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Resumen: El cáncer oral (CO) es uno de los 10 cánceres más comunes en el mundo y está 

representado por el carcinoma oral de células escamosas (COCE) en la mayoría de los casos. 

En la clínica dental, el diagnóstico de CO se basa en una combinación de examen clínico y 

análisis de una biopsia. La mayoría de las veces, la detección de CO se realiza en etapas 

avanzadas, lo que conduce a una disminución de la tasa de supervivencia. Por lo tanto, es 

esencial y necesario encontrar biomarcadores genéticos más confiables, como una técnica de 

diagnóstico más confiable para la detección de CO en etapas tempranas. Esta revisión de la 

literatura presenta estudios recientes sobre nuevos biomarcadores genéticos salivales como 

el ADN circulante tumoral (ADNc), las vesículas extracelulares (VE) y el microARN, que pueden 

aplicarse para la detección y el diagnóstico en estadios tempranos de la enfermedad. Además, 

también presenta un nuevo método de diagnóstico no invasivo, la “biopsia líquida”, y se han 

discutido ventajas y desventajas. La información obtenida de 329 pacientes con cáncer oral 

(CO) incluidos en un total de 9 estudios poblacionales humanos, estudios retrospectivos y 

prospectivos, realizados en diferentes países, ha demostrado que el ctDNA, EVs y miRNAs son 

biomarcadores genéticos salivales que nos proporcionan datos útiles en el diagnóstico precoz 

de CO y por tanto se mejorará el pronóstico de la enfermedad. Por el contrario, esta revisión 

indica que las técnicas para analizar estos biomarcadores están disponibles, pero son costosas 

y se necesita más investigación para desarrollar protocolos estandarizados y reproducibles 

que puedan usarse en la clínica dental. Además, nuestros resultados indican que la biopsia 

líquida tiene varias aplicaciones prometedoras en la clínica dental en la evaluación de la CO; 

es indoloro, no invasivo, accesible, de bajo costo y su muy buena fuente para el análisis de 

biomarcadores genéticos. Aunque faltan protocolos estandarizados de aislamiento y 

evaluación para la biopsia líquida de saliva, estudios recientes sugieren que la saliva puede ser 

parte de los procesos de diagnóstico en el futuro. 
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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 OC is 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 
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TABLE 2: HISTOLOGICAL ASPECTS OF ORAL CANCER 

Tumor of epithelial origin EPIDERMOID CARCINOMA AND MELANOMA 

Tumor of mesenchymal origin FIBROSARCOMA, MALIGNANT FIBROUS ISTOCITOMA, 
ANGIOSARCOMA, SARCOMA, RHABDOMYOSARCOMA, 
LIPOSARCOMA 

 

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 
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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 11th 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 
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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).  

 

 

TABLE 3: INCIDENCE AND MORTALITY OF ORAL CANCER WORLDWIDE, IN 
NUMBERS IN 2018 (7) 
Continents Asia Europe North 

America 
South 
America 

Africa 

Incidence 227906 61885 27112 19898 13613 
Mortality 129939 24063 5198 7874 9314 

 

FIGURE 2: PERCENTAGE OF MORTALITY 
OF ORAL CANCER WORLDWIDE (7) 

FIGURE 1: PERCENTAGE OF INCIDENCE OF  
ORAL CANCER WORLDWIDE (7) 
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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 
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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 
genetic factors 

Biological Onset of 
the disease  

Disease Detection Tumor observation and 
Tissue damage 

Genetic tests Salivary and Blood 
biomarkers 

Salivary and Blood 
biomarkers 

Clinical examination and 
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.  
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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:  

• 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. 

• 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 

cancer”; “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. 

 

  

Eligibility
Full-text articles assessed for eligbility (43)

Screening
Records screened on full-text (84)

Screening
Records screeened on title (85)

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

quantify 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). 

 

 

 

 

 

 

 

 

 

 

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/o) 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 HI 

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/o) and 13 healthy individuals, (HI), (F & M, age: between 28 and 52 

y/o). 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). 

 

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 
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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).  
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TABLE 6: APPLICATION OF SALIVARY BIOMARKERS IN OSSC, BASED ON POPULATION STUDIES 
Author Technique Biomarker Cases and 

controls 
Diagnostic tool 
(early or late) 

Results 

(Viet and Schmidt et 
al., 2008) (19) 

DNA extraction from saliva 
Methylation analysis array 

ctDNA 
hypermethylation  
 

13 OSCC 
10 Controls 

In early diagnosis 
of OSCC 

Preoperative saliva samples were highly 
hypermethylated in respect to postoperative and 
healthy samples. 
Sensitivity of 62%-77% and specificity of 83%-
100%.  
 

(Guerrero-Preston 
et al., 2011) (20) 

DNA extraction from saliva 
Quantiative Methylation  
Specific PCR 

ctDNA 
hypermethylation 

16 OSCC 
19 Controls 

In early detection 
of OSCC 

Overexpression in DNA hypermethylation of 
HOXA9 and NID2 in OSCC versus healthy 
individuals.  
Sensitivity values of HOXA9 and NID2 are 68% 
and 71% while the specificity 

(Ferlazzo et al., 
2017) (21) 

DNA extraction from saliva 
Formic acid for DNA methylation 

ctDNA 
DNA methylation 

58 OSCC 
90 Controls 

In early detection 
of OSCC 

DNA methylation rate increases in OSCC samples 
in respect to healthy samples. 

(Zlotogorski-Hurvitz 
et al., 2016) (22) 

Exosomes extraction from saliva 
Atomic force microscopy (AFM) 

EVs 36 OC 
25 Controls 

In high-risk 
patients without 
clear clinical signs 
of cancer 

Molecular and morphological changes in OC 
exosomes versus healthy samples. 
Overexpression of CD63 and low expression of 
CD9 and CD81. 
 

(Zlotogorski-Hurvitz 
et al., 2019) (26) 
 

Exosomes extraction from saliva 
Fourier-transform infrared (FTIR) 
spectroscopy 

EVs 21 OSCC 
13 Controls 

For early 
detection of 
lesions with 
potential 
malignant 
transformation 

Molecular and morphological changes in OC 
exosomes versus healthy samples.  
A sensitivity of 100% and specificity of 86% in 
OSCC cases in early and late stages 

(Liu et al., 2012) (23) miRNA extraction from saliva 
qRT-PCR 
 

miRNA-31 45 OSCC 
24 Controls 

For early 
diagnosis of OSCC 

Significant overexpression of miRNA-31 in 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 

controls 
Diagnostic tool (Early 
or late) 

Results 

(Yang et al., 2013) 

(27) 
miRNA extraction from saliva 
Taq-man low density array and 
qRT-PCR 

miRNA aberrant 
profile 
miR-10b 
miR-145  
miR-99b 
miR- 660 
miR-197 
miR-708 
miR-181c 
miR-30e 

45 OSCC  
7 Controls 

In diagnosis of 
precancerous 
stages 

Overexpression of miRNAs 
was found in saliva samples 
obtained from leukoplakia 
lesions with low grade 
dysplasia.  
 
 
 

(Kadhim Al-Malkey 
et al., 2015) (24) 

miRNA extraction from saliva 
transcriptase-PCR (RT-PCR) 

miRNA-31 35 OC 
20 Controls 

Early diagnosis of 
OC 

miR-31 is overexpressed in 
OC patients than healthy.  
miR-31 is more abundant in 
saliva than plasma.  
 

(Zahran et al., 2015) 
(25) 

miRNA extraction from saliva 
qRT-PCR 

miRNA-21 
miRNA-184 
miRNA-145 

20 OSCC 
40 PMD 
20 RAS 
20 Controls 

In early detection of 
OSCC, miRNA-184 
in particular 

High expression of Salivary 
miRNA-21 and miRNA-184 
and low expression of 
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%), 
miRNA-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 TaqMan low 
density array (TLDA) qRT-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 qRT-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 

STUDY 
Salivary 

Biomarkers 
Advantages Disadvantages 

ctDNA • ctDNA contains genetic and 
epigenetic modifications of 
cancer DNA 

• DNA alterations found in ctDNA 
are of great use in cancer 
diagnosis 

• ctDNA presents the tumor 
heterogenicity 

• Inter- and intra- patient 
variability  

• Expensive isolation and 
detection techniques  

• Absence of standardized and 
reproducible protocols  

• Little coverage platform of 
ctDNA 

EVs • Evs allow detection of low-
expression biomarkers in saliva 

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

• Expensive and complicated 
isolation  

• Absence of standardized and 
reproducible protocols 

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

• Expensive detection and 
analysis techniques  

• Inter-patient variability  
• 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. 
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