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Periodontitis is a common dysbiotic bacteria-induced inflammatory disease characterized by alveolar bone resorption, leading to tooth loss. Interleukin-17 (IL-17) is a critical cytokine with dual roles in periodontium, which exerts the function of host defense, including neutrophil recruitment, phagocytosis, and mucosal immunity. However, excessive expression of IL-17 causes persistent chronic inflammation, local tissue breakdown, and bone loss. This review highlights the protective and pathological functions of IL-17 on immunity and bone homeostasis in inflammatory bone-related diseases. We also provide the latest findings with IL-17 knockout mice in periodontitis and highlight complex immune responses under various experimental models. This may provide a critical perception of inflammatory bone-related disease management using an immune-modulating strategy.
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1 Introduction

Periodontitis, a widely prevalent inflammatory diseases, significantly impacts individual oral health. As a chronic inflammatory condition induced by bacterial dysbiosis, periodontitis compromises gingival health, destroys tooth-supporting tissue, such as alveolar bone and periodontal ligament, and causes tooth loss (1, 2). The dysbiosis in the periodontal bacterial community initiates periodontitis, activating a cascade of immune mediators that can be affected by external and systemic factors such as smoking, psychological stress, diabetes, and obesity (3–7). It is important to recognize that the etiology of periodontitis involves both inflammatory stimuli and the host immune response.

The immune response is essential for controlling infections when bacteria invade, but it can also exacerbate tissue destruction in chronic inflammation and autoimmune diseases (8). Among the immune cytokines, interleukin-17 (IL-17) has prominent functions in both defending against microbial infections and promoting pathological inflammation. IL-17 is produced by various immune cells, including Th17 cells, innate lymphoid cells, γδ T cells, and natural killer T cells, depending on the inflammatory context (9). However, IL-17 is primarily produced by Th17 cells and enhances neutrophil recruitment and mucosal immunity (10–13). However, excessive release of IL-17 is implicated in chronic inflammation, tissue breakdown, and bone loss, making it a critical focus of research in periodontitis and other bone-related inflammatory diseases (14, 15).

While current therapeutic strategies for periodontitis primarily focus on eliminating bacterial stimuli, there is a growing interest in modulating the host immune response to achieve better treatment outcomes (16). Targeting IL-17 offers a promising avenue for reducing its pathological effects on alveolar bone resorption without affecting its protective functions against bacterial pathogens in periodontitis. Although numerous studies have shown that excessive IL-17 can lead to chronic inflammation, directly contributing to increased bone resorption in inflammatory bone diseases such as autoimmune osteoarthritis, its role in bone-related diseases induced by infections or other complex factors remains controversial. This review aims to provide a comprehensive overview of studies using gene knockout mouse models to investigate IL-17’s roles in periodontal and other bone-related inflammatory diseases, including the protective and pathological functions, its impact on bone homeostasis, and its relevance in Porphyromonas gingivalis (P. gingivalis)-induced periodontitis. By addressing the controversies and limitations in current research, this review is expected to offer valuable insights for a deeper understanding of therapeutic strategies and mechanistic explorations, ultimately benefiting periodontitis and other bone-related inflammatory diseases in the future.




2 Microbial threats and immune responses in periodontitis



2.1 Microbial dysbiosis as a trigger

The progression of chronic periodontitis involves broader ecological shifts in the subgingival microbiota composition, rather than being driven by a single pathogen alone (17–19). Although the “red complex” species Treponema denticola, Tannerella forsythia, and particularly P. gingivalis (20) are frequently enriched in periodontitis lesions, current insights underscore that these bacteria orchestrate disease in the context of polymicrobial synergy and dysbiosis (17). For instance, P. gingivalis is a key immune regulator due to its unique pathogenicity, instead of acting as a direct inflammatory trigger (21, 22). By disrupting host immunity by interfering with Toll-like receptors (TLRs) and complement interactions (22, 23), P. gingivalis drives a microbial dysbiosis and unregulated inflammation, thereby fueling bone loss (24).

This dysbiosis is maintained through intricate interbacterial signaling and metabolic support among complementary community members that can flourish under inflammatory or nutrient-altered conditions (18). Emerging evidence shows P. gingivalis manipulates T-cell responses and promotes Th17-driven inflammation while suppressing Th1-mediated immunity (25), thus hindering effective bacterial clearance (26) and prolonging the inflammatory state (17). This immune modulation facilitates its survival and further triggers inflammatory bone loss (22). Additionally, commensal microorganisms, under disrupted homeostasis, can contribute to inflammation by activating pattern-recognition receptors (27). This interaction creates a nutrient-rich environment that benefits proteolytic and anaerobic species (28), which in turn exacerbates tissue damage and microbial proliferation. Consequently, a feed-forward loop of polymicrobial synergy perpetuates periodontal disease (17).




2.2 Host-driven immune responses

Periodontal tissue destruction is influenced not only by microbial agents but also by host susceptibility, which can be affected by immunodeficiencies, systemic conditions (e.g., diabetes, aging, obesity), stress, and dietary patterns (29–33). These factors disrupt host-microbe equilibrium and contribute to tissue homeostasis breakdown (34, 35). While dental plaque is a key factor in gingivitis—a reversible gingival inflammation without bone damage—it does not inherently lead to periodontitis. Some individuals maintain periodontal health despite significant plaque accumulation, reflecting differences in host resilience and genetic factors (29, 31). However, gingivitis can progress to periodontitis, where the inflammatory environment shifts to a state favoring opportunistic pathogens and a profound immune dysregulation.

During gingivitis, subgingival biofilms become enriched in Gram-negative and anaerobic bacteria compared to health, triggering localized recruitment of neutrophils, macrophages, and lymphocytes (36). These cells cause tissue-level inflammation yet often remain confined to the soft tissues. By contrast, in severe or chronic periodontitis, the dysbiotic microbiome, dominated by bacterial species better equipped to evade host immunity, fuels an intensified host response, leading to collagen breakdown and alveolar bone resorption (17, 36).

The immune system in the gingiva is particularly susceptible to microbial invasion due to the porous structure of the epithelium. The junctional epithelium, which provides a direct interface with the subgingival environment, is interlinked by gap junctions and desmosomes, offering limited physical barriers to microorganism infiltration (37). This structural vulnerability necessitates a robust immune response to continually counteract the colonization of periodontal pathogens. Immune cells such as neutrophils, macrophages, and lymphocytes are rapidly recruited to the site of bacteria accumulation, releasing various pro-inflammatory cytokines in the periodontium (38). Additionally, immune mediators such as TLRs, E-selectin, lipopolysaccharide-binding protein, intercellular adhesion molecules, IL-8, β-defensins, and soluble CD14 play a pivotal role in mobilizing leukocytes and controlling bacterial growth (39–45). These complex responses from host-microbe interactions determine whether early gingivitis resolves, remains stable, or advances to destructive periodontitis.





3 IL-17 family and IL-17-producing cells

IL-17, discovered several decades ago, is a cytokine essential for protecting mucosal barriers against microbial invasion and infection. However, it also plays a crucial role in autoimmune diseases and pathological inflammation during infection. The IL-17 family consists of six subtypes (IL-17A–F) that function through specific receptors (IL-17RA–E), each mediating distinct biological effects (46). Among these, IL-17A is the most extensively studied member and the first to be identified (47). IL-17A, along with IL-17F, plays a pivotal role in defending against bacterial and fungal infections, particularly in conditions such as periodontal disease. These cytokines share over 50% sequence identity across humans and mice, with core functions conserved between species (48), despite greater sequence divergence among other IL-17 family members (49). Compared to IL-17F, IL-17A has a high binding affinity for IL-17RA and IL-17RC, triggering immune responses that, while protective, may also lead to tissue damage (50). Additionally, some research has suggested that IL-17RA can be released in a soluble form, which may act as a potential inhibitor of IL-17A signaling (51, 52).

CD4+ T helper cells are a primary source of IL-17 (53). Th17 cells play a key role in recruiting neutrophils and enhancing innate immunity against extracellular microorganisms (54). Their differentiation is regulated by IL-6, transforming growth factor (TGF)-β, IL-1, and IL-21, with IL-23 essential for their growth and survival (55). RORγt is the master transcription factor that governs Th17 differentiation and activation (56). Although IL-17 was initially attributed primarily to Th17 cells in adaptive immunity, subsequent research has revealed that various innate immune cells also produce IL-17. These cells include γδ T cells, lymphoid tissue inducer cells, natural killer cells, Foxp3+ Treg-like cells, invariant natural killer T cells, T-cell receptor (TCR)αβ+ natural Th17 cells, and Paneth cells (9). Unlike CD4+ Th17 cells, these cellular populations secrete IL-17 without TCR activation. Instead, they generate IL-17 in response to specific factors such as TGF-β, IL-23, and IL-1β (57). Additionally, some evidence suggests that myeloid cells and B cells may express IL-17, although this remains controversial (58, 59). In healthy periodontal tissues, IL-17-producing cells are relatively rare. In humans, Th17 cells are the major source of IL-17 in gingiva. In contrast, due to limited pathogen exposure in laboratory mice, the proportion of adaptive T cells is relatively small, so innate T cells predominate (60). Under these conditions, γδ T cells are the primary producers of IL-17, followed by Th17 cells and a small subset of group 3 innate lymphoid cells (ILC3s) (61–63).




4 Immunoprotective roles of IL-17

IL-17 is pivotal for orchestrating host defense against bacterial infections (Figure 1). One of its hallmark functions involves enhancing the chemotaxis of neutrophils to eliminate invading bacteria. The recruitment of polymorphonuclear neutrophils (PMNs) is mediated by IL-17-induced upregulation of chemokines, such as CXC chemokine ligands (CXCL) 1, CXCL2 and granulocyte colony-stimulating factor (G-CSF) (64). As a result, PMNs are mobilized from the bone marrow into the bloodstream and subsequently recruited to infected tissues. PMNs serve as a critical component of the innate immune response by phagocytosing pathogens, producing antimicrobial peptides (AMPs) (64), and releasing neutrophil extracellular traps (NETs) (65–67).




Figure 1 | Schematic representation of the dual roles of IL-17 in immunity and bone. The left (blue) segment shows IL-17’s immunoprotective functions, including the recruitment of neutrophils, induction of antimicrobial peptides, support of mucosal immunity, and promotion of bone regeneration. Conversely, the right (peach) segment illustrates its pathological role in chronic inflammation, autoimmunity, tissue damage, and bone resorption. These contrasting effects underscore IL-17’s pivotal but complex influence in disease pathogenesis and bone homeostasis.



In models of Klebsiella pneumoniae (K. pneumoniae) infection in the intranasal mucosa, IL-17RA knockout mice exhibit significantly reduced expression of G-CSF and MIP2, as well as impaired neutrophil recruitment, leading to aggravated infection and even death. In the Helicobacter pylori-colonized gastric mucosa, IL-17 markedly inhibits IL-8 expression in gastric lamina propria mononuclear cells, thereby suppressing the recruitment of PMNs. In P. gingivalis-induced periodontitis, mice deficient in IL-17RA show impaired neutrophil recruitment, leading to higher microbial loads (68, 69), resulting in severe bone resorption (68).

IL-17 directly enhances the phagocytic activities of neutrophils and macrophages, thereby promoting bacterial killing and clearance. During lung infections, IL-17 can reduce the burdens of Bordetella pertussis (B. pertussis) (70), Streptococcus pneumoniae (S. pneumoniae) (71) and Haemophilus influenzae (72) by increasing neutrophil recruitment. In IL-17A knockout mice with K. pneumoniae-colonized pneumonia, impaired neutrophil recruitment and increased bacterial loads were observed (64).

IL-17 also maintains mucosal barrier integrity in multiple ways (64, 73). In IL-17A knockout mice with B. pertussis-colonized nasal mucosae, decreased AMPs production and weakened NETs activity were observed, leading to reduced bacterial clearance (73). The expansion of IL-17-secreting CD4+ tissue-resident memory T cells protects against respiratory pathogens such as B. pertussis and S. pneumoniae during acquired immunity by inducing the secretion of specific IgA and IgG in the nasal mucosa (73, 74). These T cells can further support neutrophil recruitment and defensin production (73). Studies have shown that vaccines protect against respiratory pathogens by stimulating IL-17 secretion from tissue-resident memory T cells (74–76).

Despite IL-17’s prominent role in neutrophil recruitment and chemotaxis, activation of phagocytic function, and promotion of mucosal immunity, its overall impact on tissue and host defense is highly context-dependent. In the microenvironments of most bacterial infectious diseases, IL-17–driven chemokine production and G-CSF release effectively mobilize neutrophils from the bone marrow and direct them to sites of infection, thereby facilitating pathogen clearance. In specific bacterial settings and disease models involving B. pertussis (70), S. pneumoniae (71) and Haemophilus influenzae (72), IL-17 further enhances the bactericidal activities of neutrophils and macrophages, such as phagocytosis, degranulation, and the formation of NETs, while simultaneously reinforcing mucosal barriers through increased production of protective immunoglobulins and antimicrobial peptides (64, 73, 74). However, in the presence of additional pro-inflammatory signals such as IL-23 and TNF-α, dysregulated or excessive IL-17 can potentiate persistent inflammation and tissue damage. Thus, understanding the intricate balance among these cytokines is crucial to fully appreciating the protective functions of IL-17 in each specific pathological condition, while also acknowledging its potential to become pathogenic if left unchecked.




5 Pathological roles of IL-17

Although IL-17 is crucial for immune defense, its overproduction can lead to tissue damage and persistent inflammation (77). In periodontitis, the interaction of IL-17 with IL-1 and tumor necrosis factor (TNF)-α enhances fibroblast secretion of matrix metalloproteinases (MMPs) (78), including MMP-1 and MMP-3 (79), accelerating the breakdown of extracellular matrix proteins and intensifying tissue damage (78). Defective neutrophil recruitment in leukocyte adhesion deficiency type I patients results in excessive production of IL-17 in the periodontal tissue and inflammatory periodontal bone loss (77).

Myeloperoxidase and NETs generated from IL-17-activated neutrophil degranulation promote reactive oxygen species (ROS), causing further tissue damage (11). Additionally, the continuous presence of IL-17 induces various inflammatory mediators in endothelial cells, epithelial cells, and fibroblasts, such as IL-1β, TNF-α, and IL-6, which contribute to the activation of osteoclasts in periodontitis (80).

IL-17 participates in many pathological processes, particularly by inducing autoimmune responses. In rheumatoid arthritis (RA), it promotes bone resorption by inducing the secretion of receptor activator of nuclear factor kappa-B ligand (RANKL) in osteoblasts (81). In ankylosing spondylitis, IL-17 activates the osteoblasts, resulting in osteogenesis and abnormal bone formation (82). Blocking the IL-17 signaling pathway has proven effective in alleviating inflammation in autoimmune conditions (83). Similarly, in periodontitis, numerous studies have shown a strong correlation between the severity of alveolar bone resorption and IL-17 expression levels in gingival tissues (84–86).

Table 1 provides an overview of IL-17’s dual roles. A key factor driving IL-17’s dual nature is the presence or absence of additional inflammatory modulators and the stage of the disease. In the context of tissue damage and chronic inflammation, IL-17 is often accompanied by other key cytokines like IL-1β and IL-23, which can shift the immune response toward a pathogenic Th17 profile if overproduced. This shift can lead to excessive osteoclast activity and tissue destruction, contributing to bone-related autoimmune and inflammatory diseases such as RA (81), ankylosing spondylitis (82), and periodontitis (78). Conversely, in controlled or resolving inflammation, IL-17 may transiently bolster local defense without escalating to a level that causes irreversible tissue damage. These variations underscore why the same cytokine, IL-17, can be crucial for microbial clearance in one context while exacerbating tissue destruction in another. Notably, the mechanism by which IL-17 contributes to periodontitis appears to be more complex, which is further discussed in subsequent sections.


Table 1 | Dual roles on the effects of IL-17.






6 The role of IL-17 in bone remodeling

Although it is increasingly clear that IL-17’s impact on bone homeostasis depends on its specific cellular targets, the stage of bone remodeling, and local inflammatory signals, the regulatory effects of IL-17 blockage on bone remodeling remain elusive and unpredictable (8). IL-17 can act in concert with IL-23 (the IL-23/IL-17 axis) to drive Th17-mediated bone destruction in autoimmune settings. However, in bacteria-induced contexts that require strong neutrophilic responses, IL-17 can safeguard the bone by preventing excessive bacterial proliferation. In addition, during osteoporosis and bone fracture healing, evidence suggests that IL-17 can assist with bone formation. This section summarizes IL-17’s dual effects on infection-induced bone destruction, its complex roles in experimental arthritis and osteoporosis, and its impact on bone fracture healing in IL-17 knockout mouse models (68, 69, 87–99), as listed in Table 2.


Table 2 | Studies on the effects of IL-17 in various bone-related diseases.





6.1 Bacteria-induced bone resorption in periodontitis and periapical periodontitis

Experimental mouse models for pathogen-induced bone loss are commonly designed to mimic periodontitis or periapical periodontitis. The primary bacterium utilized for inducing periodontitis in experimental models is P. gingivalis. Yu et al. first adopted an oral gavage methodology employing P. gingivalis in the IL-17RA mouse to establish a periodontitis model. The findings found that IL-17-deficient mice showed increased alveolar bone resorption, thereby highlighting the protective role of IL-17 in preserving bone integrity against P. gingivalis (68). The protocol commenced with the administration of antibiotics to suppress the native oral microbiota. Subsequently, P. gingivalis was introduced every three days for six weeks. The researchers proposed that this increased susceptibility to P. gingivalis in IL-17-deficient mice was attributable to impaired neutrophil recruitment, which led to a compensatory increase in lymphocyte activity and enhancement of RANKL expression and osteoclastogenesis in activated T and B cells (68) (Figure 2). Interestingly, this protective role of IL-17 in preserving alveolar bone integrity against P. gingivalis appears to exhibit a markedly higher vulnerability in female mice, which may be attributed to sex-specific variations in neutrophil chemokine production (69). Similarly, a recent study shows the protective effect of IL-17 in the late stage of ligature-induced periodontitis (15). The periodontitis model was induced with silk ligature tied on upper second molar in Il17a−/− Il17f−/− mice for four weeks. The study found that the protective effect of IL-17 in the later stages does not depend on γδ T cells (15). However, another study highlighted the role of IL-17 in promoting bone resorption in the early stage of periodontitis. Here, periodontitis induced solely by a silk ligature in Il17a−/− Il17f−/− mice, without any external bacterial stimulation, showed significant alveolar bone resorption after ten days (87). This discrepancy could be due to the method of inducing periodontitis differs, as the accumulation of natural oral bacteria due to the silk ligature differs from the external stimulation by P. gingivalis, possibly leading to different roles for IL-17 in periodontitis (100). In the periapical model, contradictory experimental results were observed when different bacterial communities were used to infect the exposed dental pulp (88, 89). Another factor could be the difference in the timing of stimulation, where early-stage inflammation might promote bone resorption mediated by IL-17. A study using Il17a−/− Il17f−/− mice with only silk ligature-induced periodontitis for four weeks showed similar bone resorption in both knockout and wild-type mice by this time point (15), suggesting that IL-17 gradually exhibits a protective role during the later stages of inflammation, potentially due to differences in neutrophil recruitment (68).




Figure 2 | Effects of IL-17 on bone regeneration and resorption. The top panel shows IL-17 promoting mesenchymal stem cell proliferation and osteoblast differentiation via enhanced expression of osteogenic markers and activation of Wnt signaling, leading to bone regeneration. In the lower panel, IL-17 produced by γδ T cells and Th17 cells drives the recruitment of neutrophils, facilitating RANKL-mediated pre-osteoclast transition to osteoclasts and subsequent bone resorption. IL-17-induced chemokines promote neutrophil infiltration and promoting bacterial killing. Studies using knockout mice show IL-17’s impact on the recruitment of other immune cells.






6.2 Inflammatory bone resorption in arthritis

While IL-17 can be both protective and pathogenic in bacteria-induced periodontitis and periapical periodontitis, it primarily exhibits a pathogenic role in experimental arthritis by exacerbating inflammation and driving pathological bone remodeling (90, 92, 93). On one hand, the deficiency of IL-17 can inhibit the production of pro-inflammatory cytokines such as IL-1β, IL-6, and TNF-α both in vitro and in vivo. This inhibition may be due to altered cytokine profiles following increased recruitment and proliferation of Treg cells resulting from the IL-17 deficiency (93). Treg cells play a crucial role in preventing autoimmunity and can regulate the severity of collagen-induced arthritis (101). On the other hand, IL-17 upregulates the expression of tartrate-resistant acid phosphatase, MMP9, integrin-β3, Nuclear factor of activated T-cells, cytoplasmic 1, and cathepsin K, which enhances osteoclastogenesis and bone resorption in joints (93). Similarly, periodontitis induced by P. gingivalis exacerbates the expression of IL-17 in joint tissues during Mycobacterium tuberculosis-induced arthritis, with a notable reduction in joint deterioration observed after knocking out IL-17RA (92).

Interestingly, studies have found that the absence of IL-17 expression can decrease RANKL expression, yet this has minimal effect on proteoglycan-induced arthritis, with bone resorption levels in IL-17-deficient mice comparable to those in wild-type mice. Furthermore, dominant inflammatory responses led by IFN-γ, which elevate TNF, IL-1β, and IL-6, can induce bone erosion independently of IL-17 (92). Another study highlighted that in K/BxN serum-transferred arthritis, the absence of IL-17 did not affect inflammation or bone resorption under arthritic conditions, but significantly reduced bone regeneration. This effect is potentially due to IL-17 promoting the expression of Wnt antagonists, thereby inhibiting osteoblast differentiation and function (90). The impact of IL-17A on osteoblast differentiation may vary depending on the type of precursor cells, the differentiation state of the osteoblasts, and the duration and timing of exposure (90). IL-17A negatively affects osteoblastogenesis in cultured cells derived from neonatal mouse cranial bones (102).




6.3 Bone regeneration in fracture healing

Beyond its role in bone resorption in inflammatory diseases, IL-17 also contributes to bone regeneration and repair during fracture healing by modulating the recruitment, proliferation, and differentiation of mesenchymal progenitor cells (98, 99). Research has shown that high levels of IL-17 are expressed in γδ T cells following bone injury. In Il17a−/− mice, the differentiation of mesenchymal progenitor cells into osteoblasts is significantly reduced, leading to impaired bone regeneration (98). Additionally, studies involving conditional knockout of Il17ra in mesenchymal cells of mice have observed delayed secondary fracture healing during the early stages of endochondral ossification. This delay may be caused by reduced migration and proliferation of mesenchymal progenitor cells at the fracture site (99).




6.4 Effects on osteoporosis in specific contexts

In different conditions, IL-17 appears to have varying effects on osteoporosis. In postmenopausal osteoporosis, IL-17 knockout seems to promote cortical bone loss and adipogenesis, which are associated with increased production of leptin (95, 103). Interestingly, studies have found that in osteoporosis induced by estrogen deficiency, there is no significant change in the expression of Th effector cytokines in the serum, while the IL-17 signaling pathway can inhibit adipogenesis and the expression of leptin. Leptin can indirectly reduce the ratio of cortical to trabecular bone via the hypothalamus, and can also directly stimulate osteoblasts to promote bone formation (103). Another study using the same model confirmed that while IL-17A deficiency can protect against cortical bone loss, it does not prevent trabecular bone loss. Additionally, IL-17A deficiency inhibits increased expression of CTX-I and PINP, thereby reducing total bone turnover in mice after estrogen deficiency (95).

Conversely, in osteoporosis induced by chronic obstructive pulmonary disease (COPD) and parathyroid hormone (PTH), a deficiency in IL-17A reduces bone loss by decreasing osteoclast activity and RANKL expression (96, 97). Studies have shown that under long-term exposure to cigarette smoke, mice lacking IL-17A exhibit lower levels of IL-1β and IL-6 in the blood, which plays a pivotal role in the inflammatory cascade, potentially indirectly inhibiting osteoclast generation (96). In a model of hyperparathyroidism characterized by persistently elevated PTH, naïve CD4+ cells differentiate into Th17 cells rather than Tregs. Knockout of IL-17RA in mouse osteoblasts inhibits the expression of RANKL induced by PTH, thereby suppressing osteoclast activity (97).





7 Controversies surrounding IL-17 in periodontitis

The role of IL-17 in periodontitis remains controversial due to its dual effects on bone homeostasis (104). One important consideration is that IL-17 does not act in isolation. Its interplay with IL-1, IL-6, IL-23, TNF-α, and other local signaling pathways can either drive a protective response that limits bacterial invasion or a pathological response that amplifies inflammation and promotes bone loss (93). Moreover, the timing of IL-17 expression, whether in an early acute inflammatory phase or a more chronic phase, can drastically alter the outcome. For instance, early stages may show predominant osteoclast activation, enhancing bone resorption, whereas later stages might recruit protective neutrophils, thereby reducing stagnant bacterial colonization (15, 68, 87).

Additionally, sex-biased differences in neutrophil chemokine production and T cell responses may lead to distinct IL-17–mediated protective or pathogenic outcomes (69). Environment such as microbial community composition and chronic stimulation, along with host factors like genetic predisposition and hormonal influences, further shape whether IL-17 helps the host defend against pathogens or contributes to tissue damage. Thus, despite being the same cytokine, IL-17’s activity is dictated by the surrounding cellular environment and disease context, illustrating the complexity of therapeutically targeting IL-17 in periodontitis.

Current investigations into the in vivo mechanisms of IL-17 primarily utilize experimental murine models of periodontitis to simulate human conditions. Ligature-induced periodontitis is considered a crucial method for studying both innate and acquired immune responses to microbial infections (105). P. gingivalis is a common pathogen in human periodontitis; however, many models of periodontitis rely solely on the administration of P. gingivalis through oral gavage, which may not accurately replicate the sustained microbial stimulation in the gingival sulcus. Therefore, variations in the induction methods of periodontitis models may lead to inconsistent experimental results, altering the perceived role of IL-17 in periodontitis. Since P. gingivalis does not naturally proliferate in the murine oral cavity, to mimic the real oral environment in humans and ensure stable accumulation of the microbiota in the gingival sulcus, the P. gingivalis-soaked ligature-induced murine model has been introduced. This model exhibits more severe bone resorption than the simple ligature-induced model (100) and could be considered for future research. Current experimental results suggest that IL-17 may promote osteoclast activity in the early stages of infection but may have a bone-protective role in later stages (15). On one hand, IL-17 deficiency leads to reduced neutrophil recruitment and compensatory lymphocyte enhancement, potentially increasing osteoclast activity and ultimately leading to increased bone resorption (68). On the other hand, as microbial communities vary across different stages (19), IL-17’s protective role for the host may become increasingly important.

The dual roles of IL-17 in bone remodeling present both challenges and opportunities for therapeutic intervention (8). Targeting IL-17 signaling may be beneficial in conditions characterized by excessive bone resorption (46). Monoclonal antibodies against IL-17A or IL-17RA have shown promise in reducing inflammation and bone loss in various autoimmune diseases, such as psoriatic arthritis (106), ankylosing spondylitis (107) and rheumatoid arthritis (108). Furthermore, studies have demonstrated a positive correlation between probing depth, clinical attachment loss, and IL-17A expression levels in the gingiva of patients with chronic periodontitis (109). Some in vivo investigations also indicate that IL-17 promotes pathological bone loss in experimental periodontitis (87, 89), and some research validated the therapeutic efficacy of IL-17A antibodies in experimental periodontitis (14). However, IL-17 is essential for controlling P. gingivalis-induced infections and preventing excessive microbial proliferation, its overexpression can exacerbate inflammation and bone resorption (68, 69, 88). Therefore, given its essential role in preventing bacterial infections and promoting bone regeneration in fracture healing, caution must be exercised to avoid unintended consequences when using IL-17 blockade treatments. Indeed, IL-17 blockade treatments still require further experimental validation of their safety before clinical application. Of note, other studies have found that, despite the elevated IL-17A levels in periodontal tissues of patients with periodontitis, plasma IL-17A levels may actually be reduced. This reduction may be due to elevated levels of soluble IL-17RA in the plasma, which exerts a neutralizing effect on IL-17A (52, 109). This discrepancy suggests that local pharmacological interventions could be necessary when considering IL-17 blockade treatment for periodontitis. Looking ahead, it is essential for research to delineate IL-17’s specific contributions to periodontitis through the use of refined animal models that more accurately mimic the human oral pathological environment across various stages of disease.

Additionally, future research in periodontitis should focus on the investigation of specific cellular mechanisms and further develop targeted therapies that enable selective inhibition of IL-17 in specific cell types or contexts, such as osteoclast precursors or the early stages of the disease, thereby helping to mitigate bone loss without impairing bone regeneration or protection. Moreover, sex-based differences in IL-17 signaling should be considered to optimize therapeutic strategies and minimize adverse effects.




8 Conclusion

In this paper, we review IL-17 acts as a pivotal mediator in immune responses, exhibiting a dual nature that is particularly evident in the context of periodontitis and other bone-related inflammatory diseases. IL-17 operates within a delicate balance, toggling between beneficial and detrimental roles. From a protective standpoint, IL-17 facilitates the recruitment of neutrophils, enhances bacterial killing capabilities, bolsters mucosal immunity and bone regeneration, all of which are crucial for combating bacterial invasions and safeguarding tissues. Conversely, an overactivation of IL-17 can lead to persistent inflammation, tissue damage, and bone loss in periodontitis and other bone-related inflammatory disorders. Whether IL-17 ultimately protects, or harms host tissues depends on local immune regulators, disease stage, and synergistic cytokine networks. This review offers new perspectives on leveraging IL-17 modulation for disease management under conditions such as infection. Future comprehensive studies should focus on developing more physiologically relevant models to clarify IL-17-mediated signaling pathway in specific cells types at different stages of human chronic periodontitis, ultimately aiming to harness its protective effects while mitigating its harmful impacts.
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