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Abstract

Aim: To examine relationships between subgingival biofilm composition and levels
of gingival crevicular fluid (GCF) cytokines in periodontal health and generalized
aggressive periodontitis (GAP).

Materials and Methods: Periodontal parameters were measured in 25 periodontally
healthy and 31 GAP subjects. Subgingival plaque and GCF samples were obtained
from 14 sites from each subject. Forty subgingival taxa were quantified using
checkerboard DNA-DNA hybridization and the concentrations of eight GCF cytokines
were measured using Luminex. Cluster analysis was used to define sites with similar
subgingival microbiotas in each clinical group. Significance of differences in clinical,
microbiological and immunological parameters among clusters was determined using
the Kruskal-Wallis test.

Results: GAP subjects had statistically significantly higher GCF levels of
interleukin-1p (IL-1f) (p <0.001), granulocyte-macrophage colony-stimulating factor
(GM-CSF) (p<0.01) and IL-1p/IL-10 ratio (p <0.001) and higher proportions of Red
and Orange complex species than periodontally healthy subjects. There were no
statistically significant differences in the mean proportion of cytokines among clusters
in the periodontally healthy subjects, while the ratio IL-15/IL-10 (p <0.05) differed
significantly among clusters in the aggressive periodontitis group.

Conclusions: Different subgingival biofilm profiles are associated with distinct
patterns of GCF cytokine expression. Aggressive periodontitis subjects were
characterized by a higher IL-1f/IL-10 ratio than periodontally healthy subjects,
suggesting an imbalance between pro- and anti-inflammatory cytokines in aggressive
periodontitis.
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leading to the release of inflammatory
mediators that mediate tissue destruc-
tion (Kornman et al. 1997, Socransky &
Haffajee 2005). The host immune
responses to subgingival biofilms are
orchestrated by cytokines. These mole-
cular messengers are determinants of
efficient innate and adaptive responses

and allow the fine tuning of the interplay
among the various components of the
immune system (Dinarello 2007). Shifts
in cytokine levels appear to be guided
by the microbiota present at each stage
of periodontitis; however, there are very
limited data regarding the changes in
cytokine levels in relation to the total
mass and composition of subgingival
biofilms (Albandar et al. 1998, Jin
et al. 2000, Apatzidou et al. 2005). It
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is also recognized that subgingival
biofilms present great variability in their
microbial composition (Kumar et al.
2005, 2006). Neighbouring sites on dif-
ferent teeth or even on the same tooth
may differ considerably in levels and
proportions of colonizing bacterial spe-
cies (Socransky & Haffajee 2005). Far
less appreciated has been the effect of
this microbial diversity on the cytokine
milieu released by the adjacent perio-
dontal tissues. Clarification of the key
immunological mechanisms involved in
the response to polymicrobial bio-
films associated with periodontal dis-
eases holds immense promise to unlock
novel diagnostic and therapeutic ap-
proaches for these infections.

Previous attempts to investigate the
interplay between subgingival species
and the host have focused on examining
the effects of a single bacterial species
or in vitro models of simple mixed
biofilms composed of a few species on
different host cell types (Dongari-Bagt-
zoglou & Ebersole 1996, Darveau et al.
1998, Hasegawa et al. 2007, Vernal
et al. 2008). This approach has been
instrumental in determining several pos-
sible mechanisms of interference of sub-
gingival species on the secretion and
function of inflammatory mediators,
which may be potentially involved in
periodontal diseases. However, these in
vitro models cannot mimic the microbial
diversity found in vivo in periodontal
health and disease. In addition, they only
explore the effects that the bacteria have
on single cell types or on simple mix-
tures of cell types studied in co-culture.
As the expression of cytokines are ulti-
mately determined by an interplay
between the microbial challenge and
interactions among all cells present at
the lesion site, these in vitro models
underestimate potential cell interactions
that might be crucial to determine the
levels and composition of the inflamma-
tory mediators that are released.

Our hypothesis was that in periodontal
disease, we would find a greater diversity
in the composition of the subgingival
microbiota and that this diversity would
be accompanied by a greater variety in
the profiles of cytokine expression, when
compared with periodontal health. The
goal of this study was to examine in vivo
associations among the composition of
subgingival biofilms and the levels of
cytokines released by the adjacent tissues
and cells, measured in the gingival cre-
vicular fluid (GCF). The data generated
also allowed us to make inferences on the

potential involvement of the biomarkers
examined in the pathogenesis of perio-
dontal diseases.

Materials and Methods
Study approach

Associations among the subgingival
microbiota and the GCF biomarkers:
granulocyte-macrophage colony-stimu-
lating factor (GM-CSF), interleukin-2
(IL-2), interferon-y (IFN-y), IL-10, IL-
13, IL-6, IL-18 and tumour necrosis
factor-o. (TNF-o) were examined in
periodontally healthy and generalized
aggressive periodontitis (GAP) subjects.
Samples of subgingival biofilm and
GCF were collected from the same sites
allowing for comparisons on a site-by-
site basis. As a large number of sites
were sampled, they could be grouped
according to distinct microbial profiles,
identified using cluster analysis. This
approach allowed us to examine the
interplay between the complex subgin-
gival microbiota and the expression of
multiple local host biomarkers.

Subject population and
clinical monitoring

Twenty-five periodontally healthy and
31 generalized agressive periodontitis
subjects were recruited at the Guarulhos
University periodontal clinic (Guarul-
hos, SP, Brazil). The Guarulhos Univer-
sity’s Ethics Committee in Clinical
Research approved the study protocols
including the periodontal examination
and the taking of GCF and subgingival
plaque samples. Each subject read and
signed an informed consent before
entering the study. To be included in
the study, the periodontally healthy sub-

jects had to be >18 and <30 years of
age, have at least 24 natural teeth and no
probing pocket depth (PD) and clinical
attachment level (CAL) >3 mm and
have <20% of the sites with bleeding
on probing (BOP). The GAP subjects
had to be >18 and <30 years of age,
have at least 20 natural teeth and a
minimum of six teeth with an inter-
proximal site with PD >5mm and
CAL >5mm and <10 mm.

The diagnosis of GAP also required
familial aggregation, i.e. at least one
other family member presenting or
with a history of periodontal disease.
Subjects were excluded if they had any
systemic condition that would influence
the course of periodontal disease or
treatment, and medical conditions that
would require antibiotic prophylaxis for
routine dental procedures. Individuals
who smoked, had taken antibiotics in
the previous 3 months or were either
pregnant or nursing were also excluded.
The baseline clinical parameters of the
study subjects are presented in Table 1.

Plaque accumulation (0 or 1), gingi-
val redness (0 or 1), suppuration (0 or
1), BOP (0 or 1), PD (mm) and CAL
(mm) were measured at six sites per
tooth (mesiobuccal, buccal, distobuccal,
mesiolingual, lingual and distolingual)
for all teeth present (excluding third
molars), for a maximum of 168 sites
per subject, by a calibrated examiner.
PD and CAL were recorded to the
nearest millimetre using a North Caro-
lina periodontal probe.

GCF sampling

GCF samples were obtained from the
mesiobuccal site of every tooth present
(excluding third molars) from two ran-
domly selected contra-lateral quadrants

Table 1. Mean (£SD) demographic and clinical parameters for periodontally healthy and
generalized aggressive periodontitis (GAP) subjects

Mean £+ SD
health (n = 25) GAP (n=31)

Age (years) 26 £3 25+ 4
% Males’ 45 44
% Sites with

Visible plaque™** 40 + 14 59 + 31

Gingival redness™ 6+6 26 + 35

Bleeding on probing™** 8+9 72 +£ 28
Pocket depth (mm)*** 23405 45+12
Clinical attachment level (mm)™** 1.7+ 04 47 £ 1.1
Number of missing teeth™** 05+12 3.6 +34

*»<0.05, **p <0.001, Mann-Whitney test.
"Non-significant, Fisher’s exact test.
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(maximum of 14 teeth per subject), for a
total of 551 samples. Following isola-
tion of the site with cotton rolls to
prevent contamination with saliva,
supragingival plaque was removed, the
tooth air dried and a 30-s GCF sample
was collected on filter strips (Peri-
opaper™, Interstate Drug Exchange,
Amityville, NY, USA). Periopaper
strips were gently inserted into the ori-
fice of the periodontal pocket, 1-2 mm
subgingivally. GCF volume was deter-
mined using a Periotron 8000% (Oraflow
Inc., Plainview, NY, USA), calibrated
following the protocol described by Chap-
ple et al. (1999). Samples were immedi-
ately placed in Eppendorf tubes on ice,
transported to the laboratory and stored at
—80°C. GCF samples were collected
before clinical measurements and samples
visibly contaminated with blood were
discarded. All GCF samples were shipped
to the Forsyth Institute for analysis.

Quantification of cytokines using
multiplexed bead immunoassay
(Luminex)

Cytokine levels were determined using
the high-sensitivity human cytokine 8-
plex by Millipore (Millipore Corpora-
tion, Billerica, MA, USA). Before the
assay, GCF samples were eluted using
60 pul of the assay buffer provided in the
Millipore kit by vortexing for 30 min.
and then centrifuging for 10min. at
10,000 rpm. Eight cytokines GM-CSF,
IL-2, IFN-y, IL-10, IL-13, IL-6, IL-1f
and TNF-o were measured. The assays
were performed in 96-well filter plates
following the manufacturer’s instruc-
tions. Briefly, the filter plate was pre-
wetted with washing buffer and the
solution was aspirated from the wells
using a vacuum manifold (Millipore
Corporation). Microsphere beads coated
with monoclonal antibodies against the
eight different target analytes were
added to the wells. Samples and stan-
dards (ranging from 0.13 to 2000 pg/ml
for each analyte) were pipetted into the
wells and incubated overnight at 4°C.
The wells were washed using a vacuum
manifold (Millipore Corporation) and a
mixture of biotinylated secondary anti-
bodies was added. After incubation for
1 h, streptavidin conjugated to the fluor-
escent protein, R-phycoerythrin (strep-
tavidin-RPE) was added to the beads
and incubated for 30 min. After washing
to remove the unbound reagents, sheath
fluid (Luminex®™, MiraiBio, Alameda,
CA, USA) was added to the wells and

© 2010 John Wiley & Sons A/S
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the beads (minimum of 100 per analyte)
were analysed in the Luminex 100™
instrument. The Luminex 100™ moni-
tors the spectral properties of the beads
to distinguish the different analytes,
while simultaneously measuring the
amount of fluorescence associated with
R-phycoerythrin, reported as median
fluorescence intensity. The concentra-
tions of the unknown samples (antigens
in GCF samples) were estimated from
the standard curve using a third-order
polynomial equation and the GraphPad
Prism 5 software (GraphPad Software
Inc., La Jolla, CA, USA) and expressed
as pg/ml. Samples below the detection
limit of the assay were recorded as zero,
while samples above the upper limit of
quantification of the standard curves
were assigned the highest value of the
curve.

Checkerboard DNA-DNA hybridization

Subgingival plaque samples were taken
from the same sites sampled for GCF
immediately after GCF collection. The
subgingival plaque samples were col-
lected using sterile Gracey curettes (Hu-
Friedy®™, Chicago, IL, USA) after the
removal of supragingival plaque. The
samples were placed in separate micro-
centrifuge tubes containing 0.15ml TE
buffer (10 mM Tris-HCI, 1 mM EDTA,
pH 7.6), and 0.1 ml of 0.5M NaOH was
added. All samples were processed at
The Forsyth Institute. Samples were
individually analysed for their content
of 40 bacterial species using the check-
erboard DNA-DNA hybridization tech-
nique (Socransky et al. 2004). In brief,
the samples were lysed and the DNA
placed in lanes on a nylon membrane
using a Minislot device (Immunetics,
Cambridge, MA, USA). After fixation
of the DNA to the membrane, the mem-
brane was placed in a Miniblotter 45
(Immunetics), with the lanes of DNA at
90° to the lanes of the device. Digox-
igenin-labelled whole genomic DNA
probes to 40 subgingival species were
hybridized in individual lanes of the
Miniblotter. After hybridization, the
membranes were washed at high strin-
gency and the DNA probes detected
using the antibody to digoxigenin, con-
jugated with alkaline phosphatase and
chemifluorescence detection. Signals
were detected using AttoPhos substrate
(Amersham Life Sciences, Arlington
Heights, IL, USA) and were read using
a Storm Fluorimager (Molecular Dyna-
mics, Sunnyvale, CA, USA), a compu-
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ter-linked instrument that reads the
intensity of the fluorescence signals
resulting from the probe—target hybridi-
zation. Two lanes in each run contained
standards at the concentration of 10° and
10° cells of each species. The sensitivity
of the assay was adjusted to permit the
detection of 10* cells of a given species
by adjusting the concentration of each
DNA probe. Signals were converted to
absolute counts by comparison with
standards on the same membrane. Fail-
ure to detect a signal was recorded as
zero. A total of 551 subgingival samples
were evaluated.

Data analysis

Clinical data were available from six
sites per tooth for visible plaque, gingi-
val redness, BOP, suppuration, PD and
CAL. The levels of each inflammatory
mediator were measured for up to
14 GCF samples per subject and
expressed as pg/ml. The total level of
cytokines was calculated by adding the
levels of the eight biomarkers assessed.
The proportion of each cytokine was
computed by dividing the level of each
cytokine by the total level of cytokines
for each site. Microbiological data avail-
able were the counts of each of the 40
test species for up to 14 subgingival
plaque samples per subject. The data
for each species were expressed as
counts x 10°and as a percentage of total
DNA probe count at each site. For
overall analyses, the data for each clin-
ical, microbiological and immunologi-
cal parameter were averaged within a
subject and then averaged across sub-
jects in each clinical group separately.
Significance of differences between
healthy and GAP subjects for each clin-
ical, microbiological and immunologi-
cal parameter was determined using the
Mann—Whitney test. For microbiologi-
cal and immunological data, signifi-
cance of differences between groups
was tested adjusting for multiple com-
parisons (Socransky et al. 1991). Sig-
nificance of difference between groups
for the percentage of males was tested
using Fisher’s exact test.

Correlations among mean proportions
of subgingival species and mean propor-
tions of GCF cytokines were examined
using the Spearman rank correlation
coefficient. Hierarchical cluster analysis
of site-specific levels of 40 subgingival
species using the chord coefficient
and an averaged unweighted linkage
sort (Sneath & Sokal, 1973) was used
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to differentiate sites with similar sub-
gingival microbiotas in each clinical
group separately. Clinical, microbiolo-
gical and immunological parameters
were averaged across sites in each clus-
ter in each subject and then across
subjects for each cluster in the two
clinical groups separately. Significance
of differences in clinical, microbiologi-
cal and immunological parameters
among clusters in each clinical group
was determined using the Kruskal—
Wallis test. For microbiological data,
significance of differences among
groups was tested adjusting for multiple
comparisons (Socransky et al. 1991).

Results

Table 1 presents the mean demographic
and clinical parameters for the two
groups. The GAP subjects exhibited a
significantly higher mean PD, CAL,
number of missing teeth and percentage
of sites with visible plaque, gingival

% DMA probe count 0.0

redness and BOP. Mean age and gender
distribution did not differ between clin-
ical groups.

Figure 1 shows the mean proportions
of each species for the two clinical
groups. Generalized aggressive subjects
presented statistically significantly higher
proportions of 6/40 species, including
Campylobacter  rectus, Streptococcus
anginosus, and the periodontal pathogens
Eubacterium nodatum, Tannerella for-
sythia, Porphyromonas gingivalis and
Treponema denticola. The periodontally
healthy subjects presented statistically
significantly higher proportions of 7/40
taxa, including Capnocytophaga gingiva-
lis, Capnocytophaga ochracea, Eikenella
corrodens, Fusobacterium periodonti-
cum, Eubacterium saburreum, Gemella
morbillorum, Neisseria mucosa and Pro-
pionibacterium acnes.

Table 2 presents the mean levels of
each cytokine, mean total cytokine
level, mean proportion of each cytokine
and the IL-1B/IL-10 ratios for the two
clinical groups. GAP subjects presented

statistically significantly higher mean
levels (pg/ml) of IL-1f (p<0.001) and
GM-CSF (p<0.01) compared with
periodontally healthy subjects. Al-
though not statistically significant, there
was a trend for IL-2 and IL-13 to be
elevated in aggressive periodontitis and
IL-10 to be elevated in periodontally
healthy subjects. The mean ratio IL-
1B/1L-10 was compared between
groups, and the GAP group had a sta-
tistically significantly higher IL-1p/IL-
10 ratio than the periodontally healthy
subjects (p<0.001). When the data for
the cytokines were expressed as a per-
centage of the total level of cytokines,
aggressive periodontitis subjects pre-
sented a statistically significantly higher
percentage of IL-1f (p<0.001) and a
statistically significantly lower percen-
tage of IL-10 (p<0.001) and TNF-«
(»<0.05), compared with periodontally
healthy subjects.

Associations among the mean propor-
tions of each of the 40 subgingival
species and the percentage of each
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Fig. 1. Mean percentage of the total DNA probe count of the 40 test species in subgingival biofilm samples from up to 14 periodontal sites
from each periodontally healthy and generalized aggressive periodontitis subject. Mean percentage DNA probe count of each species was
computed at each site, averaged for each subject, and then averaged across subjects in each group separately. Significance of differences for
each species between clinical groups was sought using the Mann—Whitney test; *p <0.05, *p<0.01, ™*p<0.001 and adjusted for 40
comparisons (Socransky et al. 1991). The species were ordered and grouped according to the complexes described by Socransky et al. (1998).
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Table 2. Mean ( = SD) immunological parameters determined in GCF samples from the two

clinical groups

Mean + SD

health (n =25) GAP (n=31)
GM-CSF (pg/ml)** 22412 44426
IL-2 (pg/ml) 07+12 1.84+2.6
IFN-y (pg/ml) 06+12 07+12
IL-10 (pg/ml) 23.7 +19.9 19.9 + 13.3
IL-13 (pg/ml) 1.7+ 2.1 12.0 + 23.1
IL-6 (pg/ml) 1.9+ 3.9 2.9 +5.1
IL-1f (pg/mly*** 7.0 +39 209 + 11.0
TNF-o (pg/ml) 1.9+ 1.4 20+ 19
Total cytokines™" 39.7 £ 24.6 64.5 £+ 34.5
IL-1/TL-10™** 0.5+ 0.4 25423
GM-CSF (%) 7.0+32 7.5 £ 4.0
IL-2 (%) 1.9+28 3.0 £4.0
IFN-y (%) 1.4 +1.7 1.0+1.2
IL-10 (%)*** 56.6 + 12.1 346+ 172
IL-13 (%) 3.8 £2.7 9.1 £13.5
IL-6 (%) 44 +29 49469
IL-15 (%)™ 18.9 + 8.4 36.3 + 17.8
TNF-o (%)* 59+26 3.6+23

*»<0.05, ®p<0.01, ™*p<0.001 using Mann—Whitney and adjusted for multiple comparisons.
GM-CSF, granulocyte-macrophage colony-stimulating factor; IL, interleukin; IFN, interferon; TNF,
tumour necrosis factor; GCF, gingival crevicular fluid; GAP, generalized aggressive periodontitis.

GCF cytokine were examined in each
group separately. Figure 2 demonstrates
that these associations differed between
the two clinical groups. In GAP sub-
jects, IL-1f presented statistically sig-
nificantly positive correlations with
periodontal pathogens such as T. for-
sythia (ry = 0.64; p<0.001) and P. gin-
givalis (ry=0.54; p<0.01) and with
several members of the Orange com-
plex, while there was a statistically
significant negative association with
Actinomyces oris (formerly Actinomyces
naeslundii 2) (r;= —0.49; p<0.01), a
health-associated species. In the perio-
dontally healthy group, there were
non-statistically significant positive asso-
ciations with A. oris, and either negative
or weak positive correlations with Red
and Orange complex species.

IL-13 was statistically significantly
positively associated with Campylo-
bacter showae (r;=0.67;, p<0.01),
Fusobacterium nucleatum ss. polymor-
phum (r;=0.45; p<0.05), Parvimonas
micra (ry=0.43; p<0.05) and P. gingi-
valis (ry=0.46; p<0.05) in the perio-
dontally healthy subjects. In contrast,
in aggressive periodontitis subjects, there
were statistically significant positive
correlations between IL-13 and health-
associated Actinomyces species and sta-
tistically significant negative correlations
with the periodontal pathogens E. noda-
tum (rs= —0.39; p<0.05) and 7. denti-
cola (ry= —0.51; p<0.001).

© 2010 John Wiley & Sons A/S

As the two clinical groups differed in
their associations between GCF biomar-
kers and subgingival bacterial species,
sites were grouped in each clinical
group separately according to their sub-
gingival microbial composition using
cluster analysis. Figure 3 illustrates the
results of the cluster analyses of mean
microbial counts of 40 subgingival spe-
cies in subgingival plaque samples from
330 sites from 25 periodontally healthy
subjects (left panel) and 221 sites from
31 aggressive periodontitis subjects
(right panel). The coloured triangles
within the dendrograms indicate the
five clusters of sites that were formed
at >53% similarity for the perio-
dontally healthy subjects and >33%
similarity for the aggressive perio-
dontitis group.

Figures 4 and 5 present the microbial
profiles and cytokine expression profiles
for the clusters and not-in-cluster groups
defined on the basis of the 40 subgingi-
val bacterial species in the periodontally
healthy and GAP groups, respectively.
There were statistically significant dif-
ferences among clusters for the mean
levels of 39/40 species in the perio-
dontally healthy group and for the
mean levels of 27/40 species in the
aggressive periodontitis group. When
clinical data were compared among
cluster groups, the only statistically sig-
nificant difference found was for the
percentage of sites with BOP among
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clusters in the aggressive periodontitis
group (Tables 3 and 4). There were no
statistically significant differences in the
mean proportion of the cytokines among
clusters in the periodontally healthy
subjects (Table 3), while the percentage
of IL-10 and IL-1§ (p<0.05) differed
significantly among clusters in the
aggressive periodontitis group (Table
4). The levels of GM-CSF were statisti-
cally significantly different among clus-
ters in the periodontally healthy group
(»p<0.01) (Table 3). These differences
in levels and proportions of cytokines
among clusters should be interpreted
with caution because p-values were not
adjusted for multiple comparisons in
this analysis. The ratio IL-1p/IL-10
was also statistically significantly dif-
ferent among clusters in the aggressive
periodontitis group (Table 4).

The cytokine profiles of the clusters
in the periodontally healthy subjects
were more homogeneous and presented
a similar pattern with IL-10 composing
over 50% of the total GCF cytokines,
while the expression of IL-1§ ranged
from 16.2% to 26.3% (Figs 4 and 5). In
contrast, the GAP group presented a
more diverse pattern of cytokine expres-
sion among the microbial clusters. For
instance, the proportions of IL-10 and
IL-18 in the aggressive periodontitis
group ranged from 27.3% to 62.7%
and 17.5% to 45.9%, respectively. In
order to confirm that healthy subjects
presented less diversity in their cytokine
expression, we used the F-test to com-
pare the standard deviations of the per-
centage of each cytokine between the
two clinical groups. The results demon-
strated that the GAP subjects presented
statistically significantly greater stan-
dard deviations for the proportions of
IL-13, IL-6 and IL-1f (p<0.001) (data
not shown).

Discussion

The main goal of the present study was
to examine the interplay between sub-
gingival biofilms and the host immune-
inflammatory response on a site-by-site
basis in periodontally healthy and GAP
subjects. In order to achieve this goal,
we used two high-throughput techniques
to characterize the bacterial composition
of subgingival plaque samples and to
determine the GCF cytokine expression
profile in a large number of subgingival
sites. In addition, we used hierarchical
cluster analysis to define groups of sites
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Fig. 2. Grid-plots of the Spearman rank correlation coefficients among the mean proportions of eight cytokines and the mean proportions of
40 subgingival microbial species for periodontally healthy (left panel) and generalized aggressive periodontitis subjects (right panel). Mean
percentage DNA probe count of each species and the proportion of each cytokine were computed by averaging the data within each subject,
and then averaging across subjects in each group separately. The colour code indicates the level of the Spearman rank coefficient. Asterisks

indicate significance at p <0.05.

based on the composition of their sub-
gingival biofilm. Site categories were
not based on their clinical parameters
as this would limit our ability to identify
sites that differed microbiologically.
It has been well established that sub-
gingival microbial biofilm samples exhi-
bit a great deal of diversity and may
present different compositions even when
located on adjacent sites within the same
oral cavity (Socransky & Haffajee 2005).
One of our goals was to determine if this
microbiological diversity would be asso-
ciated with different kinds of cytokine
profiles.

Our data indicated that there was a
clear association between the subgin-
gival microbial composition and the
local cytokine milieu. It also became
apparent that there is less diversity in
the profile of cytokine expression in
periodontal health compared with
aggressive periodontitis. Mean cytokine
expression profiles were quite similar
for six completely distinct microbial

profiles identified in periodontally
healthy subjects. In fact, there were
no statistically significant differences
among the proportions of any of the
eight cytokines measured for the micro-
bial clusters in the healthy group. Con-
versely, the cytokine profiles associated
with microbial clusters defined in the
GAP subjects differed considerably,
with the differences being statistically
significant for the proportions of IL-1f
and IL-10. The statistically significant
higher standard deviations for the pro-
portions of IL-13, IL-6 and IL-1§ in
aggressive periodontitis compared with
periodontally healthy subjects provided
an added evidence of the greater diver-
sity of patterns of cytokine expression
in the GAP group. This observation
implies that although there is a great
deal of variety in the subgingival micro-
bial composition in health, the host
appears to respond to each type of
microbial challenge in a similar fashion.
Based on these observations, we

hypothesize that these microbiotas
were all commensals. In this context,
the host does not need to release specific
cytokine profiles tailored to the response
to the specific challenge. In support of
this interpretation, it has been suggested
that the immune system may recognize
certain bacterial types as non-threaten-
ing and choose not to activate a
clearance response, permitting the colo-
nization of host-compatible species
(Dixon et al. 2004).

When examining the different cyto-
kine expression profiles associated with
microbial clusters in the aggressive
periodontitis group, cluster 1 presented
a GCF cytokine milieu quite similar to
the cytokine profiles associated with
periodontally healthy subjects, with IL-
10 accounting for over 50% of its cyto-
kines. This cluster presented low levels
of most pathogens in a microbial profile
more typical of healthy sites. Clinically,
these sites were also ‘‘healthier’” than
the sites in the other clusters in the

© 2010 John Wiley & Sons A/S
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Fig. 3. Dendrograms of cluster analyses of mean microbial counts of 40 subgingival species in subgingival plaque samples from 330 sites
from 21 periodontally healthy subjects (left panel) and 221 sites from 31 generalized aggressive periodontitis subjects (right panel). The
counts of 40 bacterial species were determined at each of up to 14 sites in each subject. The counts of the 40 taxa were employed in cluster
analyses using the chord coefficient and an average unweighted linkage sort. The coloured triangles within each dendrogram indicate the five
clusters of sites that were formed at >53% similarity for the periodontally healthy group and at >33% similarity for the aggressive

periodontitis group.

aggressive periodontitis group, with a
mean PD of 3.6 mm and a mean CAL of
3.5mm.

Clusters 2, 3 and 4 illustrate the
advantage of defining site categories
based on their microbial profile for the
investigation of host-microbial interac-
tions. These three clusters presented
clearly distinct microbiotas but rather
similar clinical characteristics with a
mean PD of 4.6, 4.2 and 4.4mm for
clusters 2, 3 and 4, respectively. How-
ever, the clusters differed considerably
in their cytokine profiles. Cluster 2 pre-
sented a microbial profile typically asso-
ciated with chronic periodontitis, with
high proportions of Red and Orange
complex species. This microbiota was
accompanied by a pro-inflammatory
cytokine profile with the highest 1L-1//
IL-10 ratio (4.1) of all clusters. Cluster 3
presented a somewhat less pathogenic
microbiota, with higher levels and pro-
portions of health-associated species of
Actinomyces and members of the Pur-

© 2010 John Wiley & Sons A/S

ple, Yellow and Green complexes. This
microbial profile was associated with a
lower proportion of IL-1 and a higher
proportion of IL-10, resulting in an IL-
1B/IL-10 ratio of 2.1. In addition, IL-13
was also somewhat elevated in cluster 3
compared with cluster 2 (9.9% versus
6.9%). In contrast, cluster 4 had the least
pathogenic microbial profile, with low
levels of microorganisms, particularly
members of the Red complex, and high
levels of N. mucosa, a species more
associated with health. This cluster pre-
sented the lowest IL-1(/IL-10 ratio
among the three clusters (1.7) and the
highest proportion of IL-13 (24.3%) of
all clusters.

Our findings suggest that IL-10 is
associated with periodontal health,
with its levels and proportions elevated
in periodontally healthy subjects and
statistically significantly lower IL-1p/
IL-10 ratios in this group, compared
with aggressive periodontitis subjects.
In fact, logistic regression analysis of

microbiological and immunological
parameters associated with the diagnosis
of GAP, revealed that the ratio IL-1//
IL-10 presented an odds ratio of 7.2 with
a 95% confidence interval of 2.1-24.8
(»<0.001) (data not shown). Taken
together, these data reinforce the role
of IL-10 reported previously as a reg-
ulator of inflammation and alveolar
bone loss in periodontal diseases (Garlet
et al. 2004, Sasaki et al. 2004, Bozkurt
et al. 20006).

Cluster 5 of the aggressive perio-
dontitis group presented a very high
proportion of IL-10 (62.7) and a very
low IL-1B/IL-10 ratio (0.5). Interest-
ingly, the most diseased sites were in
this cluster, with a mean PD and a CAL
of 8.9 and 9.2 mm, respectively. These
sites also presented a very distinct
microbial profile with overall low levels
of microorganisms and very high levels
of Aggregatibacter actinomycetemcomi-
tans and Capnocytophaga sputigena.
This microbiota would fit the classic
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Fig. 4. Mean counts x 10° of subgingival taxa in the clusters and not-in-cluster group (NIC) detected in 25 periodontally healthy subjects.
The counts of 40 subgingival species were measured at each of up to 14 sites in each subject and employed in a cluster analysis using the chord
coefficient and an average unweighted linkage sort. Five clusters were formed at >53% similarity. Nineteen subjects presented at least one
site with a microbial profile that did not fit any cluster. After the clusters were identified, data were averaged within a subject and then
averaged across subjects in each cluster group separately. The numbers above each panel represent the number of subjects with at least one site
with the microbial profile that defined that cluster. The numbers in parentheses represent the total number of sites in each cluster. The pie
diagrams indicate the mean proportion of each cytokine in the five cluster groups and in the NIC subjects. Significance of differences for each
species among cluster groups was sought using the Kruskal-Wallis test; *p <0.05, **p <0.01, **p <0.001 and adjusted for 40 comparisons
(Socransky et al. 1991). The species were ordered and grouped according to the complexes described by Socransky et al. (1998). Significance
of differences for the proportion of each cytokine among clusters was also examined using the Kruskal-Wallis test.

description of the biofilm associated
with localized forms of aggressive
periodontitis (Haubek et al. 2002,
Yang et al. 2004, Fine et al. 2007).
The high levels and proportions of IL-
10 associated with this microbial clus-
ter, present in very deep pockets, are
somewhat puzzling. There are several
possible explanations for this finding.
First, this cluster was associated with
very high levels of total cytokines.
Therefore, despite a low IL-15/IL-10
ratio, these sites still expressed rela-
tively high mean concentrations of the
pro-inflammatory IL-18 (18.4 pg/ml),
compared with the mean for healthy
subjects (7.0 pg/ml). It is also possible
that IL-10 was inactivated in these sites,
through microbial mechanisms. It has

been demonstrated, for instance, that an
antigen of A. actinomycetemcomitans
may bind the IL-10 receptor, potentially
functioning as an antagonist (Kato &
Okuda 2001). In this situation, despite
its high concentration, IL-10 is ineffec-
tive in counteracting the pro-inflamma-
tory effects of IL-1f. Alternatively, as it
is not possible to determine the level of
activity of periodontal disease of the
sites sampled, it is conceivable that
these sites were sampled at a moment
when the inflammatory reaction was
under control and the sites were in a
state of relative quiescence.

In summary, our data support the
notion that subgingival biofilms of dif-
ferent microbial compositions are asso-
ciated with distinct patterns of GCF

cytokine expression. Aggressive perio-
dontitis subjects were characterized by a
higher IL-1p/IL-10 ratio, compared with
periodontally healthy subjects, suggest-
ing that an imbalance between pro- and
anti-inflammatory cytokines is asso-
ciated with the onset and progression
of this disease. The expression of a high
IL-1p/1L-10 ratio in GCF was accom-
panied by high levels and proportions of
periodontal pathogens of the Red and
Orange complexes. IL-10 might be
involved in controlling the inflammatory
process at periodontally healthy sites.
The present manuscript was an initial
attempt to examine the complex inter-
play between the subgingival microbiota
and the host response. It was revealing
in indicating that the interactions
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Fig. 5. Mean counts x 10° of subgingival taxa in the clusters and not-in-cluster group (NIC) detected in 31 generalized aggressive
periodontitis subjects. The counts of 40 subgingival species were measured at each of up to 14 sites in each subject and employed in a cluster
analysis using the chord coefficient and an average unweighted linkage sort. Five clusters were formed at >33% similarity. Four subjects
presented at least one site with a microbial profile that did not fit any cluster. The numbers above each panel represent the number of subjects
with at least one site with the microbial profile that defined that cluster. The numbers in parentheses represent the total number of sites in each
cluster. The pie charts and the statistical analyses were as described in Fig. 4.

Table 3. Mean (£ SD) clinical and immunological parameters for the not-in-cluster group (NIC) and five microbiological clusters defined in the
periodontally healthy group

n subjects (sites) Mean + SD

NIC, 19 (85)  cluster 1, 14 (69)  cluster 2,9 (33)  cluster 3, 13 (42)  cluster 4, 19 (68)  cluster 5, 11 (33)

Variable

PD (mm) 22+03 2.6 +£0.2 2.5+ 0.1 23+09 24+ 0.6 23+0.6
CAL (mm) 1.6 + 04 1.8 £04 1.5+0.7 1.7 £0.7 1.9+ 0.6 1.9+04
BOP (%) 10 £ 18 10 £ 20 4+ 10 0+0 10 £ 10 3+6
GM-CSF (pg/ml)** 19+13 1.6 = 1.1 1.5+20 22+£19 30+ 14 34+19
IL-2 (pg/ml) 0.3 +0.1 03+02 03+02 04 +0.2 0.8 + 1.1 09+19
IFN-y (pg/ml) 0.9 + 3.1 03+04 0.1 +£0.1 02+02 04+04 1.6 +4.2
IL-10 (pg/ml) 29.0 + 32.3 23.0 £ 21.0 18.3 £ 24.7 20.3 £ 16.3 25.5 £23.8 30.0 £ 18.5
IL-13 (pg/ml) 14+12 1.0+ 0.8 0.6 + 0.6 2.1 +28 1.5+ 0.9 42 + 8.9
IL-6 (pg/ml) 1.2+13 25+63 1.0+13 14+19 0.9 + 0.7 1.0+ 13
IL-18 (pg/ml) 6.5 +4.7 58 +33 45+45 94 +6.2 83+52 8.1+55
TNF-o (pg/ml) 20+ 1.7 20+ 1.8 0.8 £0.7 1.6 £1.3 1.8 £0.1 24 £3.1
Total cytokines 43.1 £37.3 36.4 + 27.7 27.1 £29.3 37.5 £24.0 423 +£24.8 51.6 £+ 30.6
IL-1/1IL-10 0.6 + 0.7 05405 04 +04 0.7 £ 0.6 0.7 +£ 0.6 04+03

**»<0.001 using the Kruskal-Wallis test.
GM-CSF, granulocyte-macrophage colony-stimulating factor; IL, interleukin; IFN, interferon; TNF, tumour necrosis factor; PD, pocket depth; CAL,
clinical attachment level; BOP, bleeding on probing.
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Table 4. Mean ( £ SD) clinical and immunological parameters for the not-in-cluster group (NIC) and five microbiological clusters defined in the

aggressive periodontitis group

n subjects (sites)

Mean + SD

NIC, 4 (5) cluster 1, 7 (17) cluster 2, 26 (106) cluster 3, 24 (77) cluster 4, 4 (8) cluster 5, 2 (8)
Variable
PD (mm) 4.6 £ 1.1 3.6 £0.1 46+ 1.5 42 £ 1.1 44+ 1.8 89+ 1.8
CAL (mm) 4.6 £ 1.1 35+ 1.1 49+ 1.6 44 £12 44+ 1.8 92 +£26
BOP (%)™* 10+0 30 + 40 80 + 30 60 + 40 40 £ 50 80 + 20
GM-CSF (pg/ml) 33+27 36 +28 5.1 £36 37+3.0 72+23 22+23
IL-2 (pg/ml) 2.1 £33 1.6 +2.6 22+42 1.2+20 3.1+53 04 +0.2
IFN-y (pg/ml) 02+03 03+04 0.7+£12 09 £28 09+13 03+£03
IL-10 (pg/ml) 20.3 £ 15.2 22.6 £ 19 164 + 152 18.8 £ 16.1 42.8 +34.0 53.2+42
IL-13 (pg/ml) 46 +79 0.9 £0.7 9.0 £204 10.4 £ 19.5 72.0 £ 127.2 11.3 £ 15.8
IL-6 (pg/ml) 0.5+0.5 43+92 27+53 4.6 +£ 838 0.8 +04 22+ 1.1
IL-1f (pg/ml) 144 £ 133 9.6 £ 10.7 272 +£17.3 17.7 £ 11.6 262 £17.2 184 £ 32
TNF-o (pg/ml) 0.8 +£0.3 39+54 2.0+£20 23+£30 1.9+ 1.0 04 £0.0
Total cytokines 46.1 £ 14.0 46.8 + 40.1 65.3 + 35.8 59.4 + 36.5 154.8 + 127.0 88.4 + 174
IL-1/IL-10* 1.6 £ 1.8 0.6 £ 0.6 4.1 +47 2.1 £25 1.7 £ 1.62 0.5 £ 0.1

*»<0.05, ®p<0.001 using the Kruskal-Wallis test.
GM-CSF, granulocyte-macrophage colony-stimulating factor; IL, interleukin; IFN, interferon; TNF, tumour necrosis factor; PD, pocket depth; CAL,
clinical attachment level; BOP, bleeding on probing.

appeared to be different in subjects that
were periodontally healthy when com-
pared with subjects with aggressive
periodontitis.
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Clinical Relevance

Scientific rationale for the study:
Periodontal diseases result from
interactions between specific subgin-
gival microbial species and the sus-
ceptible host. However, very little is
known regarding the impact of the
subgingival biofilm composition on

the secretion of biomarkers by the
adjacent periodontal tissues.

Principal  findings:  Generalized
aggressive periodontitis (GAP) sub-
jects were characterized by a higher
IL-1p/IL-10 ratio than periodontally
healthy subjects, suggesting an
imbalance between pro- and anti-
inflammatory cytokines in GAP. A

high IL-1p/IL-10 ratio in GAP was
accompanied by higher proportions
of Red and Orange complex species.
Practical implications: Clarification
of mechanisms involved in the
inflammatory-immune response to
polymicrobial biofilms could lead to
the development of novel therapies
for periodontal infections.
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