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Abstract: Chronic adult periodontitis results from complex interaction between microbial insult and
the host inflammatory-immune responses. In periodontal disease, multiple virulence factors, derived
from periodontopathic bacteria, trigger the immune cells to release pro-inflammatory mediators such
as cytokines. The aim of the study was to evaluate associations between interleukin 4, interleukin 6
and TNF-a in patients with chronic periodontitis, in order to determine if there is a correlation
between clinical stage of the disease and concentration levels of these cytokines. A total of 78
subjects, 47 females and 31 males, divided in two groups: control and generalized chronic
periodontitis group, were included in the study. Clinical periodontal parameters were recorded.
Blood samples were obtained from each patient for serum analysis of IL-4, IL-6 and TNF-o. Enzyme-
linked immunosorbent assay (ELISA) test was used, for quantification of these proteins in the blood
samples. Satistical analysis was performed, using parametrical and nonparametrical techniques. The
findings in our study demonstrate that IL-4, IL-6 and TNF-o concentrations are different between the
two groups. Chronic periodontitis along with high concentrations of the cytokines are more freguent
in older patients. II- 4 is found to be higher in the healthy group and in early stages of chronic
periodontitis, being directly linked to periodontal health status. IL-6 concentration is significantly
higher in chronic periodontitis group, supporting its role in advanced bone destruction. TNF-a
increases according to each interleukin in the two groups, meaning that it has no specificity in chronic
periodontitis, only in the acute phase of inflammation. No correlation was found whatsoever between
IL-4 and IL-6 in the same group. IL-4, IL- 6 and TNF-a concentrations in the crevicular fluid o
patients with chronic periodontitis, reported in literature, have the same correspondent in serum of
patients with the same disease. However, further studies, and correlations with other cytokines are
required, in order to demonstrate that interleukins may be used as indicators of chronic periodontal
disease.

INTRODUCTION

Periodontitis is an inflammatory disease of bacterial
origin, that results in the progressive destruction of the tissues
that support the teeth, specifically the gingiva, periodontal
ligament, cementum and alveolar bone.(l) The two most
prevalent and most investigated periodontal diseases are dental
plaque-induced gingivitis and chronic periodontitis, always the
former preceding the latter.(2,3) However, in some cases
gingivitis never progresses to periodontitis.(3) While gingivitis
is a reversible inflammatory reaction of gingiva, periodontitis,
with progressing inflammation at deeper periodontal tissues,
leads to irreversible connective and bone tissue breakdown.(4)

Periodontal diseases include a heterogeneous group of
chronic inflammatory conditions, which are mainly due to
specific oral bacteria, enriched in subgingival biofilms.(4)
Traditionally, Gram-negative species, such as Porphyromonas
Gingivalis, Tannarella Forsythia, Treponema Denticola, and
Aggregatibacter Actinomycetemcomitans, are considered major
culprits of periodontal destruction.(4) The principal determinant
is a host susceptibility profile, mainly related with individual
inflammatory response.(5) However, half of the variation of the
disease within a population results from genetic factors.(5) Asa

result, the severity of periodontal disease progression depends
on the interplay of several factors, including biofilm bacteria,
host immune status, genetic and environmental factors.(5)
Chronic adult periodontitis results from complex interaction
between microbial insult and the host inflammatory-immune
responses.(6) The cross-talk between periodontal pathogens and
inflammatory process is regulated by a network of cytokines,
which are essential for most periodontal tissue breakdown,
leading to clinical signs of disease.(7,8) They are a group of
immune-regulation molecules, which develop an important and
central role in the immunopathology of periodontal disease.(5)
The cytokine network takes control over inflammatory
mechanisms, in order to amplify or suppress tissue reactions in
periodontal  pathogenesis.(6) Cytokines are produced by
different cells, taking part in defense mechanisms, like
macrophages, T-cells, B-cells, lymphocytes, monocytes, natural
killer cells, etc.(3) Interleukin 4 is an anti-inflammatory
cytokine, secreted by T helper 2 lymphocytes (TH2), with potent
down-regulation of macrophage function.(9) In periodontal
tissues, lack of IL 4 can cause accumulation of macrophages and
high production of IL 1B and TNF-o, which lead to bone
resorption.(9) Interleukin 6 is a predominant cytokine associated
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with bone destruction in advanced periodontal disease.(10) It is
a T-cell and macrophage secreted interleukin that stimulates
osteoclast formation.(11) TNF-a, a cell signalling cytokine, is
involved in acute phase reaction of systemic inflammation. It is
produced mainly by activated macrophages, but also by many
other cell types such as CD4+ lymphocytes, NK cells and
neutrophils.(10) TNF-a is seen in the bone destruction stage or
advanced stage of periodontitis.(12) Although there have been
significant advances in the understanding of the cause and
pathogenesis of periodontal disease over the last 40 years, the
traditional methods by which clinicians diagnose periodontal
disease have remained virtually unchanged. The diagnosis of
periodontal disease relies amost exclusively on clinical
parameters and traditional dental radiography.(13) Cytokines,
being of great importance in the progression of periodontal
disease, may be used as markers in diagnosis.(14)

PURPOSE

The aim of the study was to evaluate associations
between interleukin 4, interleukin 6 and TNF-o. in patients with
chronic periodontitis, in order to determine if there is a
correlation between clinical stage of the disease and
concentration levels of these cytokines.

MATERIALSAND METHODS

Study population

A total of 78 subjects, with generalized chronic
periodontitis, were included in the study. All subjects were
recruited from the department of General and Maxillofacia
Surgery, Sibiu University Hospital, Romania. The purpose of
the study was completely explained to each subject before
entering the study and informed consent was obtained from each
patient. Complete medical and dental histories were taken from
al subjects. None of the patients underwent any nonsurgical or
surgical periodontal treatment within the past 12 months. All
patients presented clinical signs of periodontitis such as:
halitosis, gingival recession, periodontal pockets or tooth loss in
advanced stages of the disease. Selection of the patients was
made according to the clinical and radiographic criteria
proposed by the 1999 International World Workshop for the
Classification of Periodontal Diseases. The clinical attachment
loss (CAL) was measured, classifying the severity of the disease
in slight: CAL 1-2 mm, moderate: CAL 3-4 mm and severe:
CAL 5 mm or more. At the screening stage, to determine the
clinical periodontal status, all subjects had a clinical periodontal
examination, including the measurement of pocket depth and
CAL, by one examiner. Patients were divided into two groups:
chronic periodontitis and healthy subjects. The generalized
chronic periodontitis group consisted of 64 patients, 40 females
and 24 males between the ages of 38 and 87 (mean of
65.3 + 11.48 years). They had moderate to severe alveolar bone
loss, CAL of >3 mm and probing depth of gingival sulcus (PD)
of > 4 mm, in multiple sites of al four quadrants of the mouth.
The healthy group consisted of 14 patients, 7 females and 7
males, ranged in age from 35-52, with a mean age of 44.21 +
5.04 years, who exhibited no CAL, PD of 1-2 mm, no clinica
inflammation or sulcular bleeding and minimal radiographic
evidence of bone loss.

Coallection of blood samples

Venous blood samples were collected from each
subject, from the antecubital vein, in 4 ml vacutainer glass blood
collection tubes for coagulation, buffered with sodium citrate
3.2 %. All samples were centrifuged after clotting, to separate
the serum from the cells, for 20-30 min at 2000-3000 g. The
obtained blood serum was placed into sterile Eppendorf vials
and kept at —40 °C until being analyzed.

Biochemical analysis

The IL-4 (Boster Biological Technology Co., Ltd.
Fremont, CA, USA), IL-6 (Boster Biologica Technology Co.,
Ltd. Pleasanton, CA, USA) and TNF-a (Boster Biological
Technology Co., Ltd. Pleasanton, CA, USA) were analyzed by
enzyme-linked  immunosorbent  assay  (ELISA), for
quantification of these proteins in the blood samples.
Manufacturers guidelines were followed for each assay and 96-
well plates, precoated with appropriate antibodies, were used.
The lower detection thresholds for the IL-4 and IL-6 and TNF-a
assays were 156pg/ml, 4.69pg/m and 15.6 pg/ml,
respectively.

Satistical analysis

Statistical analysis was performed, using parametrical
and nonparametric techniques. Comparison between the study
groups and single interleukin testing between the groups were
performed, using T-Student test, p<0.05 being considered to be
statistically significant. Parametrical Pearson rank correlation
and nonparametric Spearman rank correlation analysis were
used to analyze the correlation between serum IL-4, IL-6 and
TNF-a, for healthy and chronic periodontitis group and p<0,05
was considered to be statistically significant.

RESULTS

Figure no. 1. Mean ages of subjects in healthy group and
chronic periodontitis group
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There is a significant statistical difference (p<0.001)
regarding age, between the chronic periodontitis group (mean
age 65.37 years) and healthy group (mean age 44.21 years),
meaning that chronic periodontitis is more frequent in older
patients.

Figure no. 2. Correlation of clinical stage of PD between
healthy and chronic periodontitis groups

Std.
Study N Min. | Max. Mean Deviation
group Std.
Stat. | Stat. | Stat. | Stat. Error Stat.
Healthy
subjects | 13 | 100 | 300 | 20000 | 016013 | 057735
group
Chronic
periodo | o 200 | 400 | 30476 | 008595 | 0.68223
ntitis
group
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Regarding the clinical stage of periodontal disease,
there is a significant statistical difference between the 2 groups
(p<0,001). IL-4, IL-6 and TNF-a concentration are higher in
chronic periodontitis group.

Figure no. 3. Mean, Std. Deviation, Std. Error, maximum
and minimum results of IL-4, IL-6 and TNF-a testing
between the 2 groups

Std.

N Min. Max. Mean Deviation
Study group

Stat Std.

. Stat. Stat. Stat. Error Stat.
Healthy
subjects IL4 13 11.50 31.81 16.6334 | 1.74734 6.30011
Chronic
periodontitis | 63 10.84 11535 | 180521 | 2.07167 16.44334
1L4
Healthy
subjects 1L-6 13 7.54 14.04 10.1767 | 0.47234 1.70305
Chronic
periodontitis | 63 6.24 10825 | 14.6084 | 2.25663 17.91145
IL-6
Healthy 13 14.46 41.17 21.7876 | 2.26488 8.16615
group TNF
Chronic
periodontitis | 63 14.65 75.00 20.3013 | 1.10957 8.80693
TNF

Although IL-4 concentrations are dightly higher in
periodontitis group (18.05 pg/ml) than in healthy group (16.63
pa/ml), the difference is not statistically important, p=0.761
(p>0.05). Similar to IL-4 testing results, the differences between
the healthy and chronic periodontits group in IL-6 testing are not
statistically significant, p=0.37818249 (p>0.05). The difference
in TNF-a testing between the two groups are also not
statistically significant, p=0.57913 (p>0.05).

Figure no. 4. Pearson and Spearman rank correlation
analysis between IL-4, IL-6 and TNF-a results in healthy
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Pearson rank correlation analysis in healthy group
shows no significant statistical correlations between IL-4, IL-6
and TNF-o. In contrast to Pearson analysis, nonparametric
Spearman rank corellation analysis demonstrates a statistical
significance r=,647 (p<0.05) between IL-4 and TNF-a in the
healthy group, meaning that TNF-a increases according to I1L-4
in this group. No correlation was found whatsoever between IL-
4 and IL-6.

Figure no. 5. Pearson rank correlation analysis between IL-
4,1L-6 and TNF-a resultsin chronic periodontitis group

plL4 | plL6 pTNF

pIL4 Pearson Correlation ! 0.066 0.227

Sig. (2-tailed) 0.607 0.073

N 63 63 63

Pearson Correlation 0.066 1 0.321(*)
pIL6 | Sig. (2-tailed) 0.607 0.010

N 63 63 63

Pearson Correlation 0.227 0.321(*) 1
pTNF | Sig. (2-tailed) 0.073 .010

N 63 63 63

In chronic periodontitis group, Pearson rank correlation analysis
between IL-4, IL-6, TNF-o. concentrations, reveals statistically
significant results between IL-6 and TNF-o. concentration
(p<0.05), meaning that IL-6 and TNF-a concentration levels are
high in chronic periodontitis group.

Figure no. 6. Spearman rank correlation analysis between
IL-4, IL-6 and TNF-a resultsin chronic periodontitis group

pIL4 pIL6 PTNF
Correlation
o | Coeficen 1.000 | 0.120 -0.095
P Sig. (2-tailed) . 0.349 0.457
° N 63 63 63
by Correlation
21 | Codrcen 0120 | 1000 | 0.454(**)
e|P Sig. (2-tailed) | 0.349 . 0.000
g N 63 63 63
& Correlation | o5 | 0.454(%) |  1.000
TNE Coefficient
P Sg. (2taled) | 0457 | 0.000 .
N 63 63 63

Correlation is significant at the 0.01 level (2-tailed).

Nonparametric Spearman rank correlation analysis,
aso shows a satistically significant correlation (p<0.01)
between IL-6 and TNF-a concentration. It is interesting to notice
that studying correlations between [IL-4, IL-6, TNF-a
concentration in chronic periodontitis group show different
results. Pearson rank correlation analysis (r=0.321) as well as
nonparametric Spearman rank corellation (r=0.454) show
statistically significant resultsin TNF-a and IL-6 concentrations,
which means that TNF-a concentration increases according to
IL-6 in this group.

DI SCUSSIONS

Periodontitis is a chronic destructive infectious
disease, in which periodontal pathogens are required for disease
initiation, but not sufficient to define the complete outcome. In
this context, the host response plays a critical role in periodontal
tissue breakdown, which characterizes periodontal disease
progression and severity.(15) It has been well documented that
the activity of several cytokines increased and activated during
the progression of periodontal disease.(6) It is well known that
the quality of the host immune-inflammatory response against
bacterial challenge determines the severity and extent of the
disease.(6)

The main objective of this research has been to
correlate clinical stage of chronic periodontal disease with
serum expression of cytokine IL-4, IL-6 and TNF-a, in order to
determine if adiagnosisis possible.

Our results demonstrate that effect of periodontal
status on markers of systemic inflammation is significant.(16)
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We observed that serum cytokine levels of IL-4, IL-6,
TNF-a differ between the two groups. Analyzed independently,
IL-4 concentrations were raised in early stages of chronic
periodontitis, IL-6 in subjects with advanced chronic
periodontitis and TNF-a in both of the groups. Most important is
that association of IL-6 and TNF-o were significantly higher in
chronic periodontitis patients, as well as IL-4 and TNF-a in the
control group.

The study supports the well-known fact that
autoimmune reactivity varies according to the stage of
periodontal disease.(3) IL-4, IL-6 and TNF-o levels are different
according to our analysis in advanced stages of periodontal
disease, compared to levels of these cytokines in the control
group. Also a significant high rate of advanced chronic
periodontal disease is evident among older patients. Interleukin
concentrations are high in advanced stages of chronic
periodontitis. Therefore, we can conclude that increased levels
of these cytokines are consistent with advanced ages.

IL-4, measured by enzyme- linked immunoabsorbent
assay, shows a dight increase of the cytokine in chronic
periodontitis group, especialy in early stages and significant
high levels associated with TNF-a in the control group of
healthy patients. This may support previous studies of low ratio
concentrations of IL-4 in gingival crevicular fluid of patients
with periodontal tissue destruction, whereas increased ratio of
IL-4 in patients with improved periodontal health.(17) The study
is in agreement with the hypothesis that absence of 1L-4 might
trigger periodontal disease and that presence of |L-4 isimportant
to the health of periodontal sites. In other words, increased
levels of IL-4 along with the absence or early stages of
periodontal disease, is in agreement with the literature. Many
studies have demonstrated that lower concentrations of IL-4 in
the periodontal tissues were related with the progression of the
disease. As a result, we agree that IL-4 is an anti-inflammatory
cytokine related to periodontal health status.(9)

IL-6 analysis in our study shows increased levels of
this cytokine in patients with chronic periodontitis and
significant high levels of IL-6 and TNF-a association in
advanced stages of the disease. Some variations of the IL-6 gene
have been associated with human PD susceptibility. IL-6 is
fundamental in the inflammatory response against infectious
agents and influences bone resorption in periodontal lesions.(18)
IL-6 is known to be a pleiotropic cytokine associated with the
destruction of bone and connective tissues in periodontitis.(19)

Results for IL-6 testing support its implication in bone
destruction of advanced stages of chronic periodontal disease.
TNF-a isdirectly involved in cell migration and plays akey role
in alveolar bone resorption and loss of connective tissue, due to
its correlation with the expression of metalloproteinases and the
osteoclast differentiating and activating factor in periodontal
tissues. TNF-a is a key mediator during periodontal disease,
given that it recruits leukocytes, amplifies the inflammatory
burden and recruits and activates bone-resorbing osteocl asts.(20)
In periodontal disease multiple virulence factors derived from
periodontopathic bacteria trigger the immune cells to release
pro-inflammatory mediators, particularly TNF-o, I1L-1 and IL-6.
These cytokines further initiate a sequential cascade of
inflammation, resulting in bone resorption and connective tissue
degradation.(21)

In the present study, serum TNF-a concentration does
not have statistical significance in the chronic periodontitis
group, compared with the healthy group. Instead, studying
correlations between IL-4, IL-6, TNF-a concentration in chronic
periodontitis and healthy group, show different results. Pearson
rank correlation analysis (r=0.321) as well as nonparametric
Spearman rank correlation (r=0.454) show statistically

significant results in TNF-o and IL-6 concentrations in chronic
periodontitis group, which means that TNF-a concentration
increases according to IL-6 in this group. Furthermore the same
analysis in the healthy group shows significant results in
correlation between IL-4 and TNF-a, meaning that TNF-a
increases according to IL-4 in the healthy group. According to
our study TNF-a has no specificity in chronic periodontal
disease, considering that high concentrations of this interleukin
are found in both of the study groups simultaneous, increased
levels of IL-4 are evident in the healthy group and IL-6 in the
periodontitis group. These findings may support the fact that
high TNF-a concentrations only occur in acute stages of
inflammation.

CONCLUSIONS

In conclusion, the paper supports literature data
regarding role and significance of IL-4, IL-6 and TNF-a in
chronic periodontal disease. The study demonstrates that IL-4,
I- 6 and TNF-a concentrations in the crevicular fluid, found in
literature, have the same correspondent in serum of patients with
chronic periodontal disease. However, further studies, and
correlations with other cytokines are required, in order to
demonstrate that these interleukins may be used as indicators of
chronic periodontitis.
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