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Background: The aim of this work was to improve the assessment of the

periodontal disease status through measurements of extracellular matrix

metalloproteinases (MMPs) and their tissular inhibitors (TIMPs) in the gingival

crevicular fluid from patients diagnosed with chronic periodontitis.

Methods: Gingival crevicular fluid samples from patients (n ¼ 13) were taken

from 60 sites initially, and from 51 and 41 sites, respectively, 3 and 6 months

after scaling and root planing. Gingival crevicular fluid samples were also taken

from healthy subjects (n ¼ 11, 24 sites). The presence of MMP-9 and MMP-8

was assessed by zymography and immunowestern blotting, respectively. The

actual MMP activity (gelatinase and collagenase) was measured using the flu-

orogenic substrate assay. TIMP-1 and -2 levels were measured by immunodot

blot.

Results: The fluorogenic substrate assay determinations showed higher MMP

activity in sites with probing depth ‡ 4 mm, with significant reduction post-

treatment. Gelatinase activity followed by zymography consisted mainly of MMP-

9. A different pattern of MMP-8 in control and patient sites was found. Controls

only showed species of a partially active form (69 kDa), whereas patient sites

showed a high frequency of the active form (56 kDa), and in some cases the latent

form (85 kDa) was also observed. The active form reduced its frequency in sites

with probing depth ‡ 4 mm. TIMP-1 and -2 levels in patients were significantly

lower than in controls, and after treatment the recovery of TIMP-1 level similar to

control was observed.
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The periodontal disease periodontitis,

characterized by tissue destruction, is a

chronic inflammation with the forma-

tion of a periodontal pocket, destruc-

tion of supporting connective tissue,

and loss of the alveolar bone (1–3).

Chronic peridontitis is usually related

to polybacterial infection including,

among others, Porphyromonas gingi-

valis, Actinobacillus actinomycetem-

comitans and Tannerella forsythia (4).

The tissue destruction appears to

result from a complex interaction

between these bacteria and the host’s

immune and inflammatory system.

Proteolytic activities from these

bacteria, including collagenase, may

participate in collagen degradation (5).

Activation and over-expression of host

matrix metalloproteinases (MMPs)

by periodontal pathogens such as

A. actinomycetemcomitans, P. gingiva-

lis and Chlamydia pneumoniae and by

inflammatory cytokines has been

reported (6–11).

MMPs are a family of proteolytic

enzymes involved in the physiological

degradation of extracellular matrix

proteins and basement membrane (1,

11). It has been shown that an imbal-

ance between them and their host

inhibitors (TIMPs) may lead to perio-

dontitis initiating structural protein

destruction including collagens (8, 12).

There are several subgroups of MMPs:

collagenases (MMP-1, -8, and -13),

gelatinases (MMP-2 and -9), strome-

lysins (MMP-3, -10, and -11) and

membrane-type associated MMPs (11).

Evidence of the role that MMPs could

play in periodontal disease is suppor-

ted by the presence of elevated levels,

both in tissues and gingival crevicular

fluid, of several MMPs, including

MMP-1, -2, -3, -7, -8, and -9, which in

some cases are in their activated rather

in the latent form (2, 3, 13–19). A

number of inflammatory mediators can

be secreted by these activated cells,

which in turn stimulate the production

of MMPs from fibroblasts, epithelial

cells, and polymorphonuclear leuko-

cytes (3, 10, 17).

Several methods have been used to

measure MMP activities: (i) zymogra-

phy in sodium dodecyl sulfate–poly-

acrylamide gel electrophoresis with

gelatin as substrate that allows deter-

mination of MMP-2 and MMP-9 (19);

(ii) assays with [14C]collagen or biotin-

ylated-collagen (18, 20); (iii) enzyme-

linked immunosorbent assays (ELISA)

(14, 18, 21, 22); (iv) time-resolved

immunofluorescence assay (23–26).

Recently a more simple and sensitive

assay using a fluorogenic septapeptide

has been reported (27). This method is

based on the incorporation of a fluor-

escent-leaving group to a peptide that

mimics both collagenase (MMP-8,

MMP-13) and gelatinase (MMP-2,

MMP-9) cleavage sites, making poss-

ible the measurement of the actual

metalloproteinase activity (28, 29). The

inclusion of 4-aminophenylmercuric

acetate (APMA) to the assay medium

allows the quantification of both active

and latent forms.

Controversial results on TIMP-1

levels in gingival crevicular fluid and

gingival tissue when comparing sam-

ples from controls and periodontitis-

affected patients have been described.

In tissue, lower levels in patients

have been reported (18, 21, 30), and

also absence of changes (3, 13).

In gingival crevicular fluid, both

increased (22, 31) or decreased levels

in diseased sites have been described

(14, 18, 30).

A longitudinal evaluation of gingival

crevicular fluid total MMP activity

(collagenase/gelatinase) and TIMPs

levels could be useful for monitoring

the effectiveness of a non-surgical

treatment. In the literature, there are a

number of reports on MMP-8 levels,

both as severity index and effectiveness

of treatment (with or without antibi-

otic treatment) (21, 23–25, 30, 32, 33).

No studies have been carried out on

the possible changes in the proportion

of its latent and active forms after

treatment. This data is important to

evaluate the degree of proteolytic

environment related with the tissue

destruction.

In this study we followed the actual

proteolytic activity due to the action of

collagenolytic and gelatinase activies

using the fluorogenic peptide matrix

metalloproteinase assay to assess a

simple, rapid and sensitive method to

measure metalloproteinase activity in

gingival crevicular fluid. This data is

important for the diagnosis and pro-

gression of the disease, and for the

responses to the different periodontal

therapies. Gelatinase profile was

determined by zymography with gela-

tin as substrate, and both the different

species of neutrophil collagenase

(MMP-8) with characteristic molecular

weights and the levels of TIMP-1 and

-2 were followed by immunoanalysis.

Finally, we have evaluated whether

the amount of MMPs and TIMPs and

the MMP-8 species correlate with the

clinical parameters obtained before

and after non-surgical treatment (sca-

ling and root planing).

Materials and methods

Patient selection

The initial population studied com-

prised 13 adult patients (11 men and

two women) with chronic moderate

periodontitis: two of them dropped out

of the study. Control patients (11

individuals, six women and five men)

exhibited no clinical signs of perio-

dontitis. Control and patient groups

were duly informed of the research

protocol approved by the Human

Ethics Experimentation Committee at

the Facultad de Odontologı́a (Santi-

ago, Chile), and all of them agreed to

participate in this study.

Patients with chronic periodontitis

ranged from moderate to advanced

periodontitis, with at least five teeth,

Conclusion: Significant correlations between the severity of the periodontal

disease and the actual MMP activity, the active form of MMP-8 and the low level

of both TIMP-1 and TIMP-2 were found.
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had sites with probing depth ‡ 5 mm

and with attachment loss ‡ 3 mm and

extensive bone loss in radiography.

These patients fulfilled the following

criteria: (i) no history of systemic dis-

orders, antibiotics and/or inflamma-

tory drugs, had no periodontitis

treatment within the past 6-month

period prior to the studies, and (ii)

initiation age between 30 and 35 years,

slow progression, inflamed gum, bac-

terial plaque, records of radiographic

bone loss. All patients were subjected

to a non-surgical treatment, monitor-

ing the maintenance phase of treat-

ment for up to 6 months. The control

group was selected from healthy vol-

unteers with no evidence of periodon-

tal disease (absence of clinical

attachment loss or increased probing

pocket depths). Prior to the study, all

subjects received supragingival pro-

phylaxis to remove gross calculus and

allow probing depth. The protocol was

clearly explained to all patients and

controls, and Institutional Reviews

Board-approved informed consents

were signed.

Clinical measurements and sampling

The clinical parameters measured at

the time of the sample collection

included plaque index, bleeding on

probing, probing depth, and clinical

attachment loss. The examination and

collection of gingival crevicular fluid

were carried out by one well-trained

and calibrated examiner (Dr Claudio

Melej). On successive days a group of

20 subjects were examined who had the

full range of periodontal conditions

expected to be assessed during the

survey. Examinations of the subjects

were repeated until acceptable consis-

tency was achieved.

Gingival crevicular fluid samples

were obtained from three locations

based on probing depth: sites with

<4 mm, sites ‡ 4 and <6 mm, and

sites ‡ 6 mm of randomly selected teeth

in each patient. Six sites were examined

for each tooth: mesiobuccal, buccal,

distobuccal, distolingual, lingual and

mesiolingual. An automated disk

probe was used for attachment level

and probing depths (Florida Probe

Corporation, Gainesville, FL, USA).

Prior to collection of gingival crevi-

cular fluid samples, the area of the

mouth to be sampled was isolated with

cotton rolls, the supragingival plaque

was removed, and filter paper strips

(ProFlow, Amityville, NY, USA) were

inserted non-traumatically just into

the crevice for 30 s. All patients

underwent therapy (scaling and root

planing) including oral hygiene

instructions (24, 30).

Gingival crevicular fluid was re-

moved from the strips by incubation

with 50 ll of a solution of 50 mM Tris

HCl, 5 mM CaCl2, 200 mM NaCl,

0.01%Triton X-100, pH 7.5 for 30 min

at 4�C. After centrifugation (10,000 · g

for 5 min) treatment of the strips was

repeated one more time. Both eluted

fractions were pooled and stored at

)20�C until use. Protein concentration

was measured using the Bio-Rad

microassay (Bio-Rad Laboratories,

Hercules, CA, USA), following the

instructions of the manufacturer, with

bovine serum albumin as standard.

Gelatin zymography

MMP-2 and MMP-9 were analysed

from gingival crevicular fluid by elec-

trophoresis on 7.5% sodium dodecyl

sulfate–polyacrylamide gel containing

0.1% gelatin under non-reducing con-

ditions (34). After destaining, gela-

tinolytic activity was visualized as clear

bands against a blue background. The

area of proteolysis was estimated by

densitometric analysis using the �Uni-

Scan-it Gel-Digitizing System� software
(Silk Scientific Corporation, Orem,

UT, USA). Quantified data were ex-

pressed as a percentage of the area of

the bands of interest relative to the

total bands. Pre-stained molecular

weight standards and a standard mix-

ture of MMP-2/MMP-9 were used to

assess the molecular weight of the dif-

ferent gelatinase forms.

Determination of metalloproteinase
activity using a fluorometric assay

Samples of gingival crevicular fluid

were assayed using 2.5 lM MOC-Ac-

Pro-Leu-Gly-Leu-A2pr(Dnp)-Ala-Arg-

NH2 (Cat. 3163-v, Peptide Inc.,

Minoh-Shi, Osaka, Japan), in an assay

buffer containing 0.1 M Tris-HCl

pH 7.5, 0.1 M NaCl and 50 mM CaCl2
at 47�C. These conditions of Ca2+ and

temperature showed to be more ade-

quate for the kinetic analysis. The

fluorescence was followed at kex
328 nm (with slit 3 nm), and kem
393 nm (with 15 nm slit) using a Shi-

matzu RF 5301 PC-S spectrofluorom-

eter (28). The calibration curve was

performed with the reference peptide

MOCA-Pro-Leu-Gly (Cat. 3164-s,

Peptide Inc, Japan) using a range be-

tween 0.025 and 0.100 lM. The scale of

1000 arbitrary units (AU) was fixed

with the concentration 0.100 lM of the

reference peptide. The condition of

linearity of the product release with

time was initially determined using

samples with different protein concen-

tration and assay times.

Western blotting/dot blot analysis

For western blotting of MMP-8, pro-

tein separated by 12% sodium dodecyl

sulfate–polyacrylamide gel under

reducing conditions (35) was electro-

transfered to a nitrocellulose mem-

brane (0.45 lm, Bio-Rad) in a semidry

transfer cell (Transfer-blot SD semidry

transfer cell, Bio-Rad) for 15 min using

25 mM Tris-HCl and 192 mM glycine

at pH 8.3 with 20% methanol at 15 V

(36). For dot blot of TIMPs (after

determination of the specificity of the

antibodies by immunowestern blot),

portions of 2.5 ll of gingival crevicular
fluid were applied to the same nitro-

cellulose membrane, testing simulta-

neously samples from controls and

patients. Both in western blot and dot

blot analysis, non-specific binding sites

were blocked for 4 h with a solution of

Tris-buffered saline with Tween 20

(TBS-T buffer: 20 mM Tris-HCl

pH 7.6, 137 mM NaCl, 0.1% Tween

20, 6% non-fat milk). The following

primary antibodies were used: (i) for

MMP-8 detection: monoclonal anti-

MMP-8 (Cat. MAB 3316, Chemicon

International, Temecula, CA, USA)

diluted 1 : 2500 in TBS-T buffer; (ii)

for TIMPs measurements: polyclonal

anti-TIMP-1 and TIMP-2 (Cat.

sc-6832 and sc-6835, respectively, Santa

Cruz Biotechnology, Santa Cruz, CA,

USA) diluted 1 : 250 in TBS-T were

MMPs and TIMPs in gingival crevicular fluid 201



incubated overnight at 4�C. After

rinsing with TBS-T buffer without

milk, the blots were incubated for 1 h

with the adequate secondary antibody

conjugated with peroxidase using an

anti-mouse antibody (Pierce Biotech-

nology, Rockford, IL, USA) diluted

1 : 10,000 in TBS-T for the mono-

clonal or anti-goat antibody (Pierce) or

diluted 1 : 1500 in TBS-T for the

polyclonal antibody. After rinsing

with TBS-T (without milk), the posi-

tive reaction was identified using

enhanced chemiluminescence (Super

Signal West Pico Chemiluminescent

Substrate, Pierce). Control experi-

ments in the absence of the primary

antibodies and employing only the

two secondary antibodies did not

yield any chemiluminescent signal.

Pre-stained molecular weight stand-

ards from Gibco BRL (Bench Mark

pre-stained ladder) were used to assess

the molecular weight of the different

MMP-8 species.

Dots were scanned and quantified

using the same software mentioned in

gelatin zymography, expressing the

results in arbitrary units (AU, pixels/mg

protein).

Statistical analysis

Data from patient and control groups

pre-treatment were not normally dis-

tributed. Mathematical transformation

to logarithm did not change the dis-

tribution, therefore the non-parametric

test of Mann–Whitney U for two

independent samples to determine the

significance of the differences between

both groups was used. Data were

expressed as median values together

with 25 and 75 percentiles. The chi-

square test was used to compare the

changes in the presence of the different

MMP-8 forms. Correlations between

the data were analysed using Spear-

man’s rho rank correlation test.

Analysis of statistical significance in

the longitudinal study of the same sites

between initial values and 2 and

6 months after scaling and root pla-

ning treatment was performed using

one-way analysis of variance (ANOVA,

post hoc multiple comparison Tukey

test). In the case of TIMPs we only had

enough samples for studying up to

2 months after treatment, therefore a

paired samples t-test was employed

for the longitudinal analysis. Covari-

ance analysis (ANCOVA) was used to

determine statistical differences

between the actual MMP and TIMP

levels, and sex and age of the two

subject groups. SPSS version 8 and

Systat 5 statistical softwares were used.

Statistical significance was set at a va-

lue of p < 0.05.

Results

Clinical assessments

Demographic characteristics and

measurements before and after scaling

and root planing are summarized in

Table 1. The periodontitis-affected

patients showed significantly higher

probing depth, clinical attachment loss,

plaque index and bleeding on probing

compared to the healthy group (with

pockets <4 mm). From the 60 selected

sites of the patients with periodontitis,

24 corresponded to pockets<4 mm, 25

sites to pockets ranging from 4 to 6 mm,

and 22 sites>6 mm.After treatment all

the increased parameters reverted to

similar values as the control group,

except bleeding on probing values.

Zymographic analysis of gelatinase
activity

The gelatinase profile was followed by

a functional assay using gelatin-sub-

strate zymography. A stronger band,

with molecular weight around 90 kDa

as MMP-9 standard, was observed

both in patients and controls (Fig. 1).

Two additional gelatinolytic bands

with higher molecular weight were also

visualized, a 130-kDa band (a MMP-

9–lipocalin complex) (37), and a 200-

kDa band, reported to be recognized

by anti-MMP-2 antibodies (38). In

some cases a gelatinolytic band of

50 kDa was observed, but no MMP-2

species was visualized. In pathological

sites the broad gelatinolytic band

between 100 and 80 kDa probably

represents both the latent and active

forms of MMP-9, whereas in controls

only the latent form was observed.

For comparison purposes this ana-

lysis was performed using portions of

0.60 lg of protein per lane. Neverthe-

less, we observed visual differences in

the MMP-9 band between sites with

different depths, and also between sites

before and after scaling and root pla-

ning. Data obtained from densitomet-

ric analysis did not allow us to

Table 1. Mean patient and control clinical parameters

Control

group

(n ¼ 11)

Periodontitis

patients

pre-treatment

(n ¼ 13, sites 60)

Periodontitis

patients 2 months

post-SRP

(n ¼ 10, sites 51)

Periodontitis

patients 6 months

post-SRP

(n ¼ 9, sites 41)

Age (years)

mean ± SD

27.3 ± 7.6 43.5 ± 8.9 43.1 ± 9.7 42.7 ± 10.2

Females (%) 54.5 84.6 90.9 88.8

PD (mm)

mouth average

mean ± SD

2.1 ± 0.9 4.0 ± 1.5* 1.9 ± 0.9� 1.6 ± 0.8�

PD (mm)

in sampled sites

mean ± SD

1.8 ± 0.5 4.1 ± 1.4* 2.5 ± 1.2*� 2.1 ± 1.1�

CAL (mm)

mean ± SD

0 4.2 ± 1.8* 2.7 ± 1.5� 2.4 ± 1.5�

PI

mean ± SD

17.6 ± 13.4 56.8 ± 8.7* 34.8 ± 23.5� 16.3 ± 10.7�

BOP (%) 2.7 ± 1.8 52.6 ± 17.3* 20.4 ± 14.4 17.9 ± 17.2

*Significant differences between periodontitis-affected patients and control group with

p-values <0.05.

�Significant differences between initial values of periodontitis-affected patients and post-SRP

treatment.

BOP, bleeding on probing; CAL, clinical attachment loss; PD, probing depth; PI, plaque

index; SRP, scaling and root planing.
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associate this parameter with the

severity of the disease.

Fluorometric assay of collagenase
and gelatinase activities

Unlike zymographic analysis, which

detects both active and latent forms of

gelatinase, a simple method for meas-

uring the active form of metallopro-

teinases, including gelatinase and

collagenase activities, is based on the

hydrolysis of a synthetic peptide that

after the cleavage increases its fluor-

escence. The conditions required to

work at initial velocity conditions

included a protein concentration of

5 lg, 50 mM CaCl2 and 47�C, thus

yielding a linear increase in fluores-

cence during 30 min of incubation.

Data were expressed using the refer-

ence peptide MOCA-Pro-Leu-Gly, as

pmol/(min · mg protein). Figure 2

shows median values together with 25

and 75 percentiles of the MMP activity

of the control group and studied sites

from the patient group before and

after scaling and root planing. Almost

all patient studied sites reverted to

normal values after treatment. Before

treatment, actual MMP activity in

patient sites <4 mm were similar to

controls, whereas in patient sites with

depth ‡ 4 mm, MMP activity was sig-

nificantly higher compared to controls

(p < 0.05).

Longitudinal analysis of 17 sites

with probing depth <4 mm, 14 sites

with probing depth 4–6 mm, and eight

sites with probing depth >6 mm fol-

lowed up to 6 months after scaling and

root planing treatment, showed signi-

ficant differences between initial values

and 2 and 6 months post-treatment

(p < 0.05), whereas no differences

between 2 and 6 months post-treat-

ment were found.

Presence of different forms of
neutrophil collagenase

The pattern of MMP-8 forms in the

gingival crevicular fluid from controls

and patients, before and after scaling

and root planing, was followed by

western blotting. Sites of the control

group showed only a species of 69 kDa

(Table 2), corresponding to a partially

activated form of the neutrophil MMP

(9, 15, 17). However, periodontitis-

affected patients showed the presence

of this form in only 64% of samples,

together with a significantly high fre-

quency (in 59% of the samples) of a

lower molecular weight species

(56 kDa, active form), and in some

sites (three out of 39 sites) a higher

molecular weight form (85 kDa, latent

form) was also observed. Two months

after scaling and root planing treat-

ment, 95% of the studied patient sites

showed the 69-kDa MMP-8 (21 out of

22 sites) and, with the exception of sites

with probing depth 4–6 mm, the

56-kDa isoform was also present in

27% of the cases. The 85-kDa species

showed a higher frequency compared

to initial data, being detected in 36%

of the studied sites. No statistical ana-

lysis was done with data 6 months

64 5321

Pro-MMP-9

Pro-MMP-2

Fig. 1. Zymogram in sodium dodecyl sulfate–polyacrylamide gel electrophoresis under non-

reducing conditions using gelatin as substrate. Portions of gingival crevicular fluid samples

containing 0.6 lg of protein were placed in each lane. Lane 1, a sample from a control; lane

2, a standard mixture of matrix metalloproteinase (MMP)-2 and -9; lane 3, pre-stained

molecular weight standards; lanes 4, 5 and 6, samples from one patient (probing depth

4–6 mm) before, 2 and 6 months after scaling and root planing treatment, respectively.
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respectively; A32 and A36 correspond to sites >6 mm after 2 and 6 months, respectively. N,

number of analysed sites.
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after treatment, considering the dimi-

nution of the patient number.

Analysis of TIMP-1 and TIMP-2 in
peridontitis-affected patients

The comparison of the relative level of

TIMPs was performed by immunodot

blot analysis instead of western blotting

for at least three reasons: (i) quantitative

analysis by western blotting presents

difficulties for the large variability and

loss of protein in the transference pro-

cess to the nitrocellulose membrane; (ii)

the impossibility of doing the simulta-

neous analysis of a large number of

samples; (iii) the requirement of low

sample volume compared with the

ELISA kit, thus allowing to perform a

large number of analyses (MMPs and

TIMPs) per sample.

We observed significantly reduced

values of TIMP-1 in all sites of perio-

dontitis patients that after treatment

reached values similar to controls

(Fig. 3). Paired samples t-test indicates

a significant difference between initial

TIMP-1 values and 2 months after

scaling and root planing in the 10 sites

studied with probing depth <4 mm,

and in the 12 sites with probing depth

4–6 mm, but no differences with the

three sites with depth >6 mm. TIMP-2

values in 14 control sites showed an

average value of 1726 ± 30 (AU,

arbitrary units), with significantly lower

values in patient sites. In patients, the

average of 24 sites with probing depth

<4 mm presented 264 ± 22 AU, the

21 sites with probing depth 4–6 mm

and the 12 sites with probing depth

>6 mm showed average values be-

tween 145 and 98 AU, respectively. In

the few sites where we could determine

the level of TIMP-2 (n ¼ 11 after

2 months post-treatment and 2 after

6 months) we did not observed a

recovery to the control values similar to

the TIMP-1 case.

Correlations between clinical
parameters and biochemical
measurements

Table 3 summarizes correlations done

taking together all data (initial, 2 and

6 months after the treatment). Positive

statistically significant correlations

between actual metalloproteinase and

probing depth, clinical attachment loss

and bleeding on probing were found,

whereas a negative correlation with

TIMP-1 levels was found. TIMP-2

level negatively correlated with pro-

bing depth and bleeding on probing,

whereas the presence of active MMP-8

positively correlated with probing

depth and clinical attachment loss.

The possible effects of factors such

as sex and age on actual MMP and

TIMPs levels were analysed by ANCOVA

testing sites with probing depth

<4 mm, which are the only common

sites of control and patient groups. No

Table 2. Distribution of the different matrix metalloproteinase-8 (MMP-8) species in gin-

gival crevicular fluid from controls and patients before and after the scaling and root planing

treatment. The first number represents the presence of the species, the second the total

number of study sites. Data after scaling and root planing represent the longitudinal study of

several of the same initial sites (see text)

Initial 2 months after SRP 6 months after SRP

Controls

PD <4 mm

69 kDa 15/15

Patients

PD <4 mm

56 kDa 6/14* 3/5* 2/4*

69 kDa 12/14 5/5 4/4

85 kDa 1/14 2/5 3/4*

PD 4–6 mm

56 kDa 9/13* 0/10 0/4�
69 kDa 9/13* 10/10 4/4

85 kDa 0/13 3/10 4/4�
PD ‡ 6 mm

56 kDa 8/12* 3/7* 0/4

69 kDa 4/12* 6/7� 4/4�
85 kDa 2/12 3/7* 2/4�

*Values significantly different from controls according to a chi-squared test.

�Values significantly different from the initial values of the same patient group.

PD, probing depth; SRP, scaling and root planing.
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Fig. 3. Box plot representation of the relative tissue inhibitor of metalloproteinase-1

(TIMP-1) levels measured by immunodot blot. C, control; B1, B2, and B3, initial values of

sites <4 mm, 4–6 mm, and >6 mm; A12 and A16 correspond to sites <4 mm after 2 and

6 months, respectively; A22 and A26 correspond to sites 4–6 mm after 2 and 6 months,

respectively; A32 and A36 correspond to sites >6 mm after 2 and 6 months, respectively.

N, number of analysed sites.
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statistically significant differences were

found, thus validating our results,

although the sex and age of the subject

groups were not balanced.

Discussion

The severity of periodontitis is associ-

ated with high levels of the actual

metalloproteinase activity (including

collagenase and gelatinase activities)

(29), together with a high frequency of

the MMP-8 active form (molecular

weight of 56 kDa). These results indi-

cate that in sites with probing depth

‡ 4 mm, an elevated proteolytic envi-

ronment is present. The concerted

action of several MMPs, including

MMP-9 and MMP-8 among others,

causes the destruction of periodontal

extracellular matrix molecules (21, 24,

39).

Measurements of these proteolytic

activities in gingival crevicular fluid,

fluid derived from the circulation after

having permeated through the diseased

tissue of the periodontal pocket, are

important because gingival crevicular

fluid is considered a source of bio-

chemical disease markers (24). Addi-

tionally, the reduced levels of the

endogeneous inhibitors (TIMP-1 and

-2) would not be able to counterbal-

ance this abnormal proteolytic activity.

According to the literature, TIMP-1

shows greater inhibition against MMP-

9, whereas TIMP-2 shows strong inhi-

bition against MMP-8 (21). Therefore,

the overexpression of MMP activity

and the activation of latent proforms

of MMPs (MMP-8 and probably also

MMP-9), together with the reduction

in TIMPs, would be responsible for the

degradation of collagen fibers and

other extracellular matrix components

in chronic periodontitis. In this tissue

degradation, in addition to host-

derived matrix metalloproteinases,

bacterial proteases may have an

important role (1, 4, 12). For example,

P. gingivalis can activate (transforming

the latent pro-enzyme form to the act-

ive enzyme form) and stimulate

expression of MMP-8 and MMP-9

(6, 7, 11). The multiple species of

MMP-8 derived from degranulating

neutrophils detected in gingival crevic-

ular fluid can be triggered by perio-

dontopathogenic bacteria such as

A. actinomycetemcomitans (4, 9, 15).

But, these lowermolecularweight forms

could also represent less glycosylated

forms induced by proinflammatory

mediators (17).

Similar to previous reports, the

detection of gelatinase activity by gel-

atin zymography indicated that MMP-

9 is the main activity present (20, 37,

38, 40). The high sensitivity of the

zymographic analysis (where we used

0.6 lg of protein) compared with that

of the fluorescent method (5 lg of

protein) is noteworthy. However, the

utilization of the zymographic assay

for comparison of different samples

(controls and patients with different

severity) would require the initial

search of adequate dilution samples in

order to obtain a linear response of

gelatinase activity.

Data obtained using the fluorogenic

septapeptide substrate of sites with a

probing depth of ‡ 4 mm from perio-

dontitis-affected patients were signifi-

cantly higher than those of controls

and sites with a probing depth of

<4 mm from patients. In addition,

these measurements were useful for

following site recoveries after scaling

and root planing treatment. This pro-

teolytic activity was determined in the

absence of APMA, the organometallic

compound that activates the latent

forms (27, 29), with the purpose of

determining the actual hydrolytic

environment. A recent publication re-

ports the second-order rate constant of

several MMPs for the hydrolysis of the

fluorogenic peptide used in this work,

showing the higher specificity towards

MMP-9, followed by MMP-13, MMP-

2 and MMP-8 (29). These data indicate

that the use of this synthetic peptide

applying a fluorometric assay is a reli-

able method for the determination of

the total metalloproteinase activity.

Several studies report an increase in

MMP-8 levels, followed by ELISA

(14, 22), immunofluorescence assays

(23–25, 33) or other assays (20, 32).

The presence of multiple species of

MMP-8 has been described only in

diseased sites (15, 17), but no further

studies on changes in the MMP-8

species profile post-treatment have

been reported. The relevance of our

results is related with the demonstra-

tion of a reduction of the active form,

mainly in sites with probing depth

4–6 mm, after scaling and root planing

treatment, suggesting that the reduc-

tion of MMP-8 hydrolytic activity

facilitates tissue recovery.

Our results using dot blot analysis

for TIMP-1 and TIMP-2 present in

gingival crevicular fluid, showed that

both inhibitors were significantly

reduced in periodontitis-affected

patients compared to healthy subjects,

similar to other reports (14, 18, 21, 30).

The recovery of TIMP-1 level,

2 months after scaling and root

Table 3. Correlations between clinical parameters and biochemical measurements. All data

from patients have been taken, initial, and 2 and 6 months after scaling and root planing

treatment. Correlations between the data were analysed using the Spearman’s rho rank

correlation test

Measurement PD CAL BOP

Actual MMP

activity

Correlation coefficient 0.400* 0.288* 0.196*

Sig (2-tailed) 0.001 0.001 0.015

MMP-8

(56 kDa)

Correlation coefficient 0.398* 0.295* 0.209

Sig (2-tailed) 0.001 0.012 0.078

MMP-8

(69 kDa)

Correlation coefficient )0.184 )0.109 )0.365*
Sig (2-tailed) 0.122 0.362 0.002

MMP-8

(85 kDa)

Correlation coefficient )0.487* )0.435* )0.269*
Sig (2-tailed) 0.001 0.001 0.023

TIMP-1 Correlation coefficient )0.343* )0.266* )0.269*
Sig (2-tailed) 0.001 0.007 0.006

TIMP-2 Correlation coefficient )0.263* )0.131 )0.422*
Sig (2-tailed) 0.039 0.309 0.001

*Significant differences according to Spearman’s rho test with p-values <0.05.

BOP, bleeding on probing; CAL, clinical attachment loss; PD, probing depth; MMP, matrix

metalloproteinase; TIMP, tissue inhibitor of metalloproteinase.
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planing together with oral hygienic

instructions, also agrees with data of at

least two publications that also fol-

lowed the recovery after scaling and

root planing with doxycycline therapy

(21, 30). The increase of TIMP-1 after

treatment is proposed to be due to the

reduction of MMPs, such as MMP-9,

which would bind to TIMP-1 (21). The

lack of recovery of TIMP-2, with

higher affinity towards MMP-8, is not

easily explained considering the litera-

ture data of a reduced expression of

MMP-8 after scaling and root planing

(14, 20, 21, 23–25,30, 32, 33).

Our observations of a positive cor-

relation between either probing depth

or clinical attachment loss and actual

metalloproteinase activity and the act-

ive MMP-8 form, together with a

negative correlation with TIMP-1,

strengthened the proposed imbalance

between the MMPs and their host

inhibitors (TIMPs) leading to tissue

destruction. Although the measure-

ments of the TIMPs levels or the

presence of the active MMP-8 species

correlate with the severity of the dis-

ease, the evaluation of the actual

metalloproteinase activity by the

fluorometric assay would be more

useful to follow both the severity of the

damage and the efficacy of the treat-

ment because of its simplicity, low cost,

speed, and reproducible quantitative

analysis.
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