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Abstract

Neutrophils play an important role in periodontitis by producing nitric oxide (NO) and antimicrobial peptides, molecules with
microbicidal activity via oxygen-dependent and -independent mechanisms, respectively. It is unknown whether variation in the
production of antimicrobial peptides such as LL-37, human neutrophil peptides (HNP) 1-3, and NO by neutrophils influences
the pathogenesis of periodontal diseases. We compared the production of these peptides and NO by lipopolysaccharide (LPS)-
stimulated neutrophils isolated from healthy subjects and from patients with periodontitis. Peripheral blood neutrophils were
cultured with or without Aggregatibacter actinomycetemcomitans-LPS (Aa-LPS), Porphyromonas gingivalis-LPS (Pg-LPS)
and Escherichia coli-LPS (Ec-LPS). gRT-PCR was used to determine quantities of HNP 1-3 and LL-37 mRNA in neutrophils.
Amounts of HNP 1-3 and LL-37 proteins in the cell culture supernatants were also determined by ELISA. In addition, NO levels
in neutrophil culture supernatants were quantitated by the Griess reaction. Neutrophils from periodontitis patients cultured with
Aa-LPS, Pg-LPS and Ec-LPS expressed higher HNP 1-3 mRNA than neutrophils from healthy subjects. LL-37 mMRNA expression
was higher in neutrophils from patients stimulated with Aa-LPS. Neutrophils from periodontitis patients produced significantly
higher LL-37 protein levels than neutrophils from healthy subjects when stimulated with Pg-LPS and Ec-LPS, but no difference
was observed in HNP 1-3 production. Neutrophils from periodontitis patients cultured or not with Pg-LPS and Ec-LPS produced
significantly lower NO levels than neutrophils from healthy subjects. The significant differences in the production of LL-37 and
NO between neutrophils from healthy and periodontitis subjects indicate that production of these molecules might influence
individual susceptibility to important periodontal pathogens.
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Introduction

Periodontitis is a chronic inflammatory disease char-
acterized by connective tissue and alveolar bone destruc-
tion, eventually leading to tooth loss. The recruitment of
neutrophils and other leukocytes in the periodontal pocket
is an important feature of the inflammatory process in peri-
odontal disease (1). Important periodontopathogens, e.g.,
Aggregatibacter actinomycetemcomitans and Porphyromo-

nas gingivalis, seem to induce destruction of periodontal
tissues through lipopolysaccharide (LPS)-dependent
mechanisms or by eliciting the production of a variety of
biologically active substances by host immune cells (2). In
general, LPS activates different cells, including epithelial
cells, fibroblasts, neutrophils and macrophages, by activat-
ing Toll-like receptor-4 (TLR4) signaling pathways (3,4),
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promoting phagocytosis, production of reactive oxygen
species, cytokines, and release of antimicrobial peptides
from azurophil granules (5).

Neutrophils respond to bacterial products or inflamma-
tory mediators by chemotaxis, phagocytosis, and microbial
killing through oxygen radical- and non-oxygen-dependent
mechanisms (6). The non-oxidative antibacterial mecha-
nisms involve a diverse group of antimicrobial peptides
including alpha-defensins (7) and human cathelicidin, LL-37
(8), which are stored in azurophil granules. The defensins
are divided into alpha, beta and theta defensins and are
found in vertebrates and invertebrates. Alpha-defensins
include a group of six types of small peptides (7), four
of which are produced by human neutrophils, thus being
designated human neutrophil peptides (HNP) -1, -2, -3,
and -4 (7). HNP 1-3 are the most abundant, and individual
analysis of these peptides is difficult because of the high
similarity of their amino acid sequences (1,9). HNP 1-3 are
detected in whole saliva (10) and gingival crevicular fluid of
both healthy and periodontal disease subjects (1). LL-37 is
known to play an important role in the lysis of periodontal
pathogens, which is consistent with the frequent develop-
ment of severe periodontal diseases in subjects with Morbus
Kostmann syndrome. In this congenital disease, neutrophils
are deficient in LL-37, and this antimicrobial peptide is also
present in abnormally low levels in saliva (11). Additionally,
neutrophils from these subjects produce reduced amounts
of HNP 1-3 (8). LL-37 impairs the in vitro growth of several
bacterial species of the oral cavity, including the periodontal
pathogens A. actinomycetemcomitans (12), Fusobacterium
nucleatum and Prevotella intermedia (13). Additionally, LL-
37 shows high affinity for LPS from different bacteria and
thus can neutralize these endotoxins (14).

Defensins and LL-37 have the ability to kill and/or inacti-
vate several bacterial species (including A. actinomycetem-
comitans and P. gingivalis) (12), fungi, and some enveloped
viruses (15). These microbicidal properties lie in the ability of
these peptides to form pores in the membranes, promoting
bacterial lysis or affecting viral envelopes (16). In addition,
HNP 1-3 and LL-37 induce and/or amplify subsequent in-
nate and adaptive immune responses against pathogens,
such as mast cell degranulation, production of interleukins
(IL) such as IL-10 and tumor necrosis factor, and dendritic
cell activation (17,18). The production of nitric oxide (NO)
represents another mechanism of pathogen destruction in
activated neutrophils (19). Production of NO or expression of
inducible NO synthase (iNOS) by peripheral neutrophils orin
gingival tissues was associated with periodontal disease in
human and animal models, respectively (20,21). Other stud-
ies have shown that production of NO and reactive oxygen
species is enhanced by peripheral neutrophils stimulated
in vitro with A. actinomycetemcomitans and P. gingivalis
(22,23). Despite the massive presence of neutrophils and
their enhanced activity at sites of periodontal disease (24),
the roles of these leukocytes and their antimicrobial prod-

Braz J Med Biol Res 45(11) 2012

F.S. Mariano et al.

ucts in the susceptibility and/or pathogenesis of periodontal
disease remain to be examined. Although neutrophils have
been considered to be responsible for the destruction of
periodontal tissues (24), some studies have suggested that
neutrophils play protective roles in controlling pathogenic
bacteria involved in periodontal disease (25,26).

In the present study, we investigated the expression of
genes encoding HNP 1-3, LL-37, NO, and HNP 1-3/LL-37
production in neutrophils isolated from generally healthy
subjects with and without periodontitis, in response to
bacterial LPS from species considered or not to be peri-
odontal pathogens.

Subjects and Methods

Subjects

All subjects enrolled in this study were clinically and
radiographically examined at the Graduate Clinic of the
Faculdade de Odontologia de Piracicaba, Universidade
Estadual de Campinas (UNICAMP), Brazil. Periodontal
examination included full-mouth probing depth, plaque
index, gingival index, and gingival recession. Inclusion cri-
teria were: subjects diagnosed with generalized moderate
chronic periodontitis (at least 4 teeth with probing depth
=5 mm) who had not received periodontal treatment and/
or antibiotics in the last 6 months preceding the study, with
at least 14 natural teeth. Exclusion criteria were: systemic
modifying factors affecting the immune response, such as
diabetes mellitus, immune and hormone disorders, smok-
ers and former smokers, alcoholics and former alcohol-
ics, pregnant and lactating women, and those taking oral
contraceptive drugs.

The subjects were separated into two experimental
groups. The chronic periodontitis group included 6 patients,
3 males and 3 females (mean age: 47.5 + 11.8 years) with
moderate chronic periodontitis according to the criteria
proposed by the 1999 International Workshop for a Clas-
sification of Periodontal Diseases and conditions (27). The
healthy control group included 6 subjects, three males and
three females (mean age: 31.4 + 3.4 years). All subjects were
clinically healthy (probing depth <3 mm, without bleeding on
probing, with no detectable radiographic alveolar bone loss
on radiography). All procedures performed were approved
by the Ethics Committee of Faculdade de Odontologia de
Piracicaba, UNICAMP, and all volunteers involved in this
study signed a consent form.

Bacterial strains, growth conditions and antigens
Periodontopathogens A. actinomycetemcomitans strain
Y4 and P. gingivalis strain ATCC 33277 were obtained from
the Bacterial Collection of the Research Group in Oral Biol-
ogy (GREB), School of Dentistry, Laval University, Quebec,
Canada. These microorganisms were cultured at 37°C
in brain heart agar (Difco Co., USA) supplemented with
7% defibrinated sheep blood, 5 mg/mL hemin and 1 mg/
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mL menadione (Sigma, USA) under anaerobic conditions
(10% CO2, 10% H2 and 80% N2) in a Mini MACS Anaerobic
Workstation (Don Whitley Scientific, UK) (28).

Purification of LPS from A. actinomycetemcomitans
and P. gingivalis was performed as described (29). LPS
samples were freeze-dried and stored at -20°C. Protein
contamination of these samples was lower than 0.001% in
all preparations, as evaluated using a Quick Start™ Bradford
protein assay with bovine serum albumin standard (Bio-Rad
Laboratories, Canada). Escherichia coli-LPS (Ec-LPS)
obtained from Sigma was used as positive control.

Isolation and in vitro stimulation of human neutrophils

Whole blood (20 mL) from control and periodontitis
subjects was collected into lithium heparin tubes (BD Vacu-
tainer™, USA). Neutrophils purified from 5 mL Histopaque
1119 (Sigma-Aldrich Brazil Ltda., Brazil) were poured into a
15-mL round bottom tube and overlaid with 3 mL Histopaque
1083 (Sigma-Aldrich Brazil Ltda.), and 6 mL whole blood
was layered over the gradients. Tubes containing gradients
and blood were centrifuged at 460 g for 28 min at 25°C.
The layer containing the neutrophils was aspirated and
washed twice with cold RPMI 1640 (Invitrogen™, Brazil),
supplemented with 10% fetal bovine serum and antibiotics.
The erythrocytes were eliminated by hypotonic lysis for 30 s.
The viability of blood neutrophils was determined by Trypan
blue exclusion using a Neubauer chamber. One x 107 cells/
well were incubated at 37°C in the presence of 5% CO for
1 h. Neutrophils were then stimulated with 100 ng/mL of A.
actinomycetemcomitans-LPS (Aa-LPS), P. gingivalis-LPS
(Pg-LPS) or Ec-LPS. In order to examine the effects of LPS
on gene expression and production of HNP 1-3 or LL-37 by
neutrophils, the cells isolated from blood were stimulated
with LPS for 6 and 12 h. Neutrophils from similar cultures
not exposed to LPS were used as negative controls. After
incubation, cells were centrifuged (290 g, at 4°C for 10 min),
and the culture supernatants were stored at -70°C until use
for the determination of HNP 1-3 and LL-37 production. The
neutrophils were used for the total mMRNA extraction for the
analysis of HNP 1-3 and LL-37 gene expression.

RNA extraction and reverse transcription

Neutrophils from cultures exposed or not to LPS were
washed twice with PBS and
the total RNA was immediately
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(Roche Diagnostic Co., USA) according to manufacturer
instructions.

Quantitative real-time polymerase chain reaction
(qRT-PCR)

The levels of HPN 1 and HPN 3 transcripts were as-
sessed using a primer set specific for a conserved sequence
of these peptides (30). Table 1 shows the primer sequences
applied in gRT-PCR for HPN 1-3 and LL-37.

The sequences of the primers for gqRT-PCR analysis
were obtained using the Light-Cycler software (Roche
Diagnostics GmbH, Germany). The qRT-PCR assays
were performed using the Light Cycler system (Roche
Diagnostics GmbH). The reaction mixture (15 pL) included
template cDNA (0.5 ug), 0.75 uM of each primer, and 1X
SYBR-Green mix (Fast Start DNA Master plus, Roche Di-
agnostic Co.). The thermal cycling conditions were: 95°C
for 10 min for the initial denaturation, followed by 40 cycles
of three steps consisting of denaturation at 95°C for 10 s,
primer annealing at 59°C for 4 s, and primer extension at
72°C for 5 s. Controls included reaction mixtures without
template cDNA. The housekeeping gene, glyceraldehyde-
3-phosphate dehydrogenase (GAPDH), was amplified in
parallel to the gene of interest. Relative copy numbers
compared with GAPDH were calculated using 2ACt. Assays
with RNA samples were performed in triplicate.

Enzyme-linked immunosorbent assay (ELISA)

The amounts of HNP 1-3 and LL-37 produced by
neutrophils exposed or not to LPS samples were quanti-
fied by ELISA using kits from Hycult Biotechnology (The
Netherlands), according to manufacturer instructions.
Individual quantification of each HNP subtype (1, 2, and
3) is not possible because of the high structural similarity
of these defensins. The concentrations of HNP 1-3 and
LL-37 in culture fluids are reported as pg/mL and ng/mL,
respectively. Assays were performed in triplicate with the
supernatants of neutrophil culture.

Flow cytometry analysis

Cell acquisition was performed with a FACSort flow
cytometer using the CellQuest software (BD Biosciences,
USA). The absolute leukocyte values/20 mL peripheral blood

Table 1. Primer sequences for the genes, amplification profile, and amplicon length studied

extracted using Trizol reagent here.

(Invitrogen, USA), according to

manufacturer instructions. After Gene Sequence (5-3) Amplification profile Amplification
treatment of RNA samples with (temperature (°C)/time (s) (bp)
DNase (Turbo DNA-free, Ambion ~ GAPDH GAAGGTGAAGGTCGGAGTC 95/0; 51/2; 72/9 226
Inc., USA), a total of 0.5 ug RNA GAAGATGGTGATGGGATTTC

was used for cDNA synthesis. ~ HNP1-3  TGCATGGGACGAAAGCTTG 95/10; 55/3; 72/6 52
Reverse transcription was car- LL-37 ggTFiZETC-;TgFiEEGGAA%CEF%EiG 95/10; 59/4; 72/5 131
ried out using the Transcriptor TCCTCTOGTGACTGCTGGT ’ ’

First-Strand cDNA Synthesis kit
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were calculated according to characteristics of granularity
and size (side scatter vs forward scatter) based on the per-
centage obtained by FACS (50,000 events), and the amount
of cells was determined in a Neubauer chamber.

Nitric oxide production

Nitrate was reduced to nitrite with nitrate reductase
and the concentration of nitrite was determined by mixing
culture supernatants of neutrophils exposed or not to LPS
with Griess reagent, as described below. Briefly, neutrophils
(1x 107 cells/mL) from subjects with periodontal disease or
healthy ones were cultured in the presence or absence of
Aa-LPS, Pg-LPS or Ec-LPS (100 ng/mL) for 6 and 12 h, at
37°Candinthe presence of 5% CO». Atotal of 50 pL culture
supernatant was then incubated at room temperature with
an equal volume of the Griess reagent on 96-well plates
(Corning, USA) for 30 min. The absorbance (As40 nm) of the
samples was measured using a plate scanner (VersaMax
Tunable Microplate Reader; Molecular Devices, USA). The
amounts of NO3 in the samples were then calculated using
a standard curve of NaNO; (1-200 uM) within a linear range.
Assays were performed in triplicate with supernatants of
neutrophil cultures from each subject.

Statistical analysis and software

The Student t-test was used to determine the statisti-
cal significance of the differences observed between the
volunteers with and without periodontitis and periodontally
healthy volunteers. The statistical analyses were performed
with the help of the GRAPHPAD PRISM software version
5.00 for Windows (http://www.graphpad.com). Differences
were considered to be statistically significant at P values
of <0.05.

Results

Expression of HNP 1-3 and LL-37 in peripheral blood
neutrophils

The purity of cells isolated from peripheral blood of
patients with periodontitis and healthy subjects was as-
sessed by flow cytometry (Figure 1A). Approximately 94%
total gated cells were polymorphonuclear neutrophils, thus
ensuring a minimum influence of cell contaminants in the
experiments performed. Subsequently, it was verified that
Aa-LPS, Pg-LPS and Ec-LPS could induce different levels
of HNP 1-3 and LL-37 mRNA in neutrophils from patients
and healthy subjects. According to our data, neutrophils
from patients with periodontitis express higher amounts of
mRNA corresponding to HNP 1-3 than control cells after
Pg-LPS stimulifor 6 and 12 h (Figure 1B). Similarly, Aa-LPS
and Ec-LPS induced high levels of HNP 1-3 transcripts in
neutrophils from periodontitis patients compared to neutro-
phils from control subjects after 12 h of incubation (Figure
1B). However, no significant difference was observed in the
levels of HNP 1-3 transcripts between neutrophils from the
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two groups that were cultured with Aa-LPS for a shorter
period of time (6 h). No significant differences in HNP 1-3
transcripts were detected between neutrophils from the
periodontitis and healthy groups when cells were cultured
without the LPS stimulus for 12 h (Figure 1B).

The LL-37 transcript levels were closely similar for
neutrophils from periodontitis patients and healthy subjects
after stimulation or not with LPS for 6 and 12 h (Figure 1C).
An exception were the neutrophils of periodontitis patients
exposed to Aa-LPS for 12 h, which showed significantly
higher levels of LL-37 transcripts compared to neutrophils
from healthy controls exposed to Aa-LPS under the same
conditions (Figure 1C).

Production of HNP 1-3 and LL-37 proteins by
peripheral blood neutrophils

The neutrophils from healthy subjects tended to produce
higher concentrations of alpha-defensin proteins than cells
from periodontitis subjects, but the differences were not
statistically significant (Figure 2A). Additionally, similar levels
of LL-37 protein were produced by neutrophils from perio-
dontitis and healthy subjects regardless of LPS stimulation
for 6 h (Figure 2B). Neutrophils from periodontitis subjects
stimulated with Pg-LPS and Ec-LPS for 12 h produced
significantly higher amounts of LL-37 protein compared to
neutrophils from healthy subjects similarly stimulated (Fig-
ure 2B). However, neutrophils from both groups produced
similar amounts of total protein after a 12-h stimulation with
Aa-LPS or without LPS exposure (Figure 2B).

Differentiated production of NO by neutrophils

Neutrophils from periodontitis patients cultured with
Pg-LPS or Ec-LPS for 6 h or cultured without LPS stimula-
tion produced significantly lower levels of NO levels when
compared to neutrophils from healthy subjects (Figure 3).
After 12 h ofincubation, NO production was still significantly
lower in cultures of neutrophils from periodontitis patients
stimulated with Pg-LPS and Ec-LPS compared to cells
of control subjects. However, equivalent NO levels were
produced by neutrophils isolated from periodontitis and
healthy subjects stimulated with Aa-LPS for 6 and 12 h. No
significant differences in the amounts of NO were observed
between neutrophils from the two groups not stimulated
with LPS (Figure 3).

Discussion

In periodontal disease, neutrophil deficiency may be
associated with the worsening of clinical symptoms of
periodontitis (26). Neutrophils are also recognized as the
major source of alpha-defensins (or HNP) and LL-37. In
humans, these antimicrobial peptides seem to play a key
role in protecting the periodontal tissues against oral bacteria
(12,13). In patients with Morbus Kostmann syndrome, the
treatment with granulocyte colony-stimulating factor restores

www.bjournal.com.br
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Figure 1. HNP 1-3 and LL-37 mRNA expression in peripheral neutrophils from periodontitis and healthy
subjects. Neutrophils were isolated from peripheral blood and analyzed by flow cytometry, showing more
than 94% purity according to side scatter (SSC) vs forward scatter (FSC) parameters (A). Neutrophils
were incubated for 6 and 12 h with culture medium only or with medium containing Aa-LPS (100 ng/
mL), Pg-LPS (100 ng/mL) or Ec-LPS (100 ng/mL). The relative mRNA expression of HNP 1-3 (B) and
LL-37 (C) in neutrophils was assessed by qRT-PCR. Data are reported as means + SD for N = 6 in each
group. Aa-LPS = Aggregatibacter actinomycetemcomitans-lipopolysaccharide; Pg-LPS = Porphyromo-
nas gingivalis-LPS; Ec-LPS = Escherichia coli-LPS. *P < 0.05, periodontitis compared to healthy subjects
(Student t-test).
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Figure 2. HNP 1-3 and LL-37 production by peripheral neutrophils. Neutrophils were incubated for 6 and
12 h with culture medium only or with medium containing Aa-LPS (100 ng/mL), Pg-LPS (100 ng/mL) or
Ec-LPS (100 ng/mL), and production of HNP 1-3 (A) and LL-37 (B) was determined by ELISA. Data are
reported as means + SD for N = 6 in each group. *P < 0.05, periodontitis compared to healthy subjects
(Student t-test). For abbreviations, see legend to Figure 1.
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Figure 3. NO production by neutrophils stimulated with LPS.
Neutrophils isolated from peripheral blood of periodontitis and
healthy subjects were cultured for 6 and 12 h in the presence
and absence of Aa-LPS (100 ng/mL), Pg-LPS (100 ng/mL) and
Ec-LPS (100 ng/mL). Nitric oxide (NO) concentrations were mea-
sured by the Griess reaction in the cell culture supernatant. Data
are reported as means = SD for N = 6 in each group. *P < 0.05,
periodontitis compared to healthy subjects (Student t-test). For
abbreviations, see legend to Figure 1.

neutrophils to normal blood counts and reduces recurrent
infections, but does not prevent severe periodontitis (31).
Peripheral neutrophils from these patients are deficient in
LL-37 production and produce reduced amounts of HNP 1-3
defensins. However, whether neutrophils from periodontitis
patients have atypical responses to components of peri-
odontal pathogens (e.g., LPS) compared to periodontally
healthy subjects remains to be investigated. In the present
study, we show that neutrophils from subjects with perio-
dontitis respond differently to stimuli with LPS from differ-
ent bacterial sources (periodontal pathogens and E. coli)
compared to neutrophils from healthy subjects, expressing
significantly higher levels of HNP 1-3 and LL-37 genes and
showing reduced amounts of NO.

Although the number of subjects with periodontitis
studied was relatively small, given the complex nature of
chronic periodontitis, the data presented here open a new
line of investigation about the influence of neutrophil phe-
notypes on the course of periodontal diseases. Previous
studies using a similar number of patients with aggressive
and chronic periodontitis (6 and 12 subjects, respectively)
were able to detect significant differences in neutrophil
phagocytosis and killing of A. actinomycetemcomitans and
P. gingivalis when compared to neutrophils from healthy
subjects (20). In addition, the profiles of transcription and
protein production of LL-37 were previously determined
in gingival tissues of the same number of volunteers with
chronic periodontitis (32). Further studies will be necessary
to compare the phenotypes of peripheral and periodontal
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neutrophils between subjects with and without periodontal
diseases.

It is known that the amounts of mMRNA from peripheral
blood neutrophils can be consistently quantified by mo-
lecular biology methods (33). We measured the amounts
of HNP 1-3 and LL-37 transcripts in neutrophils from blood
samples exposed to different types of LPS. We observed that
neutrophils harvested from peripheral blood of periodontitis
patients expressed higher HNP 1-3 mRNA levels when
stimulated with Aa-LPS, Pg-LPS and Ec-LPS, specifically
during 12 h of exposure. However, the protein levels of HNP
1-3 produced did not vary significantly between neutrophils
from healthy versus periodontitis subjects. In a previous
study, the amounts of HNP 1-3 were determined in the
gingival crevice fluid of sites affected or not by periodontitis
from periodontally healthy subjects or subjects with perio-
dontitis using mass-spectrometry analysis (1). The authors
demonstrated no significant differences in the amounts of
these peptides detected between healthy and diseased
sites, although these defensins seem to be more abundant
in healthy gingival crevicular fluid (1). In another study, no
association was observed between HNP 1-3 levels in gin-
gival fluid and periodontal status (34). On the other hand,
low levels of HNP 1-3 in neutrophils from Morbus Kostmann
syndrome patients were associated with the development
of chronic periodontal disease in these patients (11). The
discrepancies between these studies might be due to dif-
ferent models used to obtain clinical samples and protein
quantification. It has been recognized that periodontal infec-
tions elicit systemic inflammatory responses likely due to
transient bacteremias from periodontitis-affected sites (35).
These events may ultimately influence peripheral neutro-
phil concentration and activation (35). The present study
shows that circulating neutrophils from periodontitis-affected
subjects are more responsive to LPS, expressing higher
levels of antimicrobial peptides compared to neutrophils
from periodontally healthy subjects. Although no significant
differences were observed in the amounts of HNP 1-3 in
the supernatants of neutrophil cultures between these two
groups, it is possible that alpha-defensin produced after
LPS stimulation remained stored in neutrophil azurophil
granules, which contain up to 50% HNP 1-3 (1,36).

To our knowledge, there are no published studies that
correlate the cellular expression and release of antimicrobial
peptides in neutrophil culture supernatants. Furthermore, no
correlation between levels of transcripts and antimicrobial
peptides released by neutrophils may be expected, since
these cells even at rest have significant amounts of pre-
formed antimicrobial peptides in cytosolic granules. Thus,
newly activated neutrophils can secrete LL-37 and HNP
1-3 without de novo synthesis of these peptides. Further
studies will be necessary to characterize the contents of
azurophilic and specific granules of peripheral neutrophils
from subjects with periodontitis. High LL-37 expression and
production was previously reported for local neutrophils
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from gingival tissues of periodontitis patients, as evaluated
by gRT-PCR and immunohistochemistry (34,37), as also
observed in our study. Concentrations of LL-37 in gingival
tissue homogenates were also positively correlated with
the depth of the gingival pockets (37). LL-37 has variable
bactericidal activity against diverse bacterial species such
as A. actinomycetemcomitans, P. gingivalis, F. nucleatum,
Streptococcus sobrinus, and Streptococcus mutans (13).

There is evidence that LPS from different bacterial spe-
cies differs regarding the ability to activate TLR. P. gingivalis
expresses a heterogeneous mixture of lipid A species that
can induce cell activation through TLR2 or TLR4, while
Aa-LPS and Ec-LPS interact with TLR4 only (5,38). The
heterogeneity that characterizes P. gingivalis lipid Amoieties
is environmentally regulated and the resulting changes in
Pg-LPS structure may determine the type of host response
(8). Differences in biological activity of lipid A from various
organisms have been recognized (39). However, the key
structural differences between E. coli lipid A and P. gingi-
valis lipid A that account for the differences in activity have
not been defined (39). In the present study, we observed
some differences in neutrophil stimulation between differ-
ent bacterial sources of LPS, i.e., Aa-LPS vs Pg/Ec-LPS.
However, the biological basis of these differences remains
to be elucidated, since there is no information regarding
specific structural traits of Aa-LPS compared to Pg-LPS and
Ec-LPS. The similar effects of Pg-LPS and Ec-LPS further
suggest that the phenotypic changes induced in neutrophils
by these two types of LPS might involve a common signal
pathway of neutrophil activation. Besides differences in
LPS structures, neutrophil responses to these components
might be a result of a complex variation in the array of TLR/
ligand complexes.

In addition to the antimicrobial peptides, neutrophils also
apply oxygen-dependent microbicidal mechanisms, with the
NO production during pathogen phagocytosis being one of
the most studied (19). Periodontopathogenic bacteria such
as A. actinomycetemcomitans, P. gingivalis and F. nuclea-
tum are able to induce iNOS enzyme activation, resulting in
high NO production in gingival tissues and blood of healthy
subjects (22,23). Corroborating these data, we showed that
neutrophils from healthy subjects were able to produce
elevated quantities of this toxic radical after Pg-LPS and Ec-
LPS stimulation. In contrast, low NO levels were produced
by neutrophils from chronic periodontitis patients culturedin
the presence of Pg-LPS and Ec-LPS or in the absence of
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