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Abstract
Background: Inflammation increases diabetes mellitus type 2 (T2DM) progression 
and severity. T2DM patients are at high risk of the rapid development of chronic peri-
odontitis (CP). Topical presence, high numbers, and bactericidal effects of immune 
cells are challenged by augmented antigen-induced inflammation, which promotes 
both diseases.
Objectives: To investigate gingival cellular inflammatory responses in individuals 
with previously undiagnosed T2DM with CP or CP alone and in systemically and peri-
odontally healthy controls (H) in vivo and to establish an ex vivo technique permitting 
quantitative and qualitative assessments of gingival crevicular immune cells.
Materials and Methods: T2DM + CP, CP, and H individuals (n = 10, each) received a 
2-week oral hygiene regimen (OHR). Afterwards, a noninvasive sampling technique 
was performed to evaluate gingival inflammation induced under standardized condi-
tions in vivo, that is, in the absence of severe periodontal destruction and inflamma-
tion at clinically healthy sites. Stimuli (casein/test or phosphate-buffered saline w/o. 
Ca2+ or Mg2+, PBS(−/−)/control) were randomly applied contralaterally in the gingival 
sulci of participants’ upper dentes canini. One day after completion of the OHR, gin-
gival crevicular fluid (GCF) was kinetically assayed between the time of the baseline 
(BL) measurement and 55  minutes. Polymorphonuclear leukocyte (PMN) content 
(PMNGCF) was quantitated at an optimum time of 35 minutes. PMNGCF counts reflect 
local inflammation. Ex vivo samples were fluorimetrically labeled, gated according 
to the donor's peripheral blood polymorphonuclear neutrophils (PMNPB), and then 
counted, employing flow cytometry.
Results: PMNGCF counts in unstimulated gingival crevices (at BL) in the T2DM + CP 
group were higher than those in the CP and H groups. PMNGCF counts were elevated in 
casein vs PBS(−/−)-stimulated gingival crevices in all groups. Patients with T2DM + CP 
showed increased PMNGCF counts compared to those with CP (P = .035) according 
to scatter plots. CD45+ counts in the stimulated sites in T2DM + CP patients were 
higher than those in CP and H patients (P = .041). Under stimulation conditions, the 
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1  | INTRODUC TION

The innate and adaptive arms of the immune system become ac-
tivated in patients with metabolic disorders, particularly type 2 di-
abetes mellitus (T2DM) patients.1 Substantial numbers of primary 
immune cells are recruited to the tissues of individuals affected by 
these diseases, even in the absence of foreign antigens, for example, 
bacteria, fungi, or particles.2

In T2DM, underlying pathophysiological mechanisms impair 
insulin production by pancreatic β-cells with or without insulin re-
sistance in peripheral cells; the latter directly impacts excessive pe-
ripheral blood glucose or free fatty acids. During this metabolic shift, 
patients may suffer from spells of adephagia, further promoting 
obesity and adiposity.3 Interestingly, direct consequences of the re-
sponses and modulation of phagocyte populations strongly depend 
on the metabolic system.4

In this context, the roles of myeloid cells and primarily macro-
phages (MΨ) are well established.5 In addition to MΨ, other immune 
cells with altered functionality become modulated in early metabolic 
syndrome, a precursor of T2DM. Furthermore, zones of inflammation 
augment a variety of effects, such as the secretion of cyto/chemo-
kines or the recruitment and activation of leukocyte populations.6

Evidence from murine models indicates that like MΨ, neutro-
philic polymorphonuclear leukocytes (PMN) double their numbers 
within tissues when animals are fed a high-carbohydrate diet.7

Increased numbers of adhesion antigens on PMN membranes 
and enhanced leukocyte-endothelial interactions have been re-
ported in T2DM patients8 and murine models.9,10 These molecular 
changes most likely alter the magnitudes of PMN functions, such 
as adhesion, chemokinesis, chemotaxis, phagocytosis, and antigen 
degradation.11

The shared pathophysiologies of T2DM and chronic periodonti-
tis (CP) have been reviewed elsewhere.12,13 Hyperinflammation, par-
ticularly hyperreactive PMN, has a large impact on the underlying 
mechanisms of host tissue destruction in the pathogenesis of CP.14 
Furthermore, such PMN phenotypes, among others, may influence 
metabolic (eg, T2DM) and central or peripheral artery obstructive 

diseases. PMN thus may act as putative pathogenic link, rendering 
CP capable of influencing comorbidities.

Harvested by venipuncture from vessels of the upper limbs, 
these venous neutrophils (PMNPB) should be naïve, not primed, and 
if at all, remotely challenged or activated. Most likely, they have not 
undergone stages of activation and recruitment, such as marginal-
ization, extravasation, chemotaxis, or tissue migration. In contrast, 
morphological and (patho-) physiological differences in topical gingi-
val or periodontal neutrophils (PMNGCF) may be expected.

The objective of the assay was to measure stimulus-depen-
dent inflammatory leukocyte responses in the gingival crevice. 
Differences in this experimentally induced inflammatory reaction 
between patients with newly diagnosed T2DM and periodontitis 
(T2DM  +  CP), patients with CP alone, and systemically and peri-
odontally healthy individuals (H) were evaluated by quantifying the 
casein-stimulated influx of PMN in healthy gingival crevice and at 
collateral sites that were placebo controlled (PBS(−/−)).

The null hypothesis was as follows: T2DM  +  CP patients topi-
cally exhibit exhausted host responses upon inflammatory stimula-
tion because PMN fail the experimental inflammatory challenge in 
T2DM + CP and CP individuals but not in healthy individuals.

2  | MATERIAL AND METHODS

The presented data are part of a prospective, single-blinded, clinically 
controlled explorative study approved by the Institutional Review 
Board for human studies at the Medical Faculty at Justus Liebig 
University in Giessen (Germany) and registered with ClinicalTrails.
gov (NCT01848379).

2.1 | Study size and participants

All the participants were fully informed and gave their written con-
sent. Patients without any diagnostic or therapeutic history of the 
disease were initially diagnosed with T2DM by an endocrinologist 

CD45+ counts differed from those under placebo conditions (P = .019), indicating aug-
mented, inducible inflammatory leukocyte infiltrate in T2DM + CP patients.
Conclusions: This noninvasive technique permits quantitative assessment of (experi-
mental) gingival inflammation in vivo, revealing an influence of T2DM + CP on the 
number of primary immune cells in the gingival crevice. Patients who are challenged 
with (local) leukocytosis are likely at risk of collateral damage to the gingival crevice 
neighboring tissues, favoring the severity and progression of CP and consequently 
T2DM (www.clini​caltr​ials.gov NCT01848379).

K E Y W O R D S

chronic periodontitis, diabetes, flow cytometry, inflammation, neutrophils, periodontal 
immunology
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considering the fasting plasma glucose (FPG ≥ 160 mg/dL) level and 
glycosylated hemoglobin (HbA1c ≥ 7.5%) value, receiving the ICD10 
code of E11.9(-1): diabetes mellitus type II without complications, 
uncontrolled to date and severe. These patients were hospitalized 
due to their acute metabolic disorder. All T2DM patients who were 
diagnosed according to ICD10 E11.9(-1) exhibited CP, supporting 
the findings of Lalla et al.  15 A matched T2DM group without CP 
could not be established.

After careful statistical evaluation of the parameter distributions 
and variabilities derived from pretest data, case numbers estimates 
were determined. In total, 10 patients with T2DM + CP, based on 
the criteria for test teeth (see below), respective numbers of system-
ically healthy individuals with CP and controls (H) were recruited.

The inclusion criteria were age between 18 and 70  years. 
To avoid the effects of long-term disease persistence and/or ther-
apeutic intervention, a new and first time diagnosis of T2DM was 
mandatory. The exclusion criteria were as follows: pregnancy, 
smoking habits, hypersensitivity to milk products, severe general 
medical conditions (except T2DM) leading to changes in the oral 
cavity, flu-like infections, and any use of antibiotics, antihistamines, 
or immunosuppressants in the past 6 months.

2.2 | Periodontal examinations and oral 
hygiene phase

Periodontal examinations were performed in all partici-
pants; the examinations included periodontal probing depth 
(PPD), clinical attachment level (CAL), and bleeding on probing 
(BOP) at six sites/tooth using Florida Probe® (Florida Probe 
Corporation, Gainesville, FL). Severe CP was diagnosed according 

to Flemmig.16 Periodontal health was defined as the absence 
of BOP, PPD  ≤  3  mm, and CAL  <  3.5  mm. The criteria for the 
T2DM + CP and CP groups were the presence of ≥ 12 teeth and 
untreated severe CP (at least 6 teeth with a PPDBL  ≥  5.5  mm 
and CALBL  ≥  6  mm). Further periodontal examinations were 
performed using the periodontal screening record (PSR  =  4). 
Individuals qualifying for group H exhibited neither systemic nor 
oral diseases/syndromes and a PSR ≤ 2.

To establish a standardized baseline (BL), any initial gingival in-
flammation was minimized with a 2-week oral hygiene regimen. All 
individuals received professional tooth cleaning and instructions 
once a week. Oral hygiene indices including the papillary bleeding 
index (PBI)17 and modified plaque index (mPLI)18 were recorded at 
all time points; obtaining these indices did not interfere with the 
assay procedure. Eventually, the evaluation of indices was per-
formed after the assay.

Test and control teeth (dentes canini of the upper jaw) exhib-
ited neither signs nor topical (risk) factors for gingival/periodontal 
inflammation (PPD  ≥  3  mm, subgingival or marginal restorations, 
caries, clinically detectable calculus, or biofilm).

2.3 | Metabolic and systemic parameters

Venous blood was taken from all participants at day baseline (BL) to 
assess FPG level, HbA1c value, erythrocyte sedimentation rate, and 
the number of peripheral neutrophil leukocytes. Purified peripheral 
blood PMN (PMNPB)19,20 in specified gates were used as a reference 
for flow cytometric analysis of the PMNGCF populations. Weight and 
height were measured for all participants to calculate body mass 
index (BMI) at the beginning of the oral hygiene phase.

F I G U R E  1   A, Total PMNGCF counts of stimulated and nonstimulated sulci. H: healthy individuals, T2DM + CP: type 2 diabetes mellitus 
and chronic periodontitis patients; CP: systemically healthy chronic periodontitis patients. *: P = .035, +: P = .062; Kruskal-Wallis H test 
(n = 10, each), post hoc pairwise Dunn-Bonferroni comparisons. B, PMNGCF counts at baseline (BL) and after stimulation (S). H: healthy 
individuals, T2DM + CP: type 2 diabetes mellitus and chronic periodontitis patients; CP: systemically healthy chronic periodontitis patients 
(n ≥ 5, each group). Boxplot diagram: The boxes’ bottom lines correspond to the first quartiles, and upper lines correspond to the third 
quartiles, and the horizontal lines within mark the medians. Error bars include the 5th or the 95th percentiles; outliers are depicted as °
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2.4 | Local inflammation assay

Following a split-mouth design, one dens caninus of the upper jaw 
was randomly selected by lot for the application of an inflammatory 
stimulus (stimulated site), and the contralateral caninus served as a 
placebo (phosphate-buffered saline without divalent cations, PBS−/−) 
at the control site. Both dentes canini were isolated from saliva with 
cotton rolls and gently air-dried. The mesial tooth surfaces were 
marked, and to generate equal conditions before testing, both sulci 
were rinsed for 15 seconds with 2 mL of PBS−/− employing a single-
use syringe with a blunt cannula inserted 1 mm into each sulcus at the 
marked position.21 Samples from the initial rinsing were discarded, 
and the gingival crevices were dried. Either 2  µL of the standard-
ized inflammatory stimulus or the placebo was pipetted into the cor-
responding sulcus using a 1 to 10 µL reference pipette (Eppendorf 

Vertrieb GmbH, Wesseling-Berzdorf, Germany). In a pretest, BL 
sampling was followed by stimulus/placebo application. For kinetic 
assessments of neutrophil numbers, samplings were repeated from 
BL up to 55 minutes. An analysis revealed that 35 minutes was a fea-
sible period for adequate PMN harvest. GCF was collected from both 
sites, stimulated and unstimulated, separately. Sulcular fluid contain-
ing PMN was aspirated into a falcon tube by a plastic cannula. The 
sterile filtrated milk protein casein, previously reported to generate 
chemotactic PMN responses in vitro and in vivo,22-24 was used as the 
inflammatory stimulus at 2 mg/mL in PBS−/−.

To compare the periodontal inflammatory burden of the three 
groups, analyses of PMNGCF were performed within 1 hour after 
the clinical procedures. GCF samples and purified peripheral blood 
PMN (PMNPB) were pelleted for 10 minutes at 200 × g at 4°C and 
carefully resuspended in 500 µL PBS−/−. Aliquots of 100 µL GCF 

F I G U R E  2   CD45 counts increased upon casein stimulation. A representative flow cytometric setup with cells from a healthy individual is 
shown. A, isotype control; R2 gate, established via PMNPB; (B) isotype control (FITC channel); (C) FITC-labeled PMNGCF control stimulation 
with (PBS−/−). D, FITC-labeled PMNGCF after casein stimulation. FITC: fluorescent CD45 antibody label; FS, forward scatter; SS, side scatter, 
all depicted on logarithmic (log) axis
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samples were stained with 5  µL each of isotype control-FITC 
(tiso), (eBioscience), antibodies against panleukocyte marker (tpan) 
anti-human-CD45-FITC (Bio Legend), and leukocyte integrin an-
ti-Human-CD11b-APC (eBioscience). Before running the GCF 
samples, 100  µL of diluted (1:10) counting beads (CytoCountTM, 
DakoCytomation) were added to each sample as a defined refer-
ence for quantification.25

For accuracy, in addition to each GCF sample, 100 µL of PMNPB 
from the corresponding patient were diluted in PBS (1:100-1:10 000, 
according to the cell concentration) and used to calibrate the flow 
cytometer. Individual gates around the PMNPB served as references 
for the PMNGCF population during analysis (Figure 2). Events were 
determined to be positive for a PMNGCF count if CD45+ markers were 
found within the gate. For the analysis of tCD11b+ fluorescence, an 
intensity proportional to the expressed cell surface antigen within the 
reference gate was used. Samples were analyzed using a CyAnTM ADP 
flow cytometer (Beckmann-Coulter, Krefeld, Germany) with 5000 
events. The threshold was set to ≥ 0.5 µm forward scatter. Samples 
assayed were depicted as a dot-plot diagram with the populations of 
interest gated (eg, PMNGCF, PMNPB, counting beads).

2.5 | Statistical analysis

The statistical analyses were performed by the Institute of Medical 
Statistics with SAS statistical software (version 9.3). Each patient 
was set as a statistical unit, and the significance threshold was stated 
as 0.05. The primary outcome variable of the study was the num-
ber of PMN in the GCF samples (PMNGCF). The secondary outcome 
variables were PPD, CAL, oral hygiene parameters, and metabolic 
and systemic parameters, which were assumed to be nonnormally 
distributed. Within each group, the differences between PMNGCF 
counts of the stimulated gingival crevice and the control site were 
compared by using the signed-rank test. The total PMNGCF counts of 
the stimulated gingival crevice and the control site were compared 
among all groups using the Kruskal-Wallis H test. All other data were 
assumed to be normally distributed, and differences were tested 
using a t test for independent or dependent samples. Potential 
cofounders were delineated and excluded (age, gender, BMI, FPG, 
HbA1c, erythrocyte sedimentation rate, and PMBPB).

3  | RESULTS

3.1 | PMNGCF counts

In all groups, the numbers of PMNGCF that migrated into the casein-
containing sulcus were elevated compared with those associated 
with the placebo. The highest PMNGCF counts in stimulated and pla-
cebo-stimulated sulci (median: 32751 cells), as well as the greatest 
difference between test and control teeth (median: 15363), were 
detected in the T2DM + CP group; overall, the highest level of in-
flammation was found in this group. Furthermore, the total PMNGCF 

count in this group (median: 21228) was higher than that in the CP 
group (median: 4744) (Figure 1A).

In Figure 1B, a kinetic PMNGCF sampling approach is depicted. After 
an initial (BL) evaluation, either a PBS(−/−) placebo or casein stimulus was 
applied to the randomly assigned control and test teeth, respectively 
(S). Beginning at 5 minutes, PMNGCF sampling took place following a 
10-minutes interval. As indicated, an significant increase in cell counts 
was observed for up to 35 minutes. Hence, to include whole cellular 
accumulation over time, it was decided to sample at 35 minutes.

An antibody against fluorescein isothiocyanate-labeled protein 
tyrosine phosphatase receptor type C (CD45) was used to distin-
guish the numbers of harvested leukocytes from erythrocytes, 
platelets, and local periodontal cells (Figure 2).

While the isotype control (unlabeled PMNGCF) in FITC-(CD45) la-
beled GCF exhibited little fluorescence, PMN were detectable with 
PBS(−/−) and elevated after casein stimulation.

As shown in Figure 3A, the median counts of CD45+ cells from 
stimulated samples were highest in the T2DM + CP group. Casein 
always induced an increased CD45+ count (P =  .019). However, no 
statistical differences were found between the H and CP groups 
(P = .041).

In this setup, PMNGCF were sampled at BL and 35 minutes. At 
the latter examination, the number of PMNGCF associated with ca-
sein stimulation always exceeded those associated with the PBS(−/−) 
placebo. The maximum casein-dependent activation of leukocytes 
in vivo was not as fast as soluble chemoattractant stimulations ex 
vivo are known to act,26 and it peaked at 35 minutes.

Figure 3B indicates that the median counts of CD45+ leukocytes 
remained constant or showed a tendency to decline (at 35 minutes) 
after stimulation with the PBS(−/−) placebo.

3.2 | Demographic and metabolic parameters 
derived from peripheral blood

Plasma glucose level, HbA1c values, and BMI are shown in Table 1. 
Three participants (two individuals with T2DM + CP and one with CP) 
showed slightly elevated erythrocyte sedimentation rates (data not 
shown). The T2DM + CP patients exhibited nonsignificantly elevated 
PMNPB counts compared with CP and H patients. The highest counts 
of peripheral PMNPB CD11b+ were detected in T2DM + CP patients, 
followed by H patients. Differences between the H and CP group 
(P =  .051, t test) and the T2DM + CP and CP group (P =  .01) were 
found.

3.3 | Dental parameters

There were no differences between groups regarding the total num-
ber of teeth, the PPDs of the test and control teeth, and the mean 
probing depth and the CAL of the whole dentition, except for the H 
group (P =  .01, t test). The results of dental parameters are shown 
in Table 2.
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3.4 | Oral hygiene phase

Periodontal pockets were excluded from the test teeth. The gingival 
inflammation was successfully reduced, as indicated by the PBI and 
mPLI. Oral hygiene indices at different time points are shown in Table 2.

Hygiene parameters improved during the pretest phase for each 
cohort over time. At the beginning and end of the intensive oral 
hygiene regimen, before the local inflammation test, patients with 
T2DM + CP had the highest oral hygiene values, and the controls had 
the lowest; however, there was no significant difference between 
the groups. After this phase, none of the participants exhibited clini-
cal signs of inflammation around the test or control teeth (PBI = 0; in 
addition, no swelling or redness).

4  | DISCUSSION

Inflammation is a bi-directional mechanism associated with T2DM 
and CP. A topical cellular inflammatory response was demonstrated 

to be inducible in the absence of gingival/periodontal symptoms, as 
substantiated by this work. Considering the site specificity of gin-
givitis and periodontitis, the utmost care was taken to avoid the 
effects of infection/inflammation, particularly at the sample sites 
(PPD < 3 mm, BOP absent). Since participants received a stringent 
oral hygiene regimen, the clinical influence of gingivitis was elimi-
nated. Periodontal pockets were excluded because of their poten-
tial to harbor abundances of antigens and immune cells. At these 
locations, compensatory strategies such as prerinsing would fail to 
calibrate the assay for BL, cross-sectional, or kinetic assessments.

The counts of PMNGCF induced by the inflammatory stimulus 
casein were elevated in patients newly diagnosed with T2DM + CP. 
Systemically and orally healthy (H) individuals as well as those with 
CP (severe, generalized; CP) participated as controls. A T2DM con-
trol group without CP is desirable; however, patients diagnosed with 
T2DM according to ICD10 code E11.9(-1) all exhibited chronic peri-
odontitis or were edentulous.

Hitherto, our null hypothesis stated that standardized inflamma-
tory stimulation would lead to lower PMNGCF numbers in T2DM + CP 

F I G U R E  3   Median CD45+ leukocytes of (A) stimulated (casein) and (B) control (PBS−/−) sites. For casein (A), an increase in CD45+ counts 
was found at 35 min vs BL in all cohorts. T2DM + CP individuals exhibited the highest CD45+ counts at both time points. Type 2 diabetes 
patients exhibited elevated counts in both stimulated (A) and unstimulated sulci (B). H: healthy individuals; T2DM + CP patients with type 2 
diabetes mellitus and chronic periodontitis; CP: systemically healthy participants with chronic periodontitis (n = 10, each)

(B)(A)

TA B L E  1   Endocrinological, metabolic, and hematological parameters (mean values ± standard deviation)

Diagnose
Plasma glucose 
(mg/dL) HbA1c (%) HbA1c (mmol/mol) BMI PMNPB (giga/L) PMNPBCD11bpos. (count)

H 91 ± 17 5.3 ± 0.3 34 ± 3.3 25.8 ± 3.5 3.96 ± 0.69 31.4 ± 14.7

T2DM + CP 156 ± 37 7.5 ± 1.4 58 ± 15.3 31.8 ± 6.7 4.01 ± 1.05 73.5 ± 33.1*

CP 91 ± 13 5.5 ± 0.3 37 ± 3.3 24.6 ± 5.9 3.08 ± 0.82 37.0 ± 22.0

Abbreviations: BMI, body mass index; CP, chronic periodontitis; H, healthy controls; SD, standard deviation; T2DM + CP, type 2 diabetes mellitus and 
chronic periodontitis.
*P = .01 CP vs H; P = .051 H vs T2DM + CP (t test). 
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     |  321HERRMANN et al.

patients. Additionally, higher counts were expected in both control 
groups: those who had CP but were systemically healthy as well as 
those who were systemically/orally healthy (H). Based on the results 
presented and careful statistical evaluation, the null hypothesis was 
rejected.

In the present study, T2DM patients received initial nutri-
tional supervision and dietary control during their hospital stay. 
Nevertheless, the cohort of T2DM + CP patients exhibited elevated 
FPG levels at the time of sampling, supporting the hypothesis that 
hyperglycemia increases the inflammatory state, resembled by top-
ically elevated leukocyte recruitment. The mean FPG of diabetes 

mellitus patients with periodontitis was 156  mg/dL at BL, which 
was almost double that of other groups (91  mg/dL). Early reports 
indicated that a reduction in carbohydrate intake decreased clinical 
symptoms of gingival inflammation.27

In the present study, considering the elevated PMNGCF counts, 
both stimulated and unstimulated, the hypothesis of carbohydrate 
attenuation of (gingival) hyperinflammation28,29 at the level of in-
flammatory immune cells and according to the papillary bleeding 
indices was supported.

Papillary bleeding was absent from any test/control tooth; 
independently, the overall local inflammatory burden was highly 

TA B L E  2   Dental parameters

Periodontal 
parameter Diagnose Minimum Maximum Median Mean ± SD

Statistical 
significance

Number of teeth H 22 32 28 27.8 ± 2.7 n. s.

T2DM + CP 17 30 25.5 25.0 ± 4.1

CP 21 28 26 25.4 ± 2.8

Periodontal 
probing depth 
(mm)

H 0.2 4.0 1.8 1.86 ± 0.68 **T2DM + CP vs CP

T2DM + CP 0.6 9.0 2.4 2.69 ± 1.13 **H, vs CP

CP 0.4 9.0 2.0 2.50 ± 1.09 **H. vs T2DM + CP

Clinical attach-
ment loss (mm)

H 0.2 10.0 2.0 2.06 ± 0.80 n. s. T2DM + CP, CP

T2DM + CP 0.6 13.0 3.0 3.02 ± 1.43 n. s. H, CP

CP 0.4 11.0 3.0 2.84 ± 1.29 n. s. H. T2DM + CP

 

Test teeth Control teeth

Diagnose Median Mean ± SD Median Mean ± SD  

Periodontal prob-
ing depth of 
test and control 
teeth (mm)

H 1.8 1.3 ± 0.4 1.8 1.7 ± 0.3 n. s.

T2DM + CP 2.3 2.3 ± 0.2 2.2 2.3 ± 0.4

CP 2.2 2.1 ± 0.2 2.3 2.2 ± 0.4

Oral hygiene index Diagnose Day Median Mean ± SD
Statistical 
significance

PBI H −14 0.09 0.12 ± 0.11 for each cohort: 
P = .001 over 
time

n. s. at BL in 
between groups

BL 0.00 0.02 ± 0.06

T2DM + CP −14 0.22 0.74 ± 0.97

BL 0.09 0.25 ± 0.39

CP −14 0.16 0.14 ± 0.09

BL 0.00 0.03 ± 0.05

mPLI H −14 1.15 1.43 ± 0.94 for each cohort: 
P = .001 over 
time

n. s. at BL in 
between groups

BL 0.79 1.00 ± 0.46

T2DM + CP −14 2.07 2.28 ± 1.09

BL 1.34 1.42 ± 0.55

CP −14 1.44 1.51 ± 0.57

BL 0.85 0.95 ± 0.45

Abbreviations: CP, chronic periodontitis; H, healthy controls; mPLI, modified plaque index; n. s., no statistically significant difference (Kruskal-Wallis 
test); n. s., no statistically significant difference (t test); PBI, papillary bleeding index; SD, standard deviation; T2DM + CP, type 2 diabetes mellitus and 
chronic periodontitis.
**P = .01 (t test). 
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diverse between the diabetic and nondiabetic cohorts. However, 
at the date of sampling, T2DM  +  CP patients exhibited a mean 
PBI value of 0.25 (whole dentition). In comparison, the CP patients 
and the healthy controls had 8.3- and 12.5-fold lower values, 
respectively.

Topical inflammation with all pathophysiological adaptations 
likely resembles an attractive link for the movement of primary im-
mune cells or augmented numbers of PMNGCF. The latter, a domi-
nant population in inflamed periodontal tissues, fosters collateral 
tissue destruction when confronted with a challenging biofilm.30 
In the gingival crevice, where bacteria flourish, antigens contin-
uously activate PMN, leading to elevated levels of bactericidal 
molecules. These modulations are considered responsible for the 
hallmark of disease progression: tissue destruction in periodonti-
tis31 and inflammation capable of aggravating metabolic dysregu-
lation.14 Additionally, enhanced PMNGCF counts in T2DM subjects 
give rationale to the hypothesis of tissue damage by host cells.

Controversially, decreased peripheral chemotaxis (PMNPB) was 
found in patients with aggressive periodontitis; however, studies fo-
cusing on CP showed no alteration26,32,33 or elevated PMNPB chemo-
taxis without the influence of T2DM.

Assays for the evaluation of inflammatory reactions and che-
motaxis by human immune cells were performed in vitro using 
isolated peripheral leukocytes with the Boyden chamber,34 aga-
rose gel, and modified agarose gel methods.35 Depending on the 
setup and methodological details (eg, stimulus gradient, migration 
time, depth, filter width, quality), these methods assess chemoki-
nesis30,36 rather than local inflammation in vivo.37 The contrasting 
results of studies investigating peripheral leukocyte chemotaxis in 
patients with T2DM and CP are divergent,26 most likely because 
PMNPB in existing cohorts with a long history of diabetes were 
assayed.

However, we assessed newly diagnosed, untreated patients with 
severe T2DM (cf. ICD10-code E11.9(-1)). Comorbidities associated 
with duration of diabetes (eg, micro-/macroangiopathies) were ex-
cluded via medical examination.

A method of testing the PMN response in the gingival crevice 
was introduced by Golub,22 but it exposes cells to mechanical stress. 
Manual and optical counts have further disadvantages. In contrast, 
the method presented here can be considered cell preserving21 be-
cause mechanical, thermal, and osmotic cellular stress is minimal. 
Controversially, PMNGCF counts were lower in rodents with diabe-
tes than in healthy rodents after casein application.23 These authors 
later implemented the assay in humans with gingivitis and periodon-
titis and in one patient with T2DM.24 To date, the aforementioned 
study is the only one that has analyzed local chemotaxis in GCF from 
a T2DM + CP patient. However, the subject in that report differed 
from the diabetes cohort presented in the current study because the 
medical diagnosis had been long established. Moreover, the sample 
size presented in our study was considerably higher.

In the present study, the PMN response to standardized inflam-
matory stimulation was tested locally and in vivo; PMN was not iso-
lated ex vivo. These conditions as well as the state of PMN activation 

differ essentially from previous studies. Our method aimed to mimic 
local inflammation in the gingival crevice.

These observations showed elevated gingival crevicular PMN 
presence with and without stimulation, indicating a topical hyper-
inflammatory reaction most likely due to diabetes mellitus. The 
results were validated by a noninvasive in vivo chemotaxis assay. 
Inflammation, as suggested,15 may augment severity and progres-
sion bilaterally.

Severe symptoms and enhanced local inflammatory reactions 
mandate vigilant therapy, that is, systemic and oral care of patients 
with diabetes mellitus and periodontitis. Specialized, supportive 
treatments, and adapted intervals of supervision should be intensi-
fied to eliminate infections and inflammation.

ACKNOWLEDG EMENTS
S. K. Sonnenschein received a scholarship from the dental chamber 
(Landeszahnärztekammer Hessen, at Frankfurt, Germany) to con-
duct her doctoral thesis.

CONFLIC T OF INTERE S T
At any time, none of the following authors, Jens M. Herrmann, 
Sabine E. Groeger, Borros Arneth, Nils Ewald, and Joerg Meyle, nor 
their respective departments or institutes received payments or 
services from a third party (government, commercial, private foun-
dation, etc) for any aspects of the submitted work. No relation-
ships or activities that could be perceived as influencing or appear 
as potentially influencing the submitted work are declared. Source 
and intramural funding: Department of Periodontology (Director: 
Prof. Dr J. Meyle) Justus-Liebig University, Giessen, Germany.

ORCID
Jens Martin Herrmann   https://orcid.org/0000-0002-8624-5281 
Sabine Elisabeth Groeger   https://orcid.
org/0000-0002-7508-2616 
Borros Arneth   https://orcid.org/0000-0002-9793-0970 
Joerg Meyle   https://orcid.org/0000-0003-0495-6926 

R E FE R E N C E S
	 1.	 Zhou T, Hu Z, Yang S, Sun L, Yu Z, Wang G. Role of adaptive 

and innate immunity in type 2 diabetes mellitus. J Diabetes Res. 
2018;2018:1-9.

	 2.	 Coelho M, Oliveira T, Fernandes R. Biochemistry of adipose tissue: 
an endocrine organ. Arch Med Sci. 2013;9(2):191-200.

	 3.	 Schaffler A, Scholmerich J. Innate immunity and adipose tissue biol-
ogy. Trends Immunol. 2010;31(6):228-235.

	 4.	 Ge Q, Brichard S, Yi X, Li Q. microRNAs as a new mechanism 
regulating adipose tissue inflammation in obesity and as a novel 
therapeutic strategy in the metabolic syndrome. J Immunol Res. 
2014;2014:987285.

	 5.	 Schaffler A, Scholmerich J, Salzberger B. Adipose tissue as an 
immunological organ: toll-like receptors, C1q/TNFs and CTRPs. 
Trends Immunol. 2007;28(9):393-399.

	 6.	 Lackey DE, Olefsky JM. Regulation of metabolism by the innate im-
mune system. Nat Rev Endocrinol. 2016;12(1):15-28.

	 7.	 Hadad N, Burgazliev O, Elgazar-Carmon V, et al. Induction of cy-
tosolic phospholipase a2alpha is required for adipose neutrophil 

 16000765, 2020, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jre.12717 by Justus-L

iebig-U
niversitat, W

iley O
nline L

ibrary on [01/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-8624-5281
https://orcid.org/0000-0002-8624-5281
https://orcid.org/0000-0002-7508-2616
https://orcid.org/0000-0002-7508-2616
https://orcid.org/0000-0002-7508-2616
https://orcid.org/0000-0002-9793-0970
https://orcid.org/0000-0002-9793-0970
https://orcid.org/0000-0003-0495-6926
https://orcid.org/0000-0003-0495-6926


     |  323HERRMANN et al.

infiltration and hepatic insulin resistance early in the course of high-
fat feeding. Diabetes. 2013;62(9):3053-3063.

	 8.	 van Oostrom AJ, van Wijk JP, Sijmonsma TP, Rabelink TJ, Castro 
CM. Increased expression of activation markers on monocytes and 
neutrophils in type 2 diabetes. Neth J Med. 2004;62(9):320-325.

	 9.	 Gyurko R, Siqueira CC, Caldon N, Gao L, Kantarci A, Van Dyke 
TE. Chronic hyperglycemia predisposes to exaggerated inflamma-
tory response and leukocyte dysfunction in Akita mice. J Immunol. 
2006;177(10):7250-7256.

	10.	 Sima C, Rhourida K, Van Dyke TE, Gyurko R. Type 1 diabetes predis-
poses to enhanced gingival leukocyte margination and macromole-
cule extravasation in vivo. J Periodontal Res. 2010;45(6):748-756.

	11.	 Omori K, Ohira T, Uchida Y, et al. Priming of neutrophil oxidative 
burst in diabetes requires preassembly of the NADPH oxidase. J 
Leukoc Biol. 2008;84(1):292-301.

	12.	 Sonnenschein SK, Meyle J. Local inflammatory reactions in 
patients with diabetes and periodontitis. Periodontol 2000. 
2015;69(1):221-254.

	13.	 Chapple IL, Bouchard P, Cagetti MG, et al. Interaction of lifestyle, 
behaviour or systemic diseases with dental caries and periodontal 
diseases: consensus report of group 2 of the joint EFP/ORCA work-
shop on the boundaries between caries and periodontal diseases. J 
Clin Periodontol. 2017;44(Suppl 18):S39-S51.

	14.	 Ling MR, Chapple IL, Matthews JB. Peripheral blood neutrophil 
cytokine hyper-reactivity in chronic periodontitis. Innate Immun. 
2015;21(7):714-725.

	15.	 Lalla E, Papapanou PN. Diabetes mellitus and periodontitis: a 
tale of two common interrelated diseases. Nat Rev Endocrinol. 
2011;7(12):738-748.

	16.	 Flemmig TF. Periodontitis. Ann Periodontol. 1999;4(1):32-38.
	17.	 Saxer UP, Mühlemann HR. Motivation and education. Schweizerische 

Monatsschrift fur Zahnheilkunde = Revue mensuelle suisse d'odon-
to-stomatologie/SSO. 1975;85(9):905-919.

	18.	 Quigley GA, Hein JW. Comparative cleansing efficiency of manual 
and power brushing. J Am Dent Assoc. 1939;1962(65):26-29.

	19.	 Herrmann JM, Bernardo J, Long HJ, et al. Sequential chemotactic 
and phagocytic activation of human polymorphonuclear neutro-
phils. Infect Immun. 2007;75(8):3989-3998.

	20.	 Herrmann JM, Kantarci A, Long H, et al. Simultaneous measure-
ments of cytoplasmic Ca2+ responses and intracellular pH in 
neutrophils of localized aggressive periodontitis (LAP) patients. J 
Leukoc Biol. 2005;78(3):612-619.

	21.	 Meyle J. A new rinsing method for the collection of granulo-
cytes in marginal periodontitis. Deutsche zahnarztliche Zeitschrift. 
1986;41(5):511-514.

	22.	 Golub LM, Iacono VJ, Nicoll G, Ramamurthy N, Kaslick RS. The re-
sponse of human sulcular leucocytes to a chemotactic challenge. A 
new in vivo assay. J Periodontal Res. 1981;16(2):171-179.

	23.	 Golub LM, Nicoll GA, Iacono VJ, Ramamurthy NS. In vivo crevicular 
leukocyte response to a chemotactic challenge: inhibition by exper-
imental diabetes. Infect Immun. 1982;37(3):1013-1020.

	24.	 Iacono VJ, Singh S, Golub LM, Ramamurthy NS, Kaslick R. In vivo 
assay of crevicular leukocyte migration. Its development and poten-
tial applications. J Periodontol. 1985;56(11 Suppl):56-62.

	25.	 Jones J, Laffafian I, Cooper AM, Williams BD, Morgan BP. 
Expression of complement regulatory molecules and other surface 
markers on neutrophils from synovial fluid and blood of patients 
with rheumatoid arthritis. Br J Rheumatol. 1994;33(8):707-712.

	26.	 Meyle J, Axmann-Krcmar D. Regression coefficient analysis of 
neutrophil chemotaxis in periodontitis. Oral Microbiol Immunol. 
1999;14(2):127-135.

	27.	 Gaengler P, Pfister W, Sproessig M, Mirgorod M. The effects of 
carbohydrate-reduced diet on development of gingivitis. Clin Prev 
Dent. 1986;8(6):17-23.

	28.	 Baumgartner S, Imfeld T, Schicht O, Rath C, Persson RE, Persson 
GR. The impact of the stone age diet on gingival conditions in the 
absence of oral hygiene. J Periodontol. 2009;80(5):759-768.

	29.	 Hujoel P. Dietary carbohydrates and dental-systemic diseases. J 
Dent Res. 2009;88(6):490-502.

	30.	 Herrmann JM, Meyle J. Neutrophil activation and periodontal tis-
sue injury. Periodontol 2000. 2015;69(1):111-127.

	31.	 Nussbaum G, Shapira L. How has neutrophil research improved 
our understanding of periodontal pathogenesis? J Clin Periodontol. 
2011;38(Suppl 11):49-59.

	32.	 Palmer GD, Watts TL, Addison IE. A skin window study of neutro-
phil migration in subjects with localized juvenile periodontitis. J Clin 
Periodontol. 1993;20(6):452-456.

	33.	 Hidalgo MM, Avila-Campos MJ, Trevisan W Jr, Mocelin TT, Itano 
EN. Neutrophil chemotaxis and serum factor modulation in Brazilian 
periodontitis patients. Arch Med Res. 1997;28(4):531-535.

	34.	 Boyden S. The chemotactic effect of mixtures of antibody 
and antigen on polymorphonuclear leucocytes. J Exp Med. 
1962;115:453-466.

	35.	 Nelson RD, Quie PG, Simmons RL. Chemotaxis under agarose: 
a new and simple method for measuring chemotaxis and sponta-
neous migration of human polymorphonuclear leukocytes and 
monocytes. J Immunol. 1975;115(6):1650-1656.

	36.	 Roberts HM, Ling MR, Insall R, et al. Impaired neutrophil direc-
tional chemotactic accuracy in chronic periodontitis patients. J Clin 
Periodontol. 2015;42(1):1-11.

	37.	 Delima AJ, Van Dyke TE. Origin and function of the cellular compo-
nents in gingival crevice fluid. Periodontol. 2000;2003(31):55-76.

How to cite this article: Herrmann JM, Sonnenschein SK, 
Groeger SE, Ewald N, Arneth B, Meyle J. Refractory 
neutrophil activation in type 2 diabetics with chronic 
periodontitis. J Periodont Res. 2020;55:315–323.  
https​://doi.org/10.1111/jre.12717​

 16000765, 2020, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jre.12717 by Justus-L

iebig-U
niversitat, W

iley O
nline L

ibrary on [01/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/jre.12717

