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Levels of matrix
metalloproteinases-8 and -9
with simultaneous presence
of periodontal pathogens in
gingival crevicular fluid as
well as matrix
metalloproteinase-9 and
cholesterol in blood

Séder B, Airila Mdnsson S, Soder P-O, Kari K, Meurman J. Levels of matrix
metalloproteinase-8 and -9 with simultaneous presence of periodontal pathogens in
gingival crevicular fluid as well as matrix metalloproteinase-9 and cholesterol in
blood. J Periodont Res 2006, 41: 411-417. © Blackwell Munksgaard 2006.

Background and Objectives: To investigate the levels of matrix metalloproteinase
(MMP) -8 and -9 with the simultaneous presence of periodontal pathogens in
gingival crevicular fluid (GCF) as well as MMP-9 and cholesterol in blood.
Although bacterial pathogens are required to initiate the periodontal disease
process, in some individuals the reaction to bacteria may lead to an excessive host
response, resulting in a general inflammatory response.

Methods: MMP-9 and lipids were analyzed from the blood samples of 33 subjects
with a 16-year history and oral health records of periodontal disease as well as
from 31 periodontally healthy controls. Information was obtained on education,
body mass index, and family history of atherosclerosis. GCF was taken to
determine MMP-8 and MMP-9 levels, and bacterial samples were simultaneously
collected for polymerase chain reaction assessment of Actinobacillus actinomyce-
temcomitans, Porphyromonas gingivalis, Prevotella intermedia, Prevotella nigres-
cens, Tannerella forsythia, and Treponema denticola. Analysis of variance, chi-
squared test, and multiple logistic regression analysis were used to analyze the
results.

Results: Demographic data showed significant differences between patients and
controls in smoking (P < 0.01), body mass index (P < 0.05), family history of
atherosclerotic disease (P < 0.01), and education (P < 0.01). Significant differ-
ences were also observed in oral health data, in the detection of P. gingivalis

(P < 0.001), P. intermedia (P < 0.01), P nigrescens (P < 0.001), and T. forsy-
thia (P < 0.001) and in the levels of MMP-8 and MMP-9 in GCF between
patients and controls. 7. forsythia [odds ratio(OR) 10.1; P = 0.001] and age
(OR 5.54; P = 0.008) appeared to be the main independent predictors for high
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MMP-8 in GCF. Patients had significantly higher total cholesterol (P < 0.01),
low-density lipoprotein cholesterol (P = 0.05), and triglycerides (P < = 0.01)
than controls. Plasma levels of MMP-9 were significantly higher in patients than in

controls (P = 0.001).

Conclusions.: Specific periodontal microorganisms appeared to induce host
response, with increased release of MMP-8 and MMP-9 in gingival pockets as well
as of MMP-9 in plasma, possibly triggering its up-regulation in blood.

Periodontal disease is characterized by
chronic infection and inflammation in
periodontal tissue, leading to destruc-
tion of the bone surrounding the teeth
and, ultimately, to tooth loss (1). An
estimated 15-35% of the adult popu-
lation in industrialized countries suffers
from this multifactorial disease (2—4).
Periodontal disease is initiated by a
biofilm of bacteria on the teeth, which
triggers an immuno-inflammatory
response in the adjacent host tissues
(1,5). Although bacterial pathogens are
required to initiate the disease process,
their presence alone is not sufficient to
cause the tissue destruction that occurs
in periodontitis (4,6). In some individ-
uals, the reaction to bacteria may lead
to an excessive host response, resulting
in a general inflammatory response.
Systemic markers that reflect inflam-
mation include the highly sensitive
C-reactive protein (hs-CRP) (7). On the
vascular level, inflammatory cells se-
crete matrix-degrading proteases such
as matrix metalloproteinases (MMPs).
The MMPs are a group of enzymes
responsible for the degradation of most
matrix proteins in growth and normal
tissue turnover (8). They also play a
role in cardiovascular pathology, e.g. in
coronary artery disease (9). MMP-8, in
conjunction with MMP-9 and func-
tional granulocyte elastase, is involved
in tissue destruction in subjects with
periodontal disease (10-12). MMP-8
has also been found in periodontal
lesions together with Chlamydia pneu-
moniae (13). Evidence indicates that
MMP-9 increases during chronic
inflammation (9) and may be associated
with  C. pneumoniae-related athero-
sclerosis (14). Plasma MMP-9 seems to
provide a useful marker of inflamma-
tion, as it correlates with leukocyte

count and is not associated with the
lipid profile (15).

Elevated levels of total cholesterol,
low-density lipoprotein (LDL) choles-
terol, and triglycerides and diminished
levels of high-density lipoprotein
(HDL) cholesterol are associated with
an increased risk of coronary events
(16-20). Human cytomegalovirus
modifies LDL uptake and may thus be
linked to atherosclerotic plaque for-
mation. Human cytomegalovirus
occurs with elevated frequency in
severe adult periodontitis (21,22).

The relationship between chronic
inflammation and atherogenesis has
recently been expanded to include
other pro-inflammatory  processes
related to a hyperactive immune
response or an autoimmune reaction to
microbial or other metabolic stimuli
(23,24). Poor oral health may therefore
contribute to the pathogenesis of
atherosclerosis in several ways, inclu-
ding via inflammatory pathways (25).

Our hypothesis was that periodontal
pathogens, which trigger inflammatory
response in diseased periodontal pock-
ets, resulting in higher levels of MMPs in
gingival crevicular fluid (GCF), may,
also cause an increase in plasma MMPs,
thus contributing to the pathogenesis of
such systemic diseases as atheroscler-
osis. The aim of this study was to
investigate in a representative sample of
subjects with long-term periodontal
disease the levels of MMP-8 and MMP-
9 with the simultaneous presence of
periodontal pathogens in GCF as well
as the levels of MMP-9, cholesterol,
HDL cholesterol, LDL cholesterol, tri-
glycerides, and hs-CRP in blood. This
study belongs to the oral infection—sys-
temic disease paradigm in periodontal
disease and atherosclerosis.

Materials and methods

Patients and control subjects

Participants comprised 33 subjects (13
women, 20 men) with periodontal dis-
eases and 31 periodontally healthy
controls (17 women, 14 men) with a
mean age of 53.6 (£ 2.9 SD) years.
The subjects were randomly selected
from a group of 1676 patients who had
volunteered to take part in an epide-
miological study of periodontal health
that started in 1985 and continued
until 2003 (26,27). At the beginning
and the end of the study, the subjects
answered a structured questionnaire
concerning health problems, use of
tobacco, socioeconomic data, educa-
tion, and dental visits.

The presence of periodontal disease
was documented in 1985 and con-
firmed between 2001 and 2003.

At the same time, the 31 periodon-
tally healthy controls were randomly
selected from a group of individuals
who were found to be free of perio-
dontitis in 1985 and confirmed to be
healthy between 2001 and 2003. Nine
subjects who were periodontally heal-
thy in 1985 no longer fulfilled the
inclusion criteria in 2001/2003 and
were excluded from the study. At the
time of the oral examination in 2001
and 2003, blood pressure was meas-
ured and blood was collected after 12 h
of overnight fasting for the analysis of
total plasma cholesterol. Blood (20 ml)
was drawn from the antecubital vein of
the subjects, and plasma was separated
and stored at —70°C. Samples were
later analyzed to determine the levels
of plasma hs-CRP, total cholesterol,
HDL cholesterol, LDL cholesterol,
triglycerides, and MMP-9.



Ethical considerations

The Ethics Committee of the Huddinge
Hospital, Sweden, had approved the
study protocol. Subjects gave their
informed written consent to partici-
pate. All subjects fulfilled the following
inclusion criteria: no systemic disease,
no systemic or local antibiotic therapy
during the 6 months prior to the start
of the clinical examinations, and no
periodontal treatment during the last
3 months.

Clinical and X-ray examination, oral
microbiological and gingival
crevicular fluid sampling

The clinical examinations performed
after the microbial and GCF samp-
ling included measurement of the
dental plaque index (28) and deter-
mination of gingival inflammation by
using a non-invasive modification of
the gingival index (29). Dental plaque
was determined on buccal and lingual
surfaces on all teeth, excluding wis-
dom teeth. Periodontal pocket depth
and loss of attachment were meas-
ured at mesio-buccal, mid-buccal,
mesio-lingual, disto-buccal, disto-lin-
gual, and mid-lingual sites of the
teeth. Bleeding on probing, a clinical
sign of gingival inflammation, was
assessed by using a periodontal probe
with a tip diameter of 1 mm and a
probing pressure of 25 g. Bleeding
within 60 s was recorded as bleeding
on probing. The six sites mentioned
above were tested on each tooth; one
bleeding site per tooth was registered,
and bleeding was expressed as the
percentage of bleeding sites per
patient. The occurrence of bleeding
was expressed as the percentage of
bleeding teeth per patient.

Radiographs of the jaws were taken
and periodontal bone height was
determined as a percentage of root
length from radiographs magnified se-
ven times, using a computerized
measuring system (30).

The deepest site in each jaw quad-
rant was selected for microbial and
GCF sampling. The sites to be sampled
were isolated with cotton rolls, gently
air-dried, and supragingival plaque
was carefully removed at the place of
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insertion of the sampling needle into
the pocket. GCF was collected using
the intracrevicular washing technique
(31). The ejection needle of the instru-
ment was carefully inserted into the
crevice to a level of approximately
1 mm below the gingival margin. The
sulcus or pocket was then flushed by a
constant delivery system (10 pl per
flushing) with an aliquot of 15 ul
phosphate-buffered saline (pH 7.4) and
simultaneously drained through the
collection needle into Eppendorf tubes
by constant suction (flow rate 25 ml/
h). The gingival washings in the Epp-
endorf tubes were diluted up to a final
volume of 500 pl by washing the drain-
tubes. The samples were immediately
centrifuged (8000 g) for 5 min at 4°C,
and the supernatants and pellets were
frozen to —70°C until analysis.

Assays of MMP-8 and MMP-9

GCF supernatants (20 pl) were as-
sayed for MMP-8 and MMP-9 (both
free and complexed) with an enzyme-
linked immunosorbent assay kit
according to the manufacturer’s
instructions (Amersham Life Science
Ltd, Buckinghamshire, UK). The lev-
els of MMP-8 and MMP-9 were
determined as a total amount per site
(ng/site). MMP-9 was also assayed in
plasma and expressed in ng/ml (32).

Assay of interleukin-1p

GCF supernatants (20 pl) were as-
sayed for Interleukin-lbeta (IL-1B)
with enzyme-linked immunosorbent
assay kits according to the manufac-
turer’s instructions (R & D Systems
Europe Ltd, Abingdon, UK). The
levels of IL-1B were determined as a
total amount per site (pg/site).

Assays of hs-CRP, total cholesterol,
HDL cholesterol, LDL cholesterol,
and triglycerides

Hs-CRP, total cholesterol, HDL cho-
lesterol, LDL cholesterol, and triglyc-
erides were assayed in plasma. Hs-CRP
was expressed in mg/l, and HDL cho-
lesterol, LDL cholesterol, and triglyc-
erides in mmol/l. The determinations
were carried out using routine methods
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at the Laboratory of Clinical Chem-
istry in Karolinska University Hospi-
tal, Huddinge, Sweden.

Analyses of microorganisms

Samples were collected from the perio-
dontal test sites to detect the presence
or absence of the microorganisms
Actinobacillus actinomycetemcomitans,
Porphyromonas  gingivalis, Prevotella
intermedia, Prevotella nigrescens, Tan-
nerella forsythia, and Treponema den-
ticola. The specimens were analyzed
using the polymerase chain reaction
technique by means of specific primers
for the periodontal bacteria as des-
cribed by Wahlfors ef al. (33) and
Meurman et al. (34).

Statistical analysis

Analysis of variance (ANOVA), chi-
squared tests, and multiple logistic
regression analysis with backwards
elimination of non-significant variables
were performed using the spss® soft-
ware package, version 13.0 (SPSS Inc.,
Chicago, IL, USA). All P-values are
two-tailed, and confidence intervals
were calculated at the 95% level.

Results

Table 1 presents the demographic data
and risk factors of the subjects. Oral
health data are given in Table 2. Sev-
eral oral health parameters were poor
among the patients in comparison with
the controls. MMP-9 levels in plasma
of patients and controls are shown in
Fig. 1. Twenty per cent of the patients
and 19% of the controls had hyper-
tension. According to logistic regres-
sion  analysis, hypertension or
antihypertensive therapy and body
mass index were not significantly rela-
ted to MMP-9 in plasma; hs-CRP
values did not differ between the
groups. P. gingivalis, P. intermedia,
and P. nigrescens, T. forsythia, and
T. denticola detected signifi-
cantly more often among subjects
in the patient group than in the con-
trol group. All of the strains of
microorganisms identified were also
present in the control group, but in
fewer subjects (Fig. 2). In a multiple

were
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Table 1. Demographic data and risk factors of subjects

Patients (n = 33) Controls (n = 31)

number, number,

mean £+ SD mean + SD P-value
Gender (female/male) 13/20 17/14 NS
Age (years) 540 =29 53.2 £ 2.8 NS
Education (compulsory/higher) 14/19 3/28 < 0.01
Smoking (yes/no) 13/20 3/28 < 0.01
Body mass index (kg/m?) 259 £ 52 23.5 £ 3.0 < 0.05
Family history of atherosclerotic 15/16 4/26 < 0.01
disease (yes/no)
Diabetes (yes/no) 1/32 0/31 NS
Hypertension (yes/no)* 8/23 5/26 NS
Hs-CRP (mg/l) 253 £ 593° 2.41 £ 2.66 NS
Total cholesterol (mmol/l) 5.98 + 0.91° 537 +£ 0.71 < 0.01
HDL cholesterol (mmol/l) 1.46 £ 0.38 ° 1.49 + 0.36 NS
LDL cholesterol (mmol/1) 3.81 £ 0.97° 3.40 + 0.67 = 0.05
Triglycerides (mmol/l) 1.57 = 1.13° 1.04 + 0.35 = 0.01

Hs-CRP, highly sensitive C-reactive protein;
density lipoprotein.

HDL, high-density lipoprotein; LDL, low-

% Systolic pressure > 140 mmHg, diastolic pressure > 90 mmHg, or ongoing antihyper-

tensive therapy.
® Values from two subjects are missing.

Table 2. Clinical oral and radiographic data (mean + SD) of patients with periodontal dis-

ease and controls

Patients (n = 33) Controls (n = 31) P-value
Number of missing teeth 33 £ 5.1 0.6 = 0.8 < 0.005
Number of teeth with gingival 99 + 64 0.1 £ 0.3 < 0.001
pocket depth = > 5 mm
Pocket depth (mm) 32 +£09 19 £03 < 0.001
Loss of attachment (mm) 43 + 1.8 2.1 +£04 < 0.001
Gingival index 1.5 £ 1.0 0.2 £ 0.2 < 0.001
Dental plaque index 0.8 + 0.8 0.2 + 0.2 < 0.001
Percentage of bleeding on probing 51.0 = 30.5 15.1 £ 129 < 0.001
Percentage of remaining alveolar 81.1 + 13.0 933 £ 1.9 < 0.001

bone on radiographs

logistic regression model for MMP-9
in plasma, smoking, P. gingivalis,
and dental plaque appeared to be
the main independent predictors of
increased MMP-9, associated with 6.45
times the odds for smoking, 6.21 times
the odds for P. gingivalis, and 5.39
times the odds for dental plaque
(Table 3).

In GCF samples, the levels of MMP-
8 and MMP-9 were significantly higher
in patients with periodontal disease
than in controls, while no difference
was observed in IL-1B levels (Fig. 3).
MMP-8 and MMP-9 levels in the GCF
of all subjects studied and the simul-
taneous presence or absence of the
microorganisms investigated are pre-
sented in Table 4. The levels of MMP-
8 were significantly higher in GCF

when P. intermedia, T. forsythia and
T. denticola were present than when
these microorganisms were absent.
Similarly, the levels of MMP-9 in GCF
were significantly higher when P. gin-
givalis, P. intermedia, P. nigrescens,
and T. forsythia were present than
when these microorganisms
absent. Table 5 presents the results of
the multiple logistic regression analysis
for MMP-8 in GCF, with T. forsythia
and age appearing to be the main
independent predictors, associated
with 10 times the odds of increase for
T. forsythia and 5.5 times that for age.
In a multiple logistic regression model
for MMP-9, T. forsythia was the only
independent predictor, associated with
2.9 times the odds for T. forsythia
(Table 5).

were
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Fig. I. MMP-9 levels (ng/ml £ SD) in

plasma of periodontitis patients and con-
trols. ***P < 0.001.

Discussion

In subjects with periodontal disease,
reactions to bacteria in periodontal
pockets may lead to an excessive host
response, manifesting as a local and
general inflammatory response, which
can result in chronic inflammation and
atherogenesis. Our findings are in
agreement with those of earlier studies
by our group on carotid artery intima-
media thickness and calculated intima
media area in subjects with periodontal
disease, where periodontal disease was
associated with development of early
atherosclerotic carotid lesions (35).
Previous studies have shown that
serum MMP-9 is elevated in subjects at
risk  for cardiovascular  disease
(15,36,37), with a history of cardio-
vascular disease (38), and peripheral
arterial disease (9). Although no dif-
ferences were present in the levels of
hs-CRP between patients and controls
in our study, the increased level of
circulating MMP-9 in patients with
periodontal disease could be an early
marker of general inflammation and
even an indicator of future cardiovas-
cular disease. MMP-9 expression has
been observed to be associated with the
presence of C. pneumoniae in human
coronary atherosclerotic plaque (14),
this bacterium has also been found in
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Fig. 2. Number of subjects in the periodontitis (n = 33) and control (n = 31) groups with

presence or absence of Actinobacillus actinomycetemcomitans (A. a), Porphyromonas gingi-
valis (P. g), Prevotella intermedia (P.i), Prevotella nigrescens (P.n), and Tannerella forsythia
(T.f). For Treponema denticola (T.d) the number of subjects with periodontitis were 25 and
seven, respectively. **P < 0.01, ***P < 0.001.

Table 3. Results of multiple logistic regression analysis of the relationship between matrix
metalloproteinase-9 (MMP-9) in plasma of subjects with periodontitis (dependent variable)
and several independent variables (periodontal disease, age, gender, smoking, education,
dental plaque, and periodontal microorganisms)

Chi- Odds  95% confidence
Explaining variable B squared P-value ratio interval
MMP-9  Smoking 1.867  3.90 0.048 645 1.01-41.67
Porphyromonas gingivalis  1.828  5.52 0.019 6.21 1.35-28.57
Dental plaque 1.685 5.36 0.021 5.39 1.30-22.44
k40 with A. actinomycetemcomitans, P. gin-
L35 givalis and P. intermedia, has also
been identified in atheromatous plaque

30, 30 (39).

s r2s 2 Our study addressed, for the first
2 201 'Zoé time, the issue of the simultaneous
® 15 r1s presence of MMP-8 and MMP-9 and

104 10 the presence or the absence of the

54 5 periodontal microorganisms A. actin-

4 Lo omycetemcomitans, P. gingivalis,
l\l/nlg]\;ls}i)t-(-:s I\I/llg]\;[s}i)t'eg ;;/sll?e P. intermedia, P. nigrescens, T. forsy-

Fig. 3. Levels of matrix metalloproteinase-8
(MMP-8), MMP-9, interleukin-1f
(IL-1B) (mean =+ SD) in gingival crevicular
fluid of patients with periodontal disease
and controls. **P < 0.01.

and

deep periodontal lesions together with
MMP-9 (13). In multiple logistic
regression analysis, T. forsythia was a
significant predictor for both MMP-8
and MMP-9. C. pneumoniae, together

thia, and T. denticola in periodontal
pockets of subjects with periodontal
disease. Both patients and controls
were randomly chosen to avoid selec-
tion bias and to ensure normal distri-
bution of the sampled variables. The
patients had suffered from documented
periodontitis for at least 16 years at the
time of re-examination, while the con-
trols had stayed periodontally healthy
during the same period. This long
observation time is a major strength of
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the study. Both groups had visited
their dentists almost every year. How-
ever, patients had visited dental hygi-
enists significantly more often than had
controls. It seems very difficult for
these patients to recover from perio-
dontal disease probably because of
poor oral hygiene.

The higher amount of MMP-§ in the
GCF of patients than controls is in
agreement with earlier studies, which
have shown that the major collagenase
in periodontitis lesions is MMP-8,
accompanied by MMP-9 (10,11). Most
cell types found in the gingival perio-
dontal region can be induced to express
MMP-8 (40-43). We did not measure
MMP-8 in plasma; however, subjects
with hypoechogenic plaques have been
observed to have higher levels of MMP-
8 in plasma than controls (44).

The GCF of patients also contained
significantly more MMP-9 than that of
controls. It could be speculated that
MMP-9 from diseased pockets leaks
out, contributing to the increased
plasma levels of MMP-9 in perio-
dontitis patients. MMP-9 might be
inhibited and removed by protease
inhibitors such as o,-macroglobulin
and tissue inhibitor of metalloprotein-
ases.

Periodontal bacteria might also
enter the bloodstream during transient
bacteremias, inducing the systemic
up-regulation of MMP-9 by hyperin-
flammatory monocytes. Beck et al.
suggested that certain forms of perio-
dontal disease, including refractory
periodontitis, possess hyperinflamma-
tory monocytes (45). By analyzing the
levels of MMP-8 and MMP-9 in the
periodontal pockets and simulta-
neously determining whether bacteria
were present, it was possible to identify
which periodontal microorganisms
could induce the release of MMP-8 and
MMP-9.

The multiple logistic regression
analysis for MMP-9 in plasma showed
that P. gingivalis was one of the main
independent predictors for increased
levels of the enzyme. Both P. gingivalis
and T. forsythia have recently been
found in samples of coronary stenotic
artery plaque and dental plaque, with
detection rates of 21.6% and 23.3%,
respectively. The detection rate of
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Table 4. Levels of matrix metalloproteinase-8 (MMP-8) and MMP-9 [ng/site (mean + SD)]
in gingival crevicular fluid with the simultaneous presence or absence of periodontal

microorganisms

Microorganism Present (mean + SD) n  Absent (mean £ SD) n  P-value
MMP-8

Actinobacillus 8.21 = 9.1 12 624 + 10.7 52 NS
actinomycetemcomitans

Porphyromonas gingivalis  9.63 + 8.8 20 5.24 £ 109 44 NS
Prevotella intermedia 12.76 £ 15.4 20 3.82 £5.3 44 0.001
Prevotella nigrescens 7.45 + 10.9 53 2.56 £ 6.5 11 NS
Tannerella forsythia 10.9 + 12.3 38 1.53 £ 2.1 26 < 0.001
Treponema denticola 15.21 £ 14.5 20 3.84 £ 5.8 12 0.015
MMP-9

Actinobacillus 13.55 £ 9.5 12 1087 + 8.4 52 NS
actinomycetemcomitans

Porphyromonas gingivalis 15.45 + 8.3 20 9.52 £+ 8.1 44 0.009
Prevotella intermedia 14.61 + 8.7 20 9.90 + 8.2 44 0.04
Prevotella nigrescens 12.57 £ 8.5 53 5.61 £ 6.6 11 0.01
Tannerella forsythia 13.68 + 8.8 38 8.00 £ 7.2 26 < 0.008
Treponema denticola 14.58 + 9.36 20 9.36 £ 8.9 12 NS

Table 5. Results of multiple logistic regression analysis of the relationship between matrix
metalloproteinase-8 (MMP-8) and MMP-9 levels in gingival crevicular fluid (dependent
variables) and the independent variables of periodontal disease, age, gender, smoking, edu-
cation, dental plaque index, and presence of periodontal microorganisms

Dependent Explaining Chi- Odds  95% confidence
variable variable Beta squared P-value ratio interval
MMP-8 T. f. - 2314 11.94 0.001 10.10  2.72-34.04

Age 1.712 7.01 0.008 5.54 1.56-19.67
MMP-9 T. f. - 1.063 4.04 0.044 2.90 1.03-8.20

T.f., Tannerella forsythia.

P. gingivalis in coronary artery plaque
was correlated with its presence in
subgingival plaque (46). Human
atherosclerotic plaque has been shown
to contain viable
omycetemcomitans,
(47).

Even small changes in blood lipid
profiles can have considerable benefits
for public health (48). Since infection
and inflammation play a role in the
complex interactions of lipid metabo-
lism and in the pathogenesis of
atherosclerosis (47), reducing the total
inflammatory burden on subjects is
critical. Periodontitis patients can be
regarded as being at risk for future
cardiovascular events because of their
chronic infection burden.

In conclusion, periodontal microor-
ganisms appeared to induce a host re-
sponse, with increased release of
MMP-8 and MMP-9 in periodontal
pockets. Higher concentrations of
MMP-9 were detected in blood sam-

invasive A. actin-
and P. gingivalis

ples of periodontitis patients, indica-
ting that this enzyme either seeps into
the circulation from inflammatory cells
in the periodontal pockets or its up-
regulation in blood is triggered by
periodontal bacteria.
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