Gut-oral microbiome axis — Role in oral health and pathogenesis
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Abstract

The gut contains different type of microbiome which significantly control immune system and
metabolism of body. These gut microbiomes have bidirectional connection with oral cavity
known as gut-oral microbiome axis. So, disturbance in gut microbiome cause several oral
diseases such as oral candidiasis, periodontal disease and OLP (oral lichen planus). The
understanding of gut-oral microbiome axis provides new therapeutic and preventive strategies.
This article mainly includes the composition, function, interaction of microbes and role of
microbiome therapy, dietary modulation, prebiotics and probiotics to maintain oral wellness by
gut microbiome balance.
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1. Introduction

Human body contain trillions microbiome that distributed in the gut, skin and oral cavity. This
microbiome plays important role to maintain physiological homeostasis (1). Gut has maximum
number of microbes including bacteria, fungi, viruses and archaea. They regulate metabolism,
neurological and immunological function of body. Additionally oral microbes affect local and
systemic wellness (2). Some clinical evidence confirms the bidirectional connection between
gut and oral cavity (3). Imbalance in gut microbiome affect immunological, inflammatory and
metabolic function of oral cavity (4). This imbalance causes oral disease like oral candidiasis,
periodontal disease and OLP. Conversely, some oral microbiomes can translocate in
gastrointestinal tract, colonize in gut and damage microbial ecology (5), (6). This article
explores gut-oral microbiome axis, their bidirectional mechanism and management of oral
health (7).

2. Composition and Functions of Gut Microbiome

The gut microbiome ecology is mainly influenced by Bacteroidetes and phyla Firmicutes ratio.
This balanced ratio characterized as healthy gut (8). Other microbiomes like actinobacteria
and proteobacteria affect intestinal and systemic equilibrium. Key genera that populate the gut
include Bifidobacterium, Fusobacterium, Enterococcus faecalis, Escherichia coli,
Akkermansia muciniphila, Lactobacillus, Clostridium, alongside fungi like Candida species
(9).

The metabolism is a main function of gut microbiome where the dietary fibres fermented and
converted into short chain acids. These metabolites are the main energy source, reduce
inflammation and maintain epithelial barrier integrity (10). They also regulate the host immune
system by controlling cytokine production and T-cell differentiation. Gut microbiome assists
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in maintaining a robust epithelium and mucosa, thereby preventing the translocation of toxins
and LPS (liposaccharides) into systemic circulation (11).

3. Gut-Oral Microbiome Axis

The gut-oral microbiome axis defines the bidirectional pathway where microbes can translocate
from the oral cavity to the GIT. Conversely, gut microbiome metabolites, immune signals and
microbial composition influence oral health (12). The various gut microbiomes that influence
oral health are presented in Table 1.

Table 1. Gut microbiomes influencing oral health
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4. Significance of Gut Dysbiosis on Oral Wellness

The disturbance in gut microbiome by poor diet, chronic stress and use of antibiotics is known as

gut dysbiosis. It can lead to decrease

microbial diversity, immune dysregulation and systemic

inflammation that is linked to oral disease as depicted in Figure 1 (6). For example, studies of
clinical correlation of gut dysbiosis and periodontitis have been observed. Dysbiosis contributes to
endotoxemia and produces inflammatory cells that target periodontal tissue. Studies have shown
that oral cavity is affected by Porphyromonas gingivalis, which not only causes periodontitis but
can also change the gut microbiome components and this phenomena is indicated as reciprocal
dysbiosis (24). Dysbiosis often decreases Bifidobacterium and Lactobacillus species that defend
against Candida species. Therefore, colonization of Candida species increases leading to causes

oral candidiasis (25).
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Figure 1. Impact of gut dysbiosis in oral disease

OLP is characterized by dysregulation of T-cell-mediated immune system. Gut dysbiosis increases
the T-helper 17 (TH17)-mediated immune responses. These changes lead to the production of
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cytotoxic molecules (e.g. Granzyme B, IFN-y), resulting in keratinocyte apoptosis, ulceration, and
the manifestation of OLP lesions (26), (27).

5. Strategies to Balance Oral Health via Gut Regulation

With the established connection between gut and oral cavity, restoration and maintenance of gut
microbiome balance has emerged as a strategy to manage and prevent oral disease. Several
therapies are employed, such as use of prebiotics and probiotics, dietary modulation, microbiome
treatment and lifestyle (28).

Dietary modulation: A diet rich in fibre, fermented foods and polyphenols is reported to enhance
the growth of beneficial bacteria and production of short-chain fatty acids. Whole grains, fruits and
vegetables are fibre-rich foods, and improve gut barrier function and minimize systemic
inflammation, which can affect periodontal tissue (29). Fermented foods introduce beneficial live
cultures (probiotics) that modulate microbiome of both gut and oral cavity. It also decreases
pathogen load and improves saliva buffering capacity. Additionally, polyphenol-rich foods
includes apples, green tea, flaxseed, dark chocolate, extra virgin oil, berries, etc, have antioxidant
and anti-inflammatory activities that are crucial to counteract gut dysbiosis(30).

Prebiotics and probiotics: Probiotics are alive yeast and bacteria which offer various health benefits
when taken in sufficient quantity. These gut-oral probiotics (E.g., Lactobacillus rhamnosus,
Bifidobacterium longum) have demonstrated efficacy in managing oral candidiasis, reduction in
gingival bleeding and oral mucosal lesion disease. Prebiotics (e.g. fructo-oligosaccharides and
inulin) are non-digestible compounds which selectively improve the growth and function of good
gut bacteria (31).

Microbiome therapy: Microbiome-based therapies represent the backbone of personalized
medicine. Fecal microbiome transplantation (FMT) though primarily developed for GIT disease,
has shown potential to reduce systemic inflammation and improve oral health markers. Biologically
designed probiotics are being engineered as highly precise antimicrobial or anti-inflammatory
agents for periodontal disease. Moreover, postbiotics are non-viable microbial components that
retain bioactivity. They offer a safe option for microbial modulation without introducing live
bacteria (32).

6. Future Perspectives and direction

Future researchers must focus on delineating the gut-oral microbiome axis, immunological and
molecular pathways. They should also explore the connection between gut dysbiosis and oral
disease. The cutting-edge methods such as Al- based method and integrative omics is used to detect
metabolic biomarkers and microbial growth that are responsible for oral disease. The
personalization techniques are used for better therapeutic action. Moreover, rigorous clinical trials
are necessary to validate safety and efficacy of treatment. A comprehensive collaboration of
pharmaceutical science, gastroenterology, stomatology and Al offers controlled microbiome
ecology as a standard element of future oral healthcare (33).

7. Conclusion

The gut microbiome maintained oral health by modulating immune system, metabolism and
microbial diversity. Gut dysbiosis is mainly caused by pharmacological factors (propagates
inflammation and immune imbalance) and lifestyle. The oral diseases are linked to inflammatory
factors that involve microbial translocation, cytokine signalling and short-chain fatty acids that
recognized as gut-oral axis. The treatment of oral disease by regulating gut microbiome may be
done by microbiome-based therapy, dietary modulation and use of probiotics and prebiotics. This
therapy recovers microbiome balance and maintains gut-oral axis. Combining this advancement
with personalized medicine, multi-disciplinary and integrative omics therapies will signify a
transformative and scientifically critical path for future clinical pharmacy and oral healthcare.
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