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The gingival and periodontal bleeding

and coagulation characteristics of

periodontal disease indicate that

thrombin is likely to be generated via

the coagulation cascade in periodontal

tissues (1). Besides its central role in

homeostasis, thrombin has been shown

to have important pro-inflammatory

cellular effects relevant to the patho-

genesis of periodontal disease (2,3).

Thrombomodulin was first identi-

fied as an endothelial cell surface

transmembrane glycoprotein. It forms

a high-affinity complex with thrombin

and converts it from a procoagulant
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Background and Objective: Thrombomodulin, a cell transmembrane glycoprotein,

binds to thrombin and converts it from a procoagulant protease to an anticoag-

ulant enzyme that activates protein C. Thrombomodulin is very important in

regulating the function of thrombin. Elevated soluble thrombomodulin is present

in the gingival crevicular fluid of subjects with periodontitis. The objective of the

present study was to investigate the mechanisms about the elevated soluble

thrombomodulin in gingival crevicular fluid.

Material and methods: Gingival sections from six patients with chronic perio-

dontitis and from three periodontally healthy subjects were immunostained for

thrombomodulin detection. Thrombomodulin levels were investigated in the

gingival crevicular fluid of 11 subjects with chronic periodontitis. The effects of

neutrophil enzymes on thrombomodulin release and on thrombomodulin in the

gingival crevicular fluid were examined by an enzyme-linked immunosorbent assay

or by Western blotting.

Results: The expression of gingival epithelial thrombomodulin was lost or

decrease near infiltrating neutrophils. Thrombomodulin was rapidly released from

gingival epithelial cells by neutrophil enzymes, and gingival crevicular fluid with

periodontitis included the proteolytic cleavage thrombomodulin using immuno-

blotting analysis. The thrombomodulin release was not caused by rapid cell

damage, on lactate dehydrogenase assay. There were significant differences in

thrombomodulin content between gingival crevicular fluid samples from healthy

and diseased sites, regardless of the degree of probing depth.

Conclusion: Neutrophil enzymes induced rapid thrombomodulin release from the

membrane surface of gingival epithelial cells. This might explain the thrombo-

modulin increase in gingival crevicular fluid with local diseased gingiva. Elevation

of thrombomodulin in gingival crevicular fluid may be a potential marker of

epithelial cell membrane injury.
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protease to an anticoagulant enzyme

that activates protein C (4). Throm-

bomodulin is also known to be

expressed by suprabasal keratinocytes

within the human epidermis (5,6). In

addition to its anticoagulant role,

thrombomodulin on keratinocytes has

been shown to regulate thrombin at

epidermal sites of cutaneous injury

and is believed to play a role in

epidermal differentiation (7–9). Fur-

thermore, the N-terminal lectin-like

domain of thrombomodulin has

recently been demonstrated to have

anti-inflammatory properties (10,11).

Thrombomodulin is also a cofactor

for thrombin-mediated activation of

the thrombin-activation fibrinolysis

inhibitor (12).

The soluble form of thrombo-

modulin is found in serum, plasma and

urine, and it is the most released

following endothelial cell damage.

Therefore, soluble serum thrombo-

modulin is an accepted established

marker of disease-affected patients

with multisystemic autoimmune vas-

culitis including those with systemic

lupus erythematosus, Wegner’s granu-

lomatosis and other systemic vasculit-

ides (13–15). Recently, plasma-soluble

thrombomodulin is potential marker

for predicting pancreatic necrosis

within the first 48 h (16). Factors that

may contribute to endothelial damage

are hypoxia or microcirculatory

abnormalities, release of proteinase

from activated granulocytes, activation

of mediator systems and activation of

platelets (17).

We previously showed that gingival

epithelial cells expressed thrombo-

modulin, and gingival crevicular fluid

at bleeding sites in periodontitis

patients without systemic disease

contained high levels of soluble

thrombomodulin (18), suggesting that

the thrombomodulin content in gin-

gival crevicular fluid was associated

with local inflammation. However,

the source of the soluble form of

thrombomodulin in gingival crevicu-

lar fluid remains unknown in perio-

dontitis. Therefore, the present study

aimed to investigate the possible

mechanisms about the elevated solu-

ble thrombomodulin in gingival cre-

vicular fluid.

Material and methods

Tissue samples

Healthy (n ¼ 3, probing depth

<3 mm, no bleeding on probing and

no bone loss) or inflamed (n ¼ 6,

probing depth 3–6 mm, bleeding on

probing and bone loss) gingival tissues

were obtained from nine patients who

had no history or current signs of sys-

temic disease and had received no

medication within the past 6 mo (six

women and three men; mean age,

46.8 ± 7 years) when their teeth were

extracted for therapeutic reasons. They

were taken from the marginal gingiva

near the extracted socket after obtain-

ing the patient’s informed consent,

according to guidelines approved by

the Ethical Committee at Kagoshima

University Graduate School of Medi-

cal and Dental Sciences.

Gingival crevicular fluid sampling

In 11 chronic periodontitis subjects

(six women and five men; mean age,

47.3 ± 7 years), gingival crevicular

fluid samples were collected from

periodontal pockets with 1–10 mm

probing depth after obtaining the

patient’s informed consent, according

to guidelines approved by the Ethical

Committee at Kagoshima University

Graduate School of Medical and

Dental Sciences. In healthy sites (n ¼
10), gingival crevicular fluid sam-

pling was collected from periodontal

pockets with <3 mm probing depth,

no bleeding on probing and no bone

loss. In diseased sites (n ¼ 19), gingi-

val crevicular fluid samples were col-

lected from periodontal pockets with

3–5 mm probing depth (n ¼ 10) or

‡ 6 mm probing depth (n ¼ 9) with

bleeding on probing and bone loss. All

study subjects were in good general

health and had not received peri-

odontal treatment or medication dur-

ing the previous 6 mo (Table 1).

Gingival crevicular fluid was sampled

using a filter paper after removing all

supragingival plaque and keeping the

area dry with cotton wool. Paper

strips were carefully inserted into the

crevice up to 1 mm depth and left

there for 30 s to avoid mechanical

injury, and strips contaminated with

blood were discarded. The gingival

crevicular fluid volume from each strip

was determined by electronic imped-

ance (Periotoron 8000; IDE Interstate,

Amityville, NY, USA), placed into

a sterile polypropylene tube and

kept for 1 mo at )80�C until further

analysis.

Measurement of thrombomodulin in
gingival crevicular fluid

Thrombomodulin in gingival crevicu-

lar fluid was measured using a two-

site enzyme-linked immunosorbent

assay (ELISA) (Prototype thrombo-

modulin ELISA kit; Diagnostica

Stago, Asnieres, France) according to

the manufacturer’s protocol. Gingival

Table 1. Total amounts of thrombomodulin in gingival crevicular fluid samples and mea-

sures of periodontal status at the healthy sites (PD < 3 mm) and diseased sites (PD ‡ 3 mm)

in periodontitis subjects

Healthy sites

(n ¼ 10)

Diseased sites

(n ¼ 19)

< 3 mm PD 3–5 mm PD > 6 mm PD

Probing depth (PD) (mm) 1.80 ± 0.42 4.86 ± 0.38 7.17 ± 1.19

Gingival index 0 1.00 ± 0.58 1.42 ± 0.67

Plaque index 0.4 ± 0.52 0.33 ± 0.50 1.42 ± 1.00

Gingival crevicular fluid volume (lL) 0.07 ± 0.01 0.65 ± 0.18 0.86 ± 0.28

Thrombomodulin (ng) 3.91 ± 2.21 156.75 ± 24.01 201.24 ± 69.83

Concentration of thrombomodulin

in gingival crevicular fluid (ng/lL)
59.36 ± 32.02 255.95 ± 81.38a 248.39 ± 103.48a

Data are expressed as mean ± standard deviation.
aStatistically significantly higher than healthy sites (p < 0.01).
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crevicular fluid samples were eluted in

100 lL of phosphate-buffered saline

including 2% bovine serum albumin

and protease inhibitors (·100; Sigma,

St Louis, MO, USA) and then incu-

bated for 60 min at 4�C. The ELISA

plate was precoated with the F(ab¢)2
fragment of human thrombomodulin.

Serial dilutions of human thrombo-

modulin were used as reference stan-

dards, and 200-lL aliquots of the

standard or the test sample (1 : 3)

were tested in each well. The concen-

tration of thrombomodulin in gingival

crevicular fluid was calculated

according to a standard curve con-

structed with data for the reference

standards. The results of thrombo-

modulin were expressed as nanograms

for total amounts and as ng/mL for

concentrations when adjusted for

gingival crevicular fluid volume

(Table 1). Experiments were per-

formed in duplicate, and mean values

were obtained.

Immunohistochemistry

Cryostat sections (4 lm) of gingival

tissues were fixed in 10% formaldehyde

at 4�C for 10 min. They were washed

in phosphate-buffered saline and incu-

bated with mouse anti-human throm-

bomodulin IgG (5 lg/mL; Fuji

Chemical Corp., Toyama, Japan).

After washing in phosphate-buffered

saline, sections were further stained

immunohistochemically using the

LSAB kit (Dako, Kyoto, Japan)

according to the manufacturer’s pro-

tocols. Color development was per-

formed with the diaminobenzidine

substrate kit (Dako). Counterstaining

with 10% Harris hematoxylin was

performed before coverslipping. Neg-

ative control slides were prepared by

substitution with the isotype-matched

control as primary antibody.

Proteinases of neutrophils

Commercially available human neutro-

phil elastase (Elastin Products Com-

pany, Inc., Owensville, MO, USA) and

cathepsin G (Athens Research & Tech-

nology, Athens, GA, USA) were used.

The following final concentrations

were used according to previous data

(data not shown): 10 lg/mL elastase;

10 lg/mL cathepsin G. As a protease

inhibitor, a1-anti-trypsin (Calbiochem,

Cambridge, MA, USA; 10 lg/mL) was

used.

Isolation and culture of human
gingival epithelial cells, and
detection of thrombomodulin in
culture supernatants

Gingival epithelial cells were obtained

from healthy gingival tissues using an

explant culture method (18). Cells were

maintained in a serum-free keratino-

cyte medium (Gibco, Grand Island,

NY, USA) supplemented with epider-

mal growth factor (5 ng/mL) and

bovine pituitary extracts (35–50 lg/
mL) containing 0.09 mM Ca2+.

Cultures were incubated at 37�C in an

atmosphere of 5% CO2 and 95% air.

The third or fourth passage of gingival

epithelial cells was used for the

respective experiments. Cells were

subcultured on 96-well plates under

optimal culture conditions, up to near-

confluent cell density. After treatment

with neutrophil elastase or cathepsin G

for 0, 0.5, 1, 2, 4, 8 or 24 h, culture

supernatants were collected and stored

at )20�C. In addition, supernatants for

treatment with elastase or cathepsin G

alone, and those for the use of each

neutrophil enzyme and a1-anti-trypsin
for 6 h were also collected and stored.

Thrombomodulin in supernatant was

measured using the prototype throm-

bomodulin ELISA kit.

Western blotting

Cells (106 cells/mL) were treated with

cell lysate buffer (1% Triton X-100,

10% glycerol, 1 mM phenylme-

thanesulfonyl fluoride, 40 mM HEPES

pH 7.4) at 4�C for 30 min or with

elastase (10 lg/mL) for 6 h. After

centrifugation, each sample was di-

luted 1 : 3 or 1 : 1 in sample buffer

(10% sodium dodecyl sulfate, 100

mmol b-mercapthoethanol, 80 mmol

10% glycerol, Tris/HCl pH 6.8). Fur-

thermore, a gingival crevicular fluid

sample with 6 mm probing depth from

periodontitis patient was also prepared

for western blot analysis, and

recombinant human thrombomodulin

(5 lg/mL; American Diagnostica Inc.,

Greenwich, CT, USA) was used as a

positive control. Samples were pre-

pared by boiling in sample buffer for

5 min. The enhanced chemilumines-

cence protein molecular weight marker

(Amersham Pharmacia Biotech,

Bucks., UK), or each sample, was

loaded onto a sodium dodecyl sulfate

polyacrylamide gel (4–20%) and

transferred to a polyvinylidene fluoride

membrane (Amersham Pharmacia

Biotech). Following membrane trans-

fer, the membrane was blocked and

incubated with anti-thrombomodulin

(Fuji Chemical Corp.). Blots were

visualized using the ECL-plus western

blotting detection reagents (Amersham

Biosciences).

Lactate dehydrogenase assay

Lactate dehydrogenase activity is used

as a marker of cellular injury and was

determined in the collected super-

natants and cellular extracts. Cells

were subcultured on 96-well plates

under optimal culture conditions, up to

near-confluent cell density. They were

treated with elastase or cathepsin G

from human neutrophils for 0, 0.5, 1,

2, 4, 6, or 24 h. At the end of these

incubation times, the supernatants

were collected and stored at )20�C.
Cells in wells were simultaneously lysed

by adding Triton X-100 (Sigma) at a

final concentration of 2% in the med-

ium while being treated with the pro-

teases. Lactate dehydrogenase

activities in both samples were deter-

mined using a commercial kit (Roche,

Mannheim, Germany) that detects

lactate dehydrogenase activity accord-

ing to the disappearance of NADH in

the presence of pyruvate and lactate

dehydrogenase. From the absorbance

at 490 nm, lactate dehydrogenase

activity was expressed as the percent-

age of enzyme activity in the culture

medium relative to the total activity in

the samples of lysed cells.

Statistical analysis

A Student’s t-test for unpaired samples

was used with a two-tailed test. Unless

stated otherwise, a p-value of < 0.05

was considered significant.

Gingival release of thrombomodulin 381



Results

Loss of epithelial thrombomodulin in
inflamed gingival tissue, and
presence of thrombomodulin in
gingival crevicular fluid

The expression of epithelial thrombo-

modulin was examined immunohisto-

chemically using healthy or diseased

gingival tissues. Thrombomodulin

presented in the epithelium and

endothelium of healthy gingival tissue.

In particular, thrombomodulin was

located in the cell–cell space of the

suprabasal layer in the gingival epi-

thelium (Fig. 1B). In diseased tissue,

inflammatory cells infiltrated into

the epithelium and thrombomodulin

expression was lost or decreased

(Fig. 1C). However, the endothelium

in the diseased tissue clearly expressed

thrombomodulin (Fig. 1E). Neutro-

phils within the epithelium appeared to

affect the expression of thrombomod-

ulin (Fig. 1D). The negative control

with nonimmune IgG did not show

non specific staining (Fig. 1A).

In addition, gingival crevicular

fluid from diseased sites (Gingival

index > 1) contained significantly

higher amounts of the soluble form of

thrombomodulin than gingival crevic-

ular fluid from healthy sites (Gingival

index ¼ 0) (Table 1). There were no

differences in thrombomodulin content

from gingival crevicular fluid between

the 3–5 mm groups and ‡ 6 mm groups

in probing depth.

Release of epithelial
thrombomodulin

Thrombomodulin was very rapidly

detected in the supernatants of gingival

epithelial cell cultures under serum

free-culture conditions by the Throm-

bomodulin-specific ELISA, as soon as

30 min after the start of incubation

with elastase. Thrombomodulin was

also released after 4 h of incubation

with cathepsin G (Fig. 2A). The release

of thrombomodulin was blocked by

adding a1-anti-trypsin complex, indi-

cating that neutrophil proteases caused

thrombomodulin release (Fig. 2B).

Western blot analysis

Thrombomodulin in supernatants of

cultured cells treated with neutrophil

elastase was analyzed using western

blotting. Thrombomodulin degrada-

tion products were present in cultures

treated with neutrophil elastase. The

major molecular-weight form of

thrombomodulin was 56,000 Da, using

anti-thrombomodulin for detection,

compared with the intact form

of thrombomodulin (105,000 Da)

(Fig. 3A). A gingival crevicular fluid

sample from a ‡ 6 mm probing depth

pocket of a periodontitis patient was

also analyzed. There were more throm-

bomodulin-degradation products in the

gingival crevicular fluid sample com-

pared with that in vitro (Fig. 3B).

Cytotoxicity

Finally, we investigated the occurrence

of cell injury after the incubation of

oral epithelial cells with neutrophil

proteases. Incubation with elastase or

cathepsin G seemed not to lead to

rapid cell damage (Fig. 3C). Cell injury

was less than 10% up to 1 h after

incubation with proteases. The kinetics

of thrombomodulin release was not

necessarily related to increasing cell

injury by the effects of proteases, indi-

cating that neutrophil proteases

appeared to cleave thrombomodulin

on the cell membrane and to preserve

viability.

A B

C

E

D

Fig. 1. Immunohistochemical staining for

thrombomodulin in healthy (A,B) or

inflamed (C,D,E) gingiva from periodontitis

patients. (A) The negative control. No

positive staining was observed with the

isotype-control IgG. (B) Positive staining in

the cellular membrane of suprabasal and

basal layers and vessels were uniformly seen

in healthy gingival tissue. (C) The immuno-

reactivity for thrombomodulin in inflamed

gingiva was lost or decreased in the boxed

area. (D) The boxed area in panel C was

magnified. Neutrophils (black arrows) were

detected at the intercellular space, which

lost or decreased thrombomodulin (white

arrows). (E)Bloodvessels in inflamedgingiva

showed clear immunoreactivity for throm-

bomodulin. Bars: 50 lm.
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Fig. 2. (A) Increase in surface thrombo-

modulin in gingival epithelial cell cultures

after 0.5, 1, 2, 4, 8 or 24 h of incubation

with 10 lg/mL of elastase (•) and 10 lg/
mL of cathepsin G (s) in serum-free

medium. The amount of thrombomodulin

in cultured supernatants was determined

by enzyme-linked immunosorbent assay.

The mean of three experiments is shown.

(B) Inhibition, by a1-anti-trypsin treat-

ment (10 lg/mL), of thrombomodulin

release after elastase (10 lg/mL) or

cathepsin G (10 lg/mL) treatment for 6 h.

The concentration of thrombomodulin

amounts in the culture supernatants were

determined by enzyme-linked immuno-

sorbent assay. Each value represents the

mean ± standard deviation of three inde-

pendent determinations. A1-AT, a1-anti-
trypsin.
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Discussion

We examined the release of thrombo-

modulin related to thrombin regula-

tion from the gingival epithelium

in vitro and in vivo. In the present

study, we showed that thrombomodu-

lin in periodontitis-diseased gingival

epithelium was lost or decreased,

although thrombomodulin in the

endothelium was expressed. Throm-

bomodulin release from gingival epi-

thelial cells was caused by neutrophil

enzymes, mainly elastase in vitro and

supernatants from cultured cells or

gingival crevicular fluid with perio-

dontitis included proteolytic thrombo-

modulin fragments. However, the

rapid thrombomodulin release in vitro

was not caused by cell damage. More-

over, the thrombomodulin content in

gingival crevicular fluid did not corre-

late with the degree of probing depth,

showed the highest level at diseased site

with a probing depth from 3 mm.

These results suggest that the epithelial

cell membrane injury caused by neu-

trophil enzymes may result in throm-

bomodulin increase in the gingival

crevicular fluid from patients with

periodontitis.

Thrombin has been proposed to

enhance granulation tissue formation

by stimulating mitogenic responses in

fibroblasts, macrophages and endo-

thelial cells (19). Thrombin has also

been reported to stimulate phospho-

inositide hydrolysis in keratinocytes

(20). Thrombomodulin by differentiat-

ing keratinocytes can regulate these

cellular effects of thrombin by directly

competing for thrombin binding with

signal-transducing thrombin receptors

and by promoting protein C-mediated

inhibition of thrombin production

(21). Thus, thrombomodulin regulates

thrombin at sites of coagulation and

inflammation. Accordingly, the decre-

ase in thrombomodulin amount on the

cell surface, in some cases may cause

pro-inflammatory effects by thrombin

that contribute to the pathogenesis of

periodontal diseases (3).

Immunohistochemical observation

of thrombomodulin in periodontitis

patients showed that thrombomodulin

was lost or decreased within the gingi-

val epithelium, and an increasing

number of neutrophils were observed

at the periphery of this area (Fig. 1).

The inflamed site is characterized by an

infiltration of neutrophils. Infiltration

of neutrophils into gingival tissues is an

early event in gingival inflammation

(22). Neutrophils play a destructive

role in periodontal tissue breakdown

because of high levels of lysosomal

enzymes, generation of superoxides

and the presence of reactive oxygen

derivatives (23). Previous studies

clearly show that human leukocyte

elastase and cathepsin G are found in

gingival tissues and that the concen-

tration of these proteinases increases in

inflamed gingival tissues during perio-

dontal diseases (24–27). The elastase

level in periodontitis sites (1.24 ± 0.13

Absorbance sites, probing depth ¼
5.7 ± 0.2 mm) from periodontitis was

significantly higher than at healthy

sites (0.18 ± 0.06 Absorbance sites,

probing depth ¼ 2.4 ± 0.1 mm) and

gingivitis sites (0.42 ± 0.90 Absor-

bance sites, probing depth ¼ 2.8 ±

0.2 mm) (26). The mean concentration

of elastase in gingival crevicular fluid

from patients with periodontitis

(probing depth ¼ 5.67 mm) was re-

ported to be 1430 nM (27) and

cathepsin G activity in gingival crevic-

ular fluid was measured between adults

with periodontitis and periodontally

healthy controls (24). Significantly

increased cathepsin G activities were

found in seven of nine gingival crevic-

ular fluid samples from adult patients

with periodontitis. In gingival crevicu-

lar fluid samples from periodontally

healthy controls, cathepsin G activity

was found in only two of five samples

and the activities was relatively low.

A cathepsin G concentration of

5–25 ng/mL in gingival crevicular fluid

samples from adults with periodontitis

has been detected using dot immuno-

blot analysis. Accordingly, high levels

of elastase and cathepsin G in gingival

crevicular fluid with periodontitis is

thought to affect thrombomodulin

release into the gingival crevicular

fluid.

Next, we examined the influence of

neutrophil elastase or cathepsin G on

thrombomodulin release using cultured

gingival epithelial cells. We showed

that neutrophil elastase induced the

release of thrombomodulin from gin-

gival epithelial cells after only 30 min

of incubation, and that thrombomod-

ulin release peaked after 6 h (Fig. 2A).

The effect of elastase on thrombo-

modulin release was stronger than that

of cathepsin G (Fig. 2B). Elastase is
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Fig. 3. (A) Supernatants of gingival epi-

thelial cells treated with elastase for 6 h

were used for western blot analysis. Western

blot analysis of appropriate culture super-

natants confirmed proteolytic thrombo-

modulin cleavage by elastase treatment. The

cell lysate without any enzymatic treatment

was blotted for comparison with the super-

natant that was treated with elastase. (B)

A gingival crevicular fluid sample from a

6-mm probing depth pocket of a perio-

dontitis patient was immunoblotted for

thrombomodulin. Recombinant thrombo-

modulin was used as a control. The gingival

crevicular fluid sample included the throm-

bomodulin degradation products. (C)

Cytotoxicity of neutrophil elastase (10 lg/
mL) or cathepsin G (10 lg/mL) on gingival

epithelial cells after incubation for the

indicated times. Gingival epithelial cell

injury was quantified by the release of the

cytosolic enzyme lactate dehydrogenase.

Each value represents the mean ± standard

deviation of three independent determina-

tions. GCF, gingival crevicular fluid; LDH,

lactate dehydrogenase; rTM, recombinant

thrombomodulin.
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very specific, preferentially cleaving

target proteins on the C-terminal side

of small aliphatic amino acids (28).

Cathepsin G has a different specificity;

it preferentially cleaves after phenylal-

anine residues (29). The differences in

thrombomodulin release, as shown in

Fig. 2, may be caused by the different

target points of cleavage for the two

enzymes. The effect of elastase on

thrombomodulin release was similar to

its effect on endothelial cells (30,31).

These results indicated that neutrophil

activation in periodontitis lesions cor-

related with gingival epithelial throm-

bomodulin release into gingival

crevicular fluid.

In addition, we also examined the

extent of epithelial cell injury by neu-

trophil enzymes in vitro. Immunoblot-

ting analysis of thrombomodulin

release into culture supernatants or

gingival crevicular fluid showed the

presence of proteolytic cleavage, indi-

cating that thrombomodulin was

affected by enzymatic action (Fig. 3A,

B). Using a cell cytotoxicity assay,

lactate dehydrogenase release into

cultured supernatants was found to be

<10% in the initial 1 h, and was

22.379 ± 1.21% after 6 h of elastase

treatment, or 2.187 ± 0.02% after 6 h

of treatment with cathepsin G

(Fig. 3C). It is well known that lactate

dehydrogenase is a stable cytoplasmic

enzyme (32). It is rapidly released into

the cell culture supernatant upon

damage of the plasma membrane.

Therefore, we showed that the increase

in soluble thrombomodulin was not

only an early event, but was also

independent of the late death or

destruction of epithelial cells.

Molecules in the gingival crevicular

fluid might be useful predictors of

periodontal disease activity (33,34).

The monitoring of microbial infection

and the analysis of the host response

using gingival crevicular fluid have

been suggested as means of identifying

individuals at risk for future perio-

dontal breakdown (26,35,36). There

were no difference in thrombomodulin

content from gingival crevicular fluid

between the 3–5 mm groups and

‡ 6 mm in probing depth at the dis-

eased sites, however, the groups at

diseased sites showed clearly sig-

nificantly higher levels of thrombo-

modulin compared with the healthy

group, indicating that the thrombo-

modulin increase in gingival crevicular

fluid may not be related to the degree

of probing depth.

In conclusion, the present study

provides further evidence on the

release of thrombomodulin from

injured gingival epithelial cells by

neutrophil enzymes in periodontitis.

This might explain the increase of

thrombomodulin in gingival crevicular

fluid from local diseased gingiva with

no systemic disease. Elevation of

thrombomodulin in gingival crevicular

fluid may be a potential marker of

epithelial cell membrane injury.

Further research is required to eluci-

date the significance of soluble

thrombomodulin in gingival crevicular

fluid on periodontal disease.
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