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Abstract

:

The human oral cavity comprises an extensive range of microorganisms, viruses, bacteria, fungi, archaea, and protozoa, each having a particular role and interacting with each other and with the host in sickness or health. Changes in the microbiome composition can be crucial in balancing health and disease, locally and systemically. Various microbial species in commensal relationships form the oral microbiota, and when this commensalism undergoes variations the immune system can be pushed towards the activation of inflammatory and autoimmune processes. Through a systematic review of the literature, we set out to investigate the role that the oral microbiota can play in the development and evolution of pemphigus vulgaris and mucous membrane pemphigoid. We performed our systematic review by searching “microbiome OR microbiota” AND “pemphigus OR pemphigoid” on Medline, ISI Web of science and Embase, and we included randomized controlled trials (RCTs), prospective comparison studies, retrospective cohort studies, case–control studies, and case series. These autoimmune diseases need a genetic basis to develop, but as multifactorial pathologies they are influenced by environmental factors and the dysbiosis of the oral microbiota can be a trigger. If the human microbiome plays a critical role in the pathogenesis and manifestation of oral autoimmune diseases, the next step could be new and promising therapeutic approaches such as probiotics or prebiotics.
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1. Introduction


The oral cavity comprises hundreds of microbial species, presenting different relationships with the host. Several factors can influence the microbial composition, such as diet and drugs. After the gastrointestinal tract, the human oral cavity contains the second largest collection of microorganisms. The expanded Human Oral Microbiome Database (eHOMD) includes data on around 772 species of prokaryotes, with 70% of these species being able to be cultivated in a laboratory, and the remaining 30% belonging to the class of microorganisms that cannot be cultivated [1]. As of now, the process by which various species are chosen to form a healthy and advantageous microbiome in the oral cavity remains unknown. Despite significant advancements in microbiome research and a greater understanding of its alterations, a complete comprehension of the mechanisms underlying the selection of specific species that form the healthy and beneficial microbiome has yet to be achieved [2,3]. The most abundant taxonomic group of oral microbiota is bacteria. Its richness of species, its high alpha diversity, and its stability make the oral microbiome one of the human body’s most complex [4,5]. Some authors described the importance of a core oral bacteriome composed of the same group of microorganisms in the vast majority of humans. It is essential in the dynamic equilibrium between disease and health [6,7,8]. Several authors from different medical branches have also analyzed the microbiome’s alterations after disease treatment, highlighting how clinical improvement induced a partial normalization of human microbiome or how poor clinical response after treatment could be affected by microbiome [9,10,11,12]. It is necessary to underline the important effect of age, gender, and geographical (mainly focusing on westernized people) features on the human microbiome [13]. It seems that the country affects human microbiome composition [14,15]. Gastrointestinal microbiome also represents a reservoir for antimicrobial resistance genes (resistome) [16,17]. The significant phyla comprise Actinobacteria, Bacteroidetes, Firmicutes, Fusobacteria, and Proteobacteria; Streptococcus is the most prevalent genus within the oral environment [18,19]. The oral microbiome is unique to each individual and consists of different habitats within the oral cavity, each with distinct anatomic and physiologic features [20]. However, the oral microbiome is often studied as a whole entity [21]. The complexity of the oral ecosystem depends on the various aspects of its components, including the hard tissue surfaces of the teeth, the soft tissue surfaces of the oral mucosa and tongue, and the saliva. Each of these elements provides a distinct ecosystem with favorable nutrients and conditions for colonizing microbes [22,23]. Interestingly, samples taken from the same site in different individuals exhibited more similarities than those taken from different niches in the same individual [24,25]. Furthermore, the oral microbiome shows difference based on geographical features [26]. In healthy individuals, the oral virome is highly complex, consisting of a community of double-stranded DNA viruses in the saliva [27]. Bacteriophages, which are viruses that prey on bacteria, are a significant portion of the oral viruses and may play a role in regulating microbial diversity while simultaneously serving as reservoirs of pathogenic genes in the human oral environment [28]. These microorganisms live in close proximity, forming a complex relationship that results in a variety of interspecies interactions, which can be synergistic, signaling, or antagonistic [29]. Although fungi represent a minority, they are an integral part of the healthy oral microbiota. The chemical, physical, and metabolic interactions between bacteria and fungi are crucial for establishing and maintaining good oral health [30,31]. Fungi only become opportunistic pathogens under specific conditions [30,32]. A healthy oral microbiota includes about a hundred species of fungi, among which the most widespread are Candida [33], Cladosporium, Aureobasidium, Saccharomyces, Aspergillus, Fusarium, and Cryptococcus [31]. Candidiasis is mycotic infectious stomatopathy mainly caused by Candida albicans and Candida tropicalis [34]. From a clinical point of view, Candida infection can occur in various forms: pseudomembranous candidiasis, erythematous candidiasis, and hyperplastic candidiasis (following chronic infections). The most common opportunistic fungal disease in the oral cavity is chronic erythematous candidiasis; the primary causative agent of chronic erythematous candidiasis is Candida albicans (95% of cases). This commensal microorganism is present in the microbiota of about 80% of the population, but an excessive increase can transform it into a pathogen [35]. It can become an opportunistic microorganism and therefore cause infections when there is a subversion of the oral microbiota following an alteration of tissue barriers, and when the host’s immune system is weakened [36]. Among the predisposing factors for this infection, in addition to local dysbiosis, we note smoking, nutritional deficiencies, hyposalivation, use of dental prostheses, and the use of antibiotics [37]. Numerous studies have shown that C. albicans cooperates with certain bacteria that inhabit the oral microbiota, establishing synergistic relationships [38,39]. Some bacteria influence the activity of C. albicans, such as Streptococcus oralis and Porphyromonas gingivalis, which increase the expression of a gene encoding cellular adhesin in C. albicans, thus increasing its capacity for biofilm formation [40] and, therefore, the transition from yeast to hypha. Numerous studies have shown that the commensal microbiota regulates host immunity to pathogens. However, the microbiota significance in autoimmune response regulation is yet to be a topic of discussion and research. Some authors have even highlighted the correlation between the presence of oral pathogens and gastrointestinal diseases [41]. Different authors have already discussed the importance of the microbiome in autoimmune diseases, interesting other medical specialties such as gastroenterology, ophthalmology, and gynecology. Autoimmune diseases are often influenced in their pathogenesis and in their recurrence by environmental factors. Among these, several authors have discussed the role of infectious agents as causative factors [42,43]. It seems that autoimmune diseases affecting animal models and the human gut could be influenced by the decrease of short-chain fatty acids, which have an influence on intestinal homeostasis [44]. How the oral microbiome functions, when changed, has yet to be completely clear. The disruption of microbiome composition, usually resulting in surplus commensal numbers, may force the immune system toward triggering inflammatory and autoimmune processes. Shifts in the oral microbiome may play a significant part in the evolution of autoimmune diseases. The oral cavity is often the site of the onset of autoimmune diseases like pemphigus vulgaris (PV) and mucous membrane pemphigoid (MMP) [45,46]. PV and MMP are chronic autoimmune mucocutaneous diseases affecting the mucous membranes and the skin [47]. These diseases clinically appear like oral ulcers; for this reason, differential diagnosis could be challenging for the clinician [48,49]. In PV, pathogenic autoantibodies directed against desmogleins I and III, proteins contained in desmosomes, develop [50]. The union of autoantibodies and components of the desmosomes compromises intraepidermal adhesion, leading to acantholysis and the formation of vesicles, blisters, and erosions on the mucous membranes [51,52]. PV epidemiology ranges from less than 0.76 per million to 16.1 per million based on several features, with a higher incidence in Ashkenazi Jews [53]. Some authors showed a relative prevalence between pemphigoid and pemphigus ranging from 4:1 to 1:2, correlating the different rates on geographical features [54]. It is a multifactorial disease, and the influence of genetic and immunological factors on onset is well established. In addition to genetic factors, environmental factors such as drugs, stress, diet, physical trauma like ionizing radiation, UV light, thermal burns, neoplasm, and infections may induce or impact the disease. Nevertheless, most patients lack a recognized influencing factor [55,56]. MMP predominately affects the mucous membranes, frequently involving the oral mucosae, especially the gingiva. MMP gingival manifestation is known as desquamative gingivitis [46] and can culminate in scarring and considerable morbidity. The MMP is not marked by a specific serologic marker alone. In fact, different target antigens associated with the clinical phenotype of MMP have been molecularly identified: Bullous Pemphigoid 180 (BP180), Bullous Pemphigoid 230 (BP230), laminin 332, and both subunits of α6β4 integrin and type VII collagen [57,58]. Mucous membrane pemphigoid diagnoses are based on clinical, histological, and immunopathological findings [59]. The initiating factor for the autoimmune response in MMP is unknown. Based on the evidence reported in the literature, the present work investigates what could be the role of oral microbiome in the development and evolution of these oral cavity autoimmune diseases. This study aims also to analyze correlations between PV and MMP, and qualitative and quantitative modifications of the oral microbiota, such as trigger factors for the onset of these diseases, are also investigated.




2. Materials and Methods


The approach utilized in this systematic review adhered to the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [60]. To identify relevant original studies published in English, an electronic search was conducted on the MEDLINE, EMBASE, and Web of Science databases without any publication year limit up to 30 December 2022. The search terms used (MeSH terms) were “microbiome OR microbiota” AND “pemphigus OR pemphigoid”. The study population of interest included both genders with or without pemphigus vulgaris or mucous membrane pemphigoid, and the intervention was to investigate the presence of the microbiome in patients with PV or MMP. The comparison was made with patients without PV or MMP, and the outcome was to evaluate the presence of the microbiome in patients with or without PV or MMP. The study designs included randomized controlled trials (RCTs), prospective comparison studies, retrospective cohort studies, case–control studies, and case series. The quality assessment of non-randomized studies was evaluated using the Risk of Bias in Non-randomized Studies of Interventions (ROBINS I) assessment tool (Figure 1) [61]. Seven bias domains were assessed, and each was rated on a five-grade scale: low, moderate, severe, critical, and no information. This review was registered on PROSPERO with registration number CRD42023389051. Table 1 presents a summary of the results retrieved.




3. Results


In the results, the initial electronic search identified 122 results, of which 54 were duplicates, and 62 were eliminated based on the exclusion criteria after screening the titles. Two authors (AR, FF) independently screened the titles and abstracts based on the listed criteria. From the remaining six abstracts, full-text articles were obtained for all agreed upon titles, and disagreements were resolved by discussion. After the analysis of the full text two more articles were excluded because they did not meet the inclusion criteria [66,67]. Finally, four studies were included in this review. The selection process is explained in detail and graphically summarized in Figure 2, and the included studies are briefly reported in Table 1.



3.1. Risk of Bias in Individual Studies


Of the studies assessed with ROBINS-I, four studies were evaluated as moderate risk RoB and none as serious risk. This systematic review examines non-randomized studies. All of the studies provide sound evidence, and none presented a critical RoB in any domain.




3.2. Pemphigus Vulgaris


Three studies investigated oral microbiome in patients with pemphigus vulgaris, as reported in Table 1. In their study, Gireeva et al., utilized the polymerase chain reaction real-time (PCR) method to compare the qualitative and quantitative composition of gingival fluid microbiota in patients with PV during the remission and exacerbation phases. The authors not only examined the presence of periodontal pathogens, but also viruses and fungi in the oral cavity. They found that the bacterial counts of P. intermedia, T. denticola, T. forsythensis, and P. gingivalis were lower during exacerbation compared to remission, while the viral counts of Epstein–Barr virus were significantly higher during exacerbation. The authors suggest that these findings may be due to the frequent use of chlorhexidine-containing products during exacerbation, as well as a decrease in host response caused by increased doses of corticosteroids during the exacerbation phase [63]. Scaglione et al., used next generation sequencing (NGS), targeting the phylogenetically informative 16S ribosomal RNA gene for the characterization and evaluation of the oral microbiota in patients affected by PV. The authors reported the following data from seven oral mucosae samples: (i) Firmicutes (%)= 45.5 (27.1–72.6) in PV and 39.6 (32.3–73.4) in control samples; (ii) Fusobacteria (%) = 28.0 (10.4–41.6) in PV and 8.5 (1.9–13.2) in control samples; (iii) Bacteroidetes (%) = 7.2 (5.7–12.6) in PV and 28.4 (7.3–38.5) in control samples; (iv) Proteobacteria (%) = 15.2 (5.1–23.9) in PV and 13.3 (10.5–42.6) in control samples; (v) Actinobacteria (%) = 5.5 (2.8–27.0) in PV and 2.4 (1.4–5.3) in control samples [64]. Zorba et al., utilized deep sequencing of the bacterial 16S rRNA gene to analyze the microbial communities of the oral cavity in both healthy individuals and those with PV. They characterized the composition of the microbiota at the phylum, family, genus, and species levels. The results indicated that the most prevalent phyla were Firmicutes (60.0%) and Bacteroidetes (16.20%), followed by Proteobacteria (11.59%), Actinobacteria (7.24%), and Fusobacteria (3.94%). At the genus level, patients with PV showed a statistically significant increase in the abundance of Streptococcus (34.37% in patients vs. 33.30% in controls, p value = 0.006), Fusobacterium (4.51% in patients vs. 4.13% in controls, p value = 0.024), and Gemella (7.13% in patients vs. 5.80% in controls, p value = 0.030) [65].




3.3. Mucous Membrane Pemphigoid


Only one study investigated oral microbiome in patients with MMP as reported in Table 1. Arduino et al., investigated prevalence of periodontopathogenic microorganisms in patients with desquamative gingivitis, and compared this with the microbiologic status of control patients affected by plaque-induced gingivitis (pGI). In the desquamative gingivitis group, there were 14 patients with MMP. The periodontopathogenic microorganisms analyzed were: Aggregatibacter actinomycetemcomitans; Porphyromonas gingivalis; Prevotella intermedia; Tannerella forsythia; Treponema denticola; Parvimonas micra; Fusobacterium nucleatum/periodonticum; Campylobacter rectus; Eubacterium nodatum; Eikenella corrodens; and Capnocytophaga spp. (C. gingivalis, C. ochracea, C. sputigena). The authors reported higher levels of detection of F. nucleatum, E. corrodens, and Capnocytophaga spp. [62].





4. Discussion


Numerous studies have tried to find a possible association between microbiome and autoimmune diseases, like primary Sjögren’s syndrome [68,69], systemic lupus erythematosus [70], rheumatoid arthritis [71], and brain autoimmunity [72], trying to understand if a specific bacterial infection may play a role in the aetiopathogenesis of the disease [73]. Mucous membranous pemphigoid and pemphigus vulgaris are multifactorial genetic disorders. Genetic predisposition is necessary for developing these diseases, but it is not the only cause. Finding a possible association between these diseases and different bacteria, as well as identifying the actual prevalence of bacterial infection and whether a specific bacterial infection may play a role in the aetiopathogenesis of the disease, is a current and very intriguing topic. Not long ago, thanks to next generation sequencing, scientists began to study microbial communities and sequence them faster, making them more accessible and more searchable, and coming to define the contours of the microbiome’s contribution to health and disease. Any dearth of variety can lead to dysbiosis, a critical disproportion between commensal and pathogenic bacteria. These commensals supply an essential niche by regulating the immune response and supporting a homeostatic environment. The bacteria that make up the oral microbiota come into contact with the oral mucosal immune system with numerous consequences. The mechanisms by which the microbiome can potentially influence the host’s immune system include molecular mimicry, epitope spreading, and constitutive stimulation of Toll-like receptors [74,75]. Microbes can also cause epigenetic changes, including post-translational modification of histones, micro-RNA alteration without changes in DNA sequence, and changes in gene function through DNA methylation [76]. In the present review, we identify very few scientific studies that evaluated the oral microbiome in patients with pemphigus vulgaris and mucous membranous pemphigoid. The three studies that analyzed samples from the oral cavity of patients with PV reported the presence of P. intermedia, T. denticola, T. forsythensis, P. gingivalis, Fusobacterium nucleatum, Capnocytophaga leadbetteri and Parvimonas micra. At the phyla level, Scaglione et al., record a prevalence of Firmicutes and Fusobacteria. These data agree with those presented in a recent paper by Petruzzi et al. [66]. The authors searched for peptides common to a set of eight periodontopathogenic bacteria (Aggregatibacter actinomycetemcomitans; Campylobacter rectus; Eikenella corrodens; Fusobacterium nucleatum; Parvimonas micra; Porphyromonas gingivalis; Prevotella intermedia; Tannerella forsythia) and DSG3. The PV autoantigen and the eight bacterial proteomes share 23 heptapeptides; the bacterial proteomes most involved in sharing are E. corrodens, F. nucleatum and T. forsythia. Similarly to PV, a very small number of studies have been identified for mucus membranous pemphigoid, in this case only one [62]: that of Arduino et al., The authors reported a subgingival colonization of F. nucleatum, E. corrodens, Capnocytophaga spp. in the 14 patients analyzed with MMP. Again, these experimental data are in agreement with a recent research paper [68]. In this study, the authors investigated a possible relationship between the immune response directed against pathogenic bacteria colonizing the oral cavity and the aetiopathogenesis of MMP. They hypothesized that immune responses against these pathogens may cross-react with MMP’s autoantigens. Based on the study by Arduino et al. [68], they searched for peptides common to a set of eight oral bacteria representing periodontopathogenic bacterial species, and BP180 and BP230. Subsequently, they searched for potentially immuno-crosslinked shared sequences. The authors reported 12 peptides shared between BP180 and the bacterial proteome of Tannerella forsythia and Eikenella corrodens [67]. The presence of shared peptides between the bacteria most commonly found in the oral cavity of patients with PV and MMP and the autoantigens of these autoimmune diseases would provide further evidence to support the role of molecular mimicry in the development of autoimmune diseases [71,77,78,79].



Although the microbiota plays an essential role in the regulation of the immune system and the aetiology of autoimmune diseases, the entire population of microorganisms (bacteriome, mycobiome, and virome) of the oral cavity is not always considered as a whole. Indeed, the role of viral communities embedded in the oral microbiome has not always been investigated in the studies we have reviewed. Only Gireeva et al. [68] determined the qualitative and quantitative content of not only bacteria but also viruses and fungi in the oral cavity. In this study, the authors found alterations in the oral virome: the viral counts of Epstein–Barr virus were significantly greater in the exacerbation period. A role of corticosteroids in the decrease of a host response during the exacerbation phase has been proposed. The role of some viruses has been well characterised in the development and exacerbation of some autoimmune diseases of the oral cavity, such as herpes simplex virus in erythema multiforme [80]. The association between oral lichen planus and viral infection is well known [81,82,83]. Some authors speculate that viral infection may be an antigenic stimulus of CTL expansion that characterises severe erosive OLP [84,85]. Another player in the gut microbiome is the mycobiota, which comprises several fungal communities. A Russian study by Rabinovich et al., reported a 26.3% association between Str.pneumoniae and C. albicans in patients with pemphigus vulgaris, and 20% in those with pemphigoid. Furthermore, in subjects with pemphigus vulgaris, the association between Str.pneumoniae, C. albicans and EBV is reported in 31.6% of cases. However, the role of oral mycobiota in different autoimmune diseases needs to be further explored in other studies.




5. Conclusions


Recent literature has established the role of dysbiosis in several diseases, like type 1 diabetes [86], rheumatoid arthritis [80], psoriatic arthritis, ankylosing spondyloarthritis [87], systemic lupus erythematosus [88], multiple sclerosis, osteoporosis [34,89], Crohn’s disease (CD) and may even contribute to the late onset of schizophrenia [90]. Several mechanisms have been proposed to explain how microbiota contribute to the development of autoimmune diseases. As previously mentioned, the oral microbiota is physiologically in a state of equilibrium to maintain the state of health of the host. Without perturbations within this balance, colonization by several microorganisms cannot occur. C. albicans, for example, is not a passive player. Indeed, in a predisposing immunological condition, it promotes a subversion of the oral microbiota, increasing the prevalence of some bacterial species to the detriment of others. For example, with the increase in the number of enterococci, there is a negative impact on tissue barriers, thus facilitating their colonization [91]. Significant variations exist between the composition of the “healthy” microbiota and the one of a subject suffering from candidiasis. Colonization by C. albicans is therefore combatted by a number of factors that act synergistically. A note should be made about the microorganisms that produce short-chain saturated fatty acids (SCFA), which have a profound impact on the formation of the biofilm by C. albicans and, therefore, on its passage from yeast to hypha, both by inhibiting the metabolic activity of the fungus and by reducing the environmental pH [92]. The same goes for lactobacilli, which through the production of certain acids and inducing the production of IL-22 by the host, hinder colonization by C. albicans [93]. That said, it is therefore easy to deduce that this infection is associated with the loss of mucosal bacterial diversity [91]. It is, therefore, clear that the interactions between C. albicans, host, and microbiota have an important impact on both the development and spread of infection and its severity. Being aware of all these interactions gives us the opportunity to reflect on the appropriate use of certain drugs, such as antibiotics, antifungals, and probiotics. Hence, dysbiosis should not be viewed only as a biomarker of inflammatory diseases but even as a promoter of inflammatory diseases and autoimmune responses [94,95]. It is unclear whether it could trigger a cascade in the autoimmune response that leads to the onset of the disease. Still, some bacterial species’ predominance seems protective against pathology manifestation [96,97]. Research data are insufficient to determine whether dysbiosis of the oral cavity is the consequence or the cause of autoimmune bullous diseases. However, the role of commensal bacteria in modulating the immune system is evident, which could lead to autoimmune inflammation. This fascinating topic acquires increasing relevance and consequently encourages further analysis of the correlation between the microbiome and autoimmunity, also intending to provide additional scientific support for antibiotic therapy in treating diseases with oral involvement, such as MMP [98,99]. Additional studies are required to investigate the possible role of antibiotics as adjuvant therapy for oral autoimmune diseases and their possible clinical role. The ultimate goal is always to enhance the quantity and quality of the data to boost the translation of research into clinical practice.
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Figure 1. Summary of the risk of bias assessment. 
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Figure 2. PRISMA flowchart. 
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Table 1. Brief report of main data extracted from included papers. Mucous membrane pemphigoid (MMP); pemphigus vulgaris (PV); plaque-induced gingivitis (PG); polymerase chain reaction (PCR); next generation sequencing (NGS).






Table 1. Brief report of main data extracted from included papers. Mucous membrane pemphigoid (MMP); pemphigus vulgaris (PV); plaque-induced gingivitis (PG); polymerase chain reaction (PCR); next generation sequencing (NGS).





	Reference

(First Author + Year)
	N° Cases (Disease) and Controls
	Sample
	Bacteria
	Study Type
	Sample Analysis





	Arduino 2017 [62]
	14 MMP and 33 controls affected by PG
	Subgingival

plaque samples
	F. nucleatum

E. corrodens

Capnocytophaga spp.
	Cross-sectional study
	PCR technique



	Gireeva 2021 [63]
	30 PV
	Gingival

fluid
	P. intermedia, T. denticola, T. forsythensis,

and P. gingivalis
	Observation longitudinal

study
	Real-time PCR



	Scaglione 2020 [64]
	7 PV
	Oral cavity swabs
	Firmicutes

Fusobacteria
	Cross-sectional study
	NGS-based technologies



	Zorba 2021 [65]
	15 PV and 15 healthy controls
	Oral smear
	Fusobacterium nucleatum

Capnocytophaga leadbetteri

Parvimonas micra
	Case–control study
	NGS-based technologies
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