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Introduction

Neutrophils (Polymorphonuclear neutrophils or PMNSs) are a highly abundant white blood cell
type, that are the first cells recruited to acute sites of infection. Through their essential role in
immune surveillance and maintenance of organismal homeostasis, PMNs innately recognize
tissue damage and infection, quickly home to relevant sites throughout the body and destroy
invading pathogens. Although they have a short life span in the circulation, tissue neutrophils
make up for this shortfall through their sheer abundance and their enormous tissue
destructive capacity. Excessive neutrophil responses are frequently associated with tissue
damage,’ which contributes to clinical manifestations in a wide array of chronic inflammatory
diseases including periodontal disease.?? In such cases, where the initiation and recruitment
of neutrophils, and therefore the magnitude of the neutrophil response, is not commensurate
with the nature of the threat, neutrophils are a potential therapeutic target and also a potential
diagnostic or prognostic tool for dentists.
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Neutrophils are constant defenders of mucosal surfaces

While they are traditionally thought of as first responders during infection, it is not a trivial
observation that neutrophils are constantly and constitutively recruited to mucosal sites
throughout the body, where commensal, or “good” bacteria, are ever-present. This includes
the gastrointestinal, respiratory and reproductive tracts, and importantly the oral cavity. The
continuous recruitment of neutrophils to these tissue sites occurs in health, although in a
pathological setting, such as periodontal disease, neutrophil recruitment is accelerated.

The oral cavity is a major interface with the external environment, with significant exposure to
potential pathogens. Neutrophils, which are constantly recruited through the gingival lamina
propria, across the junctional epithelium, and emerge into the gingival crevicular fluid and
saliva, serve an important protective function in health.?3The fundamental role of neutrophil
recruitment to the oral cavity is underscored by our observation that, PMNs are sooner
observed in the oral cavity than the blood in patients that have undergone hematopoietic
stem cell transplants.?? It has been estimated that 50 to 250 million PMNs are recruited to the
oral cavity each day in health. In chronic periodontal disease (PD) oral PMN load increases 4 to
10-fold.?®

Oral mucosal surfaces are lined with a biofilm of commensal microbial organisms, and despite
this being the natural state, and in fact necessary for health, oral neutrophils serve an
important function by limiting the growth of these commensal microbes, including formation of
a wall of neutrophils on the apical side of the junctional epithelium that separates and protects
the oral surfaces from the gingival biofilm.”® Because oral biofilms are in constant flux due to
constant environmental exposure of the mouth, neutrophils additionally function to limit the
abundance of specific microbial strains in the oral ecosystem including keystone pathogens,
and therefore help to maintain a homeostatic biofilm.

Neutrophils are important mediators of oral disease

If and when oral PMNs fail to protect from and properly maintain the oral biofilm, a progressive
dysbiotic state occurs, eventually triggering an augmented immune response. Excessive and
chronic activation of oral neutrophils, a hallmark of periodontal disease, contributes to damage
of periodontal connective tissue, loss of attachment, alveolar bone and tooth Ioss;9yet despite
the massive inflammatory response, the oral bacterial infection is not contained, and
hyperactive neutrophils instead contribute to a worsening of the dysbiotic state. Compounds
that reduce neutrophil activation or block the destructive mediators produced by neutrophils,
such as reactive oxygen species, are potential therapeutic candidates for application in

https://www.oralhealthgroup.com/features/the-neutrophil-in-oral-health-and-disease-the-new-diagnostic-biomarker/ 2/10



29/07/2025 21:42 The Neutrophil in Oral Health and Disease: The New Diagnostic Biomarker - Oral Health Group

periodontal disease patients. Research suggests that, initially, neutrophil responses in the oral
cavity are suppressed, as some pathogens have evolved mechanisms to subvert or evade
neutrophils.”®” (Fig. 1) The high levels of oral neutrophils that are characteristic of periodontal
disease are a much later phenomenon that develops in the full blown disease. By tracking
neutrophil activation and the oral inflammatory state in healthy individuals over time, it may be
possible to identify a period of suppressed inflammation, the calm before the storm, that
precedes the onset of periodontal disease.

This model for the mechanism of initiation of periodontal disease rests on the assumption that
invading keystone pathogens that subvert or avoid neutrophil mediated destruction might also
impact the ability of PMNs to respond normally to the commensal organisms that are also
present in the oral cavity. Eventually this hindered response would result in increased bacterial
load, feed-forward dysbiosis, tissue damage by way of bacterial virulence factors and tissue
invasion by the dysbiotic oral bacteria, thereby triggering a massive compensatory
inflammatory response.

Fig. 1: Oral neutrophil responses to microbial dysbiosis
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Oral pathogenic microbes cause a dysbiotic immune response in stages.
The healthy oral biofilm 1. is invaded by pathogenic microbes. 2. Initially,
these microbes evade polymorphonuclear neutrophil (PMN) mediated
destruction and alter normal neutrophil function. Altered or deficient
neutrophil function may contribute to progression of dysbiosis of the
pathogenic oral microenvironment, resulting in an excessive inflammatory
response. 3. Excessive inflammation is associated with tissue damage, loss
of attachment and bone loss characteristic of periodontal disease. 4. (This
figure was created using Biorender).
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Neutrophils as a diagnostic biomarker for oral disease
Strong evidence supports that sustained oral dysbiosis, associated with specific keystone

10,12,13 We3,74,75 and Others76,77 have

pathogens, is coupled with the onset of periodontal disease.
demonstrated that oral neutrophil counts are elevated in periodontitis patients, and that these
neutrophils are in a hyper-inflammatory state, compared to neutrophils from the healthy oral
cavity. We have developed flow cytometry based assays to measure various aspects of the
oral neutrophil activation state, which we used to compare neutrophils from healthy controls
and chronic periodontal disease patients.3 We demonstrated a pro-inflammatory phenotype
associated with full blown chronic periodontal disease, while oral neutrophils in health
displayed a partially activated (para-inflammatory) state. Oral neutrophils, which are readily
available in saliva, thus constitute an important potential diagnostic biomarker for oral disease.
Additionally, we have developed a model of ligature-induced periodontal disease using mice,
including recovery and analysis of neutrophils from the mouse mouth, that show activation of
the same oral neutrophils markers identified in humans.” This mouse model represents a

powerful research tool to test for novel therapeutic compounds for treatment of periodontitis.

Oral inflammation has long distance effects on neutrophils in the ciculation

In addition to localized tissue destructive effects in the mouth, oral inflammation can exhibit
long distance effects that alter neutrophil activation in the circulation and bone marrow.” In a
recent study, we used mouse and human models of periodontal inflammation to analyze
systemic/whole body immune effects.?? Using a mouse model of ligature-induced periodontal
disease, we found that bone marrow neutrophil counts were elevated compared to healthy
control mice. When these mice were exposed to an unrelated secondary inflammatory trigger,
the presence of underlying periodontal inflammation caused a systemic neutrophil response
that was previously not appreciated. Compared to mice that had peritonitis only, the mice with
underlying perio had a greater increase in circulating neutrophil counts and greater neutrophil
recruitment to the inflamed peritoneum. Interestingly, neutrophil recruitment to the colon, a

completely independent site, was also increased in these ‘double-hit’ mice.?°

Using a model of induced gingivitis we also found changes in blood neutrophils after the
onset of oral inflammation in humans.?° Healthy volunteers were instructed to cease all oral
hygiene practices for a three week period. During this period clinical features including
bleeding on probing and gingival index were increased, and coincided with increased
sensitivity of circulating neutrophils. Other groups have also identified increased neutrophils?’
and pro-inflammatory cytokinesi6 in the circulation as a consequence of oral neutrophil
recruitment. The evident far-reaching potential influence of oral health on systemic health
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further accentuates the importance of appropriate treatment of periodontal disease, through
neutrophil-targeted and conventional treatment modalities.

Conclusion

Neutrophils are exquisitely sensitive to biochemical and physiological signals in their
immediate environment, to which they respond on extremely short time-scales. Due to this
volatile nature they have shown considerable experimental intractability. We have developed

322 and therefore

a method for fixing neutrophils in saliva that maintains their native state,
facilitates high fidelity analysis of blood and oral neutrophils in a clinical setting. Due to the
association of oral neutrophils with periodontal disease, and the ready availability of
neutrophils in human saliva, these immune cells represent a significant opportunity for
therapeutic intervention and as biomarkers in oral disease, whose potential has only just

begun to be exploited.

Oral Health welcomes this original article.
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