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Plasma cytokines levels in aggressive and chronic periodontitis
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Abstract

Objective. The present study evaluated the Th1/Th2 cytokine profile in plasma from healthy controls and different types of
periodontitis patients. Materials and methods. The concentration of IL-2, IL-4, IL-5, IL-10, TNF-a and IFN-y was
determined in healthy controls (7 = 18) and patients with chronic (z = 19) and aggressive periodontitis (z = 19) using a flow
cytometric multiplex immunoassay. Means and standard deviations were calculated and compared using Kruskal-Wallis test.
Spearman rho coefficient was used to correlate cytokines in the studied groups. Results. Although there was no significant
difference in the concentration of cytokines between groups, there was a tendency to lower levels of IL-5 and IL-10 in the
aggressive periodontitis group. Stronger correlations were observed between IL-2/I.-4 and IL-2/IL-10 in healthy controls
(0.938 and 0.669, respectively) compared with chronic (0.746 and 0.532) and aggressive periodontitis groups (0.395 and
0.266). When compared to healthy (0.812) and chronic periodontitis (0.845) groups, the correlation of IL-4/I1.-5 was weaker
in the aggressive group (0.459). Conclusion. No difference between systemic levels of Th1/Th2 was observed. In aggressive
periodontitis patients, nevertheless, a trend towards low levels of Th2 cytokines could suggest a contribution to the

development of such an exacerbated manifestation of this disease.
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Introduction

Periodontitis is a chronic tissue destructive condition
in which the tooth supporting collagen fibers of the
periodontal ligament and bone are broken down,
mainly due to the development of an exacerbated
immune inflammatory response to the dental biofilm
[1]. The local ecological conditions of the gingival
sulcus and host response can influence the opportu-
nistically overgrow of periodontal bacteria [2] and be
able to promote destructive periodontitis resulting in
irreversible loss of connective tissue and bony attach-
ment [3]. According to the American Academy of
Periodontology [4], chronic periodontitis is classified
as a slow progression disease related to an accumu-
lation of bacteria biofilm. This form of the disease
usually occurs in people over 30/40 years old.

Aggressive periodontitis is characterized by a rapid
periodontal destruction and generally occurs in young
patients with no concomitant systemic diseases.
Familial aggregation can occur and sometimes the
severity of the disease is not compatible with the
amount of biofilm, suggesting a high susceptibility
to tissue destruction. As a result, these susceptible
patients are twice as likely to lose their teeth when
compared to healthy subjects matched by age and
sex [5]. Immunological features, such as cytokine
profiles, have been studied in an attempt to better
understand the behavior of the immune system in
these highly susceptible patients [6,7,9,10,12,13].
Cytokines, small soluble proteins that convey infor-
mation from one cell to another [14], play essential
roles in immune and inflammatory responses and
the outcome of infection may be attributable to the
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relative balance between such molecules. A functional
definition of cytokines distinguishes between Th1l and
Th2 cytokines. Briefly, Thl cytokines (with TNF-«
and IFN-y as typical representatives) are involved in
the activation of T cytotoxic cells and macrophages,
consequently stimulating cellular immunity and
inflammation, whereas Th2 cytokines (IL-4, IL-5
and IL-10) promote hummoral immunity, counter-
balancing Thl and, consequently, acting as anti-
inflammatory molecules [15].

Periodontal disease is a complex condition. The
dominance of a hummoral-type response is suggested
in chronic lesions [12], but there is room to speculate
that, in the early stages of the disease, cell-mediated
reactions interfere with, or even direct, the disease
progression. Analyses of cytokine profiles (i.e. type
and levels of both Th1 and Th2) in periodontal tissues
affected by chronic periodontitis have been performed
using distinctly different strategies, such as n situ
hybridization and immunohistochemistry [13],
ELISA [7,9,11], RT-PCR [10,12] and more recently
with cytometric bead arrays (CBA) [6,8]. Such
studies in aggressive periodontitis are more scarce
[9,10] and the CBA methodology has not been
used so far in these patients. Some controversial
results have been found, for example, elevated levels
of IL-10 [6,9,13] and decreased levels of IL.-2 [6,13]
and IFN-y [13] were observed in periodontitis com-
pared to healthy controls. IL.-4 was significantly pres-
ent in aggressive [13] but not in chronic periodontitis
[11].IL-2,IL-4,IL-5,IL-10, TNF-« and IFN-y were
not statistically significant in chronic periodontitis
compared to a control group [8].

In order to further contribute to the characteriza-
tion of the cytokine profile presented by periodontitis
patients, especially those with the aggressive form of
the disease, we evaluated the Th1/Th2 cytokine pro-
file, defined by the detection of IL-2, 1L.-4, IL-5,
IL-10, TNF-a and IFN-y in plasma from patients
with aggressive and chronic periodontitis, using a CBA.

Materials and methods
Subjects

Fifty-six patients were selected from the Department
of Periodontology at the Federal University of Rio
Grande do Sul (UFRGS), Porto Alegre, Brazil. Their
age ranged from 13-64 years. After clinical examina-
tion, the patients who fulfilled the clinical inclusion
criteria (see below) were invited to participate in the
present study, which was submitted to and approved
by the UFRGS ethics committee (Protocol Nr.: 47/
05). All patients and individuals from the control
group were thoroughly informed about the purpose
and methods of the study and written consent was
obtained from each of them.

Subjects were classified into the following groups:
healthy control (z = 18), chronic (z = 19) and aggres-
sive periodontitis (z = 19). Control healthy subjects
had at least 20 teeth in the mouth, a gingival bleeding
index less than 20%, attachment loss and/or probing
depth in proximal sites <3 mm [16]. All periodontal
examinations were performed by post-graduated per-
iodontologists. Chronic periodontitis subjects were
aged between 35-60 years and had at least 20 teeth,
attachment loss >4 mm in at least 10 teeth, probing
depth 26 mm in at least five teeth and periodontal
bleeding in at least 10 teeth. Aggressive periodontitis
subjects were those who had four or more teeth
with attachment loss 24 mm in individuals between
14-19 years old or 5 mm in individuals between
20-29 years old [5]. A questionnaire was applied to
all participants regarding their educational level,
smoking habits and general health. For the present
research, individuals diagnosed with human immu-
nodeficiency virus and/or diabetes, pregnant or
lactiferous women and anyone who took immuno-
modulatory/anti-inflammatory/antibiotics drugs in
the 6 months prior to the study were excluded.

Sample collection

Blood samples (15 mL) were obtained by venipunc-
ture from each patient using BD" Vacutainer tubes
(BD Diagnostics, Franklin Lakes, NJ, USA) which
were immediately centrifuged in order to isolate the
plasma. Plasma samples were aliquoted and stored
at —20°C until manipulation.

CBA analysis

The concentration of plasma cytokines was deter-
mined by means of flow cytometry using the BD"
CBA Human Thl/Th2 Cytokine Kit I (BD Bios-
ciences, San Jose, CA, USA), a multiplex immuno-
assay which quantitatively measures soluble analytes
on the basis of their different fluorescence intensities
[6,8,17]. The CBA kit employed allows for the dis-
crimination of the following cytokines: IL-2, IL-4,
IL-5 and IIL-10, as well as IFN-y and TNF-«a. The
detection limits were as follows: IL-2, 2.6 pg/ml; IL.-4,
2.6 pg/ml; IL-5, 2.5 pg/ml; IL-10, 2.8 pg/ml; IFN-y,
7.1 pg/ml and TNF-«, 2.8 pg/ml. Sample processing
and data analysis were performed according to the
manufacturer’s instructions. Sample data were
acquired using a FACSCalibur flow cytometer (BD
Biosciences).

Statistical analysis

The unit of analysis was established as the individual
and « was set at 0.05. Patient data was compared with



Table I. Characteristics of the studied subjects.
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Periodontitis group

Healthy group Chronic periodontitis Aggressive periodontitis p-value
Male/female gender, % 12/6 (66.7) 14/5 (73.7) 16/3 (84.2) 0.462
Age, mean (SD) 28.8 (4.36)“ 49.4 (9.76)° 35.6 (8.48)" 0.031*
Ethnic group, % 0.204
Caucasian 18 (100) 16 (84.2) 16 (84.2)
Non-Caucasian 0 (0.0) 3 (15.8) 3 (15.8)
Smoking status, % 0.366
Non-smoker 14 (77.8) 11 (57.9) 11 (57.9)
Smoker/former smoker 4 (22.2) 8 (42.1) 8 (42.1)

*Statistically different at 0.05, different letters mean statistical difference.

ANOVA test for age and Chi-squared test for gender,
ethnic group and smoking status. Concentration of
cytokines in pg/ml was presented as median and
percentiles 25 and 75 and compared using Kruskal-
Wallis test. Spearman rho coefficient was used to
correlate between cytokines in healthy, chronic and
aggressive periodontitis groups and Pearson’s corre-
lation test to ascertain the relationship between age
and each cytokine within the three studied groups.
A value was considered zero when the level of the
cytokine was below the methodological limit of detec-
tion and the sample was not excluded from the
analysis. SPSS Statistics® 18.0 software was used to
analyze the data.

Results

General characteristics of the subjects included in the
study are presented in Table I. There was no statis-
tical difference between the cytokines concentrations
when the three groups were compared (Table II).
However, some trends could be observed. IL-5 and

Table II. Concentration of plasma cytokines in pg/ml (median and
percentiles 25 and 75) in chronic and aggressive periodontitis
groups compared with healthy individuals.

Periodontitis

Healthy Chronic Aggressive p-value

group periodontitis  periodontitis
IL-2 0.6 (0.0-2.3) 1.6 (0.0-2.2) 1.4 (0.0-1.8)  0.592
IL-4 1.5 (0.0-2.6) 1.9 (0.0-2.5) 1.5 (0.0-2.0)  0.645
IL-5 0.6 (0.0-1.5) 1.2 (0.0-1.4) 0.0 (0.0-0.0)  0.060
IL-10 0.0 (0.0-2.4) 1.9 (0.0-3.0) 0.0 (0.0-1.5)  0.097
TNF-a 0.7 (0.0-2.9) 2.1 (0.0-3.1) 1.6 (0.0-2.4) 0.400
IFN-y 1.8 (0.0-3.2) 1.4 (0.0-3.2) 1.1 (0.0-2.1) 0.435

p-value corresponds to an all-groups comparison by Kruskall
Wallis test.

IL-10 levels were lower in patients with aggressive
(0.0 and 0.0, respectively) when compared to chronic
periodontitis (1.2 and 1.9, respectively) and with
healthy controls (0.6 and 0.0, respectively) (p = 0.060
and p = 0.097, respectively). Besides, IFN-y levels
decreased from healthy to chronic and to aggressive
periodontitis groups, respectively (1.8, 1.4, 1.1)
(p = 0.435). Chronic periodontitis patients presented
higher levels of all cytokines when compared to
healthy individuals, except IFN-y (Table II). The
pattern of cytokine profiles showed a high individual
variability. Pearson’s correlation analysis did not
detect any relationship between age and cytokine
levels when the three studied groups were analyzed
(data unshown).

Tables III, IV, V describe the correlations between
plasma cytokines of all the studied groups. Spearman
rho coefficients between IL-2/I1.-4 and IL-2/IL-10
were stronger in healthy individuals (0.938 and
0.669, respectively) compared with chronic (0.746
and 0.532, respectively) and aggressive periodontitis
groups (0.395 and 0.266, respectively). A similar
pattern was observed when IL-2/IFN-y cytokines
were analyzed, with the weakest correlation observed
in the aggressive periodontitis group (0.600). When
compared to the healthy (0.812) and chronic (0.845)
groups, IL-4/IL-5 correlation was weaker (0.459) in
the aggressive periodontitis group.

Table III. Spearman rho coefficients between cytokines in the
healthy group.

IL-2 1L-4 IL-5 IL-10 TNF-a IFN-y

IL-2
1L-4 0.938
IL-5 0.813  0.812

IL-10 0.669 0.554  0.637
TNF-« 0.597 0.526 0.703  0.703
IFN-y 0.733  0.801 0.772  0.772 0.737
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Table IV. Spearman rho coefficients between cytokines in the
chronic periodontitis group.

IL-2 IL-4 IL-5 IL-10 TNF-a« IFN-y

IL-2
1L-4 0.746
IL-5 0.644  0.845

IL-10 0.532  0.580 0.720
TNF-«« 0.741 0.762 0.738  0.792
IFN-y 0.655 0.751 0.744  0.807 0.846

Table VI shows that the cytokine concentration
in plasma samples was above the methodological
detection limit in not all cases.

Discussion

In the present study, the expression of cytokines that
define Thl and Th2 immune response types (IL-2,
IL-4, IL-5, IL-10, TNF-a and IFN-y) was compared
in plasma of individuals with different forms of peri-
odontitis. No statistical difference could be observed
between groups. We used in aggressive periodontitis
patients the CBA technique, a flow cytometry multi-
plex assay that has clear advantages compared to
conventional ELISA, such as obtaining a standard
curve for each analyte studied from a single set of
diluted standards. Besides, it allows measuring simul-
taneously six cytokines belonging to the Thl and
Th2 profile, minimizing methodological errors.
When the cytokines levels were below the methodo-
logical limit we considered as zero and included the
sample in the analysis [6]. In this case, zero doesn’t
mean an absolute number, but rather stands for a
value inferior to the detection limit of the test.

Our results are in accordance with a previous work
that investigated the systemic levels of some inflam-
matory mediators, such as IL-2, IL-4, IL-5, IL-10,
TNF-a and IFN-y, with CBA in patients with chronic
periodontitis and healthy controls [8]. Using the
same methodology, the authors have not observed
statistical difference when all the cytokines above were

Table V. Spearman rho coefficients between cytokines in the
aggressive periodontitis group.

IL-2 1L-4 IL-5 IL-10 TNF-a IFN-y

IL-2
1L-4 0.395
IL-5 0.681  0.459

IL-10 0.266  0.557 0.674
TNF-«« 0.424 0.327 0.521 0.619
IFN-y 0.600 0.668 0.521 0.543 0.591

Table VI. Percentage of detection when the level of each cytokine
was above the detection limit in healthy, chronic and aggressive
periodontitis groups.

IL-2 IL-4 IL-5 IL-10 TNF-a IFN-y

Healthy 50 56 56 39 56 72
Chronic periodontitis 63 68 21 26 47 53
Aggressive periodontitis 63 63 58 53 68 53

measured. However, this study has not included an
aggressive periodontitis group.

Recently, a new Th cell lineage capable of produc-
ing IL.-17, the Th17 cells, has been described. This
cytokine is an important regulator of neutrophil and
macrophage migration and subsequent pathogen
elimination. It acts over osteoblast enhancing the
receptor activator nuclear factor kappa B ligand
(RANKL) expression, inducing directly the differen-
tiation of osteoclast progenitors in mature osteoclast
and is able to stimulate C-reactive protein production
[18,19]. The Thl7 profile has not been included in
our analysis since the present manuscript corresponds
to an experimental approach designed before the
availability of a commercial kit including testing for
IL-17 levels. Nevertheless, to our knowledge, gingival
crevicular fluid levels of IL-17 were recently assessed
comparing aggressive periodontal patients and healthy
controls and no differences were observed in the total
amount of this cytokine between the groups [20].
Considering that Ay et al. [20] performed their anal-
yses on gingival crevicular fluid, a compartment close
to the local of inflammation and showing an absence
of correlation among disease and IL.-17 total amount,
we believe that similar results would be achieved when
assessing plasma cytokine levels. However, we cannot
rule out the possibility of different plasma IL.-17 levels
among periodontitis patients and controls and a new
set of patients is intended to be collected in order to
approach that [18,20].

In the present study, a trend to lower levels of
IL-5 and IL-10 in aggressive periodontitis (0.0 and
0.0, respectively) was observed when compared to
both chronic periodontitis patients (1.2 and 1.9,
respectively) and healthy controls (0.6 and 0.0,
respectively) (p = 0.060 and p = 0.097, respectively).
Low levels of IL-5 and IL-10 (typical Th2-type
response cytokines) observed in the aggressive peri-
odontitis group could lead to a defective control of
the immune responses directed against pathogens,
consequently resulting in exacerbated inflammation.
Through cytokine mRNA analysis, Suarez et al. [10]
observed the expression of I1.-5 and IL.-10 in biopsies
from healthy and periodontitis patients, although this
expression was absent from the diseased tissue
obtained from patients with aggressive periodontitis,
which comes in favor of our data. Gorska et al. [11]
analyzed cytokine concentrations in inflamed gingival



tissues and serum samples from patients with
severe chronic periodontitis and compared them
to healthy controls. Serum samples showed high
individual variability of cytokine profiles, and no
association between cytokine concentrations and
clinical parameters of periodontitis was found.
Nevertheless, the authors point out that, although
the IL-10 levels were generally low or even undetect-
able in serum, the frequency of individuals expressing
IL-10 positive cells was much higher in healthy gin-
gival tissues as compared to chronic periodontitis
patients, again suggesting that local expression of
this molecule can control inflammation. Also, in
accordance with our data, Garlet et al. [12] observed,
through RT-PCR, lower IL.-10 expression in gingival
biopsies from patients presenting with aggressive
periodontitis.

In addition, we found lower levels of IFN-y in the
periodontitis group compared to healthy controls, in
agreement with the findings of Lappin et al. [13]. On
the other hand, we observed a higher level of TNF-«
in periodontitis patients compared to healthy controls
Andrukhov et al. [6].

IL-2/11-4 Spearman rho coefficient was stronger in
healthy controls compared to the periodontitis group.
IL-2 plays an essential role in Th2 priming and
stabilizes the accessibility of the I/4 gene, and
STAT5, a key transducer of IL-2 function [21].
We found a weak correlation between IL-4/IL-5
(0.459) in the aggressive periodontitis group. The
chemoattraction potential of the cytokines produced
by Thl could favor bone resorption and disease prog-
ression. As pointed out by Garlet et al. [12], the
chemoattracting characteristics of IL.-4 and IL-10
producing cells could control the potentially destruc-
tive Thl response. As IL-10 is associated with sup-
pression of bone resorption [22,23], its low expression
in patients with aggressive periodontitis could account
for the more severe form of disease.

The present study shows a high variability of cyto-
kines levels in plasma. Recently, it has been suggested
that, in periodontitis, this variability and the lower
frequency of its detection may contribute to deter-
mining the presence and/or severity of the disease [8].
Although Gorska et al. [11] affirm that cytokine serum
levels are not good disease indicators in periodontitis
and that such results may lead to controversial con-
clusions, the occurrence of an increase in T-cell
numbers in peripheral blood and the homing of these
cells to the gingiva are well established during the
disease process [13]. Furthermore, the level of cyto-
kines in plasma can represent a possible spill-over to
the circulation of cytokines produced locally in the
inflamed tissues [9]. There is evidence that periodon-
titis can be associated through this mechanism to an
increased risk of a series of systemic conditions such
as cardiovascular disease [24] and pregnancy adverse
events [25].
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Further studies with an increased number of sub-
jects may show more precise results for the relation-
ship between cytokines and periodontitis. However,
aggressive periodontitis is a rare condition and few
specific publications are found in the literature. In
a representative sample of young individuals (14-29
years old) from the metropolitan Porto Alegre/Brazil
region, 5.5% of the subjects presented aggressive
periodontitis [5].

Our results indicate no difference between systemic
levels of Thl and Th2 cytokines between all groups.
Since Th2 cytokines are involved in the regulation of
inflammatory responses, the observed trend towards
low levels of Th2 cytokines in aggressive periodontitis
patients could suggest a contribution to the develop-
ment of such an exacerbated manifestation of this
disease.
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