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Serum IL-6 may modulate periodontal inflammation in type 1 diabetic subjects
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Introduction

Hyperglycemia is known to evoke a pro-inflammatory state characterised by increased concentrations of systemic inflammatory biomarkers such as cell adhesion molecules, C-reactive protein (CRP) and pro-inflammatory cytokines, including interleukin (IL)-6 and tumour necrosis factor (TNF)-α [START_REF] Devaraj | Evidence of increased inflammation and microcirculatory abnormalities in patients with type 1 diabetes and their role in microvascular complications[END_REF][START_REF] Kaul | Is inflammation a common retinal-renal-nerve pathogenic link in diabetes?[END_REF]. While it is generally accepted that the major causative factor behind diabetic complications is hyperglycemia, growing evidence exists that the development and progression of diabetic micro-and macro-vascular complications are also linked with systemic inflammation [START_REF] Saraheimo | Diabetic nephropathy is associated with low-grade inflammation in Type 1 diabetics[END_REF][START_REF] Devaraj | Evidence of increased inflammation and microcirculatory abnormalities in patients with type 1 diabetes and their role in microvascular complications[END_REF]). Both gingivitis and periodontitis have been considered as hyperglycemia-related diabetic complications [START_REF] Taylor | Bidirectional interrelationships between diabetes and periodontal diseases: an epidemiologic perspective[END_REF], Lalla et al 2007a). Since the very first reports by Gislen and co-workers (1980) and by our own group [START_REF] Ervasti | Relation between control of diabetes and gingival bleeding[END_REF][START_REF] Tervonen | Relation of diabetes control to periodontal pocketing and alveoral bone level[END_REF], the role of the metabolic control of diabetes mellitus as the main determinant of increased periodontal inflammation has been confirmed in a large number of studies [START_REF] Taylor | Bidirectional interrelationships between diabetes and periodontal diseases: an epidemiologic perspective[END_REF], Lalla et al 2007a). Importantly, both micro-vascular complications and periodontal inflammation seem to share at least some potential hyperglycemiarelated pathways in their development, including hyperglycemia-enhanced formation of advanced glycation end products (AGEs), protein kinase C activation, increased oxidative stress and apoptosis [START_REF] Graves | Diabetes-enhanced inflammation and apoptosis -impact on periodontal pathology[END_REF][START_REF] Devaraj | Evidence of increased inflammation and microcirculatory abnormalities in patients with type 1 diabetes and their role in microvascular complications[END_REF][START_REF] Nassar | Diabetic periodontitis: a model for activated innate immunity and impaired resolution of inflammation[END_REF][START_REF] Van Den Oever | Endothelial dysfunction, inflammation, and apoptosis in diabetes mellitus[END_REF].

It is nowadays generally agreed that chronic periodontitis is associated with low-grade systemic inflammation both in non-diabetic [START_REF] Loos | Systemic markers of inflammation in periodontitis[END_REF][START_REF] Nibali | Severe periodontitis is associated with systemic inflammation and a dysmetabolic status: a case-control study[END_REF][START_REF] Saxlin | Role of serum cytokines tumour necrosis factor-alpha and interleukin-6 in the association between body weight and periodontal infection[END_REF]) and in diabetic [START_REF] Engebretson | Plasma levels of tumour necrosis factor-α in patients with chronic periodontitis and type 2 diabetes[END_REF][START_REF] Lim | Relationship between markers of metabolic control and inflammation on severity of periodontal disease in patients with diabetes mellitus[END_REF][START_REF] Chen | Association of periodontal parameters with metabolic level and systemic inflammatory markers in patients with type 2 diabetes[END_REF] individuals. On the contrary, less is known about the contribution of elevated levels of serum inflammatory mediators to periodontal inflammation. This biological pathway was recently studied by Andriankaja and co-workers (2009), who observed a significant association between serum IL-6 and gingivitis in type 2 diabetic subjects with no deepened periodontal pockets (≥ 3 mm) and bleeding on probing ≥ 10%. One of the We determined the periodontal health status and systemic inflammation in a group of T1DM subjects before and after periodontal therapy to explore the possible bidirectional nature of the association between periodontal health and systemic inflammatory status. Moreover, our aim was to study whether the possible link between periodontal and systemic inflammation is analogous to the link between systemic inflammation and the development and progression of micro-vascular complications of diabetes mellitus.

Material and Methods

The study protocol was approved by the Ethical Committee of Oulu University Hospital, Oulu, Finland, and an informed consent form was signed by the subjects.

Subjects

Originally, a total of 80 patients with T1DM were recruited on a volunteer basis and examined clinically by a periodontal specialist (T.R.) at the Specialist Dental Health Care Unit, City of Oulu, Finland [START_REF] Tervonen | Resolution of periodontal inflammation does not guarantee improved glycemic control in type 1 diabetic subjects[END_REF]. Subjects needing prophylactic antibiotic medication in association with periodontal probing and those with immunosuppressive medication or antibiotics during the past four months were excluded. After anti-infective periodontal therapy a total of 65 subjects were re-examined. Data on glycosylated haemoglobin (HbA1c), high-density HDL cholesterol, lowdensity LDL cholesterol, IL-6 and usCRP were available for all subjects at the baseline and for 59 subjects after therapy. One subject with a severe and acute wound infection and maxillary sinusitis presented a pronounced increase in serum IL-6 (from 3.6 pg/ml to 8.2 pg/ml) during the study and was excluded, leaving a total of 58 treated subjects for the analyses.

Patient records were used to retrieve data regarding the general health status of the subjects. Four subjects had either chronic maxillary sinusitis, skin infection or symptoms of a urinary tract infection during the study (indicated in Fig. 1A). Smoking data were obtained by an interview and the subjects were categorised as smokers and non-smokers. A total of 56 subjects of those examined at the baseline and 44 out of the treated subjects reported to be non-smokers. The subjects' body mass index (BMI kg m -2 ) and age were also recorded. A total of 58 subjects out of those studied at the baseline and 44 of the treated subjects had BMI ≤ 26 kg m -2 (Table 1) (according to the WHO, the lower limit for overweight is 25 kg m -2 ).

Clinical periodontal examination and periodontal therapy

Periodontal variables were recorded on mesiobuccal, midbuccal, distobuccal and midlingual surfaces of each tooth as described earlier [START_REF] Tervonen | Resolution of periodontal inflammation does not guarantee improved glycemic control in type 1 diabetic subjects[END_REF]. Shortly, the presence of visible plaque according to the criteria of the scores 2 and 3 of the plaque index [START_REF] Silness | Periodontal disease in pregnancy (II). Correlation between oral hygiene and periodontal condition[END_REF], probing depth (PD) and bleeding on probing (BOP) were registered. Anti-infective periodontal therapy including oral hygiene education, scaling and root planing were performed. As the goal was to minimise periodontal inflammation, these treatments were repeated and periodontal surgery was performed whenever indicated. In the follow-up examination approximately 8 weeks after the completion of the treatment 1-9 bleeding sites were found in 14 subjects, 10-19 sites in 19 and > 20 sites in 16 subjects. Moreover, bleeding and PD ≥ 4 mm were detected at 1-2 sites in 14 subjects and at 3-10 sites in 7 subjects.

Laboratory assays

Venous blood samples were drawn at the baseline and in the follow-up examination. Glycosylated haemoglobin (HbA1c, %) was analysed using a latex immunoturbidimetric method (Siemens Medical Solutions Diagnostics, Tarrytown, NY 10591-5097 USA). Serum samples were stored at -70 о C until assayed. Serum IL-6 level (pg/ml) was measured with a sensitive ELISA Quantikine HS Immunoassay kit (R&D Systems GmbH, Wiesbaden-Nordenstadt, Germany). The usCRP (ultrasensitive CRP, mg/l) analyses were made using an Innotrac Aio! analyser (Innotrac Diagnostics Oy, Turku, Finland), that utilises a unique all-in-one (Aio!) dry-reagent concept and [START_REF] Hedberg | Highly sensitive determination of C-reactive protein on the Innotrac Aio! immunoanalyzer[END_REF]). Low-density LDL cholesterol (mmol/l) and high-density HDL cholesterol (mmol/l) were measured using direct enzymatic methods implemented in the Advia 2400 Chemistry systems (Siemens Medical Solutions Diagnostics, Tarrytown, NY 10591-5097 USA).

An 'increase' in IL-6 level between the baseline and the follow-up examination was recorded if the level was elevated by ≥ 0.2 pg/ml, a 'decrease' if the level dropped by ≥ 0.2 pg/ml and a lack of either of the previous was considered a 'stable' level (Fig. 1A).

Statistical methods

Statistical analyses were performed using statistical software (SPSS Statistical Package for Social Sciences, version 16.0 for Windows; SPSS Inc., Chicago, IL, USA) and the level of statistical significance was set at < 5% (p < 0.05). All analyses were based on subject-level data. The extent of periodontal inflammation was measured as the number of affected sites per subject. Mean serum IL-6 level before and after therapy were compared using the Wilcoxon signed ranks test. Spearman´s rank correlation analysis was used to study unadjusted associations between periodontal parameters and serum inflammatory markers at the baseline (Table 2). Depending on the distribution of the outcome, variable-adjusted associations between periodontal inflammation and serum inflammatory markers were studied using either linear regression or binomial regression analyses. In the binomial regression models the ln of the number of measured sites was used as an offset variable. In order to control the confounding/modifying effect of smoking and BMI on the association between serum IL-6 and periodontal inflammation, we used the interaction terms BMI*IL-6 and smoking*IL-6 in the models. We also stratified the sample by BMI (≤ 26 kg m -2 / > 26 kg m -2 ) and smoking (nonsmokers / smokers) to study the associations in the stratified samples. The association between periodontal healing and serum IL-6 level was studied using linear regression analysis with the reduction in the number of sites with bleeding and PD ≥ 4 mm (number of sites after therapy deducted from the number of sites at the baseline, range -2 -90) as the outcome. 

Results

The subject characteristics are presented in Table 1. The group of treated subjects was comparable with the whole study group in terms of age, gender, smoking habits, BMI, duration of DM and number of teeth. Regardless of a favorable response to periodontal therapy, no essential changes in the mean levels of serum inflammatory markers from the baseline to the follow-up examination could be observed.

Based on the unadjusted associations between serum inflammatory markers and the periodontal parameters at the baseline (Table 2), we studied the adjusted associations between the number of sites with BOP and bleeding and PD ≥ 4 mm (the outcome variables) and serum IL-6 and HbA1c in further analyses using multiple regression models. The regression analyses of all subjects both at the baseline and after periodontal therapy (non-stratified samples) revealed statistically significant associations between serum IL-6 and periodontal inflammation. We then controlled for possible interaction between serum IL-6 and smoking and serum IL-6 and BMI by adding the interaction term smoking*IL-6 and BMI*IL-6 into the model and found that the interaction terms were not statistically significant in the models. Neither was there any statistically significant association between serum IL-6 level and periodontal inflammation in the new model (data not shown).

Therefore, further analyses were done in samples stratified separately by smoking and BMI. While serum HbA1c level was associated significantly with BOP and bleeding and PD ≥ 4 mm both in subjects with BMI ≤ 26 kg m -2 and in non-smokers at the baseline, serum IL-6 level turned out to be a statistically significant determinant of the number of sites with bleeding and PD ≥ 4 mm in the same subjects (Table 3, Models I and II). At the baseline, the adjusted associations between serum IL-6 level and the number of sites with BOP and bleeding and PD ≥ 4 mm were not statistically significant in subjects with BMI > 26 kg m -2 (n = 22) and in smokers (n = 24) (data not shown). After periodontal therapy, a statistically significant association was found between the level of serum IL-6 and the number of sites with bleeding and PD ≥ 4 mm in subjects with BMI ≤ 26 kg m -2 (p = 0.043) (Table 4, Model III). In non-smokers this association was of borderline significance (p = 0.064) (Table 4, Model IV). The number of sites with bleeding and PD ≥ 4 mm after therapy was not associated with smoking. The actual serum levels of IL-6 in subjects with BMI ≤ 26 kg m -2 and in non-smokers according to the number of residual sites with bleeding and PD ≥ 4 mm after periodontal therapy are presented in Table 5. These results also indicate that the level of serum IL-6 is higher in subjects with higher numbers of residual sites with inflammation. The adjusted associations between serum IL-6 level and the number of sites with BOP and bleeding and PD ≥ 4 mm were not statistically significant in subjects with BMI > 26 kg m -2 (n = 14) and in smokers (n = 14) after therapy (data not shown).

A decrease (≥ 0.2 pg/ml) in serum IL-6 level was observed in 23 (39.7%) subjects between the baseline and the follow-up examination. The level remained stable in 18 (31.0%) subjects and an increase (≥ 0.2 pg/ml) was observed in 17 (29.3%) subjects (Fig. 1A). Subjects with chronic infections were evenly distributed into the previous groups (Fig. 1A). The reduction in the number of sites with bleeding and PD ≥ 4 mm, was similar in subjects with a decreased, stable or increased serum IL-6 level (Fig. 1 B). After controlling for confounding factors a statistically significant association (p = 0.003) was found between periodontal healing (the outcome variable) and the aftertherapy serum IL-6 level, indicating poorer periodontal healing in subjects with a high IL-6 level (Table 6). In a second model (data not shown) including the interaction terms BMI*IL-6 and smoking*IL-6 the above association turned out to be weaker (p=0.022). The interaction terms were, however, not statistically significant. 

Discussion

In line with earlier studies [START_REF] Loos | Elevation of systemic markers related to cardiovascular diseases in the peripheral blood of periodontitis patients[END_REF][START_REF] Buhlin | Risk factors for cardiovascular disease in patients with periodontitis[END_REF]) reporting higher serum IL-6 levels in patients with chronic periodontitis than in healthy control subjects, we found a statistically significant association between the level of serum IL-6 and the number of sites with bleeding and PD ≥ 4 mm at the baseline. A new finding was that this association was evident also after periodontal therapy. We also observed that periodontal therapy was not consistently followed by a decrease in serum IL-6 level and that periodontal healing turned out to be poorer in subjects with a high after-therapy IL-6 level than in those with a low level.

When interpreting the above observations, we started from the premise that the causal pathway between serum IL-6 and periodontal inflammation may be bidirectional. Increased serum levels of inflammatory markers, such as IL-6, in subjects with chronic periodontitis have been explained by dumping of locally concentrated IL-6 from the inflamed areas into the circulation, its production by distant immune cells as a response to bacterial irritation from the site of infection or both. In light of the above, a high serum IL-6 level observed at the baseline of this study may be interpreted as reflecting a high extent of periodontal inflammation.

The association between serum IL-6 level and the number of sites with bleeding and PD ≥ 4mm after therapy on one hand, and the reduction in the number of sites with bleeding and PD ≥ 4mm on the other hand, was interpreted to indicate poorer periodontal healing in subjects with higher serum IL-6 levels and to be suggestive of a causal pathway, where a high serum IL-6 level acts as a susceptibility factor for periodontal inflammation. IL-6 is known for its pro-inflammatory properties [START_REF] Kaplanski | IL-6: a regulator of the transition from neutrophil to monocyte recruitment during inflammation[END_REF][START_REF] Gabay | Interleukin-6 and chronic inflammation[END_REF][START_REF] Kishimoto | Diabetes mellitus promotes periodontal destruction in children[END_REF]) and it also accelerates bone resorption [START_REF] Tamura | Soluble interleukin-6 reseptor triggers osteoclast formation by interleukin-6[END_REF]. Therefore, a high serum IL-6 level may boost inflammation and modulate tissue responses locally in the periodontal area. Although we consider the above direction of the causal pathway more likely, one could also speculate that the resolution of inflammation contributed to the decreased serum IL-6 levels; the higher the number of healed sites, the less IL-6 could be detected in serum after therapy. Supporting this, slightly decreased levels of serum inflammatory markers after anti-infective therapies have been reported (D´Aiuto et al. 2004[START_REF] Loos | Systemic markers of inflammation in periodontitis[END_REF][START_REF] Kardeşler | Adipokines and inflammatory mediators after initial periodontal treatment in patients with type 2 diabetes and chronic periodontitis[END_REF]. However, in our subjects, the decrease in the mean serum IL-6 level from the baseline to the follow-up examination (0.1 pg/ml) was not statistically significant. In addition, similar periodontal healing was followed by a decrease in IL-6 level in 40%, a stable level in 31% and an increase in 29% of the subjects (Figs. 1A,B). These results further support our interpretation that serum IL-6 acts as a susceptibility factor for periodontal inflammation. We can't fully exclude that there were also other mechanisms/conditions, such as sub-clinical or unreported infections, which may have contributed to the serum IL-6 levels. Also, including a non-diabetic group with a comparable periodontal health status would have made it possible to assess the influence of diabetes mellitus itself on the systemic IL-6.

One of the methodological challenges in studies of the periodontal-systemic relationship is to adequately control the confounding/modifying effects of smoking and BMI. Smoking is known to deteriorate periodontal health [START_REF] Bergström | Periodontitis and smoking[END_REF]) and evidently increase the serum IL-6 level [START_REF] Tappia | Cigarette smoking influences cytokine production and antioxidant defences[END_REF]. On the other hand, adipose tissue is considered an important source of IL-6 (Mohamed-Ali et al. 1997[START_REF] Fried | Omental and subcutaneous adipose tissues of obese subjects release interleukin-6: depot difference and regulation by glucocorticoid[END_REF], and obesity/BMI has been associated with chronic periodontitis [START_REF] Ylöstalo | Association between body weight and periodontal infection[END_REF]. We took into consideration the above both by using respective interaction terms in the multivariate models and by stratifying the samples according to smoking and BMI. Due to the small sample size, stratification according to smoking and BMI at the same time was not possible. As regards a more complete control of the confounding/modifying effect of smoking and BMI, a need for verification of our result in larger samples remains. Moreover, a more definite measure of smoking, such as pack-years, should be used.

As the goal of periodontal therapy was to minimise periodontal inflammation, anti-infective treatments were continued until this goal was reached. The lack of a statistically significant association between smoking and periodontal inflammation after therapy can be explained by the setting of the study where additional treatments were delivered to poorly responding subjects such as smokers. Considering the treatment protocol used and the suggested poorer healing response of subjects with higher IL-6 levels, we speculate that the strength of the association between serum IL-6 and the number of inflamed sites after therapy was underestimated.

The shortcomings of this study include the fairly small sample size and lack of power analysis for the sample size. Moreover, this study allows us to suggest a bidirectional relationship between serum IL-6 level and periodontal inflammation exclusively in T1DM subjects. Regarding the observed association between serum IL-6 level and periodontal inflammation, the chance of a spurious association must also be considered; in that case there are one or more common background factors contributing to both the increased serum level and the higher extent of periodontal inflammation.

In summary, while serum IL-6 level was associated significantly with periodontal inflammation at the baseline, resolution of inflammation was not followed by a decrease in the serum IL-6 level in all subjects. The response to anti-infective periodontal therapy was poorer in subjects with a high after-therapy level of serum IL-6 than in those with a low level. Thus, a high serum IL-6 level may modulate inflammatory responses in the periodontal area as it modulates the development and progression of diabetic micro-and macro-vascular complications. The evident bidirectional causal pathway between serum IL-6 and periodontal inflammation is essential in elucidating both the pathogenesis of periodontitis and periodontal-systemic relationships. Therefore future studies should be focused on confirming the observed associations also in non-diabetic individuals. 

  the authors was that serum IL-6 might have a specific role in modulating local inflammatory reaction in individuals with type 2 diabetes.

  Fig. 1A. Subject-level changes in serum IL-6 level. A decrease in serum IL-6 level (≥ 0.2 pg/ml) between the baseline and the follow-up examination was observed in 23 subjects (lines on the left)and an increase (≥ 0.2 pg/ml) in 17 subjects (lines on the right). The lines in the middle present subjects with a stable IL-6 level (change < 0.2 pg/ml). Subjects with chronic infections, other than gingivitis or periodontitis, are indicated using dashed lines. Fig.1B. Healing of periodontal inflammation indicated as the reduction in the number of sites with bleeding and PD ≥ 4 mm in subjects presenting increased, stable or decreased serum IL-6 level between the baseline and the follow-up examination (see Fig.1A).289x171mm (150 x 150 DPI)

Table 1 .

 1 Subject characteristics presented as mean values/subject (± SD) and numbers of subjects. BOP, bleeding on probing; bleeding and PD ≥ 4mm, bleeding pocket ≥ 4mm in depth ; HbA1c, glycosylated haemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; usCRP, ultrasensitive C-reactive protein; BMI, body mass index

	All subjects (n = 80)	Treated subjects (n = 58)	(n = 58)

Table 2 .

 2 Unadjusted associations, based on Spearman's rank correlation analysis, between the numbers of sites presenting bleeding on probing (BOP) and bleeding and PD ≥ 4 mm, serum inflammatory markers and body mass index (BMI) at the baseline.

	Correlation coefficients, p-values; statistically significant values are presented in boldface.

Table 3 .

 3 Adjusted associations between the number of bleeding sites (BOP) and sites with bleeding and PD ≥ 4 mm (the outcome variables) and serum IL-6 level at the baseline in subjects with BMI ≤ 26 kg m -2 and in non-smokers.

	Boldface denotes statistical significance.

*Linear regression and †negative binomial regression models:

Model I; adjusted for age, gender, smoking, HbA1c, serum HDL, plaque and number of sites. Model II; adjusted for age, gender, HbA1c, BMI, serum HDL, plaque and number of sites. ‡ Smoking as a categorized variable; non-smokers vs. smokers (reference).

Table 4 .

 4 Adjusted associations between the number of bleeding sites (BOP) and sites with bleeding and PD ≥ 4 mm (the outcome variables) and serum IL-6 level after therapy in subjects with BMI ≤ 26 kg m -2 and in non-smokers.

	Boldface denotes statistical significance.

Negative binomial regression models:

Model III, adjusted for age, gender, smoking, HbA1c, serum HDL, plaque and number of sites. Model IV, adjusted for age, gender, HbA1c, BMI, serum HDL, plaque and number of sites. *Smoking as a categorized variable; non-smokers vs. smokers (reference).

Table 5 .

 5 Mean serum IL-6 levels (pg/ml) according to the number of sites with bleeding and PD ≥ 4 mm after periodontal therapy.

		BMI ≤ 26 kg m -2		Non-smokers
	N	IL-6 pg/ml	N	IL-6 pg/ml
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Clinical Relevance

Scientific rationale for the study

While some studies indicate a causative role of periodontal infection on systemic inflammatory responses, less is known of the influence of high serum levels of pro-inflammatory mediators on local host responses.

Principal findings

The level of serum IL-6 was associated with the extent of bleeding and PD ≥ 4 mm at the baseline in non-smokers and in subjects with BMI ≤ 26 kg m -2 . These associations were also evident after periodontal therapy. Subjects with a high IL-6 level presented poorer periodontal healing than those with a low level.

Practical implications

Serum IL-6 may modulate inflammatory responses in the periodontal area and contribute to both the progression and healing of periodontal inflammation as it contributes to the initiation and progression of other inflammation-associated diabetic complications. The outcome variable: the number of sites with bleeding and PD ≥ 4mm after therapy deducted from the number of the sites at the baseline (range -2 -90).
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Smoking as a categorized variable; non-smokers vs. smokers (reference)