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ABSTRACT 

Background: Oral squamous cell carcinoma (OSCC) represents more than 90% of all 
oral cancers. Among the known risk factors, periodontal diseases are a significant 
contributor to OSCC development. The balance between the various components of 
the oral microbial community contributes to oral and systemic health, while an altered 
balance leads to dysbiosis, with an excessive growth of pathogens. The OSCC micro-
biota is characterized by increased expression of genes related to bacterial chemotaxis, 
flagellar assembly, lipopolysaccharide biosynthesis and the metabolism of cofactors and 
vitamins. 
Objective: The production of carcinogens, induction of an immune-mediated inflam-
matory response or immune suppression, cell proliferation and anti-apoptotic activity 
represent the mechanisms of oral microbe-mediated carcinogenesis. Interventions 
aimed at modifying the oral microbiota for inhibiting the development of OSCC should 
be performed; polyphenols and probiotics have demonstrated promising opportunities 
in cancer models and patients. 
Design: We performed an extensive search on the link between OSCC and the oral 
microbiota accessing the main scientific databases. 
Results: The aim of the present review is to describe the role of the oral microbiota in 
health and disease, including OSCC development, and its relationship with oral bacteria. 
Emphasis should also be placed on antibiotics, which may represent an additional risk 
factor for oral cancers. Interventions with natural products will be illustrated. 
Conclusions: Current literature show a clear role of the oral microbiota in determining 
and control the evolution of OSCC. Specific interventions on the oral microbiota will 
help the prevention and management of OSCC in the next future. 

KEY MESSAGES 

• Oral microbiota is a complex biological niche, and its dysbiosis contributes to the 
pathogenesis of many diseases by promoting chronic inflammation, epithelial 
dysregulation and immune evasion, also creating a microenvironment where occurs 
production of carcinogenic metabolites (i.e. acetaldehyde from ethanol metabolism), 
leading to DNA damage and genomic instability in oral epithelial cells, increasing 
the risk of tumor initiation and progression. 

• Specific bacterial species such as Porphyromonas gingivalis and Fusobacterium nucle-
atum have been implicated in the development of oral squamous cell carcinoma 
(OSCC) through their ability to modulate host cell signaling pathways, including 
those involved in cell proliferation, apoptosis inhibition and metastasis. 
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• Some specific microbial signatures in oral microbiota have been identified in both 
saliva and tumor tissues of OSCC patients, suggesting that they may serve as non- 
invasive biomarkers for early detection and diagnosis of OSCC. In addition, emerging 
research data show that nutraceuticals and probiotics may help restore microbial 
balance, reduce inflammation and inhibit carcinogenic pathways, indicating their 
potential role in the prevention and supportive therapy of OSCC. 

Introduction 

Oral cancers rank 16th among malignant tumors, with oral squamous cell carcinoma (OSCC) representing 
more than 90% of oral cancers [1]. 

Genetics, microbes, alcoholism, smoking and chewing betel are major etiologic factors accounting for 
the development of OSCC [2–4]. In this context, much emphasis has been placed on periodontal diseases 
as an important risk factor for OSCC development [5]. 

Under homeostatic conditions, the complex of buccal bacteria constitutes the so-called oral microbiota, 
which contributes to local health and protects the host from external and internal invaders [6]. The oral 
mucosa harbors various bacterial species, and among them, Streptococcus, Actinomyces, Neisseria, 
Porphyromonas, Prevotella, Capnocytophaga, Fusobacterium and Veillonella are the major ones [7]. 
Oral bacteria are not uniformly distributed in the mouth. For instance, on the tongue, the main 
commensals are Streptococcus salivarius, Rothia mucilaginosa and Eubacterium [8]. On the hard palate, 
S. mitis, S. infantis, Granulicatella elegans, Gemella hemolysans and Neisseria subflava are the main 
bacterial species [9]. 

A correct balance between the various oral microbial populations contributes to oral health, while an 
altered equilibrium leads to dysbiosis. Dysbiosis can be defined as an excessive growth of pathogenic 
microorganisms, which can lead to various diseases, including periodontal disease, especially when specific 
genetic polymorphisms are expressed [10]. Periodontal disease is a chronic inflammatory pathology 
characterized by a functionally proinflammatory bacteriome of the oral cavity, which may lead to oral 
cancer development [11]. In this respect, the microbiota of OSCC is mainly composed of Porphyromonas 
gingivalis, Fusobacterium nucleatum, F. periodontium, Pseudomonas aeruginosa, Campylobacter rectus, 
C. showae, Peptostreptococcus stomatis, P. micros and Catonella morbi, while Streptococcus, Veillonella 
and Rothia are less abundant in cancer tissue [12–14]. Interestingly, 16S rDNA sequencing on OSCC 
microbiota revealed an increase in genes related to bacterial chemotaxis, flagellar assembly, lipo-
polysaccharide (LPS) biosynthesis, and the metabolism of cofactors and vitamins [15]. 

The mechanisms of oral microbial-mediated carcinogenesis can be attributed to (I) the production of 
carcinogens (i.e. nitrosamines, sulfides, oxides and acetaldehyde); (II) the bacterial-induced inflammatory 
immune response, as well as immune suppression; and (III) cell proliferation and antiapoptotic activ-
ity [16]. 
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Interventions aimed at modifying the OSCC microbiota are in the initial phase. In general, lactic acid 
bacteria have been shown to promote apoptosis, increase the numbers of cytotoxic T cells and improve 
tumor-suppressing gene expression [17]. Given their beneficial effects, such as antioxidants, anti- 
inflammatory and antibacterial activities, polyphenols represent promising opportunities for the treatment 
of oral diseases, including cancer [18]. Other potential therapies for OSCC are based on bacteria-mediated 
therapy, which more easily reaches and infiltrates the tumor tissue [19]. 

The aims of the present review are to describe the oral microbiota function and mechanisms of 
dysbiosis, which may account for the development of OSCC. Finally, emphasis should be placed on 
potential new treatment of OSCC based on the modification of the altered oral microbiota by natural 
products and the enhancement of the antitumor immune responsiveness. 

Oral microbiota dysbiosis 

Oral dysbiosis has been associated with the development and progression of OSCC [20]. In this context, 
genetic factors, scarce oral hygiene, tobacco smoking, psychological stresses and chewing betel strongly 
favor the association between oral pathogens and OSCC [21]. Periodontitis-correlated taxa is significantly 
increased in the OSCC microbiota [22]. In particular, the major components of the OSCC microbiota are 
P. gingivalis, F. nucleatum, F. periodonticum, F. mortiferum (formerly C. rectum), P. aeruginosa, C. 
showae, P. stomatis, P. micros and C. morbi, with a decrease in Streptococcus, Veillonella and Rothia 
[23–25]. Furthermore, F. nucleatum can clot with P. gingivalis, contributing to the growth of the latter 
through the generation of a reduced capnophilic environment [23]. Additionally, cooperation between F. 
periodonticum and F. nucleatum has been documented in tumor progression [22]. 
Notably, recent phylogenetic studies on F. nucleatum showed that it should be subdivided into five 
subspecies (i.e. F. nucleatum subsp. animalis, F. nucleatum subsp. fusiforme, F. nucleatum subsp. 
nucleatum, F. nucleatum subsp. polymorphum and F. nucleatum subsp. vincentii), of which the species 
involved in OSCC appears to be F. nucleatum subsp. polymorphum, clade 2 [26]. 

Moreover, hydrogen sulfide-producing bacteria, i.e. F. naviforme, N. flavescens and Solobacterium 
moorei can promote invasion in OSCC via the production of reactive oxygen species (ROS) and 
degradation of type 4 collagen [27]. 

The location of OSCC influences the composition of the respective oral microbiota, in particular 
Capnocytophaga gingivalis, R. mucilaginosa and Prevotella intermedia, which are very abundant in the 
lining mucosa, tongue and gingiva [28,29]. These bacteria secrete proteases, degrade the extracellular 
matrix as well as physical barriers, downregulate the immune response and ultimately promote the onset 
and progression of cancer [30]. 

The 16S rRNA gene amplicon sequencing techniques have contributed to a better understanding of 
microbiota dysbiosis in OSCC [31]. 

Saccharolytic and acid-tolerant bacteria, such as Prevotella melaninogenica, Staphylococcus (S.) 
aureus, Veillonella parvula and Micrococcus have been detected in OSCC [32]. In another study, the 
16S rRNA gene sequencing of the V1–V3 regions from OSCC tissue specimens revealed the presence of an 
inflammatory bacteriome composed of F. nucleatum, P. aeruginosa and C. concisus [33]. In addition, a 
single-cell-based RNA sequencing method named INVADE reported an intratumoral microbial heteroge-
neity in OSCC patients, with Fusobacterium and Treponema spp. both involved in cancer progression 
[34]. Finally, a machine learning-based study revealed the presence of the bacterial genera Prevotella, 
Stomatobaculum and Bifidobacterium in OSCC patients, which correlated with the metastatic involve-
ment of regional lymph nodes [35]. 

The oral microbiota dysbiosis in patients with OSCC is outlined in Table 1. 

Pathogenesis and outcome of the oral dysbiosis-mediated OSCC 

Oral potentially malignant disorders (OPMDs) are involved in the development of more than 80% of oral 
cancers [36]. Among OPMDs, oral leukoplakia (OLK), erythroplasia and lichen planus are major 
precancerous lesions [37]. In OLK, the oral microbiota is enriched in Fusobacterium spp., Bacteroidota 
and Bacillota phyla, which are also detected in OSCC patients [38]. Moreover, certain periodontal 
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pathogens, such as F. nucleatum, P. intermedia and P. gingivalis, have been detected in both OLK and 
oral cancers, with R. mucilaginosa less abundant in OSCC [39]. Despite the above data, more research is 
needed to confirm the relationship between the oral microbiota and the risk of OSCC outcome. 

From a pathogenetic point of view, different mechanisms have been invoked to clarify the role of oral 
bacteria in the development of oral cancers. 

Oral microbes produce carcinogens, i.e. nitrosamines, sulfides, oxides and acetaldehyde, which can 
interfere with DNA replication via binding to chemical bonds in the DNA, ultimately leading to 
tumorigenesis [40]. The activation of specific signaling pathways, such as the NF-kB, NrF2 and TLRs 
takes place in the above pathogenic mechanisms. This last feature has mostly been observed in oral 
Candida albicans infections, characterized by the presence of Candida in precancerous lesions. 
Furthermore, certain oral organisms, e.g. Streptococcus, Rothia, P. gingivalis, Neisseria, Candida and 
other yeasts can metabolize ethanol to acetaldehyde, which, in turn, generates DNA protein adducts that 
are linked with point mutations, chromosomal aberrations, and impaired normal DNA replication [41]. 
Moreover, some oral bacteria (P. gingivalis, P. intermedia and F. nucleatum) generate ROS, as well as 
volatile sulfide compounds, which contribute to tumor invasion, angiogenesis and metastasis [42,43]. 

The oral microbiota can promote cancer development via cell proliferation and anti-apoptotic activities. 
For instance, P. gingivalis facilitates OSCC proliferation, upregulating cyclin D1 expression, thus 

accelerating the G1 phase of the cell cycle [44]. This effect is achieved through the miR-21/PDCD4/AP- 
1 negative signaling pathway. Furthermore, F. nucleatum causes DNA damage and promotes cell 
proliferation through the Ku70/p53 pathway in oral cancers [45]. Additionally, F. nucleatum generates 
elevated levels of putrescine, which promotes the malignant proliferation of esophageal squamous cell 
carcinoma [46]. Additionally, F. nucleatum quenches the cytotoxic activity of NK cells via Siglec-7 
signaling, facilitating immune evasion [47]. Oral dysbiosis contributes to the OSCC pathogenesis through 
the production of pro-inflammatory cytokines and ROS. In a dysbiotic milieu, several pathogens contrib-
ute to oral damage, ultimately leading to OSCC development [48]. 

With special reference to P. gingivalis, this bacterium reduces host cell apoptosis by targeting heat- 
shock protein 27 [49]. Additionally, P. gingivalis can abrogate the pro-apoptotic protein BAD through Akt 
in primary gingival epithelial cells [50]. Another study reported that Fusobacterium promotes oral cancer 
progression by overexpressing MYC and the JAK1/AKT/STAT3 pathway [51]. Other authors reported that 
Treponema denticola facilitates OSCC development through the transforming growth factor-β (TGF-β) 
signaling pathway [52]. 

Another important pathogenetic mechanism elicited by oral microbiota dysbiosis is the subversion of 
the buccal immune system. First, the altered oral microbiota triggers a robust inflammatory response 
either locally or systemically. In this context, bacterial LPS or endotoxins, which are among the main 
components of the outer membrane of the cell wall of Gram-negative bacteria, bind to the TLR-4 on the 
surface of macrophages, with the release of pro-inflammatory cytokines, chemokines, phospholipase A2, 
prostaglandins and acute phase proteins [53,54]. For instance, the release of interleukin (IL)-1β induces 
angiogenesis and cancer progression by activating endothelial cells, with the release of vascular endothelial 
growth factor (VEGF) and tumor necrosis factor (TNF)-α as proangiogenic substances [55]. Furthermore, 
IL-1β promotes tumor invasiveness and aggression, decreasing E-cadherin expression while enhancing 
matrix-metalloproteinase (MMP)-9. Additionally, IL-6 exerts pro-tumorigenic activities, inducing oxida-
tive stress and mitochondrial damage. 

Table 1. Oral microbiota composition in patients with OSCC. 
• High numbers of Capnocytophaga gingivalis, Rothia mucilaginosa and Prevotella. intermedia in the lining mucosa, tongue and gingiva. These 

data are derived from Yang et al. (2021), who examined 65 samples from 23 OSCC patients via DNA extraction, PCR and 16S rRNA [ 29]. 
• Identification through the 16S rRNA gene amplicon sequencing techniques of Prevotella melaninogenica, Staphylococcus aureus, Veillonella 

parvula, and Micrococcus, as well as detection of an inflammatory bacteriome composed by Fusobacterium nucleatum, Pseudomonas aeruginosa, 
and Campylobacter concisus. These data are derived from Perera et al. (2006) and Hooper et al. (2018), who examined 20 OSCC patients via DNA 
extraction [ 12, 33]. 

• Identification of Fusobacterium nucleatum, and Treponema sp. through a single-cell-based RNA sequencing method (INVADEseq), both 
accounting for cancer progression. Such data are derived from those of Galeano Niño et al. (2022), who examined 44 tissue samples from 
11 individuals with OSCC [ 34]. 

• Involvement of Prevotella, Stomatobaculum, and Bifidobacterium in the metastatic spreading to regional lymph nodes. Such data are derived 
from Eun et al. (2021), who studied 54 OSCC patients via LEfSe analysis at the genus level [ 35]. 
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Several oral anaerobes form slimes (i.e. Prevotella spp., Treponema spp. and Capnocytophaga spp.) 
that are capable of driving chronic inflammation and impairing immune clearance [56]. Recently, it has 
been reported that these microorganisms can suppress both antigen presentation and phagocytosis, 
polarizing macrophages toward the M2 phenotype and recruiting suppressor cells via IL-6, CXCL2 and 
CCL5 signaling [57,58]. 

Oral bacteria can also favor tumor escape from immunosurveillance. P. gingivalis suppresses the 
cytolytic function of CD8 + T cells, upregulating PD-L1 expression in dendritic cells DCS through Akt- 
STAT3 signaling [59]. In addition, outer membrane vesicles and peptidoglycans from P. gingivalis induces 
PD-L1/PD-L2 expression on tumor and immune cells through RIP2-mediated pathways, fostering T-cell 
exhaustion and Treg expansion [58]. Additionally, P. gingivalis increases Foxp3 + T regulatory (TRG) 
cells, with the release of IL-10, which, in turn, suppresses antineoplastic T-cell function and transforms 
monocytes into suppressor DCs [60]. In the same direction, P. gingivalis upregulates the immune 
checkpoint B7H-4 and lysine demethylation 5B, thus favoring tumor immune escape [61]. On the other 
hand, F. nucleatum exerts immune suppression in diverse ways, interacting with TIGIT, an inhibitory 
receptor on natural killer (NK) cells, while promoting M2 polarization of macrophages, a suppressive 
cellular subset [62–64]. 

Regarding the oral microbiota-mediated immune enhancement, evidence has shown that P. gingivalis 
could activate IL17 + gamma-delta T cells through the STAT3 pathway, thus leading to infiltration of M2- 
tumor-associated macrophages into OSCC [65]. 

In addition, F. nucleatum promoted OSCC progression through M2 polarization because of the 
crosstalk between OSCC cells and macrophages [66]. 

Studies on the intra-tumoral microbiota in oral cancers have demonstrated an immunosuppressive 
profile, which may favor tumor immune escape [67]. 

The major pathogenetic events during OSCC progression are depicted in Figure 1. 

Impact of the oral microbiota on the cancer therapy 

The role of the oral microbiota in cancer therapy outcomes has been poorly investigated. Instead, a body of 
evidence suggests the role of the gut microbiota in the efficacy of cancer therapy, which will be discussed in 
the next paragraphs. 

Figure 1. Bacterial pathogenesis of OSCC development. The oral microbiota promotes OSCC progression by producing 
carcinogens, promoting cell proliferation, inflammation and suppressing the antitumor immune response. 
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Pan-cancer analyses showed how oral microorganisms can amplify TLR/NF-κB/STAT3 signaling, 
stimulating the process of epithelial–mesenchymal transition and angiogenesis, also generating immuno-
modulatory metabolites that increase regulatory T-cell activity [68]. According to recent literature, the 
clinical relevance of these mechanisms correlates with a poor immune infiltration of tumors as well as with 
the failure of therapies based on immune checkpoint inhibitors [69]. 

A report documented that oral F. nucleatum, Bacteroides fragilis and Escherichia coli improved the 
adoptive cell therapy in colorectal cancer patients, increasing the T cytotoxic cell immune response [70]. 
Furthermore, Heshiki and coll. [71] demonstrated that B. xilanisolvens and B. ovatus, as components of 
the gut microbiota, improved the efficacy of chemotherapy in a heterogeneous cohort of cancer patients. In 
the same paper, it was reported that the administration by gavage of B. xilanisolvens and B. ovatus to mice 
under erlotinib therapy induced the expression of CXCL9 and interferon-γ, reducing the tumor volume by 
46% in comparison with controls. Additionally, gut microbes could enhance the cyclophosphamide effects 
in cancer [72]. Accordingly, cyclophosphamide administration was shown to mediate the translocation of 
Gram-positive bacteria to secondary lymphoid organs, with the expansion of T helper(h) 17 and memory 
Th1 cells, contributing to cancer cell destruction. However, abrogation of these T cell subsets by antibiotic 
treatment induced resistance of cancer cells to cyclophosphamide in mice, which was partially restored by 
the adoptive transfer of Th17 cells. 

A special reference is cancer radiotherapy; indeed, it generates harmful effects on the host, especially on 
nearby cells and immune cells. Notably, researchers have speculated that the gut microbiota may enhance 
the immune response in cancer patients under radiotherapy [73,74]. 

Immune checkpoint blockers are monoclonal antibodies for human use that act against molecules, i.e. 
PD-1, PD-L1 or CTLA-4, which inhibit the antitumor immune responsiveness [75,76]. Various gut 
bacteria have been shown to potentiate checkpoint inhibitor immunotherapy, such as Bifidobacterium 
spp., Enterococcus hirae and Akkermansia muciniphila, whose fecal levels were very high in cancer 
patients who respond well to such treatment [77,78]. In lung cancer patients treated with anti-PD-1 
monoclonal antibodies, Segatella copri (formerly Prevotella copri), B. longum and Alistipes putredinis 
were the major bacteria in responders, along with a greater number of NK cells and memory 
CD8 + cytotoxic T cells in the periphery [79]. Furthermore, A. muciniphila and Bifidobacterium spp. 
or fecal microbiota transplantation reinforced the PD-1-based immunotherapy in cancer patients and 
improved antigenic presentation by DCs and, consequently, the T cytotoxic response [80]. Moreover, in 
melanoma patients treated with ipilimumab, the gut levels of Barnasiellaceae, Bacteroidaceae and 
Rikenellaceae were associated with resistance to colitis, while intestinal level of Faecalibacterium was 
related to a more beneficial outcome [81,82]. 

In recent years, bacteria-mediated tumor therapy has started, using non-pathogenic obligate anaerobes 
and facultative anaerobes, which can infiltrate and selectively replicate in the context of solid tumors, 
transport and amplify genes encoding pro-drug converting enzymes, toxins, angiogenesis inhibitors and 
cytokines [83,84]. Clinically, in a phase I trial, Salmonella typhimurium expressing cytosine deaminase 
was intratumorally administered in combination with 5-fluorocytosine (5-FC) to patients with advanced 
or metastatic cancer, followed by oral administration for 15 days; then, the determination of bacterial 
persistence and 5-FC levels in the tumor was measured [85,86]. 

Until now, no evidence of bacteria-mediated tumor therapy in OSCC patients has been reported, even if 
this tumor is very accessible to treatment at the site. Therefore, more research is needed in this 
specific field. 

Attempts to normalize oral dysbiosis with natural products 

In recent years, efforts have been made to prevent and treat oral diseases with nutrients. Among them, 
polyphenols have been found to promote human oral health [87–89]. Dietary polyphenols are commonly 
found in fruits, vegetables, cereals and beverages, such as red wine, tea, coffee and cocoa [90,91]. 
Polyphenols are classified as flavonoids and non-flavonoids, with the former categorized into flavanols, 
flavanones, flavonols, flavones, isoflavones, anthocyanins and proanthocyanidins, and the latter sub- 
grouped into caffeic acid, lignans, and stilbenes (resveratrol) [92,93]. Polyphenols are endowed with a 
series of beneficial effects on the host, including antioxidant, anti-allergic, anti-inflammatory, antitumoral, 
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antihypertensive and antimicrobial effects [94,95]. In detail, red wine polyphenols have been shown to act 
in vitro on human monocytes with the release of NO, which seems to protect people from cardiovascular 
risk [96]. In terms of infectious events, in vitro experiments have demonstrated that polyphenols inhibit 
the binding of LPS to TLR-4 on human monocytes by steric hindrance, thus reducing cellular activation, 
and ultimately the release of inflammatory mediators [97]. 

Furthermore, in vitro polyphenols inhibit the LPS-mediated expression of NF-kB in human monocytes, 
thus reducing the production of pro-inflammatory cytokines [97]. Notably, polyphenols can induce the 
in vitro expansion of Foxp3 + TREG cells, with the production of the anti-inflammatory cytokine, IL-10, as 
also demonstrated in patients with nickel-mediated contact dermatitis [98,99]. In view of their anti- 
inflammatory, antioxidant, and immunomodulating properties, polyphenols have the potential to correct 
oral dysbiosis. In this respect, there is evidence that certain molecules, i.e. chlorogenic acid, prenylated 
flavonoids, theaflavins, baicalein and proanthocyanidins, exert antimicrobial activity against periodontal 
pathogens, e.g. P. gingivalis, S. aureus, S. mitis, F. nucleatum and Aggregatibacter actinomycetemcomi-
tans [100,101]. In detail, Orophenol®, which is composed of polyphenols derived from berries could 
suppress the production of ROS by oral keratinocytes stimulated by P. gingivalis, thus reducing the 
damage provoked by this pathogen [102]. Additionally, polyphenols extracted from the pomace of the 
Croatina grape variety, as well as from Lonicera caerulea berries, in vitro exhibited antioxidant activity, 
reduced macrophage activation, intracellular glutathione depletion, and lipid peroxidation in LPS-treated 
cells [103,104]. Furthermore, the impact of polyphenols on the inflammatory reaction in periodontitis has 
been the subject of intensive research. In vitro, cranberry PACs mitigated inflammation, reducing the 
levels of IL-1 beta, IL-6, IL-8 and TNF-α through downregulation of the MAPK-A1 pathway, NF-kB 
expression and the secretion of MMP-3, MMP-8 and MMP-9 [105,106]. The combination of resveratrol 
and silymarin also decreased the release of IL-6, IL-8 and TNF-α from human-cultured fibroblasts [107]. 
Red wine polyphenols reduce the inflammatory process and bone resorption in rat apical periodontitis, 
modifying the expression of osteoprotegerin, IL-10 and tartrate-resistant acid phosphatase [108]. 

Clinically, mouthwash with fermented lingonberry juice for one year reduces inflammation in the oral 
mucosa and the loss of bone and periodontal tissues in patients with periodontitis [109]. PAC administration in 
patients with stage III-IV periodontitis resulted in an improvement in mild pockets and an increase in salivary 
MMP-3 [110]. Additionally, oligomeric PACs are effective in preventing human gingivitis [111]. 

In agreement with the aims of the present review, several effects of polyphenols against OSCC 
development have been reported [112]. Green and black tea polyphenols decreased tumor incidence 
and tumor bulk in experimental models of OSCC [113–115]. The administration of PACs reduced the 
proliferation of OSCC cells after transfection with human papillomavirus (HPV)-16 [116]. In terms of 
mechanisms of action, anthocyanins from black rice inhibited the metastasis of human oral cancer cells, 
CAL 27 cells, through reduced expression of MMP-2, MMP-9 and NF-kB p65 [117]. Additionally, 
epigallocatechin-3-gallate (EGCG) stopped the invasion of human oral cancer cells, inhibiting the 
expression of MMP-2, as did urokinase-plasminogen activator [118]. EGCG also inhibited the in vivo 
tumor growth of SCC-9 cells in a murine model [119]. A randomized placebo-controlled phase 1 trial 
based on the administration of APG-157, enriched in polyphenols, even including curcumin, to oral cancer 
patients demonstrated that polyphenols were absorbed, with a drastic reduction of IL-1β, IL-6 and IL-8 in 
the saliva, and of Bacteroides species [120]. 

The above-cited data suggest that polyphenols may exert chemopreventive and therapeutic activities 
against OSCC; however, further studies are needed to develop effective delivery systems, given the 
unfavorable physicochemical properties of polyphenols. 

Recently, encapsulation has been a novel technique to coat polyphenols, enhancing their bioavailability 
and functions. In particular, liposomes and nanoparticles have been used to encapsulate polyphenols, 
showing an enhanced ability to enter cells and perform their biological activities [121,122]. 

Other natural products with antineoplastic effects against OSCC are probiotics. 
Probiotics are defined as live organisms that offer protection to the host when they are administered in 

adequate amounts [123]. 
Among the various activities displayed by probiotics, the most important are the modulation of gut 

microbiota components, elimination of pathogens, immunomodulation, epithelial cell proliferation and 
differentiation of the epithelial barrier [124,125]. 

JOURNAL OF ORAL MICROBIOLOGY 7 



The impact of probiotics on the oral cavity has been investigated. Importantly, to manipulate the 
periodontal microbiota, probiotics should adhere to and colonize the oral mucosa, where they participate 
in the oral biofilm formation [126,127]. In detail, the synbiotic Lacticaseibacillus rhamnosus GG/L- 
arginine inhibited the growth of S. mutans while allowing longer survival and adherence of LGG in the 
oral cavity [128]. Additionally, a combination of prebiotics (xylitol, arabinose and xylose) with probiotics 
(Limosilactobacillus fermentum, Lactiplantibacillus plantarum and Lacticaseibacillus paracasei) could 
reduce the formation of oral biofilms composed of C. albicans, S. mutans and P. gingivalis [129]. 

Few studies have been conducted on the effects of probiotics on oral cancer. In this respect, the in vitro 
effects of Lacticaseibacillus rhamnosus GG (LGG) on the HSG-3 OSCC cell line have been investigated 
[130]. In detail, LGG could enhance the anti-cancer effects of the drug geniposide (obtained from 
Gardenia jasminoides), thus supporting the use of this combination therapy in patients with OSCC. 
Furthermore, L. plantarum induced the apoptosis of oral cancer KB cells, upregulating PTEN and 
downregulating MAPK signaling pathways [131]. Another probiotic, Acetobacter syrygii, has been 
shown to exert cytotoxic effects on KB human oral cancer cells similar to those of cisplatin [132]. 
Ligilactobacillus salivarius REN suppressed rat oral cancer induced by 4-nitroquinoline 1-oxide, protect-
ing it from oxidative DNA damage [133]. 

Taken together, the above data suggest the role of probiotics in oral cancer prevention, even if more 
clinical trials are needed to confirm such a contention. 

In this framework, emphasis should be placed on the role of antibiotics in cancer development. Oral 
antibiotic abuse and misuse may lead to resistance to certain bacterial strains, causing gut dysbiosis and 
increasing the risk of cancer [134–137]. However, the impact of antibiotic use on OSCC development has 
been poorly investigated. The possible interference of antibiotics with the gut microbiota composition and 
development of OSCC should be considered, including supporting therapy with probiotics [138]. 

The effects of natural products on oral microbiota pathologies are indicated in Table 2. 

Discussion and conclusions 

The oral microbiota has been demonstrated to account for OSCC development through various mecha-
nisms, including carcinogen production, suppression of cell death and the immune response, and an 
increase in angiogenesis. The development of OSCC can be attributed to several classical pathogens, even if 
contradictory results have been obtained owing to different detection methodologies and techniques. For 
example, the use of 16S rRNA sequencing to detect the oral microbiota may be restrictive because of its 
small sample size. Therefore, alternative methods for quantitative detection are needed, such as LDA effect 
size analysis, fluorescent quantitative PCR, and flow cytometry. 

Two hypotheses have been formulated from a pathogenic point of view: bacteria are the first trigger of 
OSCC development, or oral lesions attract bacteria. Therefore, an in vitro approach using cultured cell 
lines or long-term cohort studies is needed to clarify such a controversy, offering a more complete view of 
both the microbiological and clinical features of OSCC. 

Notably, certain viruses are considered key factors in oral cancer, but their role remains unclear and is 
not discussed in this review. Certain viral genomes (e.g. those of HPV-16 and Epstein-Barr virus (EBV)) 

Table 2. Effects of natural products on oral microbiota and related pathologies. 
POLYPHENOLS: 
• Antibacterial activity against P. gingivalis, S. aureus, S. mitis, F. nucleatum, and Aggregatibacter actinomycetemcomitans by chlorogenic acid, 

prenylated flavonoids, theaflavins, baicalein, and proanthocyanidins (PACs). 
• In vitro reduction of ROS production, antioxidant activity, macrophage activation, and LPS-mediated lipid peroxidation by Orophenol®, a 

mixture of polyphenols from the pomace of Croatina grape, and L. caerulea berries. 
• Mitigation of periodontitis in vitro models by PACs, resveratrol plus silymarin, and red wine polyphenols. 
• In patients with periodontitis, a reduction in the inflammatory process with fermented lingonberry juice mouthwash or PAC administration. 
• In experimental models of OSCC, a reduction in tumor bulk, cancer cell proliferation, and metastatic spread by PACS and EGCG. 
• In a phase I trial in patients with oral cancer, a reduction in proinflammatory cytokines and Bacteroides spp. 
PROBIOTICS: 
• Prevention of oral biofilm formation, and periodontal disease with reduced risk of cancer by synbiotics L. rhamnosus GG plus arginine, L. 

fermentum, L. plantarum, and L. paracasei plus xylitol, arabinose, and xylose. 
• L. rhamnosus GG-mediated enhancement of the drug geniposide. 
• L. plantarum and Aerobacter syringae mediated the apoptosis of oral cancer KB cells. 
• L. salivarius REN-mediated suppression of rat oral carcinogenesis induced by 4-nitroquinoline 1-oxide. 
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have been repeatedly detected in OSCC tissues and were considered oncogenic factors because of their 
potential ability to induce oncogenic transformation. 

However, the causal relationship between these viruses and oral carcinogenesis remains unclear because 
OSCC has a multifactorial etiology, and epidemiological data are inconsistent. Furthermore, the molecular 
events linking viral infection to malignant transformation in oral tissues are not fully defined. 

For these reasons, the potential role of viruses in oral cancer has been acknowledged by many 
researchers but is often excluded because stronger evidence is needed to confirm their involvement. 

Polyphenols, probiotics and bacteria-mediated cancer therapy exhibit some beneficial effects in vitro 
and in vivo in experimental models, while clinical trials are still scarce to understand the effectiveness of 
these interventions in OSCC patients. In this regard, these novel therapeutic interventions may enhance 
traditional treatments and/or reduce side effects for a better comprehension of the theme; these important 
aspects should be explored. 
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