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          The purposes of this study were to observe influence of diabetes mellitus(DM) on the expression of MMP-3 of stromelysin type and MMP-14 of membrane type matrix metalloproteinase in the gingival tissues of patients with type 2 DM and healthy adults with chronic periodontitis. Gingival samples were devided into three groups. Group 1 is clinically healthy gingiva without bleeding, bone resorption or periodontal pockets. Group 2 is inflammed gingiva from patients with chronic periodontitis. Group 3 is inflammed gingiva from patients with chronic periodontitis associated with type 2 DM. Tissue samples were analyzed by Western blotting. The quantification of MMP-3 and MMP-14 were performed using a densitometer. MMP-3 and MMP-14 expressions were similar in group 1 and 2. While expression of MMP-14 increases in proportion to MMP-3 expression, expression of both type of MMP showed increasing tendency in chronic periodontitis associated to type 2 DM and mean amount of it was more increased in group 3 comparing to other group with statistically significant difference. 

          In conclusion, MMP-3 and MMP-14 expression levels were similar in healthy and inflamed gingival tissue from systemically healthy patients. And tissue with chronic periodontitis associated to type 2 DM showed significantly increased MMP-3 and MMP-14 levels compared to healthy and non-diabetic inflamed gingiva. Also, MMP-3 may be related to MMP-14 activity in chronic periodontitis associated with type 2 DM. Therefore, the expression levels of MMP-3 and MMP-14 will be inflammatory markers of periodontal inflammed tissue with type 2 DM.
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      INTRODUCTION
      Periodontitis are infectious diseases characterized by periodontal attachment loss and bone destruction (Genco et al., 1998; Socransky et al., 1992). The components of the periodontal tissue extracellular matrix (ECM), especially collagens, appear to be the main targets of degradation in periodontitis. Among host proteases degrading the extra-cellular matrix, matrix metalloproteinases (MMPs) seem to be highly related to tissue destruction and remodelling events in periodontal disease (Reynolds J, 1995; Van der Zee et al., 1997). 

      MMPs are normally under tight regulation, not only at the level of gene expression but also extracellularly after secretion. Disruption of this regulation leads to the pathologic breakdown of connective tissues. High levels of MMPs on the periodontal tissues provoke an imbalance between the production and degradation of collagen, causing tooth attachment loss (Kumar et al., 2006) . 

      The MMPs are divided into 4 major subclasses based on their substrate specificity and sequence homology (Werb Z, 1997) :(a) collagenases type; (b) gelatinases type, also called type IV collagenases; (c) stromelysins such as MMP-3; (d) the recently discovered MT-MMPs (membrane type matrix metalloproteinase) such as MMP-14. 

      One prominent member of this family, MMP-3 of stromelysin type has been shown to be the product of a variety of cells, including monocytes, endothelial cells, chondrocytes and synoviocytes, as well as gingival fibroblasts (Domeij et al., 2002). MMP-3 is effective in the degradation of numerous ECM substrates including gelatins, proteoglycans, laminin, fibronectin and types IV and IX collagen (Nakaya et al., 1997). In addition to its ability to degrade various connective tissue components, MMP-3 is also known to participate in the proteolytic activation cascades of latent pro-MMP-1, -8 and -9 (Ogata et al., 1992; Sorsa et al., 1990; Suzuki et al., 1990). MMP-3 mediated collagenolysis may be a major pathway in the destruction and remodelling of connective tissue in periodontitis. 

      In 1994, Sato et al. (1994) cloned the first membrane-type MMP (MT1-MMP, MMP-14) and demonstrated it to be an activator of pro-MMP-2. MMP-14 was later shown to degrade various ECM components, including type I, II and III collagen, fibronectin, laminins and proteoglycans (Koshikawa et al., 2000; Sato et al., 2005; Seiki et al., 2002). MMP-14 is not released but rather acts in the cell membrane and activates pro‐-MMP-8, and -13. Achong et al. (2003) demonstrated that during the remodeling and healing phases of a periodontal lesion, MMP-14 with activated MMP-2 at the cell membrane may allow cell migration and the restructuring of the ECM. 

      Type I and type II diabetes mellitus (DM) have been associated with unusual periodontal diseases modified by the systemic condition. It may also be interesting to note that severe periodontitis in diabetics is associated with a greater risk of renal, cardiovascular and infectious complications (Thorstensson et al., 1996).  Research has been done on the susceptibility to infections and compromised wound healing among patients with DM (Rayfield et al., 1982; Terranova A, 1991).  DM does not cause periodontitis itself, but it is particularly associated with a higher prevalence of periodontal disease, especially concerning the degree of metabolic control (Grossi & Genco, 1998; Kinane & Chestnutt, 1997). Previous studies showed that impaired polymorphonuclear leukocyte(PMN) functions were linked to periodontitis and diabetes, as the chemotactic response of PMN cells was mostly compromised in diabetic subjects with periodontitis compared to diabetic patients with mild periodontitis or healthy subjects with either mild or severe periodontitis (Bissada et al., 1982). 

      In inflammatory response, the roles and interactions of stromelysins and membrane type are not clear.  The relative contribution of MMP-3 of stromelysin type and MMP-14 of membrane type in the pathogenesis of periodontitis is still not entirely established. Moreover non of the in vivo studies simultaneously analysed each MMP-3 of stromelysin type and MMP-14 of membrane type and it's interrelationship for the diabetic and nondiabetic patients with chronic periodontitis.  The purposes of this study were to observe influence of diabetes mellitus on the expression of MMP-3 of stromelysin type and MMP-14 of membrane type in the gingival tissues of patients with type 2 diabetes mellitus and healthy adults with chronic periodontitis. 

    

    

  
    
      MATERIALS AND METHODS
      
        1. Study population and tissue sampling
        Study population consisted of 8 patients with type 2 diabetes and chronic periodontitis, 8 patients with chronic periodontitis, and 8 healthy individuals. Marginal gingival tissue samples were obtained by internal bevel incision at the time of periodontal surgery (including surgical crown lengthening) or tooth extraction and informed consent was obtained from all of  the participants before the surgery. 

        Clinical criteria of gingiva (Sulcus bleeding index value (Muhlemann & Son, 1971), probing depths) and radiographic evidences of bone resorption, each gingival sample was divided into the three groups. Group 1 (normal, n=8) is clinically healthy gingiva without bleeding and no evidence of bone resorption or periodontal pockets, obtained from systemically healthy 8 patients. Group 2 (chronic periodontitis, n=8) is inflamed gingiva from patients with chronic periodontitis. The diagnosis of chronic periodontitis was established on the basis of clinical and radiographic criteria (bone resorption) according to the classification system for periodontal disease and condition (Amitage GC, 1999).  All patients of group 2 were systemically healthy and had more than one periodontal pockets ≥5 mm and at least one pocket with ≥4mm loss of attachment.  All gingival samples were obtained from the teeth with probing depth ≥5 mm, swelling of the marginal gingiva, and bleeding corresponding to gingival sulcus bleeding indexes 3 according to Mühlman and Son (1971). Group 3 (chronic periodontitis & type 2 DM, n=8) is inflamed gingiva from patients with chronic periodontitis associated with type 2 diabetes. Patients in group 2 & 3 have similar periodontal condition, but patients in group 2 were systemically healthy and patients in group 3 had type 2 diabetes with treatment.  Patients in group 3 were diagnosed type 2 diabetes mellitus since 6 months and showed above 200 mg/dl blood glucose level in postprandial 2 hours. Gingival sample were obtained by similar way described above. 

        Following surgery, excised tissue specimens were immediately placed on liquid nitrogen and subsequently frozen (-70℃). 

      

      
        2. Protein isolation and Western blotting
        For Western blotting, as previously described technique by Park et al. (2006) frozen tissues were homogenized in RIPA lysis buffer (10 mM EDTA, 0.15M NaCl) with 1:30 diluted protease inhibitor cocktail (Roche, Germany) according to Cho's method (Cho et al., 2000). The lysates were sonicated 3 times for 10 seconds and centrifuge at 12,000g for 15 minutes. Protein concentrations of supernant were routinely determined by a Braford protein asssay (Quick Start, BIO-RAD, USA) using BSA as standard. 

        Lysates were boiled in SDS samples buffer (1M Tris-Cl (pH6.8), 40% glycerol, 8% SDS, 2% mercapto-ethanol, 0.002% Bromophenole blue). Prepared samples were separated by 15 % sodium dodecyl sulfate (SDS)- polyacrylamide gels and transferred to a polyvinylidene difluride membrane. 

        The membranes were subsequently blocked in Trisbuffered saline (TBS) containing 5% powdered milk and 1% BSA for 1 hour, and then incubated with polyclonal anti-MMP-3, and anti-MMP-14 (Prepared in rabbit, diluted 1: 1,000 and 1: 2,000 in TBS, respectively, Sigma-Aldrich, Inc. USA) antibody for 1.5 hours at room temperature.

        The membranes were washed (five times for 5 minutes with Tween 20) and incubated with a horseradish peroxidase(HRP)-conjugated goat anti-rabbit secondary antibody for anti-MMP-3 and anti-MMP-14 (diluted 1: 2,000 in TBS) antibody for 1 hour at room temperature.  After additional washing (five times for 5 minutes with Tween 20), the Western blot procedure was completed with an ECL Plus development kit (Amsterdam, Beckinghamshire, U.K.)

        The quantification analysis of MMP-3 and MMP-14 expression was performed using a densitometer (Scion Image β 4.02, Scion Corporation, USA). After normalization to β-actin (Abcam® U.K.) in each sample, level of MMP-3 and MMP-14 were expressed as a ratio of MMP-3 or MMP-14/β-actin and the differences of density between 3 groups were determined. 

      

      
        3. Statistical analysis of the Western blot results
        All data were presented as means ± standard deviation and results were statistically analyzed. The MMP-3 and MMP-14 levels among each 3 groups were compared using one way ANOVA followed by Tukey test. P value < 0.05 was considered to statistically significant. 

      

    

    

  
    
      RESULTS
      Both chronic periodontitis group & chronic periodontitis with type 2 DM group showed the expression of MMP-3 and MMP-14 in all samples. To compare MMP-3 expression levels in human gingiva with chronic periodontitis with or without associated to Type 2 diabetes mellitus, MMP-3 specific antibodies were used to detect the cytokine in the tissues (Fig. 1A, B). Representative Western blot data were presented in Fig. 1A which detected about 59kDa molecular weight of MMP-3 in all three groups. The expression levels of β-actin were also measured by anti-β-actin specific western blot analysis. In order to quantify the level of MMP-3 expression in the groups, the expression levels of MMP-3 in each sample were measured by densitometer. Then MMP-3 expression levels were normalized by β-actin (ratio of MMP-3/β-actin). The levels of gingival normalized MMP-3 expression were summarized as a graph in Fig. 1B. 

      
        
        

        Fig. 1A. 
				
        

        
          MMP-3 Western analysis showing 4 representative samples in each group. MMP-3 corresponding to molecular weight 59kDa was shown to be expressed in all samples including healthy gingiva. The expression levels of MMP-3 were increased in order of group 1, group 2, group 3. In order to quantify detected MMP-3, β-actin levels were also measured. 
          Group 1 : healthy gingiva from systemically healthy person 

          Group 2 : inflammed gingiva from patient with chronic periodontitis

          Group 3 : inflammed gingiva from patient with chronic periodontitis and type DM

        
        

        

      

      
        
        

        Fig. 1B. 
				
        

        
          Graphics showing the average amounts (Ratio of MMP-3/β-actin) and standard deviation of MMP-3 in group 1, 2 and 3. In the inflammed gingiva with diabetes (group 3), MMP-3 seemed to be increased compared to group 1 and group 2. 
          Group 1 : healthy gingiva from systemically healthy person

          Group 2 : inflammed gingiva from patient with chronic periodontitis

          Group 3 : inflammed gingiva from patient with chronic periodontitis and type 2 DM

          + significant difference between group 1 and group 3 (P<0.05)

          * significant difference between group 2 and group 3 (P<0.05)

        
        

        

      

      The mean amount of MMP-3 expression (ratio of MMP-3/β-actin) were 0.545±0.177 in group 1, 0.617 ±0.117 in group 2 and 0.934±0.166 in group 3.  There was no significant difference between group 1 and group 2, but the differences between group 1 and group 3 and between group 2 and group 3 were statistically significant (p<0.05). 

      The comparison of MMP-14 expression levels were also studied by Western blot analysis using MMP-14 specific antibody which detected about 63kDa molecular weight of MMP-14 in all three groups (Fig. 2A). The levels of MMP-14 expression were also quantified with β-actin normalization (Fig. 2B). The mean amounts of MMP-14 expression (ratio of MMP-14 /β-actin) were 0.582±0.178 in group 1, 0.637±0.123 in group 2 and 1.060±0.217 in group 3. There was no significant difference between group 1 and group 2, but the differences between group 1 and group 3 and between group 2 and group 3 were statistically significant (p<0.05). 

      
        
        

        Fig. 2A. 
				
        

        
          MMP-14 Western analysis showing 4 representative samples in each group. MMP-14 corresponding to molecular weight 63kDa was shown to be expressed in all samples including healthy gingiva and the expression levels of MMP-14 were increased in order of group 1, group 2, group 3.  In order to quantify detected MMP-14, β-actin levels were also measured. 
          Group 1 : healthy gingiva from systemically healthy person

          Group 2 : inflammed gingiva from patient with chronic periodontitis

          Group 3 : inflammed gingiva from patient with chronic periodontitis and type DM

        
        

        

      

      
        
        

        Fig. 2B. 
				
        

        
          Graphics showing the average amounts (Ratio of MMP-14/β-actin) and standard deviation of MMP-14 in group 1, 2 and 3. In the inflammed gingiva with diabetes (group 3), MMP-14 seemed to be increased compared to group 1 and group 2. 
          Group 1 : healthy gingiva from systemically healthy person

          Group 2 : inflammed gingiva from patient with chronic periodontitis

          Group 3 : inflammed gingiva from patient with chronic periodontitis and type 2 DM

          + significant difference between group 1 and group 3 (P<0.05)

          * significant difference between group 2 and group 3 (P<0.05)

        
        

        

      

      In the interrelationship of MMP-3 and MMP-14 expressions, expressions of MMP-3 and MMP-14 showed increasing tendency in chronic periodontitis associated to type 2 DM and it seems that the MMP-14 expressions were increasing in proportion to MMP-3 expressions. 

    

    

  
    
      DISCUSSION
      Numerous studies have demonstrated the association of diabetes with periodontal diseases in human subjects.  Also, periodontal disease progresses more rapidly and leads to more tooth loss in pooly controlled patients (Portik-Dobos et al., 2002; Uemura et al., 2001).  Various pathogenetic factors have been suggested to explain the increased prevalence and severity of periodontitis in diabetes (Emrich et al., 1991; Taylor et al., 1998). 

      Collagen, as the central component in wound healing, represents the quantitatively most frequent protein of the body and the most important scleroprotein of the gingiva (Chavrier et al., 1984). MMPs are involved in a number of physiological events, including tissue remodeling, and pathological processes such as periodontal disease. MMPs are the major players in collagen breakdown during periodontal tissue destruction (Van der Zee et al., 1996). 

      The purpose of this study was to quantify and compare the expression of MMP-3 of stromelysin type and MMP-14 of membrane type in the gingival tissue of the patients with chronic periodontitis associated to type 2 DM, in order to understand the contribution of these proteins to periodontal destruction in type 2 diabetic patients, especially MMP-mediated host response in type 2 diabetic patients. 

      In this study, MMP-3 and MMP-14 expressions were similar in normal tissue and inflamed tissue from systemically health patients. It is likely that this finding was caused by various degrees of inflammation in obtained tissue samples. 

      Until now, few studies reports on the expression tendency of MMP-3 of stromelysin type in periodontitis patient associated to type 2 DM. In this study MMP-3 corresponding to molecular weight 59 kDa was expressed in most samples. The quantitative analysis of MMP-3 level showed that MMP-3 expression was rather increased in inflamed gingiva associated to type 2 DM compared to healthy gingiva and inflamed gingiva of systemically healthy patient. And the difference was statistically significant. This result indicates MMP-3 reveals different response tendency in disease progression in type 2 DM patient and plays role in part in increased inflammatory response of patient with this systemic disease. 

      Diabetes is characterized by hyperglycemia. Prolonged exposure to hyperglycemia is the primary factor responsible for the development of diabetic complications (Brownlee M, 1992; Brownlee M, 1994; The Diabetes Control and Complications Trial Research Group, 1993). The common biochemical basis is hyperglycemia-mediated formation of non-enzymatic advanced glycation end products (AGEs) (Brownlee & Cerami, 1981). Glucosemediated AGE accumulation would affect migration and phagocytic activity of mononuclear and polymorphonuclear phagocytic cells, resulting in the establishment of a more pathogenic subgingival flora. This, in turn, triggers both an "infection-mediated" pathway of cytokine upregulation, especially with secretion of TNF-α and IL-1 (Sara et al., 1998). In gingival fibroblasts, Wassenaar et al. & Tewari et al. demonstrated that MMP-3 expression is stimulated by TNF-α and IL-1 (Tewari etal., 1994; Wassenaar et al., 1999). 

      Adult periodontitis crevicular fluid contains elevated levels of neutrophil-derived cathepsin G (Tervahartiala et al., 1996) and elastase (Ingman et al., 1994). They are able to activate pro-MMP-3 (Jenne DE, 1994; .  Okada & Nakanishi, 1989). It is therefore proposed that they activate gingival fibroblast-derived pro-MMP-3 in GCF. Pro-MMP-8 and pro-MMP-9 are also released from activated, degranulating neutrophils (Weiss SJ, 1989). Active MMP-3 then cleaves off the 10-kDa activation peptide blocking the active site zinc in pro-MMP-8 and pro-MMP-9. This would guarantee co-ordinated activation of pro-collagenase-8(MMP-8) and pro-gelatinase B (MMP-9), which exert consecutive actions upon degradation of type I collagen and gelatin, respectively (Beklen et al., 2006). 

      The amounts of MMP-14 expression was higher in chronic periodontitis with type 2 DM compared to chronic periodontitis group of systemic healthy person and healthy gingiva from systemically healthy person.  And there was statistically significant difference. 

      Fibroblasts may be a major contributor to the elevated levels of MMPs seen on chronic wounds.  Subepithelial fibroblasts in inflamed gingiva are the main cells that produced MMP-14 (Trengove et al., 1999). As previously demonstrated, hyperglycemia in diabetic condition is able to induce various cytokine upregulation. These cytokine may stimulate gingival fibroblasts. But it was impossible to figure out the exact signaling mechanism, so further to examine inflammatory response of MMP-14 of membrane type and other mediator in gingival tissue needed. 

      Ohuchi et al. (1997) demonstrated that MMP-14 is an extracellular matrix degrading enzyme sharing the substrate specificity with interstitial collagenases and may have a dual role in pericellular ECM degradation through direct cleavage of the substrates and activation of pro-MMP-2 under the pathological conditions.  Moreover, MMP-14, expressed either in the basal cells of sulcular epithelium or in adjacent gingival connective tissue, may serve as procollagenase (MMP-13) activator (Kuauper et al., 1996; Von Bredow et al., 1998). 

      In interrelationship between MMP-3 and MMP-14, it is known that pro-MMP-3 and MMP-3 stimulates plasminogen activation by tissue-type and urokinase-type plasminogen activator, respectively (Arza et al., 2000; Ugwu et al., 1998). Plasminogen is converted into the active enzyme plasmin by plasminogen activator following cleavage of the Arg561-Val562 peptide bond (Robbins et al., 1967). Accodingly, plasmin activates the precursor of MMP-14 (Okumura et al., 1997) and activates pro-MMP-2 with a MMP-14-dependent mechanism (Monea et al., 2002). As previously demonstrated, hyperglycemia increase glucose-mediated AGE accumulation in diabetic condition and AGE may induce MMP-3 expression in gingival fibroblasts by a cytokine upregulation. Therefore, it is assumed that MMP-3 may stimulates MMP-14 activity by plasmin in diabetes. In this study, expressions of MMP-3 and MMP-14 showed increasing tendency in chronic periodontitis associated to type 2 DM and it seems that the MMP-14 expressions were increasing in proportion to MMP-3 expressions. It is suggested that MMP-3 may be related to MMP-14 activity in chronic periodontitis associated with type 2 DM. But, it is also considered that other cytokines or other tissue degradation enzymes are involved complexly in MMP-14 expression. 

      In conclusion, this study demonstrated that MMP-3 of stromelysin type and MMP-14 of membrane type expression levels in human gingival tissue were similar healthy and inflamed tissue from systemically health patients. And tissue with chronic periodontitis associated to type 2 DM showed significantly increased MMP-3 and MMP-14 levels compared to healthy gingiva and non-diabetic inflamed gingiva. Also, interrelationship between MMP-3 and MMP-14, MMP-3 may be related to MMP-14 activity in chronic periodontitis associated with type 2 DM. It is suggested that MMP-3 and MMP-14 may be partly involved in the progression of periodontal inflammation associated with type 2 DM, as related to a metabolism of other factors, such as AGE, plasmin and other MMPs. 

      The dental implants can occur the periimplantitis in the same manner as natural teeth and bone graft material could be related to the inflammatory response. Thus, it is considered to be necessary to select the material which can show the least inflammatory response possible when it confronts the expression of MMP-3 and MMP-14. 

      Finally, it seemed that more studies are needed to investigate the effect and interrelationship between MMPs and other cytokines that affect the progression of periodontal disease at a higher level and these studies seems to be able to contribute to the development of disease diagnosis methods and treatment modality. 

    

    

  
    
      CONCLUSION
      The purposes of this study were to observe influence of DM on the expression of MMP-3 of stromelysin type and MMP-14 of membrane type in the gingival tissues of patients with type 2 diabetes mellitus (DM) and healthy adults with chronic periodontitis. 

      Gingival tissue samples were obtained during periodontal surgery or tooth extraction. According to the patient's systemic condition & clinical criteria of gingiva, each gingival sample was devided into three groups. Group 1 is clinically healthy gingiva without bleeding and no evidence of bone resorption or periodontal pockets, obtained from systemically healthy 8 patients. Group 2 is inflammed gingiva from patients with chronic periodontitis. Group 3 is inflammed gingiva from patients with chronic periodontitis associated with type 2 DM. Tissue samples were prepared and analyzed by Western blotting. The quantification of MMP-3 and MMP-14 were performed using a densitometer and statistically analyzed by one-way ANOVA followed by Tukey test. 

      In the analysis of expression levels, MMP-3 and MMP-14 expressions were similar in group 1 and 2.  And mean amount of MMP-3 and MMP-14 was more increased in group 3 than group 1, 2. The difference between group 3 and group 1, 2 was statistically significant. Also, in the interrelationship of MMP-3 and MMP-14 expressions, expressions of MMP-3 and MMP-14 showed increasing tendency in chronic periodontitis associated to type 2 DM and it seems that the MMP-14 expressions were increasing in proportion to MMP-3 expressions. 

      In conclusion, this study demonstrated that MMP-3 of stromelysin type and MMP-14 of membrane type expression levels in human gingival tissue were similar healthy and inflamed tissue from systemically health patients. And tissue with chronic periodontitis associated to type 2 DM showed significantly increased MMP-3 and MMP-14 levels compared to healthy gingiva and non-diabetic inflamed gingiva. Also, interrelationship between MMP-3 and MMP-14, MMP-3 may be related to MMP-14 activity in chronic periodontitis associated with type 2 DM. It is suggested that MMP-3 and MMP-14 may be partly involved in the progression of periodontal inflammation associated with type 2 DM, as related to a metabolism of other factors, such as AGE, plasmin and other MMPs. Therefore, the expression levels of MMP-3 and MMP-14 will be inflammatory markers of periodontal inflammed tissue with type 2 DM. 
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