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Abstract

The association between periodontal and cardiovascular
disease has received considerable attention. Studies have
demonstrated a higher incidence of atherosclerotic compli-
cations in patients with periodontal disease. Tissue factor
(TF) has been known as a key initiator of the coagulation cas-
cade, and the TF pathway is the primary physiological mech-
anism of initiation of blood coagulation. Recently, it has been
shown that the circulating pool of TF in blood is associated
with increased blood thrombogenicity in patients with coro-
nary artery disease (CAD). Various tissues and saliva have
been known to have TF activity. Consequently, the aim of this
study was to investigate plasma TF levels and TF activity of
saliva in periodontitis patients with and without diagnosed
CAD. Twenty-six patients with a diagnosis of CAD and 26 sys-
temically healthy patients were examined in the dental clin-
ic, and the Community Periodontal Index Treatment Needs
(CPITN) scores were recorded. Plasma TF levels were deter-
mined using commercially available ELISA kit. Salivary TF ac-

tivities were determined according to Quick’s one-stage
method. Plasma TF levels were significantly increased in pa-
tients with CAD when compared with the control group.
There was no difference in salivary TF activities between the
2 groups, but there was a strong and negative correlation
between salivary TF activities and CPITN indexes in both
groups. In order to determine the possible role of TF activity
as a salivary marker in CAD and periodontitis and to fully un-
derstand the negative correlation between salivary TF ac-
tivities and CPITN, TF activity of gingival crevicular fluid that
may also affect saliva can be evaluated.

Copyright © 2011 S. Karger AG, Basel

Introduction

Periodontitis is a chronic inflammatory disease, initi-
ated by colonization of dental plaque bacteria in the gin-
gival sulcus, which causes destruction of the surrounding
and supporting tissues of the teeth and can finally lead to
tooth loss. The global prevalence of periodontal diseases
is high, and the severe forms of chronic periodontitis af-
fect approximately 10-15% of individuals in most popu-
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lations, whereas 35% exhibit moderate or mild signs of
the disease [1-3].

Atherosclerosis is also a very common disease and
starts early in life; however, since disease progression is
usually slow, clinical symptoms or hospitalization are
rare before the age of 40 years [4]. The association be-
tween periodontal disease and cardiovascular disease
(CVD) can be due to bacteremia by periodontal patho-
gens or due to cell-mediated inflammatory response by
the local effect of the bacteria. Periodontal pathogens
may enter the circulation during chewing, tooth brush-
ing, flossing and gentle mastication. A casual link be-
tween periodontitis and CVD has been postulated on the
basis of some periodontal pathogens, such as Porphy-
romonas gingivalis, to invade arterial endothelial and
smooth muscle cells, and thereby, to promote platelet ag-
gregation and thrombus formation. This local invasion
can trigger a chronic inflammatory response that favors
the onset and progression of atherosclerosis [5]. Due to
the release of bacterial lipopolysaccharides and endotox-
ins, inflammatory (polymononuclear cells, macrophages
and lymphocytes) and endothelial cells get activated and
promote the proinflammatory cytokine secretion, lead-
ing to systemic inflammation [6]. Accordingly, studies
have demonstrated a higher incidence of atherosclerotic
complications in patients with periodontal disease [7-10].

Tissue factor (TF; thromboplastin, factor III) has long
been known as a key initiator of the coagulation cascade.
Consequently, the TF pathway is the primary physiologi-
cal mechanism of initiation of blood coagulation [11, 12].
Binding of native coagulation factor VII (FVII) to TF
converts FVII to the activated form (FVIIa). The result-
ing TF-FVIIa complex then activates factors IX and X to
factors IXa and Xa, respectively, leading to the formation
of the prothrombinase complex and to thrombin genera-
tion. TF, which is present in the adventitia of normal
blood vessels and is highly expressed in atherosclerotic
plaques, has been recognized to initiate coagulation and
thrombus formation when the vessel wall is injured or
plaques are fissured [13]. More recently, it has been shown
that there is a circulating pool of TF in blood that is as-
sociated with increased blood thrombogenicity in pa-
tients with CVD [14], sickle cell disease [15], antiphos-
pholipid antibody syndrome [16], hyperlipidemia [17]
and disseminated intravascular coagulation [18]. In addi-
tion, bacterial lipopolysaccharides have been shown to
upregulate the TF activity in monocytes [19].

Besides blood, various tissues and body fluids (saliva,
amniotic fluid, bile, semen, sweat or tears) have been
known to have TF activity [20-25]. Most of them are not
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easily obtained; thus, saliva is especially suitable for study
because of its ready availability. Consequently, the aim of
this study was to investigate plasma TF levels and TF ac-
tivity of saliva in periodontitis patients with and without
diagnosed coronary artery disease (CAD).

Materials and Methods

Patients and Control Group

The study group consisted of 26 patients (17 men and 9 wom-
en) with stable CAD, who were staying at the Istanbul University
Cerrahpasa Medical Faculty, Department of Cardiology, Istanbul
University, Istanbul, Turkey, aged 40-85 years, with proven peri-
odontitis. Patients with electrocardiographically documented
CAD with no clinical signs of ischemia within the previous month
were considered to have stable CAD. The control group consisted
of 26 patients (14 women and 12 men) aged 40-75 years without
diagnosed systemic disease but with periodontitis. The severity of
periodontitis has been evaluated by the Community Periodontal
Index Treatment Needs (CPITN) score using a World Health Or-
ganization periodontal probe. The CPITN index ranged between
0and 4. Code 0: healthy periodontal tissues; code 1: bleeding after
probing; code 2: supragingival and subgingival calculus; code 3:
4- to 6-mm-deep pathological pockets; code 4: 6-mm and deeper
pathological pockets. The patient and the control groups were
matched in order to have CPITN score 2-4. Informed consent was
signed by all patients before the study. The study was approved by
the local hospital ethical committee.

Blood and Saliva Collection

One tube of sodium citrate blood was drawn by venipuncture
for plasma TF assay, and samples were separated by centrifuga-
tion. Saliva samples were collected in restful and quiet circum-
stances. All subjects gave informed consent to participate in the
study. Unstimulated mixed saliva samples were collected, after
overnight fasting, before breakfast, between 08.00 and 10.00 a.m.,
and after the mouth had been rinsed with distilled water, by spit-
ting into a funnel.

TF Enzyme-Linked Immunosorbent Assay

Plasma TF levels were determined using a commercially avail-
able enzyme-linked immunosorbent assay (ELISA) kit, Assaypro
(St. Charles, Mo., USA; catalog No. ET 1002-1), according to the
manufacturer’s protocol. Briefly, the 96-well plate was precoated
with capture antibody by the manufacturer. The plasma samples
were then diluted 1:2 in enzyme immunoassay diluent. Standards
and samples were added to the wells, incubated at room tempera-
ture for 2 h. After washing, biotinylated TF antibody was added
to the wells and left for 1 h at room temperature. Subsequently,
streptavidin-peroxidase conjugate was added to the wells and in-
cubated for 30 min. After washing 5 times with wash buffer, chro-
mogen substrate was added and incubated for 10 min until the
optimal blue color density developed. This enzymatic reaction
was stopped by adding 0.5 N HCI. Absorbance on the plate was
then read at 450 nm using an ELISA plate reader (Medispec ESR
200, Germantown, Md., USA) immediately.
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TF Activity Assay

TF activities of saliva samples were determined according to
Quick’s one-stage method using pooled plasma obtained from
healthy subjects [26]. This was performed by mixing 0.1 ml saliva
with 0.1 ml of 0.02 M CaCl, (Merck, Germany), with the clotting
reaction being started in addition of 0.1 ml of plasma. All reagents
were brought to the reaction temperature (37°C) before admix-
ture. Since the clotting time is inversely proportional to the TF
activity, the lengthening of the clotting time is a manifestation of
decreased TF activity.

Statistical Analyses

Data are presented as the mean * standard deviation. The
differences between the values of the groups were tested by the
Mann-Whitney test, and Spearman’s correlation test was used to
determine the correlations. Differences with p values <0.05 were
considered significant. All statistical analyses were performed
with the SPSS software for Windows, version 11.

Results

Plasma TF levels significantly increased in patients
with CAD when compared with the control group (p <
0.001; table 1). No significant change was observed in the
salivary TF activities of the CAD patient group compared
with the control group (p > 0.05; table 1).

In the CAD patient group, salivary TF activity was
found to be decreased in patients with CPITN index 4
when compared with patients with CPITN indexes 2 and
3 (p<0.01, p<0.05). Moreover, a significant decrease was
observed in the salivary TF activity of patients with
CPITN index 3 when compared with patients with CPITN
index 2 (p < 0.01; table 2). Similarly, in periodontitis pa-
tients without CAD (control group), TF activity was de-
creased in patients with CPITN indexes 3 and 4 when
compared with patients with CPITN index 2 (p < 0.001
and p < 0.005, respectively; table 3).

There was a strong and negative correlation between
salivary TF activities and CPITN indexes in periodontitis
patients with and without CAD (r = -0.793, p<0.0L; r =
~0.762, p < 0.01).

Discussion

Although a number of studies on the possible associa-
tion between CVD and periodontitis have been performed
recently, this association is not yet thoroughly understood
(27, 28]. Consequently, in the present study, hypothesizing
that TF may play a role in this association, we aimed to
evaluate TF levels in plasma as well as TF activity of saliva
in periodontitis patients with and without CAD.

Tissue Factor, Periodontitis and
Cardiovascular Disease

Table 1. Plasma TF levels and salivary TF activities of the control
and CAD patient groups

Control group Patient group
TF, pg/ml 4732+ 14.64 67.16 £ 19.00°
TF activity, s 66.77 £9.06 63.69+7.10

Lengthening in seconds is a manifestation of decreased TF
activity. * p < 0.001, significantly different when compared with
the control group.

Table 2. Plasma TF levels and salivary TF activities of CAD pa-
tients with CPITN indexes 2, 3 and 4

CPITN 2 CPITN 3 CPITN 4
TF, pg/ml 60.44+20.05 75.59%16.96  62.04*17.06
TF activity, s 57.9+3.87%>  64.55+4.89 734+ 4.28

Lengthening in seconds is a manifestation of decreased TF
activity. * p <0.05, significantly different from the CPITN 4 group;
®p < 0.05, significantly different from the CPITN 3 group.

Table 3. Plasma TF levels and salivary TF activities of the control
group with CPITN indexes 2, 3 and 4

CPITN 2 CPITN 3 CPITN 4
TF, pg/ml 46.48£12.30  46.35%15.42  51.14%19.55
TF activity, s 58.0+4.27%% 69.91£6.40 77.4%3.13

Lengthening in seconds is a manifestation of decreased TF
activity. *p < 0.001, significantly different from the CPTIN 3
group; ° p < 0.005, significantly different from the CPTIN 4 group.

As the principal biological initiator of blood coagula-
tion, TF is believed to play a critical role in thrombosis
and thrombogenesis [29], and concentrations in several
biological fluids correlate with different pathological
conditions [30]. Inappropriate expression of TF may re-
sult in thrombosis contributing to acute clinical conse-
quences of CAD. Many studies demonstrated elevated
TF plasma levels in patients with myocardial infarction
[31], stable angina [32], unstable angina and an increased
risk of unfavorable outcomes in patients with unstable
angina and raised TF levels. Accordingly, in the present
study, TF levels in plasma were significantly increased in
periodontitis patients with CAD. The presence of an in-
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flammatory focus in the oral cavity may potentiate the
atherosclerotic process by stimulation of humoral and
cell-mediated inflammatory pathways. Also, the pres-
ence of periodontal infection may lead to brief episodes
of bacteremia with inoculation of atherosclerotic plaques
by periodontal pathogens such as P. gingivalis, Actinoba-
cillus actinomycetemcomitans and Treponema denticola.
The degree of inflammation in periodontal disease is
clearly sufficient to cause a systemic inflammatory re-
sponse, as evidenced by increases in C-reactive protein
[5, 6, 33].

In the present study, increased plasma TF levels in
periodontitis patients with CAD compared with those
without CAD are consistent with other results given in
the literature, since a circulating pool of TF in blood
has been shown to be associated with increased blood
thrombogenicity in patients with CVD [14]. However, no
changes were observed in plasma TF levels in periodon-
titis patients with or without CAD when patients were
categorized according to their CPITN indexes. Conse-
quently, in our results, the degree of inflammation in the
oral cavity does not seem to affect TF levels in plasma.

Saliva has long been recognized as having thrombo-
plastic properties [34, 35]. However, our study is the only
one in the literature which evaluated salivary TF activity
in periodontitis patients with and without CAD. Salivary
TF activities did not change significantly in periodontitis
patients with and without CAD. On the other hand, sig-
nificant decreases were observed in the salivary TF ac-
tivities in both groups as the CPITN index increased. Ac-
cordingly, a strong and negative correlation was found
between the CPITN indexes and the salivary TF activities
both in periodontitis patients with and without CAD.
Based on this finding, we may suggest that TF activity of
saliva decreases as the severity of periodontitis increases.

The coagulant of normal human saliva has been iden-
tified as TF which is related to cells and cell fragments in
saliva [25]. Rai [36] has found a significantly higher
amount of tumor necrosis factor (TNF)-a in saliva sam-
ples obtained from patients with periodontitis in com-
parison with the healthy controls. Kambas et al. [37] have
shown that TNF signaling upregulated TF-dependent
procoagulant properties of bronchoalveaolar lavage fluid
in patients with acute respiratory distress syndrome and
suggested a primary role for inflammatory mediators in
the upregulation of TF. However, within the limits of this
study, as the CPITN indexes increased, salivary TF ac-
tivities decreased. We believe that investigation of in-
flammatory mediators such as TNF-« in saliva may il-
luminate this debate.
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As a diagnostic fluid, saliva is underused. The physio-
pathology of salivary TF has not yet been well demon-
strated. The coagulative function of saliva derives from
the TF found in saliva, and TF has been reported to es-
tablish hemostasis in the mouth [20, 22]. Disturbances of
the hemostatic system may affect the oral cavity, which
in turn may cause spontaneous bleedings of the dental
tissues, petechies of oral soft tissues and echimosis as
seen in routine examinations. Postoperative examina-
tions show that minor oral surgeries can cause bleeding
as well [20]. The role of a permanent or prolonged de-
crease in salivary TF activity in the progression of peri-
odontitis needs to be investigated.

To our knowledge, TF levels in saliva have not been
measured before. The ELISA kit used in the present study
has been designed for detection of human TF in plasma,
serum, tissue and cell culture lysate. The minimum de-
tectable dose of TF has been reported to be 10 pg/ml for
this assay. In our present study, salivary TF activities were
determined; therefore, further studies are necessary to
evaluate TF levels in saliva.

As the bleeding in periodontitis takes place in the ul-
cerated tissue of the gingival sulcus, we believe that the
content of gingival crevicular fluid may also play a crucial
role in understanding the relationship between TF activ-
ity and disease severity. The present study makes the ob-
servation that while the plasma TF level is an important
marker of CAD, the salivary TF activity may be an indi-
cator for periodontal disease severity. Our findings add
to the understanding of the role of TF in pathways linked
to inflammation and coagulation and further help to ex-
plain the link between periodontal infections and athero-
sclerosis-related vascular disease.
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