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Abstract
Aim: This study compared the levels of tumour necrosis factor (TNF)-a, interferon
(IFN)-g, interleukin (IL)-4, IL-17 and IL-23 in the gingival crevicular fluid (GCF) from
well-controlled and poorly controlled type 2 diabetic subjects with chronic
periodontitis, before and after periodontal therapy.

Material and Methods: Eighteen well-controlled (glycated haemoglobin levels
48%) and 20 poorly controlled (glycated haemoglobin levels 48%) diabetic subjects
were enrolled in this study. All subjects were submitted to non-surgical periodontal
therapy. GCF sampling and clinical periodontal parameters were assessed before, 3
and 6 months post-therapy. Total amounts and concentrations of TNF-a, IFN-g, IL-4,
IL-17 and IL-23 in the GCF were analysed by enzyme-linked immunosorbent assay
(ELISA).

Results: The levels of IL-17 were higher in poorly than in well-controlled subjects
(po0.05), whereas the levels of IFN-g were increased in well- compared with poorly
controlled subjects at all experimental groups (po0.05). In addition, IL-4 levels were
lower in well- than poorly controlled diabetic subjects at baseline (po0.05). There
were no differences between groups for TNF-a and IL-23 at any time points (p40.05).

Conclusion: These results indicate a predominance of pro-inflammatory T-helper
type 1 (Th1)- or Th17-cytokines in sites of chronic periodontitis from type 2 diabetic
subjects, according to their glycaemic control.
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Type 2 diabetes mellitus (DM), charac-
terized by impaired insulin function due
to changes in insulin molecules and/or
their cell receptors (Kidambi & Patel
2008), is the most prevalent type of DM
among middle-aged subjects (Israili
2009). Several studies have demon-

strated that the prevalence, progression
and severity of periodontal diseases are
higher in diabetic subjects when com-
pared with non-diabetic ones, support-
ing DM as a risk factor for periodontitis
(Kinane & Bouchard 2008). In addition,
clinical studies have demonstrated a
positive association between poor gly-
caemic control and the severity of perio-
dontal diseases (Seppälä & Ainamo
1994, Tsai et al. 2002, Lim et al. 2007,
Bandyopadhyay et al. 2010, Chen et al.
2010).

Periodontitis is an infectious inflam-
matory disease that results from the

interaction between biofilm and the
host defense mechanisms and is sus-
tained by a network of pro- and anti-
inflammatory mediators that may play
antagonist and/or synergic biological
activities (Tatakis & Kumar 2005). After
antigenic stimulation, naı̈ve CD41 T
cells, one of the most important cell
types in cell-mediated immune response,
may differentiate into effector T-helper
(Th) cells including Th1, Th2 and Th17
phenotypes, each with distinct profiles of
cytokine production (Tesmer et al. 2008,
Zhu et al. 2010). Interferon (IFN)-g, the
main cytokine secreted by Th1 subsets
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and natural killer cells, induces the
macrophage activation and the produc-
tion of a series of pro-inflammatory
mediators, such as tumour necrosis fac-
tor (TNF)-a. Increased numbers of IFN-
g-producing cells in periodontal tissues
and elevated levels of IFN-g in the
gingival crevicular fluid (GCF) have
been associated with the progression of
chronic periodontitis (Ukai et al. 2001,
Dutzan et al. 2009b). Conversely, inter-
leukin (IL)-4, an anti-inflammatory
cytokine secreted by Th2 cells, down-
regulates the production of IFN-g and
other pro-inflammatory cytokines, such
as TNF-a, IL-6 and IL-1b (Mosmann &
Coffman 1989, te Velde et al. 1990) and
therefore, its presence has been related
to healthy periodontal tissues (Shapira et
al. 1992, Kabashima et al. 1996, Tsai et
al. 2007). IL-17 is a pro-inflammatory
cytokine, produced by Th17 subsets,
which promotes recruitment of neutro-
phils (Tesmer et al. 2008) and stimulates
the production of a series of pro-inflam-
matory mediators (Patel et al. 2007,
Tesmer et al. 2008), matrix metallopro-
teinases (MMP) and osteoclastogenesis-
related factors (Oda et al. 2003, Takaha-
shi et al. 2005, Sato et al. 2006, Beklen
et al. 2007). Elevated levels of IL-17
messenger RNA and protein, as well as
the presence of Th17 cells, have been
observed in diseased, when compared
with healthy periodontal tissues (Taka-
hashi et al. 2005, Cardoso et al. 2009).
IL-23 is essential in maintaining and
expanding the Th17 cell population and
plays a critical role in driving an initial
inflammatory immune response against
pathogens or injuries by inducing IL-17
production and neutrophil recruitment
(Tan et al. 2009). Increased levels of
IL-23 in the gingival tissue have been
observed in sites presenting clinical
attachment loss (Lester et al. 2007).

Although the clinical relationship
between periodontitis and DM is well
established, few investigations have
focused on the immunoinflammatory
responses in sites with periodontitis in
subjects with DM (Engebretson et al.
2004, 2006, Duarte et al. 2007, Navarro-
Sanchez et al. 2007, Venza et al. 2010).
In addition, the cellular and molecular
mechanisms that could explain the more
severe clinical periodontal destruction
observed in poorly controlled diabetic
subjects, when compared with well-con-
trolled subjects, are still unclear (Seppä-
lä & Ainamo 1994, Tsai et al. 2002, Lim
et al. 2007, Bandyopadhyay et al. 2010,
Chen et al. 2010). Therefore, the aim of

this study was to compare the levels of
TNF-a, IFN-g, IL-4, IL-17 and IL-23 in
the GCF from well-controlled and
poorly controlled type 2 diabetic sub-
jects with chronic periodontitis before
and after non-surgical periodontal ther-
apy. The hypothesis is that glycaemic
control may alter the protective and
destructive host immune and inflamma-
tory responses to periodontal pathogens
in type 2 diabetic subjects.

Material and Methods
Subject population

Thirty-eight subjects (age range: 40–67
years) diagnosed with type 2 DM and
chronic periodontitis were selected from
the population referred to the Perio-
dontal Clinic of Guarulhos University,
from July 2007 until March 2008.
Detailed medical and dental records
were obtained. Subjects who fulfilled
the following inclusion/exclusion criter-
ia were invited to participate in the
study. All eligible subjects were thor-
oughly informed of the nature, potential
risks and benefits of their participation
in the study and signed their informed
consent. This study protocol was
approved previously by Guarulhos Uni-
versity’s Ethics Committee in Clinical
Research.

Inclusion and exclusion criteria

Data concerning the duration of DM and
medications were retrieved from the
medical records of the subjects at the
beginning of the study. All subjects had
presented diagnosis of type 2 DM dur-
ing at least the past 5 years and were
under insulin supplementation, diet
regime and/or oral hypoglycaemia
agents. Subjects were diagnosed with
generalized chronic periodontitis, based
on the clinical and radiographic criteria
proposed by the 1999 World Workshop
for Classification of Periodontal Dis-
eases and Conditions (Armitage 1999).
All subjects were 430 years old, had at
least 15 teeth excluding third molars and
teeth with advanced decay indicated to
exodontias, and more than 30% of the
sites had probing depth (PD) and clin-
ical attachment level (CAL) X4 mm at
baseline.

Exclusion criteria were pregnancy,
lactation, current smoking, smoking
within the past 5 years, periodontal or/
and antibiotic therapies during the pre-
vious 6 months, use of mouth rinses

containing antimicrobials in the preced-
ing 2 months, any systemic condition
(except DM) that could affect the
progression of periodontal disease (e.g.
immunological disorders, osteoporosis)
and long-term administration of anti-
inflammatory and immunosuppressive
medications. Subjects with periapical
pathology, orthodontic appliances and
multiple systemic complications of DM
were also excluded from the study.

Blood analyses and experimental groups

A single laboratory (Guarulhos Univer-
sity Clinical Analysis Laboratory) per-
formed all blood analyses. Blood
samples were taken for each subject at
baseline, 3 and 6 months post-therapy.
The fasting plasma glucose (FPG), mea-
sured using the glucose oxidase method,
was expressed in milligrams per decili-
tre. Glycosylated haemoglobin levels
(HbA1c), measured by high-perfor-
mance liquid chromatography, were
expressed as a percentage. Subjects
who had baseline HbA1c values 48%
were assigned to the poorly controlled
group (n 5 20), whereas subjects who
presented HbA1c levels 48% were
assigned to the well-controlled group
(n 5 18).

Clinical monitoring

All clinical examinations were per-
formed by one examiner (V. R. S.),
calibrated according to the method
described by Araujo et al. (2003). The
intra-examiner variability was 0.21 mm
for PD and 0.25 mm for clinical attach-
ment loss. This trained examiner was
able to provide reproducible measure-
ments of under 0.5 mm. The clinical
parameters registered dichotomously,
i.e. bleeding on probing (BoP) and sup-
puration (SUP), were calculated by the
Kappa-Light test and the intra-examiner
agreement was 40.85. The examiner
was unaware of the glycaemic status of
the subjects.

The following parameters were
assessed at six sites of all teeth, exclud-
ing third molars (mesio-buccal, medio-
buccal, disto-buccal, mesio-lingual,
medio-lingual, disto-lingual), using a
manual periodontal probe (UNC15,
Hu-Friedy, Chicago, IL, USA): visible
plaque accumulation (Ainamo & Bay
1975), BoP, SUP, PD (mm) and CAL
(mm). Clinical examinations were
assessed at baseline, 3 and 6 months
after periodontal therapy.
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GCF sampling

At baseline, GCF was sampled 1 week
after clinical examination so as not to alter
the nature of the GCF. Two non-contig-
uous sites per subject presenting PD and
CALX5 mm, BoP and no furcation invol-
vement were chosen for sampling. After
removal of the supragingival biofilm with
sterile cotton pellets, the sites were iso-
lated with cotton rolls and gently dried
with an air syringe to eliminate the pos-
sibility of contamination with saliva. GCF
was collected by inserting standard paper
strips (Periopaper, Oraflow Inc., Smith-
town, NY, USA) approximately 2 mm
into the sulcus/pocket for 30 s. Strips
visually contaminated with blood were
discarded. The GCF sample volume was
measured using a calibrated Periotron
8000 (Proflow Inc., Amityville, NY,
USA) and the readings were then con-
verted to an actual volume (ml) by refer-
ence to the standard curve. The strips
from the two selected sites were immedi-
ately placed into separate microcentrifuge
tubes containing 250ml phosphate-buf-
fered saline and protease inhibitor cocktail
(Sigma-Aldrich, Saint Louis, MO, USA).
The samples were stored at � 201C for
subsequent assays. GCF samples were
also taken from the same sites at 3 and
6 months after periodontal therapy. At
these times, clinical parameter measure-
ments and supportive therapy were per-
formed after GCF sampling.

Cytokine enzyme-linked immunosorbent

assay (ELISA)

GCF samples were analysed by ELISA
for TNF-a, IFN-g, IL-4, IL-17 and IL-23
using commercially available ELISA
kits (Quantikine; R&D Systems Inc.,

Minneapolis, MN, USA). The tubes
were vortexed for 30 s and centrifuged
for 5 min. at 1500 g in order to elute.
Assays were carried out according to the
manufacturer’s recommendations using
human recombinant standards. The
minimum detectable doses (sensitivity)
for TNF-a, IL-4 and IL-23 assays range
from 0.038 to 0.191, 0.03 to 0.22 and 2.7
to 16.3 pg/ml, respectively. The mini-
mum detectable doses for IFN-g and
IL-17 are o8.0 and o15 pg/ml, respec-
tively. The optical density was measured
at 450 or 490 nm, according to each
cytokine recommendation. Results were
reported as total amount (pg) of each
cytokine per site. Sites with cytokine
levels below the detection limit of the
assay were scored as 0 pg. Calculation of
cytokine concentrations in each GCF
sample (pg/ml) was established by divid-
ing the total amount of each cytokine by
the total volume of the fluid in the site.

Periodontal treatment

Subjects first received supragingival pla-
que and calculus removal, exodontia,
provisional restoration and overhangs of

fillings removal. They were instructed to
perform a brushing technique using a soft
toothbrush, dental floss and interdental
toothbrushes, as necessary. Moreover, all
volunteers received the same brand of
toothpaste to use during the course of the
study (Colgate Totals, Anakol Ind.
Com. Ltda – Kolynos do Brasil – Colgate
Palmolive Co., São Bernardo do Campo,
SP, Brazil). Scaling and root planing
(SRP) was performed during two to
four appointments, lasting approximately
60 min. each, under local anaesthesia
(3% prilocaine with felypressin) using
periodontal curettes (Hu-Friedy) and an
ultrasonic device (Jet Sonic, Gnatus,
Ribeirão Preto, SP, Brazil). Treatment
was concluded in a maximum of 21
days by the same operator without use
of antibiotics or local antimicrobials. All
subjects received supportive therapy,
including professional plaque control
with an abrasive sodium carbonate air-
powder system (Jet Sonic) and re-instruc-
tion of oral hygiene, at 3 and 6 months
post-therapy. The subjects were asked
to report any changes in the DM
treatment regimen in the follow-up
appointments.

Table 1. Demographic characteristics of the study population

Characteristics Poorly controlled (n 5 20) Well-controlled (n 5 18)

Age (years)
Mean � SD 52.33 � 7.0 52.2 � 9.7
Range 41–66 40–67
Gender (n)
Male 9 8
Female 11 10
Duration of DM
Mean � SD (years) 6.2 � 0.8 6.1 � 0.6

There were no differences between groups regarding age, duration of DM (Student’s t-test; p40.05)

and gender (w2-test; p40.05).

DM, diabetes mellitus.

Table 2. Full-mouth clinical parameters and glycaemic status of poorly controlled (HbA1c values 48%) and well-controlled (HbA1c levels 48%)
diabetic subjects before and after scaling and root planing

Parameters Poorly controlled (n 5 20) Well controlled (n 5 18)

baseline 3 months 6 months baseline 3 months 6 months

PI (%) 81.3 � 21.4an

30.3 � 20.5b 29.0 � 9.5b 52.9 � 22.3a 21.3 � 24.8b 27.6 � 22.5b

BoP (%) 53.2 � 30.5a 7.8 � 7.3b 7.0 � 7.3b 49.9 � 27.8a 11.5 � 10.2b 13.2 � 10.4b

SUP (%) 3.0 � 3.6 2.0 � 3.6 0.7 � 1.7 2.8 � 5.7 1.0 � 1.3 1.9 � 1.3
PD (mm) 3.4 � 0.4a 2.5 � 0.9b 2.7 � 0.4b 3.4 � 0.8a 2.7 � 0.4b 2.5 � 0.8b

CAL (mm) 4.2 � 0.6a 3.5 � 0.8b 3.6 � 0.8bn

4.0 � 0.9a 3.2 � 0.6b 3.1 � 0.5b

HbA1c (%) 10.4 � 1.1n 10.1 � 2.2n 10.9 � 2.0n 7.0 � 0.9 8.3 � 0.8 8.3 � 0.2
FPG (mg/dl) 194.6 � 56.7n 206.3 � 72.5n 212.0 � 79.0n 131.9 � 38.8 145.2 � 33.9 149.8 � 51.0
GCF (ml) 0.40 � 0.15a 0.15 � 0.05b 0.15 � 0.06b 0.40 � 0.16a 0.17 � 0.07b 0.15 � 0.05b

Different letters indicate statistically significant differences over time within each glycaemic group (Friedman’s and Wilcoxon’s tests; po0.05).
nDifferences between well-controlled and poorly controlled groups at each time point (Mann–Whitney U-test; po0.05).

PI, plaque index; BoP, bleeding on probing; SUP, suppuration; PD, probing depth; CAL, clinical attachment level; HbA1c, glycated haemoglobin; FPG,

fasting plasma glucose; GCF, gingival crevicular fluid.
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Sample size calculation

The number of sites for GCF sampling
in this study was based on previous
studies that found differences in the
levels of cytokines in the GCF, when
comparing different clinical periodontal
status (Vernal et al. 2005, Tsai et al.
2007). The ideal sample size to assure
adequate power for clinical parameter
differences was calculated considering
differences of at least 0.8 mm for CAL
and a standard deviation of 0.94 mm
between groups in initially deep perio-
dontal pockets (46 mm). Based on
these calculations, it was decided that
17 subjects per group would be neces-
sary to provide an 80% power at a
significance level of 5%.

Statistical analysis

The statistical analysis was performed
using a software program (BioEstat 5.0,
Sociedade Civil Mamirauá, CNPq, Tefé,
AM, Brazil). The biostatistician was una-
ware of the glycaemic status of the sub-
jects. Data were first examined for
normality by the Kolmogorov–Smirnov
test and the data that did not achieve
normality were analysed using non-para-
metric methods. The study unit for cyto-
kine levels was the site rather than the
subject because periodontitis is a site-
specific disease. The primary variables
were differences and changes in the levels
of each evaluated cytokine. The second-
ary variables were clinical parameters,
GCF volume and plasma levels of
HbA1c and FPG. The percentage of sites
with visible plaque accumulation, BoP
and SUP, the mean PD, CAL, GCF
volume and the levels of HbA1c and
FPG were computed for each subject.
Clinical parameters were averaged across
subjects. Subsequently, all data were aver-
aged in the glycaemic groups. The sig-
nificance of clinical and glycaemic
differences between groups was compared
using the Mann–Whitney U-test. The
Student t-test was used to compare age,
duration of DM and cytokine levels
between well-controlled and poorly con-
trolled groups. The Friedman test was
used to detect statistically significant dif-
ferences within glycaemic groups among
experimental periods in relation to clinical
and glycaemic differences. When there
were significant differences by the Fried-
man test, a pair-wise comparison was
performed by the Wilcoxon test. Repeated
measures ANOVA was used to detect sta-
tistically significant differences in cyto-

kines within glycaemic groups among
experimental periods. When there were
significant differences by the repeated
measures ANOVA, a pair-wise comparison
was performed using Tukey’s test. The
w2-test was used to detect differences in
the frequencies of gender between groups.
Spearman’s Rank correlation was used to
test possible relationships between cyto-
kine levels and PD and CAL in the same
sampled sites. The cytokine levels were
also correlated to HbA1c levels by Spear-
man’s Rank correlation. The significance
level established for all analyses was 5%.

Results
Retention

There were no subject and sampling site
dropouts during the course of the study.
Thus, a total of 38 subjects completed

the study, 20 poorly controlled and 18
well-controlled. Seventy-six samples of
GCF were analysed per period, totaling
228 samples. The subjects from both
groups reported no adverse effects
such as fever and indisposition after
treatment. No changes in the medication
and diet were reported by the subjects
during the study period.

Clinical results

No significant differences were observed
between glycaemic groups for age,
gender and duration of DM (po0.05)
(Table 1). The mean ( � SD) levels of
PD and CAL of the sampled sites were
5.8 � 1.0 and 5.8 � 1.0 and, 5.7 � 1.0
and 6.2 � 1.6 for well-controlled and
poorly controlled groups, respectively.
At 3 months post-therapy, PD and CAL

Fig. 1. Distribution of the total amount (pg/site) and concentration (pg/ml) of interferon
(IFN)-g in the gingival crevicular fluid of poorly and well-controlled subjects, before and
after therapy. The horizontal bars show the median values. The individual dot represents the
cytokine level at each site. nDifferences between groups at each time point (Student’s t-test;
po0.05). wDifferences over time for each glycaemic group (repeated measures ANOVA and
Tukey’s test; po0.05).
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of the sampled sites changed for
3.4 � 0.8 and 5.2 � 0.4, and 3.7 � 0.9
and 5.5 � 1.0 for well-controlled and
poorly controlled groups, respectively
(po0.05). At 6 months post-therapy,
PD and CAL of the sampled sites chan-
ged for 3.3 � 0.6 and 5.2 � 0.4 and,
3.5 � 0.8 and 5.6 � 0.8 for well-con-
trolled and poorly controlled groups,
respectively (po0.05).

Statistically significant decreases in
all full-mouth clinical parameters,
except SUP, and in GCF volumes were
observed for poorly controlled and well-
controlled subjects at 3 and 6 months
post-therapy (Table 2, po0.05). The
mean levels of HbA1c and FPG did
not change for either group over time
(p40.05) and remained higher for
poorly than for well-controlled subjects
in all experimental periods (po0.05).
Diabetic subjects with poor glycaemic
control had significantly higher visible
plaque accumulation than those with
good glycaemic control at baseline
(po0.05). Well-controlled subjects
achieved a lower mean of CAL than
poorly controlled subjects at 6 months
post-therapy (po0.05).

Cytokine levels

In general, the cytokine levels for both
diabetic groups did not change follow-
ing periodontal therapy (p40.05),
except for the concentration of IFN-g,
which increased in well-controlled sub-
jects at 3 and 6 months post-therapy
(Fig. 1; po0.05). In addition, total
amounts and concentrations of IFN-g
were higher in well- than in poorly
controlled subjects at baseline and 3
and 6 months post-therapy (Fig. 1;
po0.05). The levels of IL-4 were lower
in well- than poorly controlled diabetic
subjects at baseline (po0.05; Fig. 2).
Conversely, total amount and concen-
tration of IL-17 were higher in poorly
than well-controlled subjects in all
experimental periods (Fig. 3; po0.05).
There were no significant differences
between groups, regarding the total
amount and concentration of TNF-a
(Fig. 4) and IL-23 (Fig. 5) at any time
point (p40.05).

Correlations

Table 3 presents the correlation coeffi-
cients for total amounts and concentra-
tions of cytokines and PD and CAL of
the sampled sites and HbA1c level.
Statistically significant positive correla-

tions were found between total amounts
and concentration of TNF-a (po0.05),
IL-4 (po0.001) and IL-17 (po0.001)
and HbA1c while the levels of IFN-g
were negatively correlated with HbA1c
(po0.001). In addition, IL-17 was posi-
tively correlated with IL-4 (po0.001)
and TNF-a (po0.05). There was a
negative correlation between the con-
centration of IFN-g and the total amount
of IL-17 (po0.05).

Discussion

It has been suggested that an imbalance
among Th1-, Th2-, Th17- and T regula-
tory (Treg)-type cytokines in the
immune-inflammatory response against
periodontal pathogens is critical in the
determination of the pattern of perio-
dontal lesions (Seymour & Gemmell

2001, Ukai et al. 2001, Teng 2002,
Garlet et al. 2003). This study exam-
ined, for the first time, the levels of pro-
and anti-inflammatory cytokines related
to the Th cells (TNF-a, IFN-g, IL-4, IL-
17 and IL-23) in chronic periodontitis
sites of type 2 diabetic subjects present-
ing good or poor glycaemic control. In
general, the results demonstrated that
the pattern of cytokines in periodontitis
sites, matched to disease severity, might
be related to the glycaemic status,
which, in turn, seems to play a crucial
role in the host response against perio-
dontal pathogens in diabetic subjects.
Sites with chronic periodontitis of
well-controlled type 2 diabetic subjects
exhibited higher GCF levels of IFN-g
and decreased levels of IL-4, suggesting
predominance of Th1-type cytokine
in these subjects, while sites of
poorly controlled individuals presented

Fig. 2. Distribution of the total amount (pg/site) and concentration (pg/ml) of interleukin
(IL)-4 in the gingival crevicular fluid of poorly and well-controlled subjects, before and after
therapy. The horizontal bars show the median values. The individual dot represents the
cytokine level at each site. nDifferences between groups at each time point (Student’s t-test;
po0.05).
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increased IL-17 levels, suggesting dom-
inance of Th17-type cytokines in sites
under the challenge of hyperglycaemia.

For many years, periodontitis was
described as an imbalance between
Th1 and Th2 cytokine profiles (Gem-
mell & Seymour 2004). Recently, this
concept has been defied by the discov-
ery of Th17 and Treg cells and their
related cytokines in periodontal lesions
(Takahashi et al. 2005, Lester et al.
2007, Cardoso et al. 2008, 2009, Dutzan
et al. 2009a). Overall, clinical and in
vitro evidence shows the presence of the
Th17-type immune response in perio-
dontal diseases and indicates that perio-
dontal pathogens can stimulate IL-17
production from T cells (Oda et al.
2003, Lester et al. 2007, Cardoso et al.
2009). The role of Th17 cells and their
related factors in autoimmune type 1
DM has been often investigated (Brad-

shaw et al. 2009). However, to date,
there is little information regarding the
function of these cells in type 2 DM
(Arababadi et al. 2010). A recent study
showed that the serum levels of IL-17
were higher in type 2 diabetic subjects,
when compared with non-diabetic con-
trols, suggesting a relationship between
IL-17 and type 2 DM (Arababadi et al.
2010). The precise biological mechan-
isms that could explain the elevated
levels of IL-17 in the GCF of poorly
controlled subjects and the positive cor-
relation between this cytokine and
HbA1c levels remain to be truly eval-
uated. One hypothesis may be the non-
enzymatic glycation of proteins under
a hyperglycaemic condition and the
subsequent accumulation of advanced
glycation end products (AGEs) in perio-
dontal tissues (Katz et al. 2005). In
addition to the stimulation of pro-

inflammatory mediators by pathogens
in periodontal sites, AGEs, when
attached to its receptors (RAGE), also
stimulate the overproduction of pro-
inflammatory cytokines, including IL-
17 (King 2008). Accordingly, the
destructive biological functions of IL-
17 may amplify the severity of perio-
dontal inflammation (Takahashi et al.
2005, Beklen et al. 2007) and link T-
cell activation to bone resorption (Sato
et al. 2006). In fact, it has been sug-
gested that the Th17-type response may
induce osteoclastogenesis, rather than
Th1, possibly through IL-17-mediated
induction of the receptor activator of
NF-kB ligand (RANKL) (Kotake et al.
1999, Sato et al. 2006, Dutzan et al.
2009a). Interestingly, recent findings
from our research group have shown
that poor glycaemic control is related
to an imbalance in the RANKL/OPG
ratio in the GCF from type 2 diabetic
subjects, favouring osteoclastogenesis
(Santos et al. 2010). Together, these
findings reinforce the hypothesis that
chronic hyperglycaemia may interfere
in the levels of specific immune-inflam-
matory mediators in periodontal tissues
that could explain, at least in part, the
more severe periodontal breakdown
reported in poorly controlled, when
compared with well-controlled diabetic
subjects (Seppälä & Ainamo 1994, Tsai
et al. 2002, Lim et al. 2007, Bandyo-
padhyay et al. 2010, Chen et al. 2010).

Elevated concentrations of IL-23 in
diseased periodontal sites, compared
with healthy tissues, suggest the invol-
vement of this cytokine in the pathogen-
esis of periodontitis (Lester et al. 2007,
Cardoso et al. 2009, Ohyama et al.
2009). However, to our knowledge,
GCF levels of IL-23 have not been
reported previously in periodontitis sub-
jects with type 2 DM. Although IL-23 is
able to differentiate and expand memory
T cells and increase the production of
IL-17 (Tan et al. 2009), in this study, no
significant differences in the levels of
IL-23 were found between groups at any
time. It is important to note that, besides
IL-23, other cytokines have been sug-
gested to have a role in stabilizing the
IL-17-producing T cells, supporting
other pathways, differently from IL-23,
in the induction of these types of
response (Sutton et al. 2006).

IFN-g and IL-4 correspond to Th1
and Th2 cytokines, respectively. In
non-diabetic subjects, it has been
demonstrated that low amounts of IL-4
and high levels of IFN-g are involved in

Fig. 3. Distribution of the total amount (pg/site) and concentration (pg/ml) of interleukin
(IL)-17 in the gingival crevicular fluid of poorly and well-controlled subjects, before and after
therapy. The horizontal bars show the median values. The individual dot represents the
cytokine level at each site. nDifferences between groups at each time point (Student’s t-test;
po0.05).
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the destruction of periodontal tissues,
whereas an increased ratio of IL-4/
IFN-g is associated with healthy perio-
dontal conditions (Shapira et al. 1992,
Ukai et al. 2001, Tsai et al. 2007). In this
study, periodontitis sites from well-con-
trolled subjects exhibited higher levels
of IFN-g in all experimental periods and
decreased levels of IL-4 at baseline,
when compared with poorly controlled
individuals, suggesting dominance of a
Th1 and weakness of Th2 immune
responses. Although the present study
did not include a non-diabetic group, it
seems that the periodontitis develop-
ment in well-controlled subjects follows
the same pattern of Th1/Th2 imbalance
already described for non-diabetic sub-
jects in the literature (Shapira et al.
1992, Ukai et al. 2001, Tsai et al.
2007). In addition, we found a slight
but interesting negative correlation
between levels of IFN-g and IL-17. In

fact, previous investigations have
demonstrated that the Th1 cytokine,
IFN-g, may potently suppress the devel-
opment of IL-17-producing Th cells
from naı̈ve CD41 precursor cells, pro-
viding a mechanism by which Th1
development could antagonize Th17
expansion (Harrington et al. 2005, Park
et al. 2005).

TNF-a is a well-recognized pro-
inflammatory cytokine in periodontitis,
able to stimulate the degradation of the
connective tissue matrix and bone
resorption directly and indirectly (Ter-
vahartiala et al. 2001, Kurtis- et al.
2005). Although a slight significant
positive correlation was found between
TNF-a and HbA1c, in this study, TNF-a
levels in the GCF were similar between
poorly and well-controlled subjects in
all experimental periods. This finding
was somewhat expected because both
IFN-g and IL-17 are able to stimulate

the production of TNF-a. Findings from
a recent study (Venza et al. 2010)
demonstrated that TNF-a gene expres-
sion was higher in poorly controlled
(HbA1c levels X8%) than well-con-
trolled (HbA1c levels o8%) type 2
diabetic subjects. Such divergences in
both studies may be attributed to the
differences in the accuracy of the meth-
ods used to detect TNF-a.

Besides the observed clinical im-
provements (Table 2), in general, cyto-
kine levels for both diabetic groups did
not change significantly following the
non-surgical periodontal therapy. Only a
significant increase in the concentration
of IFN-g was observed at 3 and 6
months for well-controlled subjects,
probably due to the reduction in GCF
volume after treatment, as a result of the
remission of the inflammatory process
(Buduneli et al. 2009). Few studies have
evaluated the effect of periodontal ther-
apy on the local levels of inflammatory
markers in diabetic subjects and con-
flicting results have been shown (Talbert
et al. 2006, Navarro-Sanchez et al. 2007,
Correa et al. 2008). Talbert et al. (2006)
demonstrated no changes in the TNF-a
and IL-6 levels in GCF after non-surgi-
cal treatment of periodontitis in type 2
diabetic subjects. In contrast, some stu-
dies have demonstrated that the GCF
levels of TNF-a, IL-1b, MMP-8 and
MMP-9 were reduced significantly fol-
lowing periodontal treatment in type 2
diabetic subjects (Navarro-Sanchez
et al. 2007, Correa et al. 2008). How-
ever, differences in experimental
designs among studies, including the
type of cytokines studied, periodontitis
severity and ELISA sensitivity ham-
pered a more meaningful comparison
with the present results.

Interventional studies have evaluated
the potential effects of periodontal
therapies on glycaemic control of dia-
betic subjects (Stewart et al. 2001, Jan-
ket et al. 2005, Kiran et al. 2005,
Navarro-Sanchez et al. 2007, Correa et
al. 2010). Therefore, one important
additional finding of this study is that
the levels of HbA1c did not change
significantly at 3 and 6 months follow-
ing non-surgical periodontal therapy for
any glycaemic group (Table 2). These
results are in agreement with those from
previous studies in which SRP resulted
in periodontal clinical benefits without a
significant reduction in the glycaemic
control of diabetic subjects (Janket et al.
2005, Correa et al. 2010). On the other
hand, these findings are in contrast to

Fig. 4. Distribution of the total amount (pg/site) and concentration (pg/ml) of tumour necrosis
factor (TNF)-a in the gingival crevicular fluid of poorly and well-controlled subjects, before
and after therapy. The horizontal bars show the median values. The individual dot represents
the cytokine level at each site.
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those from intervention studies that
showed improvements in metabolic
control of diabetic subjects following
periodontal therapy (Stewart et al.
2001, Kiran et al. 2005, Navarro-
Sanchez et al. 2007). Overall, recent
meta-analyses have demonstrated posi-
tive effects of periodontal therapies in
the glycaemic control of diabetic sub-
jects (Darré et al. 2008, Simpson et al.
2010, Teeuw et al. 2010). Darré et al.
(2008) suggested that periodontal treat-
ment could improve glycaemic control
after analysing randomized and con-
trolled interventional studies performed
in type 1 and 2 diabetic subjects. Simi-
larly, Teeuw et al. (2010) and Simpson
et al. (2010) proposed that there may be
a modest but significant improvement in
glycaemic control after periodontal
treatment in type 2 diabetic subjects.
Conflicting results among studies may
be explained by differences in study
designs and interventions, types of
DM, initial levels of HbA1c, methods
for determining HbA1c values, severity
of periodontitis and the role of other
variables on the glycaemic condition
such as diet, physical activity and com-
pliance to medications and changes in
hypoglycaemia medications during
study period. In addition, it has been
recognized that a large sample size
is required for the observation of any
significance reduction in the HbA1c
level (Janket et al. 2005, Darré et al.
2008).

In conclusion, the results of the pre-
sent study indicated a trend towards a
domination of pro-inflammatory Th1- or
Th17-cytokines in sites of chronic perio-
dontitis from type 2 diabetic subjects,
according to their glycaemic control.
Because only cytokine profiles were
evaluated and no characterization of T-
cell phenotypes in the periodontal
lesions was performed, these initial find-
ings are still not enough to define the
predominant pattern of the Th immune
response in each glycaemic condition.
Therefore, further studies are required to
better characterize the Th subsets that
control the periodontitis development in
well- and poorly controlled diabetic
subjects. Furthermore, because Treg
cells regulate the effector functions of
activated Th cells, further studies are
also needed to assess the role of
these cells and related cytokines in the
periodontal lesions of type 2 diabetic
subjects and determine the impact of
glycaemic control in the modulation
these responses.

Fig. 5. Distribution of the total amount (pg/site) and concentration (pg/ml) of interleukin
(IL)-23 in the gingival crevicular fluid of poorly and well-controlled subjects, before and after
therapy. The horizontal bars show the median values. The individual dot represents the
cytokine level at each site.

Table 3. Correlation coefficients for cytokine levels and PD and CAL of the sampled sites and,
HbA1c levels (n 5 76 periodontal sites)

TNF-a IFN-g IL-4 IL-17 IL-23

TA CC TA CC TA CC TA CC TA CC

TNF-a
CC 0.98n

IFN-g
TA � 0.12
CC � 0.25 � 0.26 0.99n

IL-4
TA 0.03 0.67 � 0.20 � 0.10
CC 0.04 0.08 � 0.20 � 0.11 0.99n

IL-17
TA 0.26w 0.30w � 0.20 � 0.27w 0.51n 0.51n

CC 0.20 0.25w � 0.08 � 0.16 0.46n 0.46n 0.94n

IL-23
TA 0.15 0.16 0.20 0.04 0.23 0.22 0.20 0.20
CC 0.15 0.16 0.18 0.03 0.22 0.22 0.19 0.19 0.99n

HbA1c 0.25w 0.27w � 0.60n � 0.57n 0.41n 0.41n 0.50n 0.41n � 0.01 � 0.01
PD � 0.13 � 0.11 0.12 0.18 0.003 0.002 � 0.10 � 0.10 � 0.03 � 0.02
CAL � 0.04 � 0.09 � 0.10 0.20 � 0.08 � 0.08 � 0.07 � 0.05 � 0.02 � 0.01

nCorrelations significant at the po0.001 level by Spearman’s Rank correlation test.
wCorrelations significant at po0.05 level by Spearman’s Rank correlation test.

TA, total amount (pg/site); CC, concentration (pg/ml); HbA1c, glycated haemoglobin (%); PD,

probing depth (mm); CAL, clinical attachment level (mm); TNF-a, tumor necrosis factor-a; IFN-g,
interferon-g; IL-4, interleukin-4; IL-17, interleukin-17; IL-23, interleukin-23.
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Clinical Relevance

Scientific rationale for the study:
Evidence indicates that the host
response to periodontal infection in
diabetic subjects may be influenced
by glycaemia. It is important to clar-
ify these mechanisms and determine
the Th-derived cytokine profile in
periodontitis of diabetic subjects,

according to their glycaemic condi-
tion.
Principal findings: Periodontitis in
well-controlled type 2 diabetic sub-
jects presented a predominance of a
Th1-type cytokine (IFN-g), while in
poorly controlled individuals exhib-
ited dominance of Th17-type cyto-
kine (IL-17).

Practical implications: The under-
standing of host immunoinflamma-
tory response may be useful to
suggest modulation agents as adjunc-
tive to anti-infectious therapies,
especially in groups at risk, such as
diabetic subjects.
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