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Triclosan inhibits tumor
necrosis factor-o-stimulated
urokinase production in
human gingival fibroblasts
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Background and Objectives: Destruction of the supporting periodontal tissues is
mediated by the action of several proteolytic enzymes. Urokinase is a serine
protease that plays a key role in connective tissue destruction through conversion
of plasminogen into plasmin. The present study was conducted to evaluate the
effect of triclosan on the production and activity of urokinase in cultured gingival
fibroblasts.

Material and Methods: Urokinase production was studied in primary cultures of
human gingival fibroblasts stimulated with tumor necrosis factor-alfa. Urokinase
activity and production were evaluated using casein zymography and western
blotting, respecively. Urokinase mRNA expression was evaluated using the
reverse transcription—polymerase chain reaction. Triclosan was used to interfere
with this stimulatory effect. The roles of different cell-signaling cascades involved
in urokinase production were assessed through western blotting and
immunofluorescence using several cell-signaling inhibitors.

Results: Tumor necrosis factor-alfa was found to be a strong stimulus for
urokinase production and triclosan was able to inhibit this response at the protein
and mRNA levels. Triclosan was also able to inhibit conversion of plasminogen
into plasmin. Tumor necrosis factor-alfa-stimulated urokinase production was
shown to be dependent on the nuclear factor-xB and c-Jun N-terminal kinase
signaling pathways. Triclosan inhibited c-Jun N-terminal kinase phosphorylation
and c-Jun production.

Conclusions: Within the limits of this study, these results show that triclosan may
inhibit urokinase production and plasminogen activation in gingival fibroblasts
through modulation of the c-Jun N-terminal kinase signaling pathway.

© 2009 The Authors.
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Triclosan is a widely used lipid-soluble
antibacterial agent that has been
incorporated into dentifrices and
mouthrinses (1). Initially it was
described that this pharmacological
agent had a direct effect on plaque
reduction and that this property was
associated with a significant reduction

in gingival inflammation (2-7). How-
ever, more recent studies have shown
that triclosan may also exert an anti-
inflammatory effect. Local application
of triclosan has been reported to
inhibit inflammation on oral mucosa
and to reduce chemically induced
inflammatory reactions in human skin

(8,9). Triclosan may also inhibit pro-
stanoid formation in human gingival
fibroblasts stimulated with
necrosis factor-alfa or interleukin-1
beta (10,11). This effect has been
explained by the ability of triclosan to
reduce the mRNA and protein expres-
sion of microsomal prostaglandin E

tumor



synthase-1 in gingival fibroblasts (12).
Other studies have reported that tri-
closan may also promote the healing of
periodontal lesions after treatment
(13,14).

Clinical studies have reported that
triclosan may retard the progression
of periodontal disease when used in a
dentifrice (15-17). This therapeutic
property has been explained by the
ability of triclosan to induce qualita-
tive and quantitative changes in the
subgingival microflora of patients
with periodontitis (18). Besides the
role of bacteria in periodontal disease
pathogenesis, a key step in progres-
sive periodontitis is the degradation
of  connective  tissue  molecules
involved in periodontal attachment
(19). Fibroblasts are the predominant
cell type in gingival connective tissues
and are actively involved in connec-
tive tissue formation and destruction
in both health and disease (20).
The extracellular matrix is actively
degraded by several groups of
enzymes, including the serine protease
urokinase-type plasminogen activator
(21). The urokinase-type plasminogen
activator is able to convert plasmino-
gen into plasmin, another serine
protease responsible for the degrada-
tion of fibrin and for the conversion
of latent matrix metalloproteinases
into their active forms (21,22).
Production of the urokinase-type
plasminogen activator is subject to
regulation and its expression may be
induced by growth factors and cyto-
kines (23). Tumor necrosis factor-
alpha is one of the key cytokines
implicated in inflammatory responses
and it has been found at increased
quantities in inflamed periodontal
tissues (24-26). Therefore, production
of urokinase-type plasminogen acti-
vator upon stimulation with tumor
necrosis factor-alfa may be envisaged
as an important mechanism involved
in connective-tissue destruction.

In the present study we analyzed the
ability of triclosan to regulate the
production of urokinase-type plasmin-
ogen activator in tumor necrosis fac-
tor-alfa-stimulated gingival fibroblasts.
Moreover, we analyzed some of the
cell-signalling pathways involved in the
production of urokinase-type plasmin-
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ogen activator that may be affected by
triclosan.

Material and methods

Cell culture

Primary cultures of human gingival
fibroblasts were established using the
explant method (27). Tissue explants
were obtained from the retromolar
tissue of three female patients and
three male patients undergoing extrac-
tion of third molars at a private dental
practice in Santiago, Chile. Informed
consent was obtained from all patients
before biopsy was performed. The
protocols utilized in this study were
approved by the Ethics Committee of
the Faculty of Dentistry of the Uni-
versity of Chile. No previous history of
inflammation of the retromolar tissue
was reported. No relevant pre-existing
medical or drug histories were cited
during the last 6 mo. Cells were cul-
tured in alpha-minimal essential med-
ium (Gibco BRL, Grand Island, NY,
USA) containing 10% fetal bovine
serum (Gibco BRL), 100 pg/mL of
penicillin (Sigma, St Louis, MO, USA),
100 pg/mL of streptomycin (Sigma)
and 50 pg/mL of gentamycin (Sigma),
at 37°C in a 5% CO, atmosphere. All
experiments were performed using cells
between the fourth and tenth passages.

Semiquantitative reverse
transcription—polymerase chain
reaction (RT-PCR) analysis

Total RNA was isolated using Trizol
(Gibco BRL) from appropriately
stimulated cells, and genomic DNA
was eliminated using RQI1-RNase-free
DNase (Promega, Madison, WI,
USA). cDNA was synthesized for 1 h
(42°C) with Moloney murine leukemia
virus reverse transcriptase (Promega)
using oligo dT (Gibco BRL), and
RT-PCR analyses were carried out as
described previously (28). Primer
sequences were as follows: urokinase-
type plasminogen activator forward
5-GCA GGA ACC CAG ACA ACC
G-3’/urokinase-type plasminogen acti-
vator reverse 5-GAC CCA GGT
AGA CGA TGT AG-3 (yielding an
amplified PCR product of 357 bp).
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Glyceraldehyde-3-phosphate dehydro-
genase forward 5-ACC ACA GTC
CAT GCC ATC AC-3'/glyceralde-
hyde-3-phosphate dehydrogenase re-
verse 5-TCC ACC ACC CTG TTG
CTG TA-3" (yielding an amplified
PCR product of 452 bp). In all cases
the annealing temperature was 58°C.
Polymerase chain reaction products
were subjected to electrophoresis on a
1.5% agarose (Gibco BRL) gel, that
contained 0.5 pg/mL ethidium bro-
mide (Sigma) for DNA observation.

Casein zymography and radial
diffusion assay

The urokinase-type plasminogen acti-
vator-secreted activity of cell cultures
was determined by  caseinolytic
zymography (29). Briefly, aliquots of
conditioned serum-free media,
normalized for the protein content
measured in the cell lysate, were
subjected to electrophoresis through
10% sodium dodecyl sulfate—poly-
acrylamide (BioRad, Hercules, CA,
USA) gels under nonreducing condi-
tions. Sodium dodecyl sulfate (Sigma)
was removed by extensive washing in
2.5% Triton X-100 (Sigma). There-
after, gels were placed over a 1%
agarose gel containing 0.5% casein
(Sigma) and 1 pg/mL of plasminogen
(Sigma) and then incubated at 37°C
for 24 h. Plasmin-dependent proteo-
lysis was visible as a clear area in a
white—blue field. Quantification of
these bands was performed by densi-
tometric analysis. Radial diffusion
assays, to study plasminogen activa-
tion, were carried out in 1% agarose
gels containing 0.5% casein and
2 mg/mL of plasminogen. In brief,
aliquots of culture medium normal-
ized for the number of cells were
applied to holes previously punched
in the gels and incubated at 37°C for
16 h. Gels lacking plasminogen were
used as controls. The diameters of the
radial zones of caseinolysis were
measured using densitometric analysis
(29).

Immunofluorescence

Cells were plated on glass coverslips.
After appropriate stimulation, cells
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were washed once with phosphate-
buffered saline and fixed with 4%
paraformaldehyde (Sigma) for
10 min, permeabilized with 0.25%
Triton X-100 for 5 min and incubated
with phosphate-buffered saline con-
taining 4% bovine serum albumin
(Rockland, Gilbertsville, PA, USA)
for 30 min at room temperature
(20 °C). Primary antibodies diluted in
phosphate-buffered saline containing
1% bovine serum albumin were used
at a dilution of 1:100 for anti-p65
(SantaCruz  Biotechnology, Santa
Cruz, CA, USA) and incubated for
30 min at room temperature (20 °C).
Afterwards, antigen—antibody com-
plexes were washed and incubated
with fluorescein isothiocyanate-conju-
gated secondary antibodies (Rock-
land). Fluorescence images were
collected on an immunofluorescence
microscope (Carl Zeiss, Dresden,
Germany) and photographed using a
digital camera (Carl Zeiss).

Detection of mitogen-activated
protein kinase activation through
western blotting

Gingival fibroblasts were stimulated
with tumor necrosis factor-alfa (R&D
Systems, Minneapolis, MN, USA) for
different periods of time in serum-free
medium. In selected experiments, tri-
closan (2,4,4-trichloro-2-hydroxy
diphenyl ether) (Calbiochem, San
Diego, CA, USA) was added 60 min
before stimulation with tumor necrosis
factor-alfa. Then, cells were lysed with
a buffer containing 1% Nonidet P-40
(Calbiochem), 0.5% sodium deoxyco-
late (Calbiochem), 0.2% sodium
dodecyl sulfate (Calbiochem), 150 mm
NaCl (Calbiochem) and 50 mm Tris—
HCl (Calbiochem), pH 7.4, in the
presence of 2 mm phenylmethylsul-
fonyl fluoride (Calbiochem), 2 mg/mL
of pepstatin (Calbiochem), 2 pg/mL of
leupeptin  (Calbiochem) and 1 mm
sodium orthovanadate (Calbiochem)
at 4°C. The cell lysate was centrifuged
(19,000 g, 10 min, 4°C). Proteins were
resolved by electrophoresis through
a 10% sodium dodecyl sulfate—
polyacrylamide gel and transferred to
polyvinylidene difluoride membranes
(PerkinElmer Life Sciences, Boston,

MA, USA). Membranes were exposed
to primary antibodies against c-Jun

(Calbiochem), extracellular signal-
regulated kinase (ERK) (Upstate
Biotechnology, Lake Placid, NY,

USA), phosphorylated ERK (Upstate
Biotechnology), phosphorylated c-Jun
N-terminal kinase (Upstate Biotech-
nology), c-Jun N-terminal Kkinase
(Santa Cruz Biotechnology) and
beta-actin (Sigma), then to second-
ary antibodies coupled to horse-
radish  peroxidase and  finally
developed using an enhanced chemi-
luminescence kit (PerkinElmer Life
Sciences).

Signal transduction experiments

To identify the cell-signaling pathways
involved in the production of uroki-
nase-type plasminogen activator, cells
were incubated in the presence of
SP600125 (Biolmol, Plymouth Meet-
ing, PA, USA), PD98059 (Calbio-
chem), SN50 (Calbiochem) or SN5S0M
(Calbiochem), and then stimulated
with tumor necrosis factor-alfa for the
periods ot time indicated in the
‘Results’ section.

Detection of urokinase-type
plasminogen activator production
through western blotting

To evaluate the production of uroki-
nase-type plasminogen activator at the
protein level, conditioned media (2 mL
per treatment) from cell cultures were
collected and concentrated to 200 pL
by centrifugation (1500 g, 20 min, 4°C)
in an ultracentrifuge tube (Millipore,
Bedford, MA, USA). Concentrated
conditioned media were resolved by
electrophoresis on a 10% sodium
dodecyl sulfate—polyacrylamide gel
under reducing conditions and trans-
ferred to polyvinylidene difluoride
transfer membrane (PerkinElmer Life
Sciences). Membranes were exposed to
primary antibodies against urokinase-
type plasminogen activator (American
Diagnostica, Temecula, CA, USA), to
secondary antibodies coupled to
horseradish peroxidase and finally
developed using an enhanced chemilu-
minescence kit (PerkinElmer Life
Sciences).

Statistics

Statistical significance for each data set
was tested using the Student’s z-test,
with the significance level set at
p < 0.05.

Results

Triclosan inhibits tumor necrosis
factor-alfa-stimulated urokinase-type
plasminogen activator production
and plasmin generation in gingival
fibroblasts

Serum-starved human gingival fibro-
blasts were stimulated with a range of
concentrations of tumor necrosis fac-
tor-alfa for 48 h and the conditioned
media were analyzed using casein
zymography. As shown in Fig. 1A,
tumor necrosis factor-alfa stimu-
lated a dose-dependent increase in
urokinase-type plasminogen activator
activity. Given that the greatest
increase in urokinase-type plasmino-
gen activator activity was detected at
20 ng/mL of tumor necrosis factor-
alfa, this concentration of cytokine
was selected to assess the effect of
different concentrations of triclosan
on urokinase-type plasminogen acti-
vator activity. To achieve this, serum-
starved gingival fibroblasts were first
exposed to a range of triclosan con-
centrations (0.25-1.0 pg/mL) for 1 h
and then stimulated with 20 ng/mL of
tumor necrosis factor-alfa. Analysis
of the conditioned media using
casein zymography demonstrated that
tumor necrosis factor-alfa-stimulated
urokinase-type plasminogen activator
activity was effectively inhibited by
triclosan in a dose-dependent manner
(Fig. 1B). Quantification of urokinase-
type plasminogen activator bands
obtained from three independent
experiments demonstrated that tumor
necrosis factor-alfa stimulated a statis-
tically significant increase in urokinase-
type plasminogen activator activity
(» < 0.01) and that 1.0 pg/mL of
triclosan also exerted a significant
reduction in the tumor necrosis factor-
alfa-stimulated urokinase-type plas-
minogen activator activity (p < 0.01)
(Fig. 10).
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Fig. 1. Triclosan inhibits tumor necrosis factor-alfa-stimulated urokinase-type plasminogen
activator activity in human gingival fibroblasts. Serum-starved human gingival fibroblast
cultures were stimulated with a range of tumor necrosis factor-alfa concentrations (1-20 ng/
mL). In a parallel set of experiments, cells were exposed to triclosan (0.25-1 pg/mL) 1 h prior
to stimulation with tumor necrosis factor-alfa. After 48 h, urokinase-type plasminogen
activator activity present in the conditioned media was analyzed using casein zymography, as
described in the Material and methods (A and B). A quantitative analysis of urokinase-type
plasminogen activator bands was performed. These data, obtained from three independent
experiments, were expressed as the average and standard error. The asterisks (*) indicate
statistically significant differences (C). TNF-o, tumor necrosis factor-alfa; uPA, urokinase-

type plasminogen activator.

Because urokinase-type plasmino-
gen activator has an important role in
the conversion of the zymogen plas-
minogen into plasmin, we investigated
whether triclosan might modulate
plasmin generation. Serum-starved
gingival fibroblasts were exposed to
triclosan for 1 h (1.0 pg/mL) and then
stimulated with 20 ng/mL of tumor
necrosis factor-alfa. After 48 h the
conditioned media derived from con-
trol cells, from tumor necrosis factor-
alfa-stimulated cells and from tumor
necrosis factor-alfa + triclosan-stimu-
lated cells were analyzed using the
radial diffusion assay. This experi-
mental approach evaluates the balance
between urokinase-type plasminogen
activator and its inhibitor, plasmino-
gen activator inhibitor-1, in terms of
the conversion of plasminogen into
plasmin (29). As shown in Fig. 2A,
tumor necrosis factor-alfa-stimulated

urokinase-type plasminogen activator
activity was able to stimulate the con-
version of plasminogen into plasmin,
and triclosan effectively inhibited this
response. A quantitative analysis of
three independent experiments showed
that both of these responses reached
statistical significance (p < 0.05 and
p < 0.01 respectively) (Fig. 2B).

To evaluate the effect of triclosan at
the transcriptional level, serum-starved
gingival fibroblasts were exposed to
triclosan for 1 h (1.0 pg/mL) and then
stimulated with 20 ng/mL of tumor
necrosis factor-alfa. After 8 h the uro-
kinase-type plasminogen activator
mRNA level was assessed using
RT-PCR. Figure 2C shows a repre-
sentative result, derived from three
independent  experiments,  which
revealed that tumor necrosis factor-
alfa was able to stimulate urokinase-
type plasminogen activator mRNA
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expression. In the presence of triclosan,
urokinase-type plasminogen activator
mRNA expression was effectively
inhibited. To assess whether this effect
of tumor necrosis factor-alfa and tri-
closan on urokinase-type plasminogen
activator activity is also observed at
the protein level, serum-starved gingi-
val fibroblasts were exposed to 1.0 pg/
mL of triclosan for 1h and then
stimulated with 20 ng/mL of tumor
necrosis factor-alfa. After 48 h the
conditioned media were concentrated,
and urokinase-type plasminogen acti-
vator activity and protein levels were
analyzed using casein zymography and
western  blotting, respectively. As
shown in Fig. 2D, casein zymography
and western blotting demonstrated a
high level of correlation and confirmed
the above-described results concerning
the effect of tumor necrosis factor-alfa
and triclosan on urokinase-type plas-
minogen activator production. Quan-
titative analysis of three independent
experiments showed that the effect of
tumor necrosis factor-alfa and triclo-
san on urokinase-type plasminogen
activator production reached statisti-
cally significant levels (p < 0.01).
Although urokinase-type plasminogen
activator production and activity
seemed to be slightly stimulated by
triclosan alone (Fig. 2D), quantifica-
tion of these responses did not show a
statistically significant effect (Fig. 2E).

The nuclear factor-xB pathway is
involved in tumor necrosis factor-
alfa-stimulated urokinase-type
plasminogen activator production
but is not affected by triclosan

Previous studies have demonstrated
that the nuclear factor-kB pathway has
a role in the regulation of urokinase-
type plasminogen activator production
in distinct cell types (30). To study its
involvement in urokinase-type
plasminogen activator production,
serum-starved gingival fibroblasts were
exposed to SN50, a cell-permeable
peptide carrying the nuclear localiza-
tion sequence of pS0 nuclear factor-xB
and thereby able to interrupt its sig-
naling response (31). As a control,
a nonfunctional peptide mutant was
used (SNS0M). After exposure of cells
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Fig. 2. Triclosan inhibits tumor necrosis factor-alfa-stimulated urokinase-type plasminogen
activator production and plasmin activation in human gingival fibroblasts. Serum-starved
human gingival fibroblast cultures were exposed to triclosan (1 pg/mL) for 1 h prior to
stimulation with tumor necrosis factor-alfa (20 ng/mL). After 48 h, the ability of the con-
ditioned media to stimulate the conversion of plasminogen into plasmin was assessed using
the radial diffusion assay, as previously described (A). A quantitative analysis of the plasmin-
derived proteolytic activity was performed. These data were expressed as the average and
standard error. Asterisks (¥) indicate statistically significant differences (B). Serum-starved
human gingival fibroblast cultures were exposed to triclosan (I pg/mL) for 1 h and were then
stimulated for 8 h with tumor necrosis factor-alfa (20 ng/mL). Thereafter, the cells were lysed
and RNA was extracted as described in the Material and methods. Urokinase-type plas-
minogen activator and glyceraldehyde-3-phosphate dehydrogenase mRNA expression levels
were analyzed using the semiquantitative reverse transcription—polymerase chain reaction.
Polymerase chain reaction products were visualized after electrophoresis through agarose
(C). Serum-starved human gingival fibroblast cultures were exposed to triclosan (1 pg/mL)
for 1 h and then stimulated for 48 h with tumor necrosis factor-alfa (20 ng/mL). Urokinase-
type plasminogen activator activity and protein production were evaluated through casein
zymography and western blotting, respectively. Beta-actin was used as a loading control (D).
A quantitative analysis of urokinase-type plasminogen activator bands derived from western
blots was performed. These data, obtained from three independent experiments, were
expressed as the average and standard error. Asterisks (*) indicate statistically significant
differences (E). B-actin, beta-actin, GAPDH, glyceraldehyde-3-phosphate dehydrogenase;
TNF-o, tumor necrosis factor-alfa; uPA, urokinase-type plasminogen activator.

ogen activator activity was evaluated
through casein zymography of the
conditioned media. As shown in

to these peptides, the cells were stimu-
lated with tumor necrosis factor-alfa
for 48 h and urokinase-type plasmin-

Fig. 3A, SN50 effectively inhibited the
tumor necrosis factor-alfa-stimulated
urokinase-type plasminogen activator
activity in gingival fibroblasts. In the
presence of the control peptide
(SN50M), tumor necrosis factor-alfa-
stimulated urokinase-type plasminogen
activator activity was not altered. Sta-
tistical analysis of three independent
experiments showed that SN50, but
not SN50M, inhibited tumor necrosis
factor-alfa-stimulated urokinase-type
plasminogen activator activity at sta-
tistically significant levels (p < 0.05,
Fig. 3B). In order to verify the activa-
tion of the nuclear factor-kB pathway
in gingival fibroblasts, cells were stim-
ulated with tumor necrosis factor-alfa
and translocation of the p65 subunit
was verified through immunofluores-
cence. As shown in Fig. 3C, unstimu-
lated cells did not demonstrate nuclear
staining for the p65 subunit. After 15
and 30 min of stimulation with tumor
necrosis factor-alfa, a large proportion
of cells showed strong nuclear
immunofluorescent staining for p65,
suggesting that this pathway in fact
activated this cytokine. The proportion
of cells with nuclear p65 staining was
quantified in three independent exper-
iments and is shown in Fig. 3D.
Nuclear p65 translocation reached a
similar level after 15-30 min of stimu-
lation. In order to identify whether
triclosan might affect the translocation
of the p65 subunit, cells were previ-
ously exposed to 1 pg/mL of triclosan
for 1 h and then stimulated with 20 ng/
mL of tumor necrosis factor-alfa. This
experiment did not show any change in
the proportion of p65-stained cells
(data not shown), suggesting that tri-
closan may not affect the activation of
the nuclear factor-kB pathway.

Tumor necrosis factor-alfa-
stimulated urokinase-type
plasminogen activator production is
dependent on the activity of the
c-Jun N-terminal kinase signaling
pathway

To identify the role of the ERK and
c-Jun N-terminal kinase pathways in
tumor necrosis factor-alfa-stimulated
urokinase-type plasminogen activator
production, serum-starved gingival
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Fig. 3. Nuclear factor-«xB is implicated in tumor necrosis factor-alfa-stimulated urokinase-
type plasminogen activator production but is not affected by triclosan. Serum-starved human
gingival fibroblast cultures were exposed to SN50 or SNSOM (50 pg/mL) for 1 h and
then stimulated with tumor necrosis factor-alfa (20 ng/mL). After 48 h, urokinase-type
plasminogen activator activity present in the conditioned media was analyzed using casein
zymography, as described in the Material and methods (A). A quantitative analysis of
urokinase-type plasminogen activator bands was performed. These data, obtained from three
independent experiments, were expressed as the average and standard error. Statistical
analysis was performed using the Student’s z-test. The asterisk (*) indicates a statistically
significant difference (B). Serum-starved human gingival fibroblasts were stimulated with
20 ng/mL of tumor necrosis factor-alfa, and translocation of the p65 subunit was analyzed
through immunofluorescence, as described in the Material and methods (C). A quantitative
analysis of the number of cells positive for nuclear p65 staining was performed. These data,
obtained from three independent experiments, were expressed as the average and standard
error. Statistical analysis was performed using the Student’s z-test. The asterisk (*) indicates
statistically significant differences (D). TNF-o, tumor necrosis factor-alfa; uPA, urokinase-
type plasminogen activator.

fibroblasts were exposed to a range of  reached statistical significance. On the
concentrations of the selective inhibi-  contrary, in the case of the c-Jun
tors for mitogen activated protein  N-terminal kinase inhibitor SP600125,
kinase kinase 1 (MEK-1) (PD98059; all three concentrations assayed
5-25 uMm) and c-Jun N-terminal kinase  (1-5 um) demonstrated a statistically
(SP600125; 1-5 um) (Fig. 4). After  significant reduction in the tumor
30 min of pre-incubation with the  necrosis factor-alfa-stimulated uroki-
inhibitors, gingival fibroblasts were  nase-type plasminogen activator activ-
stimulated with 20 ng/mL of tumor ity (p < 0.05).

necrosis factor-alfa for 48 h and the To verify the effect of SP600125 on
conditioned media were analyzed using  tumor necrosis factor-alfa-stimulated
casein zymography. In the absence of  urokinase-type plasminogen activator
stimulation with tumor necrosis factor-  production at the protein level, serum-
alfa, treatment with 5 pm SP600125 or  starved  gingival fibroblasts  were
25 pm PD98059 induced a limited  exposed to 5 um SP600125 and then
reduction in urokinase-type plasmino-  stimulated with 20 ng/mL of tumor
gen activator activity that did not  necrosis factor-alfa. After 48 h the
reach statistical significance. Although  conditioned media were concentrated
PD98059 moderately inhibited tumor  and urokinase-type plasminogen acti-
necrosis factor-alfa-stimulated uroki-  vator protein levels were analyzed
nase-type plasminogen activator activ-  using western blotting. As shown in
ity, none of these drug concentrations  Fig. 4B, western blotting demonstrated
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that SP600125 effectively abrogated
the tumor necrosis factor-alfa stimulus
on urokinase-type plasminogen acti-
vator production. Quantitative analy-
sis of three independent experiments
showed that the effect of SP600125 on
urokinase-type plasminogen activator
production reached statistical signifi-
cance (p < 0.01) (Fig. 40).

Triclosan inhibits the signalling
activity of the c-Jun N-terminal
kinase pathway in gingival
fibroblasts

To test whether the experimental con-
ditions that promote urokinase-type
plasminogen activator expression cor-
relate with the activation of ERK and
c-Jun N-terminal kinase pathways by
tumor necrosis factor-alfa, serum-
starved gingival fibroblasts were
stimulated with 20 ng/mL of tumor
necrosis factor-alfa and the activation
of these routes was evaluated through
western blotting of the cell lysates at
different time-points. As revealed in
Fig. 5A, stimulation of cells with
tumor necrosis factor-alfa did not
induce a significant increase in the
proportion of phosphorylated ERK 1/
2. Conversely, tumor necrosis factor-
alfa was able to stimulate the phos-
phorylation of c-Jun N-terminal kinase
2 following a bimodal pattern. A con-
sistent increase in the phosphorylation
of c-Jun N-terminal kinase 2 was
observed at 5 min of stimulation,
followed by a reduction in the phos-
phorylattion of c-Jun N-terminal kinase
2 between 15 and 30 min and a sub-
sequent, and more sustained, increase
after 60 and 180 min of tumor necrosis
factor-alfa stimulation. This pattern of
c-Jun N-terminal kinase activation was
observed in at least four independent
experiments and was found to be very
consistent (data not shown).

To identify whether triclosan was
able to modify the activation/phos-
phorylation of c-Jun N-terminal kinase
2 in gingival fibroblasts, serum-starved
cells were exposed to 1 pg/mL of tri-
closan for 1 h and then stimulated at
different time-points with 20 ng/mL of
tumor necrosis factor-alfa. As demon-
strated in Fig. 5SA, a decreased phos-
phorylation of c-Jun N-terminal kinase
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Fig. 4. c-Jun N-terminal kinase inhibition interferes with the production of tumor necrosis
factor-alfa-stimulated urokinase-type plasminogen activator. Serum-starved gingival fibro-
blasts were incubated in the presence of SP600125 (1-5 pm) or PD98059 (5-25 um) for 1 h
and subsequently stimulated with 20 ng/mL of tumor necrosis factor-alfa. The conditioned
medium derived from each experimental condition was analyzed using casein zymography, as
described in the Material and methods. Caseinolytic bands were digitalized, quantified and
are expressed in the graph as the average and standard error. Data were obtained from three
independent experiments. Asterisks (*) indicate statistically significant differences (A). Ser-
um-starved gingival fibroblast cultures were incubated in the presence of SP600125 (5 um) for
1 h and subsequently stimulated with 20 ng/mL of tumor necrosis factor-alfa. The condi-
tioned medium derived from each experimental condition was concentrated and analyzed
using western blotting, as described in the Material and methods. Beta-actin was used as a
loading control (B). A quantitative analysis of urokinase-type plasminogen activator bands
derived from western blotting was performed. These data, obtained from three independent
experiments, were expressed as the average and standard error. The asterisk (¥) indicates a
statistically significant difference (C). B-actin, beta-actin; TNF-o, tumor necrosis factor-alfa;
uPA, urokinase-type plasminogen activator.

alfa (Fig. 4) and that triclosan may
affect the activation of this signalling
pathway.

To assess, quantitatively, the effect
of triclosan on the c-Jun N-terminal
kinase 2 pathway, serum-starved gin-
gival fibroblasts were exposed to tri-

2 was observed at all experimental
time-points evaluated. These data
strongly suggested that the c-Jun
N-terminal kinase pathway was
involved in the production of uro-
kinase-type plasminogen activator
stimulated by tumor necrosis factor-

closan and then stimulated with tumor
necrosis factor-alfa. After 60 min, cells
were lysed and phosphorylation of
c-Jun N-terminal kinase 2 was esti-
mated through western blotting.
Figure 5B shows that triclosan consis-
tently inhibited the activation of c-Jun
N-terminal kinase 2. Analysis of the
results of five independent experi-
ments, performed using cell cultures
derived from different patients,
demonstrated that this inhibition was
statistically significant (Fig. 5C).

Considering the inhibitory effect of
triclosan on the activation/phosphory-
lation of c-Jun N-terminal kinase 2, we
further evaluated the effect of this drug
on c-Jun protein expression as a func-
tional assay of c-Jun N-terminal
kinase. It has been demonstrated that
active c-Jun induces the expression of a
number of proteins, including itself.
Therefore, the rate of normal c-Jun
expression represents a satisfactory
functional assay for c-Jun N-terminal
kinase activity (32). Serum-starved
gingival fibroblasts were exposed to
1 pg/mL of triclosan for 1 h and then
stimulated with 20 ng/mL of tumor
necrosis factor-alfa. After 12 h, cells
were lysed and c-Jun production was
evaluated through western blotting. As
observed in Fig. 6A, tumor necrosis
factor-alfa was able to stimulate c-Jun
production and triclosan effectively
inhibited this effect. Analysis of three
independent experiments demonstrated
that this inhibition was statistically
significant (Fig. 6B). In the absence of
tumor necrosis factor-alfa, triclosan
was not able to induce a significant
change in c-Jun production.

Discussion

The present study shows that triclosan,
a pharmacological agent used in den-
tifrices and mouthrinses, may have a
novel effect on specific cellular events
associated with gingival-derived extra-
cellular matrix degradation. Our
results obtained in gingival fibroblasts
demonstrated that tumor necrosis fac-
tor-alfa, a cytokine whose activity has
been associated with inflammatory
events, stimulates the production of
urokinase-type plasminogen activator.
In the presence of triclosan, tumor
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c-Jun N-terminal kinase 2 were detected in the cell lysate using western blotting. As a loading
control, the presence of total c-Jun N-terminal kinase 2 was probed for in the cell lysate (B).
After image analysis, phosphorylated c-Jun N-terminal kinase 2 bands, normalized against
total c-Jun N-terminal kinase 2 bands, were expressed as the average and standard error.
Data were derived from three independent experiments. Asterisks (¥) indicate statistically
significant differences (C). JNK 2, c-Jun N-terminal kinase 2; pERK, phosphorylated
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TNF-a, tumor necrosis factor-alfa.

necrosis factor-alfa-stimulated uroki-
nase-type plasminogen activator pro-
duction and plasmin generation were
effectively inhibited. Moreover, our
results showed that triclosan is able to
control urokinase-type plasminogen
activator production by inhibiting the
activation of c-Jun N-terminal kinase 2
and preventing the production of
the downstream transcription factor,
c-Jun.

Significant amounts of tumor
necrosis factor-alfa have been detected
in inflamed gingival tissues and gingi-
val crevicular fluid (25,26,33). There-
fore, it is highly probable that
increased levels of this cytokine, as
those detected by previous studies in
periodontal lesions, may stimulate
gingival fibroblasts to produce uroki-

nase-type plasminogen activator. Our
study is the first to show that primary
cultures of human gingival fibroblasts
respond to tumor necrosis factor-alfa
with an increase in urokinase-type
plasminogen activator production and
a consequent conversion of plasmino-
gen into plasmin. Tumor necrosis fac-
tor-alfa-stimulated urokinase-type
plasminogen activator production was
blocked by inhibitors for nuclear fac-
tor-kB (SN50) and c-Jun N-terminal
kinase  (SP600125). PD98059, a
MEK-1 inhibitor, did not produce a
significant blockade of urokinase-type
plasminogen activator activity
(Fig. 4A). In accordance with these
results, we also found that tumor
necrosis factor-alfa was able to stimu-
late nuclear factor-kB and c-Jun
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N-terminal kinase activation; none-
theless, its effect on ERK phosphory-
lation was weak. In addition, it has
been described that tumor necrosis
factor-alfa is a stronger activator of
c-Jun N-terminal kinase when com-
pared with ERK (34). Previous studies
have also indicated that tumor necrosis
factor-alfa may activate nuclear factor-
kB and c-Jun N-terminal kinase path-
ways in several cell types, including
gingival fibroblasts, and these cascades
have also been involved in inflamma-
tory diseases (35-37).

Considering these results, our
efforts were focused on analysing the
role of triclosan as a regulator of the
nuclear factor-xB and c-Jun N-termi-
nal kinase pathways, signaling routes
that are engaged in an active func-
tional cross-talk (38). Our results
showed that triclosan was unable to
alter the nuclear factor-kB-dependent
translocation of the p65 subunit into
the nucleus, a key event in the acti-
vation of nuclear factor-kB-regulated
genes (39). This result is consistent
with the result of a previous study
which showed that triclosan was
unable to modify nuclear factor-xB
activation in human gingival fibro-
blasts at similar concentrations (12).
However, previous studies have shown
that the combination of triclosan and
cetylpirydinium chloride is able to
inactivate nuclear factor-xB phos-
phorylation  (40).  Although the
molecular basis that may explain this
difference is unknown, further studies
should define the experimental condi-
tions which allow nuclear factor-«B
inhibition in triclosan-treated cells.

A significant observation of our
study was that triclosan inhibited c-Jun
N-terminal kinase 2 phosphorylation
and the production of c-Jun transcrip-
tion factor. The c-Jun N-terminal
kinase pathway has been involved in
the production of urokinase-type plas-
minogen activator stimulated by dif-
ferent growth factors, cytokines and
stress-inducing agents such as ultra-
violet light (28). Because the expression
of c-Jun transcription factor is highly
dependent on the activity of the c-Jun
N-terminal kinase pathway, it may
represent a relevant end-point of the
activity of this pathway and a promis-
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sory target for therapeutic interven-
tions (41). Our study is the first to
report that the c-Jun N-terminal kinase
signaling cascade may be inhibited by
triclosan. Further studies are needed to
identify other c-Jun N-terminal kinase-
regulated genes that may be controlled
by this pharmacological agent.
Progression of periodontal disease
has been explained by several factors,
including variations in the level of
inflammatory cytokines, altered ratios
between proteolytic enzymes and their
inhibitors, and changes in the subgin-
gival microflora, among others (42).
Long-term use of a dentifrice contain-
ing triclosan may reduce loss of attach-
ment in adolescents and slows the
progression of periodontal disease in
adults (15,17,18). These results have
been explained by the observation that
individuals using the triclosan-contain-
ing toothpaste demonstrated reductions
in the numbers of periodontal patho-

gens at subgingival sites (16). Because
the progression of periodontal disease
has also been associated with an
increased extracellular matrix turnover,
the results of the present study may offer
an additional explanation for the effect
of triclosan on periodontal tissue
destruction (42). Although the present
results were obtained in an in vitro cell-
culture system using primary cultures of
human gingival fibroblasts, they suggest
that triclosan may regulate urokinase-
type plasminogen activator production
and activity in gingival connective
tissues. It is important to note that,
besides fibroblasts, other cell types, such
as macrophages, are also involved in
urokinase-type plasminogen activator
and tumor necrosis factor-alfa produc-
tion in inflamed connective tissues (43).
Therefore, future studies should be
performed to analyze the effect of
triclosan also on other significant cell
phenotypes.
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