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Background: Oral diseases are a significant global health burden, with
Received: 05 Nov 2024 systemic health implications. Emerging biomarker research provides
avenues for early diagnosis and personalized therapies.
Accepted' 29 Nov 2024 Objective: To review recent advancements in biomarker applications for

oral disease management, emphasizing diagnostic, therapeutic, and
regenerative strategies.
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Results: Salivary biomarkers, such as IL-6, VEGF, TNF-a, MMP-9, LDH,
and PGE2, along with specific microRNAs (e.g., miR-21, miR-31, miR-
125b, miR-146a, miR-155, miR-200c), provide non-invasive diagnostic
tools for oral squamous cell carcinoma (OSCC). Microbiome analysis
highlights the role of pathogenic bacteria, including Porphyromonas
gingivalis, Fusobacterium nucleatum, and Treponema denticola, in disease
progression. Beneficial microbes like Streptococcus sanguinis and
Lactobacillus species are associated with oral health. Regenerative
dentistry innovations include stem cell therapies using dental pulp and
periodontal ligament cells, combined with bioactive scaffolds enriched with
BMPs, FGFs, PDGFs, VEGF, TGF-@, and IGF, facilitating tissue repair.
Conclusion: Biomarker-driven strategies hold promise for early diagnosis,
personalized treatments, and improved outcomes in oral health. Further
research should focus on clinical validation and implementation.

Keywords: Biomarker, Salivary, Oral Diseases, Regenerative Dentistry,
Microbiome.
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Introduction

Oral diseases constitute a significant public health burden, exerting a profound influence
on an individual’s overall quality of life and contributing to a spectrum of systemic health
complications. A constellation of prevalent oral conditions, including but not limited to
periodontal disease, dental caries, and oral cancers, presents formidable challenges
within the realm of clinical practice[1,2]. A thorough understanding of the intricate
biological underpinnings that contribute to the pathogenesis and progression of these
oral maladies is imperative for the development of efficacious preventive and
therapeutic strategies. Recent strides in medical research have shed light on the
intricate and multifaceted relationship between oral health and systemic diseases,
underscoring the critical need for a holistic and integrative approach to patient care that
transcends the confines of traditional oral health disciplines[3,4,5].

The pressing demand for targeted and personalized therapeutic interventions
necessitates the identification and validation of reliable and sensitive biomarkers that
can facilitate early and accurate disease diagnosis, monitor disease progression, and
predict treatment response[6]. The integration of biomarker data into clinical decision-
making processes has the potential to revolutionize oral healthcare by enabling
healthcare providers to tailor treatment plans to the unique characteristics and needs of
each individual patient. By delving into the intricate neuroanatomy and biochemistry of
oral health, researchers can unlock novel therapeutic avenues and develop innovative
treatment modalities that promise to significantly enhance patient outcomes and
improve the overall oral health landscape[7,8].

This comprehensive review undertakes a rigorous synthesis and critical appraisal of the
extant body of scientific evidence pertaining to recent advancements in the medical
science of oral disease treatment. The primary focus will be on innovative therapeutic
approaches that strategically leverage the power of biomarker research to significantly
enhance patient care outcomes. This review will meticulously evaluate the potential
clinical applications and translational implications of these findings, with a particular
emphasis on their potential to translate into real-world clinical practice and improve
patient care delivery. By conducting a thorough and in-depth analysis of the current
state of knowledge, this review seeks to contribute meaningfully to the ongoing scientific
discourse surrounding oral health and to foster a deeper and more nuanced
understanding of contemporary strategies for improving oral health care management
practices[9,10].
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Furthermore, this review will delve into the challenges and limitations associated with
the implementation of these innovative approaches in clinical settings. It will critically
examine the existing evidence base for the validity, reliability, and clinical utility of the
biomarkers employed in these therapeutic strategies. By addressing these critical
issues, this review aims to provide a comprehensive and balanced perspective on the
current state of the field and to identify areas for future research and development that
can further advance the field of oral disease treatment. Ultimately, this review aspires to
serve as a valuable resource for clinicians, researchers, and policymakers in their
efforts to improve the oral health and well-being of individuals and communities
worldwide.

SEARCH STRATEGY

A non-systematic literature review was conducted using the PubMed database,
employing disease-specific keywords such as “oral diseases,” “biomarkers,” and
“treatment advancements.” The search was limited to articles published in English within
the last decade. Abstracts were screened for relevance, and the most pertinent studies
were analyzed in detalil.

The study selection process adhered to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines, ensuring a thorough and
transparent approach. The PRISMA flowchart, which outlines the steps for study
identification, screening, eligibility assessment, and inclusion, is provided for clarity.

The Inclusion criteria for this review were as follows: (1) articles published in English; (2)
studies published within the last 10 years; (3) research exploring the relationship
between biomarkers and oral diseases with a focus on clinical impact; and (4) studies
presenting empirical data or quantifiable biomarkers. Research was excluded if it was
(1) non-peer-reviewed, including preprints; (2) unrelated to oral disease biomarkers; or
(3) lacking substantial empirical evidence.

Results



Zahra Amiri /Afi.J.Bio.Sc. 6(16) (2024) Page 2541 to 10

The integration of advanced biomarker research has significantly transformed the
understanding and management of oral diseases. Recent studies have identified a
diverse array of salivary biomarkers that are crucial for the early diagnosis of oral
squamous cell carcinoma (OSCC). Notably, elevated levels of interleukin-6 (IL-6),
vascular endothelial growth factor (VEGF), matrix metalloproteinase-9 (MMP-9), tumor
necrosis factor-alpha (TNF-a), lactate dehydrogenase (LDH), and prostaglandin E2
(PGEZ2) have been associated with the initial stages of OSCC, indicating their potential
as reliable indicators for early detection. Furthermore, specific microRNAs, including
miR-21, miR-125b, miR-31, miR-146a, miR-155, and miR-200c, have shown promise in
distinguishing between malignant and premalignant lesions, enhancing diagnostic
accuracy and patient outcomes|1,4,5]

Moreover, the role of the oral microbiome has emerged as a pivotal factor in oral health
and disease progression. Recent investigations have revealed significant correlations
between microbial dysbiosis and the severity of various oral conditions, including
periodontal disease, dental caries, and oral cancers. For instance, increased levels of
pathogenic species such as Porphyromonas gingivalis, Fusobacterium nucleatum,
Treponema denticola, Prevotella intermedia, and Aggregatibacter
actinomycetemcomitans have been linked to exacerbated periodontal inflammation and
tissue destruction. Conversely, a reduction in beneficial bacteria like Streptococcus
sanguinis, Actinomyces naeslundii, Veillonella parvula, Lactobacillus species, and
Bifidobacterium species correlates with disease progression. This microbiome-centric
approach not only aids in understanding disease mechanisms but also opens avenues
for targeted therapeutic interventions such as probiotic applications and tailored oral
hygiene regimens|5,3,6].

In the realm of regenerative dentistry, advancements in stem cell therapies and tissue
engineering have shown remarkable potential for tissue regeneration. Dental stem cells,
particularly those derived from periodontal ligaments, dental pulp, and gingival tissues,
are being explored for their ability to regenerate various oral tissues, including dentin,
enamel, and periodontal ligaments. Studies have demonstrated that the application of
bioactive scaffolds enriched with growth factors such as bone morphogenetic proteins
(BMPs), fibroblast growth factor (FGF), platelet-derived growth factor (PDGF),
transforming growth factor-beta (TGF-), and insulin-like growth factor (IGF)
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significantly enhances cellular proliferation and tissue repair. These advancements
present promising strategies for managing extensive tissue loss in patients, potentially
restoring both function and aesthetics[11,12,13].

Overall, these findings underscore the transformative potential of biomarker research in
improving clinical outcomes for oral diseases. By facilitating early detection and
personalized treatment strategies, these advancements not only enhance patient care
but also contribute to a broader understanding of the interplay between oral and
systemic health. Future research must focus on the validation of these biomarkers
across diverse populations to ensure their clinical applicability and
effectiveness[14,10,15].

Discussion

The Role of Salivary Biomarkers in Early Detection of Oral Diseases:

Salivary biomarkers have emerged as a non-invasive and efficient tool for the early
detection of oral diseases. Studies have identified specific proteins, enzymes, and
inflammatory mediators in saliva that correlate with the presence of oral squamous cell
carcinoma (OSCC). For instance, elevated levels of interleukin-6 (IL-6), tumor necrosis
factor-alpha (TNF-a), and matrix metalloproteinase-9 (MMP-9) have been consistently
associated with early stages of OSCC. Additional salivary biomarkers, such as lactate
dehydrogenase (LDH), prostaglandin E2 (PGE2), and vascular endothelial growth factor
(VEGF), further enhance diagnostic capabilities by identifying cellular damage and
angiogenic activity linked to malignancy. Moreover, salivary microRNAs, including miR-
21, miR-31, and miR-125b, have demonstrated potential in distinguishing premalignant
and malignant lesions. The utilization of these biomarkers facilitates prompt diagnosis,
reduces treatment delays, and improves patient outcomes including salivary biomarkers
and OSCC diagnostic potential, role of inflammatory cytokines in oral diseases and
salivary microRNAs as diagnostic tools[16,17].
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Advancements in Regenerative Dentistry:

Recent advancements in regenerative dentistry have focused on tissue engineering and
stem cell therapy to restore oral tissues. Dental stem cells (DSCs), particularly
mesenchymal stem cells derived from dental pulp, periodontal ligaments, and gingival
tissues, have shown remarkable potential in regenerating dental tissues, including
dentin, enamel, and periodontal ligaments. Induced pluripotent stem cells (iPSCs),
reprogrammed from somatic cells, have been differentiated into odontoblast-like and
ameloblast-like cells, enabling the regeneration of both dentin and enamel structures.
Hydrogel-based scaffolds enriched with bioactive molecules, such as bone
morphogenetic proteins (BMPs), fibroblast growth factor (FGF), and platelet-derived
growth factor (PDGF), provide structural support and enhance tissue repair. Additionally,
VEGF and transforming growth factor-beta (TGF-f3) have shown promise in promoting
angiogenesis and cellular differentiation during periodontal regeneration. These
advancements aim to restore function and aesthetics in patients with significant oral
tissue loss while minimizing invasiveness and improving long-term outcomes which
include applications of dental stem cells in regenerative dentistry, bioactive molecules in
oral tissue repair and hydrogel scaffolds for dental tissue engineering[18,19,20].

Oral Microbiome as a Diagnostic Tool:

The composition of the oral microbiome plays a crucial role in oral health and disease.
Alterations in microbial communities have been linked to various oral pathologies,
including periodontitis, dental caries, and oral squamous cell carcinoma (OSCC).
Recent research has demonstrated that specific microbial biomarkers, such as
Porphyromonas gingivalis, Fusobacterium nucleatum, and Treponema denticola, can
serve as indicators of disease severity. Conversely, reductions in beneficial microbiota,
such as Streptococcus sanguinis, Actinomyces naeslundii, and Veillonella parvula, have
been associated with microbial dysbiosis and heightened disease risk. Advanced
metabolomic profiling of the oral microbiome has revealed shifts in short-chain fatty
acids (SCFAs), ammonia production, and volatile sulfur compounds as potential non-
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invasive indicators of disease progression. These findings highlight the potential of the
oral microbiome as a diagnostic and prognostic tool for personalized dental care. These
may include the role of microbiota in OSCC, microbial dysbiosis in periodontal disease,
metabolomic profiling of the oral microbiome a d etc[21,22,23].

Challenges and Future Directions in Biomarker Research:

Despite the promising potential of biomarkers in oral disease diagnosis, several
challenges remain. The variability in biomarker expression among individuals,
influenced by genetic predisposition, diet, and lifestyle factors, complicates
standardization. Moreover, the cost and complexity of high-throughput detection
technologies, such as next-generation sequencing, single-cell RNA sequencing, and
mass spectrometry-based proteomics, hinder their widespread adoption in clinical
practice. The ethical considerations surrounding the use of genetic and microbiome
data, such as privacy concerns and equitable access, also demand careful navigation.
Future research should prioritize validating these biomarkers across diverse
populations, exploring cost-effective diagnostic platforms, and integrating
multidisciplinary approaches, including bioinformatics and computational modeling.
Large-scale longitudinal studies will be instrumental in addressing these challenges and
translating biomarker research into real-world clinical applications including
standardization challenges in biomarker research, high-throughput technologies for
biomarker discovery as well as ethical implications of biomarker use in clinical
practice[24,25,26,27,14].

Limitations and Future Directions

This article identifies several limitations in the current body of research on oral disease
treatment. A predominant reliance on observational studies limits the ability to draw
causal inferences and fully elucidate the mechanisms underlying these conditions.
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Additionally, the variability in biomarker expression across different populations,
influenced by genetic predispositions, environmental factors, and lifestyle differences,
complicates the standardization of diagnostic and therapeutic approaches. The absence
of robust randomized controlled trials further constrains the reliability of conclusions that
can be derived from existing data[28,29,30].

Moreover, technological and economic barriers hinder the integration of advanced
diagnostics, such as high-throughput sequencing and proteomics, into routine clinical
practice. Ethical concerns, including patient data privacy and equitable access to
advanced treatments, also present significant challenges that must be addressed to
ensure widespread applicability and acceptance[31,32,33].

Future research should aim to overcome these limitations by adopting longitudinal and
experimental study designs, enabling the validation of biomarkers and therapeutic
strategies in diverse and representative populations. Developing cost-effective
diagnostic tools and standardized protocols is essential to enhance the clinical
applicability of these findings. Furthermore, integrating multidisciplinary approaches,
including bioinformatics and systems biology, can provide a more comprehensive
understanding of the interplay between genetic, microbial, and systemic factors in oral
health. Ethical frameworks must evolve alongside these advancements to address
privacy concerns and promote equitable access[34,35].

This article contributes significantly to the existing literature by highlighting the
transformative potential of biomarker research in oral disease treatment. It emphasizes
the importance of advancing diagnostic and therapeutic strategies through a
comprehensive and integrative approach, fostering improvements in both individual
patient outcomes and broader public health initiatives[34,35,36].

Conclusion
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Although preliminary, biomarker research demonstrates considerable promise for
enhancing the early detection and treatment of oral diseases. Salivary biomarkers,
regenerative dentistry, and microbiome-based approaches offer innovative pathways for

improving clinical outcomes.

Further rigorous research is required to validate these findings and ensure their
practical implementation in diverse clinical settings. With continued advancements,
biomarker-based strategies have the potential to revolutionize oral healthcare, offering
personalized treatments and significantly improving patient well-being.
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