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ABSTRACT 
Objective: To evaluate the association of MMP-9 promoter gene polymorphism in generalized chronic 
periodontitis patients of an Indian population. Material and Methods: Eighty patients were selected and 
divided into case and control groups (n=40). Patients included were aged 15-60 years of both genders and 
diagnosed with chronic periodontitis. Peripheral venous blood samples were obtained, and genomic DNA 
was isolated by a 'salting out' method. Three possible genotypes were distinguished by three distinct 
banding patterns, depending on the presence or absence of the Sph I restriction site: CC as allele 1, TT as 
allele 2, and CT, respectively. Statistical analysis was carried out by applying the Chi-squared test and One-
way ANOVA. Results: There was a significant difference in MMP-9 genotypes between Chronic 
periodontitis patients and healthy controls. Odds ratios for CT genotype and combination of CT and TT 
genotypes were 3.125 (95% confidence interval, p=0.028) and 3.667 (95% confidence interval, p=0.006) 
relative to subjects with CC genotype, respectively. Conclusion: The present study revealed an association 
of MMP-9 (-1562 C/T) gene polymorphism with generalised chronic periodontitis. 
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Introduction 

Periodontal diseases contribute significantly to the global burden of oral diseases. They are initiated 

by microbial plaque, which accumulates in the gingival crevice region and induces an inflammatory response. 

The primary inflammation, i.e., gingivitis, may progress in specific susceptible individuals to the chronic 

destructive inflammatory condition termed periodontitis. The bone and other tooth-supporting tissues are 

destroyed, and the changes are irreversible [1-3]. 

The periodontal disease process appears to be modified by genetic factors, environmental factors, and 

acquired conditions [4]. While microbial and other environmental factors are believed to initiate disease, there 

is strong supporting evidence that genes play a role in the predisposition and progression of periodontal 

diseases [5-7]. 

Genetic variation, a relatively recent focus in periodontology, has been to quantify genetic risk and 

identify specific gene variants that determine disease susceptibility [8]. Knowledge of genetic markers could 

enable clinicians to direct environmentally based prevention and provide new treatment strategies to 

individuals who are more susceptible to disease [9]. Chronic periodontitis appears to be genetically complex. 

Therefore, studies have focused on evaluating several genetic variants (polymorphisms) occurring in human 

genes [10]. 

Many genetic polymorphisms have been studied for an association with chronic periodontitis, 

including several interleukin (IL) gene [11,12], the tumor necrosis factor-ß gene, MMP-9 gene [13] and 

several human leukocyte antigen (HLA) variants [14]. Matrix metalloproteinases (MMP’s) are considered to 

be primary proteinases involved in periodontal tissue destruction by degradation of extracellular matrix 

molecules such as collagen, gelatin and elastin [15]. Therefore, an imbalance between MMPs and their host 

inhibitors could lead to periodontal diseases by initiating structural protein destruction [16,17]. 

They are also produced by periodontal pathogens like Porphyromonas gingivalis and Actinobacillus 

actinomycetemcomitans. Studies have substantiated the relationship between MMP’s and periodontitis by 

showing elevated levels of MMP -1, -2, -3, -7, -8, -9 in tissues and gingival crevicular fluid (GCF) of chronic 

periodontitis patients [18-21]. MMP-9, also known as gelatinase B or 92-kDa type IV collagenase, plays a 

significant role in the breakdown of type IV collagen as well as the basement membrane through its gelatinase 

activity [15,17]. Also, MMP 9 promoter gene affects MMP 9 formation and activation of the degradation 

activity in the collagen breakdown [18]. Investigators predict that information concerning polymorphism will 

be useful in the prevention and therapy of periodontitis and the early recognition of patients who need more 

comprehensive therapy [22]. MMP-9 -1562C>T was also found to have a protective effect against chronic 

periodontitis but had no connection to Aggressive Periodontitis [23].  

Hence the present study was carried out to evaluate the association of MMP-9 promoter gene 

polymorphism in generalized chronic periodontitis patients of an Indian population. 

 

Material and Methods 

Ethical Clearance 

The study protocol (No. PG/11/PERIO/1) was approved by the Ethical Committee of the college. 

The study objectives were explained to the patients and signed consent was obtained from all the participants 

prior to commencement of the study. 

 

Sample Size Calculation 
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Without previous data available in the literature, a prevalence of 0.5 was considered. The confidence 

interval was set at 95%, with precision 1, to the extent that a margin of error of 10% was acceptable. Given 

these variables, 80 patients were required. By minimizing the margin of error and increasing the accuracy, the 

sample number would increase according to the usual parameters. 

All the 80 patients were divided into two groups, comprising of 40 patients in each group: Group I 

(Control): Patients with clinically healthy periodontium as determined by the absence of Clinical Attachment 

Loss (CAL) and no sites with Probing Depth (PD) >3mm; Group II (Generalised Chronic Periodontitis/Case): 

Patients exhibiting Clinical Attachment Loss (CAL) >3 mm, also Probing Depth >5mm in at least 6 sites. 

 

Data Collection 

The patients for this study were selected from the Out-Patient Department of Periodontics in ACPM 

Dental College, Dhule, Maharashtra, India. It was carried out on systemically healthy patients with healthy 

periodontium and chronic periodontitis assessed by the clinical parameters.  

The following inclusion criteria were established: Patients with an age range of 15-60 years including 

both genders; Diagnostic criteria for chronic periodontitis [1]: a) Patients with a minimum of 20 permanent 

teeth in the mouth; b) Patients with normal alignment of teeth; c) At least six sites having probing depth > 5 

mm. In addition, the following exclusion criteria were established: Patients with history or manifestation of 

systemic disease, especially cardiovascular disorders (hypertension, coronary heart diseases, atherosclerosis), 

bleeding disorders, hepatitis, obesity, diabetic mellitus and HIV infections; Intake of any drugs known to affect 

the periodontium in past three months such as Antiepileptic drugs, NSAID’s, etc.; Patients with diseases of the 

oral hard or soft tissues except caries and periodontal disease like red and white lesions, benign or malignant 

conditions, etc.; Pregnant and lactating mothers and patients with a history of smoking. 

Genomic DNA was extracted from the sample of epithelial cells. This DNA was then used for 

detecting SNP at MMP-9 (-1562 C/T) employing polymerase chain reaction (PCR). The three possible 

genotypes were distinguished by three distinct banding patterns, depending on the presence or absence of the 

SphI restriction site: homozygous factors CC (560 bp) as allele 1, TT (360 and 300 bp) as allele 2, and 

heterozygous fragment CT (560, 360, and 300 bp) respectively. The following parameters were recorded prior 

to the commencement of the study: Plaque Index [23], Gingival Index [24], Probing Depth and Clinical 

Attachment Loss. 

Five ml of blood was collected from the antecubital fossa by venipuncture using 20-gauge needles with 

5 ml syringes and immediately transferred to EDTA vial and analyzed for single nucleotide polymorphism 

analysis matrix metalloproteinase -9 by polymerase chain reaction technique [13]. Peripheral venous blood 

samples from all subjects were obtained, and genomic DNA was isolated by a ‘‘salting out’’ method from 

peripheral leukocytes. The alleles of the C/T polymorphism at position -1562 in the promoter region of the 

MMP-9 gene were distinguished by cutting with the SphI restriction enzyme. The polymorphic site was 

amplified using forward (59-TTC GTG ACG CAA AGC AGA-39) and reverse primers (59-AGC AGC CTC 

CCT CAC TCC T-39). A 560-base pair (bp) fragments encompassing the SphI polymorphic site were 

amplified. Polymerase chain reaction (PCR) was performed using a 25 ml solution containing PCR buffer with 

MMP-9 marker, 20 pmol of each primer, 3.5 mM MgCl2, 200 mMdNTP, 200 ng DNA, and 1.25 U Taq 

polymerase. After initial denaturation at 95o C for 3 minutes, amplification was performed by 35 cycles of 

denaturation at 95o C for 1 minute, annealing at 65o C for 45 seconds, and extension at 72o C for 45 seconds. 

Final extension was allowed to proceed at 72o C for 5 minutes. PCR products (15 ml) were digested with 10 U 
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of Sph I restriction enzyme in 1.9 ul 10 x buffer, 0.5 ul of 100x bovine serum albumin, and 5ml of water at 37o 

C overnight. The digested product was resolved on 3% agarose and analyzed using a video gel documentation 

system after staining with ethidium bromide. The three possible genotypes were distinguished by three 

distinct banding patterns, depending on the presence or absence of the Sph I restriction site: CC (560 bp) as 

allele 1, TT (360 and 300 bp) as allele 2 and CT (560, 360, and 300 bp) respectively. All the recorded values of 

clinical parameters and genotype distribution of MMP-9 (-1562 C/T) from different study groups were 

subjected to statistical analysis.  

 

Statistical Analysis 

The obtained data were analyzed by using the Statistical Package for the Social Sciences (SPSS), 

version 21.0 (IBM Corp., Armonk, NY, USA) and a value of p<0.05 was considered to be statistically 

significant. Associations between the periodontitis and genotypes were assessed by calculating odds ratio (OR) 

and 95% confidence intervals (CIs). The distribution of the genotype in periodontitis was compared to controls 

using the chi-squared test. One way ANOVA test was applied to know the difference in the mean plaque index, 

gingival index, probing depth and clinical attachment loss between control and chronic periodontitis group. 

 

Results 

The age range for group I was 25-42 years and the mean age noted was 32.5 ± 5.1 years (Table 1). 

The age range for group II was 26-52 years and the mean age noted was 38.7 + 8.3 years. Between groups I 

and II, the mean difference in age range was 6.10 (p<0.05). The gender distribution for group I was 23 males 

(58%) and 17 females (43%). The gender distribution for group II was 20 males (50%) and 20 females (50%). 

Comparison of gender distribution between the groups was not statistically significant (p>0.05) (Table 2). 

 

Table 1. Age-wise distribution of subjects in the case and control group. 
Age (Years) Groups p-value* 

 Control Case  

Mean (SD) 38.7 ± 8.3 32.5 ± 5.1 <0.001 
Minimum–Maximum 26–52 25–42 <0.001 

*Pearson Chi-Square test. 
 

Table 2. Comparison of PD and CAL in the case and control group. 
 Groups Total  

Gender Control Case  p-value* 
 N (%) N (%) N (%)  

Female 17 (42.5) 20 (50.0) 37 (46.3) 0.501 
Male 23 (57.5) 20 (50.0) 43 (53.8)  

Total 40 (100.0) 40 (100.0) 80 (100.0)  
*Pearson Chi-Square test. 

 

The mean plaque index score for group I was 0.6 ± 0.1, for group II was 1.7 ± 0.4. On comparison of 

plaque index scores between groups I and II, the mean difference was 1.10, which was statistically significant 

(p<0.001) (Table 3). The mean gingival index score for group I was 0.22 ± 0.17, for group II was 2.03 ± 0.2. 

On comparison of gingival index scores between groups I and II, the mean difference was 1.80, which was 

statistically significant (p<0.001) (Table 3). The mean probing depth score for group I was 1.87 ± 0.80, for 

group II was 7.0 ± 1.5. On comparison of probing depth scores between groups I and II, the mean difference in 
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probing depth score was 5.16, which was statistically significant (p<0.001) (Table 3). The mean clinical 

attachment loss score for group I was 0.00 and for group II was 7.1 ± 1.2. In a comparison of clinical 

attachment loss scores between groups I and II, the mean difference in clinical attachment loss score was 7.1, 

which was statistically significant (p<0.001) (Table 3). 

 
Table 3. Comparison of PD and CAL in the case and control group. 

Clinical Parameters Case Control p-value* 
 Mean (SD) Mean (SD)  
Plaque Index 1.7 ± 0.4 0.6 ± 0.1 <0.001 
Gingival Index 2.03 ± 0.2. 0.22 ± 0.17 <0.001 
Probing Depth 7 ± 1.5 1.87 ± 0.8 <0.001 
Clinical Attachment Level 7.11 ± 0.6 0.0 <0.001 

*Pearson Chi-Square test. 
 

The CC genotype was observed at a frequency of 30 (75%) and 18 (45%) in groups I and II, 

respectively. The CT genotype was observed at a frequency of 8 (20%) and 15 (38%) in group I and group II, 

respectively. The TT genotype was observed at a frequency of 2 (5%) and 7 (18%) in groups I and II, 

respectively (Table 4). Between groups I and II, the distribution of CC genotype was higher in group I when 

compared to Group II (75% versus 45%, respectively), the distribution of CT genotype was lower in group I 

than group II (20% versus 37%, respectively) and the distribution of TT genotype was lower in group I than 

group II (5% versus 17%, respectively). There were a significant difference in MMP-9 (-1562C/T) genotypes 

between the chronic periodontitis patients and healthy controls (Table 4). 

 

Table 4. Distribution and comparison of genotype in the case and control group. 
 Groups OR 95% CI  
 Case Control p-value 
 N (%) N (%)   

Genotype     
CC 18 (45.0) 30 (75.0) 1.0 (Ref.)  
CT 15 (37.5) 8 (20.0) 3.125 0.028 
TT 7 (17.5) 2 (5.0) 5.833 0.025 

CT +TT 10 (25.0) 22 (40.0) 3.667 0.006 
Alleles     

T 29 (36.2) 12 (15.0) 3.222 0.001 
C 51 (63.8) 68 (85.0)   

*Pearson Chi-Square test. 
 

On comparing ‘CT’ mutation taking ‘CC’ as a reference in between case and control group gave a 

statistically significant result for more disease predilection for CT mutation in chronic periodontitis with an 

OR value of 3.12. 

On comparing ‘TT’ mutation taking ‘CC’ as a reference in between case and control group gave a 

statistically significant result for more disease predilection for TT mutation in chronic periodontitis with an 

OR of 5.8. On comparison between the groups, the distribution of T allele carriage (CT+TT) was statistically 

significant for more disease risk as compared to C allele carriage with an OR of 3.67 (Table 4). 

The C allele was observed at a frequency of 68 (85%) and 51 (64%) in control (Group I) and 

generalized chronic periodontitis group (Group II), respectively. The T allele was observed at a frequency of 

12 and 29 with a percentage distribution of 15% and 36% in group I and group II, respectively. Between 

groups I and II, the distribution of C allele was higher in group I than group II (85% versus 64%, respectively), 
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and T allele was lower in group I than group II (15% versus 36%, respectively) with an Odds ratio of 3.22 (95% 

CI: 1.5-6.92) which was statistically significant (p<0.001) (Table 4). 

 

Discussion 

As a result of knowledge advancement, it is evident that there is a genetic basis for most diseases, 

including periodontitis [19]. This realization has fostered the idea that if we can understand the genetic basis 

of diseases, genetic tests to assess disease risk and to develop etiology-based treatments will soon be a reality. 

MMPs are a family of zinc-and calcium-dependent enzymes that degrade a wide range of structural and 

adhesive extracellular proteins. Elevated levels of MMP-9 were found in tissues and in gingival crevicular fluid 

of periodontitis patients [20-22]. It has been hypothesized that genetic variation affecting the expression and 

activity of MMP–9 influences the prevalence and severity of periodontal disease, as they are one of the most 

important groups of enzymes involved in periodontal tissue remodeling [24-26]. The extravasated 

degranulating PMNs are the major source of MMP9 in chronic periodontitis and aggressive periodontitis as 

according to Westerlund et al. [27]. Various studies had considered the role of MMP-9 polymorphisms in 

pathogenesis of periodontal diseases in diverse populations. De Souza et al. [28] reported that MMP-9 (-

1562C/T) polymorphism was not associated with chronic periodontitis (CP) in a Brazilian population. But on 

the contrary, other authors observed MMP-9 gene association with severe generalized periodontitis in the 

Turkish population [13]. 

Between groups II and I, the mean age was 38.7 and 32.5, with a mean difference was 6.1 (p<0.001), 

suggesting that group II patients were older compared to group I, indicating the nature of chronicity for the 

disease to be established. Our findings were contrary to Keles et al. [13], who observed the mean age of 47.1 ± 

9.4 and 44.8 ± 7.8, de Souza et al. [28], who observed the mean age 43.6 ± 14.4 and 43.2 ± 14.0 and Holla et 

al. [29] who found the mean age of 43.7 ± 6.7 and 45.8 ± 7.3 for group II and I respectively, which was 

statistically not significant (p>0.05). 

Between groups II and I, the gender distribution (male/female) was statistically insignificant (p>0.05) 

for both the groups suggesting that both groups were comparable. This is in accordance with Keles et al. [13], 

who found 32/38, 36/34 (p>0.05) and Holla et al. [29], who observed 87/82, 61/74 (p>0.05) for Group II and 

I, respectively. The effect of gender on MMP-9 genetic polymorphism is not clear. If any obvious diversity is 

found between genders, it may be due to hormone concentration. Sex hormone can modulate antigen 

presentation, lymphocyte activation and cytokine production. An effect of estrogen on the expression of MMP-

9 has been reported with transcriptional downregulation of MMP-9 promoters by estrogen-activated estrogen 

receptors. Estrogen may also reduce both plasma levels and tissue effects on MMP-9 [29]. 

Studies to evaluate the association between MMP 9 gene polymorphism and chronic periodontitis in 

the Indian population are not available in the literature. Hence this study was carried out to evaluate the same. 

However, the inclusion of a larger sample with established risk factors of periodontitis helps in assessing the 

strength of the relationship between genotypes and diseased groups for detection of specific genetic markers, 

which would guide us in providing appropriate treatment to the susceptible individuals [30]. 

One-way ANOVA test revealed that the control and chronic periodontitis group showed a difference 

in the mean plaque index, gingival index, probing depth and clinical attachment loss scores (p<0.05). Scores of 

the clinical parameters showed a linear increase with the increasing severity of different clinical forms of 

periodontitis. 
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For groups I and II, plaque index scores being 0.6 and 1.7, respectively, had a mean difference of 1.10, 

which was statistically significant (p<0.001), indicating that plaque is the initiating factor though 

environmental, genetic factors do play important roles in causing periodontitis. Among the study groups, the 

control group had a lesser plaque index score suggesting a good oral hygiene status. The gingival index was 

utilized in the study for assessing the severity of gingivitis. The mean gingival index scores for groups I and II 

were 0.22 and 2.03, respectively, with a mean difference of 1.80, which was statistically significant (p<0.001). 

The mean probing depth scores for groups I and II were 1.87 mm and 7.0 mm, respectively, with a mean 

difference of 5.166 mm, which was statistically significant (p<0.001) which is in accordance to Keles et al. [13], 

where probing depth of 4.7 ± 0.69 and 1.8 ± 0.18 was observed for groups II and I respectively suggesting the 

increased periodontal destruction in group II patients. 

The mean clinical attachment loss scores for groups I and II were 0 mm and 7.1 mm, respectively, 

with a mean difference of 7.1 mm (p<0.001). This is in accordance with Keles et al. [13], who found 5.7 ± 

0.87mm of CAL in group II patients. In most MMP-9 genetic polymorphism studies, clinical parameters like 

plaque index, gingival index, probing depth and clinical attachment loss were used to categorize the study 

groups. However, in the literature, studies wherein the clinical parameters are compared are very limited. 

Between groups II and I, CC Genotype distribution was higher in group I than group II (75% vs. 45%, 

respectively), which is not in accordance with and Keles et al. [13], (60.0% vs. 81%), de Souza et al. [28], 

(63.2% vs. 71.4%) and Holla et al. [29], (68% vs. 72%, respectively), CT Genotype distribution was higher in 

group II than group I (37.5 vs. 20%, respectively) which is in contrary with Keles et al. [13], (18.6% vs. 34.3%, 

respectively), de Souza et al. [28] (28.6% vs. 34.2%) and Holla et al. [29], (25.4% vs. 27.4%, respectively), 

where genotype distribution was lower in group II than group I. 

TT Genotype distribution was higher in group II than group I (17.5% vs. 05%, respectively), which is 

contrary with Keles et al. [13], (0.0% vs. 5.7%, respectively), de Souza et al. [28] (0.0% vs. 2.6%) and Holla et 

al. [29], (2.4% vs. 3.7%, respectively), where genotype distribution was lower in group II than group I. 

TT genotype is believed to increase MMP transcription. The distribution of MMP-9 genotypes 

between groups I and II was statistically significant, which is contrary with de Souza et al. [28] and Holla et 

al. [29], and was in accordance with Keles et al. [13], where a significant difference in genotype distribution 

was found. This variation in the result may suggest that the development of periodontitis in an individual 

depends on the collective presence of some environmental risk factors in conjunction with several genetic risk 

factors at a given point of time. 

The study's limitations are that the inclusion of a larger sample with established risk factors of 

periodontitis helps assess the strength of the relationship between genotypes and diseased groups. In addition, 

only one gene to be responsible for the disease is not possible; hence multiple genome study for diagnosing the 

association is a must. Finally, the study design clarifies association but correlation with different ethnic groups 

has to be carried out to measure disease prevalence. 

 

Conclusion 

This study revealed an association of MMP-9 (-1562 C/T) gene polymorphism with generalised 

chronic periodontitis. Furthermore, an association of higher T allele distribution with increased susceptibility 

and higher C allele distribution with decreased susceptibility to generalized chronic periodontitis was observed. 

The genotyping from study groups confirmed the association of MMP-9 (1562 C/T) polymorphism with 

chronic periodontitis. Furthermore, the association of higher T allele distribution with increased susceptibility 
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and higher C allele distribution with decreased susceptibility to generalized chronic periodontitis was observed 

in Indian population within the same ethnicity. Thus, MMP-9 functional promoter gene polymorphism could 

act as one of the genetic factors that may participate in the complex process of tissue remodeling in patients 

with generalised chronic periodontitis. 
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