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Abstract
Aim: Matrix metalloproteinases (MMP)-13 can initiate bone resorption and activate
proMMP-9 in vitro, and both these MMPs have been widely implicated in tissue
destruction associated with chronic periodontitis. We studied whether MMP-13
activity and TIMP-1 levels in gingival crevicular fluid (GCF) associated with
progression of chronic periodontitis assessed clinically and by measuring carboxy-
terminal telopeptide of collagen I (ICTP) levels. We additionally addressed whether
MMP-13 could potentiate gelatinase activation in diseased gingival tissue.

Materials and Methods: In this prospective study, GCF samples from subjects
undergoing clinical progression of chronic periodontitis and healthy controls were screened
for ICTP levels, MMP-13 activity and TIMP-1. Diseased gingival explants were cultured,
treated or not with MMP-13 with or without adding CL-82198, a synthetic MMP-13
selective inhibitor, and assayed by gelatin zymography and densitometric analysis.

Results: Active sites demonstrated increased ICTP levels and MMP-13 activity
(po0.05) in progression subjects. The MMP-9 activation rate was elevated in MMP-
13-treated explants (po0.05) and MMP-13 inhibitor prevented MMP-9 activation.

Conclusions: MMP-13 could be implicated in the degradation of soft and hard supporting
tissues and proMMP-9 activation during progression of chronic periodontitis. MMP-13 and -
9 can potentially form an activation cascade overcoming the protective TIMP-1 shield,
which may become useful for diagnostic aims and a target for drug development.
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Although chronic periodontitis is an
infectious disease initiated by the sub-
gingival microflora, the mediators of
connective tissue breakdown are primar-
ily generated by the host’s response to
the microorganisms (Golub et al. 1997).
Destruction of supporting soft and hard
tissue including alveolar bone loss is
regarded to occur as cycles of acute
activity episodes that alternate with pro-
longed periods of quiescence (Goodson
et al. 1984). Collagenases and gelati-
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nases, belonging to the matrix metallo-
proteinases (MMP) family, eventually
play a significant role by means of
directly degrading soft tissue and bone
collagen (Hill et al. 1994, 1995, Golub
et al. 1997). This can be monitored by
measuring carboxy-terminal telopeptide
of collagen I (ICTP) levels in gingival
crevicular fluid (GCF) (Golub et al.
1997). Additionally, increasing interest
has recently been focused on proteoly-
tic processing of bioactive non-matrix
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substrates by MMPs. In vitro studies
have shown that MMP-13 induces
proMMP-9 activation and MMP-13
auto-activation (Folgueras et al. 2004).
MMP-9 activity, on the other hand, has
widely been involved in the pathogen-
esis of periodontitis and its levels in
GCF correlate with clinical parameters
(Teng et al. 1992, Pozo et al. 2005, Rai
et al. 2008).

Previously, we reported elevated
MMP-13 levels in chronic periodontitis
and increased MMP-13 activity during
disease progression (Hernandez et al.
2006, 2007), strongly suggesting a role
for MMP-13 in periodontal soft tissue
destruction and/or alveolar bone loss,
but the underlying mechanisms are not
completely understood.

Pyridinoline cross-linked ICTP is a
12–20 kDa fragment of bone type I
collagen released from bone as a result
of MMP activity and has been shown to
strongly correlate with enhanced bone
turnover diseases, such as periodontitis
(Giannobile et al. 1995, Golub et al.
1997, Eley & Cox 1998, Al-Shammari
et al. 2001, Oringer et al. 2002). Con-
sidering that loss of supporting tissues
including alveolar bone loss occurs dur-
ing active episodes of periodontitis,
longitudinal studies are required to eval-
uate the involvement of MMP-13 in
direct and indirect periodontal matrix
breakdown during episodes of disease
progression.

The aims of this study were to deter-
mine whether MMP-13 activity and
TIMP-1 levels in GCF were associated
with progression of chronic periodontitis
and periodontal tissue breakdown,
assessed clinically and by measuring
ICTP levels. We additionally studied
whether MMP-13 could potentiate gela-
tinase activation in periodontitis-affected
gingival tissue.

Materials and Methods

Patients and clinical measurements

A longitudinal clinical study was carried
out in which moderate to severe chronic
periodontitis patients were followed
until they developed periodontitis pro-
gression. Patients were selected from
the Center of Diagnostic and Treatment
of Northern Metropolitan Health Ser-
vices, Santiago and consecutively
enrolled. The criteria for entry, as
described previously (Hernandez et al.
2006), were a minimum of 14 natural
teeth, excluding third molars and includ-

ing at least 10 posterior teeth. Patients
with chronic periodontitis had moderate
to advanced periodontitis (at least five
to six teeth had sites with probing
depth X5 mm with attachment loss
X3 mm and extensive bone loss in
radiography, according to a classifica-
tion of the severity of periodontal dis-
ease based on the location of the alveolar
crest) and had received no periodontal
treatment at the time of examination.
Subjects did not suffer from systemic
illness and had not received antibiotics
or non-steroid anti-inflammatory ther-
apy during the 6-month period before
the study.

Clinical parameters were evaluated
in all teeth, excluding third molars,
and included probing depth, clinical
attachment loss and dichotomous mea-
surements of supragingival plaque accu-
mulation and bleeding on probing to the
base of the crevice (BOP). Six sites were
examined for each tooth: mesiobuccal,
buccal, distobuccal, distolingual, lingual
and mesiolingual. A manual probe (Hu-
Friedy, Chicago, IL, USA) was used
for attachment level and probing depth.
One calibrated examiner monitored
the patients and collected the clinical
reports.

Disease activity was defined clini-
cally by the tolerance method (Haffajee
et al. 1983). At the site level, active sites
were defined as those that exhibited
attachment loss X2.0 mm during a
2-month period. Inactive sites were
defined as those sites with similar prob-
ing depth and BOP, but without attach-
ment loss during the same period. At the
patient level, at least two active sites
were needed to consider the patient as
undergoing disease progression.

Measurements of clinical parameters
were monitored at baseline, 2 and 4
months and samples were immediately
obtained if progression was detected.
GCF samples from both active and
inactive sites were taken from 21
subjects who underwent disease pro-
gression. Upon detection of disease
activity, subjects were entered into the
treatment phase. Additionally, 11 GCF
samples were taken from healthy volun-
teers.

The protocol was clearly explained
to all patients and controls, and In-
stitutional Reviews Board-approved
informed consents were signed. The
protocol stated that, within 2 weeks
from the detection of disease activity,
all patients would be provided with
periodontal treatment. Periodontal ther-

apy consisted of scaling, root planning
and oral hygiene instructions.

Collection of GCF

After isolating the tooth with a cotton
roll, supragingival plaque was removed
with curettes (Gracey, Hu Friedy), with-
out touching the marginal gingiva. The
crevicular site was then dried gently
with an air syringe. GCF was collected
with paper strips (ProFlow, Amityville,
NY, USA) placed into the sulcus/pocket
until mild resistance was sensed, and
left in place for 30 s (Kiili et al. 2002).
Strips contaminated by saliva or blood
were excluded from the sampled group.
GCF was extracted from the strips by
centrifugation at 18,000 g for 5 min. at
41C in 50 ml of elution buffer containing
50 mM Tris HCl pH 7.5, 0.2 M NaCl,
5 mM CaCl2 and 0.01% Tritón X 100.
The elution procedure was repeated
twice, and eluted samples were stored
at � 801C until further analysis.

Gingival explant cultures

Gingival tissue biopsies were obtained
from inactive sites of periodontitis
patients as described previously (Her-
nandez et al. 2007). Samples consisting
of gingival margin, sulcus epithelia and
gingival connective tissue were washed
extensively in PBS, placed in transport
media consisting of DMEM medium
and immediately prepared for explant
cultures as follows: tissue samples of
40–80 mg were divided into two similar
pieces and weighted again, minced and
washed with DMEM supplemented with
50 UI/ml penicillin, 50mg/ml streptomy-
cin and L-glutamine 200 mM, plus fun-
gizone (1.5 mg/ml) (Sigma Chemical
Co., St Louis, MI, USA), transferred to
a 24-well plate and cultured by adding
the same supplemented media at a tis-
sue/media ratio of 100:1 (w/v) in a
humidified atmosphere containing 5%
CO2 at 371 for 24 h. After testing three
different MMP-13 concentrations for
0.5–24 h incubation with the enzyme
(not shown), explant cultures were trea-
ted with or without recombinant MMP-
13 (Chemicon, Temecula, CA, USA) at
a 1/3000 ratio (w/v) for 1 h and approxi-
mately half of the supernatants of
samples and controls per well were
recovered, MMP-13 was inactivated
with 15 mM EDTA and frozen at
� 201. The remaining cultures were
further incubated until completion of
24 h and the same procedure was
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repeated. Additional controls were made
by adding 10mM CL-82198 (EMD
Biosciences, San Diego, CA, USA), a
selective synthetic MMP-13 inhibitor,
following the manufacturer’s recom-
mendations (Fig. 1).

MMP-13 activity measurements

Aliquots of GCF samples were assayed
using the ‘‘Fluorokine E’’ activity fluor-
escent assay (R&D Systems Inc.,
Minneapolis, MN, USA), according to
the manufacturer’s recommendations.
Briefly, specific anti-MMP-13 monoclo-
nal antibodies are pre-coated onto a
microplate. GCF aliquots and standards
were added to the wells and any MMP-
13 is bound to the immobilized anti-
body. After washing to eliminate any
unbound substance, a fluorogenic sub-
strate linked to a quencher molecule was
added, and after cleavage by bounded
MMP-13, it allows a fluorescent signal
proportional to the amount of enzyme
activity in the sample. Enzyme activity
was expressed as ng of fluorescent pro-
duct (ng FP) per site.

TIMP-1 and ICTP levels in GCF

Periodontitis progression was also
screened for ICTP levels as a measure-
ment of bone catabolism. ICTP levels
were determined by ‘‘ICTP EIA’’
(Orion Diagnostica, Espoo, Finland)
and TIMP-1 levels were determined
using the ‘‘Biotrack ELISA system’’
(Amersham Biosciences, Pittsburg, PA,
USA) and following the manufacturer’s
instructions. Protein levels were
obtained from a standard curve and
expressed as nanogram per site.

Zymographic assays

Aliquots of supernatants from explants
cultures samples and their respective
controls were run under non-reducing
denaturing conditions, on 10% polya-
crylamide gels containing 1 mg/ml gela-
tin (Merck, Darmstadt, Germany),
soaked twice in 2.5% Triton X 100 for
15 min. each and incubated in develop-
ing buffer (20 mM Tris pH 7.4 and
5 mM CaCl2) for 17 h. For visualization,
gels were stained with Coomassie Bril-
liant Blue R-250 and destained with
10% acetic acid and 20% methanol
solution. Densitometric analysis of gela-
tinolytic bands was performed using a
Bio-Rad Model GS-700 Imaging Den-
sitometer using molecular Analystt/PC
program, and percentage of respective
gelatinase activation was calculated as
active MMP/(active1total MMP).

Data analysis

In the current study, the values of MMP,
ICTP and TIMP were analysed sepa-
rately using the linear mixed model. The
following model was estimated:

Yij ¼ mj þ bi þ eij;

where i 5 1 . . . 32 denotes an indivi-
dual, when I422 then group j 5 1, 2,
while for i421 there is only one obser-
vation and group j 5 3. Further, bi

� Nð0; s2
bÞand eij � Nð0; s2

j Þ. For each
response, a likelihood ratio test was
performed to test the hypothesis that
s2

1 ¼ s2
2 ¼ s2

3. In each model (MMP,
ICTP, TIMP) comparisons between
groups were performed with an F-test
with denominator degrees of freedom
computed by the Kenward method;
further correction for the multiple

testing was applied using Tukey’s
adjustment.

Differences regarding dichotomic
measurements were analysed by the w2

test, whereas related or independent
comparisons between two groups were
performed using a t-test (paired and not
paired, respectively). Spearman’s corre-
lation was applied to determine the
association between variables.

The analysis was performed using
SAS Proc Mixed (SAS Version 9.1,
Copyright r 1999–2001, SAS Institute
Inc., Cary, NC, USA).

Results

The clinical features of periodontitis
patients versus controls are shown in
Table 1. Significant differences between
the diseased group and controls were
observed only with regard to periodontal
clinical parameters (po0.05).

Both MMP-13 activity and ICTP
levels increased significantly in active
sites compared with inactive and healthy
controls, whereas no differences were
observed between inactive and healthy
sites (Table 2). MMP-13 and ICTP
determinations tended to show a nega-
tive correlation in active and inactive
sites (r 5 � 0.302 and � 0.09, respec-
tively), whereas healthy sites tended to
correlate positively (r 5 0.473), but
none showed significance (p40.05)
(Fig. 2).

On the other hand, TIMP-1 (Table 2)
was detected in all controls, but not all
progression samples (po0.05); when
detectable levels were measured, there
were no differences among progressive
sites (active and inactive ones); how-
ever, the difference between inactive
and healthy sites was borderline non
significant (p 5 0.0507). Dichotomic
expression of TIMP-1, as detectable or
not, showed increased detection in
healthy, followed by inactive and active
sites (po0.05).

Proteolytic activation of gelatinases
by addition of MMP-13 was analysed in
gingival culture explants from perio-
dontitis patients. Gelatin zymography
showed gelatinase expression in all cul-
ture supernatants. Bands corresponding
to both active and inactive forms of
MMP-9 were detected in all MMP-13-
treated samples since 0.5–24 h, whereas
in controls without MMP-13 and treated
with MMP-13 plus CL-82198, a selec-
tive synthetic MMP-13 inhibitor, more
faint or no active MMP-9 bands were

Explant
cultures (24h)

Gingival biopsies

+MMP-13(1h)

-MMP-13(1h)

+MMP-13(24h)

+MMP-13(24h)
+Inhibitor CL-82198

+15mM EDTA +15mM EDTA

24h supernatants
collection

1h supernatants
collection

Gelatin zymography and
densitometric analysis

-MMP-13(24h)

Fig. 1. Diagram representing the sequential steps for diseased gingival tissue preparations.
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recognized (Fig. 3). MMP-2 active and
proforms were also visualized, but
they were not present in all analysed
samples (not shown). As shown in Table
3, MMP-13-treated gingival culture
explants showed increased proMMP-9
activation expressed as percentage of
activation versus controls, at both 1

and 24 h (po0.05). Besides, the rate of
MMP-9 activation was higher at 24 h
compared with 1 h of treatment with
MMP-13 (p 5 0.04), while no differ-
ences were found among controls
(p40.05). Similarly, MMP-2 showed a
tendency towards an increase in its
activation rate after treatment with

MMP-13 (p40.05) compared with con-
trols. Spearman’s correlation analysis
demonstrated a strong positive correla-
tion among active forms of MMP-9 and
MMP-2 in all the groups studied
(r 5 0.84, p 5 0.0000). Additional faint
bands at 48 kDa corresponding to active
MMP-13 could be detected in samples
at 1 h and tended to disappear towards
24 h (not shown).

Discussion

MMPs have been identified in various
tissue destructive diseases including
chronic periodontitis, where they have
been assumed to primarily play a
matrix-degradative role. Furthermore, a
broader substrate degradome shows pro-
teolytic susceptibitity to MMPs, includ-
ing cytokines, chemokines and other
MMPs modulating the inflammatory
response (McQuibban et al. 2002). In
this study, MMP-13 proteolytic activity
and its inhibitor TIMP-1 were screened
during progression of periodontal
disease. Progression was determined
clinically, and further molecular char-
acterization was performed by measur-
ing ICTP levels. We also addressed
whether MMP-13 could enhance gelati-
nase activation in periodontitis-affected
gingival tissue to elucidate further
mechanisms involving MMP-13, besides
direct extracellular matrix breakdown.
Our results support and further extend
the conjuncture that MMP-13 activity
could be implicated in the progression
of chronic periodontitis by means of
periodontal tissue breakdown including
alveolar bone resorption, as reflected by
higher ICTP levels in active sites and
further, by processing of bioactive sub-
strates, resulting in MMP-9 activation.

MMP-13 expression has previously
been shown to increase in gingival tis-
sue and GCF from periodontitis subjects
(Kiili et al. 2002, Hernandez et al. 2006,
2007) and to correlate with clinical
parameters (Tervahartiala et al. 2000)
and collagen loss (Ejeil et al. 2003, Uitto
et al. 2003); thus, MMP-13 is consid-
ered to play a substantial role in perio-
dontal matrix degradation (Ilgenli et al.
2006), but the mechanisms of how
MMP-13 takes part in soft or hard tissue
hydrolysis is yet to be known.

In this study, we report higher MMP-
13 activity and ICTP levels in active
sites from progressive periodontitis
patients, compared with inactive sites
and healthy individuals. Further, we

Table 1. Clinical parameters of progressive periodontitis patients and controls

Controls (n 5 11) Periodontitis (n 5 26)

Age (years) 44.22 � 6.53 45.90 � 7.70
Females 8 19
Probing depth (mm) 1.42 � 0.39 3.65 � 0.63n

Attachment level (mm) 0.56 � 0.24 4.02 � 0.52n

% sites with plaque 17.44 61.78n

% sites with bleeding on probing 7.92 44.56n

Values are expressed as means � SD.
npo0.0001.

All p values were determined by t test, except for gender, determined by w2 test.

Table 2. MMP-13, ICTP and TIMP-1 determinations in GCF per site

Active (n 5 21) Inactive (n 5 21) Controls (n 5 11)

MMP-13 activity (ng FP) 1.49 � 0.46n 1.17 � 0.20 1.03 � 0.18
ICTP (ng) 0.49 � 0.21n 0.31 � 0.15 0.24 � 0.13
TIMP-1 (% cases) 47.60 76.20 100n

TIMP-1 (ng) 0.319 � 0.09 0.286 � 0.10 0.673 � 0.49

Values expressed as means � SD. Symbols represent significant differences between groups.
npo0.05 (p values were determined by ANOVA, excepting TIMP-1 (% cases), determined by w2 test.

MMP-13 activity: actives versus inactives p 5 0.0076; actives versus controls p 5 0.0019; inactives

versus controls p 5 0.1351, ICTP levels: actives versus inactives p 5 0.0008; actives versus controls

p 5 0.0011; inactives versus controls p 5 0.5908. TIMP-1 levels: actives versus inactives

p 5 0.7176; actives versus controls p 5 0.0779; inactives versus controls p 5 0.0507. TIMP-1 (%

of cases), p 5 0.007.

GCF, gingival crevicular fluid; ICTP, carboxy-terminal telopeptide of collagen I; MMP, matrix

metalloproteinases.

1
Actives Inactives

Healthy

.5

0

1

.5

0

1 1.5 2 2.5

1 1.5 2 2.5
MMP-13 activity

ictp levels Fitted values

Fig. 2. Correlations between carboxy-terminal telopeptide of collagen I (ICTP) levels and
matrix metalloproteinases (MMP-13) activity in gingival crevicular fluid from subjects with
progressive chronic periodontitis and controls. Actives: r 5 � 0.302; inactives, r 5 � 0.09;
healthy, r 5 0.473. p40.05.
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demonstrate an association between
ICTP levels, assumed to be mainly
generated from bone collagen by
MMPs (Fuller et al. 2007), and disease
activity determined clinically by the
tolerance method (Haffajee et al.
1983). On the other hand, TIMP-1 levels
remained unchanged, suggesting the
existence of an imbalance between
MMP-13 activity and its major endo-
genous inhibitor that could result in
attachment and alveolar bone loss.

Although many biomarkers have been
proposed in chronic periodontitis, most
of them demonstrate limited usefulness
because they rather reflect inflammation
of periodontal tissue than disease pro-
gression (Loos & Tjoa 2005, Sorsa et al.
2006). MMP-13 activity could thus
represent a marker of disease progres-
sion, and to some extent, alveolar bone
loss. It has shown to be involved in
initiation of bone resorption by remov-
ing organic bone matrix and generating
collagen fragments that could activate
osteoclasts (Holliday et al. 1997). How-
ever, we failed to show a direct correla-
tion between MMP-13 activity and ICTP
levels. On the one hand, this finding
could rely on the fact that ICTP release
depends on the activity of many other
bone secreted enzymes (Hill et al. 1994);
on the other, MMP-13 in GCF is

secreted from many cellular sources,
which include those from inflamed gin-
gival tissue and thus, it is eventually not
specific to the bone (Kiili et al. 2002,
Hernandez et al. 2006, 2007).

MMP-13 increments in chronic perio-
dontitis seem to involve all MMP-13
forms: proenzyme, active and fragments
(Ilgenli et al. 2006). In the present
report, we analysed gingival culture
explants of gingival tissue from chronic
periodontitis patients treated or not with
MMP-13 to elucidate additional poten-
tial mechanisms involved in progression
of inactive sites to actives. Faint MMP-
13 active 48 kDa bands were detected by
gelatin zymography, which tended to
disappear at 24 h of enzyme incubation.
Interestingly, recombinant MMP-13 was
not exogenously activated, and so it
might be activated by other MMPs
secreted by inflamed gingival tissue,
which include MMP-14, MMP-2 (Knau-
per et al. 1996) and MMP-9 (Overall
2002), as well as reactive oxygen spe-
cies (Ilgenli et al. 2006).

In addition to MMP-13 extracellular
matrix-degradative properties, bioactive
substrates have been described in vitro,
as proMMP-9 activation and self-pro-
teolytic cleavage of proMMP-13 (Knau-
per et al. 1996, 1997a, Folgueras et al.
2004). We found that the rate of MMP-9

activation increased in MMP-13-treated
samples versus controls, suggesting that
MMP-13 might act as an effective direct
or indirect activator of proMMP-9
during chronic periodontitis progres-
sion. Further, MMP-9 has previously
been described to activate proMMP-13
and proMMP-2 in vitro (Overall 2002,
Folgueras et al. 2004), representing an
amplification cascade that could perpe-
tuate tissue destruction. In the present
study, MMP-2 activation tended to
increase in MMP-13-treated samples,
whereas active MMP-2 forms increased
together with active MMP-9, suggesting
that an MMP cascade involving MMP-
13, -9 and -2 might be implicated in the
pathogenesis of chronic periodontitis
in vivo. The mechanisms involved in
MMP activation may vary depending on
the tissue type and disease. Previous
studies in skin showed that proMMP-9
activation is insensible to MMP activ-
ities, but induced by chymotrypsin,
whereas in hepatic stellate cells,
proMMP-9 is activated by MMP-13
(Han et al. 2007). ProMMP-13 in turn
can also be initially activated by serine
proteases (Sorsa et al. 1992, Moilanen
et al. 2003), and with respect to perio-
dontal inflammation, proteases from
potent periodontopathogens can/may
also activate proMMPs (Sorsa et al.
1992). Several studies have previously
addressed the relationship between
MMP-9 levels and/or activity in GCF
and chronic periodontitis, showing its
correlation with clinical parameters,
including recurrent attachment loss
(Teng et al. 1992, Pozo et al. 2005,
Soder et al. 2006, Rai et al. 2008).
MMP-9 has further been involved in
bone resorption in vitro, playing a role
in the subsequent digestion of denatured
collagen I after being cleaved by col-
lagenase (Hill et al. 1995). Previous
studies based on induced experimental
periodontitis in mice have demonstrated
elevated levels of MMP-2, -9, -1 and
RANKL that correlated with the expres-
sion of IL-1b, TNF-a and IF-g during
alveolar bone loss (Garlet et al. 2006).
Additionally, MMP-9 activity is thought
to act over preosteoclast recruitment to
the bone tissue and migration within the
marrow to sites for osteoclast differen-
tiation and bone resorption (Yu et al.
2003). Conversely, recent animal model
studies have demonstrated that MMP-8
can exert even protective or anti-inflam-
matory properties against Porphyromo-
nas gingivalis-induced periodontitis
(Kuula et al. 2009).

MMP-13 + + + + +

+–

0.5 2 14 24 0.5 0.5

ProMMP-9

Active MMP-9

– – – –

–

CL-82198

Incubation time (h)

Fig. 3. Pro-matrix metalloproteinases (MMP)-9 activation in MMP-13-treated gingival tissue
explants and controls from chronic periodontitis patients. Explants from diseased gingiva
were cultured for 24 h and MMP-13 was added to the media for 0.5, 2, 14 and 24 h. Controls
without adding MMP-13 and adding MMP-13 plus CL-82198 are also shown. Gelatinolytic
bands were visualized by gelatin zymography.

Table 3. Mean activation percentages of MMP-9 and MMP-2 in diseased gingival explants
treated or not with MMP-13

�MMP13 1 h 1MMP13 1 h p �MMP13 24 h 1MMP13 24 h p

MMP-9 0.160 � 0.77 0.31 � 0.94 0.0001 0.210 � 0.16 0.380 � .15 0.0014
MMP-2 0.46 � 0.14 0.49 � 0.12 0.18 0.51 � 0.16 0.54 � 0.15 0.10

Values expressed as means � SD. �MMP13 1 h, untreated controls, 1 h of incubation; 1MMP13

1 h, MMP-13-treated samples, 1 h of incubation; �MMP13 24 h, Untreated controls, 14 h of

incubation; 1MMP13 24 h, MMP-13-treated samples, 24 h of incubation.

MMP, matrix metalloproteinases.
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In this report, we demonstrate that
active sites from patients undergoing
progressive chronic periodontitis, charac-
terized by increased periodontal extracel-
lular matrix breakdown, showed higher
MMP-13 activity. Because in vitro assays
do not replicate necessarily in vivo con-
ditions and are often not performed in the
presence of extracellular matrix compo-
nents that may modulate protease activity
(McQuibban et al. 2002), we contribute
for the first time with preliminary evi-
dence of in vivo activation of proteolytic
cascades of MMP-9 due to the MMP-13
activity related to chronic periodontitis.
Previous in vitro studies have shown that
MMP-13 can directly cleave proMMP-9
(Knauper et al. 1997b), but further
studies should be conducted to clarify
the mechanism resulting in increased
MMP-9 activation by MMP-13 in perio-
dontal disease. We also demonstrated that
a synthetic selective MMP-13 inhibitor
could prevent MMP-13-mediated
proMMP-9 activation in periodontitis-
affected gingival explant cultures, sug-
gesting this cascade as a suitable target
for future drug development (Golub et al.
1998, Sorsa et al. 2004). Supporting this,
Golub et al. (1997) have previously
demonstrated that treatment of chronic
periodontitis with low-dose doxycycline
reduced alveolar bone loss, ICTP levels
and collagenase activity in GCF; further-
more, among collagenases, MMP-13 was
reduced even more substantially than
MMP-8. Additionally, MMP-13-MMP-9
activation cascade may be utilized for
development of chair-side point of care
diagnostics for periodontitis (Mantyla
et al. 2003, 2006, Sorsa et al. 2004,
2006). Thus, processing of bioactive sub-
strates by MMP-13 could represent a key
mechanism of amplification of perio-
dontal tissue destruction and modulation
of inflammatory response during chronic
periodontitis.
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Clinical Relevance

Scientific rationale for the study:
MMP-13 has previously been in-
volved in active episodes of attach-
ment loss in chronic periodontitis,
but the underlying mechanisms are
not fully clarified.

Principal findings: MMP-13 activity
was significantly elevated in active
sites, together with high levels of
ICTP, showing an association with
progression of periodontal break-
down. Furthermore, MMP-13-
enhanced MMP-9 activation may

promote tissue destruction during
chronic periodontitis.
Practical implications: MMP-13
together with MMP-9 could repre-
sent useful biomarkers for perio-
dontitis progression and targets for
future drug development.
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