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ARTICLE INFO ABSTRACT

Article history: Objective: The emergence of periodontal medicine increased interest in defining the behav-

Accepted 9 August 2010 iour of peripheral blood cells in periodontitis subjects in comparison with healthy group.
The aim of this study was to evaluate the levels of interleukin (IL)-8, tumour necrosis factor-

Keywords: a (TNF-a), IL-6 and IL-10 released by Escherichia coli lipopolysaccharide (LPS)-stimulated

Periodontitis peripheral blood mononuclear cells (PBMC) obtained from the peripheral blood of chronic

Cytokines periodontitis subjects.

ELISA Design: PBMC samples were isolated from 19 systemically healthy donors, divided into

Mononuclear cell generalized chronic periodontitis (n = 10) and healthy (n = 9) subjects. Cells were incubated

PBMC for 24-48 h in 500 pL wells containing RPMI 1640 and stimulated with 1.0 ng/mL of E. coli LPS.

Supernatants were used to quantify the amounts of IL-8, TNF-q, IL-6 and IL-10 released using
enzyme-linked immunosorbent assay (ELISA).
Results: PBMC cells from periodontitis subjects released higher levels of TNF-a and IL-6 than
those from healthy subjects (P < 0.05). Conversely, the supernatants of the stimulated PBMC
cells obtained from healthy subjects presented higher amounts of IL-8 than those from
periodontitis (P < 0.05). No differences were observed in the levels of IL-10 (P > 0.05) between
groups.
Conclusion: In conclusion, the results of the present study showed that E. coli LPS-stimulated
PBMC from subjects with periodontitis present a different pattern of cytokine release when
compared to PBMC from healthy subjects. This phenomenon could have implications
locally, in periodontitis, as well as in systemic diseases.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction decades, evidence has linked periodontal infections with an

increased risk of systemic complications, including rheuma-
Periodontal diseases are well recognized as a result of the toid arthritis, respiratory and cardiovascular diseases, diabe-
interaction between host immune response and pathogenic tes mellitus and preterm low birth weight.>* Although the

bacteria species of the dental biofilm.' During the last few precise mechanisms that explain the relationship between

* Corresponding author. Tel.: +1 204 789 3597; fax: +1 204 272 3077.
E-mail address: nogueira@cc.umanitoba.ca (G. Nogueira-Filho).
0003-9969/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.archoralbio.2010.08.002


http://dx.doi.org/10.1016/j.archoralbio.2010.08.002
mailto:nogueira@cc.umanitoba.ca
http://dx.doi.org/10.1016/j.archoralbio.2010.08.002

976 ARCHIVES OF ORAL BIOLOGY 55 (2010) 975-980

systemic and periodontal diseases have not been completely
elucidated, low-grade chronic inflammatory burden has been
suggested as a plausible biological process linking periodonti-
tis and systemic disorders. The periodontal diseases seem to
act as a source of pathogenic species, virulence factors and
inflammatory mediators that spread systemically, creating
and sustaining a chronic systemic inflammatory burden.””’

Inflammation is initiated and maintained by the emer-
gence of a network of chemokines (e.g. IL-8), pro- (e.g. tumour
necrosis factor (TNF)-q, interleukin (IL)-1p, IL-12 and IL-6) and
anti-inflammatory mediators (e.g. IL-10, IL-1 antagonist and
IL-4) that play distinct or shared biological activities.® The
chemokine, IL-8, mainly attracts and activates neutrophils,
and is considered important mediators for granulocyte
accumulation.® TNF-a stimulates the production of collage-
nase, prostaglandin E,, chemo- and cytokines, cellular adhe-
sion molecules and bone resorption-related factors.’®* IL-6
induces the expression of C-reactive protein (CRP), an acute-
phase reactant responsible for the increase in the expression
of cellular adhesion molecules and vascular inflammation.
Based on the biological properties of these pro-inflammatory
cytokines, high plasma levels of TNF-a and IL-6 have been
associated with an increased risk for developing cardiovascu-
lar events, morbidity and mortality.'>*® Conversely, IL-10,
which is delivered by both innate and adaptive immune cells,
controls and suppresses the inflammation so as to down-
regulate the adaptive immune reaction and minimize tissue
destruction in response to microbial challenges.* This
cytokine is also able to inhibit the expression of several pro-
inflammatory cytokines, impairing the ability of T cells to
sustain inflammatory responses to antigenic challenges.™

Mononuclear leukocytes, consisting of lymphocytes and
monocytes, are one of the main sources of inflammatory
cytokines. It has been proposed that cytokine production by
peripheral blood mononuclear cells (PBMCs) may reflect the
activity of immuno-inflammatory diseases in specific organs
and tissues.™ ™’ In addition, it has also been suggested that
PBMC from periodontitis subjects may present a distinct
profile of inflammatory mediator release in response to
different bacterial challenges when compared to those of
healthy subjects.””' An unfavourable profile of cytokine
release by PBCM in periodontitis subjects could imply not only
an intense periodontal tissue breakdown, but also a systemic
inflammatory burden that could be associated with various
systemic disorders. Therefore, the aim of this study was to
evaluate the levels of interleukin-8 (IL-8), tumour necrosis
factor-a (TNF-a), interleukin-6 (IL-6) and interleukin-10 (IL-10)
released by PBMC stimulated by Escherichia coli lipopolysac-
charide (LPS) obtained from the peripheral blood of chronic
periodontitis subjects.

2. Materials and methods
2.1.  Study population

Nineteen subjects (age range: 31-57 years) were selected from
the population referred to the Periodontal Clinic of Bahian
Science Foundation (EBMSP), from March 2005 until January
2006. Subjects who fulfilled the following inclusion/exclusion

criteria were invited to participate in the study. All eligible
subjects were, on an individual basis, informed about the
nature of the proposed study, and informed consent forms
were signed. The Review Ethics Board of the Faculty of
Dentistry of Piracicaba has approved this protocol (#049/2005).

Exclusion criteria were pregnancy, lactation, periodontal
or/and antibiotic therapies in the previous 12 months,
systemic conditions that could affect the progression of
periodontitis (e.g. immunological disorders and diabetes),
mononuclear blood cell dysfunctions and infectious diseases
other than periodontitis. Subjects on long-term use of anti-
inflammatory and immunosuppressive medications that
could alter leucocyte function were also excluded.

2.2.  Experimental design

Within a month after clinical and radiographic examina-
tions, peripheral blood samples were obtained from each of
the 19 subjects that were divided into two groups according
to their periodontal status: P-generalized chronic periodon-
titis (n = 10) and H-periodontal health (n = 9). The diagnosis of
generalized chronic periodontitis was based on the clinical
and radiographic criteria proposed by the 1999 World
Workshop for Classification of Periodontal Diseases and
Conditions.?? Periodontitis subjects were >30 years old, had
at least 15 teeth, >30% of the sites with probing depth (PD)
and clinical attachment level (CAL) >5 mm and >60% of the
sites with plaque accumulation (PL), marginal bleeding (MB)
and bleeding on probing (BOP). Healthy individuals pre-
sented no history of periodontitis, PD and CAL measure-
ments <3 mm, <20% of the sites with PL, MB and BOP.
Subjects from P and H groups were matched for age, gender
and smoking status. The demographic and periodontal
characteristics of the subjects according to the inclusion
criteria are summarized in Table 1.

2.3.  Blood sampling and PBMC separation

About 20-25 mL of peripheral blood was collected from each
subject by venipuncture into heparinized tubes. The blood was

Table 1 - Demographic description and periodontal

inclusion criteria of the study population.

Characteristics Healthy Periodontitis
Number of patients 9 10

Age (years; mean + SD) 35.22 (+3.31) 40.30 (£3.41)
F (female)/M (male) F 4/M 5 F5/M 5
Smokers 5 5

Plaque accumulation (%) <20 >60

Marginal bleeding (%) <20 >60

Bleeding on probing (%) <20 >60

Probing depth

Clinical attachment level

100% of the sites
<3mm
100% of the sites
<3 mm

30% of the sites
>5mm
30% of the sites
>5mm

There are no differences between groups regarding age (Mann-
Whitney rank sum test; P > 0.05), gender and smoking status (x*

test; P > 0.05).
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diluted 1:1 in saline solution and layered over Ficoll-Hypaque
1077 (Sigma, St. Louis, MO, USA) (density: 1.077 g/mL) for
separation of mononuclear cells. After separation, cells were
washed by three centrifugations, 10 min each at 453, 244 and
201 (xg), successively. The cells were resuspended in
supplemented RPMI [RPMI 1640 R-0883 (Sigma, St. Louis,
MO, USA), with HEPES Buffer 11203 (Gibco, Grand Island, NY,
USA), L-glutamine (2 mM), penicillin (100 U/mL), streptomycin
(1%)] and 3.8% sodium citrate, pH 7.2 (9:1, v/v) and adjusted to a
concentration of 5 x 10°cells/mL using a hemocytometer.
Aliquots of each cell suspension (500 pL) were then plated into
chambers of 24-well culture dishes, treated with either
supplemented RPMI 1640 alone or with supplemented RPMI
1640 containing 1.0 ng/mL of LPS from E. coli (L-4391, 0111:B4,
Sigma, St. Louis, MO, USA) and incubated for 24-48 h at 37 °Cin
a 5% CO, humidified atmosphere. PBMC viability was assessed
by trypan blue exclusion of cells. The viability was >95% in all
experiments, regardless of treatment condition. Six-hundred
microlitres of supernatants from activated and non-activated
(control) PBMC were obtained by centrifugation and stored in
microtubes at —20 °C until determination of cytokine concen-
tration.

2.4.  Enzyme-linked immunoabsorbent (ELISA) assay

The levels of IL-8, TNF-q, IL-6 and IL-10 in supernatants were
determined by ELISA using commercial anti-cytokine anti-
body pairs (Becton Dickson, Pharmingen, San Jose, CA, USA),
according to the manufacturer’s protocols. Human recombi-
nant TNF-q, IL-6, IL-8 and IL-10 (Becton Dickson, Pharmingen,
San Jose, CA, USA) were used to generate standard curves.
Briefly, polystyrene high-binding 96-well microtiter plates
(Nunc-Immuno Plate; Maxisorp, Nalge Nunc, Rochester, NY,
USA) were coated with capture antibody for each individual
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cytokine. After overnight incubation at 4 °C, the plates were
washed (as in subsequent steps) with phosphate-buffered
saline containing 0.05% Tween 20 and 0.4 M NaCl, and then
incubated, for 2h at room temperature, with diluent buffer
(phosphate-buffered saline containing 1.0% bovine serum
albumin; 100 pL per well) to block non-specific binding. After
washing, samples (100 pL per well) or the serially diluted
standards of each cytokine were added to the plates, which
were then incubated overnight at 4 °C. After washing the
plates, 100 pL of biotinylated antibody was added to each well
and the plates were incubated for 1h at room temperature.
Colour was developed by the use of peroxidase-conjugated
streptavidin (1:200; 100 pL per well) (DAKO Corp., Carpinteria,
CA, USA) for 30min. After washing, the chromogen [o-
fenilenodiamine-2HCL (Sigma, St. Louis, MO, USA)] was added
and incubation continued for 15min. The reactions were
stopped with 150 pL of 1.0 M H,SO, and the absorbances were
measured at 490 nm by ELISA reader. Calibration curves were
plotted by regression analysis and the optical density of each
sample was used to estimate the concentration of each
cytokine per well. The minimum detectable dose (sensitivity)
for all cytokines was 15.625 pg/mL. Dilution factors were 1:10
for TNF-a and IL-10; 1:100 for IL-6 and 1:50 for IL-8. Samples
with cytokine levels below the detection limit of assay were
scored as 0 pg. The tests were performed in duplicate for each
sample.

2.5. Statistical analysis

All tests were performed using SAS and presented with Prism 5
(GraphPad). Cytokine data were examined for normality by the
Kolmogorov-Smirnov test. Since the data did not achieve
normality, the comparisons of the cytokine levels between
healthy and periodontitis groups were performed using
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Fig. 1 - Levels of cytokines: (a) TNF-q, (b) IL-6, (c) IL-8 and (d) IL-10 in supernatants of E. coli LPS-stimulated PBMC from
periodontitis (P) and healthy (H) subjects. (*) Differences between groups (Mann-Whitney rank sum test; P < 0.05).
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Mann-Whitney Rank Sum Test. The x° test was used to detect
differences in the frequencies of gender and smoking status
between groups. The significance level established for all
analyses was 5% (P < 0.05).

3. Results

The levels of TNF-«, IL-6, IL-8 and IL-10 were below the
detection level of the assay in supernatants from non-
stimulated PBMC cultures (controls).

The concentrations (pg/ml) of TNF-«, IL-6, IL-8 and IL-10 in
the supernatants of the stimulated PBMC cells are shown in
Fig. 1. PBMCs from periodontitis subjects released higher levels
of TNF-a (Fig. 1a) and IL-6 (Fig. 1b) than those from healthy
subjects (P < 0.05). In contrast, supernatants of the stimulated
PBMCs obtained from healthy subjects presented higher
amounts of IL-8 (Fig. 1c) than those obtained from periodonti-
tis individuals (P < 0.05). No differences were observed in the
levels of IL-10 (Fig. 1d) between supernatants of the E. coli LPS-
stimulated PBMCs obtained from periodontitis and healthy
subjects (P > 0.05).

4, Discussion

The present ex vivo study showed that PBMC from individuals
with generalized chronic periodontitis and no history of
systemic diseases released increased levels of TNF-a and IL-6
(Fig. 1a and b). The overproduction of such pro-inflammatory
cytokines suggests a hyper-reactivity of PBMC from periodon-
titis subjects that may favour periodontal tissue destruction
and systemic inflammatory burden. Clinically, the levels of
TNF-a and IL-6 in the plasma of subjects with periodontitis
remain controversial.?>?’ Some studies have found higher
plasma levels of TNF-a and IL-6 in subjects with periodontitis
than healthy controls and a reduction after periodontal
therapy; whilst others have not found this association.?*?’
The results of the present study from PBMC are in line with an
earlier investigation that also demonstrated that LPS-stimu-
lated monocytes from periodontitis subjects released higher
levels of TNF-a than those from control subjects.? In support
of our data, Gustafsson et al.?° also showed a tendency for a
higher release of TNF-a by stimulated mononuclear cells from
subjects with treated periodontitis when compared to healthy
ones. Conversely, our results are in contrast to studies that
found no differences in the release of TNF-a and IL-6 in the E.
coli LPS-stimulated whole blood cell cultures (WBCC) from
periodontitis and healthy subjects.’®*° These contradictory
results could be explained by some methodological differ-
ences related to the inclusion of smokers, ethnical character-
istics of the populations, sample size, types (chronic or
aggressive) and severity of periodontitis, type of cell culture
(WBCC or PBMC), time and methods of cell stimulation and
ELISA assay.

The present study showed that the levels of IL-8 were
elevated in PBMC supernatant from healthy subjects (Fig. 1c),
suggesting a higher capacity for induction of chemotaxis,
migration and activation of neutrophils in the non-periodon-
titis subjects.” Contrary to our results, Fokkema et al.’®

demonstrated that the secretion of IL-8 in the supernatants
of stimulated WBCC from periodontitis subjects were higher
than those from controls. In support of the Fokkema et al.
findings,'® previous investigations have also demonstrated
that the plasma levels of IL-8 were higher in subjects with
periodontitis than in healthy individuals.?®**' On the other
hand, Restaino et al.*? showed that IL-8 secretion promoted by
various stimulating agents in WBCC did not differ between
periodontitis and control groups. Interestingly, the authors
observed that, unlike the healthy group, the levels of IL-8
secreted by stimulated neutrophils from periodontitis subjects
were significantly lower than those from periodontally
healthy subjects. However, methodological differences
amongst studies, especially in relation to the type of cell
cultures (PBMC, WBCC or neutrophils), have hampered a direct
comparison amongst previous investigations and our IL-8
data.

No differences were observed between periodontitis and
healthy groups with regard to the levels of IL-10 (Fig. 1d),
indicating that stimulated PBMC of periodontitis and non-
periodontitis subjects may present a similar ability to produce
this regulatory cytokine. These findings are supported by
previous studies using the supernatants of stimulated WBCC
from chronic and aggressive periodontitis.’®?° In relation to
the plasma levels of IL-10, Monteiro et al.*® did not find
differences in the concentration of IL-10 between chronic
periodontitis and healthy subjects. On the other hand,
Havemose-Poulsen et al.?° observed higher plasma levels of
IL-10in generalized aggressive periodontitis individuals, when
compared to healthy ones. Thus, the profile of IL-10 release by
PBMC obtained from chronic and aggressive periodontitis
seems to be an interesting topic that may be evaluated in
further studies.

Since a link between periodontal diseases and systemic
complications has been proposed, it has been increased the
interest in defining the behaviour of peripheral blood cells in
periodontitis subjects. Serological differences in well estab-
lished risk markers for systemic diseases (e.g. CRP) and an
increased level of circulating monocytes have been observed
in subjects with periodontitis.?>**3* However, to date, the
exact relationship amongst periodontal diseases, systemic
inflammation and cytokines remains unclear. The chronic
challenge of periodontal diseases may act as a source of
bacterial virulence factors and pro-inflammatory cytokines
that may cause systemic inflammatory reactions. Concomi-
tantly, both local and systemic immunological responses may
differ between periodontally healthy and diseased subjects
due to a number of polymorphisms of the genes coding for the
synthesis of inflammatory mediators and for the reactivity of
inflammatory cells. Unfortunately, the cross-section design of
the present study hampers a temporal association between
periodontal disease activity and the profile of cytokines
released by the PBMC. Gustafsson et al.>® demonstrated that
mononuclear cells and neutrophils from subjects with treated
periodontitis and slight periodontal inflammation are also
hyper-reactive when compared to periodontally healthy
subjects. In addition, data on whether periodontal therapy
affects the serum levels of CRP and other systemic markers are
still inconclusive.>*> Therefore, it is reasonable to suggest
that subjects with periodontitis may have a constitutionally
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different host response in PMBCs, independent of the presence
of active disease. From these findings, it may also be
speculated that high reactivity of immune cells to LPS may
be a susceptibility factor for both periodontal tissue break-
down and systemic diseases in individuals with periodontitis.

It is likely that the levels of the inflammatory mediators
observed in the PBMC supernatants of the present study are
mainly due to responses of monocytes/macrophages, which
are the chief cells of innate immunity.3® Finally, it is important
to emphasize that it is not possible to state whether the
amounts of cytokines released by our ex vivo stimulated PBMC
may reflect the levels of the cytokines in the plasma.

In conclusion, the results of the present study showed that
E. coli LPS-stimulated PBMC from subjects with periodontitis
present a different profile of cytokine release when compared
those from healthy subjects. Since inflammatory molecules
work in a network-like organization, further studies are
necessary to better elucidate the pattern of the release of
other mediators, as well as to assess the clinical implications
of these events on the progression and severity of the
periodontal diseases and systemic inflammation.
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