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Introduction
Neutrophils are essential primary innate immune responders 
that kill invading pathogens, but they can also cause substantial 
host tissue damage as part of the inflammatory response to 
those pathogens (Borregaard 2010). Chronic periodontitis 
(CP)—a highly prevalent, dysbiosis-initiated, inflammatory 
condition of the oral cavity—is a model of tissue destruction 
mediated by the proinflammatory neutrophil response 
(Socransky and Haffajee 1994; Lakschevitz et al. 2013a; Eke  
et al. 2015). CP is characterized by amplified neutrophil recruit-
ment (Bender et al. 2006), gingival inflammation, and progres-
sive irreversible loss of periodontal attachment. Paradoxically, 
neutrophils are also constitutively recruited to the oral cavity in 
health without inducing clinically evident inflammation or tis-
sue destruction (Page and Schroeder 1976; Raeste et al. 1977). 
Within tissues, the intermediary immune state that allows the 
host to adequately respond to low-grade noxious agents or tis-
sue damage, without clinical signs of inflammation, has been 
termed parainflammation (Medzhitov 2008; Xu et al. 2009; 
Chovatiya and Medzhitov 2014). Immunogenic events that 
induce a switch from a parainflammatory to a proinflammatory 
state are likely to be central to the pathogenesis of chronic 
inflammatory diseases associated with biofilm-bearing tissues. 

Mechanisms that restrain oral neutrophil function in health and 
allow for management and tolerance of the commensal micro-
biota while avoiding tissue damage may be essential regulators 
of the parainflammatory state.

Normal circulating blood neutrophils are naïve, becoming 
primed or activated during certain disease states (Grisham  
et al. 1988; Omori et al. 2008), while oral neutrophils, which 
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Abstract
Neutrophils exit the vasculature and swarm to sites of inflammation and infection. However, these cells are abundant in the healthy, 
inflammation-free human oral environment, suggesting a unique immune surveillance role within the periodontium. We hypothesize 
that neutrophils in the healthy oral cavity occur in an intermediary parainflammatory state that allows them to interact with and contain 
the oral microflora without eliciting a marked inflammatory response. Based on a high-throughput screen of neutrophil CD (cluster 
of differentiation) marker expression and a thorough literature review, we developed multicolor flow cytometry panels to determine 
the surface marker signatures of oral neutrophil subsets in periodontal health and disease. We define here 3 distinct neutrophil 
subsets: resting/naive circulatory neutrophils, parainflammatory neutrophils found in the healthy oral cavity, and proinflammatory 
neutrophils found in the oral cavity during chronic periodontal disease. Furthermore, parainflammatory neutrophils manifest as 2 
distinct subpopulations—based on size, granularity, and expression of specific CD markers—and exhibit intermediate levels of activation 
as compared with the proinflammatory oral neutrophils. These intermediately activated parainflammatory populations occur in equal 
proportions in the healthy oral cavity, with a shift to one highly activated proinflammatory neutrophil population in chronic periodontal 
disease. This work is the first to identify and characterize oral parainflammatory neutrophils that interact with commensal biofilms 
without inducing an inflammatory response, thereby demonstrating that not all neutrophils trafficking through periodontal tissues are 
fully activated. In addition to establishing possible diagnostic and treatment monitoring biomarkers, this oral neutrophil phenotype model 
builds on existing literature suggesting that the healthy periodontium may be in a parainflammatory state.

Keywords: inflammation, chronic periodontitis, immunologic surface markers, cell degranulation, neutrophil extracellular traps, reactive 
oxygen species

 at International Association for Dental Research on June 6, 2016 For personal use only. No other uses without permission.jdr.sagepub.comDownloaded from 

© International & American Associations for Dental Research 2016

http://jdr.sagepub.com/


2 Journal of Dental Research 

have undergone extravasation and exposure to the oral biofilm, 
are activated. On the basis of reports of characteristic oral neu-
trophil phenotypes associated with periodontitis (Johnstone et al. 
2007; Aboodi et al. 2011; Lakschevitz et al. 2013a) and neutro-
phil phenotype heterogeneity in other pathologic conditions 
(Carmona-Rivera and Kaplan 2013; Cloke et al. 2013; Sagiv et al. 
2015), we hypothesized that oral neutrophils associated with 
periodontal health might have a distinct phenotype from neu-
trophils associated with inflamed periodontal tissues. Using 
CP, a model of oral mucosal and connective tissue inflamma-
tion, in conjunction with comprehensive cluster of differentia-
tion (CD) marker expression profile analysis, we demonstrate 
that 2 unique tissue neutrophil phenotypes are present in the 
oral cavity: a parainflammatory neutrophil in the healthy oral 
cavity and a proinflammatory neutrophil, which occurs in CP.

Methods and Materials

Human Subjects

Participants were recruited from Toronto General Hospital’s 
Nephrology Center and the University of Toronto’s Graduate 
Periodontology Clinic. The study was approved by the 
University of Toronto’s Research Ethic Board (30044, 29410) 
as well as the University Health Network Research Ethic Board 
(13-6896-AE). Signed informed consent was obtained from all 
participants prior to inclusion. For details of clinical assess-
ment, see the Appendix.

Sample Collection and Processing

Blood and oral samples were obtained as previously described 
(Lakschevitz et al. 2013a). Blood samples were drawn into a 
vacutainer containing 0.1 volumes of sodium citrate as antico-
agulant. With the exception of electron microscopy and reactive 
oxygen species (ROS) assays, freshly drawn whole blood and 
oral rinse samples were immediately fixed with 1.6% parafor-
maldehyde for 15 min at 4 oC, which we found preserved native 
surface expression of CD markers without altering antigenicity. 
Erythrocytes were eliminated by isotonic lysis. Oral samples 
were pelleted at 690 g and resuspended in 10 mL of cold  
phosphate-buffered saline, and epithelial cells were removed by 
filtration as previously described (Lakschevitz et al. 2013b). 
Cell sorting based on CD18 expression was performed to con-
firm >98% purity of oral neutrophil populations.

Electron Microscopy

Fresh oral neutrophils were prepared as above, without para-
formaldehyde fixation. Sample preparation and electron 
microscopy were performed as previously described (Lim et al. 
2011). For details, see Appendix.

Multicolor Flow Cytometry

Whole blood leukocytes and oral neutrophils (5 × 105) were 
resuspended in 50 µL of FACS buffer and labeled with 2 

separate panels of antibodies, as detailed in Appendix Table 1. 
The markers were classified into 4 categories based on func-
tion: degranulation/activation markers (CD10, CD63, CD64, 
and CD66a), immunoregulation markers (CD16 and CD170), 
adhesion markers (CD11b, CD18, and CD177), and comple-
ment regulators (CD55). Cells were labeled for 30 min on ice 
in the dark and washed 3 times with FACS buffer. At least 2 × 
104 gated events were acquired with an LSR Fortessa (BD 
Biosciences) flow cytometer. For each CD marker, appropriate 
fluorescently tagged isotype control antibodies were used to 
determine autofluorescent signals, which were subtracted from 
mean fluorescence intensities (MFIs). Flow cytometer channel 
voltages were calibrated manually with rainbow beads to nor-
malize sample acquisition on different days. Compensation 
was performed with single-stained OneComp eBeads (eBiosci-
ence). Gating was performed as described in (Appendix Fig. 
1A, B). Doublets were excluded by SSC-W × SSC-H (side 
scatter: width × height). Data were analyzed with FlowJo soft-
ware (vX). Samples from 1 healthy volunteer were run on mul-
tiple occasions to confirm reproducibility on different days. 
Also, samples stained in duplicate on a given day were found 
to yield identical results. Power analysis was performed to esti-
mate the number of samples that would be necessary.

ROS Assay

ROS assays were performed essentially as described (Aboodi 
et al. 2011). Unfixed oral neutrophils were prepared and incu-
bated for 20 min at 37 °C in Hanks-/- containing dihydrorhoda-
mine at a final concentration of 2 µM and stimulated for an 
additional 15 min with phorbol 12-myristate 13-acetate (PMA) 
at a final concentration of 200 nM or left unstimulated. The 
cells were placed on ice and labeled with CD18-BV421. Flow 
cytometry, gating, and analysis were performed as described 
above.

Neutrophil Extracellular Trap Assay

Preparation of fixed, purified oral neutrophils was performed 
as above. Flow cytometric analysis of neutrophil extracellular 
trap (NET) formation was performed as described previously 
(Gavillet et al. 2015). Oral neutrophils were labeled sequen-
tially with primary anti-Histone H3 (Citruline R2 + R8 + R17; 
Abcam) and secondary goat anti-rabbit-AF488 (Abcam) anti-
bodies and then labeled with MPO-PE (clone 2C7; Acris) and 
CD18-BV421. Each incubation was for 30 min, followed by 1 
wash with FACS buffer. Flow cytometry, gating, and analysis 
were performed as described above.

Statistical Analysis

One-way analysis of variance was performed with a post hoc 
Tukey’s test for pairwise comparisons. Clinical parameters 
were compared with Student’s t test. P ≤ 0.05 was considered 
statistically significant. Statistical analysis was performed with 
GraphPad software.
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Results

Clinical Description of  
Periodontal Status

Seventeen CP patients and 11 healthy 
controls were recruited to characterize 
blood and oral neutrophil phenotypes. 
On average, patients with CP had 3.1 
fewer teeth (24.9 ± 4.2) than healthy 
controls (28 ± 1.7, P = 0.04; Appendix 
Table 2), with bleeding on probing 
occurring at 62% of sites in CP patients 
versus 8.6% of sites in healthy controls 
(P < 0.001). In patients with periodontal 
disease, 25.5% of all sites were deemed 
to be undergoing active inflammation-
mediated periodontal tissue breakdown, 
while active disease (pocket depth ≥5 
with bleeding on probing) was virtually 
absent (0.1%) in healthy controls (P < 
0.001). Consistent with previous obser-
vations (Landzberg et al. 2015), patients 
with CP had an elevated oral inflamma-
tory cell load, as demonstrated by a 
5-fold increase in oral neutrophil counts 
as compared with healthy controls (P = 4 × 10−4). There were 
no significant differences between the 2 groups with respect to 
age, age range, or sex.

Oral Neutrophils in Chronic Periodontal Disease 
Have Elevated Degranulation and Phagocytosis 
Compared with Healthy Oral Neutrophils

To characterize functional differences between blood and oral 
neutrophils in health and disease, we evaluated granule content 
and phagocytosis in CP and healthy oral neutrophils by elec-
tron microscopy (Fig. 1). The mean number of granules per 
square micrometer (µm2) of cytoplasm was lower in oral neu-
trophils when compared with blood neutrophils (Fig. 1B), and 
granule content was further reduced in oral neutrophils from 
CP patients versus healthy controls. There were no differences 
in granule content between blood neutrophils of healthy and 
CP patients. Phagosomes were commonly observed in oral 
neutrophils but not in blood neutrophils (Fig. 1C). Oral neutro-
phils from CP patients contained, on average, more early and 
late phagosomes than oral neutrophils from healthy controls. 
Elevated degranulation and phagocytosis by CP oral neutro-
phils confirms that these are in a heightened inflammatory 
state as compared with healthy oral neutrophils.

Flow Cytometric Gating Strategy

Oral rinse samples contain neutrophils, epithelial cells, bacte-
ria, and debris. Epithelial cells were removed by filtration, and 
we found that gating on CD18+ was sufficient to exclude debris 
(Appendix Fig. 1A). Cytologic analysis of sorted cells 

confirmed the purity of neutrophils in CD18+ populations, 
while CD18– populations contained debris but no cells 
(Appendix Fig. 1A). Neutrophils in whole blood were gated on 
the basis of high CD16 expression in combination with side 
scatter area (SSC-A; Appendix Fig. 1B). Although a subset of 
circulating monocytes are known to be CD16+ (Passlick et al. 
1989), analysis of high- and low-density blood fractions con-
firmed that these monocytes had lower SSC-A and lower CD16 
expression than blood neutrophils and were excluded by our 
gating strategy (Appendix Fig. 1B–D).

Identification of Oral Neutrophil  
Populations in Health and CP

We performed high-resolution multicolor flow cytometry to 
analyze CD marker signatures of blood and oral neutrophils 
and to identify and immunophenotype neutrophil subsets in 
health and CP. Two panels of antibodies were developed 
(Appendix Table 1) based on a high-throughput screen 
(Lakschevitz et al. 2016) and literature confirming the rele-
vance of specific neutrophil CD markers in human inflamma-
tory conditions. All markers that were selected had significantly 
altered expression on oral neutrophils as compared with blood 
neutrophils in the high-throughput screen.

Analysis of FSC-A (forward scatter area) × SSC-A, which 
are generally equivalent to cell size and granularity, indicated 
that oral neutrophils were shifted toward the lower left quadrant 
as compared with blood neutrophils (Fig. 2A, B). In healthy 
oral neutrophil samples, we identified 2 populations with dis-
tinct epicenters based on FSC-A × SSC-A, while only 1 popula-
tion was observed in CP (Fig. 2A, B; Appendix Fig. 2). The 2 

Figure 1. Oral neutrophils have elevated phagocytosis and greater degranulation in chronic 
periodontitis (CP). Blood and oral neutrophils were pelleted, fixed, and imaged by electron 
microscopy. (A) Representative images are shown. Arrowheads indicate granules, and arrows 
indicate phagosomes. Bar is 2 µm. Granule number normalized to cytoplasmic area (B) and 
phagosomes per cell (C) were determined with ImageJ software. At least 25 cells were analyzed 
from paired blood and oral neutrophils of controls (n = 5) and periodontal disease patients (n = 5). 
Significant differences were determined by analysis of variance with a post hoc Tukey’s test. *P < 0.05.
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oral neutrophil populations in health, which occurred in roughly 
equal proportions, were as follows: a population with similar 
FSC-A × SSC-A properties to blood neutrophils (P1, 45.2% ± 
3.2%) and a population that was shifted to the lower left quad-
rant of the scatterplots (P2, 50.3% ± 3.2%; Fig. 2A, Appendix 
Fig. 2A). The CP oral neutrophil population was consistently 
observed in the lower left quadrant of scatterplots (P3; Fig. 2B, 
Appendix Fig. 2B). The mean geometric MFI of each CD 
marker was determined for blood neutrophils and for each oral 
neutrophil population. There was no difference in expression of 
CD markers between blood neutrophils of healthy volunteers 
and CP patients. All the CD markers in our panels had elevated 
expression on each oral neutrophil population when compared 
with blood, with the exception of CD16, which had reduced 
expression (Fig. 2C, Appendix Fig. 3, Appendix Table 3). By 
comparing oral neutrophil populations, we found that 7 CD 
markers—CD10, CD11b, CD18, CD55, CD63, CD64, and 

CD66—had significantly elevated 
expression on CP oral neutrophils as 
compared with either of the oral neutro-
phil populations in health (Fig. 2D, 
Appendix Fig. 3, Appendix Table 3). 
Furthermore, CD16 and CD170 had 
elevated expression on the CP oral neu-
trophils when compared with the P2 
healthy oral neutrophils but similar 
expression to the P1 healthy oral neu-
trophils. Comparing the 2 healthy oral 
neutrophil populations, we found sig-
nificant differences in expression of 4 
CD markers (Fig. 2C, D): while expres-
sion of CD55 and CD63 was elevated, 
expression of CD16 and CD170 was 
reduced on the P2 population versus the 
P1 population. Retrospectively, we 
found that these CD markers were suf-
ficient to distinguish between the 2 
healthy oral neutrophil populations 
(Appendix Fig. 4).

Based on our observation of higher 
degranulation, phagocytosis, and 
expression of neutrophil markers of 
activation by CP oral neutrophils, this 
population was designated as proin-
flammatory (Pro), while the 2 healthy 
oral neutrophil populations, based on 
the parainflammation hypothesis, were 
called Para1 (FSC-Ahigh/SSC-Ahigh) 
and Para2 (FSC-Alow/SSC-Alow).

Proinflammatory Neutrophils 
Have Elevated ROS 
Production and NET 
Formation

To assess the functionality of oral neu-
trophil populations, we examined base-

line and PMA-stimulated generation of reactive oxygen species 
(ROS) by flow cytometry. By gating on the 2 healthy oral neu-
trophil populations (Para1 and Para2), we found that the Para2 
population produced more ROS than the Para1 population at 
baseline and that both populations showed increased ROS pro-
duction after stimulation with PMA (Fig. 3A). Proinflammatory 
neutrophils produced more ROS than the parainflammatory 
oral neutrophils. However, in contrast to the Para1 and Para2 
populations, PMA stimulation did not induce a significant 
increase in ROS production by the CP neutrophils, suggesting 
that they exhausted their potential for ROS production while 
parainflammatory neutrophils retained their potential for fur-
ther stimulation (Fig. 3A).

A flow cytometric NETosis assay—which detects myelo-
peroxidase and histone citrullination on the cell surface—was 
used to detect NET formation in oral neutrophil populations. 
We found that Pro oral neutrophils from CP patients showed 

Figure 2. Para- and proinflammatory oral neutrophil populations are defined by differential 
cluster of differentiation (CD) marker expression. Representative contour plots of blood and oral 
neutrophils from a healthy volunteer (A) and a chronic periodontitis (CP) patient (B) are shown. 
Two oral populations were observed in health, in roughly equal proportions, and were gated 
according to FSC-A × SSC-A profiles. In CP, only 1 population of oral neutrophils was observed 
with low FSC-A and low SSC-A. Gates for the 3 oral neutrophil populations (P1, P2, and P3) are 
shown. (C) Blood and oral neutrophils of healthy controls (n = 11) and CP patients (n = 17) were 
analyzed by multicolor flow cytometry. Representative histograms of CD55 and CD63 expression 
on blood neutrophils (red), P1 oral neutrophils (green), P2 oral neutrophils (orange), and P3 oral 
neutrophils (blue) are shown. FMO (fluorescence minus one) isotype controls are indicated for each 
CD marker. (D) The geometric mean fluorescence intensity (MFI) for each CD marker is shown 
for the healthy (P1, P2) and CP (P3) oral neutrophil populations. Mean geometric MFI ± SEM are 
shown. Analysis of variance with a post hoc Tukey’s test was performed to determine statistical 
significance **P < 0.01. FSC-A, forward scatter area; SSC-A, side scatter area.
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high levels of NET formation when 
compared with the Para cells from 
healthy patients (Fig. 3B).

Discussion
The present study characterizes for 
the first time oral neutrophil subsets 
specific to health and chronic inflam-
mation of the oral mucosa. We find 
that oral neutrophils from CP patients 
are in a proinflammatory activation 
state when compared with healthy 
oral neutrophils, as determined by 
elevated degranulation, phagocytosis, 
ROS production, and NETosis, as 
well as a characteristic signature of 
cell surface markers of activation 
(Fig. 4). We thus demonstrate an 
intermediate or parainflammatory 
state of oral neutrophils in health.

Neutrophils are important primary 
innate immune responders that migrate 
from the circulation to sites of inflam-
mation in the tissue. Neutrophils con-
tribute to periodontal tissue homeostasis 
through microbial surveillance and 
direct modulation of the host tissue 
response (Moutsopoulos et al. 2014); 
however, pathologic neutrophil responses 
can result in tissue damage (Kantarci 
et al. 2003; Amulic et al. 2012). While 
multiple circulating neutrophil sub-
types are known (Tsuda et al. 2004; 
Cloke et al. 2013; Fu et al. 2014; 
Sagiv et al. 2015), to our knowledge, 
diversity of neutrophil populations in 
tissue has not been studied, nor is 
there an understanding of how neutro-
phils maintain tissue homeostasis in 
the presence of commensal bacteria.

Phenotype of Para- and 
Proinflammatory Neutrophils

CD markers and their surface expres-
sion levels can be used for 3 main 
purposes: 1) to label/define a specific 
population of interest, 2) as markers 
of functionality, or 3) to gauge the 
state of activation of a particular function (van Eeden et al. 
1999; Elghetany 2002). Here we identified separate neutrophil 
populations with unique phenotypes in health and disease 
using custom CD marker panels, and we compared the func-
tional activity of these populations. We found CD markers 
indicative of cell activation to be expressed at much higher 

levels on oral neutrophils in CP as compared with healthy oral 
neutrophils, constituting a multiparameter CD marker signa-
ture that can differentiate between para- and proinflammatory 
tissue neutrophil populations based on activation state. The 
markers that were upregulated on CP oral neutrophils fall into 
3 categories:

Figure 3. Proinflammatory oral neutrophil populations have elevated neutrophil extracellular trap 
formation and increased reactive oxygen species production as compared with parainflammatory 
neutrophils. (A) Oral neutrophils from healthy controls and chronic periodontitis (CP) patients 
were labeled with dihydrorhodamine and treated with phorbol 12-myristate 13-acetate (+PMA) 
or left untreated (–PMA) at 37 °C for 15 min. Representative histograms showing levels of the 
dihydrorhodamine oxidation product, rhodamine 123, on Para1, Para2, and proinflammatory (Pro) 
neutrophil populations are shown. Fluorescence minus one (FMO) controls are indicated. At least 2 
× 104 events were acquired in 3 independent experiments. Bar graphs show basal mean geometric 
mean fluorescence intensities (MFIs) of rhodamine 123 signal and the fold increase in geometric MFI 
in response to PMA stimulation for each oral neutrophil population. *P < 0.05, n = 3. (B) Fixed oral 
neutrophils were labeled with H3Cit, myeloperoxidase (MPO), and CD18 antibodies and analyzed 
by flow cytometry. Doublets were excluded, and neutrophils were gated according to expression of 
CD18. Representative histograms of H3Cit and MPO expression on Para1, Para2, and Pro neutrophil 
populations are shown. FMO controls are indicated. At least 2 × 104 events were acquired in 3 
independent experiments. Bar graphs show mean geometric MFIs for H3Cit and MPO for each oral 
neutrophil population ± SEM. *P < 0.05, **P < 0.01, n = 7.
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Figure 4. Model of parainflammatory and proinflammatory (Pro) neutrophil phenotypes in health and disease. Parainflammatory neutrophil subtypes 
are present in periodontal health, while Pro neutrophils occur in chronic periodontitis (CP). The 2 parainflammatory populations (Para1 and Para2) in 
health differ per cluster of differentiation (CD) marker expression and functional activity. Para2 oral neutrophils produce more reactive oxygen species 
and neutrophil extracellular traps as compared with Para1 populations. In addition to elevated neutrophil recruitment during CP, Pro neutrophils are 
in a heightened inflammatory state based on high expression of CD markers of activation, elevated production of reactive oxygen species, and more 
neutrophil extracellular trap (NET) formation when compared with both parainflammatory oral neutrophils.

1) markers of activation/degranulation—CD10 (Kuijpers 
et al. 1991), CD63 (Cham et al. 1994; Kobuch et al. 
2015), CD64 (Hoffmann 2009; Streimish et al. 2012), 
and CD66a (Skubitz et al. 1996);

2) adhesion receptors—CD11b and CD18; and
3) complement inhibitor—CD55 (Christmas et al. 2006).

The proinflammatory phenotype of CP oral neutrophils was 
confirmed by elevated degranulation, phagocytosis, ROS pro-
duction, and NETosis.

Interestingly, we observed 2 different populations of oral 
neutrophils in health. The Para1 and Para2 populations differed 
according to their size and granularity profile, expression of 
specific CD markers, production of ROS, and NET formation. 
The Para1 oral neutrophil phenotype, which is present only in 
health, has an FSC-A and SSC-A profile that is similar to naïve 
blood neutrophils, and these cells are in a lower state of activa-
tion relative to the Para2 oral neutrophils, based on the relative 
expression levels of 4 CD markers. Compared with the Para1 
population, Para2 oral neutrophils had elevated expression of 2 
markers of activation (CD55 and CD63) and reduced expres-
sion of the inhibitory receptor, CD170 (Avril et al. 2005), and 
the low-affinity Fc receptor, CD16. A drop in CD16 is likely a 
consequence of internalization as a result of phagocytosis and 
therefore is consistent with elevated phagocytic activity of the 
Para2 population compared with the Para1 population. 
Functionality, as determined by ROS production and NET for-
mation, was also reduced in the Para1 neutrophils versus the 
Para2 neutrophils. We surmise that the Para2 neutrophils may 
be the front-line neutrophils within the healthy tissue that inter-
act with the commensal biofilm or that they are coming from 

pockets with increased biofilm load, resulting in an increased 
activation state that is still below the maximal activation state 
of the proinflammatory neutrophil population observed in CP. 
Similarly, Para1 neutrophils—which also show upregulation of 
activation markers compared with blood but have restrained 
activation as compared with Para2 neutrophils—could be oral 
neutrophils that are in a primed state.

In contrast to health, there is only 1 population of CP oral 
neutrophils, which have a similar FSC-A/SSC-A profile to 
Para2 neutrophils but are more activated than either of the para-
inflammatory populations based on ROS production, NET for-
mation, and expression of CD markers of activation. This 
suggests that periodontal tissue neutrophils lie on a spectrum of 
increasing activation: Para1 < Para2 < Pro. Based on the fact 
that the Para1 and Para2 populations occur in equal proportions 
and were absent in CP, it is possible that the balance between 
the 2 contributes to the maintenance of tissue health in the pres-
ence of commensal microorganisms. Another possibility is that 
Para2 neutrophils come from sites of undetected subclinical 
inflammation in the mouth. While CD16 and CD170 expression 
are reduced in Para2 populations versus Para1, levels of these 2 
markers remain high on proinflammatory neutrophils in CP. It 
is unclear why CD16 and CD170 expression remains high on 
the CP oral neutrophils, since this would predict that these cells 
are not fully activated. It is possible that periodontal pathogens 
may be involved in the upregulation of these markers as part of 
their immune-modulatory actions, causing suppression of cer-
tain aspects of neutrophil function.

Reduced SSC-A of Para2 and Pro neutrophils, relative to the 
Para1 population, are consistent with increased degranulation in 
these populations; however, nuclear morphologic changes, 
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including those associated with NETosis, might also alter the 
spectral properties of the cells. Upregulation of CD markers 
associated with granules confirms that healthy and CP oral neu-
trophil populations have undergone degranulation relative to 
blood neutrophils (Borregaard and Cowland 1997). Furthermore, 
a relative increase in degranulation markers on oral neutrophils 
in CP, as compared with healthy oral neutrophils, is consistent 
with increased degranulation observed by electron microscopy 
and suggests that reduced SSC-A is at least partly due to 
increased degranulation in these populations.

In CP there is a shift from 2 parainflammatory populations 
to 1 proinflammatory neutrophil phenotype in response to the 
dysbiotic microenvironment instigated by pathogenic microbes. 
This conversion of parainflammatory neutrophils into proin-
flammatory neutrophils is likely to be a key aspect of patho-
genesis in periodontal disease. Further research will be 
necessary to elucidate the functional interplay between the 2 
parainflammatory subtypes. Furthermore, experimental mod-
els of gingivitis will be useful to better understand the transi-
tion from Para1 to Para2 to Pro neutrophils.

The Neutrophil Spectrum

Inflammation is an immunologic response to noxious microen-
vironmental stimuli, produced in response to dysbiotic events 
such as infection or tissue injury. Inflammation can be thought 
of as the extreme end of a spectrum of tissue states that ranges 
from homeostasis in the basal state to parainflammation in the 
stressed tissue to a full-fledged inflammatory state in damaged 
or infected tissue. In the healthy oral cavity, there is a constant 
low-grade microbiome-related stress and a constant influx of 
neutrophils; however, we show that these neutrophils are in an 
intermediate or parainflammatory state and have not been acti-
vated to their full potential. This is supported by studies com-
paring periodontal tissues in aged germ-free and normal 
specific pathogen–free mice, showing that the commensal bio-
film and normal immunosurveillance do lead to alveolar bone 
loss over time (Hajishengallis et al. 2011; Irie et al. 2014). 
Neutrophils are classically thought to be in either a resting or 
activated state; however, we have demonstrated that they actu-
ally exist in 4 states: a resting basal state in blood, 2 parain-
flammatory states in the healthy oral cavity, and a fully 
activated proinflammatory state in the diseased oral cavity. 
Although innate differences between neutrophil subsets are 
possible, we believe that the oral neutrophil subsets arise in 
response to localized inflammatory cues within the tissue and 
that similar changes in tissue neutrophils might also occur in other 
inflammatory diseases, such as arthritis and colitis. In addition 
to serving as possible diagnostic and treatment-monitoring 
biomarkers, oral neutrophil subtypes could serve as a tool to 
study the role of neutrophils in maintaining health at the muco-
sal biofilm interface and to better understand the role of neutro-
phils in chronic inflammatory diseases.
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