epidemiologic studies.

Idris et al. in Sudan reported 66.5% prevalence of SCC
among malignant lesions.” In 2007, Razavi et al. claimed that
epithelial malignancies were the most prevalent lesions (63%)
and reported 54.5% SCC prevalence in Isfahan.® As some
sclentists believe that early diagnoses of lesions are important
in both prevention and therapeutic procedures of oral cancers,
many clinical, histological and cytological studies have been
carried out. While few focused on clinical evaluation of different
lesions diagnoses methods, few others recommend modern
cytological method used in genecology. Despite the availability
of such modern methods, pathologists claim that microscopic
view of biopsies makes higher specificity and sensitivity in
diagnosis.*”’

At first, Definition of Few Terms
Precancerous Lesion; refers to a tissue with benign
morphological change having high potential to turn into malignance.

Iran J Med Sci September 2014, Vol 39 No §
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genomic and epigenetic biomarkers in
body fluids - the state of art
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Abstract

Head and neck squamous cell carcinoma (HNSCC) affects multiple sites of the upper aercdigestive tract and
exhibited high incidence and mertality worldwide, being frequently diagnosed at advanced stage. Early detecticn
of HNSCC plays a crucial rele in a successful therapy. In the last years, the survival rates of these tumors have not
improved significantly due to the late diagnosis and the lack of precise disease biomarkers and targeted therapies.
The introductien in the clinical practice of body fluids to detect and analyze dirculating tumor cells (CTCs),
circulating tumor DNA (ctDNA) and exosomes provides a minimally or nen-invasive method also called as liquid
biopsy for diagnostic and prognostic biomarkers detection, representing a shift of paradigm in precision medicine
through the revelution in the way to perform HNSCC diagnosis and to screen high risk population. Despite the use
of body fluids being an emergent and up-to date issue to early diagnosis HNSCC and their recurrences, no strategy

has yet proven to be consistently effective and able to be translated to clinical application in the routine clinical
management of these patients. In this review we will discuss the recent discoveries using bloed and saliva to
identify biomarkers for the early detection and prognosis of HNSCC.

Keywords: Body fluids, Cell-free DNA, Circulating tumor DNA, Exosomes, Head and neck cancer

Introduction

Head and neck squamous cell carcinoma (HNSCC) is
the sixth most common cancer worldwide with an
annual incidence of around 600 000 new cases, mostly
diagnosed as locally advanced disease [1]. This carcin-
oma is a heterogeneous disease at clinical and molecular
level, encompassing several tumors from hypopharynx,
oropharynx, lip, oral cavity, nasopharynx, and larynx.
This tumors group presents different epidemiology, eti-
ology and molecular alterations that drive carcinogenesis
and, consequently distinct therapy responses. The trad-
itional risk factors related to the pathogenesis of HNSCC
are smoking and excessive alcohol comsumption, being
also infection with high-risk human papillomaviruses
(HPVSs) associated to a rising number of these tumours,
especially at the oropharynx in younger patients [2].

* Camespondence: citogenetica@imed uc pt; kareragémaducpt
'Cytogenstics ard Genomics Laboeatory, Faculty of Medicine, University of
Coimbra, Pélo Céndias da Salde, Coimbra, Portugal

ICBR-CIMAGD - Center of Irwestigation on Envirenment Genetics and
Crcobiclogy - Facuty of Medicine, University of Coimbra, Caimira, Portugal

N BMC

Human papillomavirus-related oropharyngeal cancer
(HPV+) exhibited not only better response to treatment
but also better survival, being generally associated to a
good prognosis when compared to HPV-negative [3, 4],
which lead to the adaptation of the eighth edition of the
HNSCC tumour-node-metastasis (TNM) staging in
order to include pl6™*** immunostaining as a surro-
gate for HPV status. The HPV-positive cancer incidence
is rising, while HPV-negative cancers incidence is
decreasing [5]. The five-year overall survival rate of
HNSCC patients is almost unchanged in the last
decades, remaining around 50%, even with the improve-
ments in the treatment (ie surgery, radiotherapy,
chemotherapy and novel targeted therapies), mainly due
to the advanced clinical tumor stage at the diagnosis and
the treatment failure associated to frequent recurrencies
[6]. The HNSCC treatment selection is based in some
clinical-pathological parameters, such as the tumor ana-
tomic location and tumor stage; however, these patients
with similar dinic-pathological characteristics may differ
in their clinical outcome, justifying the tumor’s biologic
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ABSTRACT:

Biopsy is the removal of tissue from a living person for microscopic examination to confirm or 1o

blish the diagnosis of a di

The purpose of this article is 1o review those skills, to discuss new developments in this area, and to highlight some of the potential
pitfalls that may occur in taking a biopsy and methods available to avoid them We feel it will be of value to both general dental

practitioners and junsor hospital stafl. Probl L
with the dental hard tissues.
Key words: Biopsy , Dental hard tissues, FNAC

4 10 specific areas will be covered including apscal lessons and those associated
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NTRODUCTION:

Biopsy is the removal of tissue from a living person

for microscopic examination to confirm or to

establish the diagnosis of a discase.
The term was coined by Emst Henry, a French
dermatologist in 1879. This approach is used for all
tissues of the body, including those of the oral cavity,
where a wide spectrum of discase processes may present.
Proper management of an oral mucosal lesion begins with
diagnosis, and the gold standard for diagnosing discase,
oral or otherwise, is tissue biopsyz. The oral environment,
which is moist and confined. poses challenges for
collecting a viable tissue sample that will be suitable for
diagnosis. These challenges are further compounded by
the myriad of biopsy techniques and devices now
available. The dental clinician should be aware of the
various biopsy techniques that arc available for the oral
tissues, as well as the challenges specific to these tissue.
Whatever the method used, however, the aim is to
provide a suitably representative sample for the clinician
to interpret, while minimising preoperative discomfort for
the patient. An unsuitable, unrepresentative sample is of
no use to the clinician or most importantly the patient
who would be ill served by an unnecessary repeat
procedure (fig 1)".
Rovin has made several observations on biopsy
decisions.”
1. Any lesion that persists for more than two weeks with
no apparent ctiological basis.
2. Any inflammatory lesion that does not respond to local
treatment after 10 to 14 days that is, after removing local
irritant.

Unsisiactory » Sanstactery emova

s - ¢ cfussue for blopey
PMEN MoV \ // e
/

Figure 1

3. Persistent hyperkeratotic changes in surface tissues.
4. Any persistent tumescence cither visible or palpable
beneath relatively normal tissue.
5. Inflammatory changes of unknown cause, that persists
for long periods.
6. Lesions that interfere with local function. Eg. Fibroma.
7. Bone lesion not superficially identified by clinical and
radiographic findings.
8. Any lesion that has characteristics of malignancy.
* Erythroplasia: Lesion is totally red or has a
speckled red and white appearance.
Ulceration: an ulcerated lesion
Duration: Lesion has persisted more than 2
weeks.
*  Growth rate: Lesion exhibits rapid growth.
* Bleeding: Lesion bleed on gentle manipulation.
Induration: Lesion and surrounding tissue is firm
to touch.
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Saliva Liquid Biopsy for Point-of-Care
Applications

Katri Aro, Fang Wei, David T. Wong and Michael Tu*

School of Dentistry, Untveralty of Calamis Los Angalss, Las Angales, CA, USA

Saliva is a non-invasive bicfluid, which is easy to collect, transport, and store. Because of
its accessibility and connection to systemic diseases, saliva is one of the best candidates
for the advancement of point-of-care medicine, where individuals are able to easily mon-
itor their health status by using portable convenient tools such as smartphones. There
are a variety of scenarics with which saliva can be used: studies have been conducted
on using saliva to measure stress hormones, enzyme levels, developmental disease
biomarkers, and even cancer mutations. If validated biomarkers were combined with
high-quality detection tcols, saliva would open up a new frontier in high-quality health-
care, allowing physicians and patients to work together for real-time health monitoring
and high-impact personalized preventative medicine. One of the mast exciting emerging
frontiers of saliva is liquid biopsy, which is a non-invasive means to assess the presence
and characteristics of cancer in a patient. This article will review current basic knowledge
of biomarkers, review their relation to different diseases and conditions, and explore
liquid biopsy for point-of-care applications.

Keywords: saliva, liquid biopsy, point-of-care, biomarker, cancer

INTRODUCTION

In the era of new diagnostic methods and treatment options, patient care is rapidly changing. There
are many new paradigms in the evolution of modern healthcare: the White House has advocated for
precision medicine, which tailors individualized treatment to the patient (1). Early detectionisanother
emerging paradigm, which seeks to decrease patient morbidity and mortality by detecting disease at
aphase where it is easily treatable. Early detection usually improves the success of treatment, prevents
complications, and enhances patient prognosis. This is highlighted in common diseases affecting
large populations such as cardiovascular diseases, diabetes mellitus, and various malignancies, as a
recent review discusses (2). Precision medicine and early detection merge together with a third major
paradigm: point-of-care diagnostics. Point-of-care diagnostics is a field of investigation that explores
technologies that allows patients and health providers to gain actionable medical information rapidly
and conveniently. Point-of-care diagnostics seeks to achieve “bed-side” diagnosis, removing the time
delay that is caused by the conventional workflow of collecting samples and transporting them toa
central lab for testing. The paradigm of point-of-care diagnostics joined to precision medicine and
carly detection paint a compelling vision of the future: one where doctors and patients can use small
and portable devices to rapidly assess a patient’s health status, catching diseases extremely early and
allowing ultracustomized treatment based on a patient’s personal characteristics.

One of the most critical questions that must be answered in point-of-care personalized medi-
cine, however, is the question of which biomarkers to use for health monitoring. A biomarker is
defined as a measurable, objective indicator of an individual’s normal and abnormal physiological

Frontiers in Public Hesdth | www.frontiersin.org 1
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ABSTRACT

Background: The diagnosis of oral malignancy and epithelial dysplasia has
traditionally been based upon histopathological evaluation of full thickness
biopsy from lesional tissue. As many studies had shown that incisional biopsy
could cause progression of the tumors, many alternative methods of collection of
samples had been tested. Oral brush biopsy is a transepithelial biopsy where it
collects cells from basal cell layer noninvasively. Aim: To assess the diagnostic
accuracy of brush biopsy when compared to histopathology in a group of patients
with features of potentially malignancy. Materials and Methods: In the present
study, 60 cases of clinically diagnosed leukoplakia are selected and subjected
to histopathology and brush biopsy. Results and Conclusion: Results showed
that of 16 dysplasia cases confirmed by histopathology, only 12 were positively
reported in oral brush biopsy. In 44 cases, the reports are same for histopathology
and brush biopsy. The sensitivity of oral brush biopsy is 43.5% and specificity
is 81.25% with a positive predictive value of 58.3%. Oral brush biopsy with
molecular markers like tenascin and keratins can be an accurate diagnostic test.
Key words: Brush biopsy, leukoplakia, sensitivity, specificity

INTRODUCTION malignancy accurately as that of the histopathology. In the
oral cavity, the cytology has been of limited use due to the

Detection of cancer in the early asymptomatic stage improves  superficial cells collected and the keratin layer that is present.

the cure rates and quality of life of the patient by minimizing
extensive, debilitating treatments and can be conservatively
managed with minimal surgical morbidity and 100%
survival.") Early cancerous lesions are asymptomatic and
vary in clinical presentations as they do not have ulcerations,
indurations, elevations, bleeding, and cervical adenopathy as
in case of advanced cancers."!

The significance of evaluation of leukoplakic lesions, which is
the most common precursor of oral cancer, aids in prognostic
implications. Leukoplakia has varied clinical appearance
without any symptoms. But, it may show severe dysplasia,
carcinoma in-sifu, or frank carcinoma. The cytological
examination had failed to diagnose cases of dysplasia or

Access this article online

mumcm

www. jomip.in

Dok
10.4103/0973-029X 102482

As aresult, deeper epithelial abnormalities are not detected.””!
In carlier days, cotton swabs were used for collection of smears
and this was followed by sponge, wooden, or metal spatulas,
where only superficial layer cells are collected.”

The basis for development of newer techniques for collection
of cells is, dysplasia starts in basal layers (stratum germinatum)
and extends to all the layers of the epithelium.!*! In order to
collectthe basal layer cells in a new transepithelial, noninvasive
technique was developed by the Oral CDx laboratories. In this
technique, the smears obtained contain cells from all the layers
of the epithelium and has improved diagnostic applications for
mass screening campaigns, without the need for surgery and
surgically trained personnel for taking the biopsy. The concept
developed in western countries has been established and its
use in South Indian population has not been validated. This
confirmatory study intends to validate the use of this novel
technology in the study population from South India.

MATERIALS AND METHODS

The present study is done on 60 patients who are referred
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Salivary biomarkers for detection of oral squamous cell
carcinoma - current state and recent advances

Maha Yakob, Laurel Fuentes, Marilene B. Wang, Elliot Abemayor, and David T.W. Wong
Center for Oral/lHead & Neck Oncology Research, University of California, Los Angeles, 73-017
CHS, 10833 Le Conte Avenue, Los Angeles, CA 90095, U.S.A

Abstract

Oral squamous cell carcinoma (OSCC) is the most common malignant neoplasm of the oral
cavity. Detection of OSCC is currently based on thorough clinical oral examination combined
with biopsy for histological analysis. Most cases of OSCC are not detected until the cancer has
developed into advanced stages; thus, a reliable carly stage diagnostic marker is needed. This
literature review presents an overview of the status of current advances in salivary diagnostics for
OSCC. Though many protein and mRNA salivary biomarkers have been identified that can detect
OSCC with high sensitivity and specificity, the most discernable findings occur with the use of
multiple markers. Studies that incorporate proteomic, transcriptomic, and potentially additional
“omics”, including methylomics, need to be initiated to bring technology to clinical applications
and allow the best use of saliva in diagnosing OSCC.

Keywords
salivary diagnostics; salivary biomarker; oral fluid diagnostics; oral squamous cell carcinoma; oral
cancer; salivaomics: transcriptomics; proteomics; microbiomics; methylomics: metabolomics;
exosomes

Corresponding author: David T.W. Wong (D.M.D., D.M.Sc.), Center for OrulHead & Neck Oncology R ch, School of Dentistry,
University of California, Los Angeles, 73-017 CHS, 10832 Le Conte Avenue, Los Angeles, CA 90095, US A, Phone: 310-206-3048,
Fax: 310-825.7609, diww @ucla.edu.

Maha Yakob (Ph.D.), Center for OrulHead & Neck Oncology Research, Scheol of Dentistry, University of Califormia, Los Angeles,
73-041 CHS, 10832 Le Conte Avenue, Los Angeles, CA 90095, US.A., Phone: 310-206-1138, myakob@ucla.edu

Laurel Fuentes (B.S.), Center for Orul/Head & Neck Oncology Research, School of Dentistry, University of California, Los Angeles,
73-041 CHS, 10832 Le Conte Avenue, Los Angeles, CA 90095, US A, Phone: 310-206-1138, Huentes@dentistry uck odu

Marilene B. Wang (M.D.), Department of Head and Neck Surgery, David Geffen School of Medicme at University of California Los
Angeles, Los Angeles, CA, USA, Phone: (310) 825.5179, mbwang@ucla.edu

Elliot Abemayor (M.D., Ph.D.), Department of Head and Neck Surgery, David Geffen School of Medicine at University of California
Los Angeles, Los Angeles, CA, USA, Phone: (310) 825.6405, abemayor@ucla.edu

Conflict of Interest

Dr. Maha Yukob received a grant from NIH.

Dr. Laurel Fuentes received a grant from NIH.

Dr. Marilene B. Wang and Dr. Elliot Abemayor each declare no pntenual conﬂlcﬂ of interest relevant to this article.

Dr. David T.W. Wong is co-founder of RNAmeTRIX Inc., a molecul pany. He holds equity in RNAmeTRIX, and
serves as a company Director and Scientific Advisor. The University oanleomm also holds equity in RNAmeTRIX. Intellectual
property that David Wong invented and which was patented by the University of California has been licensed to RNAmeTRIX.
Additionally, he is a paid consultant to PeriRx.

Compliance with Ethics Guidelines

Human and Animal Rights and Informed Consent
This article does not contain any studses with buman or animal subjects performed by any of the authors.

59



Methylation Array Analysis of Preoperative and
Postoperative Saliva DNA in Oral Cancer Patients

Chi T. Viet and Brian L. Schmidt

Department of Oral and Maxillofacial Surgery, University of California, San Francisco, San Frandsco, California

Abstract

Purpose: To perform methylation array analysis of 807
cancer-associated genes using tissue and saliva of oral
squamous cell carcinoma (OSCC) patients with the
objective of identifying highly methylated gene loci
that hold diagnostic and predictive value as a biomarker.
Experimental Design: We did the methylation array on
DNA extracted from preoperative saliva, postoperative
saliva, and tissue of 13 patients with OSCC, and saliva
of 10 normal subjects. We identified sites that were
highly methylated in the tissue and preoperative saliva
samples but not methylated in the postoperative saliva
samples or in normal subjects.

Results: High quality DNA was obtained and the
methylation array was successfully run on all samples.
We identified significant differences in methylation
patterns between the preoperative and postoperative

saliva from cancer patients. We established a gene
classifier consisting of 41 gene loci from 34 genes that
showed methylation in preoperative saliva and tissue but
were not methylated in postoperative saliva or normal
subjects. Gene panels of 4 to 10 genes were constructed
from genes in the classifier. The panels had a sensitivity
of 62% to 77% and a specificity of 83% to 100% for OSCC.
Conclusions: We report methylation array analysis of
807 cancer-associated genes in the saliva of oral cancer
patients before and after oral cancer resection. Our
methylation biomarker approach shows the proof of
principle that methylation array analysis of saliva can
produce a set of cancer-related genes that are specific
and can be used as a composite biomarker for the early
detection of oral cancer. (Cancer Epidemiol Biomarkers
Prev 2008;17(12):3603-11)

Introduction

Biomarker detection within biological fluids shows
promise for the early diagnosis of cancer. In particular,
evaluation of fluids approximating the cancer has
significant clinical applicability. For example, sputum
analysis has been used to detect lung carcinoma (1).
In similar fashion, saliva is the proximal fluid for head
and neck squamous cell carcinoma (SCC). The cellular
and fluid content of whole saliva, which includes pro-
tein, genetic, and epigenetic changes, has been studied
in head and neck SCC. Promoter hypermethylation is an
epigenetic change that involves the addition of methyl
groups to cytosine residues in the context of a CpG
dinucleotide. This usually occurs in the promoter region
of a gene, which contains a high density of CpG dinu-
cleotides, termed CpG islands. The methyl group will
interfere with transcriptional proteins resulting in long-
term silencing of that gene. Promoter hypermethylation
is a critical step in oral carcinogenesis and has a number
of significant advantages over genetic and protein diag-
nostic markers. Epigenetic silencing events (i.e., promot-
er hypermethylation) are more frequent mechanisms of
gene silencing than genetic changes, making it a more
attractive marker than detecting a genetic mutation or
measuring gene expression. It is one of the earliest events

Recetved 6/3/08; revised 8/31/08; accepted 9/25/08
Grant support; NIDCR K12 DE14603 (Western Oral Research Consortham) and Oral
and Maxilkofachal Surgery Foundation
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Copyright © 2008 American Association for Cancer Riswarch
doi10.1158,/ 10555965, EP1-08-0500

in oral carcinogenesis, preceding protein expression level
changes. In fact, promoter hypermethylation is a more
frequent mechanism in gene silencing than genetic
mutation (2). Because DNA methylation leads to gene
silencing (a negative biological event), protein is not
produced and immunohistochemistry or ELISA can-
not be used in a clinical setting. For a diagnostic test to
be implemented clinically, the test must measure a
positive event. Therefore, by analyzing for DNA meth-
ylation, we can turn a negative biological event into a
positive clinical test. Previous studies analyzing promot-
er hypermethylation have looked at a panel of 2 to 20
genes to establish the sensitivity of detection of head and
neck cancer (3-9). In these studies, genes have been
chosen based on their known role in head and neck
carcinogenesis. The specificity and sensitivity of this
approach has not yielded a gene panel that is viable in a
clinical setting. Moreover, current techniques to measure
promoter methylation, which include combined bisulfite
restriction analysis (10), quantitative methylation-specific
PCR (MSPCR; refs. 11, 12) and pyrosequencing (13),
are inadequate for genome-wide methylation analysis
because the labor required for such an analysis with
one of these techniques is prohibitive. However, once a
gene panel consisting of a manageable number of genes
has been developed using a genome-wide approach, one
of the above technical approaches could be implemented
in a clinical laboratory on a routine basis. We sought to
discover genes that have not been previously studied in
head and neck cancer that might hold significant
diagnostic value. We targeted our discovery approach
by analyzing the matched preoperative saliva, postoper-
ative saliva, and tissue of a specific head and neck cancer

Cancer Epidemiol Biomarkers Prev 2008;17(12). December 2008
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NID2 and HOXA9 promoter hypermethylation as biomarkers for
prevention and early detection in Oral Cavity Squamous Cell
Carcinoma tissues and saliva
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Abstract

Differentially methylated oral squamous cell carcinoma (OSCC) biomarkers, identified in-vitro
and validated in well-characterized surgical specimens, have shown poor clinical correlation in
cohorts with different risk profiles.

To overcome this lack of relevance we used the HumanMethylation27 BeadChip, publicly
available methylation and expression array data, and Quantitative Methylation Specific PCR to
uncover differential methylation in OSCC clinical samples with heterogeneous risk profiles.

A two stage-design consisting of Discovery and Prevalence screens was used to identify
differential promoter methylation and deregulated pathways in patients diagnosed with OSCC and
head and neck squamous cell carcinoma.

Promoter methylation of KIFI1A4 (x = 0.64), HOXAY (x = 0.60), NID2 (x = 0.60), and EDNRB (x =
0.60) had a moderate to substantial agreement with clinical diagnosis in the Discovery screen.
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Abstract: Genetic polymorphisms of the methylenetetrahydrofolate reductase (MTHFR) enzyme
may influence DNA methylation. Alterations in DNA methylation patterns of genes involved in
the regulation of the cell cycle, DNA repair, cell adherence and metastasis process are known
to contribute to cancer development. In this study, the influence of the MTHFR C677T and
A1298C gene polymorphisms on global DNA methylation and site-specific methylation on p16 and
Of-methylguanine-DNA methyltransferase (MGMT) gene promoters was investigated in patients
with oral squamous cell cancer (OSCC). To this aim, methylation studies were carried out by
using genomic DNA isolated from saliva samples of 58 OSCC patients and 90 healthy controls.
The frequency of the CT/AC and TT/AA genotypes was significantly higher in patients than in
controls. Whereas no difference in global DNA methylation levels was observed between patients and
controls, a higher frequency of methylation at both p16 and MGMT gene promoters was detected in
patients compared with controls. A significant association between MTHFR gene polymorphisms and
p16 and MGMT gene promoter methylation was found. The frequency of p16 and MGMT methylation
was around 60% in patients with either the CT/AC or TT/AA genotype. Our results suggest that
hypermethylation of cancer-related genes may be affected by MTHFR polymorphisms.

Keywords: oral squamous cell cancer; MTHFR polymorphisms; global DNA methylation;
p16 promoter methylation; MGMT promoter methylation

1. Introduction

Head and neck cancer (HNC), representing the sixth most common cancer worldwide [1,2],
encompasses a heterogeneous group of aggressive epithelial malignancies, more than 90% of which
are squamous cell carcinomas (SCC).

Oral SCC (OSCC) is one of the most common types of HNC, with a considerable incidence of
new cases every year. OSCC more frequently affects men than women (M:F = 2:1). The probability
of developing OSCC increases with the period of exposure to risk factors, represented by a diet
low in fresh fruits and vegetables, poor vitamin intake, alcohol consumption, and abuse of tobacco
smoking [3,4]. Moreover, infection with high-risk human papillomavirus genotypes has also recently
been implicated in the etiopathogenesis of OSCC [5].

Int. J. Mal. Sci. 2017, 18, 724; doi-10.3390/ijms 18040724 www.mdpi.com/journal /ipns
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Abstract

Purpose  Oral cancer (OC) patients are at high risk to
develop recurrent disease or secondary primary cancers
with no available biomarkers to detect these events until a
visible lesion is readily present and diagnosed by biopsy.
Exosomes secreted by cancer cells are involved in tumor
growth, invasion and metastasis. We aimed to determine
morphological and molecular differences between oral
fluid (OF)-derived exosomes of OC patients and those iso-
lated from healthy individuals (HI).

This work was performed in partial fulfillment of the
requirements for a Ph.D. degree of Ayelet Zlotogorski-Hurvitz,
Sackler Faculty of Medicine, Tel Aviv University, Israel
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material, whach is available to authorized users.
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Methods OF from OC patients (n = 36) and HI (n = 25)
was initially assessed by nanoparticle tracking analysis
(NTA). Following ultracentrifugation, exosomal pellets
of OC patients and HI were morphologically examined
by transmission electron microscopy and atomic force
microscopy (AFM). Enzyme-linked immunosorbent assay
(ELISA) and western blotting (WB) were used to analyze
the expression of exosomal markers—CD9, CD81 and
CD63.

Results  NTA showed that OC samples of OF had a signif-
icantly higher concentration of nanoparticles/ml (p = 0.01)
and modal nanoparticle size (p = 0.002) compared to HL
The difference in size was structurally highlighted by
AFM three-dimensional images applied on exosomal pel-
lets. ELISA and WB showed differential expression of
exosomal markers in OC exosomes compared to HI: lower
expression of CD81 and CD9 in contrast to a higher expres-
sion of CD63 (~53 kDa).

Conclusions OF-derived exosomes from OC patients dif-
fer both morphologically and molecularly from exosomes
present in HI. This study is a baseline that provides a start-
ing point for finding exosomal biomarkers for early detec-
tion of malignant changes in high-risk patients without
overt clinical signs/lesions.

Keywords Oral cancer - Oral fluid-derived exosomes -

Nanoparticle tracking analysis - Atomic force microscopy -
Tetraspanins

Introduction

Head and neck squamous cell carcinoma is the seventh
most common malignancy worldwide with an annual inci-
dence of >600,000, of which about one-half are located

Q) Springer
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Abstract: Background. Oral carcnoma (8 an Important
malignancy throughout the world. MicroRNAs (mIRNAs) are
endogenously expressad, non-coding RNAs that regulate post-
transcriptional levels of targeted mRNAsS. MANA-3I(MR-31) s
signficantly upregulated in oral carcinema tissues and plays
oncegenic roles in oral carcinogenesis.

Mathods. We analyzed the levels of mIR-31 in saliva of
patients with oral carcinoma (n = 45), oral verrucous leukopla-
kia (n = 10), and control healthy individuals (m = 24) by quanti-
tative reverse transcriptase-polymerase chain reaction (RT-
PCR).

ResuYs. Salvary mif-31 was significantly Incressed n
patients with oral carcinoma at all clinical stages, including very
small tumors. Howewver, our prelimnary analysis showed no
Increase of salivary miR-31in patients with oral verrucous leukopia-
kia redative to conrrels. The miA-31 was more abundant n saliva
than in plasma, suggesting salvary mR-31 was a more sansitive
marker for oral malignancy. After excision of oral carcinoma, sail-
vary mii-31 was remarkably reduced, indicating that most of the
upreguiated salivary mif3-31 came from tumer tissues.

Concfusion. Ouwr results pont to a potential application of
sallvary mii-31 as a blomarker for early detection and postop-
erative folow-up of oral carcinoma. © 2011 Wiley Periedicals,
Inc. Head Neck 34: 219-224, 2012

Keywords: biomarker; carcinoma: miR-31; oral; salva

O:al squamous cell carcinoma (OSCC) is 1 of the
most prevalent carcinomas throughout the world.!
It usuvally results from multistep carcinogenesis.
Multiple lesions at different neoplastic stages may
simultaneously manifest over large areas of the car-
cinogen-exposed m a phenomenon called field
cancerization.” This clinical behavior might be associ-
ated with tumor recurrence and poses a major chal-
lenge for early detection and postoperative follow-up
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of OSCC. Thus, more sensitive and specific bio-
markers are urgently needed for patients with oral
cancerous and oral precancerous lesions. Unlike other
kinds of body fluid, saliva, in which oral tissues are
continually immersed, may provide more direct infor-
mation regarding the disease status of the oral
mucosa. Therefore, a search for novel biomarkers in
the secretome of saliva may benefit patients with oral
cancer. Many specific salivary molecules have been
suggested to be of use in the diagnosis and prognostic
prediction for patients with 0SCC.**

MicroRNAs (miRNAs) are short non-coding RNAs,
which regulate translation and degradation of target
mRNAs.” Increasing evidence has suggested impor-
tant roles for various miRNAs in carcinogenesis.“ A
single miRNA is able to target multiple mRNAs and,
thereby, potentially affect several important cellular
pathways involved in tumorigenic processes. There-
fore, the signature patterns of representative miRNAs
may hold meaningful diagnostic value or serve as pre-
dictors of therapeutic efficacy in cancer.”"®

Several miRNAs have been implicated in the tu-
morigenesis of cancers including OSCC.""® MiRNA-
31 (miR-31) was found upregulated in a wide variety
of neoplasms including head and neck cancer, hepato-
cellular carcinoma, and colorectal carcinoma, and this
miRNA seemed oncogenic for these neoplasms.'®’®
Our previous studies showed that miR-31 was mark-
edly upregulated in OSCC tissues and mediated oral
oncogenesis by regulating hypoxia pathways in oral
cancer cells through talpeting a molecule inhibiting
hypoxia inducing factor.” MiR-31 in plasma was sig-
nificantly elevated in patients with OSCC. The
plasma miR-31 in patients was remarkably reduced
after tumor resection suggesting that this marker is
tumor-associated.'” A recent study showed that miR-
1252 and miR-200a were significantly decreased in
the saliva of patients with OSCC, compared with
those of healthy individuals."® Saliva is a convenient
specimen because it can be obtained in a noninvasive
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ABSTRACT

Oral carcinoma is the 6“most common cancer in the world. Micro RNAs are small
non-coding single-stranded RNAs. They have been shown to be capable of altering
mRNA expression; thus some are oncogenic or tumor suppressive in nature. The

Keywords salivary microRNA-31 has been proposed as a sensitive marker for oral
malignancy since it was abundant in saliva more than in plasma. A total of 55
Oral whole saliva samples were collected from 35 cases diagnosed with OC their ages
Carcinoma, and gender matched with 20 healthy subjects. Tag MangRT PCR was performed
Saliva, for RNA samples. Mean age was 52.23+13.73 years in cases (range: 17-70 years)
MicroRNA- with male predominance represented 69%. Risk of smoking and alcoholism was
31, highly significant. The median fold change of miR-31was significantly higher in
Tagman real patients group than in control group, 19.634 versus 1.962 (P<0.001). However, the
time-qPCR correlation between age of patients and miR-31 fold change was non-significant
negative correlation (r = - 0.236, P>0.05). Median miR-31 fold change was 19.63
in smokers and 21.12 in drinkers. Salivary miR-31 appeared to have significantly
elevated in OC patients which point to its potential application as a biomarker for
early detection and postoperative follow-up.
Introduction
Oral carcinoma (OC) is one of the most have no known tobacco or alcohol exposure
prevalent malignancies worldwide, have been emerged, therefore: possible viral

approximately 263900 new cases and
128,000 deaths in 2008 (Jemal et al., 2011).
Approximately 90% of all oral malignancies
are oral squamous cell carcinoma (OSCC)
and represents about 3.5% of all malignant
tumors in the western societies (Ferlay et al.,
2010). The Established etiological factors
are cigarette smoking and heavy alcohol
abuse; however, a growing group of
patients, including young adults and women,
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etiologic factors such as oncogenic human
papilloma virus (HPV) have been proposed
(Rosebush et al., 2011). The low survival
rates and morbidity can be attributed to the
late diagnosis (Peacock et al.,2008). Hence,
several new trends have been emerging that
have successfully addressed this problem
among which salivary RNAs are noteworthy
(Li et al., 2004). The 5-years survival rate
for OSCC has remained around 509, one of
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OBJECTIVE: This study investigated the use of three
salivary microRNAs (miRNA-21, miRNA-184, and
miRNA-145) as possible markers for malignant transfor-
mation in oral mucosal lesions.

MATERIALS AND METHODS: Salivary whole unstimu-
lated samples were collected from a study group of 100
subjects, consisting of 20 clinically healthy controls, 40
patients with oral potentially malignant disorders
(PMDs) [20 with dysplastic lesions and 20 without dys-
plasia], 20 with biopsy-confirmed oral squamous cell
carcinoma (OSCC), and 20 with recurrent aphthous sto-
matitis (RAS) as disease controls. Total RNA was iso-
lated and purified from saliva samples using the
microRNA Isolation Kit (Qiagen, UL). miRNA expres-
sion analysis was performed using qRT-PCR (Applied
Biosystems).

RESULTS: There was a highly significant increase in sali-
vary miRNA-21 and miRNA-184 in OSCC and PMD
(with and without dysplasia) when compared to healthy
and disease controls (P < 0.001). Conversely, miRNA-
145 levels showed a highly significant decrease in OSCC
and PMD overall (P < 0.001). RAS cases showed no sig-
nificant difference from normal controls in any mea-
sured miRNA (P> 0.05). The only microRNA to
discriminate between OSCC and PMD with dysplasia
was mIRNA-184. When receiver operating characteris-
tic curves were designed for the three miRNAs, cutoff
points delineating the occurrence of malignant change
were a fourfold increase in miRNA-21 with specificity
65% and sensitivity 65%, a 0.6 decrease in miRNA-145,
with specificity 70% and sensitivity 60%, and a threefold
increase of miIRNA-184, with specificity 75% and sensi-
tivity 80%. Calculating the area under the curve
revealed that miRNA-184 was the only one among the
studied miRNAs that provided good diagnostic value.
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CONCLUSION: Salivary determination of the miRNAs
tested might furnish a noninvasive, rapid adjunctive aid
for revealing malignant transformation in oral mucosal
lesions, particularly miRNA-184.

Oral Diseases (2015) 21, 739-747

Keywords: oral cancer; microRNA: miRNA-2I; miRNA-|45;
miRNA-184; miIRNA salivary blomarkers; potentally malignant
disorders; oral malignant transformation

Introduction

Oral squamous cell carcinoma (OSCC) is the 6th most fre-
quent cancer worldwide (Jemal er al, 2011). The poor
prognosis has led to efforts to try to clarfy the mecha-
nisms underlying the high invasiveness and to investigate
new diagnostic and therapeutic strategies (Yanamoto et al,
2002: Kawakita er al, 2013). Diagnostic and prognostic
biomarkers have been sought, and as deregulation of mi-
croRNAs (miRNAs) has been shown to correlate with var-
ious tumor characteristics and prognosis in some cancers,
including those affecting the oral cavity (Calin and Croce,
2006; Wu er al, 2011; Chen et al, 2013), this was consid-
ered to be a fruitful area to explore.

Like other cancers, oral carcinogenesis involves gradual
accumulation of both genetic and epigenetic changes,
leading to gain of function in certain oncogenes and loss
of function in some tumor suppressor genes (Leemans
et al, 2011). miRNAs are small noncoding RNAs which
function in mRNA silencing and posttranscriptional regu-
lation of gene expression. miRNAs are key regulators
(Grosshans and Slack, 2002) transcribed by RNA poly-
merase II or RNA polymerase III as a part of an intron of
mRNA or as an independent gene unit.

Both whole and supernatant saliva of healthy controls
contain many miRNAs which enter the oral cavity through
various sources, including the salivary glands, gingival
crevicular fluid, and from desquamated oral epithelial cells
(Park et al, 2006). Most salivary miRNAs are partially
degraded (Park e al, 2007) and maintain stability in saliva
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Abstract

Purpose To determine the Fourier-transform infrared (FTIR) spectra of salivary exosomes from oral cancer (OC) patients
and healthy individuals (HI) and to assess its diagnostic potential using computational-aided models.

Methods Whole saliva samples were collected from 21 OC patients and 13 HI. Exosomes were pelleted using differential
centrifugation (12,000g, 120,000g). The mid-infrared (IR) absorbance spectra (900-5000 cm™ ' range) were measured using
MIR8025 Oriel Fourier-transform IR equipped with a PIKE MIRacle ZnSe attenuated total reflectance attachment. Machine
learning techniques, utilized to build discrimination models for the absorbance data of OC and HI, included the principal
component analysis—linear discriminant analysis (PCA-LDA) and support vector machine (SVM) classification. Sensitivity,
specificity and the arca under the receiver operating characteristic curve were calculated.

Results IR spectra of OC were consistently different from HI at 1072 cm™ ! (nucleic acids), 2924 cm™ " and 2854 cm™
(membranous lipids), and 1543 cm™ ! (transmembrane proteins). The PCA-LDA discrimination model correctly classified
the samples with a sensitivity of 100%, specificity of 89% and accuracy of 95%, and the SVM showed a training accuracy
of 100% and a cross-validation accuracy of 89%.

Conclusion We showed the specific IR spectral signature for OC salivary exosomes, which was accurately differentiated from
HI exosomes based on detecting subtle changes in the conformations of proteins, lipids and nucleic acids using optimized
artificial neural networks with small data sets. This non-invasive method should be further investigated for diagnosis of oral
cancer at its very early stages or in oral lesions with potential for malignant transformation.

Keywords Oral cancer - Saliva - Exosomes - Fourier-transform infrared (FTIR) - Machine learning - Diagnosis

Introduction

Oral cancer (OC), referring to the main variant of squamous
cell carcinoma, is now assessed to have a global incidence
of over 300,000 new annual cases with a trend to further

>4 Marileaa Vered increase in younger patients and in developing countries
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Progress risk assessment of oral premalignant
lesions with saliva miRNA analysis
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Abstract

assess progress risk of oral precancerous lesions.

samples of these patients.

lesions and early detection of disease progression.

Background: Cral cancer develops through multi-stages: from normal to mild (low grade) dysplasia (LGD),
moderate dysplasia, and severe (high grade) dysplasia (HGD), to carcinoma in situ (CIS) and finally invasive oral
squamous cell carcinomas (OSCC). Clinical and histelogical assessments are not reliable in predicting which
precursor lesions will progress. The aim of this study was to assess the potential of a neninvasive approach to

Methods: We first used microRNA microarray to profile progressing LGD oral premaligant lesions (OPLs) from non-
progressing LGD OPLs in order to explore the possible microRNAs deregulated in low grade OPLs which later
progressed to HGD or OSCC. We then used RT-gPCR to detect miRNA targets from the microarray results in saliva

Results: We identified a specific miRNA signature that is aberrantly expressed in progressing oral LGD leukoplakias.
Similar expression pattemns were detected in saliva samples from these patients.

Conclusions: These results show promise for using saliva miRNA signature for monitoring of cancer precursor

Keywords: Oral leukoplakia, Malignant transformation, Risk assessment, miBNAs, Salivary biomarker

Background

Oral squamous cell carcinomas (OSCCs) are among the
most common types of head and neck cancers and are a
major cause of significant morbidity. It was reported that
16-62% of OSCCs develop from premalignant lesions
[1], which often presents clinically as white or red muco-
sal patches called leukoplakia and erythroplakia. Early
detection of cancer development from oral premalignant
lesions (OPLs) plays a crucial role in successful therapy.
Currently risk of progression in oral leukoplakia is typic-
ally determined based on dlinical assessment and histo-
pathological evaluation of biopsied material. High grade
dysplasia (HGD) and carcinoma in situ (CIS) are consid-
ered to have a high risk for progression to invasive
disease. In contrast, most of the low grade dysplasias
(LGDs) remain unchanged for years or even resolve over

* Comespondence: julieyy@163com

"Department of General Dentistry, Ninth People’s Hospiial, School of
Stomatology, Shanghai §ao Tong University School of Medidne Shanghai
Key Laboratory of Stomatology, 639 Zhi Zao Ju Road, Shanghai 200011,
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time [2]. But a small proportion of these LGDs may pro-
gress to carcinomas [3]. Clinical and histological charac-
teristics cannot be used to separate “progressing” and
“non-progressing” LGDs [4]. There is therefore an
urgent need to find predictive biomarkers that can aid in
defining progression likelihood of LGDs, which repre-
sent the majority of diagnosed OPLs.

miRNAs are an abundant class of small 18-25 nucleo-
tides long single-stranded non-coding RNA. These non-
coding RNAs participate in a variety of biologic processes
including development, differentiation, apoptosis and
proliferation through regulating its target genes [5-8].
Notably, a single miRNA is capable of regulating the
translation of a multitude of genes [9]. And they are
remarkably stable both in saliva samples and in tissue
samples [10,11], which offers a great advantage over
other classes of biomarkers and also an extremely im-
portant characteristic in clinical settings. The control of
gene expression by miRNAs is a process seen in virtu-
ally all cancer cells. Recently, a bundle of studies have
showed that miRNAs might behave as cancer ‘drivers’

© 2013 Yorg et al; beensee BoMed Central Lad. This ks an Open Access antide distributed under the terms of the Creative
Commans Atrbution Licerse frtps/oressvecommens orgficersesrg/2 1), which permies urrestricted wse, dlsrbution, and
reproduction in any medum, provided the arginal work is properly cled
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Tissue biopsy is the standard diagnostic procedure for cancer. Biopsy may also provide material for genotyping, which can
assist in the diagnosis and selection of targeted therapies but may fall short in cases of inadequate sampling, particularly from
highly heterogeneous tumors. Traditional tissue biopsy suffers greater limitations in its prognostic capability over the course
of disease, most obviously as an invasive procedure with potential complications, but also with respect to probable tumor
donal evolution and metastasis over time from initial biopsy evaluation. Recent work highlights circulating tumor DNA
(ctDNA) present in the blood as a supplemental, or perhaps an alternative, source of DNA to identify the clinically relevant
cancer mutational landscape. Indeed, this noninvasive approach may facilitate repeated monitoring of disease progression
and treatment response, serving as a means to guide targeted therapies based on detected actionable mutations in
patients with advanced or metastatic solid tumors. Notably, ctDNA is heralding a revolution in the range of genomic
profiling and molecular mechanisms to be utilized in the battle against cancer. This review will discuss the biology of ctDNA,
current methods of detection and potential applications of this information in tumor diagnosis, treatment, and disease
prognosis. Conventional classification of tumors to describe cancer stage follow the TNM notation system, heavily
weighting local tumor extent (T), lymph node invasion (N), and detectable metastasis (M). With recent advancements in
genomics and bioinformatics, it is conceivable that routine analysis of ctDNA from liquid biopsy (B) may make cancer
diagnosis, treatment, and prognosis more accurate for individual patients. We put forward the futuristic concept of

TNMB tumor classification, opening @ new horizon for precision medicine with the hope of creating better outcomes

for cancer patients.

Key words: liquid biopsy, noninvasive, circulating tumor DNA, cancer, cancer staging

Malignant tumors are highly heterogencous at multiple levels
[1, 2]. Histologically, tumor tissues may exhibit remarkable vari-
ation in morphology and cellular composition within different
regions of the same tumor, as well as among different tumors
from the same primary site [3, 4]. In the case of metastatic cancer,
metastases to regional lymph nodes and at distant sites present

further divergence [5). These heterogeneities may not be fully
represented in morphology-based pathological classifications
from biopsy of the primary tumor site at diagnosis. More re-
cently, genomic analyses along with molecular characterization
of cancers have helped reveal the foundation for these differences
[6-8). Complex relationships with the local tumor environment,
particularly immune cells, may alter disease progression. Indeed,
there is little doubt that cancer displays dynamic evolution

©The Autherbi] 2017, Publshed by Onford Uniweriity Press on behalf of the Eurogsan Secity for Madicad Oncology.
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Oral cancer is the sixth most common cancer type in the world, and 90% of it is
represented by oral squamous cell carcinoma (OSCC). Despite progress in preventive
and therapeutic strategies, delay in OSCC diagnosis remains one of the major causes
of high morbidity and mortality; indeed the majority of OSCC has been lately identified in
the advanced clinical stage (i.e., Il or V). Moreover, after primary treatment, recurrences
and/or metastases are found in more than half of the patients (80% of cases within
the first 2 years) and the 5-year survival rate is still lower than 50%, resulting in a
serious issue for public health. Currently, histological investigation represents the “gold
standard" of OSCC diagnosis; however, recent studies have evaluated the potential
use of non-invasive methods, such as "liquid biopsy,” for the detection of diagnostic
and prognostic biomarkers in body fiuids of oral cancer patients. Saliva is a biofluid
containing factors such as cytokines, DNA and RNA molecules, circulating and tissue-
derived cells, and extracellular vesicles (EVs) that may be used as biomarkers; their
analysis may give us useful information to do early diagnosis of OSCC and improve
the prognosis. Therefore, the aim of this review is reporting the most recent data
on saliva biomarker detection in saliva liquid biopsy from oral cancer patients, with
particular attention to circulating tumor DNA (ctDNA), EVs, and microRNAs (miRNAs).
Our results highlight that saliva liquid biopsy has several promising clinical uses in OSCC
management; it is painless, accessible, and low cost and represents a very helpful
source of diagnostic and prognostic biomarker detection. Even if standardized protocols
for isolation, characterization, and evaluation are needed, recent data suggest that saliva
may be successfully included in future clinical diagnostic processes, with a considerable
impact on early treatment strategies and a favorable outcome.

Keywords: Bquid biopsy, salivary biomarkers, circulating tumor DNA, extracellular vesicles, microRNAs, early
diagnosis, prognosis, oral cell i
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head and neck squamous cell carcinoma

Xueying Wang', Junnan Guo?, Pingyang Yu', Lunhua Guo', Xionghui Mac', Junrong Wang', Susheng Miao'" and

Jisun''®

Abstract

resistance

Head and neck squamous cell carcinoma (HNSCC) is one of the main malignant tumeours affecting human health,
mainly due to delayed diagnosis and high invasiveness. Extracellular vehicles {EVs) are membranous vesicles
released by cells into the extracellular matrix that carry important signalling molecules and stably and widely exist
in various body fluids, such as plasma, saliva, cerebrospinal fluid, breast milk, urine, semen, lymphatic fluid, synovial
fluid, amnictic fluid, and sputum. EVs transport almost all types of bioactive molecules (DNA, mRNAs, microRNAs
{miRNAs), proteins, metabolites, and even pharmacological compounds). These *cargoes” can act on recipient cells,
reshaping the surrounding microenvironment and altering distant targets, ultimately affecting their biolegical
behaviour. The extensive exploration of EVs has deepened cur comprehensive understanding of HNSCC biology. In
this review, we not only summarized the effect of HNSCC-derived EVs on the tumour microenvironment but also
described the rcle of microenvironment-derived EVs in HNSCC and discussed how the *mutual dialegue” between
the tumour and microenvironment mediates the growth, metastasis, angiogenesis, immune escape, and drug
resistance of tumours. Finally, the clinical application of EVS in HNSCC was assessed.

Keywords: Head and neck squamous cell carcinoma, Extracellular vesicles, EXOs, Tumour microenvironment, Drug

Background

HNSCC is the sixth most common cancer worldwide
[1]. Approximately 10% of HNSCC patients are initially
diagnosed with metastatic disease, and approximately
half of them will relapse even if treated early [2, 3]. The
head and neck region includes the oral cavity, larynx,
and pharynx, and all structures are covered with squa-
mous epithelium. Therefore, up to 90% of head and
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neck tumours are squamous cell carcinomas [4]. To-
bacco use, alcohol consumption, human papillomavirus
(HPV) infection and some genetic alterations are risk
factors in the development of HNSCC [5-7]. Despite
many innovations in HNSCC treatment strategies and
molecular targeted drugs, the overall 5-year survival rate
is still only approximately 60 % [8, 9]. Therefore, the mo-
lecular mechanism of tumorigenesis and the screening
of accurate biological markers are major challenges and
opportunities for further elucidation of HNSCC.

The tumour microenvironment is composed of stro-
mal cells, endothelial cells, immune cells and other com-
plex components. EVs and EXOs (EXOs) are well
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Abstract

The global liquid biopsy industry is expected to exceed SUSS5 billion by 2023. One application of liquid biopsy technology is the
diagnosis of disease using biomarkers found in blood, urine, stool, saliva, and other biological samples from patients. These biomarkers
could be DNA, RNA, protein, or even a cell. More recently, the use of cell-free DNA from plasma is emerging as an important mini-
mally invasive tool for clinical diagnosis. The development of technology has increased the diversity of its application. Here, we discuss
how liquid biopsies have been used in the clinic, and how personalized medicine are likely to use liquid biopsies in the near future.

The focus of precision oncology is increasingly turning to lig-
uid biopsy because it is minimally invasive and can be repeated
at multiple time points to monitor discase progression.

Liguid biopsy biomarkers in blood include cell-free
DNA, cell-free RNA, circulating tumor cells, and
exosomes, among others.

Despite the many advantages of liquid biopsy technology
in clinical applications, a number of challenges remain,
such as the requirement for extremely high sensitivity
and accuracy.
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1 Liquid Biopsies

Liquid biopsies involve the use of “liquid” samples such
as blood, urine, saliva, stool, and other minimally invasive
biological samples to determine discase status. According
to RNCOS market research, the global liquid biopsy mar-
ket 1s expected to exceed $USS billion by 2023 [1). Human
blood contains cell-free DNA (cfDNA) and RNA (cfRNA),
proteins, cells, and exosomes that originate from all tissues,
including cancers [2]. Advances in technology have enabled
the detection of these biomarkers from human blood sam-
ples. This article comments on the role of all these biomark-
ers, specifically the use of ¢fDNA in disease diagnosis.

1.1 Circulating Tumor Cells as a Biomarker

Circulating tumor cells (CTCs) are tumor cells in the blood
that originate from a solid tumor. The idea that tumor cells
were secreted into the blood was first hypothesized by Ash-
worth in 1869 [3], but the clinical application of CTCs was
not appreciated until much later [4]. The primary barrier
to using them is that there can be as few as one CTC per
1 x 10° blood cells in patients with metastatic cancer [5].
CTCs are considered to be the main source of metastases
[6]). Evidence showed that their number in the blood could
be used as a prognostic biomarker, since levels correlated
with reduced progression-free and overall survival [6, 7).
However, since CTC numbers vary according to tumor type,
their clinical utility 1s complicated. In addition, CTCs can
be difficult to isolate because of their various properties,
including size, clustering capability, and varying cell sur-
face markers [8]. As of 2018, the only US FDA-approved
CTC quantification platform is the CELLSEARCH® CTC
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Abstract

bl

Cancer has emerged as a leading cause of mortality
claiming more than 8 million lives annually. Gastrointestinal

i and early-stage cancers. In this context, microRNAs
(mnRNA) which are small, noncoding RNAs that are frequently
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Introduction

CGastrointestinal cancers occur primarily in the liver, stomach,
colorectum, esophagus, and pancreas and account for about 35%
of global cancer-related mortalities (1). Recent advances in sur.
gical and endoscopic procedures have significantly improved the
survival of patients with early-stage disease. However, the inher-
ently low frequency of some of these cancers, the invasive nature
of screening procedures, and the high costs associated with such
modalities have resulted in poor compliance for the current
generation of screening assays. Although noninvasive screening
tests such as fecal immunochemical tests (FIT) are available for
screening patients with colorectal cancer, their efficacy remains
limited because of low sensitivity and specificity (2) and inability
to detect other types of cancers wxlhm the gastrointestinal tract.

ing modalities for patients with
gammnlznmal can(m highlight the imperative need for further
research on this important dinically relevant issue.

Within the context of cancer, particularly gastrointestinal
malignancies, epigenetic alterations, together with genetic
events, have emerged as key drivers of disease development
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and progression (3). The term “epigenetic® broadly encom-
passes all heritable changes in gene expression that do not
involve a permanent change in the DNA sequence. In cancer,
the most well-investigated epigenetic alterations include aber.
rant DNA methylation, histone modifications, and dysregulated
expression of noncoding RNAs (ncRNA; ref. 4). Epigenetic
alterations m far more frequently than genetic mutations
and often appear in early stages of tumorigenesis (5). These
alterations are dynamic in nature and potentially reversible,
and, hence, have shown promise as attractive substrates for
developing disease biomarkers and serve as therapeutic targets
in human cancers (5). To date, miRNAs remain the most studied
epigenetic alteration in dreulation, both as diagnostic and as
prognostic cancer biomarkers. In contrast, DNA methylation has
been preferentially assessed in tissues, primarily due to the
limitation that significant volume of serum/plasma is needed
to obtain adequate amounts of DNA for methylation analysis.
Furthermore, the of p lational histone mod-
ifications in the serum is quite limited. Over the last decade,
several important studies have evaluated the potential of miR-
NAs as "liquid biopsy” biomarkers, and, therefore, now is
perhaps the appropriate time to objectively assess their true
potential as cancer biomarkers.

Among ncRNAs, dysregulated expression of miRNAs has been
most widely studied over the last decade, and they appear to be
promising diagnostic biomarkers for a variety of human cancers,
including gastrointestinal malignancies (6). A large number of
these small neRNAs have been quite well characterized for their
biological function in cancer and their ability to regulate the
expression of protein-coding genes. From a clinical standpoint,
dysregulated expression of miRNAs has been readily detected in
a variety of biological fluids in patients with cancer, highlighting
the stability of miRNAs in these biofluids and providing a ratio-
nale for developing them as liquid biopsy biomarkers. This
review summarizes current efforts for implementing specific
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Head and neck necplasms have a poor prognosis because of their late diagnosis. Finding
a biomarker to detect these tumors in an early phase could improve the prognosis
and survival rate. This literature review provides an overview of biomarkers, covering
the different -omics fields to diagnose head and neck neoplasms in the early phase.
To date, not a single biomarker, nor a panel of biomarkers for the detection of head
and neck tumors has been detected with clinical applicability. Limitations for the clinical
implementation of the investigated biomarkers are mainly the heterogeneity of the study
groups (e.g., small population in which the biomarker was tested, and/cr only including
high-risk populations) and a low sensitivity and/or specificity of the biomarkers under
study. Further research on biomarkers to diagnose head and neck neoplasms in an early
stage, is therefore needed|
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INTRODUCTION

Head and neck cancers account for 5% of all malignant tumors and are responsible for about
600,000 new cases and 300,000 deaths in the world annually. About 50% of the patients fail to
achieve cure and cancer relapse occurs despite intensive combined treatment (1, 2). To date, there is
no adequate biomarker available for the diagnosis of head and neck cancer. However, it is expected
that an earlier detection could improve the patient’s outcome stage (3-7). In this review, we provide
a general overview of biomarkers that were investigated to diagnose head and neck neoplasms in
an early phase. Besides, we go into detail on the restrictions of these candidate biomarkers in the
clinical practice.

Head and neck neoplasms are defined as benign, premalignant and malignant
tumors above the clavicles, with exception of tumors of the brain, and spinal cord
and esophagus (2). This includes tumors of the paranasal sinus, the nasal cavity, the
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Abstract

The use of circulating biochemical molecular markers in head and neck cancer holds
the promise of improved diagnostics, treatment planning, and postireatment surveil-
lance. In this review, we provide an introduction for the head and neck surgeon of the
basic science, current evidence, and future applications of circulating tumor DNA
(ctDNA) as a biomarker and liquid biopsy to detect tumor genetic heterogeneity in
patients with head and neck squamous cell carcinoma (HNSCC).

KEYWORDS
baomarker, circulating tumor DNA (ctDNA), head and neck cancer, liquad biopsy

1 | INTRODUCTION
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Introduction

Next-generation sequencing (NGS) studies performed in bulk
primary tumor specimens have demonstrated extensive interpa
tient (1) and, more importantly, intrapatient (2) heterogeneity.
Recently, single-cell analyses of primary breast tumors have
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provided higher-resolution evidence of intratumor heterogeneity
(3) with the finding of substantial donal diversity and subclonal
heterogeneity, such that no two individual tumor cells are genet

ically identical. Beyond spatial h ity, solid also
exhibit temporal heterogeneity, evolving over time under selec-
tion pressure from treatment (4, 5). Thus, there is an increased
appreciation that the management of metastatic disease should
rely on analysis of contemporary tumor tissue rather than on the
primary tumor diagnosed years ago (6). However, obtaining serial
samples of metastatic tissue is impractical and complicated by
spatial heterogeneity and sampling bias. Analysis of circulating
tumor cells (CTC) and circulating tumor DNA (¢tDNA) thus holds
appeal and promise for noninvasive real-time assessment of
tumor molecular profiles during the course of disease. Evaluation
of CTCs and ctDNA may enable more sensitive monitoring of
treatment efficacy and thereby guide drug selection, even poten

tially in the adjuvant setting where no such tools exist today.
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Isolation and Characterization of
Exosomes from Cell Culture Supernatants
and Biological Fluids

Exosomes are small vesicles secreted by most cell types in culture. Exosomes form
intracellularly by inward budding of the limiting membrane of endocytic compartments,
leading to vesicle-containing endosomes, called multivesicular bodies (MVBs). MVBs
eventually fuse with the plasma membrane, thus releasing their internal vesicles (i.e.,
exosomes) into the extracellular medium. What, then, may the physiological function of
exosomes be? On one hand, exosome secretion could be a function per se, e.g., exosome
secretion by reticulocytes allows the elimination of proteins such as transferrin receptor or
integrins, which are useless in differentiated red blood cells (Pan et al., 1985; Vidal et al.,
1997). On the other hand, exosomes could be involved in intercellular communication,
allowing exchange of proteins and lipids between the exosome-producing cells and target
cells. Such a function has been exemplified in the immune system where exosomes allow
exchange of antigen or major histocompatibility complex (MHC)-peptide complexes
between antigen-bearing cells and antigen-presenting cells (e.g., dendritic cells; Wolfers
etal., 2001; Andre et al., 2002, 2004; Théry et al., 2002). Nevertheless, the physiological
functions of exosomes remain a matter of debate.

The purpose of this unit is to give simple and reliable methods for purifying and char-
acterizing exosomes. Cell culture supernatants (conditioned media; CM) contain several
types of shed membrane fragments and vesicles; therefore, before performing any func-
tional analysis, it is critical to ensure that the purified vesicles are exosomes and not other
contaminating material. The first part of this unit describes the most common protocols
used to purify exosomes from cell culture conditioned media or from physiological flu-
ids, and the second part describes different methods for characterizing and assessing the
purity of the isolated exosomes.

Exosomes have been successfully purified from cell culture conditioned medium or
bodily fluids. Support Protocols 1 and 2 provide all details and precautions to take in
collecting materials from which exosomes will be purified. Starting from this material, the
original and most commonly used protocol for exosome purification (Raposo et al., 1996)
is described in Basic Protocol 1. It involves several centrifugation and ultracentrifugation
steps. In some cases, the first centrifugation steps can be replaced by a single filtration
step: this option is described in an Alternate Protocol. A slightly modified version of
Basic Protocol 1, designed for purifying exosomes from viscous fluids (e.g., plasma)
is described in Basic Protocol 2. An extra purification step that provides extremely
pure exosomes can be added to these protocols, and is described in Support Protocol
3. A different purification procedure, involving trapping exosomes on beads bearing
an antibody specific for exosomal surface molecules, has more recently been described
(Clayton et al., 2001) and is provided in Basic Protocol 3. It is easy to use and useful for
rough characterization of exosomes, but it is not intended for purification of large amounts
of exosomes. An additional new method for purifying exosomes by ultrafiltration instead
of ultracentrifugation is not described in this unit. This method employs ultrafiltration
cartridges and pumps and is especially useful for purifying exosomes from large volumes
(=1 liter) of conditioned medium. It is suitable for clinical applications of purified
exosomes, but it is not the easiest option for laboratory applications. Interested readers
should see Lamparski et al. (2002) for details.

UNIT 3.22

Subcellular
Fractionation
and Isolation of
Organelles

Contributed by Clotilde Théry, Aled Clayton, Sebastian Amigorena, and Graca Raposo
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ABSTRACT
ExoQuick-TC™ (EQ), a chemically-based agent designed to precipitate exosomes, was
calibrated for use on saliva collected from healthy individuals. The morphological and
molecular features of the precipitations were compared to those of the classical physically-
based method - ultracentrifugation (UC). Electron microscopy and immune-electron
microscopy with anti-CD63 showed vesicular nanoparticles surrounded by bi-layered
membrane, compatible with exosomes, in EQ, similarly to UC. Atomic force microscopy
highlighted larger, irregularly-shaped/aggregated EQ nanoparticles that contrasted the single
round-shaped UC nanoparticles. ELISA (performed on 0.5 ml saliva) revealed a tendency for
a higher expression of the specific exosomal markers (CD63, CD9, CD81) in EQ than UC
(p=0.05). ELISA for epithelial growth factor receptor, a non-exosomal-related marker,
showed a significantly higher concentration in EQ than UC (p=0.04). Westem blotting of
equal total-protein concentration revealed bands of CD63, CD9 and CD81 in both types of
preparations, although they were less pronounced in EQ compared to UC. This may be
related to a higher fraction of non-exosomal proteins in EQ compared to UC. In conclusion,
EQ is suitable and efficient for precipitation of salivary exosomes from small volumes of
saliva however it tends to be associated with considerably more biological impurities, (i.e.,
non-exosomal-related proteins/microvesicles) compared with UC.
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saliva, extracellular vesicles, exosomes, ultracentrifugation, ExoQuick, isolation
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as a Possible Tool for Systemic Disease o iorasar
Diagnosis i

J. Kim', H. Shin?, and ). Park'?

Abstract

Saliva contains biological information as blood and Is recognized as a valuable diagnostic medium for their invasi . Although
"-omics” researches have tried to Investigate saliva, the origin and significance of its contents are not clear, and its usage Is largely confined
to oral disease in the diagnostic and prognostic field. In an attempt to broaden the applicability of saliva and to find systemic disease-
derived RNA in saliva, we made mouse models that had human mel and isolated extracellul Icles (EVs) from their saliva by
an aqueous 2-phase system (ATPS), then identfied and evaluated their expression of human melan-A RNA, which is assoclated with
melanoma on skin. With ATPS, EVs were isolated efficiently and stably while taking less ume compared to Isolation by ultracentrifugation.
When ATPS was used to isolate EVs from saliva, the mean + SD percentage of EVs recovered from Initial EVs was 38.22% + 18.55% by
the number of particles, and the mean £ SD percentage of RNA recovered from the initial amount was 60.33% + 5.34%. RNAs within
Isolated EVs were analyzed ly by reverse transcription quantitative polymerase chain reaction and polymerase chain reaction
from saliva and plasma. In mehnomn mk:e amplification of human melan-A was identified from saliva and plasma, even though a relative
amount of normalized melan-A was lower than that of plasma. These results present a possibility that RNAs derived from systemic
disease are transferred into saliva from blood in EVs. Also, they suggest that saliva could be exploited in obtaining Information about
systemic disease, not only about oral disease, by examining RNAs in EVs from saliva instead of blood.

Keywords: saliva, salivary diagnostics, blomarkers, mRNA, cell-derived microparticles, exosomes

Introduction Here we examine saliva to try to identify RNA relcased by
) o a systemic discase. We do this by 1solating EVs and analyzing
Saliva bathes oral structures, such as tecth, gingiva, and oral RN A from EVs in saliva and plasma. We make mouse models
mucosa. The components of saliva are mainly produced by yith human melanoma, then isolate EVs from their saliva by
salivary glands, but gingival crevicular fluid and oropharyn- an agucous 2-phase system (ATPS) (Sherbet and Lakshmi
geal mucosac also contribute to its composition { Proctor 2016). 1981; Asenjo and Andrews 2012). When ATPS was composed
Sy:stcmic circulation alsq affects saliva by lcakagc fwm capil- of pdly cthylene glycol (PEG) and dextran (DEX), most EVs
larics that smd salivary glands and the gingival sulcus moved into the DEX phase after centrifugation (Kim et al.
(Hacckel and Hinccke 1996). o 2015; Shin ctal. 2015; Park ctal. 2016). Also, EVs were recov-
Molccl.‘lcs from bloc,'d can be tralnsponod into saliva ‘by ered from cell-free saliva more casily and efficiently than by
ultrafiltration, transudation, or selective transport depending conventional isolation methods such as ultracentrifugation
on their physicochemical character, size, and presence of trans- (U/C) (Thery et al. 2006).
porters (Chiappin ct al. 2007). Based on their characteristics,
molecules are carried into saliva by different mechanisms and
are differently represented in saliva. For example, lipophilic
molecules such as steroid hormones cross over plasma mem-
branes by diffusion, and the active level of the hormone 1s well
represented in saliva (Kumar et al. 2005). 'Sehool of Interdisciplinary Bioscience and Bioengineering, Pohang
However, RNAs of systemic origin have not been proven  University of Science and Technology, Pohang. Gyeongbuk, Republic of
for their existence in saliva. Since RNAs have been found in Korea
body fluids despite the pr: of nucleases, it is considered ~ Department of Mechanical Engineering, Pohang University of Science
that extracellular RNAs exist in saliva by binding to ribonu-  2nd Technology, Pohang, Gyeongbuk, Republic of Korea
cleoproteins or being protected in extracellular vesicles (EVs) A supplemental appendix to this article is availible online.
(Zhou ct al. 2008; Tzimagiorgis ct al. 2011; Redzic ctal. 2014). Con nding Author:
Notably, EVs have been proposed to cross over an cpithelial J. Park, School of Interdisciplinary Bioscience and Bloengineering,
barrier such as blood-brain barrier by transcytosis (Schneider Department of Mechanical Engineering, Pohang University of Science and
and Simons 2013; Yang et al. 2015), so they may play a role in Technology (POSTECH), Chungam-ro 77, Nam-gu, Pohang, Korea.
transporting RNAs of systemic ongin from blood into saliva. Emaik jparki@postechackr
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Circulating MicroRNA Biomarker Studies:
Pitfalls and Potential Solutions
Kenneth W. Witwer'"

BACKGROUND: Circulating microRNAs have been pro-
posed as discase biomarkers thar may aid in risk assessment,
diagnosis, prognosis, and monitoring of reatment response.
The perceived opportunity has loomed particulardly large in
neoplastic disease, where alteratons in cancer cells are
thought to be reflected in the extracellular space as affected
cells release upregulated miRNAs or fail to release appar-
endy downregulated species. Despite the promise of miRNA
ducibility of reported markers suggests that realizing this prom-
ise remains a work in progress.

CONTENTS: This review examines issues of diagnostic speci-
ficity and reproducibility that have afflicted circulating
miRNA studies. Surveying the breast cancer literature asan
example, few miRNAs are reported consistently. Further-
more, it is posited that the assumptions underlying models
of direct contributions of diseased tssue to biofluid miRNA
profiles may not hold. Suggestions for improving diagnostic
specificity and reliability are provided.

summary: To maximize the likelihood of return on in-
vestment as miRNAs continue to be evaluated as speafic
and clinically useful markers, a focus is needed on
miRNAs found in specific carriers, such as excracellular
vesicles. Alternative sampling techniques should be de-
veloped, and nonblood biofluids should be considered.
Careful oprimization and standardization of preanalyu-
cal and analytical methods is needed to ensure thar future
results, positive or negative, are reliable.

© 2014 American Association for Clinical Chemistry

MicroRNAs (miRNAs)? were found in 2007 among the
cellular RNAs exported into the extracellular space in
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vesides (1), which were also reported to deliver RNA
cargo to recipient cells. This compelling in vitro finding
was quickly followed in 2008 by a report thar extracellu-
lar RNA was detectable in bodily fluids and potentially
useful as a biomarker. Chim et al. described in Clinical
Chemistry that placental miRNAs drculated in protecred
fashion in the maternal blood (2). Highly stable, these
miRNAs were advanced as potental tools for pregnancy
monitoring,

Additional confirmation of circulating miRNAs was
provided over the course of 2008 by independent labo-
ratories. Although other circularing nudeic acids as well
as miRNAs within cells and dssues had been under in-
vestigation for some time, these reports gave the first
indications thar circulating miRNAs might serve as can-
cer biomarkers. Lawrie et al. found increased miRs-21,
-155, and -210 in sera of diffuse large B-cell lymphoma
patients (3 ). Tewari’s group published an association of
increased serum miR-141 with prostate cancer (4). A
subsequent publication by Chen et al. measured in-
creased miR-25 and miR-223 in serum of lung cancer
cases (5). The positive reception of these and later reports
was accompanied by enthusiasm that the “liquid biopsy™
might obviate the need for more invasive testing and also
allow carly warning of oncogenesis.

miRNA Biology and Biomarker Suitability

miRNAs are short RNA molecules. The average marure
miRNA is 21 or 22 nucleotides in length and is processed
from a hairpin precursor. When incorporated into the
RNA-induced silencing complex, 2 miRNA may bind o
target sequences in other RNA molecules with some de-
gree of complementarity (for a comprehensive review of
miRNAs and their funcrion, see (6)). mRNAs thar are
targeted by miRNAs—and their protein products—are
often modestly downregulated. Several thousand human
miRNAs have been reported or predicted. Only a small
fraction of these miRNAs are sufficiendy abundant in
any given cell type to exert postrranslational regulation.
For example, a single miRNA, miR-122, comprises the
majority of miRNA copies in the hepatocyre.

The twin bases for the atractiveness of extracellular
miRNA as biomarkers are subility and dysregulation in
the diseased cell. While bound 1o Argonaute proteins,
miRNAs are stable in the extracellular environment after
release from cells, whether as unprorected ribonucleopro-
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Gene expression analysis of microRNA molecules is becoming increasingly important. In this study
we assess the use of the mean expression value of all expressed microRNAs in a given sample as a
normalization factor for microRNA real-time quantitative PCR data and compare its performance
to the currently adopted approach. We demonstrate that the mean expression value outperforms
the current normalization strategy in terms of better reduction of technical variation and more

accurate appreciation of biological changes.

Background

MicroRNAs (miRNAs) are an important class of gene regula-
tors, acting on several aspects of cellular function such as dif-
ferentiation, cell cycle control and stemness. Not
surprisingly, deregulated miRNA expression has been impli-
cated in a wide variety of diseases, including cancer [1). More-
over, miRNA expression profiling of different tumor entities
resulted in the identification of miRNA signatures correlating
with patient diagnosis, prognosis and response to treatment
[2]. Despite the small size of miRNA molecules, several tech-
nologies have been developed that enable high-throughput
and sensitive miRNA profiling, such as microarrays [3-8],
real-time quantitative PCR (RT-qPCR) [9,10] and bead-based
flow cytometry [2]). In terms of accuracy and specificity, RT-
qPCR has become the method of choice for measuring gene
expression levels, both for coding and non-coding RNAs.
However, the accuracy of the results is largely dependent on
proper data normalization. As numerous variables inherent
to an RT-qPCR experiment need to be controlled for in order
to differentiate experimentally induced variation from true

biological changes, the use of multiple reference genes is gen-
erally accepted as the gold standard for RT-qPCR data nor-
malization [11]. Typically, a set of candidate reference genes is
evaluated in a pilot experiment with representative samples
from the experimental condition(s). Ideally these candidate
reference genes belong to different functional classes, signifi-
cantly reducing the possibility of confounding co-regulation.
In case of miRNA profiling, only few candidate reference
miRNAs have been reported [12]. Generally, other small non-
coding RNAs are used for normalization. These include both
small nuclear RNAs (for example, U6) and small nucleolar
RNAs (for example, Uz4, U26).

Strategies for normalization of high-dimensional expression
profiling experiments (using, for example, microarray tech-
nology, but recently also transcriptome sequencing) generally
take advantage of the huge amount of data generated and
often use (almost) all available data points. These strategies
range from a straightforward approach based on the mean or
median expression value to more complex algorithms such as

Genome Biology 2009, 10:R64
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Abstract

/byi2.0), which

Gene expression analysis of microRNA molecules is becoming increasingly important. In this study
we assess the use of the mean expression value of all expressed microRNAs in a given sample as a
normalization factor for microRNA real-time quantitative PCR data and compare its performance
to the currently adopted approach. We demonstrate that the mean expression value outperforms
the current normalization strategy in terms of better reduction of technical variation and more

accurate appreciation of biological changes.

Background

MicroRNAs (miRNAs) are an important class of gene regula-
tors, acting on several aspects of cellular function such as dif-
ferentiation, cell cycle control and stemness. Not
surprisingly, deregulated miRNA expression has been impli-
cated in a wide variety of diseases, including cancer [1]. More-
over, miRNA expression profiling of different tumor entities
resulted in the identification of miRNA signatures correlating
with patient diagnosis, prognosis and response to treatment
[2]). Despite the small size of miRNA molecules, several tech-
nologies have been developed that enable high-throughput
and sensitive miRNA profiling, such as microarrays [3-8],
real-time quantitative PCR (RT-qPCR) [9,10]) and bead-based
flow cytometry [2]. In terms of accuracy and specificity, RT-
gqPCR has become the method of choice for measuring gene
expression levels, both for coding and non-coding RNAs.
However, the accuracy of the results is largely dependent on
proper data normalization. As numerous variables inherent
to an RT-qPCR experiment need to be controlled for in order
to differentiate experimentally induced variation from true

biological changes, the use of multiple reference genes is gen-
erally accepted as the gold standard for RT-qPCR data nor-
malization [11]. Typically, a set of candidate reference genes is
evaluated in a pilot experiment with representative samples
from the experimental condition(s). Ideally these candidate
reference genes belong to different functional classes, signifi-
cantly reducing the possibility of confounding co-regulation.
In case of miRNA profiling, only few candidate reference
miRNAs have been reported [12]. Generally, other small non-
coding RNAs are used for normalization. These include both
small nuclear RNAs (for example, U6) and small nucleolar
RNAs (for example, U24, U26).

Strategies for normalization of high-dimensional expression
profiling experiments (using, for example, microarray tech-
nology, but recently also transcriptome sequencing) generally
take advantage of the huge amount of data generated and
often use (almost) all available data points. These strategies
range from a straightforward approach based on the mean or
median expression value to more complex algorithms such as
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Abstract

Association of oral diseases and disorders with altered microRNA profiles is firmly recognized. These evidences support
the potential use of microRNAs as therapeutic tools for diagnosis, prognosis, and treatment of various diseases. In this
review, we highlight the association of altered microRNA signatures in oral cancers and oral inflammatory diseases.
Advances in our ability to detect microRNAs in human sera and saliva further highlight their clinical value as potential
biomarkers. We have discussed key mechanisms undertying microRNA dysregulation in pathological conditions. The use

of microRNAs in diagnostics and their potential therapeutic value in the treatment of oral diseases are reviewed.

Keywords

MicroRNA, oral cancer, inflammatory disorders, oral pathology

d: 23 D ber 2016

Date received: 6 September 2016; accep

Introduction

It has been recognized that oral health and genetics are
closely interlinked.! Studying the multitude of disorders
affecting craniofacial tissues can provide scientists with
insight on the role of inflammation in infection and pain,
the consequences of depressed immunity, and the changes
that can arise from a mutated gene.? Recently, there has
been a focus on regulation of these inflammatory and can-
cer pathways by microRNA (miRNA) in innate and adap-
tive immunity.*® In humans, miRNA expression has been
shown to affect the pathobiology of oral discases such as
oral squamous cell carcinoma (OSCC),” Sjégren’s syn-
drome (SS),* and periodontitis.* Recent studies have high-
lighted the differences in miRNA expression patterns
between healthy and inflamed periodontal tissues, which
suggest the possible involvement of miRNAs in the regu-
lation of periodontal discase.”'! This review highlights a
largely obscure and unexplored zone: expression of miR-
NAs in the hosts’ immuno-inflammatory responses and
their potential role in the pathophysiology of oral cancer
and other oral discases. Emerging lines of evidence indi-
cate a corrclation between oral inflammation and cancer
progression. Therefore, identification of biomolecules that
can serve as biomarkers for the diagnosis/prognosis of

these oral discases can be of high therapeutic value. Given
the capability of miRNA to simultancously modulate
expression of hundreds of target genes, an in-depth study
of the role of miRNAs in oral disease can facilitate the
understanding of the immune system and efforts taken to
achieve a state of homeostasis. We will discuss the proba-
ble mechanisms of altered miRNA expression leading to
pathology. Finally, the therapeutic potential of miRNAs
will be highlighted.

MicroRNA biogenesis

MiRNAs are small, non-coding, single-stranded, ~22-base
nucleotide sequences, which bind approximately 60% of
all genes.'%"* It has been suggested that the human genome
may encode over 2500 miRNAs, which have emerged as
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