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The human oral microbiome has emerged as a focal point of research due to its profound implications for human

health. The involvement of short-chain fatty acids in oral microbiome composition, oral health, and chronic

inflammation is gaining increasing attention.  Locally, SCFAs are a part of normal oral microbiota metabolism, but

the increased formation of SCFAs usually attribute to dysbiosis; excess SCFAs participate in the development of

local oral diseases and in oral biota gut colonization and dysbiosis. On the other hand, a number of studies have

established the positive impact of SCFAs on human health as a whole, including the reduction of chronic systemic

inflammation, improvement of metabolic processes, and decrease of some types of cancer incidence. Thus, a

complex and sophisticated approach with consideration of origin and localization for SCFA function assessment is

demanded.
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1. Introduction

Increased levels of SCFAs have been linked to the development of numerous oral diseases, including dental

caries, periodontitis, oral cancer, and various viral infections . SCFAs take part in the regulation of bacterial

growth by reshaping the microbiome structure, thereby promoting the proliferation of predominantly periodontal

pathogens. Furthermore, specific SCFAs contribute to the formation of biofilms on the oral cavity’s surface . The

mentioned harm inflicted on oral tissues, primarily by butyrate and propionate, also contributes to the progression

of oral diseases. A common underlying mechanism associated with oral lesions involves an intensified

inflammatory response and heightened oxidative stress . Acetate, propionate, and butyrate have been identified

as ligands for transmembrane G-protein receptors known as FFAR2 (GPR43), FFAR3 (GPR41), and GPR109a .

These receptor types are expressed in cells throughout the body and serve various functions. Among the diverse

SCFAs, FFAR2 shows a preference for acetate and propionate as ligands, while FFAR3 primarily binds to butyrate.

For instance, one of the functions of FFAR2 is to signal about excess energy intake, inhibit insulin signaling in

adipocytes, and thus reduce fat accumulation in adipose tissue . Also, activation of FFAR3 induces changes in

the hematopoietic activity of the bone marrow, characterized by an increased production of macrophages and

dendritic cell precursors. As a result, highly phagocytic dendritic cells can infiltrate the lung tissue during allergic

inflammation, for instance, where they establish the immune microenvironment and influence the severity of the

reaction . Notably, within the context of the oral cavity, the FFAR2 receptor is expressed in various immune cell

types, including monocytes, neutrophils, eosinophils, and regulatory T cells (Treg). The finding that FFAR2
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activation, particularly through SCFA administration such as acetate, confers resistance against several bacterial

and viral infections is of particular significance .

Describing the contribution of SCFAs to the pathogenesis of oral cavity diseases, it should be considered that they

are generally multifactorial pathologies, and SCFAs participate in the development of the diseases as an element

of the sophisticated pathological chain consistent with the list of numerous factors working in joint action.

2. SCFAs and Dental Caries

Dental caries, a chronic infectious disease, results in the demineralization of dental hard tissues. This

demineralization arises from a complex interplay between the resident flora and fermentable carbohydrates found

in plaque . The pathological processes associated with caries involve numerous microorganisms, including

Actinomyces gerencseriae, Bifidobacterium, S. mutans, Veillonella, S. salivarius, S. constellatus, S. parasanguinis,

and Lactobacillus fermentum .

The extent of contribution by oral bacteria to dental caries hinges on metabolic pathways that encompass the

absorption and metabolism of carbohydrates, including the production of SCFAs. Among these microorganisms, S.

mutans plays a pivotal role as a major initiator of dental caries. This is due to its capacity to synthesize

exopolysaccharides, metabolize carbohydrates into organic acids, particularly lactic acid, and maintain a low pH

environment within the oral cavity . SCFAs, as organic acids, also contribute to the environment conducive to

the proliferation of acidogenic bacteria. On the other hand, the most relevant producers of SCFAs in the oral cavity

are generally periodontal pathogens such as P. gingivalis and F. nucleatum. These bacteria compete with the main

saccharolytic bacteria and actually increase the pH of the environment through amino acid metabolism, whereas

they also directly inhibit the growth of cariogenic bacteria caused by SCFAs .

Studies centered on oral biofilms have revealed that acetate, propionate, and butyrate exhibit effective inhibitory

activity against the formation of S. gordonii biofilms . Furthermore, research has demonstrated that Lactobacillus

casei possesses the capability to suppress the growth of S. mutans, including the conversion of lactate into acetate

. While it has been hypothesized that Veillonella’s conversion of lactic acid, produced by streptococci, into less

potent acids like acetic acid may reduce the host’s susceptibility to caries, experimental evidence supporting this

notion is lacking. Conversely, a molecular study suggests that Veillonella coexists with Streptococcus in carious

lesions . Understanding the complex relationships between oral bacteria and their metabolic pathways is

essential for developing effective strategies for dental caries prevention and management.

3. SCFAs and Periodontitis

Periodontitis is a chronic inflammatory disease characterized by the destruction of the alveolar bone and

periodontal tissues, leading to clinical manifestations such as deepening gum pockets and tooth loss. Early signs of

periodontitis may involve bleeding during tooth-brushing, tooth mobility during eating, and conditions like halitosis

(bad mouth odor), with additional signs emerging at later stages . The dysbiosis of the oral microbiome,
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particularly within the periodontal pocket, represents a primary factor in the pathogenesis of periodontitis . The

most important periodontal pathogens are Gram-negative rod-shaped bacteria such as P. gingivalis, P. intermedia,

T. forsithia, T. denticola, and F. nucleatum . The development of periodontal diseases is significantly influenced

by the formation of biofilms. Butyrate has been shown to stimulate fimbrilin-dependent colonization of Actinomyces

oris and promote biofilm growth in the early stages of biofilm formation . Higher expression of enzymes involved

in F. nucleatum butyrate production is observed during biofilm formation compared to planktonic growth, suggesting

the importance of butyrate as a virulence factor for certain bacteria . SCFA-producing bacteria such as

Porphyromonas gingivalis, Tannerella forsythia, Prevotella intermedia, and Treponema denticola also contribute to

the multi-species expansion of biofilms . Research has demonstrated significant alterations in local

concentrations of SCFAs among subjects with periodontitis. Specifically, in the gingival crevicular fluid of individuals

with chronic periodontitis, notably higher levels of propionate (11.68 ± 8.84 vs. 5.87 ± 3.35 mM) and butyrate (3.11

± 1.86 vs. 1.10 ± 0.87 mM) have been observed when compared to their healthy counterparts. Furthermore,

individuals with aggressive periodontitis exhibited elevated concentrations of acetic, propionic, and butyric acids

(26.0 versus 11.3, 8.8 versus 2.1, and 2.5 versus 0.0 mM, respectively) . The evidence suggests that

periodontal treatment leads to a reduction in the concentrations of lactic, propionic, butyric, and isovaleric acids in

the sulcular fluid, effectively returning them to levels comparable to those of a healthy control group. Although the

post-treatment concentrations of formic acid tend to increase, these effects persist for several months . Patients

with periodontitis have significantly higher concentrations of succinic, acetic, propionic, butyric, and isovaleric

acids, as well as a predominance of both P. gingivalis and T. denticola, compared to healthy individuals. The level

of SCFAs positively correlates with the number of these bacteria . In addition to the periodontal pocket, SCFAs,

including propionate and butyrate, were detected in tissue samples from the root canals during the treatment of

apical periodontitis. It should be pointed out that prior to treatment, the predominant bacterial species included F.

nucleatum and members of the Actinobacteria phylum, but after treatment, representatives of the Streptococcus

genus were prevalent . In a study on a murine periodontitis model, butyrate was shown to modulate periodontal

mechanical nociception through FFAR3 signaling, which may explain the often observed absence of pain in

periodontitis . Studies in vitro have shown that mainly acetate and butyrate, which are released in large amounts

as metabolic end products of F. nucleatum and P. gingivalis, induce human neutrophil chemotaxis and cytosolic

Ca  signals via the FFAR2 receptor . However, SCFAs in the oral cavity may not only act locally; a recent

study in rats found that butyrate injected directly into the gum was able to enter the systemic circulation and

adversely affect distant organs . To summarize, SCFAs play a critical role in periodontitis pathogenesis.

4. SCFAs and Oral Cancer

Oral cancer comprises a substantial portion of head and neck cancers, accounting for 48%, with approximately

90% of oral cancer cases being histologically classified as oral squamous cell carcinoma . Acidogenic and

aciduric species play a significant role in facilitating the invasion and metastasis of malignant cells. This is achieved

through the promotion of an acidic tumor microenvironment via acid production . Numerous in vitro studies have

underscored the significance of acidic conditions in amplifying the metastatic potential of tumor cells .

Furthermore, SCFAs have been implicated in inhibiting the development of an effective immune response against
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tumor cells. They accomplish this process by attracting myeloid suppressive cells, thus expanding the population of

immunosuppressive cells within the tumor microenvironment . Butyrate has been observed to suppress the

cytokine-induced expression of intercellular ICAM-1 on oral squamous carcinoma cells , which results in the

promotion of leukocyte transmigration to pathologically affected areas and the activation of macrophage

polarization toward the M2 tumor phenotype .

Human studies indicate a potential connection between the oral microbiota and carcinogenesis in several organs,

including the gastrointestinal tract, head and neck, oral cavity, and pancreas. Moreover, recent research on the

genera Lactobacillus and Streptococcus has identified the production of volatile sulfur compounds, SCFAs, reactive

oxygen species, reactive nitrogen species, hydrogen peroxide, and lactate, which are associated with

carcinogenesis, chronic inflammation, genomic instability, and tumor angiogenesis . Also, investigations have

shown that P. gingivalis promotes the development and progression of oral cancer by promoting oral cell

proliferation and inducing the expression of key molecules such as nuclear factor kappa B (NF-κB), IL-6, signal

transducer and activator of transcription 3 (STAT3), cyclin D1, and matrix metallopeptidase 9 (MMP-9) . The

relationship between F. nucleatum and the development of oral cancer has been extensively researched.

Epidemiological studies indicate that F. nucleatum is the most prevalent species colonizing oral mucosal sites

affected by tumors. Although F. nucleatum is positively correlated with oral cancer, the bacterium is specifically less

common in advanced cancers and is also associated with better survival . F. nucleatum is a significant producer

of SCFAs, especially propionate and butyrate, and while there has been previous evidence of F. nucleatum’s ability

to activate neutrophils via the FFAR2 pathway, there is no direct evidence of F. nucleatum’s effect on cancer

development via SCFAs . In a recent study investigating the correlation between oral microbiota, their

metabolites, and the development of different cancer types, it was discovered that cancer patients had lower levels

of Leuconostoc, Streptococcus, Abiotropia, and Prevotella. Conversely, the concentration of Haemophilus and

Neisseria increased in this group. The control group presented higher expression levels of SCFA and FFAR2, while

the cancer group had higher levels of TNFAIP8, IL6, and STAT3 . Therefore, early-stage studies suggest that

some SCFA-producing bacteria may promote cancer development in the oral cavity. However, SCFAs’ effects are

associated with possible activation of immune suppression of carcinogenesis.

5. SCFAs and Viral Disease

The oral cavity is a site of active viral replication and shedding, including human immunodeficiency viruses (HIV)

and herpesviruses, Kaposi’s sarcoma-associated herpesvirus (KSHV), and Epstein–Barr virus (EBV) . Although

these viruses are the causative agents of their respective infections, the oral microbiome can have a significant

impact on them. Disruption of host-microbial homeostasis in the epithelial tissues of the oral cavity contributes to

viral replication , which is characterized by a change in the composition of the polymicrobial community of the

oral cavity towards a dysbiotic and often pathogenic one. Consequently, the described shifting contributes to

overactivation of the immune system and inflammatory conditions. S. mutans, Lactobacillus, Candida,

Haemophilus parahaemolyticus, Actinomyces, Neisseria subflava, and Corynebacterium diphtheriae species are

more prevalent in the saliva of HIV patients, while Streptococcus mitis is less frequently found . Furthermore, the
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potential increase in opportunistic bacterial load, which can facilitate HIV reactivation and expedite the progression

of AIDS, exists in the context of AIDS-associated immunosuppression. Notably, periodontitis-associated bacteria-

produced SCFAs have demonstrated the capability to reactivate KSHV. This reactivation process is mediated

through the inhibition of histone deacetylase (HDAC) and the downregulation of various epigenetic modulators

(EZH2, SUV39H1) responsible for histone trimethylation repression. As a result, exposition of SCFAs to KSHV-

infected cells exhibits histone hyperacetylation, thereby facilitating the transactivation of viral chromatin .

Consequently, individuals afflicted with periodontal diseases may exhibit increased lytic reactivation of KSHV and a

higher risk of the development of oral Kaposi’s sarcoma. Comparable effects of butyrate were described for

Epstein–Barr virus activation .

Overall, in some medical conditions, viruses can replicate in the oral cavity, inducing complicated relationships with

the oral microbiome. SCFAs are one of the factors that determine the interaction between the virus and the

epithelial cells of the oral cavity due to immune mechanisms and epigenetic modifications.
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