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Abstract
Aims: Our objective was to evaluate the association between the MMP1-1607 single-
nucleotide polymorphism (SNP), periodontopathogens and inflammatory cytokines
with matrix metalloproteinase-1 (MMP-1) mRNA levels in vitro and in vivo.

Materials and Methods: This study investigated the influence of genetic (MMP1-
1607 SNP), microbial (Porphyromonas gingivalis, Treponema denticola, Tannerella
forsythia, Actinobacillus actinomycetemcomitans) and inflammatory [tumour necrosis
factor-a (TNF-a) and interleukin-1b (IL-1b)] factors on the determination of MMP-1
mRNA levels in periodontal tissues of non-smoker chronic periodontitis (CP, N 5 178)
and control (C, N 5 190) groups. The effects of single and repeated lipopolysaccharide
(LPS) and inflammatory cytokine stimulation of macrophages with distinct MMP1-
1607 SNP genotypes were also investigated.
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Results: In healthy tissues, the MMP1-1607 2G allele was associated with higher
MMP-1 levels while in CP MMP-1 levels were associated with the presence and load
of periodontopathogens, and also with TNF-a and IL-1b expression irrespective of the
MMP1-1607 genotype. In vitro data demonstrate that in 2G macrophages low- and
intermediate-dose LPS and TNF-a1IL-1b stimulation was associated with increased
MMP-1 expression, while strong and repeated stimulation resulted in higher MMP-1
levels irrespective of the MMP1-1607 genotype.

Conclusion: Our data demonstrate a limited role for MMP1-1607 SNP in
periodontitis, where the extensive chronic antigenic challenge exposure overcomes the
genetic control and plays a major role in the determination of MMP-1 expression.
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Periodontal diseases are chronic infec-
tious inflammatory diseases character-
ized by the extensive destruction of the
matrix of soft and mineralized attach-
ment tissues of the teeth, being the most
prevalent form of bone pathology in
humans and a modifying factor of the
systemic health of patients (Mombelli
2003, Tonetti & Claffey 2005). The
bacterial biofilm attached to the tooth
surface hosts a broad diversity of Gram-
negative species, including some typical
periodontopathogens, such as Porphyr-
omonas gingivalis, Treponema denti-
cola and Tannerella forsythia (which
comprised the red complex) and
Actinobacillus actinomycetemcomitans
(Ximénez-Fyvie et al. 2000, Feng &
Weinberg 2006). While the red complex
is strongly associated with chronic
periodontitis, A. actinomycetemcomi-
tans is considered to be the main aetio-
logical agent of aggressive periodontitis
and of a significant nuperiodontitis
(Ximénez-Fyvie et al. 2000, Feng &
Weinberg 2006). The chronic host
response raised against these periodon-
topathogens involves an intense and
persistent expression of several pro-
inflammatory cytokines such as tumour
necrosis factor-a (TNF-a) and interleu-
kin-1b (IL-1b; Graves & Cochran 2003),
which induce a protease-mediated cata-
bolic response leading to the irreversible
periodontal tissue attachment loss (Nishi-
kawa et al. 2002, Garlet et al. 2004).

Among host proteases active in the
periodontal environment, matrix metal-
loproteinases (MMPs), a family of zinc-
and calcium-dependent proteases, play a

role in the degradation and remodelling
of both extracellular and bone matrix
proteins (Reynolds et al. 1994, Hannas
et al. 2007). MMP-1 is the main proteo-
lytic enzyme with the capacity to cleave
type I and III collagen fibres, which are
the most abundant components of the
periodontal tissue matrix (Verstappen &
Von den Hoff 2006, Hannas et al. 2007).
MMP-1 levels are relatively low in
healthy periodontal tissues, which are
thought to contribute to its physiological
turnover (Reynolds et al. 1994, van der
Zee et al. 1997). However, dysregula-
tion of MMP transcription and activa-
tion can lead to pathological processes,
including periodontal diseases (Rey-
nolds et al. 1994, Hannas et al. 2007).
In fact, MMPs play active roles in the
destructive processes throughout perio-
dontal disease, and MMP inhibitors are
used as adjunct therapy to human perio-
dontitis (Verstappen & Von den Hoff
2006). Interestingly, studies demon-
strate a high individual variation in the
levels of MMP-1 in diseased period-
ontium, which is thought to influence
the disease outcome considerably (Garlet
et al. 2004, Verstappen & Von den Hoff
2006, Zhou & Windsor 2007). However,
the factors underlying the determination
of MMP-1 levels in periodontal tissues
remain unknown.

Polymorphic loci were identified in
the promoter region of the MMP1 gene,
and are thought to account for heritable
differences in MMP-1 expression
(Kanamori et al. 1999, Ye 2000, Stern-
licht & Werb 2001). A G (guanine)
addition at the � 1607 position of the
MMP1 gene promoter (MMP1-1607, rs:
1799750) was particularly associated
with increased transcriptional activity,
characterizing therefore a functional
polymorphism that has been associated
with different diseases (Kanamori et al.
1999, Ye 2000, Pirhan et al. 2008). In
recent studies, both MMP1-519 and
MMP1-1607 single-nucleotide poly-
morphisms (SNPs) were described to
be associated with the severity of chronic

periodontitis in a Turkish population by
one research group (Pirhan et al. 2008),
while another group obtained an oppo-
site result (Ustun et al. 2008). Indeed,
the relatively small sample investigated
regarding the putative functionality of
the SNPs, in addition to the non-obser-
vance of potential factors involved in
the regulation of MMP-1 levels (i.e.
smoking, specific bacteria and inflam-
matory cytokines), suggests that more
extensive studies with larger patient
groups should be undertaken to analyse
the relevance of the MMP1-1607 SNP
in the pathogenesis of periodontitis.

In fact, in addition to the influence of
host genetic background, factors such as
specific pathogens and cytokines may
also account for the variance of MMP-1
levels in periodontal tissues (Chang
et al. 2002, Garlet et al. 2004, Verstap-
pen & Von den Hoff 2006, Andrian
et al. 2007, Zhou & Windsor 2007,
Mercer et al. 2009). Typical periodon-
topathogens, such as P. gingivalis,
T. denticola, T. forsythia and A. actino-
mycetemcomitans, are described as
inducers of MMP expression in vitro
and in vivo (Tiranathanagul et al. 2004,
Bodet et al. 2006, Feng & Weinberg
2006, Garlet et al. 2006, Zhou & Wind-
sor 2006, Andrian et al. 2007, Zhou &
Windsor 2007, Kou et al. 2008).
Furthermore, the production of pro-
inflammatory cytokines such as TNF-a
and IL-1b in response to the period-
ontopathogens can also contribute
towards increasing the levels of MMP-
1 in periodontal lesions (Nishikawa
et al. 2002, Graves & Cochran 2003,
Garlet et al. 2004).

However, because the putative influ-
ences of the microbial, inflammatory
and genetic factors have been investi-
gated independently and in vitro, their
exact individual and/or combined con-
tribution to the determination of MMP-1
levels in vivo remain unknown. There-
fore, given the important role of MMP-1
of a series of physiological and patho-
logical processes, including the perio-
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dontal diseases, the aim of the present
study was to evaluate the contribution of
genetic (MMP1-1607 SNP), microbial
and inflammatory (TNF-a and IL-1b)
factors to the modulation of MMP-1
mRNA levels in vivo and in vitro, and
its possible association with the perio-
dontitis outcome.

Materials and Methods

Study population and clinical examination

Patients and controls (clinical features
summarized in Table 1), from the
south-eastern of Brazil, scheduled for
treatment at the Dentistry School of Uni-
versity of Ribeirão Preto (UNAERP),
signed a consent form that was approved
by an Institutional Review Board,
received supragingival prophylaxis and
were subjected to anamnesis and to
clinical [scored for bleeding on probing
(BOP); probing depth (PD); clinical
attachment loss (CAL)] and radio-
graphic examination, and were then
categorized into control (C) or chronic
periodontitis (CP) groups (as described

previously in the Journal of Clinical
Periodontology and Infection and
Immunity). Exclusion criteria comprised
patients who did not give informed
consent; patients with a significant med-
ical history indicating evidence of
known systemic modifiers of perio-
dontal disease; or those who had been
subjected to periodontal therapy in the
previous 2 years, as described pre-
viously (Garlet et al. 2004, Ferreira
et al. 2008). Smokers were specifically
excluded. The C group (N 5 190) com-
prised of subjects presenting gingival
tissues that were clinically health (low
scores of BOP – under 10% of the sites;
no sites with PD43 mm or presenting
CAL41 mm) scheduled for restorative
dentistry procedures. After the diagnos-
tic phase, C subjects received oral
hygiene instructions and supragingival
prophylaxis. CP patients (N 5 178) had
moderate to advanced PD (at least one
tooth per sextant with PD46 mm and
CAL43 mm, and radiographic evi-
dence of extensive bone loss). After
the diagnostic phase, CP patients, pre-
senting moderate to advanced PD (i.e.

at least one tooth per sextant with
PD46 mm and CAL43 mm, and radio-
graphic evidence of extensive bone
loss), received basic periodontal ther-
apy, which consisted in oral hygiene
instruction, supragingival prophylaxis,
scaling and root planing.

Sample collection

Epithelial buccal cells were sampled
from inner cheek buccal mucosa scrap-
ping after a mouthwash with 3% glucose
of all C (N 5 190) and CP (N 5 178)
subjects. Biopsies of gingival tissue of
the C subjects (N 5 104), one sample
from each patient, were taken from sites
that showed no BOP, PDo3 mm and
CALo1 mm during surgical procedures
due to aesthetics, orthodontic and pros-
thetic reasons, and comprised junc-
tional epithelium, gingival crevicular
epithelium and connective gingival.
The C subjects sampled presented the
following characteristics: 50f/54m, age:
39.2 � 9.94 years, 85/81.73% Cauca-
soids and 19/18.27% Afro-Americans/
mulattos, mean PD: 2.50 � 0.29,
sampled site PD: 2.15 � 0.76, sampled
site CAL: 0, mean BOP: 5.00 � 2.37%,
sampled site BOP sites: 0%, all of them
statistically similar to the whole CP
group. Biopsies of gingival tissue of
the CP patients (N 5 106), one sample
from each patient, were taken from the
gingival margin to the bottom of the
pocket, comprising junctional epithe-
lium, periodontal pocket epithelium and
connective gingival or granulation tissue,
during surgical therapy of the sites that
exhibited persistent BOP and higher PD
3–4 weeks after the basic periodontal
therapy (non-responsive sites), as des-
cribed previously (Ferreira et al. 2008).
The CP patients sampled presented the
following characteristics: 52f/54m, age:
46.5 � 7.43 years, 84/79.24% Cauca-
soids and 22/20.75% Afro-Americans/
mulattos, mean PD: 4.85 � 0.86,
sampled site PD: 7.05 � 1.14, sampled
site CAL: 4.23 � 1.35, mean BOP:
62.13 � 11.54%, sampled site BOP sites:
100%, all of them statistically similar to
the whole CP group.

Analysis of MMP1-1607 SNP

DNA was extracted from epithelial buc-
cal cells (sampled from inner cheek
buccal mucosa scrapping after a
mouthwash with 3% glucose) with a
sequential phenol/chloroform solution
and precipitated with salt/ethanol solu-

Table 1. Clinical features and frequencies of MMP1-1607 single-nucleotide polymorphism
(SNP) in control (C) and chronic periodontitis (CP) individual groups (mean � SD)

C (N 5 190) CP (N 5 178) p value

N and gender distribution 91f/99m 87f/91m 0.9169n

Age 41.5 � 9.66 45.3 � 8.63 0.0646w

Ethnic group n (%) N (%)
Caucasoid 163 (85.78%) 149 (83.70%)
Afro-American/Mulatto 27 (14.21%) 29 (16.29%) 0.6635n

Clinical parameters value � SD value � SD

Probing depth (mean) 2.43 � 0.33 4.79 � 0.84 o0.001w

Probing depth (site) 2.08 � 0.69 7.01 � 1.17 o0.001w

Attachment loss (mean) 0.61 � 0.16 3.09 � 0.31 o0.001w

Attachment loss (site) 0.00 � 0.00 4.23 � 1.35 –
% BOP sites (mean) 5.15 � 2.80 65.28 � 13.94 o0.001w

MMP1-1607 genotypes C (N 5 190) CP (N 5 178) p valuen

1G/1G 65 (34.21) 46 (25.84)
1G/2G 71 (31.36) 81 (45.50) p 5 0.0760, OR 5 1.612, CI 5 0.983–2.643
2G/2G 54 (28.42) 51 (28.65) p 5 0.3596, OR 5 1.335, CI 5 0.779–2.285
1G/2G12G/2G 125 (65.78) 132 (74.15) p 5 0.1022, OR 5 1.492, CI 5 0.951–2.340

MMP1-1607 alleles C (n 5 380) CP (n 5 356)

1G 201 (52.89) 173 (48.59)
2G 179 (47.10) 183 (51.40) p 5 0.2748, OR 5 1.188, CI 5 0.889–1.587

nw2-test.
wUnpaired t-test.

OR, odds ratio; CI, confidence interval; BOP, bleeding on probing.
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tion, as described previously (Trevilatto
& Line 2000). MMP1-1607 (rs: 1799750)
genotyping was performed as described
previously (de Souza et al. 2003). A 35-
cycle standard polymerase chain reaction
(PCR) was performed with 200 ng of
sample DNA and specific primers (Table
2) (de Souza et al. 2003). A 15ml aliquot
of PCR product was subjected to the
restriction fragment length polymorph-
ism with 3 U of XmnI (20 U/ml) (New
England Biolabs Inc., Beverly, MA,
USA) at 371C overnight, and the pro-
ducts were resolved and separated on 2%
agarose gel stained with SYBRsafe (Invi-
trogen Life Technologies, Carlsbad, CA,
USA). The site that allows endonuclease
activity is present in MMP-1 1G (but not
2G) at the polymorphism site, resulting in
two fragments of 89 and 29 bp.

Real-time PCR reactions – mRNA
quantification

The extraction of total RNA from perio-
dontal tissues samples, performed with
Trizol reagent (Invitrogen), and the
cDNA synthesis were accomplished as
described previously (Ferreira et al.
2008). Real-time PCR mRNA or DNA
analyses were performed in an MiniOp-
ticon system (BioRad, Hercules, CA,
USA), using SybrGreen MasterMix
(Invitrogen), specific primers and
2.5 ng of cDNA in each reaction, as
described previously (Ferreira et al.
2008, Trombone et al. 2008). The pri-
mer sequences and reaction properties
are depicted in Table 2. The standard

PCR conditions were 951C (10 min.),
and then 40 cycles of 941C (1 min.),
561C (1 min.) and 721C (2 min.), fol-
lowed by the standard denaturation
curve. Negative controls without cDNA
and without the primer/probe sets were
also performed. Calculations for deter-
mining the relative levels of gene
expression were made from triplicate
measurements of the target gene, with
normalization to b-actin in the sample,
using the cycle threshold (Ct) method
and the 2DDCt equation, as described
previously (Ferreira et al. 2008, Trom-
bone et al. 2008).

Real-time PCR reactions – bacterial DNA

quantification

In order to allow the detection of P.
gingivalis, T. forsythia, T. denticola and
A. actinomycetemcomitans, periodontal
crevice/pocket biofilm samples were
collected with sterile paper point ISO
#40 from the same site biopsied before
the surgical procedure (Nonnenmacher
et al. 2004). Bacterial DNAs were
extracted from plaque samples by the
DNA Purification System (Promega,
Madinson, WI, USA) (Ferreira et al.
2008). Real-time PCR mRNA or DNA
analyses were performed in an MiniOp-
ticon system (BioRad), using SybrGreen
MasterMix (Invitrogen), specific pri-
mers and 5 ng of DNA in each reaction
(Trombone et al. 2008). The primer
sequences and reaction properties are
depicted in Table 2. The standard PCR
conditions were 951C (10 min.), and

then 40 cycles of 941C (1 min.), 561C
(1 min.) and 721C (2 min.), followed by
the standard denaturation curve. The
positivity to bacteria detection and the
bacterial counts in each sample were
determined based on the comparison
with a standard curve comprised by
specific bacteria DNA (109–10� 2 bac-
teria) and negative controls, similar to
that described previously (Trombone
et al. 2008), and then adjusted for sam-
ple dilution in the assay to determine the
bacterial copy numbers in each site (i.e.
absolute load), and subsequently nor-
malized by the PD of the site (i.e.
normalized load). The sensibility range
of bacteria detection and quantification
of our real-time PCR technique was of
101–108 bacteria to each of the four
periodontopathogens tested.

Cell culture

Peripheral blood mononuclear cells
(PBMCs) were obtained from whole
blood from 24 systemically and perio-
dontally healthy subjects (12 subjects
with the 1G/1G genotype and 14 pre-
senting 2G allele: 5 1G/2G and 9 2G/
2G) by density gradient centrifugation
with Ficoll (Invitrogen), as described
previously (Ho et al. 2008). CD141
monocytes were purified from fresh
PBMCs with anti-CD14 magnetic beads
(MiltenyiBiotec, Bergisch, Gladbach,
Germany), as recommended by the
manufacturer and as described pre-
viously (Ho et al. 2008). The purity of
monocytes was between 95% and 97%
as verified by FACS. Monocytes were
cultured at 5 � 105 cells/ml in RPMI
medium (Invitrogen) supplemented with
10% FBS (HyClone, Waltham, MA,
USA), and subjected to single or
repeated (2 or 3, with 24-h intervals)
P. gingivalis or Escherichia coli lipopo-
lysaccharide (LPS; 1, 10 or 100 ng/ml)
(Sigma-Aldrich, St. Louis, MO, USA)
or cytokine (TNF-a1IL-1b: 0.5, 5 or
50 ng/ml of each cytokine) (BD Bios-
ciences Pharmingen, San Jose, CA,
USA) stimulation. The doses and the
repeated stimulation protocol were
defined based on previous studies
(Ardans et al. 2002, Kiszel et al. 2007,
Sundararaj et al. 2008) and preliminary
experiments, to achieve a low, inter-
mediate and intense degree of stimuli
to the cells. After 12-h poststimulation,
the cells were collected and subjected to
RNA extraction as described above.

Table 2. Primer sequences and reaction properties

Target Sense and anti-sense sequences tA
(1C)

tM
(1C)

bp

MMP1-1607 (rs: 1799750) TCGTGAGAATGTCTTCCCATT 55 – 29/89
TCTTGGATTGATTTGAGATAAGTGAAATC

MMP-1 TGGACCTGGAGGAAATCTTGC 58 79 155
AGAGTCCAAGAGAATGGCCGA

TNF-a AAGCCTGTAGCCCATGTTGT 56 79 330
CAGATAGATGGGCTCATACC

IL-1b GGAAGATTCTGAAGAAGAGAC 58 79 329
TGAGATTTTTAGAGTAACAGG

b-actin ATGTTTGAGACCTTCAACA 56 75 195
CACGTCAGACTTCATGATGG

Porphyromonas gingivalis TACCCATCGTCGCCTTGGT 60 84 126
CGGACTAAAACCGCATACACTTG

Treponema denticola AGAGCAAGCTCTCCCTTACCGT 59 80 105
TAAGGGCGGCTTGAAATAATGA

Tannerella forsythia GGGTGAGTAACGCGTATGTAACCT 59 79 127
ACCCATCCGCAACCAATAAA

Aggregatibacter
actinomycetemcomitans

ATGCCAACTTGACGTTAAAT 60 78 157
AAACCCATCTCTGAGTTCTTCTTC

tA, annealing temperature; tM, melting temperature; bp, base pairs of amplicon size; MMP-1, matrix

metalloproteinase-1; TNF-a, tumour necrosis factor-a; IL-1b, interleukin-1b.
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Statistical analysis

The significance of the differences in the
observed frequencies of the study poly-
morphism was assessed by the w2-test,
and the risk associated with genotypes/
alleles was calculated as the odds ratio
(OR) with 95% confidence intervals
(CIs). Analysis of MMP-1 expression
and bacterial load when performed only
between two groups and in vitro data
analysis between 1G and 2G genotype
groups within the same concentration
and stimulation protocol were per-
formed with a t-test. Analysis of possi-
ble differences between the genotype
subgroups of C and CP groups was
performed by ANOVA, followed by
Tukey’s test, and different letters in
the figure indicate statistical signifi-
cance among the groups investigated.
Multiple logistic and linear regression
analyses were performed to evaluate the
possible association between the vari-
ables. Values of po0.05 were consid-
ered statistically significant.

Results

MMP1-1607 SNP frequency analysis in the
C and CP groups

The subject sample included in this study
had a similar composition of male and
female subjects (Table 1). In terms of
ethnic status, Caucasians were prevalent
compared with Afro-Americans/mulatto
individuals; however, no further analysis
was performed based on this classifica-
tion in view of the high genetic misce-
genation of the Brazilian population
(Parra et al. 2003). The frequencies of
MMP1-1607 SNP genotypes and alleles
were similar in the CP and C groups
(Table 1), and were also found to be
similar to that reported for the Brazilian
population in a previous study (Astolfi
et al. 2006). The distribution of geno-
types in both groups was found to be in
Hardy–Weinberg equilibrium.

Association of MMP1-1607 with MMP-1
mRNA expression and with clinical

parameters

In order to evaluate the putative function-
ality of MMP1-1607 SNP, we next cor-
related it with MMP-1 mRNA expression
in healthy and diseased gingival tissues
(Fig. 1). Our data showed a weak MMP-1
expression in periodontal tissues of the C
subjects, while a significantly stronger
expression was evidenced in the tissues
harvested from CP patients. When ana-

lysing the possible association between
MMP-1 mRNA levels and the MMP1-
1607 SNP genotypes in the C group, we
found that polymorphic allele 2G (1G/2G
and 2G/2G genotypes) carriers presented
a significantly higher MMP-1 mRNA
expression when compared with the 1G/
1G genotype group. Conversely, in the
CP group, no differences were found in
MMP-1 expression between the different
genotype groups. As expected, the scores
of the clinical parameters of disease
severity were significantly higher in the
CP than in the C group (Table 1), but no
associations were found between the clin-
ical parameters and the MMP1-1607
genotypes in both C and CP groups
(data not shown).

Association of periodontopathogens and

cytokines with MMP-1 mRNA expression

in vivo

Given the importance of microbial fac-
tors in the aetiology of periodontal dis-
ease, we next correlated its presence and
load with the intensity of MMP-1 mRNA
expression. The frequency (Table 3) and
the absolute and normalized load (Fig. 2)
of the periodontopathogens P. gingivalis,
T. denticola and T. forsythia (which
comprise the red complex), and A. acti-
nomycetemcomitans were significantly
more prevalent in the CP than in the C
group. Similarly, the levels of bacterial
16S DNA were strikingly higher in the
CP when compared with the C (data not
shown). No associations were found
between the presence of periodonto-
pathogens and MMP-1 expression in
the C group (Fig. 3). Conversely, red

complex periodontopathogen detection
was associated with a significantly high-
er expression of MMP-1 mRNA, and P.
gingivalis (r2 5 0.0589, p 5 0.0008), T.
forsythia (r2 5 0.0449, p 5 0.0033) and
T. denticola (r2 5 0.1161, po0.0001)
absolute loads were also positively cor-
related with MMP-1 mRNA expression
in diseased tissues. The normalized bac-
terial load was also found to be similarly
correlated with the levels of MMP-1 in
periodontal lesions (data not shown).
The samples positive to A. actinomyce-
temcomitans detection presented a high-
er MMP-1 expression than the negative
ones, but this difference was not statisti-
cally significant. No correlations were
found between A. actinomycetemcomi-
tans load (both absolute and normalized
loads) and MMP-1 levels (r2 5 0.0101,
p 5 0.1697). Because previous studies
correlated periodontopathogens with
inflammatory cytokine production (Clau-
dino et al. 2008, Ferreira et al. 2008), and
inflammatory cytokines can up-regulate
MMP-1 expression, we next investigated
possible correlations between these fac-
tors’ expressions. Our results demon-
strated that IL-1b (r2 5 0.1088, p 5
0.0107) and TNF-a (r2 5 0.0657, p 5
0.0080) were positively correlated with
MMP-1 mRNA expression, while no
association was found between MMP-1
and IL-6 (data not shown).

MMP1-1607 genotype and
periodontopathogens versus MMP-1

mRNA expression

Because the periodontopathogens and
MMP1-1607 SNP could play overlap-

Fig. 1. MMP1-1607 single-nucleotide polymorphism (SNP) and its association with matrix
metalloproteinase-1 (MMP-1) mRNA levels in control (C) subjects and chronic periodontitis
(CP) patients. Total RNA was extracted from gingival tissues of C (N 5 104) and CP
(N 5 106) patients, and levels of MMP-1 mRNA were determined by real-time polymerase
chain reaction (PCR; with normalization to b-actin using the Ct method) and the results are
presented as expression of the individual mRNAs (with normalization to b-actin using the Ct

method). The box depicts the C group with a different Y-axis scale. npo0.05: t-test; one-way
ANOVA, followed by Tukey’s test: different letters indicate statistical significance (po0.05)
among the experimental groups.
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ping roles in the determination of MMP-
1 mRNA levels, we next analysed
MMP-1 expression in subgroups clus-
tered regarding their genotype and the
presence/absence of target bacteria. This
analysis confirmed the previous results,
demonstrating that in diseased tissues,
both red complex periodontopathogens
and A. actinomycetemcomitans were asso-
ciated with increased MMP-1 mRNA
levels, irrespective of the MMP1-1607
genotype (Fig. 4). Similar results were
found when P. gingivalis, T. denticola
and T. forsythia were analysed indivi-
dually (data not shown). In contrast, no
differences were found in the frequency
(Table 2) or in the load (data not shown)
of the periodontopathogens investigated
in the different MMP1-1607 genotypes
within the CP group. Multiple logistic
regression analysis demonstrated that
MMP-1 expression is age (p 5 0.516,
OR 5 0.8, CI 5 0.8–1.1), race (p 5
0.477, OR 5 1.0, CI 5 0.5–1.9) and gen-
der (p 5 0.802, OR 5 1.1, CI 5 0.5–2.6)
independent.

MMP1-1607 versus LPS and cytokine
stimulation in vitro

The LPS and cytokine (TNF-a1IL-1b)
stimulation of both 1G (1G/1G geno-
type) and 2G (1G/2G and 2G/2G)
macrophages resulted in a dose-
response MMP-1 mRNA expression
(Fig. 5). Regarding the single-stimula-
tion protocol, low and intermediate sti-
muli with both P. gingivalis LPS and
cytokine resulted in a genotype-depen-
dent response, where 2G cells presented
a higher expression of MMP-1, while
an intense/strong stimulus resulted in a
high MMP-1 expression irrespective of
the cell genotype. Regarding the repea-
ted stimulation protocol, the cell geno-
type only resulted in higher MMP-1
expression under low LPS stimuli, while
the other LPS concentrations and cyto-
kine stimulation resulted in similar
MMP-1 expression by 1G and 2G
macrophages. E. coli LPS stimulation
resulted in similar patterns of macro-
phage MMP-1 mRNA expression

regarding LPS concentrations and single/
repeated stimulation (data not shown),
but the overall MMP-1 mRNA expres-
sion in response to P. gingivalis LPS
was found to be significantly higher. A
7 � cell stimulation protocol resulted in
a response similar to that seen to 3 �
stimulation (data not shown). For all the
protocols tested, no significant differ-
ences were found between 1G/2G and
2G/2G genotypes (data not shown).

Discussion

Matrix metalloproteinases play a role in
both the physiological and the patholo-
gical degradation of extracellular and
bone matrix proteins in the periodontal
environment (Reynolds et al. 1994,
Hannas et al. 2007). While MMP-1
levels are relatively low in healthy
periodontal tissues, an increase in its
levels is associated with tissue destruc-
tion (Dean et al. 1989, Murphy et al.
1991, Reynolds 1996, Nawrocki et al.
1997). In accordance with previous

Table 3. Frequencies of periodontopathogens detection in control subjects (C) and chronic periodontitis (CP) patients regarding their MMP1-1607 genotype

Bacteria C (N 5 104) CP (N 5 106) w2-test

negative
(N/%)

positive
(N/%)

negative
(N/%)

positive
(N/%)

Porphyromonas gingivalis 91 87.50 13 12.50 39 36.79 67 63.20 po0.0001, OR 5 12.026,
CI: 5.956–24.2821G/1G 28 26.92 7 6.73 6 5.66 14 13.20

1G/2G12G/2G 63 60.57 6 5.76 33 31.13 53 50.00
p 5 0.1824, OR 5 0.3810,

CI: 0.1173–1.237
p 5 0.6585, OR 5 0.6883,

CI: 0.2407–1.968

Treponema denticola 94 90.38 10 9.61 48 45.28 58 54.71 po0.0001, OR 5 11.358,
CI: 5.333–24.1311G/1G 30 28.84 5 4.80 7 6.60 13 12.26

1G/2G12G/2G 64 61.53 5 4.80 41 38.67 45 42.45
p 5 0.4245, OR 5 0.4088,

CI: 0.1260–1.744
p 5 0.4376, OR 5 0.5910,

CI: 0.2149–1.626

Tannerella forsythia 95 91.34 9 8.65 45 42.45 61 57.54 po0.0001, OR 5 14.309,
CI: 6.528–31.3641G/1G 31 29.80 4 3.84 6 5.66 14 13.20

1G/2G12G/2G 64 61.53 5 4.80 39 36.79 47 44.33
p 5 0.7280, OR 5 0.6055,

CI: 0.1518–2.415
p 5 0.3174, OR 5 0.5165,

CI: 0.1813–1.471

Red complex 77 74.03 27 25.96 22 20.75 84 79.24 po0.0001, OR 5 10.889,
CI: 5.728–20.7011G/1G 22 21.15 13 12.50 6 5.64 18 16.98

1G/2G12G/2G 55 52.88 14 13.46 16 15.10 66 62.26
p 5 0.1062, OR 5 0.4308,

CI: 0.1747–1.062
p 5 0.5741, OR 5 0.3667,

CI: 0.07825–1.718

Aggregatibacter
actinomycetemcomitans

97 93.26 7 6.73 89 83.96 17 16.03 p 5 0.0571, OR 5 2.647,
CI: 1.048–6.683

1G/1G 34 32.69 1 0.96 13 12.26 7 6.60
1G/2G12G/2G 63 60.57 6 5.76 76 71.69 10 9.43

p 5 0.4785, OR 5 3.238,
CI: 0.3741–28.028

p 5 0.0253, OR 5 0.2449,
CI: 0.07884–0.7574

w2-test: performed to access the odds of periodontopathogens detection in the C and CP groups and also in the different genotype subgroups (1G/1G

versus 1G/2G12G/2G); subjects were considered red complex positive when at least one of the red complex species was detected.

OR, odds ratio; CI, confidence interval.
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Fig. 2. Bacterial load and its association with the expression of matrix metalloproteinase-1 (MMP-1) mRNA in controls (C) and chronic
periodontitis (CP) patients. Total RNA was extracted from gingival tissues of C (N 5 104) and CP (N 5 106) patients, and levels of MMP-1
mRNA were determined by real-time polymerase chain reaction (PCR; with normalization to b-actin using the Ct method). DNA was
extracted from biofilm samples collected from the same site biopsied, and the load of the periodontopathogens Porphyromonas gingivalis,
Tannerella forsythia, Treponema denticola and Actinobacillus actinomycetemcomitans was determined by real-time PCR. The graphs depict
the absolute bacterial load in sites sampled from the C and CP groups (npo0.05, t-test) the relative bacterial load (bacterial load normalized by
crevice/pocket depth) in the C and CP groups (npo0.05, t-test), and the association between the periodontopathogen load and MMP-1 mRNA
levels in the CP samples (values of r2 and p of linear regression analysis are indicated in the graphs).
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studies (Reynolds et al. 1994, Hannas
et al. 2007), our data demonstrate a
significantly higher MMP-1 expression
in the tissues of CP patients when
compared with the C patients, and a
considerable degree of variance in indi-
vidual MMP-1 mRNA levels. There-
fore, because individual variations in
the MMP-1 levels are thought to have
a significant impact on periodontitis
outcome, we next investigated the in-
fluence of host genetic background,
inflammatory cytokines and specific
periodontopathogens on the determina-
tion of MMP-1 mRNA levels.

From the genetic association point of
view, no differences were found in the
frequency of MMP1-1607 SNP between
the C and the CP groups, which suggests
the lack of association with disease
susceptibility. However, we must con-
sider that PD, a complex trait multi-
factorial disease, presents a series of
characteristics that impair the classic
genetic association analysis. The major
fraction of the subjects (around 70%) is

susceptible to the development of the
disease, but the existence of perio-
dontally healthy subjects does not
necessarily imply a genetic resistance
to the disease development, but may
only reflect the control of the aetiologi-
cal factors of disease (Shapira et al.
2005, Huynh-Ba et al. 2007, Claudino
et al. 2008, Ferreira et al. 2008), or in
other words, the C group comprising
periodontally healthy subjects invari-
ably includes a high number of subjects
genetically prone to develop perio-
dontitis but with proper oral hygiene.
Additionally, distinct ethnics of the sub-
jects investigated, differences in the
criteria to select C and CP groups and,
mainly, the observance (or not) of cov-
ariates with potential overlapping
effects may hinder their interpretation
(Shapira et al. 2005, Huynh-Ba et al.
2007, Claudino et al. 2008, Ferreira
et al. 2008). Therefore, it is difficult to
clearly state or rule out that a given SNP
is associated with periodontitis develop-
ment based only on SNP frequency data,

and indeed, the genetic association stu-
dies regarding PD (to a number of
genes, including MMP1) are usually
highly controversial (Holla et al. 2004,
Itagaki et al. 2004, Cao et al. 2005,
2006, Astolfi et al. 2006, Pirhan et al.
2008, Ustun et al. 2008).

Alternatively, from a functional or a
mechanistic point of view, the modula-
tion of a biological phenomenon by a
given SNP can point to a positive asso-
ciation with a given disease irrespective
of the genotype frequency, as demon-
strated in previous studies (Shapira et al.
2005, Huynh-Ba et al. 2007, Claudino
et al. 2008, Ferreira et al. 2008). Speci-
fically for MMP1-1607, an SNP that
creates a binding site for transcription
factors, the expected primary functional
effect is the modulation of the transcrip-
tional activity of MMP-1 (Kanamori
et al. 1999, Ye 2000, Pirhan et al.
2008). Indeed, our results demonstrate
that the presence of the MMP1-1607 2G
allele was associated with increased
MMP-1 mRNA expression in healthy
periodontal tissues (i.e. control subjects).
Accordingly, studies demonstrate that the
MMP1-1607 polymorphism affects gene
transcription. The MMP1-1607 2G allele,
together with an adjacent adenosine,
creates a core binding site (50-GGA-30)
for transcription factors immediately
adjacent to an AP-1 site, causing a sig-
nificant increase in the transcription
activity in vitro (Kanamori et al. 1999,
Ye 2000, Sternlicht & Werb 2001).

However, on analysing the possible
association of MMP1-1607 with MMP-
1 variance in diseased periodontium, no
statistical differences were found in
MMP-1 mRNA levels within the
MMP1-1607 genotypes, suggesting that
this SNP may not play a relevant role in
the development of periodontal disease.
According to this hypothesis, the
MMP1-1607 SNP genotype was not
associated with the clinical parameters
of disease severity in our sample. How-
ever, observance (or not) of covariates
(specific bacteria, inflammatory cyto-
kines, smoking) with potential overlap-
ping effects is mandatory to unravel a
possible small, but significant, func-
tional role of the SNP investigated
(Shapira et al. 2005, Huynh-Ba et al.
2007, Claudino et al. 2008, Ferreira
et al. 2008). Indeed, previous studies
hypothesize that these same covariates
may contribute towards regulation of
MMP-1 expression in diseased period-
ontium rather than gene polymorphisms
(Chang et al. 2002).

Fig. 3. Association between the presence of periodontopathogens and the expression of
matrix metalloproteinase-1 (MMP-1) mRNA in controls (C) and chronic periodontitis (CP)
patients. Total RNA was extracted from gingival tissues of C (N 5 104) and CP (N 5 106)
patients, and levels of MMP-1 mRNA were determined by real-time polymerase chain
reaction (PCR; with normalization to b-actin using the Ct method). DNA was extracted
from biofilm samples collected from the same site biopsied, and the identification of the
presence of the periodontopathogens Porphyromonas gingivalis, Tannerella forsythia,
Treponema denticola and Actinobacillus actinomycetemcomitans periodontal pockets was
performed by real-time PCR. The graphs depict the expression of MMP-1 in C and CP
patients regarding their positivity to each bacteria detection; one-way ANOVA, followed by
Tukey’s test: different letters indicate statistical significance (po0.05) among the experi-
mental groups.
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Therefore, we next investigated the
possible contribution of known period-
ontopathogens to MMP-1 modulation.
Our results showed that the frequencies
and load of periodontopathogens were
strikingly higher in the CP group, where
the presence of P. gingivalis, T. for-
sythia or T. denticola was associated
with increased MMP-1 mRNA expres-
sion. Accordingly, P. gingivalis increa-
ses the mRNA expression of MMP-1
(Zhou & Windsor 2006, 2007, Andrian
et al. 2007, Kou et al. 2008), while T.
denticola and T. forsythia have been
associated with increased MMP activity
in vitro (Ding et al. 1997, Bodet et al.
2006, Zhou & Windsor 2007). In addi-
tion, the red complex bacteria were
associated with higher scores of disease
severity parameters (data not shown), in
accordance with previous studies (Feng
& Weinberg 2006, Claudino et al. 2008,
Ferreira et al. 2008). Our results also
demonstrate that A. actinomycetem-
comitans, described to induce MMP
production in vitro and in vivo (Tira-

nathanagul et al. 2004, Bodet et al.
2006, Garlet et al. 2006), was only
associated with a trend towards a higher
MMP-1 expression, which probably did
not reach statistical significance due to
the low frequency of this bacteria in our
sample. At this point, it is important to
consider that the evaluation of the pre-
sence and load of periodontopathogens
by means of real-time PCR presents a
high sensitivity and specificity com-
pared with the culture technique, which
justifies its use as a diagnostic and
investigational tool, even in spite of
not providing information such as
microbial viability and antibiotic sus-
ceptibility (Sanz et al. 2004, Jervoe-
Storm et al. 2005, Atieh 2008).

Interestingly, when both genetic and
microbial variants were analysed simul-
taneously to avoid possible overlapping
effects, we found an interesting scenar-
io: in the control group, the MMP1-1607
2G allele was associated with increased
MMP-1 expression irrespective of the
presence of red complex periodonto-

pathogens, while in diseased tissues,
periodontopathogens were associated
with increased MMP-1 expression inde-
pendent of the MMP1-1607 genotype. It
is also important to consider that the
frequency and load of periodontopatho-
gens were similar in all MMP1-1607
genotypes within the CP group, exclud-
ing therefore a possible additional puz-
zling factor. Interestingly, even the
patients negative for the classic period-
ontopathogens presented a high MMP-1
expression, which is also independent
of the MMP1-1607 genotype. This
increased expression (when compared
with controls) is probably due to the
presence of other Gram-negative bacter-
ial species, less virulent than the classic
periodontopathogens but also able to
contribute to periodontitis development
to a lesser extent (Feng & Weinberg
2006). Based on our in vivo data and
considering the genetic and microbial
influence over MMP-1 expression, we
can identify distinct subgroups: subjects
exposed to a low microbial challenge
where the effect of the MMP1-1607
genotype is relevant to the determina-
tion of MMP-1 levels (i.e. control sub-
jects), and subjects in whom the
intermediate and intense microbial chal-
lenge, considering the overall bacterial
load and the presence of specific period-
ontopathogens, plays a major role over
MMP-1 expression irrespective of the
MMP1-1607 genotype.

Therefore, we hypothesize that the
prolonged stimulation of host cells by
the periodontopathogens, and by the
inflammatory mediators characteristi-
cally induced by them, may lead to a
high MMP-1 expression independent of
the MMP1-1607 genotype. In order to
investigate this possibility, we designed
in vitro experiments using low, inter-
mediate and strong LPS and inflamma-
tory cytokine stimuli that could mimic
the clinical situations found in the C and
CP subjects. LPS is the main structural
component of a Gram-negative bacteria
cell wall, is the immunodominant anti-
gen expressed by periodontopathogens
(Wilson & Hamilton 1992, Feng &
Weinberg 2006) and was described to
induce MMP expressions through TLR
signalling (Lai et al. 2003, Kasamatsu
et al. 2005). In addition, TLR signalling
also increases MMP-1 expression
mediated by pro-inflammatory cyto-
kines, such as TNF-a and IL-1b (Yamaji
et al. 1995, Ardans et al. 2002, Nishika-
wa et al. 2002, Itoh et al. 2003, Rossa
et al. 2007), cytokines whose levels

Fig. 4. Quantitative assessment of matrix metalloproteinase-1 (MMP-1) mRNA expression
in the presence or absence of Actinobacillus actinomycetemcomitans and red complex
periodonthogens associated with the genotypes. MMP1-1607 single-nucleotide polymorph-
ism (SNP) genotype of controls (C, N 5 104) and chronic periodontitis (CP, N 5 106) patients
was determined by RFLP, and levels of MMP-1 mRNA, and the detection of the period-
ontopathogens in periodontal pocket was performed by real-time polymerase chain reaction
(PCR). The graphs depict the expression of MMP-1 in the presence or absence of
Actinobacillus actinomycetemcomitans and red complex periodontopathogens in the C and
CP patients regarding their MMP1-1607 SNP genotype. One-way ANOVA, followed by
Tukey’s test: different letters indicate statistical significance (po0.05) among the experi-
mental groups.
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were positively correlated with MMP-1
expression in our sample. Interestingly,
the short-term and lower degree stimu-
lation of macrophages, designed to par-
allel with the C group, exposed to a very
low bacterial and inflammatory challenge,
demonstrates the host genotype influence
on MMP-1 mRNA levels, which is com-
patible with our data from healthy tissues.
Alternatively, repeated and higher degree
stimuli result in a higher MMP-1 expres-
sion irrespective of the genotype, similar
to that seen in CP patients, where a
massive and sustained accumulation of
Gram-negative bacteria and inflammatory
cytokines takes place. Interestingly,
P. gingivalis LPS resulted in a pattern
of macrophage response similar to that of
E. coli LPS regarding the effect of the
distinct concentration and stimulation
protocol, except for the more robust
MMP-1 expression induced by P. gingi-
valis LPS. This result reinforces the
hypothesis that specific bacteria such as
P. gingivalis, and its specific LPS, may
result in a significant increase in host
responsiveness (Zhou & Windsor 2006,
2007, Andrian et al. 2007, Kou et al.
2008, Barksby et al. 2009). At this point,
it is very important to consider that the in
vitro experiments were conducted with
cells from systemically and periodontally
healthy subjects, in order to avoid a
possible priming influence of circulating
cytokines in the subsequent stimulation.
Still in this context, it is possible to
consider that the repeated stimulation
protocol may mimic this initial priming
that takes place in periodontitis patients
(Pussinen et al. 2004, 2007, Golub et al.
2006), which consequently would also
contribute to a higher MMP-1 expression
irrespective of the host MMP1-1607 gen-
otype. Therefore, we can conclude that
the effect of the MMP1-1607 genotype is
dependent on the strength and extent of
the stimuli: while under low-challenge
stimulation, the SNP possibly facilitate/
extend the action of transcription factors
leading to higher MMP-1 transcription, a
stronger signalling due to intense and
sustained stimulation overcome the genet-
ic predisposition, and high levels of
MMP-1 are transcribed irrespective of
the SNP.

Interestingly, studies demonstrate
that highly dissimilar phenotypes can
result from stimuli/SNPs interaction,
including dose-dependent and -indepen-
dent responses, additive, synergic or
antagonic reactions (Pirmohamed &
Park 2001, Dall’Ozzo et al. 2004, Shah
2005, Tai et al. 2005, Godfrey et al.

Fig. 5. Strong and repeated microbial and inflammatory stimuli overcome the effects of the
MMP1-1607 single-nucleotide polymorphism (SNP) genotype on matrix metalloproteinase-1
(MMP-1) expression in macrophages. Macrophages (5 � 105 cells/ml, obtained from 26
systemically and periodontally healthy donors fresh PBMCs purification with anti-CD14
magnetic beads) presenting MMP1-1607 1G (1G/1G, N 5 12) or 2G polymorphic (1G/2G,
N 5 5; 2G/2G, N 5 9) genotypes were cultivated in RPMI medium supplemented with 10%
FBS, and subjected to single or repeated (3 � , with 24-h intervals) Porphyromonas
gingivalis LPS (1, 10 or 100 ng/ml) or cytokine (TNF-a1IL-1b; 0.5, 5 or 50 ng/ml of each
cytokine) stimulation. After 12-h poststimulation, the cells were collected and the levels of
MMP-1 mRNA were quantitatively measured by real-time polymerase chain reaction (PCR),
and the results are presented as expression of the individual mRNAs (with normalization to
b-actin using the Ct method). npo0.05, t-test; 1G versus 2G within the same concentration
and stimulation protocol.
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2007, Hu et al. 2007, Hashimoto et al.
2008). Specifically in PD, IL1B13954
and red complex periodontopathogens
present an additive effect over IL-1b
expression (Claudino et al. 2008, Fer-
reira et al. 2008), while no additive
effect was found between TNFA-308
and periodontopathogens, both factors
being independently associated with
TNF-a levels (Feng & Weinberg 2006,
Claudino et al. 2008, Ferreira et al.
2008). Since IL-1b and TNF-a can mod-
ulate MMP-1 expression, as well as the
expression of other MMPs relevant to
periodontitis development, IL1B13954
and TNFA-308 SNPs are potentially
more relevant to PD outcome than
MMP1-1607. Indeed, IL1B13954 and
TNFA-308 were associated with higher
values of the clinical parameters of dis-
ease severity (Feng & Weinberg 2006,
Claudino et al. 2008, Ferreira et al.
2008), while no associations were found
with MMP1-1607. Another SNP poten-
tially involved in the MMPs/tissue inhi-
bitor of metalloproteinases (TIMPs)
system regulation is the IL10-592,
described to influence the levels of
TIMP expression in periodontal tissues
(Garlet et al. 2004, 2006, Claudino et al.
2008). Indeed, MMPs can also be regu-
lated at multiple levels rather than tran-
scriptionally (i.e. secretion, activation,
inhibition), and TIMPs play a very
important role in this system (Sternlicht
& Werb 2001, Garlet et al. 2004, 2006,
Claudino et al. 2008). Therefore, further
studies are required to confirm whether
increased levels of MMP-1 mRNA are
indeed associated with increased MMP-
1 activity in periodontal lesions, and also
the role of different TIMPs in the deter-
mination of MMP-1 activity in vivo and
in vitro. It is also important to consider
that periodontitis is a complex trait dis-
ease, in which several other MMPs,
periodontopathogens and immunoregu-
latory cytokines not considered in this
investigation may also be involved in
the modulation of disease outcome. An
additional point to be considered is the
timing of sample collection, because in
this study only sites non-responsive to
basic periodontal therapy were sampled
for microbiological and molecular ana-
lysis. In view of the impossibility to
determine the presence of active bone
loss in a given periodontal pocket, non-
responsive sites were intentionally
sampled in order to maximize the num-
ber of potentially active periodontal
lesions to be investigated. Indeed, based
on the comparison of RANKL/OPG

expression among non-responsive sites
and sites with active or inactive alveolar
bone resorption (induced by orthodontic
forces), a previous study demonstrated
that the majority of the non-responsive
sites were compatible with the active
bone resorption molecular profile
(Menezes et al. 2008). Interestingly,
unpublished data, generated using the
same strategy described above to ana-
lyse the RANKL/OPG expression pat-
tern, demonstrate that samples collected
before the basic periodontal therapy
comprise o40% of putative active
bone resorption sites. Therefore, we
must consider that the analysis of samples
collected before the basic periodontal
therapy may result in distinct levels of
periodontopathogens and MMP-1 mRNA
than in non-responsive sites.

Taken together, our results demon-
strate distinct roles for genetic and
microbial factors in the regulation of
MMP-1 expression in healthy and dis-
eased periodontal tissues. While the
MMP1-1607 SNP 2G allele was found
to increase MMP-1 mRNA levels in
healthy tissues, the strong and persistent
periodontopathogens and inflammatory
cytokine stimulation overcome the
genetic influence and play a major role
in the up-regulation of MMP-1 levels in
diseased tissues. The first steps in sol-
ving the puzzle composed of genetic,
inflammatory and microbial contribu-
tions to the immunopathogenesis of
periodontal disease have been achieved,
but further studies are required to under-
stand their exact roles in periodontitis
outcome. This knowledge might allow
us to develop diagnostic, preventive and
therapeutic strategies to improve the clin-
ical management of periodontal disease.
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Clinical Relevance

Scientific rationale for the study:
Host genetic background, specific
periodontopathogens and cytokines
may determine individual variations
in MMP-1 levels and periodontitis
outcome. Therefore, the simulta-
neous investigation of these factors
may unravel its individual role in the
modulation of MMP-1 mRNA
expression and therefore provide
important information in periodontal
disease.
Principal findings: No significant
differences were found in the fre-

quency of MMP1-1607 genotypes
in the C and CP groups. In healthy
tissues, the MMP1-1607 2G allele
was associated with higher MMP-1
levels, while red complex periodon-
topathogens and inflammatory cyto-
kines TNF-a and IL-1b were
positively correlated with increased
MMP-1 expression in diseased peri-
odontium of non-smokers. The
MMP1-1607 2G allele influences
MMP-1 expression in vitro only in
response to low-degree microbial
and inflammatory stimulation, while
strong and repeated stimulation

resulted in higher MMP-1 levels
irrespective of the MMP1-1607 gen-
otype.
Practical implications: MMP1-1607
SNP was not a useful marker to
assess the susceptibility to perio-
dontal disease. On the other hand,
our results demonstrate that the
chronic antigenic challenge exposure
in periodontal disease may overcome
the genetic influence and plays a
major role in periodontal disease
outcome.
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