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Periodontitis is a chronic inflammatory condition that causes tooth loss by destroying the supporting components of the teeth. In most cases, it is difficult to diagnose early and results in severe phases of the disease. Given their endogenous origins, exosomes, which are rich in peptides, lipids, and nucleic acids, have emerged as a cell-free therapeutic approach with low immunogenicity and increased safety. Because the constituents of exosomes can be reprogrammed depending on disease states, exosomes are increasingly being evaluated to act as potential diagnostic biomarkers for dental disease, including periodontitis. Exosomes also have been demonstrated to be involved in inflammatory signal transmission and periodontitis progression in vitro, indicating that they could be used as therapeutic targets for periodontal regeneration. Nevertheless, a review on the involvement of salivary exosomes in periodontitis in impacting the successful diagnosis and treatment of periodontitis is still lacking in the literature. Thus, this review is intended to scrutinize recent advancements of salivary exosomes in periodontitis treatment. We summarize recent research reports on the emerging roles and characteristics of salivary exosomes, emphasizing the different expressions and changed biological roles of exosomes in periodontitis.
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METHODOLOGY AND DELIMITATION

A PubMed database search on July 27, 2021 with the keywords “exosome AND periodontitis” resulted in a total of 86 articles. Only 81 articles remained after applying the “full-text” parameter. A total of 45 articles remained when a second parameter, “free full-text,” was added. Afterward, the articles were manually divided into two groups: original articles and “others” (not related to the topic, reviews, reports, editorials, commentaries, etc.). Here, we are focusing on original articles addressing salivary exosomes and periodontitis. Only six of the original articles on salivary exosomes and periodontitis were selected.



INTRODUCTION

Periodontitis is a major public health concern with a high global prevalence (Papapanou et al., 2018). It is the most frequent osteolytic inflammatory severe disease, and it has been shown to have a detrimental effect on disease states like atherosclerosis, rheumatoid arthritis, and diabetes. The pathology is of an osteoimmune disorder defined by periodontal inflammation and subsequent destruction of the tooth-supporting tissue as alveolar bone, which is a leading cause of tooth loss in adults. Periodontitis is initiated by the accumulation of periodontal bacteria-associated biofilm, but it is not fully adequate to cause the disease since the host immune response is required for its development and progression (Yuki et al., 2021). The creation of high-impact diagnostic biomarkers that have a significant impact on clinical decision-making, patient outcomes, and healthcare providers is one of the goals of periodontology research (Ghallab, 2018). This could be accomplished by utilizing protein-containing exosomes.

Saliva has a variety of functions in the human body, including those that are crucial not only for the oral system and other bodily systems. Several research articles have been published in the last few years describing various salivary components and their distribution, confirming the biochemical composition and physiology of the proteins found in salivary fluids (Schenkels et al., 1995; Marotz et al., 2021). Many researchers have shown that exosomes may be found in human saliva and that they can be used to diagnose and investigate many diseases (Imai et al., 2021).

Exosomes are small vesicles (30–120 nm) that are secreted by all types of cultured cells and found in abundance in body fluids such as blood (Damanti et al., 2021), urine (Blijdorp et al., 2021), ascites (Cai et al., 2021), amniotic fluid (Bellio et al., 2020), and cultured medium of cell cultures (Ivica et al., 2020) including reticulocytes (Jiaqi et al., 2017); cytotoxic T lymphocytes (Chen et al., 2019); B lymphocytes (Calvo and Izquierdo, 2020); dendritic cells (Hosseini et al., 2021) and neoplastic intestinal epithelial cells (Scavo et al., 2020). These tiny vesicles play a key role in intercellular communication, both locally and systemically, allowing proteins, cytokines, and miRNA to be transferred between cells (Hergenreider et al., 2012). A review article comparing whether non-exosomal or exosomal miRNAs are more valid as biomarkers was recently published. Exosomes were chosen as the best origin for miRNAs used in biomarker studies (Nik Mohamed Kamal and Shahidan, 2020). Recently, exosomes have gained interest as a tool in regenerative medicine. They have been shown to be involved in the transmission of inflammatory signals and the development of periodontitis in vitro, indicating that they could be utilized as therapeutic targets for periodontal regeneration (Wang et al., 2020; Xin et al., 2020). Exosomes generated from dental pulp stem cells (DPSCs) have been found to minimize edema and enhance angiogenesis while suppressing inflammation (Pivoraite et al., 2015). Exosome-mediated dental pulp regeneration has only been demonstrated in vitro in the studies mentioned above. On the other hand, exosomes’ effects on the regeneration of dental pulp in situ, are little explored.

We evaluated over a decade of experience with salivary exosome, with an emphasis on the study of periodontitis. We compiled and updated the uses of salivary exosome as it relates to periodontitis from the literature and considered their physiological and clinical significance. We also examine their disease associations and potential clinical applications.



ORIGIN, COMPOSITION, AND POTENTIAL USE OF EXTRACELLULAR VESICLES

Exosomes, microvesicles, and apoptotic bodies are three types of vesicles secreted by cells, surrounded by lipid bilayer, and collectively known as extracellular vesicles (EVs) (Skotland et al., 2020). The vesicles can be distinguished by their sizes, biogenesis, and mechanism of release (Nik Mohamed Kamal and Shahidan, 2020). The diameter of the vesicles is recorded in the range of either 30–150 nm (exosomes), 100–1000 nm (microvesicles), or 1–5 μm (apoptotic bodies) (Rilla et al., 2019). The classical pathway for biogenesis of exosomes starts from the generation of endosomes from endocytoic activity of parent cells, leading to invagination of endosomal limiting membranes and formation of intraluminal vesicles (ILVs) that then mature into multivesicular bodies (MVBs). MVBs that are directed to plasma membranes are released into the extracellular environment as exosomes (Figure 1). Biogenesis of microvesicles is much simpler, where, upon stimulation, the outward parent cells’ membrane blebs. The blebs are then detached from parent cells as microvesicles. Biogenesis of apoptotic bodies starts from parent cells that are undergoing apoptosis (Skotland et al., 2020), leading to cell shrinkage and blebbing. The detached blebs are called apoptotic bodies (Rilla et al., 2019). Previous literature reported the detection of EVs from a variety of body fluids, e.g., bile (Nakashiki et al., 2021), saliva (Comfort et al., 2021), semen, blood (Vojtech et al., 2019), breast milk (Jiang et al., 2021), synovial fluid (Mustonen et al., 2021), urine (Blijdorp et al., 2021), and ascites (Bortot et al., 2021). Generally, these EVs are composed of nucleic acids [e.g., microRNAs (Nakashiki et al., 2021)], proteins (Bortot et al., 2021), lipids (Skotland et al., 2020), and signaling molecules (Vojtech et al., 2019). The contents can vary, depending on the parent cells, as well as the type of vesicles. For example, the existence of proteins in EVs could be influenced by the biogenesis of that particular EV, e.g., exosomes derived from the classical pathway might be enriched with protein associated with the endosomal pathway (e.g., Alix and TSG101) (Bruno et al., 2019). Up till now, many works of literature have been published describing EVs’ potential as biomarkers for diseases [e.g., asthma (Comfort et al., 2021), periodontitis (Kamal et al., 2020)], cargo for drug delivery [e.g., in treating wound healing, tissue repair, and regeneration (Rilla et al., 2019; Cao et al., 2021)], tools in understanding the membranes structure and mechanism for vesicular trafficking (Skotland et al., 2020), parts that function in the immune response system (e.g., source of self-antigens/forming immune complexes/autoantigen presentation) and as well as vesicles that contribute to the coagulation process (Turpin et al., 2016).
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FIGURE 1. Formation of intraluminal vesicles (ILVs) within MVBs. Exosomes are derived from the multivesicular bodies (MVBs) which are known as late endosomes. MVBs are formed during the maturation of early endosomes into late endosomes with the accumulation of intraluminal vesicles. Upon maturation, MVBs are either destined for fusion with lysosomes where their contents will undergo lysosomal degradation, or with the plasma membrane where their contents are released into the extracellular space. The membrane of MVB fuses with the plasma membrane, resulting in the release of ILVs. When secreted, ILVs are called exosomes, release into saliva from submandibular gland cells and play a role in periodontal tissue and cells.


In other studies, the use of mesenchymal stromal cells (MSCs)-derived EV to treat chronic skin ulcers has offered a range of advantages, including accelerating healing and minimizing scar formation. This is the fact that the EV has immunosuppressive and immunomodulatory effects. They can also stimulate angiogenesis, proliferation, migration, and differentiation of the various cell types involved in skin regeneration (Casado-Díaz et al., 2020). In the case of using EVs as cargo for drug delivery systems, Villa et al. (2019) have described three different ways in their review paper. First, using tumor-derived EVs for targeting specific organs where EVs should be delivered to. By using tumor-derived EVs, the tumor-specific integrin expression pattern can be manipulated, which guarantees efficient organotropism (Sun et al., 2010; Hoshino et al., 2015). Secondly, using MSCs’ EVs to avoid oncogenic or immunogenic effects (Lai et al., 2019; Melzer et al., 2019). Thirdly, using light-induced hyperthermia to incorporate hollow gold nanoparticles into MSCs’ EVs to produce EVs that will be targeting specific cell types (Sancho-Albero et al., 2019). Interestingly, their potential application in the previously reported treatments opens the door for the design of new highly effective therapeutic strategies.



SALIVARY EXOSOME

Although the mechanism of exosome biogenesis is still unclear, currently, there are two known ways of exosomal generation (Van der Pol et al., 2012; Gurung et al., 2021; Figure 1). Exosomes were reported to be released into the saliva either from the ductal or acinar cells. The salivary glands have been involved in constitutive-like secretory pathways that are involved in the secretion of vesicles such as exosomes. These secretory vesicles are derived directly from the trans-Golgi or involve elements of the endosomal-lysosomal trafficking pathway (Palanisamy et al., 2010). Exosomes can be shuttled from the systemic circulation into the oral cavity (Cheng et al., 2019).

Although the mechanisms of vesicle secretion in the blood are still unknown, findings from Marie-Pierre et al. (2005) gave strong evidence that exosomes can be secreted by all blood cells and retrieved in blood fluids. Since these EVs can cross the epithelial barriers, they may be essential for transporting components from the blood into saliva. Thus, in comparison with the other bodily fluids, salivary exosomes are probably a better and more accessible tool to examine the function of exosomes in the diagnosis and treatment of disease.



SALIVARY EXOSOME IN PERIODONTITIS

Emerging functional and clinical applications of exosomes in human oral disease such as Oral disease, Oral squamous cell carcinoma, Primary Sjögren’s syndrome, Oral tissue regeneration, including periodontitis has been reported (Peng et al., 2020). The report discussed the role of exosomes in periodontitis, with increasing evidence that using natural nanostructured exosomes as a new disease treatment strategy is feasible. In early periodontal infection, periodontal ligament fibroblasts (PDLFs) are the predominant cell types that come into contact with pathogenic microbes. Human PDLF-derived exosomes enhance the expression of IL-6 and TNF-α in osteoblasts in response to lipopolysaccharide (LPS) stimuli, while simultaneously inhibiting the expression of osteogenesis-related elements such as collagen-I and osteoprotegerin and lowering alkaline phosphatase activity (Zhao et al., 2019). These findings suggest that LPS-pretreated PDLFs secrete exosomes, which cause inflammation and decrease osteogenic activity in osteoblasts. This is important to suggest that localized periodontal inflammation could influence bone remodeling by releasing exosomes. In the oral mechanical environment, PDLFs also help to maintain periodontal tissue homeostasis. When PDLFs were stimulated by cyclic stretch, they produced exosomes that inhibited the NF-κB signaling pathway, which suppressed IL-1 production in LPS-treated macrophages. PDLF cells in mechanical environments contribute to the maintenance of periodontal immune/inflammatory homeostasis by releasing exosomes (Wang et al., 2019). When they interact with their surrounding inflammatory milieu, periodontal ligament stem cells (PDLSCs) exhibit self-renewal ability and multipotency. Exosomes generated from LPS-stimulated PDLSCs contained more miR155 than its downstream target, Sirtuin1, which lowered T17 expression but enhanced Treg expression, relieving inflammation through the T17/Treg/miR1555p/Sirtuin1 regulatory network (Zheng et al., 2019). Periodontitis patients had higher levels of exosomal periodontal ligaments (PD-L1) mRNA in saliva than controls, and high levels of PD-L1 expression were linked to advanced stages of periodontitis. The level of salivary CD9 and CD81 exosomes, on the other hand, was reduced in periodontitis and was adversely linked with the disease state. According to the findings, an assay of exosome-based PD-L1 mRNA in saliva has the capacity to identify periodontitis from the healthy, and its levels correspond with periodontitis severity and stage (Tobón-Arroyave et al., 2019).

Kamal et al. (2021) demonstrated for the first time that miRNAs from plasma and salivary exosomes of chronic periodontitis (CP) patients were shown to be a possible diagnostic biomarker. When compared to prior CP miRNA studies, the profile revealed the most abundant number of miRNAs with a significant differential in expression. hsa-miR-125a-3p [FC = 2.03; AUC = 1; r = 0.91 (p-value = 0.02)] is worth additional investigation using salivary-exosomal samples. Because they were expressed considerably differently, had a good discriminatory value, and strongly correlated with the mean of periodontal pocket depth, these miRNAs can be concluded to be reliable candidates for the development of periodontitis biomarkers (Kamal et al., 2020).

The diagnostic potential of salivary small extracellular-associated (sEV) miRNAs in periodontal disease is being investigated for the first time by Han et al. (2020) in a pilot study. The ultimate goal was to evaluate the diagnostic utility of miRNAs extracted from sEVs to those extracted from total saliva in terms of differentiating between periodontal conditions. Three miRNAs (hsa-miR-140-5p, hsa-miR-146a-5p, and hsa-miR-628-5p) were found to be significantly upregulated (p 0.05) in salivary sEVs from periodontitis patients compared to healthy controls, suggesting that they could be potential periodontitis biomarkers. In microarray analysis of patients with CP, salivary hsa-miR-5571-5p, hsa-let-7f-5p, hsa-miR-99a-5p, hsa-miR-28-5p, and hsa-miR-320d expression was linked to periodontitis development. These salivary miRNAs could be novel biomarkers for periodontitis progression and monitoring them could lead to new periodontal diagnostics and precision therapy (Fujimori et al., 2021).

In various periodontal conditions, the pilot study of Han et al. (2021) gave important insight into the human global DNA methylation profiles of saliva sEVs and Gram-negative bacterial outer membrane vesicles (OMVs) (healthy, gingivitis, and periodontitis). The researchers discovered that periodontitis sEVs have considerably higher levels of LPS + OMVs, global 5mC methylation, and four periodontal pathogen OMVs (Treponema denticola, Eikenella corrodens, Porphyromonas gingivalis, and Fusabacterium nucleatum) than healthy sEVs.



SALIVARY EXOSOMES’ CURRENT AND FUTURE POTENTIAL IN PERIODONTITIS TREATMENT

The expression of PD-L1 mRNA in exosomes obtained from saliva of periodontitis patients was studied, as well as the clinical significance of salivary exosomes PD-L1 mRNA levels in the disease. The level of salivary exosomes PD-L1 mRNA in periodontitis patients differs significantly from non-periodontitis controls, according to one of the study’s key findings. Furthermore, a high amount of salivary exosomes PD-L1 was linked to advanced periodontitis, implying that it can represent disease progression. This is the first study to develop a method for detecting exosomal PD-L1 in saliva, as well as the first salivary exosomal biomarker for periodontitis (Yu et al., 2019). The specimens used in the majority of previous periodontitis biomarker studies have been gingival tissues or gingival crevicular fluids (GCF) (Kebschull et al., 2014). However, sample collection procedures for gingival tissues and GCF are challenging: gingival tissue biopsy requires invasive and limited tissue, while GCF sample collection requires sampling a minute amount of fluid on filter paper strips, which takes much longer.

Our previous study, which involved an easy, non-invasive, and quick collection of salivary specimens, demonstrated that a saliva-based assay overcomes the existing challenges. We also show that salivary exosomes may be used to extract miRNA, confirming the idea that exosome-derived samples protect miRNA from degradation (Kamal et al., 2020). According to recent studies, MSC-derived exosomes are increasingly being recognized as viable techniques to alleviate tissue injury and stimulate tissue regeneration in dental treatments, such as dental pulp regeneration, oral oncotherapy, and periodontal regeneration (Peng et al., 2020). To summarize, salivary exosomes may promote dental pulp regeneration by increasing the expression of specific proteins, promoting vascularization, modulating the interaction between epithelial and mesenchymal cells, and enhancing the abilities of dental pulp cells, all of which could be useful therapeutic methods in the future. Even though the current review focuses on salivary exosomes, some other study mimics the condition of salivary exosomes in vitro by collecting the exosome from the periodontal cell culture (Table 1). From Table 1, exosome research in periodontitis has only recently progressed, even though studies on exosomes and periodontitis have been ongoing for over a decade. Based on this progress, salivary exosomes showed potential as nano biomaterial that needs attention in the dental field.


TABLE 1. List progression of exosome study in periodontitis.
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CONCLUSION

Even though the role of salivary exosomes in periodontitis is very limited, based on growing evidence, exosomes may play a significant role in the regulation of periodontitis. Exosomes derived from saliva act as essential promoters in periodontal regenerators and periodontitis biomarkers, which have been a research focus all along. Exosomes’ effects on oral diseases, such as periodontitis have received increasing attention in recent years, giving us a better understanding of the functions that exosomes play in oral diseases. Furthermore, saliva exosomes are economical, carrying numerous biological components that have a lot of promise for assisting clinical diagnosis and determining prognosis.
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Progression of exosome study in periodontitis

PDLF derived exosome help to maintain periodontal tissue homeostasis.

PDLF derived exosome enhanced expression of IL-6 and TNF in response to LPS.
LPS-stimulated PDLSCs exosome relieve inflammation.

Exosome PD-L1 mRNA in saliva linked to advanced stage periodontitis.

miRNAs from salivary exosomes of chronic periodontitis patients were shown to be a
possible diagnostic biomarker.

miRNA from saliva exosome could be reliable candidates for the development of
periodontitis biomarker.

The diagnostic potential of salivary small extracellular-associated miRNAs in periodontal
disease is being investigated for the first time in the pilot study.

In various periodontal conditions, the pilot study gave important insight into the human
global DNA methylation profiles of saliva sEVs and Gram-negative bacterial outer
membrane vesicles (OMVs) (healthy, gingivitis and periodontitis).

Salivary exosome miRNA correlated with periodontitis progression.
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