J Periodont Res 2009; 44: 368-377
All rights reserved

Neutrophils in chronic and
aggressive periodontitis in
interaction with
Porphyromonas gingivalis
and Aggregatibacter
actinomycetemcomitans

Guentsch A, Puklo M, Preshaw PM, Glockmann E, Pfister W, Potempa J, Eick S.
Neutrophils in chronic and aggressive periodontitis in interaction with Porphyro-
monas gingivalis and Aggregatibacter actinomycetemcomitans. J Periodont Res
2009; 44: 368-377. © 2009 The Authors. Journal compilation © 2009 Blackwell
Munksgaard

Background and Objective: This study analyzed the interaction of Porphyromonas
gingivalis ATCC 33277 and Aggregatibacter actinomycetemcomitans Y4 with
peripheral blood polymorphonuclear neutrophils taken from patients with
aggressive periodontitis and chronic periodontitis.

Material and Methods: Peripheral blood polymorphonuclear neutrophils obtained
from 12 patients with chronic periodontitis, six patients with aggressive perio-
dontitis and 12 healthy controls were exposed to P. gingivalis and A. actino-
mycetemcomitans following opsonization of the bacteria using the patient’s own
serum. Serum immunoglobulin G (IgG) levels against both periodontopathogens
were measured. Phagocytosis and killing of the bacteria, as well as the extracellular
human neutrophil elastase activity, were quantified. The total amount and the
extracellular release of reactive oxygen species were measured using luminol-
dependent and isoluminol-dependent chemiluminescence.

Results: Polymorphonuclear neutrophils from patients with chronic

(62.16 £ 19.39%) and aggressive (43.26 + 26.63%) periodontitis phagocytosed
more P. gingivalis than the healthy controls (24.43 + 19.87%) at the 30-min
time point after exposure to the bacteria (p < 0.05). High serum IgG levels
against P. gingivalis and A. actinomycetemcomitans were detected in subjects
with periodontitis. Polymorphonuclear neutrophils from subjects with chronic
and aggressive periodontitis released significantly more reactive oxygen species
and demonstrated greater human neutrophil elastase activity in the absence of
any stimulus than polymorphonuclear neutrophils from healthy controls

(p < 0.05). Polymorphonuclear neutrophils in chronic periodontitis released
significantly more reactive oxygen species when exposed to P. gingivalis and
A. actinomycetemcomitans than polymorphonuclear neutrophils in aggressive
periodontitis.

Conclusion: High serum IgG levels against P. gingivalis and A. actinomycetem-
comitans promote phagocytosis in periodontitis. The extracellular release of
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reactive oxygen species and neutrophil elastase by polymorphonuclear neutrophils

may also contribute to damage of the surrounding periodontal tissues.
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Periodontitis is a chronic inflammation
of the periodontal tissues that occurs in
response to the presence of subgingival
bacteria. Aggregatibacter actinomyce-
temcomitans and Porphyromonas gin-
givalis are regarded as periodontal
pathogens and are clearly associated
with periodontal disease (1). These
bacteria are found in patients with
aggressive as well as chronic perio-
dontitis (2), but patients with aggres-
sive periodontitis are considered to
have a higher load of A. actinomyce-
temcomitans (3), while P. gingivalis is
more strongly associated with severe
chronic periodontitis (4).

The host response to subgingival
bacteria plays a critical role in perio-
dontal pathogenesis (5). Polymorpho-
nuclear neutrophils represent the first
line of cellular host responses against
bacteria in the gingival sulcus (5). The
antimicrobial activities of polymor-
phonuclear neutrophils include oxygen-
dependent and oxygen-independent
mechanisms (6). The oxygen-dependent
pathway involves the production of
reactive oxygen species, molecules that
are capable of initiating periodontal
tissue destruction (7). The production of
reactive oxygen species by polymor-
phonuclear neutrophils is primarily
focused towards bacterial killing, but
extracellular release of reactive oxygen
species results in collateral damage of
the surrounding tissues (8). Nonoxida-
tive microbial killing relies on the con-
tents of three cytoplasmic granule
subsets: the azurophilic (primary)
granules; specific (secondary) granules;
and gelatinase granules (9). After fusing
with phagosomes, these granules deliver
antimicrobial proteins and peptides
such as defensins, bactericidal/perme-
ability-increasing protein, azurocidin,
cathelicidin and lysozyme. Further-
more, several proteinases, such as neu-
trophil elastase and cathepsin G,
contribute to bacterial killing by diges-
tion of bacterial outer membrane pro-
teins (10), surface appendages (11) and
virulence factors (12). The same

enzymes and agents that are secreted
into the phagosome may also be
released into the extracellular environ-
ment. Thus, extracellular mechanisms
result in the death of invading micro-
organisms but the released destructive
enzymes also damage contiguous cells
and tissues (13).

Neutrophil dysfunction (e.g. abnor-
malities in adherence, chemotaxis,
phagocytosis, superoxide production
and bactericidal activity) is associated
with aggressive periodontitis (14), but
it is also recognized that hyperfunc-
tional neutrophils may lead to tissue
injury, contributing to the clinical signs
of disease (195).

While subgingival bacteria are con-
sidered to constitute the primary initi-
ating factor in the pathogenesis of
periodontitis, the risk of developing
periodontal disease differs between
individuals, suggesting that host fac-
tors are involved in determining sus-
ceptibility to the disease (14). Several
in vitro studies have demonstrated the
presence of hyper-reactive neutrophils
in patients with chronic periodontitis
(16,17), which may lead to an excessive
local release of reactive oxygen species
and proteolytic enzymes, resulting in
periodontal tissue destruction.

The aim of this ex vivo investigation
was to compare peripheral blood
polymorphonuclear neutrophil phago-
cytosis and killing of P. gingivalis and
A. actinomycetemcomitans, as well as
the release of reactive oxygen species
and human neutrophil elastase in
patients with aggressive and chronic
periodontitis. The null hypothesis was
that there would be no differences in
polymorphonuclear neutrophil func-
tion between patients with aggressive
and chronic periodontitis.

Material and methods

Subject recruitment

Twelve patients with chronic perio-
dontitis and six patients with aggres-

sive periodontitis were recruited from
patients of the Department of Conser-
vative Dentistry (Section of Perio-
dontology), University of Jena.

The definition of chronic and
aggressive periodontitis was based on
the classification system of the 1999
International Workshop for a Classifi-
cation System of Periodontal diseases
and Conditions (18).

Patients with generalized chronic
periodontitis were recruited when they
demonstrated the following (19).

(i) Attachment loss > 5 mm at more
than 30% of sites.
(i1) Age = 35 years.
Patients with aggressive periodontitis
were required to fulfil the following
criteria.
(1) Radiographic bone loss = 50% at
a minimum of two different teeth.
(1) > 5 mm attachment loss on at
least three different teeth (other
than first molars or incisors).
(iii) Age < 35 years at onset of disease.
Periodontally healthy subjects (n =
12) with no evidence of periodontal
disease (all probing depths < 3 mm and
no attachment loss) were recruited as
controls.

Subjects with significant systemic
disease (e.g. diabetes mellitus, cancer
or coronary heart disease), those who
had received antibiotic therapy within
the last 6 mo and pregnant or lactating
women were excluded. Further exclu-
sion criteria were vitamin supplemen-
tation within the previous 3 mo and
any special dietary requirements. Only
nonsmokers with no history of smok-
ing were included in the study.

Ethical approval was obtained from
the local ethics committee of the Uni-
versity of Jena. Written, informed
consent was obtained from each sub-
ject prior to participation.

Clinical assessments

Probing depths were measured using a
periodontal probe (PCP-UNC 15; Hu
Friedy, Leimen, Germany) at six sites
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per tooth. Bleeding on probing was
calculated as the percentage of positive
sites per subject.

Sample collection

Fasting venous blood samples were
collected from the antecubital fossa
(into a lithium heparin tube, Mono-
vette; Sarstedt AG, Niimbrecht,
Germany) from patients and controls
between 08:00 and 10:00 h after an
overnight fast. Polymorphonuclear
neutrophils were isolated from all
subjects using dextran sedimentation
followed by hypotonic lysis of ery-
throcytes. Polymorphonuclear neu-
trophils were resuspended in Hanks’
balanced salt solution to a density of
107 cells/mL. The number and viabil-
ity of the neutrophils isolated was
then determined by Trypan Blue
staining. At all times, viability
exceeded 95%.

Bacterial strains

Porphyromonas gingivalis ATCC 33277
and A. actinomycetemcomitans Y4 were
obtained from the German strain col-
lection DSMZ, Braunschweig, Ger-
many. The strains were subcultured on
Schaedler’s agar enriched with 10%
sheep blood and vitamin K for 16 h in
an anaerobic (P. gingivalis) and with
5% CO, (A. actinomycetemcomita)
atmosphere, respectively, then har-
vested and resuspended in 2.5 mL
of phosphate-buffered saline to a
concentration of 10% bacteria/mL.
To opsonize bacteria, after repeated
washing with phosphate-buffered sal-
ine, 200 pL of the patient’s own serum
was mixed with 200 pL of phosphate-
buffered saline and added to the
suspended cells for 10 min in an
atmosphere of 5% CO, at 37°C. The
suspension was then centrifuged again
and 2.5 mL of Hanks’ balanced salt
solution was added.

Phagocytosis

Polymorphonuclear neutrophil and
bacterial suspensions were mixed at a
ratio of 1:1 to give a cellular ratio of
polymorphonuclear  neutrophils to
bacteria of 1:20. The mixture was

then incubated for up to 2 h in an
atmosphere of 5% CO, at 37°C. At
different time points (0, 30, 60 and
120 min), the suspension was centri-
fuged (400 g, 4 min, 20°C). From the
resultant supernatants, aliquots were
dispensed onto Schaedler’s agar plates
to enumerate the colony-forming
units as the number of viable extra-
cellular  bacteria. The remaining
supernatant was kept at —-20°C for
further analysis of human neutrophil
elastase activity. The spun cells were
washed twice with phosphate-buffered
saline and then lysed by the addition
of ice-cold water for 15 min. The
lysate was also plated to determine
the number (colony-forming units) of
intracellular (i.e. phagocytosed but
not killed) bacteria.

Controls of bacterial suspensions
mixed 1:1 with Hanks’ balanced salt
solution were stored under the same
conditions to ensure that bacterial
survival could be expected for at least
the duration of the experiment. The
viability of the bacteria (baseline
5x 107 bacteria/mL) remained con-
stant over the observation period
(range + 10%). Furthermore, as con-
trols, polymorphonuclear neutrophils
were prepared in the same way and
mixed 1:1 with Hanks’ balanced salt
solution without any bacteria.

Detection of immunoglobulin G to
P. gingivalis and A. actinomycetem-
comitans

Whole bacterial cells of P. gingivalis
ATCC 33277 and A. actinomycetem-
comitans Y4 were used as antigens in the
solid-phase enzyme-linked immuno-
sorbent assay. Bacteria were sub-
cultured for 3 d in Schaedler broth
enriched with 1 pg/mL of vitamin K.
The cultures were checked for purity
by culturing a sample of bacterial sus-
pension on solid agar and pelleted by
centrifugation at 5000 g for 15 min at
20°C. The pellets were washed three
times with phosphate-buffered saline,
resuspended in  phosphate-buffered
saline supplemented with 0.1% sodium
azide, treated for 1 min by sonication
(35 kHz, 120 W) and stored at 4°C.
The killing of bacteria was checked by
culture.

The bacterial suspensions were
diluted to 10 pg/mL of protein. Then,
100 pL of bacterial suspension was
placed in each well of a 96-well Maxi-
Sorp™ microtiter plate (NUNC A/S,
Roskilde, Denmark). The plates were
stored at 4°C overnight. After remov-
ing the suspension, 200 uL of blocking
solution [4% bovine serum albumin
(SERVA, Heidelberg, Germany) in
phosphate-buffered saline] was added
for 2 h. The plates were washed three
times with phosphate-buffered saline
supplemented with 0.005% Tween 20.
First, wells treated with serial dilutions
of a pooled serum sample were used to
construct reference curves. Then, ser-
um samples diluted 1:5000 and an
additional two serial dilutions with
phosphate-buffered saline containing
0.4% bovine serum albumin were
added to the plates. After 1 h of incu-
bation and washing as described
above, horseradish peroxidase-labelled
mouse anti-human IgG (Dako, Glost-
rup, Denmark) were added. The plates
were then incubated again for 1h
before washing as described above. As
substrate,  3,3’,5,5-tetramethylbenzi-
dine (Sigma-Aldrich, Munich, Ger-
many) was used. After stopping the
reaction by addition of 2 mol sulphuric
acid, the plates were read in a spec-
trophotometer at 450 nm. The results
were interpolated from the standard
curve and expressed as arbitrary units
based on a value of 1.000 for the
pooled serum sample diluted 1:5000.

Human neutrophil granulocyte
elastase activity

Human neutrophil elastase activity of
the supernatants was measured with a
microplate assay by using the chro-
mogenic substrate N-methoxysuccinyl-
Ala-Ala-pro-Val-pNa (Sigma-Aldrich,
Taufkirchen, Germany) (20). The sub-
strate was dissolved in dimethylsulf-
oxide to 10 mm, and the working
solution was made up to 1 mm by
dilution with 0.05 m Tris, pH 7.5. In
brief, to each 90 puL aliquot of the
cluate of the specimen, 10 uL of the
substrate working solution was added.
Absorbance at 405 nm was measured
immediately, and also after incubation
at 37°C for 30 min, using a microplate
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reader. One unit (U) was calculated as
the amount of enzyme that hydrolyzed
1 nmol of substrate in 1 min.

Release of oxygen radicals

The total release of oxygen radicals
was measured using luminol-enhanced
chemiluminescence, and the extracel-
lular release of oxygen radicals was
measured using isoluminol-enhanced
chemoluminescence (20).

Bacterial and polymorphonuclear
neutrophil suspensions were prepared
as described above. Aliquots of 100 uL
were mixed in a well of a microtiter
plate after the addition of 50 pL of
luminol or isoluminol (3.0 mm). The
maximal light intensity was recorded in
a luminometer (Applied Biosystems,
Foster City, CA, USA) up to 2 h.
Phorbol-12  myristate-13 acetate
(PMA) was used as a positive control,
and Hanks’ balanced salt solution was
used as the negative control.

Statistical analysis

The clinical data and the levels of the
observed parameters were expressed as
means + standard deviation. The sig-
nificance of differences between groups
was assessed using analysis of vari-
ance with post-hoc Bonferroni tests.
A p-value of < 0.05 was considered to
be statistically significant. spss 13.0
(SPSS, Chicago, IL, USA) was used
for all statistical analyses.

Results

Demographic and clinical data are
presented in Table 1. Patients with
periodontal disease had significantly
higher mean probing depths and
bleeding on probing scores than heal-
thy controls (p < 0.05). No differences
in clinical parameters were detected
between patients with aggressive
periodontitis and chronic periodontitis.

Phagocytosis and killing of bacteria

At the first measurement after 30 min,
polymorphonuclear neutrophils from
patients with chronic periodontitis
(62.16 = 19.39%) and  aggressive
periodontitis (43.26 + 26.63%) were

Table 1. Demographic and clinical data
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Chronic Aggressive
Control periodontitis periodontitis
(n = (n = 12) (n = 6)
Age (mean + SD) (years) 38.1 + 10.7 52.3 £ 9.4%%x* 355 £ 69
Gender (m : f) 6:6 75 3:3
Baseline PD (mean £+ SD) (mm) 1.58 + 0.30 5.31 + 0.76* 5.67 £ 0.59*
Baseline BOP (mean + SD) (%) 6.98 + 8.78 80.76 + 22.28* 79.84 + 19.76*

*Significantly different from the control group (p < 0.05).
**Significantly different from the aggressive periodontitis group (p < 0.05).
BOP, bleeding on probing; f, female; m, male; PD, probing depth; SD, standard deviation.

found to phagocytose more P. gingi-
valis ATCC 33277 than those from
healthy controls (24.43 £+ 19.87%).
The difference between chronic perio-
dontitis and control groups was sta-
tistically significant (p < 0.05). From
30 to 60 min after bacterial exposure,
phagocytic activity increased in all
groups. At the 60-min time point, the
phagocytic activity in the control
group was only about one-third of that
observed in the periodontitis groups
(p < 0.05). Subsequently, however, a
significant increase in phagocytic
activity was recorded in the control
group from 60 to 120 min. The phag-
ocytic activity of polymorphonuclear
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periodontitis, phagocytosis demon-
strated a further increase (to
81.88 + 33.97%). The percentage of
killed bacteria was accurate when
considering the corresponding phago-
cytic activity. The ratio of killed to
phagocytosed bacteria was comparable
in all groups (Fig. 1). Only polymor-
phonuclear neutrophils of subjects
with chronic periodontitis killed more
phagocytosed bacteria than polymor-
phonuclear neutrophils from patients
with aggressive periodontitis and con-
trols at the baseline examination
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Fig. 1. Phagocytosis and killing of Porphyromonas gingivalis. (A) Polymorphonuclear neu-
trophils from patients with chronic periodontitis phagocytosed significantly more P. gingi-
valis at the 30-min and 60-min time points than polymorphonuclear neutrophils from
controls (*p < 0.05). (B) The percentage of killed bacteria followed a similar pattern. (C)
Polymorphonuclear neutrophils from patients with chronic periodontitis killed more of the
phagocytosed bacteria than polymorphonuclear neutrophils from subjects with aggressive
periodontitis or from controls at 30 and 120 min.
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(30 min after the start of phago-
cytosis).

After 30 min, A. actinomycetem-
comitans Y4 was phagocytosed to a
greater degree by polymorphonuclear
neutrophils from patients with chronic
periodontitis  (53.21 £+ 24.29%) and
aggressive  periodontitis  (73.10 +
13.64%) than by polymorphonuclear
neutrophils from healthy controls
(34.20 £+ 23.05%). The difference
between polymorphonuclear neutro-
phils from patients with aggressive
periodontitis and those of the control
group was significant (p < 0.05). Phag-
ocytic activity decreased in the chronic
periodontitis group (from 58.57 +
19.32% to 47.56 + 23.73%) and in the
control group (from 47.68 + 14.87%
to 34.53 £ 25.01%) from 60 to
120 min time points, whereas phago-
cytosis increased in polymorphonu-
clear neutrophils from subjects with
aggressive periodontitis (from 64.37 +
12.07% to 83.05 £ 9.19%) over the
same time period. The differences after
120 min between aggressive periodon-
titis and chronic periodontitis, as well
as between aggressive periodontitis and
controls, were significant (p < 0.05).
The percentages of killed bacteria were
equivalent to the percentages of
phagocytosed bacteria. These results
are illustrated in Fig. 2.

Anti-P. gingivalis 1gG and anti-
A. actinomycetemcomitans IgG

Antibodies to P. gingivalis and A. ac-
tinomycetemcomitans were detected in
the serum of patients and controls
(Fig. 3). Patients with aggressive
periodontitis and chronic periodontitis
had significantly higher anti-P. gingi-
valis titres than healthy controls
(p < 0.05). Significantly elevated 1gG
titres to  A. actinomycetemcomitans
(» < 0.05) were measured in patients
with aggressive periodontitis.

Chemiluminescence

The results of total and extracellular
reactive oxygen species release are
presented in Fig. 4. The Iuminol-
dependent chemiluminescence suggests
that polymorphonuclear neutrophils
from subjects with chronic perio-
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Fig. 2. Phagocytosis and Kkilling of Aggregatibacter actinomycetemcomitans. (A) Poly-

morphonuclear neutrophils from patients with aggressive periodontitis phagocytosed more

A. actinomycetemcomitans than polymorphonuclear neutrophils from controls at the
30-min and 120-min time points (*p < 0.05) and more than polymorphonuclear neu-
trophils of patients with chronic periodontitis after 120 min. (B) The killing of the
phagocytosed bacteria correlated with this observation. (C) Nearly all phagocytosed
bacteria were also killed by the polymorphonuclear neutrophils, as indicated by the high

killed/phagocytosed ratios.

dontitis and aggressive periodontitis
released significantly more reactive
oxygen species in the absence of any
stimulus  than  polymorphonuclear
neutrophils from healthy donors
(p < 0.05). The total release of reac-
tive oxygen species increased in chronic
periodontitis and in the control group
after interaction with P. gingivalis
ATCC 33277. The interaction with
A. actinomycetemcomitans Y4 led to
more total reactive oxygen species
release in chronic periodontitis and in
the control group than that observed
after exposure to P. gingivalis ATCC
33277. For both bacterial strains,
luminol-dependent chemiluminescence
was significantly lower in aggressive
periodontitis than in chronic perio-
dontitis and in the control group
(» < 0.05).

The isoluminol-dependent chemilu-
minescence measured the extracellular
release of reactive oxygen species.
Polymorphonuclear neutrophils in
chronic and aggressive periodontitis
were probably hyperactive because
they released significantly more reac-

tive oxygen species than the polymor-
phonuclear neutrophils from the
controls (p < 0.05) in an unstimulated
state. Polymorphonuclear neutrophils
in chronic periodontitis also seemed to
be hyper-reactive in interaction with
A. actinomycetemcomitans Y4, as they
released significantly more reactive
oxygen species than polymorphonu-
clear neutrophils from subjects with
aggressive periodontitis or healthy
controls (p < 0.05). The extracellular
release of reactive oxygen species from
polymorphonuclear neutrophils fol-
lowing interaction with P. gingivalis
ATCC 33277 was (not significantly)
lower in aggressive periodontitis
patients compared with chronic perio-
dontitis patients and periodontally
healthy subjects.

Elastase activity

Immediately after isolation, and with-
out any additional stimulation, extra-
cellular human neutrophil elastase
activity was found to be significantly
lower in periodontally healthy controls
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Fig. 3. Systemic antibodies to Porphyromonas gingivalis (A) and Aggregatibacter actinomy-
cetemcomitans (B) in patients with aggressive and chronic periodontitis in comparison to
periodontally healthy subjects. (A) Patients with periodontitis had significantly higher titres
of anti-P. gingivalis immunoglobulin G (IgG) than the controls. (B) Only in subjects with
aggressive periodontitis was the IgG titre for anti-A. actinomycetemcomitans significantly
higher than in the periodontally healthy controls.

than in patients with chronic perio-
dontitis or aggressive periodontitis
(each p < 0.05). However, after expo-
sure to P. gingivalis or A. actinomyce-
temcomitans, the only significant
difference was a decreased human
neutrophil elastase activity in poly-
morphonuclear neutrophils of chronic
periodontitis patients compared with
controls, 120 min after exposure to
P. gingivalis ATCC 33277 (Table 2).

Discussion

This ex vivo study investigated the abil-
ity of peripheral polymorphonuclear
neutrophils of subjects with periodontal

diseases to phagocytose and kill P. gin-
givalis and A. actinomycetemcomitans.
Broadly speaking, we identified that
polymorphonuclear neutrophils from
patients with aggressive periodontitis
demonstrated enhanced phagocytosis
activities and released less reactive oxy-
gen species than polymorphonuclear
neutrophils from patients with chronic

periodontitis.

Polymorphonuclear neutrophils,
essential for innate host defences
against invading microorganisms,

eliminate pathogens by phagocytosis.
During phagocytosis, polymorphonu-
clear neutrophils produce reactive
oxygen species and release cytotoxic
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granule components into pathogen-
containing phagocytic vacuoles to
kill the bacteria (21). Polymorpho-
nuclear neutrophils collected from
crevicular fluid have been shown to
have defective phagocytosis in local-
ized aggressive periodontitis (22) and
in generalized aggressive periodontitis
(23).

Our phagocytosis assay was adapted
from the method described by Hamp-
ton et al. (24). This method identifies
extracellular free-floating viable bacte-
ria as well as phagocytosed bacteria.
One limitation of the method is the
inability to differentiate  between
adherent and ingested (intracellular)
viable bacteria. Furthermore, it is not
possible to distinguish between intra-
cellular and extracellular killed bacte-
ria. Notwithstanding these limitations,
the phagocytic activity of blood poly-
morphonuclear neutrophils from sub-
jects with aggressive periodontitis was
different from that of polymorpho-
nuclear neutrophils from patients with
chronic periodontitis or healthy con-
trols. Indeed, we observed an ongoing
increase of phagocytosis of A. actino-
mycetemcomitans and P. gingivalis by
polymorphonuclear neutrophils from
patients with aggressive periodontitis.
In chronic periodontitis, more phago-
cytosis of P. gingivalis was identified.
In our assay, the patients’ own serum
was used for opsonization. The
patients are infected with these perio-
pathogens and might therefore have
high levels of specific antibodies
against these species. High antibody
levels against A. actinomycetemcomi-
tans were detected in subjects with
localized aggressive periodontitis (1)
and against P. gingivalis in adults with
severe periodontal destruction (25).
Several studies have reported that in
periodontitis an increased systemic IgG
level can be observed (26-28). Gibson
et al. (29) reported that specific 1gG
against components of P. gingivalis in
the sera of patients promotes the up-
take of that species. [gG may enhance
the phagocytosis and killing of oral
microorganisms through activation of
complement and opsonization (30,31).
This might explain the higher phago-
cytotic activity of polymorphonuclear
neutrophils in periodontitis patients at
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Fig. 4. Total (A) and extracellular (B) release of reactive oxygen species by peripheral blood
polymorphonuclear neutrophils from patients with chronic and aggressive periodontitis in
comparison to healthy controls as determined by chemoluminescence (counts). (A) Poly-
morphonuclear neutrophils from patients with chronic and aggressive periodontitis release
significantly more reactive oxygen species than polymorphonuclear neutrophils from controls
in the absence of stimulation (*p < 0.05). Polymorphonuclear neutrophils from patients
with aggressive periodontitis release significantly less reactive oxygen species than poly-
morphonuclear neutrophils from subjects with chronic periodontitis () and controls (¥) after
stimulation with Porphyromonas gingivalis (P. g.) and Aggregatibacter actinomycetemcomi-
tans (A. a.). (B) The extracellular release of reactive oxygen species by polymorphonuclear
neutrophils from patients with aggressive periodontitis was also lower than that from
polymorphonuclear neutrophils of subjects with chronic periodontitis (#p < 0.05). Poly-
morphonuclear neutrophils from patients with chronic periodontitis released significantly
more reactive oxygen species after interaction with A. actinomycetemcomitans than poly-
morphonuclear neutrophils from the controls (*p < 0.05).

the first time point (30 min). Local
infections, including periodontal dis-
ease, cause variations of activating
factors in plasma and lead to intra-
vascular polymorphonuclear neutro-
phil  priming (32). Nevertheless,
leukotoxin, an important virulence
factor of A. actinomycetemcomitans,

exhibits cytolytic activity against poly-
morphonuclear neutrophils and mac-
rophages (33). The opsonization and
phagocytosis of P. gingivalis depends
on the presence of specific 1gG (34),
and the opsonization proceeds, in part,
through the antibody-dependent alter-
nate pathway of complement activa-

tion (35). Gingipains from P. gingivalis
may also induce the production of pro-
inflammatory cytokines and further
modulate the host defenses (36).

In our study the bacteria were killed
to a high extent, indicating a robust
polymorphonuclear neutrophil res-
ponse. Neutrophil-mediated bacterial
killing involves both oxygen-indepen-
dent and oxygen-dependent processes
(6). Granule fractions consisting of
elastase, azurocidin and cathepsin G
are bactericidal against A. actinomyce-
temcomitans, although strain-depen-
dent differences in bactericidal activity
do exist (37). The ratio of killed to
phagocytosed bacteria was similar for
A. actinomycetemcomitans Y4 in all
three groups, indicating that nearly all
bacteria which were phagocytosed
were also killed by the neutrophils.
Only the polymorphonuclear
trophils from patients with chronic
periodontitis killed more phagocytosed
P. gingivalis ATCC 33277 than the
polymorphonuclear  neutrophils  of
healthy controls or patients with
aggressive periodontitis at the 30 min
time point (each p < 0.05). However,
it is also important to remember that
bacterial killing by polymorphonuclear
neutrophils also occurs extracellularly
by the formation of extracellular traps
(38).

During interactions with plaque
bacteria, polymorphonuclear neu-
trophils cause tissue destruction via the
extracellular release of lysosomal
enzymes, granule components and
oxygen radicals (39). Elastase is one of
the proteolytic enzymes present in the
polymorphonuclear neutrophil pri-
mary granules, released upon activa-
tion of the polymorphonuclear
neutrophil and capable of degrading
extracellular matrix proteins of the
connective tissue (40). Higher granu-
locyte elastase activity has previously
been observed in patients with perio-
dontitis (both aggressive and chronic)
in comparison to healthy controls (41),
and our observations confirm these
findings in that polymorphonuclear
neutrophils from patients with aggres-
sive and chronic periodontitis released
significantly more elastase, even in the
absence of any stimulation. Increased
release of reactive oxygen species and

neu-
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Table 2. Human neutrophil elastase (HNE) activity (mU) of polymorphonuclear neutrophils
from subjects with aggressive and chronic periodontitis in comparison to periodontally
healthy controls without stimulus and after contact with Porphyromonas gingivalis and

Aggregatibacter actinomycetemcomitans

Aggressive

HNE activity (mU) periodontitis

Without stimulus

0 min 81.25 + 38.54*
30 min 60.50 £+ 51.20
60 min 26.50 + 14.65
120 min 39.00 + 32.33
With P. gingivalis ATCC 33277
30 min 24.86 + 16.72
60 min 9.14 £ 492
120 min 16.71 + 4.51

With A. actinomycetemcomitans Y4

30 min 6.00 + 5.61
60 min 340 £+ 2.13
120 min 4.60 £ 4.45

Chronic Healthy

periodontitis controls

64.75 + 48.09* 8.00 + 4.03
39.00 + 35.60 8.75 + 7.54
4.50 + 4.00 1.00 + 0.75
2.33 + 0.58 2.50 + 1.36
12.50 + 3.73 420 + 3.71
3.50 + 2.56 5.80 + 4.18
2.60 + 1.67* 4.60 £ 2.41
3.00 £ 2.74 6.29 + 5.69
2.40 + 1.58 6.57 + 4.21
0.75 + 0.62 6.43 + 3.83

*p < 0.05 in comparison with healthy controls at that time point.

elastase by polymorphonuclear neu-
trophils is likely to contribute to
enhanced tissue destruction in perio-
dontal disease (42). Ding et al. found
species-specific differences in elastase
release when polymorphonuclear neu-
trophils interacted with different perio-
dontopathogens, and a large amount
of elastase was measured after expo-
sure to Fusobacterium nucleatum, but
not when polymorphonuclear neu-
trophils were triggered with P. gingi-
valis or Treponema denticola (43).

The extracellular release of reactive
oxygen species can cause lipid peroxi-
dation (44) and may also result in
damage to the surrounding tissues (45).
Sheikhi ez al. suggested that periodon-
tal pathogens might stimulate poly-
morphonuclear neutrophils to release
reactive oxygen species, and in their
in vitro study, F. nucleatum was able to
stimulate  polymorphonuclear
trophils to produce reactive oxygen
species (44). The intracellular and
extracellular release of oxygen radicals
after phagocytosis of P. gingivalis and
A. actinomycetemcomitans was investi-
gated in another in vitro study, and these
data suggest that after phagocyctosis of
P. gingivalis, superoxide was produced
to a lesser extent compared with that
seen after phagocytosis of A. actinom-
yeetemcomitans (45). Our data confirm
this observation in the context of
patients with chronic periodontitis.
Here, we measured less total and extra-

neu-

cellular reactive oxygen species release
(luminol-dependent and isoluminol-
dependent chemiluminescence) when
polymorphonuclear neutrophils phago-
cytosed P. gingivalis ATCC 33277 in
comparison with A. actinomycetem-
comitans Y4. Nevertheless, it should be
mentioned that strain-dependent dif-
ferences exist among A. actinomyce-
temcomitans strains in their ability to
trigger the luminol amplified chemilu-
minescence (46).

Interestingly, the release of reactive
oxygen species in the absence of any
stimulation with  P. gingivalis  or
A. actinomycetemcomitans was higher
in  polymorphonuclear neutrophils
from patients with chronic perio-
dontitis and aggressive periodontitis
than in the periodontally healthy con-
trol group. This is supported by recent
research of Matthews efal., who
reported that polymorphonuclear neu-
trophils in chronic periodontitis were
hyperactive in terms of extracellular
release of reactive oxygen species
without exogenous stimulation (47). In
a further analysis they demonstrated
that this release of reactive oxygen
species in the absence of stimulation
was also detectable after periodontal
therapy (48). These findings indicate
that a baseline, unstimulated hyper-
activity is constitutive in nature and
could represent a risk factor for the
development and progression of
periodontitis  (47,48). Furthermore,
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genotyping studies suggested that the
disposition for hyperactive polymor-
phonuclear neutrophils may be a
genetic risk factor for increased perio-
dontal destruction (40).

While polymorphonuclear
trophils from subjects with chronic
periodontitis and from controls could
be stimulated by P. gingivalis ATCC
33277 and A. actinomycetemcomitans
Y4, the polymorphonuclear neutro-
phils from patients with aggressive
periodontitis did not release additional
reactive oxygen species after contact
with those species. This observed lower
reactive oxygen species release in
aggressive periodontitis after contact
with periodontal pathogens is in con-
trast to data reported by Shapira et al.,
who identified polymorphonuclear
neutrophil hyperactivity after stimula-
tion with opsonized bacteria in subjects
with rapidly progressive periodontitis
(now renamed as generalized aggres-
sive periodontitis) (49). However, the
difference between the findings of this
study and our own may be a result of
the different methods that were
employed; we investigated the direct
interaction  between  polymorpho-
nuclear neutrophils and periodontal
pathogens, whereas Shapira et al. (49)
used streptococci opsonized with
histone.

neu-

Conclusions

Within the limitations of our study,
the results indicate that polymorpho-
nuclear neutrophils in aggressive and
chronic periodontitis are hyperactive,
even without any particular stimulus.
Furthermore, periodontal bacteria
that were opsonized by the patients’
own serum were efficiently phago-
cytosed and killed by polymorpho-
nuclear neutrophils. An extracellular
release of reactive oxygen species and
neutrophil elastase by polymorpho-
nuclear neutrophils was detected and
probably not only kills bacteria
extracellularly but also damages the
surrounding periodontal tissues.
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