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 Matrix metalloproteinase 8 (MMP8) gene polymorphisms inchronic periodontitis
 L. Izakovicova Holla a,b,*, B. Hrdlickova b, J. Vokurka a, A. Fassmann a
 aClinic of Stomatology, Faculty of Medicine, Masaryk University Brno and St. Anne’s University Hospital Brno, Czech RepublicbDepartment of Pathophysiology, Faculty of Medicine, Masaryk University, Kamenice 5/UKB, Pav. A18, 625 00 Brno, Czech Republic
 1. Introduction
 Periodontitis is an inflammatory disease characterised by loss
 of the connective tissue and alveolar bone. It is widely
 regarded as one of the most common diseases worldwide,
 with a prevalence of 15–20%.1 Although pathogenic microbes
 play an important role in the aetiology of periodontitis, the
 onset and progression of the disease is caused by a combina-
 tion of environmental and host-derived factors.2,3
 Periodontal health requires a balance between tissue
 destruction enzymes, such as matrix metalloproteinases
 a r c h i v e s o f o r a l b i o l o g y 5 7 ( 2 0 1 2 ) 1 8 8 – 1 9 6
 a r t i c l e i n f o
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 a b s t r a c t
 Objective: Previous studies have suggested that some functional polymorphisms in the
 matrix metalloproteinase (MMPs) genes are associated with the risk of periodontal disease.
 However, to date no study has investigated MMP8 gene variants in relation to chronic
 periodontitis (CP). The aim of this study was to analyse polymorphisms in the MMP8 gene
 and their associations with microbial composition and clinical manifestation of CP.
 Design: A total of 619 unrelated Czech subjects were included in the present study. Two
 polymorphisms [�799C/T (rs11225395) and +17C/G (rs2155052)] in the MMP8 gene were
 studied in 341 patients with CP and 278 unrelated non-periodontitis controls. Both poly-
 morphisms were detected using the polymerase chain reaction–restriction fragment length
 polymorphism (PCR–RFLP) methods. Subgingival bacterial colonisation (occurrence of bac-
 teria in subgingival pockets and gingival sulci) was investigated by a commercial semi-
 quantitative kit in selected subjects (N = 169).
 Results: Our results showed no differences in the allele and genotype frequencies of the
 MMP8 �799C/T and +17C/G polymorphisms between patients with CP and controls
 ( p > 0.05). Nevertheless, the haplotype T(�799)/C(+17) was significantly more frequent in
 patients with CP than in controls [43.7% vs. 37.6%, p < 0.05, OR = 1.273 (95% CI: 1.013–1.601)].
 Despite significant differences determined in the occurrence of periodontal bacteria be-
 tween patients with CP and non-periodontitis controls (from p < 0.000001 to p < 0.05), no
 significant relationships between periodontal pathogens, MMP8 polymorphisms and CP
 were found ( p > 0.05).
 Conclusions: Although none of the investigated SNPs in the MMP8 gene was individually
 associated with periodontitis, specific haplotype showed association with clinical manifes-
 tation of chronic periodontitis in a Czech population.
 # 2011 Elsevier Ltd. All rights reserved.
 * Corresponding author at: Department of Pathophysiology, and Clinic of Stomatology, Medical Faculty, Masaryk University, Kamenice 5/UKB, Pav. A18, 625 00 Brno, Czech Republic. Tel.: +420 549494229; fax: +420 549494340x2330.
 E-mail address: [email protected] (L. Izakovicova Holla).
 Available online at www.sciencedirect.com
 journal homepage: http://www.elsevier.com/locate/aob
 0003–9969/$ – see front matter # 2011 Elsevier Ltd. All rights reserved.doi:10.1016/j.archoralbio.2011.08.018
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 (MMPs), and their inhibitors. The MMPs are a family of
 proteolytic enzymes classically implicated in matrix remodel-
 ling. However, recent studies have revealed that a number of
 cytokines, chemokines and growth factors can be processed
 by MMPs.4,5 MMP8, also called neutrophil collagenase, is one of
 the major collagenolytic enzyme that can initiate the digestion
 of type I collagen, the most dominant interstitial collagen type
 in the periodontal tissues. It is released from leukocytes during
 chemotactic stimulation in vitro and in response to inflamma-
 tory conditions in vivo.6–8 In oral fluids, gingival crevicular fluid
 (GCF), and saliva, MMP8 levels are associated with the
 initiation and progression of periodontitis and reflects its
 severity.9–11 In contrast, a few of recent studies suggest that in
 addition to tissue destructive propreties4,9, MMP8 can also
 exert anti-inflammatory effects in the host defence by
 processing anti-inflammatory cytokines and chemokines7,12
 and may regulate wound healing.13
 Several common single nucleotide polymorphisms (SNPs)
 have been identified in the MMP8 gene, located on chromo-
 some 11.14 Three of them at position �799C/T (rs11225395),
 �381A/G (rs1320632) and +17C/G (rs2155052) from the major
 transcription start site (accession number AF059679) have
 been described to have putative functional significance.14
 Specifically, in vitro functional data in leucocyte cells suggest
 that the promoter construct containing minor variant alleles
 had decreased activity compared to a promoter construct with
 wild-type alleles.14 The minor alleles +17 (G) and �381 (G) were
 in complete linkage disequilibrium. However, the extent to
 which these MMP8 variants might affect serum MMP8
 concentration in vivo is not known. To date, no study has
 analysed allele, genotype or haplotype frequencies of MMP8
 polymorphisms in patients with periodontitis.
 We hypothesised a priori that MMP8 polymorphisms might
 modify the relative risk for the development of chronic
 periodontitis. On the basis of these findings, we evaluated
 two SNPs [�799C/T (rs11225395) and +17C/G (rs2155052)] in
 MMP8 gene in groups of non-periodontitis controls and
 periodontitis subjects with three major goals: (1) to determine
 MMP8 SNPs frequencies in the Czech population, (2) to
 investigate a possible association of selected variants and
 their combinations (i.e. haplotypes) with clinical manifesta-
 tion of CP (or disease severity), and (3) to determine whether
 the effect of MMP8 variants on clinical manifestation of CP can
 be modified by the presence of specific bacteria in subgingival
 pockets/gingival sulci.
 2. Materials and methods
 2.1. Subjects
 All subjects were Caucasians of exclusively Czech ethnicity
 from the region of Southern Moravia. Patients with chronic
 (N = 341) periodontitis were examined at the Clinic of
 Stomatology, St. Anne’s Faculty Hospital, Faculty of Medicine,
 Masaryk University, Brno from November 2002 to June 2008.
 They had at least 20 remaining teeth and were of good general
 health. Exclusion criteria were history of cardiovascular
 disorders (such as coronary artery diseases), diabetes mellitus,
 malignant diseases, immunodeficiency, current pregnancy or
 lactation. The control group consisted of 278 unrelated
 subjects who did not have clinical history of periodontal
 disease. Non-periodontitis controls were selected randomly
 during the same period as patients and matched for age,
 gender and smoking status. Similarly as patients, all controls
 were of good general health. Exclusion criteria were identical
 as in patients with periodontitis. These subjects were screened
 using a 0.5 mm ball tip WHO probe with black band markers at
 3.5, 5.5, 8.5 and 11.5 mm on all teeth in the oral cavity except of
 the third molars and the CPI (Community Periodontal Index)
 was assessed15 values of the CPI index in controls were lower
 than 3.
 Diagnosis of ‘‘non-periodontitis’’/periodontitis was based
 on detailed clinical examination, medical and dental history,
 tooth mobility and radiographic assessment. Probing depth
 (PD) and attachment loss (CAL) were collected by UNC-15
 periodontal probe from six sites (mesiobuccal, midbuccal,
 distobuccal, mesiopalatinal/lingual, midpalatinal/lingual and
 distopalatinal/lingual) on every tooth present. All patients
 with chronic periodontitis (CP) fulfilled the diagnostic criteria
 defined according to CAL levels by the International Workshop
 for a Classification of Periodontal Diseases and Conditions for
 Chronic Periodontitis.16 The loss of alveolar bone was
 determined radiographically. We used the index of Muhle-
 mann to evaluate decreases in alveolar bone level.17 Inclusion
 criteria for patients suffering from generalised chronic
 periodontitis were as follows: �30% of the teeth were affected,
 PD of �4 mm, and amount of CAL was consistent with the
 presence of mineralised plaque. Patients with aggressive
 periodontitis with age of disease onset <35 years, attachment
 loss of 4 mm or more in at least 30% of the teeth (at least three
 of the affected teeth were not first molars and incisors), and
 the severity of attachment loss inconsistent with the amount
 of mineralised plaque, were not included in this study. In order
 to adjust for the effect of smoking history on periodontal
 disease, the subjects (patients and controls) were classified
 into the following subgroups: subjects who never smoked
 (referred to as non-smokers) and subjects who were current
 smokers (referred to as smokers). Former smokers who quit
 smoking were excluded from the analysis of the relationship
 between MMP8 variants and smoking status.
 The study was performed with the approval of the
 Committees for Ethics of the Medical Faculty, Masaryk
 University Brno and St. Anne’s Faculty Hospital. Written
 informed consent was obtained from all participants, in line
 with the Helsinki declaration before inclusion in the study.
 2.2. Molecular assessment of periodontopathic bacteria
 Microbial samples were taken from the subgroups of randomly
 selected controls (N = 52) and patients with chronic periodontitis
 (N = 117) before root planning was done. Microbial samples were
 collected from the deepest pocket (sulcus in controls) of each
 quadrantbyinsertingasterilepaperpointintoabaseofthepocket
 for 20 s. Bacterial plaque samples from each individual were
 pooled in one tube. Detection of bacterial DNA was carried out
 using a commercial semiquantitative kit (VariOr1Dento kit,
 Protean, s.r.o., Ceske Budejovice, CR) according to the manufac-
 turer’s instruction. This test determined the individual pathogens
 semiquantitativelyasfollows: (�)undetected,whichcorresponds
 a r c h i v e s o f o r a l b i o l o g y 5 7 ( 2 0 1 2 ) 1 8 8 – 1 9 6 189
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 to the number of bacteria less than 103, (+) slightly positive
 correspondingtothenumberofbacteria103–104, (++)positive, this
 corresponds to the number of bacteria 104–105, and (+++) strongly
 positive, with the number of bacteria higher than 105.
 2.3. Genetic analyses
 DNA for genetic analysis was extracted from the peripheral
 blood leukocytes using standard phenol/chloroform proce-
 dures with proteinase K. Genotypes of the MMP8 were
 determined by restriction fragment length polymorphism
 analysis modified according to Wang et al.14 on the basis of the
 human MMP8 promoter sequence deposited in GenBank
 (accession no. AF059679). Primers, PCR conditions, and
 restriction enzymes used are listed in Table 1. The amplified
 products were separated by electrophoresis on a 1% (2%)
 agarose gel stained with ethidium bromide.
 2.4. Statistical analyses
 Comparisons were made between allelic and genotype
 frequencies in the patients and controls. The allele frequen-
 cies were calculated from the observed numbers of genotypes.
 The significance of differences in the allele frequencies
 amongst groups was determined by Fischer’s exact test. x2
 analysis was used to test for deviation of genotype distribution
 from Hardy–Weinberg equilibrium and for comparison of
 differences in genotype combinations amongst groups. Varia-
 tions in the quantity of subgingival bacteria corresponding to
 the particular genotypes were tested by x2 and/or Fisher’s exact
 test. Only the values of p less than 0.05 were considered
 significant. Where appropriate, the Bonferroni correction was
 used to adjust the level according to the number of independent
 comparisons to the overall value of 0.05. Adjusted p values for
 particular analyses are denoted as pcorr. Multiple logistic
 regression analysis was applied to investigate the interaction
 between smoking, MMP8 SNPs and periodontal pathogens.
 To examine the linkage disequilibrium (LD) between all
 SNPs, pairwise LD coefficients (D0) and haplotype frequencies
 were calculated using the SNPAnalyzer 2 program (http://
 snp.istech.info/istech/board/login_form.jsp). Contingency ta-
 ble analysis, odds ratio (OR), 95% confidence intervals and
 significance values were estimated with the use of the
 statistical software package Statistica ver. 9.0 (Statsoft Inc.,
 Tulsa, OK, USA) program package.
 3. Results
 The demographic, clinical and microbiological characteristics
 of 341 patients with CP and 278 control subjects are presented
 in Table 2. There were no significant differences in the mean
 Table 1 – Primers, PCR products, and restriction enzymes for the RFLPs.
 SNP Primers PCR product (bp)/enzyme Digested fragments/alleles
 �799C/T FW 50-CTGTTGAAGGCCTAGAGCTGCTGCTCC-30 968/Sfc I C: 894 bp + 74 bp
 REV 50-GATCTTCTCTTCAAACTCTACCC-30 T: 968 bp
 +17C/G FW 50-CCTTTTCCTCAACCAATTT-30 329/Dde I C: 250 bp + 79 bp
 REV 50-GATCTTCTCTTCAAACTCTACCC-30 T: 329 bp
 Table 2 – Demographic, clinical and microbiological data in patients with chronic (CP) periodontitis and non-periodontitiscontrols.
 Patients with CP Controls
 No. of subjects 341 278
 Mean age (yrs � SD) 42.1 � 8.8 43.2 � 9.3
 Age range (yrs) From 35 to 55 From 33 to 55
 Sex (M/F) 164/177 134/144
 % of smokers 30.0 28.0
 PD (mm; mean � SD) 5.2 � 1.7* 1.8 � 0.8
 CAL (mm; mean � SD) 5.9 � 2.3* 2.1 � 0.7
 Individual occurrence of periodontal bacteria in subgingival pockets N (%)a
 � + ++ +++ � + ++ +++
 F. nucleatum** 3 (2) 26 (22) 49 (42) 39 (33) 7 (14) 25 (48) 14 (27) 6 (11)
 A. actinomycetemcomitans 92 (79) 25 (21) 0 (0) 0 (0) 35 (67) 17 (33) 0 (0) 0 (0)
 P. gingivalis** 33 (28) 15 (13) 12 (10) 57 (49) 42 (81) 3 (6) 3 (6) 4 (8)
 T. forsythia** 12 (10) 47 (40) 30 (26) 28 (24) 25 (48) 16 (31) 7 (13) 4 (8)
 T. denticola* 34 (29) 81 (69) 2 (2) 0 (0) 28 (54) 24 (46) 0 (0) 0 (0)
 P. micros** 26 (22) 53 (45) 23 (20) 15 (13) 26 (50) 20 (38) 3 (6) 3 (6)
 P. intermedia** 37 (32) 31 (26) 21 (18) 28 (24) 26 (50) 20 (38) 4 (8) 2 (4)
 (�) Undetected, which corresponds to the number of bacteria less than 103, (+) slightly positive corresponding to the number of bacteria 103–
 104, (++) positive, this corresponds to the number of bacteria 104–105, and (+++) strongly positive, with the number of bacteria higher than 105.a Subgingival bacterial colonisation was investigated in subgroups of 117 patients with CP and 52 non-periodontitis controls.* pcorr � 0.05 CP compared to the control group.** pcorr � 0.01 CP compared to the control group.
 a r c h i v e s o f o r a l b i o l o g y 5 7 ( 2 0 1 2 ) 1 8 8 – 1 9 6190
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 age, percentage of smokers and ratio of males/females
 between subjects with periodontitis and controls. In contrast,
 PD and CAL values were significantly different between both
 groups.
 3.1. MMP8 allele and genotype frequencies
 The frequencies of MMP8 �799C/T and +17C/G genotypes in
 the non-periodontitis controls and periodontitis group were in
 accord with those expected by the Hardy–Weinberg equilibri-
 um ( p > 0.05). There were no significant differences in the
 allele and genotype frequencies between subjects with
 periodontitis and controls ( p = 0.06. and p = 0.28 for �799C/T
 and p = 0.38 and p = 0.094 for +17C/G variant, respectively,
 Table 3). In order to establish possible association between the
 severity of CP and MMP8 genotypes, comparisons were
 performed between mild/moderate (N = 146) and severe
 (N = 195) periodontitis. The subgroups did not differ statisti-
 cally significantly (Figs. 1 and 2). In addition, when the group of
 subjects was divided according to smoking status, no
 differences in the frequencies of alleles or genotypes of
 MMP8 variants were detected (Table 3).
 3.2. MMP8 haplotype frequencies
 In the single marker analyses, no polymorphism showed
 significant associations with chronic periodontitis. As haplo-
 type analyses may be of a higher informative value for
 drawing associations between phenotypes and genetic varia-
 tion than SNPs, we also assessed haplotype frequencies using
 the SNPAnalyzer 2 program.
 Of four haplotype combinations found (Table 4), only two
 had frequency higher than 10% because both variants in the
 MMP8 gene were in tight linkage disequilibrium with each
 other to various degrees (D0 = 0.97332 in controls and
 D0 = 0.76128 in patients with CP). We found significant
 differences in frequency of the T(�799)/C(+17) haplotype
 between patients with CP vs. control subjects ( p < 0.05,
 OR = 1.27, 95% CI: 1.01–1.60). Again, no difference was detected
 in haplotype frequencies between the subgroups of smokers
 and nonsmokers (Table 4).
 3.3. MMP8 polymorphisms and subgingival bacterialcolonisation
 Possible links between genetic variants of MMP8 and microbi-
 ological colonisation (occurrence of periodontal bacteria in
 subgingival pockets/gingival sulci, including Agregatibacter
 actinomycetemcomitans, Porphyromonas gingivalis, Prevotella inter-
 media, Tannerella forsythia, Treponema denticola, Peptostreptococ-
 cus micros, Fusobacterium nucleatum) were assessed in the
 subgroups of patients with periodontitis (N = 117) and controls
 (N = 52). We found significant differences in the frequency of
 detection (negative vs. positive test) of P. gingivalis (71.8% in
 periodontitis vs. 19.2% in controls, p < 0.05), T. forsythia (89.7%
 in periodontitis vs. 51.9% in controls, p < 0.05), P. micros (77.8%
 in periodontitis vs. 50.0% in controls, p < 0.05), T. denticola
 (70.9% in periodontitis vs. 46.2% in controls, p < 0.05), F.
 nucleatum (97.4% in periodontitis vs. 86.5% in controls, p < 0.05)
 and a marginal difference in the occurrence of P. intermedia
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 (68.4% in periodontitis vs. 50.0% in controls, p < 0.05,
 pcorr > 0.05) between patients with CP and non-periodontitis
 controls. However, no significant differences between both
 groups in the occurrence of A. actinomycetemcomitans (21.3%
 in periodontitis vs. 32.7% in controls, p > 0.05) were detected
 (Table 2). In contrast, no significant links between MMP8
 polymorphisms and any of the periodontal pathogens were
 observed in this study after correction for multiple compar-
 isons in the subgroup of subjects (Table 5). Further, no
 relationships between MMP8 variants and periodontal
 pathogens were found in patients with CP only (data no
 presented).
 Considering smoking, MMP8 SNPs and periodontal patho-
 gens, only the interaction of P. gingivalis and F. nucleatum
 significantly increased the odds ratio (OR) for the clinical
 manifestation of chronic periodontitis by the multiple logistic
 regression method (Table 6).
 4. Discussion
 An expanding body of evidence implicates the importance
 of the genetic factors in periodontal diseases.18 Some of
 previous studies have shown that besides variants in
 proinflammatory cytokines (e.g. IL-1, IL-6, and IL-10),
 vitamin D receptor and CD14, also polymorphisms in some
 MMP (e.g. MMP1, MMP3 and MMP9) genes may play a role in
 susceptibility to and severity of periodontitis.3 To our
 knowledge this work represents the first study assessing
 the association between polymorphisms in the MMP8 gene
 and periodontitis. Results of the present study revealed that
 in the total population none of the two investigated SNPs in
 the MMP8 gene could be individually associated with
 susceptibility to periodontitis. On the other hand, when
 both variants were analysed as haplotypes, significant
 Fig. 1 – MMP8 S799C/T genotypes in patients with mild/moderate and severe CP.
 Fig. 2 – MMP8 +17C/G genotypes in patients with mild/moderate and severe CP.
 a r c h i v e s o f o r a l b i o l o g y 5 7 ( 2 0 1 2 ) 1 8 8 – 1 9 6192
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 association with CP was found. It is in agreement with the
 results of previous studies that reported lower association
 when one SNP was analysed individually and increased
 association when linked SNPs were analysed as haplotypes,
 e.g. SNPs in the vitamin D receptor, IL-10, IL-6 or TLR-9
 genes.19–23
 MMP8 is one of the key mediators of the irreversible
 tissue destruction in periodontitis.4,6 It is expressed in
 periodontium, and has been reported to be upregulated in
 the tissues of individuals with inflammation and periodon-
 titis.24–26 Neutrophils that are major cellular sources of
 MMP8 are also present in an increased concentration in
 periodontal tissues in patients with periodontitis.4 Further-
 more, bacterial proteinases present in microbial plaque can
 activate production of MMP8 by neutrophils.4 In addition,
 MMP8 expression by several non-polymorphonuclear-line-
 age cells found in the periodontium can be induced by pro-
 inflammatory cytokines such as interleukine-1 (IL-1) and
 tumour necrosis factor-alpha (TNF-a).27 A significant corre-
 lation between increased MMP8 levels and periodontal
 disease severity has been suggested.28,29 However, in our
 study no significant association between MMP8 variants and
 severity of CP was found. MMP8 activity has been also found
 to be modified in various organs and body fluids in tobacco
 Table 4 – Results of the haplotype frequency estimation for the all subgroups.
 Haplotypes Controls CP patients p-Values OR (95% CI)
 �799C/T +17C/G (n = 278) (n = 341)
 C C 0.543 0.488 0.069 0.812 (0.649–1.016)
 T C 0.376 0.437 0.038 1.273 (1.013–1.601)
 T G 0.081 0.066 0.423 0.840 (0.549–1.286)
 C G 0.000 0.009 a a
 Haplotypes Non-smokercontrols
 Non-smokerCP patients
 p-Values OR (95% CI)
 �799C/T +17C/G (n = 178) (n = 215)
 C C 0.542 0.482 0.103 0.791 (0.597–1.049)
 T C 0.371 0.441 0.051 1.331 (0.999–1.774)
 T G 0.087 0.073 0.516 0.843 (0.504–1.411)
 C G 0.000 0.003 a a
 Haplotypes Smokercontrols
 Smoker CPpatients
 p-Values OR (95% CI)
 �799C/T +17C/G (n = 68)b (n = 94)b
 C C 0.529 0.530 0.996 1.001 (0.641–1.563)
 T C 0.382 0.400 0.726 1.085 (0.687–1.715)
 T G 0.088 0.046 0.216 0.578 (0.242–1.379)
 C G 0.000 0.024 a a
 OR, odds ratio, CI, confidence interval.
 Values presented in bold are statistically significant values.a Non-applicable (small numbers).b 32 controls and 32 patients with CP (former smokers) were not included in the analysis of relationship between MMP8 haplotypes and
 smoking status.
 Table 5 – Association of the individual MMP8 genotype distributions and the occurrence of periodontal pathogens insubgroup of subjects (N = 169).
 MMP8 �799C/T F.n. (%) A.a. (%) P.g. (%) T.f. (%) T.d. (%) P.m. (%) P.i. (%)
 CC (N = 39) 94.9 12.8 59.0 84.6 59.0 82.1 76.9
 CT (N = 85) 92.9 30.6 57.6 77.6 63.5 68.2 61.2
 TT (N = 45) 95.6 24.4 48.9 73.3 66.7 60.0 53.3
 p ( pcorr) 0.81 0.10 0.56 0.45 0.77 0.09 0.08
 Odds ratio (95% CI)a 1.48 (0.30–7.26) 0.97 (0.44–2.14) 0.69 (0.35–1.37) 0.69 (0.31–1.53) 1.22 (0.60–2.50) 0.57 (0.28–1.16) 0.59 (0.29–1.17)
 MMP8 +17C/G F.n. (%) A.a. (%) P.g. (%) T.f. (%) T.d. (%) P.m. (%) P.i. (%)
 CC (N = 144) 95.8 22.9 57.6 80.6 63.9 71.5 66.0
 CG + GG (N = 25) 84.0 36.0 44.0 64.0 60.0 56.0 44.0
 p ( pcorr) 0.04 (>0.05) 0.13 0.14 0.06 0.44 0.09 0.03 (>0.05)
 Odds ratio (95% CI) 4.38 (1.14–16.83) 0.53 (0.21–1.31) 1.73 (0.74–4.08) 2.33 (0.93–5.82) 1.18 (0.49–2.81) 1.97 (0.83–4.71) 2.47 (1.04–5.84)
 CI, confidence interval; pcorr, p level corrected for multiple comparisons (Bonferroni method).
 F.n., F. nucleatum; A.a., A. actinomycetemcomitans; P.g., P. gingivalis; T.f., T. forsythia; T.d., T. denticola; P.m., P. micros; P.i., P. intermedia.a Odds ratio calculated for MMP8 �799 TT vs. CC + CT genotypes.
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 smokers.30,31 No relationship between smoking and vari-
 ability of the MMP8 gene was observed in this study. We
 could not compare our results with other results as there is
 no other study determining the association between MMP8
 polymorphisms and periodontitis to date. So far, only
 several authors have investigated the role of MMP8 poly-
 morphisms in human diseases, such as lung cancer and
 bladder cancer risk, the risk of hepatocellular carcinoma,
 breast cancer prognosis, obstetrical outcomes, bronchiecta-
 sis and extent of coronary atherosclerosis in patients with
 coronary artery disease.14,32–37
 Although isolated SNPs showed no significant associations
 with chronic periodontitis in single-locus analyses, we identi-
 fied association of the specific MMP8 haplotype [�799T/+17C]
 with CP. However, how haplotypes formed by these polymor-
 phisms might be related to a potentially increased risk of
 periodontitis remains unclear because functional experiments
 were not performed in this study. The experiments by Decock
 and colleagues previously showed that the T allele at position
 �799 had approximately 1.8-fold higher promoter activity than
 the C allele in MDA-MB-231 breast cancer cells.35 It is in
 agreement with findings of Wang et al.14 who observed that a
 promoter construct containing minor variant alleles (�799T/
 �381G/+17G) had 2–3-fold increased activity compared to a
 promoter construct with wild-type alleles in the three chorion-
 like cytotrophoblast cells.14 However, in U937 leukocytes and
 THP-1 monocyte/macrophage cells, the minor allele promoter
 had ffi34% of the activity of the major allele promoter.14
 This study addressed the issue of the possible relationship
 between the two MMP8 variants and the presence or the
 absence of the periodontal microorganisms in periodontal
 pockets of selected subjects. Both patients and controls were
 randomly chosen to avoid selection bias. The higher amount of
 periodontal bacteria in patients with CP than controls is in
 agreement with earlier studies.38,39 However, we did not find
 any significant relationship amongst microorganisms and
 MMP8 gene polymorphisms although bacteria appeared to
 induce a host response, with increased release of MMP8 in
 periodontal pockets.40 Periodontal pathogens T. denticola, A.
 actinomycetemcomitans, P. gingivalis and F. nucleatum were shown
 to induce the production, release and activation of MMP8 in
 human neutrophils41–43 and P. intermedia could upregulate
 MMP8 expression and activate the enzyme in human periodon-
 tal ligament cells.44 Our negative findings of relationship
 between periodontal pathogens and MMP8 variants can be
 thus given by small numbers of patients and non-periodontitis
 subjects in whom subgingival microflora was analysed.
 There are some other limitations to this study that need to
 be considered. The case-control approach used is generally
 vulnerable to population stratification. The present sample,
 however, is exclusively of Czech Caucasian origin, restricted to
 a limited geographical area. In addition, we do not know the
 functional consequences of the polymorphisms of this gene
 (and their haplotypes) in periodontitis. In contrast, our
 findings suggesting a possible important role of MMP8 gene
 variants in periodontitis susceptibility are in agreement with
 several animal and human studies. Recent generation of
 MMP8 deficient mice has confirmed the concept of MMP8 as a
 central mediator in chronic infection-induced inflammatory
 conditions, such as periodontitis.10 In addition, the elevated
 MMP8 associated with periodontal tissue destruction is
 sensitive to inhibition and reduction by subantimicrobial
 dose doxycycline medication.45 Usefulness of oral fluid (GCF,
 mouthrinse and salivary) MMP8 chair-side analysis as adjunc-
 tive biomarker in periodontits has been recently discussed and
 recommended.45–47
 In conclusion, our data suggest that the MMP8 haplotype
 T(�799)/C(+17) can slightly but significantly increase the
 susceptibility to this disease in the Czech population.
 However, these novel findings require further research in
 larger and functional studies.
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 Table 6 – Forward stepwise multiple logistic regression analysis of interaction amongst smoking, MMP8 gene variantsand occurrence of periodontal pathogens.
 Significant variables Regression coefficient SE P-Value Odds ratio 95% CI
 Lower Upper
 Variables included in the model
 P. gingivalis 0.393 0.072 <0.0001 1.48 1.286 1.706
 F. nucleatum 0.239 0.072 0.001 1.27 1.103 1.463
 Variables excluded from the model
 A. actinomycetemcomitans 0.119
 Smoking 0.163
 MMP8 �799C/T 0.339
 T. forsythia 0.393
 T. denticola 0.472
 P. intermedia 0.527
 MMP8 +17C/G 0.572
 P. micros 0.694
 CI, confidence interval; SE, standard error. Values presented in bold are statistically significant values.
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