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A B S T R A C T   

Objective: Recurrent oral ulcers and severe periodontal diseases in patients with quantitative or 
qualitative neutrophil defects highlight the important role of neutrophils in maintaining oral 
mucosal barrier homeostasis. Recurrent aphthous stomatitis (RAS) is a common oral mucosal 
disease affecting up to 25% of the population, yet its etiopathogenesis remains unclear, and 
management is unsatisfactory. This review aims to gain insight into the pathogenesis of RAS. 
Design: This narrative review examines the characteristics of oral and blood neutrophils, the as-
sociations between neutrophil defects and the occurrence of oral ulcers, and the evidence for the 
involvement of neutrophils in RAS. To conduct the review, relevant literature was searched in 
PubMed and Google Scholar, which was then thoroughly reviewed and critically appraised. 
Results: Neutropenia, specifically a decrease in the number of oral neutrophils, impaired 
extravasation, and defective ROS production appear to be associated with oral ulcers, while de-
fects in granule enzymes or NETosis are unlikely to have a link to oral ulcers. The review of the 
histopathology of RAS shows that neutrophils are concentrated in the denuded area but are 
latecomers to the scene and early leavers. However, the evidence for the involvement of neu-
trophils in the pathogenesis of RAS is inconsistent, leading to the proposal of two different sce-
narios involving either impaired or hyperactive neutrophils in the pathogenesis of RAS.   

1. Introduction 

The oral cavity serves as a gateway for pathogens that infect the respiratory and gastrointestinal tracts. Moreover, the oral cavity is 
home to one of the most complex microbial communities in the human body, colonizing the mucosal and tooth surfaces [1]. However, 
the oral cavity remains inflammation-free, and healthy individuals are rarely infected by members of the oral microbiome. These 
observations suggest the presence of homeostatic host-microbial interaction in a steady state, where both innate and adaptive immune 
cells, along with salivary antimicrobial components and epithelial barrier, orchestrate the homeostatic oral mucosal barrier. Pertur-
bation in salivary secretion, innate or adaptive immunity, leads to predisposition to diverse oral manifestations, including aphthous 
ulcers, oral infections by fungus or virus, and severe periodontal diseases [2–4]. 

Neutrophils are the most abundant (40–60%) leukocytes in the blood, and are responsible for phagocytosing and eliminating 
extracellular bacteria and fungi [5]. Neutrophils are rapidly recruited from the blood to tissues in response to infection or tissue 
damage but are scarcely found in tissues outside the vasculature under normal circumstances. However, the gingiva uniquely recruits 
neutrophils even in germ-free mice. Furthermore, the junctional epithelium located at the gingiva provides a specialized route through 
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which neutrophils migrate to the gingival sulcus and ultimately enter the oral cavity [6]. Defects in neutrophil number or function can 
result in recurrent infections with extracellular pathogens. Patients with quantitative or qualitative neutrophil defects often experience 
recurrent oral ulcers and severe gingivitis/periodontitis, underscoring the significance of neutrophils as an integral component of the 
homeostatic oral mucosal barrier [4]. 

Recurrent aphthous stomatitis (RAS) is one of the most prevalent oral mucosal diseases and may affect up to 25% of the population 
[7,8]. RAS is characterized by the recurrent occurrence of one or multiple shallow ulcers, which are circular to oval shape and very 
painful, taking longer to heal than non-specific ulcers. RAS is classified clinically into three categories: minor (8–10 mm in size), major 
(>10 mm in size), and herpetiform (multiple ulcers of 2–3 mm in size). Minor and herpetiform ulcers typically heal within 10–14 days 
without scarring, but major RAS ulcers can persist for up to six weeks and may result in scarring [9]. Despite its high prevalence, the 
etiopathogenesis of RAS remains unclear, and its management also remains unsatisfactory. RAS can also occur as a symptom of rare 
systemic diseases, including inflammatory bowel disease, systemic lupus erythematosus, celiac disease, periodic fever with aphthous 
stomatitis, pharyngitis, and cervical adenitis (PFAPA) syndrome, and Behçet’s disease [9]. Particularly, PFAPA syndrome and Behçet’s 
disease share genetic susceptibility loci with RAS, suggesting common pathogenic mechanisms [10]. Interestingly, accumulated 
literature reports neutrophil hyperactivity in Behçet’s disease patients [11], introducing complexity to our understanding of neutrophil 
involvement in RAS. 

This review article aims to gain insight into the pathogenesis of RAS by dissecting the neutrophil defects associated with oral ulcer 
occurrence. To achieve this aim, this review article will first compare oral neutrophil characteristics with those of blood neutrophils; 
second, examine neutrophil count or function deficiencies associated with oral ulcer occurrence; and third, analyze evidence sup-
porting the involvement of neutrophils in RAS pathogenesis. Finally, this review proposes two different scenarios involving neutrophils 
in the pathogenesis of RAS and suggests critical questions to clarify the role of neutrophils in RAS. While the second section compares 
the effects of defective neutrophil components on gingivitis/periodontitis and oral ulcers, this review article does not focus on 
gingivitis/periodontitis. 

2. Characteristics of oral neutrophils 

2.1. Oral neutrophil counts 

Neutrophils exhibit a circadian rhythm of recruitment to the oral cavity, with the recruitment rate being lowest early in the 
morning (approximately 30,000 per minute in young adults with good oral health), increasing 4–5 fold during the day, and decreasing 
during the night [12]. Two studies have shown an increase in oral neutrophil count during experimental gingivitis [12,13]. Inter-
estingly, one-third of the subjects in both studies presented an exaggerated influx of oral neutrophils. Moreover, the group with the 
exaggerated neutrophil influx experienced higher levels of inflammation, as evidenced by increased bleeding on probing and mean 
pocket depth, than the group with the low oral neutrophil influx [13]. Cross-sectional studies have reported increased oral neutrophil 
counts in patients with gingivitis or periodontitis, with positive correlations observed between the oral neutrophil count and measures 
of periodontal disease severity, gingival bleeding, or pocket depth [14–16]. Notably, the oral neutrophil counts have no correlation 
with the numbers of blood neutrophils in patients with periodontal diseases [15]. However, oral neutrophil counts well reflect blood 
neutrophil counts in individuals with neutropenia or those recovering from neutropenia [17–19]. 

2.2. Migration routes 

It is believed that most oral neutrophils enter the oral cavity through the gingival crevice, as edentulous individuals have sub-
stantially lower oral neutrophil counts compared with dentate subjects [19,20]. Recently, transepithelial channels for leukocytes have 
been characterized in the gingival junctional epithelium of mice, which provide expressways from the lamina propria to the bottom of 
the gingival sulcus without interruption by the basement membrane or keratinocytes [21]. 

However, the source of oral neutrophils detected in edentulous individuals is not clear. While the recruitment of neutrophils into 
the salivary glands in the steady state is controversial [22,23], a study has shown that the neonatal oral (buccal) epithelium transiently 
recruits neutrophils in a microbiota- and IL-17-dependent manner in mice, which disappear after weaning (4 weeks old) with the 
maturation of the oral mucosa. The neonatal oral epithelium has increased permeability with low levels of junctional proteins, and the 
authors propose that the recruited neutrophils provide important protection against a high microbial load during the neonatal period 
[24]. If the neonatal oral epithelium is permeable and recruits neutrophils in humans as well, there is a possibility that neutrophils may 
migrate through the oral epithelium before tooth eruption. Although neutrophils are rarely seen by microscopy in normal skin, a 
parabiosis approach using neutrophil-specific reporter mice and Fucosyltransferase 7-deficient mice revealed that neutrophils actively 
infiltrate most healthy tissues, including the skin [25], implying the possibility of neutrophil recruitment to oral mucosa in steady state. 
Notably, neutrophils are mostly localized outside the blood vessels in the intestine and spleen, but mostly intravascularly in the lung 
and liver [25]. A human oral mucosa cell atlas using a single-cell RNA-seq approach and flow cytometry reported the presence of a 
neutrophil population in healthy buccal mucosa, but whether the neutrophils are located extravascularly or intravascularly is not 
known [26]. Importantly, direct evidence for the presence of neutrophils in or transmigration through the oral epithelium other than 
the junctional epithelium in steady state is not yet available. 
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2.3. Phenotypic characteristics 

Several studies have demonstrated that oral neutrophils exhibit an activated phenotype compared to blood neutrophils. Trans-
mission electron microscopy of oral neutrophils reveals a lighter electron-lucent cytoplasm, indicating translocation of cytosolic 
components to the cell membrane, which is a phenotype of stimulated neutrophils. Additionally, phagosomes containing bacteria are 
commonly observed in oral neutrophils, but not in blood neutrophils. Oral neutrophils have decreased mean numbers of granules per 
unit area of cytoplasm, indicating degranulation of a portion of granules [17,27]. Cell surface marker expression examined by flow 
cytometry supports the degranulated and activated status of oral neutrophils (Fig. 1). They have upregulated levels of CD63, CD66, and 
CD11b, the degranulation markers [15,16]. Conversely, surface molecules involved in adhesion to endothelial cells, diapedesis, and 
chemotaxis are detected at decreased levels in oral neutrophils [28–37]. In addition, oral neutrophils express decreased levels of CD16, 
CD43, CD50, and CD162 that are shed upon activation [28–30,38,39]. 

In line with the activated phenotype, oral neutrophils produce reactive oxygen species (ROS), including superoxide (O2
− ), without 

any stimulation [15,40], which decreases with time after isolation from the oral cavity [40]. Furthermore, neutrophil extracellular trap 
(NET) formation is observed in oral neutrophils without stimulation [41]. 

Collectively, oral neutrophils are thought to be activated by bacteria they encounter during emigration or in the oral cavity, and 
their morphologic characteristics are simulated by in vitro incubation of blood neutrophils with Streptococcus oralis [27]. This activated 
phenotype of oral neutrophils is exaggerated in patients with chronic periodontitis [16,27]. To denote the activated status of oral 
neutrophils, Fine et al. defined the oral neutrophils from healthy individuals and periodontitis patients as “parainflammatory” and 
“proinflammatory”, respectively [16]. The parainflammatory neutrophils interact with commensal bacteria without inducing 
inflammation and exhibit intermediate levels of activation between resting and proinflammatory neutrophils. 

Despite their activated phenotype, oral neutrophils maintain the ability to phagocytose microbes and produce additional ROS [15, 
16,40,41]. They exhibit increased phagocytic capacities for various oral bacteria compared to blood neutrophils but present a limited 
killing ability for phagocytosed Escherichia coli [41]. The enhanced phagocytic capacity may be attributed to the increased levels of 
CD11b, CD66b, and CD63, which increase the adhesive activity of CD11b/CD18 (CR3), involving phagocytosis [42–44]. Although oral 
neutrophils produced higher levels of superoxide and ROS in response to phorbol 12-myristate 13-acetate (PMA) and Fusobacterium 
nucleatum, respectively, than blood neutrophils [15,40], they do not exhibit a chemotactic response or ROS production in response to 
N-formyl-met-leu-phe (fMLP) [40,41]. The impaired response to fMLP of oral neutrophils is explained by low levels of fMLP receptor 
expression [41], and oral neutrophils regained reactivity to fMLP when their endogenous ROS production decreases over time [40]. 
This suggests that the functional capacity of oral neutrophils may vary depending on their activation status and changes in the 
expression levels of diverse surface receptors. 

3. DEFECTS in neutrophil counts or function and involvement of oral ulcers as clinical manifestations 

3.1. Neutropenia 

Neutropenia is a condition where the absolute neutrophil count (ANC) in the blood falls below 1500/μl. The neutropenia is 
classified as mild (1000–1500), moderate (500–1000), or severe (<500), depending on the ANC. In addition, neutropenia can be 
chronic (persists for more than 3 months), intermittent, and cyclic (occurs in a 21-day interval), depending on the duration. 

Fig. 1. Surface molecules expressed on oral neutrophils. Letters in red color indicate the molecules that are upregulated compared to blood 
neutrophils, while letters in blue color represent the downregulated molecules. (For interpretation of the references to color in this figure legend, the 
reader is referred to the Web version of this article.) 
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Table 1 
The involvement of oral manifestations in congenital immunodeficiencies that affect the number or function of neutrophils.  

Subgroup Disease Gene 
mutated 

OMIM 
code 

Defectsb and 
Characteristics of 
Neutrophils 

Oral Ulcers Gingivitis/ 
Periodontitis 

References 

Neutropenia SCN   Chronic SN Recurrent, painful Early onset AgP [53,54]   
ELANE 202700  77% 62% [55,56]   
HAX1a 202700    [57,58]   
JAGN1a 616022 Decreased granules   [59]   
CSF3R 202700    [60]   
SEC61A1 609213    [61]   
SRP54 604857    [62]   
SRP68 604858    [63]   
TCIRG1a 202700    [64]  

X-linked SCN WAS 301000 Chronic SN but normal 
oNeutrophil count 

No No [65,66]     

Increased chemotaxis to 
chemokines       
Increased phagocytosis of 
bacteria     

Cyclic neutropenia ELANE 162800 SN for 3–5 days with a 21- 
day periodicity 

Recurrent (93%) Early onset AgP 
(35%) 

[56,67]         

Barth syndrome TAZa 302060 Variable degree of N, 
chronic/intermittent 

Persistent Gingivitis [68,69]  

Glycogen storage 
disease type Ib 

SLC37A4a 232220 Chronic neutropenia, 
absent to severe 

Recurrent (69%c) Gingivitis (69%c) [70,71]    

Defective ROS production 
& chemotaxis     

Cohen Syndrome 
(>200 cases) 

VPS13Ba 216550 Intermittent neutropenia, 
mild to moderate 

Recurrent Gingivitis [72–74]        

Poilkiloderma with 
neutropenia 

USB1a 604173 Neutropenia, mild to 
severe 

No report No report [75–79]         

Wolcott-Rallison 
syndrome 

EIF2AK3 226980 Neutropenia, absent to 
mild 

No report No report [80] 

Migration 
Defect 

LAD    Persistent ulcers Early onset AgP [3]  

Type I (>320 cases) ITGB2 116920 Defects in firm adhesion 
& chemotaxis 

24%–52%c [81,82]  

Type II (<20 cases) SLC35C1 266265 Defects in rolling 
adhesion & chemotaxis   

[83,84]  

Type III (<40 cases) FERMT3 612840 Defects in integrin 
activation & chemotaxis   

[85,86]  

WDR1 deficiency (11 
cases)  

604734 Defects in chemokinesis & 
chemotaxis 

Severe ulcers leading 
to oral stenosis 

No [87–89]    

Normal bactericidal 
activity     
Normal ROS production   

Granule 
Defect 

PLS (~250 cases) CTSCa 245000 No NET formation, 
reduced chemotaxis 

Stomatitis in some 
but no ulcer 

Early onset AgP 
most patients 

[90,91]     

Increased ROS production     
No defect in killing 
common bacteria  

CHS (<500 cases) LYSTa 214500 Giant azurophilic 
granules 

14.3% 81% [92–94]     

Neutropenia        
Delayed bactericidal 
activity &        
Impaired chemotaxis        
Normal ROS production     

SGD (<20 cases) CEBPE 245480 Lack specific granules No No [95–98]     
Defect in chemotaxis to 
chemokines       
Defect in bactericidal 
activity       
Normal O2

− but reduced 
•OH production   

Respiration CGD   No ROS production, 
defect in NETosis 

Recurrent Gingivitis but no 
AgP 

[99–104] 

(continued on next page) 
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Neutropenia has a diverse etiology that can be divided into acquired and congenital [45]. 
Acquired neutropenia with clinical sequelae can be caused by infection, autoimmune diseases, malignancies involving the bone 

marrow, nutrition deficiency, and exposure to drugs [45,46]. Autoimmune neutropenia can occur as a primary or secondary mani-
festation of other autoimmune diseases, such as autoimmune thrombocytopenia, systemic lupus erythematosus, or autoimmune 
lymphoproliferative syndrome [47,48]. In primary autoimmune neutropenia, patients are usually asymptomatic, but oral inflam-
mation may occur occasionally [45,49]. Recurrent oral aphthae have been reported as the first symptom of autoimmune lympho-
proliferative syndrome [48]. Among the acquired neutropenia, drug-induced neutropenia is the most common. Besides 
chemotherapeutic drugs that suppress the bone marrow, various medications can cause idiosyncratic agranulocytosis [46,50]. 
Erythematous and ulcerative inflammation of the oral mucosa, called “oral mucositis”, is one of the most frequent complications of 
chemotherapy. Although its occurrence is associated with diverse factors, such as the dosage and duration of chemotherapy, the 
treatment stage, and herpes simplex virus type 1 activation, the severity and duration of neutropenia are strongly associated with the 
development of oral mucositis [51,52]. Oral mucositis typically develops at the time of neutropenic nadir but quickly heals once the 
ANC is recovered. 

Congenital neutropenia (CN) is a group of neutropenic disorders caused by inborn genetic defects. These disorders can be chronic, 
intermittent, or cyclic and vary in severity. Although CN is an extremely rare condition, it has been well characterized. To date, over 30 
genes have been identified as causing CN [45,53,54]. Mutations in these genes may also lead to other hematologic and 
extra-hematologic abnormalities. Thus, neutropenia can be presented as one of the phenotypes of syndromic diseases [53]. To un-
derstand the role of neutrophils in oral ulcers, only CNs without other hematologic defects are listed in Table 1 [53–104]. The detailed 
molecular pathogenesis of CNs is beyond the scope of this review and can be found in other reviews [53,54]. 

Patients with severe congenital neutropenia (SCN) are at a high risk of developing infections from the neonatal period, and the 
disease is typically diagnosed in early childhood. Recurrent and painful aphthous stomatitis, severe gingivitis, and early onset 
aggressive periodontitis are frequently observed in SCN patients [45,53,54]. Importantly, the presence of stomatitis or gingivitis is one 
of six diagnostic factors that predict CN in children [105]. 

Among all CN-linked genes, the ELANE mutation is the most prevalent (~45%) and can cause both SCN and cyclic neutropenia 
[54]. Unlike other CN-linked genes, ELANE mutation only affects the neutrophil compartment, making it a good model to study the 
role of neutropenia in infections. Patients with cyclic neutropenia have a lower risk of life-threatening infections compared to 
ELANE-SCN patients [56]. However, there is no significant difference in the risk of oral infections between SCN and cyclic neutropenia 
patients. According to a recent study of 143 patients with ELANE-related neutropenia, about 67% and 90% of patients experienced at 
least one episode of oral infections, respectively. Oral ulcers represented 77% and 93% of total distinct episodes, while gingivitis 
represented 62% and 35% of total distinct episodes in patients with SCN and cyclic neutropenia, respectively [56]. 

As the number of neutrophils at the infection site is the most important factor associated with infection risk, the degree of neu-
tropenia does not linearly translate to infection risk in vivo [54]. It is worth mentioning X-linked SCN caused by a gain-of-function 
mutation in the Wiskott-Aldrich syndrome protein (WASp) as a unique case in this aspect. Despite having SCN, X-linked SCN pa-
tients are generally not at high risk of infections, and many are diagnosed as adults. Furthermore, oral ulcer and gingivitis have not 
been reported in these patients [66,106,107]. A gain-of-function mutation in WASp renders constitutive activation of WASp, leading to 
a hyperactive phenotype of neutrophils with increased chemotaxis and phagocytic abilities [66]. Notably, normal numbers of neu-
trophils in saliva are reported in X-linked SCN patients, and mouse models harboring the corresponding human mutations show an 
increased number of neutrophils at infection sites accompanied by an increased neutrophil migration ability [66]. 

In syndromic diseases accompanying neutropenia, neutropenia can manifest in various forms. In Barth syndrome, neutropenia can 
be severe and chronic, cyclic, or intermittent and unpredictable. Nadirs in the ANC are associated with bacterial infection, including 
oral ulcers and gingivitis [68,69]. Glycogen storage disease type Ib is a rare genetic metabolic disorder characterized by hypoglycemia 
and excessive glycogen accumulation in the liver [70]. In addition to metabolic symptoms, patients suffer from a variable degree of 
neutropenia and neutrophil dysfunction, leading to recurrent infections. A recent review of 103 patients reported that 69% of patients 
had a history of recurrent mouth ulcers and gingivitis [71]. In Cohen syndrome, mild to moderate neutropenia is a common feature of 
disease, together with craniofacial, ocular, and limb anomalies, infantile hypotonia, and developmental delay [72]. Some patients 

Table 1 (continued ) 

Subgroup Disease Gene 
mutated 

OMIM 
code 

Defectsb and 
Characteristics of 
Neutrophils 

Oral Ulcers Gingivitis/ 
Periodontitis 

References 

Burst Defect  CYBB 306400  5%–26% 11%–35%   
CYBA 233690      
NCF1 233700      
NCF2 233710      
NCF4 613960     

SCN: severe congenital neutropenia; SN: sever neutropenia; AgP: aggressive periodontitis; oNeutrophil: oral neutrophil; ROS: reactive oxygen species; 
LAD: leukocyte adhesion deficiency; PLS: Papillon-Lefèvre syndrome; NET: neutrophil extracellular trap; CHS: Chediak-Higashi syndrome; SGD: 
neutrophil specific granule deficiency; CGD: chronic granulomatous disease. 

a Genetic defects that also affect non-hematologic compartments. 
b The term “Defect” or “Defective” was used when the value is less than 50% of normal. Otherwise, “decreased” is used. 
c The prevalence of oral infections, including oral ulcers and periodontal diseases. 
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experience recurrent infections, recurrent oral ulcers, or gingivitis, but no severe infections [73,74]. Poikiloderma with neutropenia is 
a very rare genetic disorder characterized by poikiloderma, pachyonychia, and chronic neutropenia. Patients may present with mild to 
severe neutropenia and increased susceptibility to infections such as pulmonary infections, otitis, and sinusitis, but oral infection has 
not been reported in these patients [76–79]. Currently, it is unknown whether a normal number of neutrophils migrate to the oral 
cavity despite severe neutropenia in these patients. 

3.2. Defects in motility 

The recruitment process of neutrophils to infection sites can be divided into two main stages: extravasation and migration along the 
chemokine gradients within the extravascular space. Extravasation also involves multiple sequential steps, including rolling adhesion, 
firm adhesion, crawling, and transendothelial migration [5]. All these steps of neutrophil recruitment depend on the dynamic 
remodeling of the actin cytoskeleton [5]. 

Leukocyte adhesion deficiency (LAD) is a group of rare genetic disorders that cause defects in the adhesion of neutrophils to 
endothelial cells and subsequent extravasation. Three causative genes have been identified, affecting different steps of neutrophil- 
endothelial cell interaction: SLC35C1 in LAD-II for rolling adhesion between selectin ligands and E− or P-selectins, FERMT3 in 
LAD-III for integrin activation required for firm adhesion, and ITGB2 in LAD-I for firm adhesion between integrins and ICAMs [81–86]. 
The neutrophils of all LAD subtypes also present a defect in chemotaxis [108]. Recurrent infections of the skin and mucosal surfaces, 
which can be life-threatening, are shared by all subtypes, and painful oral ulcers and aggressive periodontitis during childhood are 
persistent clinical symptoms [84,86,108]. Particularly, severe periodontitis is the only persistent clinical symptom in LAD-II where the 
infection severity is milder than that in LAD-I [84]. A comprehensive review of all LAD-I cases published between 1975 and 2017 found 
that oral infections, including periodontitis and oral ulcers, are reported in 24% of severe LAD-I (CD18 expression on neutrophils<2%) 
and 52% of moderate LAD-I (CD18 expression on neutrophils>2%) [82]. The absence of neutrophils in tissue delays wound healing, 
which is caused by increased production of IL-23 by macrophages and excessive recruitment of Th17 cells [109]. Notably, inhibition of 
excessive IL-23 by ustekinumab has been reported to resolve inflammatory lesions in two LAD-I patients with non-healing skin ulcers, 
periodontitis, and oral ulcers [110,111]. 

Genetic defects that severely impair neutrophil motility, both random (chemokinesis) and directed (chemotaxis), have been 
recently identified in the WDR1 gene. The WDR1 gene encodes WD repeat–containing protein 1 (WDR1, also called actin-interacting 
protein 1) that regulates actin filament disassembly, a crucial part of actin-cytoskeleton-remodeling [112]. WDR1-mutated neutrophils 
also exhibit characteristic abnormal morphology with nuclear herniation, but they retain their normal abilities to kill bacteria and 
produce ROS [87]. WDR1 deficiency also affects the lymphoid compartment, resulting in B-cell lymphopenia, a lack of switched 
memory B cells, and aberrant T-cell activation [89]. Moreover, accumulated F-actin in WDR1-deficient cells can activate the pyrin 
inflammasome, leading to an autoinflammatory phenotype [88]. Patients with WDR1 deficiency exhibit recurrent infections and 
severe aphthous stomatitis leading to oral stenosis, but they do not suffer from severe periodontitis [87–89]. 

3.3. Defects in granule proteins 

Papillon-Lefèvre syndrome (PLS) is a rare genetic disorder characterized by keratosis palmoplantaris and severe prepubertal 
periodontitis [90]. PLS is caused by mutations in the CTSC gene, which encodes cathepsin C, a protein that is abundantly expressed in 
neutrophils, lymphocytes, and keratinocytes [90]. In neutrophils, cathepsin C is required for the activation of many granule-associated 
serine proteases, including cathepsin G, proteinase 3, and neutrophil elastase, as well as an antimicrobial peptide LL37, which are 
important for antimicrobial defence. The CTSC mutations lead to complete degradation of granule serine proteases in mature neu-
trophils [113,114]. Despite the lack of serine proteases in the neutrophils of PLS patients, their ability to kill common bacteria, such as 
Klepsiella pneumoniae, E. coli, and Staphylococcus aureus, is not impaired [115]. Furthermore, PLS neutrophils have a severe defect in the 
formation of neutrophil extracellular traps (NETs) as well as a decreased ability to migrate toward chemokines (fMLP and CCL-3), but 
an increased ability to produce ROS and inflammatory cytokines [91]. While systemic immunodeficiency in PLS is relatively mild, with 
only 15–20% of patients predisposed to recurrent infections, local periodontitis is profoundly aggressive [115]. Interestingly, patients 
with PLS may have erythematous oral mucosa after tooth eruption, but no oral ulcers have been reported [116]. 

Chediak-Higashi syndrome (CHS) is a rare genetic disorder characterized by partial oculocutaneous albinism, mild coagulation 
defect, an increased susceptibility to infections, and neurological deficits [92]. CHS is caused by mutations in the LYST gene that 
encodes a lysosomal trafficking regulator protein, which lead to enlarged lysosomes and abnormal lysosome-related organelles in 
melanocytes, platelets, neutrophils, NK cells, cytotoxic T lymphocytes, and neurons. In particular, the giant azurophilic granules 
present in neutrophils affect bactericidal activity and chemotaxis function. CHS patients may also exhibit neutropenia [93]. A recent 
systematic review of 21 CHS cases (mean age 15.9 ± 8.8 years) published in 14 articles reported gingivitis/periodontitis as the most 
common oral manifestation, affecting 81% of patients. The prevalence of oral ulcers was 14.3% [94]. 

Neutrophil-specific granule deficiency (SGD) is an extremely rare genetic disorder characterized by the infantile onset of recurrent 
pyogenic infections and neutrophils lacking specific granules. It is caused by congenital defects in transcription factor CCAAT/ 
enhancer binding protein Epsilon [95]. The neutrophils in SGD patients present defects in chemotaxis and bactericidal activity, but 
their ability to produce ROS is mostly preserved [96–99]. Recurrent infections frequently involve the skin, ears, lung, and lymph nodes, 
but neither oral ulcers nor periodontal diseases have been reported as clinical manifestations in patients [95–99]. 
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3.4. Defects in the respiratory Burst 

Neutrophils arrived at infection sites perform antimicrobial effector functions through phagocytosis, degranulation, and NET 
formation. Phagocytosed microbes are killed by (i) the antimicrobial contents of primary and secondary granules fused with the 
phagosome and (ii) ROS produced by nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, which are then pumped into the 
phagocytic vacuole [5]. 

The importance of NADPH oxidase in microbial killing is evident in chronic granulomatous disease (CGD), which is caused by a lack 
or dysfunction of this enzyme [99]. NADPH oxidase is composed of the core cytochrome b558 subunits (p91phox and p22 phox) and 
cytoplasmic components (p47 phox, p65 phox, p40 phox, and Rac). A defect in any of the five phox proteins results in defective ROS 
production and the development of CGD [99]. CGD is characterized by severe and recurrent bacterial and/or fungal infections that 
mostly affect the lungs, skin, lymph nodes, gastrointestinal tract, and liver [99]. Recurrent oral ulcers have been observed in 5%–23% 
of CGD patients in multiple cohorts: 5% of 130 patients in China, 11% of 63 patients in Turkey, 11% of 429 European patients, and 23% 
of 39 patients in Germany [99–102]. Some studies have reported gingivitis, with 11% of 429 European patients having gingivi-
tis/caries and 35% of 60 Italian patients having stomatogingivitis [103,104]. However, there is no evidence that CGD patients are 
susceptible to periodontitis [117]. Of note, carriers of the X-linked CGD gene CYBB mutation have two populations of phagocytes in the 
peripheral blood, one normal and one with defective ROS production [118]. Interestingly, carriers of X-linked CGD are not susceptible 
to infection but often suffer from RAS [119,120]. Kragballe et al. reported significantly lower ROS production by neutrophils from 
X-linked CGD carriers with RAS (n = 10) than those from symptom-free carriers (n = 5) [120]. 

3.5. Summary 

Based on the review of conditions associated with impaired neutrophil counts or function, it appears that neutropenia, specifically a 
decrease in the number of oral neutrophils, impaired extravasation, and defective ROS production are associated with oral ulcers. 
However, there does not seem to be a link between defects in either granule enzymes or NETosis and the occurrence of oral ulcers. 

4. Evidence for involvement of neutrophils in the pathogenesis of RAS 

4.1. Where are neutrophils observed in RAS lesions? 

Histopathologic investigation of RAS ulcers is relatively limited as biopsy is not a routine component of RAS management. 
However, an excellent report exists on the pathologic features of RAS lesions from premonitory and preulcerative stages to healing 
stage [121]. In the premonitory and preulcerative stages, an inflammatory focus of mononuclear (lymphoid) cells is observed in the 
lamina propria. Edematous and degenerative changes are also seen in the basal and lower prickle layers of the epithelium above the 
inflammatory focus, with a few infiltrated inflammatory cells [121]. Transmission electron microscopy has shown the presence of 
apoptotic prickle cells and increased intraepithelial lymphocytes and monocytes adjacent to the apoptotic cells [122,123]. A few 
neutrophils have also been noted adjacent to the apoptotic prickle cells [122,124]. 

In the ulcerative stage, neutrophils are confined to the breach within the epithelium and the fibrinous clot at the surface of the ulcer 
initially, but gradually spread to adjacent and subjacent tissues, where mononuclear cells predominate [121]. The number of neu-
trophils at the ulcer beds reaches that of lymphocytes, but lymphocytes always outnumber neutrophils in areas adjacent to the ulcer 
margins [124]. In the early lesions of RAS (within 24 h of ulcer onset), perivascular mononuclear infiltration consisting of lympho-
cytes, monocytes, and some mast cells reflects the dominance of mononuclear cell infiltration, and perivascular neutrophils are 
observed at the border of 2-day-old ulcers [123,125]. 

The histology of non-specific ulcers without recurrent history is characterized by less marked mononuclear and perivascular 

Table 2 
Studies on peripheral blood cell parameters in RAS patients.  

Study Subjects WBC ANC ALC APC NLR PLR MPV SII 

Ueta et al., 1993 [129] 40 aRAS vs. 20 Con N.R. ↓ ↑ N.R. N.R. N.R. N.R. N.R.  
40 rRAS vs. 20 Con N.R. ≈ ≈ N.R. N.R. N.R. N.R. N.R. 

Terzi et al., 2016 [130] 80 aRAS vs. 0 Con ↑ ↑ ≈ ≈ ↑ ≈ ≈ N.R. 
Uluyol et al., 2017 [131] 19 aRAS vs. 40 Con N.R. N.R. N.R. N.R. ↑ N.R. ↑ N.R.  

42 iRAS vs. 40 Con N.R. N.R. N.R. N.R. ≈ N.R. ≈ N.R. 
Kayabasi et al., 2019 [132] 39 aRAS vs. 60 Con ↑ N.R. N.R. N.R. ↑ ≈ ≈ N.R.  

33 iRAS vs. 60 Con ↑ N.R. N.R. N.R. ↑ ≈ ≈ N.R. 
Karaer, 2020 [133] 137 aRAS vs. 137 Con ≈ ≈ ≈ ≈ ≈ ≈ ≈ N.R. 
Turan et al., 2021 [134] 97 aRAS vs. 90 Con N.R. ≈ ≈ ≈ ≈ ≈ ≈ N.R. 
Atalay et al., 2022 [135] 97 aRAS vs. 97 Con N.R. N.R. N.R. N.R. ↑ ↑ N.R. ↑ 

WBC: white blood cell; ANC: absolute neutrophil count; ALC: absolute lymphocyte count; APC: absolute platelet count; NLR: neutrophil-to- 
lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; MPV: mean platelet volume; SII: systemic immune inflammation index (=APCxANC/ALC); 
aRAS: active recurrent aphthous stomatitis; iRAS: inactive recurrent aphthous stomatitis; rRAS: active recurrent aphthous stomatitis re-examined 
after remission; Con: control; N.R.: not reported. 
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infiltration and more pronounced neutrophil infiltration compared with RAS [123]. The lymphoid cells observed in RAS are pre-
dominantly T cells, but reports on the proportion of CD4+ and CD8+ T cells are not consistent [126–128]. After the expansion of lesions 
stops, the number of neutrophils decreases in the adjacent tissues remote from the ulceration, and neutrophils predominate only at the 
top of the lesion at the healing stage [121]. Therefore, neutrophils are latecomers to the scene but early leavers and concentrated in the 
denuded area. 

4.2. Is RAS associated with changes in neutrophil counts? 

Several groups investigated peripheral blood cell parameters to determine if excessive systemic inflammation is associated with the 
pathogenesis of RAS as summarized in Table 2 [129–135]. Most studies have focused on the neutrophil-to-lymphocyte ratio (NLR), 
platelet-to-lymphocyte ratio (PLR), and mean platelet volume (MPV), which are widely used as systemic inflammatory indices in 
various inflammatory conditions [136–138]. 

Of seven studies, only two included inactive RAS patients, and only one of these reported a significant increase in NLR in inactive 
RAS patients compared with control subjects, with no differences in PLR and MPV between the groups [131,132]. When comparing 
active RAS patients and control subjects, four of six studies reported a significant increase in NLR in RAS [130–132,135]. In most 
studies that reported PLR and MPV, these indices did not differ between the two groups [130–135]. Furthermore, only one of four 
studies reported an increase in the ANC in active RAS patients compared with controls, while one study reported a decrease (but not 
neutropenia) in ANC that was restored after remission [129,130]. Even in patients with SCN, ANC is often normal during infection 
[53]. These findings suggest that RAS is not associated with overt systemic inflammation, even during the active phase. 

Unfortunately, no studies have investigated changes in oral neutrophil count. The presence of ulcerative lesions will result in an 
increase in the oral neutrophil counts. However, whether RAS patients experience a change in oral neutrophil counts during the 
premonitory/preulcerative phases will answer an important question regarding the role of oral neutrophils in the initiation of RAS. 
Considering the more pronounced neutrophil infiltration observed in non-specific ulcers compared with RAS [123], a comparison of 
oral neutrophil counts in non-specific ulcers and RAS may provide an insight into the different healing processes of the two entities. 

4.3. Is RAS associated with changes in neutrophil functions? 

Several studies have investigated various functions of blood or oral neutrophils obtained from RAS patients and control subjects 
(Table 3). Dagalis et al. reported no differences in chemokinesis and chemotaxis to fMLP of blood neutrophils obtained from patients 
with active RAS compared to those of a control group [139]. However, Sistig et al. reported about a 50% reduction in the chemokinesis 
ability of blood neutrophils from active RAS patients, which partly recovered after remission but remained low compared with that of 
controls [140]. Five groups investigated the ingestion ability of blood, oral, or both neutrophils in active RAS patients using various 
targets: opsonized sheep red blood cells (SRBC), opsonized Candida, non-opsonized yeast, or non-opsonized latex particles. While two 

Table 3 
Studies on neutrophil functions in RAS patients.  

Study Subjects Neutrophil Functions Tested Major Findings 

aRAS vs. 
Con 

rRAS vs. 
aRAS 

rRAS vs. 
Con 

Dagalis et al., 1987 [139] 22 RAS*, 22 Con Chemokinesis, chemotaxis to fMLP by 
bNeutrophils 

≈ N.E. N.E. 

Sistig et al., 2001 [140] 51 aRAS, 51 rRAS, 47 
Con 

Chemokinesis by bNeutrophils ↓ ↑ ↓   

Ingestion of opsonized SRBC by bNeutrophils ↓ ≈ ↓   
Intracellular killing of SRBC by bNeutrophils ≈ ≈ ↑   
Non-phagocytic lysis of SRBC by bNeutrophils ≈ ↓ ↓ 

Lukac et al., 2003 [141] 15 aRAS, 20 Con Ingestion of non-opsonized yeast by oNeutrophils ↓ N.E. N.E.   
Intracellular killing of yeast by oNeutrophils ≈ N.E. N.E. 

Altinor et al., 2003 [142] 48 aRAS, 22 Con Ingestion of non-opsonized yeast by bNeutrophils ↑ N.E. N.E. 
Kumar et al., 2010 [143] 30 aRAS, 30 Con Ingestion of opsonized Candida by bNeutrophils ≈ N.E. N.E.   

Ingestion of opsonized Candida by oNeutrophils ≈ N.E. N.E.   
Intracellular killing of Candida by bNeutrophils ↓ N.E. N.E.   
Intracellular killing of Candida by oNeutrophils ↓ N.E. N.E. 

Ueta et al., 1993 [129] 40 aRAS, 40 rRAS, 20 
Con 

Ingestion of non-opsonized LP by bNeutrophils ≈ ≈ ≈

SOP (OZ, PMA) by bNeutrophils ↓, ↓ ≈, ↑ ↓, ≈
Wray et al., 1991 [144] 10 aRAS, 10 Con SOP (resting, PMA) by bNeutrophils ≈, ≈ N.E. N.E. 
Lewkowicz et al., 2003 

[145] 
20 aRAS, 16 rRAS, 19 
Con 

SOP (resting, fMLP, OZ, PMA) by bNeutrophils ↑, ≈, ≈, ≈ ≈,≈, ≈, ≈ ↑, ↑, ≈, ≈

aRAS: active recurrent aphthous stomatitis; rRAS: recurrent aphthous stomatitis after remission; Con: control; fMLP: N-formyl-met-leu-phe; bNeu-
trophils: blood neutrophils. 
oNeutrophils: oral neutrophils; SRBC: sheep red blood cell; N.E.: not examined; LP: latex particle; SOP: superoxide production; OZ: opsonized 
zymosan; PMA: phorbol I2-myristate 13-acetate. 
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studies reported 27% and 47% reductions in the ingestion abilities of blood and oral neutrophils, respectively, two studies reported no 
difference, and one study reported an increased ingestion ability [129,140–143]. Importantly, the increased ingestion ability 
decreased after treatment with colchicine, which significantly shortened the recovery period [142]. Only one of three studies reported 
a significant decrease in the intracellular killing activity of both blood and oral neutrophils from active RAS patients [140.141,143]. 
The three studies that examined superoxide production by blood neutrophils in active RAS patients also reported inconsistent results: 
decreased production by stimulation with opsonized zymosan or PMA [129], no significant differences at rest and by PMA stimulation 
[144], and increased production at rest but no difference by stimulation with fMLP, opsonized zymosan, or PMA [145]. 

Overall, two studies reported no difference, two reported enhanced function, and four reported reduced function of neutrophils in 
RAS. Because different studies often used different assays to measure the same parameter, direct comparison of the results is not 
possible. To better understand the role of neutrophils in the pathogenesis of RAS, standardized assays should be used, and an adequate 
sample size and normal range for each assay should be determined. 

5. Conclusion 

The review of acquired or congenital neutropenia clearly demonstrates a strong association between the neutropenia and the 
occurrence of oral ulcers. Cyclic neutropenia, in particular, provides the best evidence for the crucial role of neutrophils in maintaining 
the health of the oral mucosa. Approximately 90% of patients with cyclic neutropenia experience aphthous ulcers as one of the typical 
clinical symptoms, together with fever, malaise, and cervical adenopathy, that appear right after the nadir of ANC and regularly recur 

Fig. 2. Proposed models for the roles of neutrophils in the pathogenesis of recurrent aphthous stomatitis (RAS). (A) Two different models 
involving either impaired or hyperactive neutrophils are proposed. (B) Valuable research questions that will help to clarify the role of neutrophils in 
the pathogenesis of RAS are listed. 
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[146]. The absence of oral ulcers in patients with X-linked SCN indicates that the number of oral neutrophils, rather than blood 
neutrophils, is crucial [66]. In order for blood neutrophils to migrate to the oral cavity, extravasation is essential, which accounts for 
the oral ulcers observed in LAD and WDR1 deficiency (Table 1). The bactericidal activity of neutrophils consists of antimicrobial 
granule proteins and ROS. Interestingly, defects in ROS production, but not defects in granule proteins, are associated with oral ulcers 
(Table 1). 

ROS not only kill the phagocytosed microbes but also themselves, inducing apoptosis in neutrophils. It is worth noting that 
phagocytosis of apoptotic neutrophils by nearby macrophages is important for switching the macrophage phenotype from pro- 
inflammatory to resolution phase and for the resolution of inflammation [147,148]. Moreover, the clearance of infection is another 
critical prerequisite for the resolution of inflammation [149]. 

The appearance of oral ulcers in various neutropenic patients after the nadir of ANC suggests that neutrophils have an immune 
surveillance function in the steady-state oral mucosa. Despite the fact that neutrophils actively infiltrate most healthy tissues in mice, 
neutrophils in the epithelium or lamina propria of healthy oral mucosa are rarely observed. Furthermore, RAS initiates with the 
recruitment of mononuclear cells, not that of neutrophils [121–123]. The susceptibility of oral bacteria to phagocytosis by neutrophils 
varies depending on the species [150]. Additionally, the ability of oral bacteria to invade oral keratinocytes also varies depending on 
the species and strains [151,152]. Oral neutrophils may provide a surveillance function by controlling the total load and invasive 
microbes in the oral microbiome. Whether or not neutrophils provide surveillance function in the oral mucosa or in the oral cavity, and 
how oral neutrophils shape the composition of the microbiome on the oral mucosa, are important questions to be answered. 

The evidence for the involvement of neutrophils in the pathogenesis of RAS is inconsistent, and thus, it is not enough to draw a 
definitive conclusion. I propose two different scenarios that involve either impaired or hyperactive neutrophils in the pathogenesis of 
RAS (Fig. 2A). In the scenario involving impaired neutrophils, a decrease in the count or function of oral neutrophils at the premonitory 
stage may lead to oral dysbiosis, resulting in an increase in invasive microbes. The microbial invasion of epithelial cells may induce the 
degenerative changes in prickle cells and T cell recruitment observed at the pre-ulcerative stage. Microbe- and/or T-cell-mediated 
epithelial cell death induces ulceration. Neutrophils may be recruited finally by abundant N-formyl peptides released from extra-
cellular bacteria that trespass through the ulcerated area [153]. The less pronounced neutrophil infiltration observed in RAS than in 
non-specific ulcers [123] or the impaired function of neutrophils may delay the clearance of infection or apoptosis of neutrophils, 
leading to delayed healing. In the scenario involving hyperactive neutrophils, the overall scenario is similar except that oral dysbiosis is 
induced by an increase in the number or function of oral neutrophils, and hyperactive neutrophils recruited to the ulcer beds cause 
excessive tissue destruction, leading to delayed healing. It is also possible that neutrophils have different roles in the premonitory and 
ulcerative/healing stages of RAS. 

6. Limitations and future directions 

The primary limitation of this review is the limited research on the role of neutrophils in rare systemic diseases associated with RAS. 
Currently, the observed neutrophil hyperactivity in Behçet’s disease is considered a secondary response to an unidentified soluble 
factor present in the plasma of severely active patients, rather than a constitutive feature [11,154]. Additionally, the count or acti-
vation status of oral neutrophils in Behçet’s disease has not been examined, warranting further investigation. 

To evaluate the proposed roles of neutrophils in the pathogenesis of RAS, several questions can be addressed in studies using 
clinical samples.  

1. Are there any changes in the counts or function of oral and blood neutrophils from the premonitory to the healing stages of RAS?  
2. Are there any differences in the counts or function of oral and blood neutrophils in patients with active or inactive RAS compared to 

non-specific ulcer patients and healthy individuals?  
3. Is there a change in the oral microbiome at the premonitory/pre-ulcerative stages of RAS? 

Additionally, investigating whether oral neutrophils play a role in shaping the microbiome on the oral mucosa and perform im-
mune surveillance in the steady-state oral mucosa would be scientifically significant questions to address (see Fig. 2B for an 
illustration). 
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G. Schett, H. Iro, L.E. Muñoz, M. Herrmann, Neutrophil extracellular traps promote the development and growth of human salivary stones, Cells 9 (9) (2020) 
2139, https://doi.org/10.3390/cells9092139. 

[24] N. Koren, K. Zubeidat, Y. Saba, Y. Horev, O. Barel, A. Wilharm, O. Heyman, S. Wald, L. Eli-Berchoer, H. Shapiro, C. Nadler, E. Elinav, A. Wilensky, I. Prinz, 
H. Bercovier, A.H. Hovav, Maturation of the neonatal oral mucosa involves unique epithelium-microbiota interactions, Cell Host Microbe 29 (2) (2021) 
197–209.e5, https://doi.org/10.1016/j.chom.2020.12.006. 
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I. Antony-Debré, B. Beaupain, N. Aladjidi, V. Barlogis, F. Bauduer, P. Bensaid, O. Boespflug-Tanguy, C. Berger, J. Donadieu, Mutations in the SRP54 gene cause 
severe congenital neutropenia as well as Shwachman-Diamond-like syndrome, Blood 132 (12) (2018) 1318–1331, https://doi.org/10.1182/blood-2017-12- 
820308. 

[63] B. Schmaltz-Panneau, A. Pagnier, S. Clauin, J. Buratti, C. Marty, O. Fenneteau, K. Dieterich, B. Beaupain, J. Donadieu, I. Plo, C. Bellanné-Chantelot, 
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