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Purpose: Matrix metalloproteinases (MMPs) are capable of degrading extracellular matrix, and they are inducible enzymes 
depending on an inflammatory environment such as periodontitis and bacterial infection in periodontal tissue. Gingival in-
flammation has been postulated to be correlated with the production of MMP-2 and MMP-9. The objective of this study was 
to quantify the expression and activity of MMP-9 and -2, and to determine the correlation between activity and expression of 
these MMPs in human gingival tissues with periodontitis.
Methods: The gingival tissues of 13 patients were homogenized in 500 μL of phosphate buffered saline with a protease inhibi-
tor cocktail. The expression and activity of MMP-2 and -9 were measured by enzyme-linked immunosorbent assay and West-
ern blot analysis, and quantified by a densitometer. For the correlation line, statistical analysis was performed using the Systat 
software package.
Results: MMP-9 was highly expressed in all gingival tissue samples, whereas MMP-2 was underexpressed compared with 
MMP-9. MMP-9 activity increased together with the MMP-9 expression level, with a positive correlation (r=0.793, P=0.01). 
The correlation was not observed in MMP-2.
Conclusions: The expression of MMP-2 and -9 might contribute to periodontal physiological and pathological processes, and 
the degree of MMP-9 expression and activity are predictive indicators relevant to the progression of periodontitis.
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INTRODUCTION

The main factor jeopardizing the longevity of a tooth in 
adults is periodontal inflammation, and one of the character-
istics of this pathology is alveolar bone loss [1]. It has been re-

ported that some loss of periodontal attachment and alveolar 
bone is to be anticipated in older patients because of a critical 
loss of periodontal supporting tissues [2,3]. Proteases might 
play a prominent role in cell migration and wound healing, 
and their expression is induced by treatment of periodontal 
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cells with tumor necrosis factor-α (TNF-α) or interleukin 
(IL)-1β [4]. These mediators directly or indirectly participate in 
tissue destruction and bone resorption [5-7]. The matrix me-
talloproteinases (MMPs) are a group of enzymes thought to 
be important in this degenerative process [8,9]. MMPs can be 
released from inflammatory cells recruited by bacterial infec-
tion and gingival fibroblasts in response to cytokines derived 
from these inflammatory cells in periodontal patients [10,11].

MMPs are a family of zinc- and calcium-dependent endo-
proteinases that mediate the degradation of extracellular ma-
trix (ECM) and basement membrane components [12]. This 
group of 23 human enzymes is classified into collagenases, 
gelatinase, stromelysins, membrane-type MMPs, and other 
MMPs, mainly based on the substrate specificity and molec-
ular structure [13]. Among these MMPs, MMP-1, -2, -3, -8, and 
-9 have been found in human inflammatory periodontal tis-
sues [14]. In particular, MMP-2 and -9 are known specifically 
to cleave type IV collagen, which is a major structural compo-
nent of basement membrane [15,16]. MMP-2 is secreted by 
gingival fibroblasts and MMP-9 is mainly secreted by poly-
morphonuclear leukocytes [14,17].

The objective of this study was to quantify the expression 
and activity of MMP-9 and -2, and to determine the correla-
tion between the activity and expression of these MMPs in 
human gingival tissues with periodontitis.

MATERIALS AND METHODS

Institutional Review Board (IRB) approval and informed 
consent 

The study employed gingival tissues of 13 human subjects 
with periodontal disease, aged 31 to 70 years old (mean, 52.4 
years), after the study proposal was approved by the IRB of 
the Kyung Hee University Dental Hospital (Reg. No. 2009-2, 
June 29, 2009). The donor patients voluntarily signed written 
informed consent, and accordingly, the samples were taken 
during periodontal surgery in the course of normal treat-
ment. 

Total protein extraction from tissues of patients with peri-
odontitis 

Gingival tissue samples of 13 patients were each homoge-
nized in 500 μL of phosphate buffered saline (137 mM NaCl, 
10 mM Na2HPO4, and 2.7 mM KCl, pH 7.3) with protease in-
hibitor cocktail (Roche Korea, Seoul, Korea). The samples 
were centrifuged at 13,000 rpm for 15 minutes at 4°C, and the 
supernatant was used to quantify the amount of protein pres-
ent. Protein concentrations were measured using the Bio-
Rad protein assay (Bio-Rad Laboratories Inc., Hercules, CA, 
USA).

Western blot analysis 
The anti-MMP-9 and -2 (Chemicon International, Temecu-

la, CA, USA) and goat antirabbit immunoglobulin G-horse-
radish peroxidase (HRP) (Santa Cruz Biotechnology Inc., San-
ta Cruz, CA, USA) were purchased for this study. Protein con-
centrations were measured using the Bio-Rad protein assay 
(Bio-Rad Laboratories Inc.). One hundred milligrams protein 
samples were boiled in sample buffer (60 mM Tris-Cl [pH 6.8], 
25% glycerol, 2% sodium dodecyl sulfate [SDS], 14.4 mM 
2-mercaptoethanol, 0.1% bromophenol blue). The prepared 
samples were separated by 10% SDS-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and electrophoretically transferred 
onto nitrocellulose transfer membrane (Whatman Inc., San-
ford, ME, USA). The membranes were subsequently blocked 
with blocking solution containing 5% skim milk in Tris-buff-
ered saline-Tween 20 (TBST) (20 mM Tris-HCl, pH 7.5, 150 
mM NaCl, and 0.1% Tween 20) for 1 hour, and then immune-
blotted with 1:1,000 diluted anti-MMP-9 and -2 antibodies 
(Chemicon International) for 12 hours at 4°C. After washing 
with TBST three times for 10 minutes each, the membranes 
were incubated with secondary antirabbit HRP-conjugated 
antibodies (Santa Cruz Biotechnology Inc.). After washing 
with TBST three times for 10 minutes each, the bands were 
visualized by an enhanced chemiluminescence system (Mbi-
otech, Guri, Korea). Quantification of MMP was performed 
using a Multi Gauge densitometry program (Fujifilm, Seoul, 
Korea).

Zymogram protease assay 
The enzyme activity of MMP-2 and -9 were measured by a 

zymogram protease assay. Briefly, 10% SDS-PAGE gel, con-
taining 0.1% gelatin (Sigma-Aldrich Co., St. Louis, MO, USA) 
as the substrate was used for electrophoresis. Protein concen-
trations were measured using the Bio-Rad Protein assay (Bio-
Rad Laboratories Inc.). Fifteen milligrams protein samples 
were mixed in zymo-sample buffer (60 mM Tris-Cl [pH 6.8], 
25% glycerol, 2% SDS, and 0.1% bromophenol blue). The pre-
pared samples were separated by 10% SDS-PAGE at 4°C. After 
electrophoresis, the gel was washed twice with 2.5% Triton 
X-100 (Sigma-Aldrich Co.) on a shaker for 15 minutes to re-
move SDS, and washed twice with water. The gel was then 
incubated in reaction buffer (50 mM Tris-HCl, pH 8.0, 200 
mM NaCl, 5 mM CaCl2, 0.2% Brij35) at 37°C. After 20 hours of 
incubation, the gel was stained with Coomasie Blue staining 
solution (0.1% Coomassie Brilliant Blue R-250, 50% methanol, 
and 10% glacial acetic acid) for 1 hour and then destained with 
destaining solution (10% acetic acid and 20% methanol in wa-
ter). Gelatinolytic activity was manifested as horizontal white 
bands on a dark blue background. The gels were scanned. 
Quantification of MMP activity was performed using the 
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Multi Gauge densitometry program (Fujifilm).

Statistical analysis 
For the correlation line, statistical analysis was performed 

using the SPSS ver. 7.0 (SPSS Inc., Chicago, IL, USA). The Pear-
son correlation coefficient (r) and associated probability (P) 
were calculated for the data sets of each combination of MMP 
expression and activity. 

RESULTS

The author employed human gingival tissue samples from 
13 patients with periodontitis. To analyze the expression level 
of MMP-9 and -2, Western blot analysis was performed using 
the respective antibodies. The expression levels of MMP-9 
and -2 in each sample were quantified by a densitometer, and 
are shown in Fig. 1 and Table 1. MMP-9 was highly expressed 

in all gingival tissues, whereas the expression of MMP-2 was 
shown to be relatively lower than that of MMP-9.

To analyze the activity of MMP-9 and -2, a gelatin zymogra-
phy assay was performed. Gelatin zymography data from 13 
samples showed variation by the individual. As shown in Fig. 2, 
MMP-9, corresponding to molecular weight 94 kDa, showed 
generally high activity levels, except in patient numbers 1, 3, 4, 
and 8. In particular, patient numbers 2 and 7 had very high 
levels of MMP-9 activity (Fig. 2). MMP-2, corresponding to 
molecular weight 72 kDa, showed a moderate activity level 
and MMP-2 activity levels were lower than those of MMP-9, 
as evidenced by the Western blot (Fig. 2). 

The overall results illustrated that the expression and activ-
ity of MMP-9 and -2 manifested wide variation within an 
identical sample. Each subject represented a different corre-
lation between expression and activity of MMP-9 and -2. As 
shown in Fig. 3, MMP-9 activity increased together with the 

Table 1. Demographic and laboratory data of the 13 patients with periodontitis. 

No. Sex Age (year)
MMP-9 MMP-2

Expression  
(arbitrary unit)

Activity  
(arbitrary unit)

Expression  
(arbitrary unit)

Activity  
(arbitrary unit)

  1 Male 49 5.71 0.86 3.07 1.72
  2 Male 54 6.83 3.70 5.89 2.22
  3 Male 56 4.06 2.18 3.51 2.21
  4 Male 70 4.07 1.69 3.95 0.87
  5 Male 31 6.58 4.23 5.52 1.38
  6 Male 64 4.86 2.73 4.15 1.25
  7 Male 54 8.15 7.71 4.71 1.39
  8 Male 40 3.92 0.71 3.52 0.30
  9 Male 42 7.30 3.18 8.49 1.30
10 Male 47 5.81 3.71 4.47 0.25
11 Male 47 5.35 2.95 5.21 3.16
12 Male 50 5.54 3.00 3.39 1.71
13 Male 63 7.12 3.98 5.35 1.93

Expression and activity of MMP-9 and -2 is shown by an arbitrary unit (average of three different experiments). Each arbitrary unit was determined by densitometry 
analysis of the scanned images. All proteins were normalized per protein, 100 μg (Western) or 10 μg (zymography) protein per sample. 
MMP: matrix metalloproteinase.

Figure 1.  Expression of matrix metalloproteinase (MMP)-9 and -2 
in patients with periodontitis. To analyze the expression of MMP-9 
and -2, 100 µg of protein extracted from each of 13 samples was an-
alyzed by Western blot. MMP-9, corresponding to molecular weight 
94 kDa, and MMP-2, corresponding to molecular weight 72 kDa, 
were shown to be expressed in all of the samples. The numbers ‘1 to 
13’ indicate the number of each patient. 
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Figure 2.  Matrix metalloproteinase (MMP)-2 and -9 gelatinolytic ac-
tivity in patients with periodontitis. To analyze the activity of MMP-9 
and -2, 10 µg of protein extracted from each of 13 samples was ana-
lyzed by gelatin zymography. Bands corresponding to MMP-9 and 
-2 can be observed in all samples. The numbers ‘1 to 13’ indicate the 
number of each patient.
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MMP-9 expression level, exhibiting a positive correlation 
(r=0.793, P=0.01), while this association was not observed in 
MMP-2. 

DISCUSSION

The family of MMPs, composed of 23 related zinc- and cal-
cium-dependent endopeptidases are derived predominantly 
from polymorphonuclear leukocytes during the acute stages 
of periodontal disease and are key enzymes responsible for 
extracellular collagen matrix degradation [17,18]. The MMP 
family has been classified into three groups by the enzyme 

substrate specificity of the interstitial collagenases, the gelati-
nases (type IV collagenases), and the stromelysins [19]. Among 
them, the gelatinases, or type IV collagenases, are closely re-
lated in their structure and enzyme action on substrates and 
they exist in a 72-kDa form (MMP-2) and a 92-kDa form 
(MMP-9). MMP-9 is expressed from macrophages, connec-
tive tissue cells, and tumors. The MMP-2 and -9 enzymes are 
crucial for extracellular degradation of denatured collagens 
and degradation of extracellular basement membrane type 
IV collagen and related matrix components [19].

A critical outcome of periodontal diseases is the degrada-
tion of the collagenous structure of periodontal tissues, and 

Figure 3.  The correlation between the activity and expression of matrix metalloproteinase (MMP)-9 and -2 in patients with periodontitis. (A) 
Comparison of expression and activity of MMP-9 (upper panel) and -2 (lower panel) in individual patients. (B) Correlation between the activ-
ity and expression of MMP-9 and -2 in patients with periodontitis.
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MMPs have been implicated in the progression of this dis-
ease. As the periodontal lesion develops, the junctional epi-
thelium migrates apically, leading to loss of attachment. This 
process requires not only cell proliferation, but also migra-
tion of the cells over the tooth and connective tissue substra-
tum that has been modified by the inflammatory process. 
Previous reports have demonstrated that gingival epithelial 
cells express several MMPs in inflamed periodontal tissues, 
including MMP-2, -3, -8, and -13 [18]. Normal growth and de-
velopment are based on oral connective tissue remodeling 
and oral periodontal diseases are linked with the breakdown 
of the collagen-based bone matrix, bone cartilage, and sur-
rounding tissues. MMPs are well known to play a key role in 
bone matrix degradation [19]. In addition, elevated MMP lev-
els have been observed in inflamed human gingiva and gin-
gival crevicular fluid in periodontitis patients [17].

The relationship between MMPs and the loss of connective 
tissue has been well demonstrated by recent studies that were 
performed using chronically inflamed gingival tissues. Until 
now, different types of MMPs including MMP-1, -2, -3, -7, -8, 
-9, -13, -14, -25, and -26 have been observed in human gingival 
biopsies and the crevicular fluid of patients with various de-
grees of periodontal inflammation [3,15,18,20-22]. Although 
normal tissues do not express MMPs and constitutive expres-
sion is in minimal, MMPs are transcriptionally regulated by 
growth factors, cytokines, and ECM components during in-
flammatory stimulation [23]. For example, MMPs are capable 
of degradation of the ECM and the degradation is induced by 
proinflammatory cytokines such as IL-1β and TNF-α, sug-
gesting that the enzymes play a crucial role in the pathogene-
sis of periodontitis [15]. Therefore, the pathogenic mecha-
nisms of periodontitis that are mediated by IL-1, IL-6, TNF-α, 
and MMPs are linked to each other [24,25]. For example, the 
production of MMPs during the acute phase of periodontitis 
is elevated by IL-1 or IL-6 produced by neutrophils [24].

In this study, the investigators observed that MMP-9, corre-
sponding to molecular weight 94 kDa, was highly expressed 
in the gingival tissues of 13 periodontal patients, while MMP-
2, corresponding to molecular weight 72 kDa, was underex-
pressed compared with MMP-9 (Fig. 1). It has been suggested 
that MMP-9 levels in periodontitis and gingivitis patients 
were higher than those in healthy subjects [17,26]. However, 
crevicular MMP-2 showed little expression in gingivitis and 
periodontitis, with expression levels lower than in a healthy 
group [26]. The present results obtained from the Western 
blot analysis for MMP-9 and -2 are in agreement with previ-
ous findings. Moreover, the detection of gelatin activity by 
gelatin zymography indicated that MMP-9 plays a more cen-
tral role than MMP-2 (Fig. 2). In the present study, the expres-
sion and activity of MMP-9 and -2 are different in a given pa-

tient. It seems that patients have different correlations be-
tween the expression and activity of MMP-9 and -2. As shown 
in Fig. 3, the correlation between the expression and the ac-
tivity of MMP-9 in all gingival tissue samples was significant 
(r=0.793, P=0.01). However, the study found no significant 
relationship between the expression and the activity of MMP-
2. From these results, it is suggested that MMP-2 and -9 may 
be regulated by different mechanisms in periodontitis. Con-
sequently, further studies will be required to elucidate this 
mechanism, because MMP activation and activity can be 
controlled by inhibition in several ways that include proteo-
lytic degradation and inactivation, nonspecific endogenous 
inhibitors such as a 2-macroglobulin, and especially by spe-
cific tissue inhibitors of MMPs, tissue inhibitors of metallo-
proteinases [12,27].

In summary, Western blot analysis and a gelatin zymogra-
phy assay revealed that the expression and activity of MMP-9 
were higher than MMP-2 in 13 human subjects with peri-
odontitis. Notably, MMP-9 expression was positively corre-
lated with its activity, whereas for MMP-2 there was no cor-
relation. The study suggested that the degree of MMP-9 ex-
pression and activity are more predictive indicators for peri-
odontitis than MMP-2.
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