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Introduction 

Biomarkers have been defined by Hulka and 

colleagues(1990)
1
as “cellular, biochemical or 

molecular alterations that are measurable in 

biological media such as human tissues, cells, or 

fluids.” More recently, the definition has been 

broadened to include biological characteristics 

that can be objectively measured and evaluated 

as an indicator of normal biological processes, 

pathogenic processes, or pharmacological 

responses to a therapeutic intervention.
2
 In 

practice, biomarkers include tools and 

technologies that can aid in understanding the 

prediction, cause, diagnosis, progression, 

regression, or outcome of treatment of disease 

Biomarkers are potentially useful along the 

whole spectrum of the disease process. Before 

diagnosis, markers could be used for screening 

and risk assessment. During diagnosis, markers 

can determine staging, grading, and selection of 

initial therapy. Later, they can be used to 

       A   B   S   T   R   A   C   T 
The complication and severity of disease can be reduced if 

the diagnosis and treatment can be made at early stage. 

This has led to search of tools called molecular biomarker, 

which help in early diagnosis of disease, predict future 

disease progression, and evaluate the response to therapy 

thus avoiding complications. Biomarkers are being used in 

both the field of medicine and dentistry for diagnosis, 

monitoring of therapy outcomes, and drug discovery. In the 

field of periodontics salivary and GCF biomarkers are being 

used for detection of active disease state, for monitoring the 

response to therapy or for measuring the degree of 

susceptibility to future disease progression. This review 

highlights about different characteristics of biomarkers and 

their role in periodontal disease. 
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monitor therapy, select additional therapy, or 

monitor recurrent diseases. 

CLASSIFICATION OF BIOMARKER 

Biomarkers can be classified based on different 

parameters.
3
 

Based on their characteristics such as: 

1. Imaging biomarkers- (Computed 

Tomography, Proton Emission 

Tomography, and Magnetic Resonance 

Imaging)  

2. Molecular biomarkers- Molecular 

biomarkers can be used to refer to non-

imaging biomarkers that have 

biophysical properties, which allow their 

measurements in biological samples 

(example, plasma, serum, cerebrospinal 

fluid, bronchoalveolar cleavage, and 

biopsy) include nucleic acids-based 

biomarkers such as gene mutations or 

polymorphisms and quantitative gene 

expression molecules.
4
 

Based on genetic and molecular biology 

methods - 

Type 0- Natural history markers: A marker of 

natural history of a disease and correlates 

longitudinally with known clinical indices. 

Type 1- Drug activity markers: A marker that 

captures the effect of a therapeutic intervention 

in accordance with its mechanism of action. 

 Type 2- Surrogate markers: A marker intended 

to substitute for a clinical end point; a surrogate 

end point is expected to predict clinical benefit 

or lack of benefit on the basis of epidemiology, 

therapeutic, patho-physiological or other 

scientific evidence.
 

Biomarkers based on drug development can 

be describe as- 

Diagnostic biomarkers- provides the means to 

define a population with a specific disease. (i.e., 

cardiac troponin for the diagnosis of myocardial 

infraction.) 

Prognostic biomarkers- correlate with outcomes. 

For example, over 

expression of Her-2/neu in breast cancer or 

EGFR expression in colorectal cancer indicates 

poor prognoses.  

Predictive biomarkers -define populations that 

might respond more favorably to a particular 

intervention from an efficacy or safety 

perspective.
5
 

 

PHASES OF EVALUATION OF 

BIOMARKERS
6 

Phase 1 refers to preclinical exploratory studies. 

Biomarkers are discovered through knowledge 

based gene selection, gene expression profiling 

or protein profiling to distinguish cancer and 

normal samples. 

Phase II-an assay is established with a clear 

intended clinical use. The clinical assay could be 

a protein-, RNA-,DNA- or a cell-based 

technique, including ELISA, protein profiles 
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from MS, phenotypic expression profiles, gene 

arrays, antibody arrays or quantitative PCR. the 

assays should be evaluated for their clinical 

performance in terms of „sensitivity ‟and 

„specificity‟ with thresholds determined by the 

intended clinical use. 

Phase III, an investigator evaluates the 

sensitivity and specificity of the test for the 

detection of diseases that have yet to be detected 

clinically. 

 

 

Fig 1. Current technologies and data types used for 

biomarker discovery in preclinical and clinical research. 

 

Phase IV evaluates the sensitivity and 

specificity of the test on a prospective cohort. 

Phase V evaluates the overall benefits and risks 

of the new diagnostic test on the screened 

population.  

 

BIOMARKER DISCOVERY USING HIGH-

THROUGHPUT TECHNOLOGY 

PLATFORMS (Table.1)
7
 (Fig.1)

8
 

 

 

Table 1-High-throughput technologies. 

 

1) Genomics 

- Genome sequencing 

- Genome variation 

- Genome annotation 

2) Transcriptomics 

- Microarrays 

- Gene expression data 

3) Proteomics 

- Y2H method 

- Mass spectrometry 

- Protein chips 

4) Metabolomics 

- NMR 

- Mass spectrometry 

 

 

BIOMARKER AS AN EMERGING 

TOOL
[9]

: 

Biomarker in Diseases
 
(Fig.2)

7 
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Fig 2. Schematic representation of the uses of 

biomarkers across the spectrum of diseases. 

 

Biomarker in Drug Development: 

Biomarkers are useful throughout the 

drug discovery and development 

process.  They are now becoming more 

and more integrated into all stages of the 

development process, ranging from: 

 Target discovery 

 Evaluation of drug activity 

 Understanding mechanisms of 

action 

 Toxicity and safety evaluation 

 Internal decision making 

 Clinical study design 

 Diagnostic tools 

 Understanding disease process 

 

ROLE OF BIOMARKERS IN 

PERIODONTAL DISEASES 

 Saliva and GCF are fluids easily collected and 

they contain locally and systemically derived 

markers of periodontal disease; they may offer 

the basis for a patient-specific biomarker 

assessment for periodontitis and other systemic 

diseases. Due to the noninvasive and simple 

nature of their collection, analysis of saliva and 

GCF may be especially beneficial in the 

determination of current periodontal status and a 

means of monitoring response to treatment 

(Table 2
10

 and Fig.3
11]

lists a sample of 

compounds obtained by diagnostic screening of 

saliva or GCF. 

Chairside diagnostic kit 

Some chair side diagnostic kits have developed 

that analyses the gingival crevicular fluid (GCF). 

Since this fluid is derived from periodontal 
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tissues, evaluating its constituents such as host-

derived enzymes, inflammation mediators and 

extracellular matrix components may provide 

early signs of alterations.  [Table 3]
 [12,13]. 

 

Table 2. Examples of biomarkers of  periodontal disease 

 

 

 

Fig 3. Biomarkers seen in saliva 

 

Futuristic chairside diagnostic test based on 

GCF sampling (Fig.4)
23 

Considering the GCF fluid as a potential analyte 

for the screening of multiple biomarkers, a rapid, 

chairside diagnostic tool (represented in the 

figure as a Micro Analyser) or a “mini-lab” 

could be used by clinicians for risk assessment 

and decision making on treatment planning. The 

advantages of such a tool would be enhanced 

predictability of clinical outcomes and well-

informed patients regarding personalized 

treatment needs.   

Fig 4. Futuristic chairside diagnostic test based on GCF 

sampling 

 

 

 

Category 

mediator 

Examples 

Microbial factors DNA probes or culturing of 

putative periodontal 

pathogens 

(eg,  Porphyromonas 

gingivalis, Tanerella 

forsythensis, Treponema 

denticola) 

Host response 

factors 

IL-1β; TNF-α; aspartate 

aminotransferase; elastase 

Connective tissue 

breakdown 

products  

Collagen telopeptides; 

osteocalcin; proteoglycans; 

fibronection fragments  
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DISCUSSION 

Biomarkers have gained immense scientific and 

clinical value and interest in the practice of 

medicine. Biomarkers are potentially useful 

along the whole spectrum of the disease process. 

Before diagnosis, markers could be used for 

screening and risk assessment. During diagnosis, 

markers can determine staging, grading, and 

selection of initial therapy. During treatment, 

they can be used to monitor therapy, select 

additional therapy, or monitor recurrent 

diseases
[9]

. Advances in genomics, proteomics 

and molecular pathology have generated many 

candidate biomarkers with potential clinical 

value
[7]

. In the field of oral disease diagnosis, 

there has been a steady growing trend during the 

last 2 decades to develop tools to monitor 

periodontitis. From physical measurements such 

as periodontal probing to sophisticated genetic 

susceptibility analysis and molecular assays for 

the detection of biomarkers on the different 

stages of the disease, substantial improvements 

have been made on the understanding of the 

mediators implicated on the initiation and 

progression of periodontitis. At the same time, 

this evolutionary process has promoted the 

discovery of new biomarkers and the 

development of new therapeutic approaches 

mainly using host modulation.  Moreover, new 

diagnostic technologies such as nucleic acid and 

protein microarrays and microfluidics are under 

development for risk assessment and 

comprehensive screening of biomarkers. These 

recent advances are leading to the development 

of more powerful diagnostic tools for 

practitioners to optimize their treatment 

predictability.
10 

 

CONCLUSION 

The biomarkers are emerging as a new and 

powerful tool in field of both medicine and 

dentistry for proper screening, diagnosis of 

disease, evalute prognosis, prediction of disease 

recurrence and therapeutic monitoring. They are 

also used for drug development and biomedical 

research. Various biomarkers present in saliva 

and GCF seems to be promising for future 

applications related to diagnosis of periodontal 

diseases and to prognosticate periodontal 

treatment outcomes. 
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TOPAS
[15] 

 

Detects toxins 

derived from 

anaerobic 

metabolism and 

measures GCF 

protein level 

 

MMP dipstick 

method
[18] 

 

Helps in detection 

of MMPs 

 

Oral Fluid 

NanoSensor 

Test
[19] 

 

Simultaneous and 

precise detection of 

multiple salivary 

proteins and 

nucleic acids. It 

analyzes saliva for 

the presence of four 

salivary mRNA 

biomarkers 

(SAT, ODZ, IL-8, 

and IL-1b) and two 

salivary proteomic 

biomarkers 

(thioredoxin and 

IL-8) 

 

Electronic Taste 

Chips
[20] 

 

Detects multiple 

biomarkers for 

early diagnosis of 

periodontal disease 

 

Integrated 

Microfluidic 

For Oral 

Diagnostics rapidly 

KIT 

 

ASSAY 

Periocheck
[14] 

 

Periocheck has FDA 

(Food and Drug 

Administration) 

approval in the United 

States. It is reported to 

measure neutral 

protease activity 

within GCF.  

Periogard
[15] 

PerioGard is based on 

the detection of an 

enzyme called 

aspartate 

aminotransferase 

(AST). Elevated total 

AST levels in a 30-

second sample have 

been positively 

associated with 

disease-active sites  

Prognostik
[14] 

It detects elevated 

levels of MMPs in the 

gingival crevicular 

fluid such as the 

elastases. Not 

Approved by FDA and 

ADA 

 

 

Biolise
[16] 

 

Aids in detection of 

elastase  

 

Pocket watch
[17] 

 

Detects aspartate 

aminotransferase 

through colorimetric 

detection 
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Platform For Oral 

Diagnostics 

(IMPOD) 
[21] 

 

(3–10 min) 

measures the 

concentrations of 

MMP-8 and other 

biomarkers in small 

amounts (10 mL) of 

saliva 

 

Salivary 

diagnostic and 

research assay kits 

(Salimeterics)
[22] 

 

Helps in the 

estimation of 

cytokines including 

interleukins, MMPs 

and so forth and 

various hormones 

including cortisol, 

cortinine, DHEA, 

testosterone, 

estradiol, 

progesterone, 

estriol in saliva 

 

 

Table 3. Chairside diagnostic kit 
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