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Simvastatin alters
fibroblastic cell responses
Involved in tissue repair

Caceres M, Romero A, Copaja M, Diaz-Araya G, Martinez J, Smith PC. Sim-
vastatin alters fibroblastic cell responses involved in tissue repair. J Periodont Res
2011; 46: 456-463. © 2011 John Wiley & Sons A/S

Background and Objective.: Statins have been used to control hypercholesterol-
emia. However, these drugs also exert pleiotropic effects that include the modu-
lation of inflammation and cell signaling. The present study has analyzed the
effects of simvastatin on several cell responses involved in tissue repair, including
cell adhesion, cell migration and invasion, actin cytoskeleton remodeling and cell
viability.

Material and Methods: Primary cultures of gingival fibroblasts were stimulated
with simvastatin. Cell adhesion was evaluated using a colorimetric assay. Cell
spreading was evaluated microscopically. Cell migration and invasion were
assessed using a scratch wound-healing assay and a bicameral cell culture system,
respectively. Changes in actin cytoskeleton and focal adhesion assembly were
evaluated through immunofluorescence for actin, vinculin and active Bl integrin.
Rac activation was evaluated by means of a pull-down assay. Cell viability was
assessed using a colorimetric assay that determines mitochondrial functionality.
Data analysis was performed using the Mann—Whitney U-test.

Results: Simvastatin diminished cell adhesion and spreading over a fibronectin
matrix. It also altered the closure of scratch wounds induced on cell monolayers
and cell invasion through a Transwell system. Simvastatin-treated cells displayed
an altered lamellipodia with poorly developed focal adhesion contacts and reduced
levels of B1 integrin activation. During cell spreading, simvastatin diminished Rac
activation.

Conclusion: The present study shows that simvastatin may alter cell migration by
disrupting the cell signaling networks that regulate the actin cytoskeleton
dynamics. This mechanism may affect the response of gingival mesenchymal cells
during wound healing.
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studies have documented that these
drugs may also modulate the inflam-
matory response by a mechanism that
is independent from cholesterol reduc-
tion (4,5).

Fibroblasts constitute the predomi-

Statins are widely used medications to
prevent cardiovascular
patients with  hypercholesterolemia
(1,2). These drugs are able to reduce
the biosynthesis of the cholesterol
precursor L-mevalonate through inhi-

events in

bition of 3-hydroxy-3-methylglutaryl-
coenzyme A (HMG-CoA) reductase
(3). Besides this effect of statins, several

nant cell phenotype in gingival tissues
and play important roles in both the
preservation of tissue homeostasis and

the response to tissue injury and
infection (6). During tissue repair,
fibroblasts must attach to the provi-
sional extracellular matrix (ECM),
predominantly composed of a fibrin—
fibronectin network (7). Following
injury, resident cells are dislodged from
their tissue environment and are acti-
vated to migrate into the wound site,



divide, differentiate and produce a new
ECM. Therefore, cell adhesion and
migration are important components
of a physiological response that must
be preserved to permit the normal
progression of the wound-healing
process (8). Cell adhesion is critical for
cell migration to occur, and this pro-
cess is mediated by the continuous
formation of cytoplasmic protrusions
at the leading edge of the cell and
controlled retraction of adhesive con-
tacts at its rear (8). Focal adhesions
provide dynamic links between the
actin cytoskeleton and the ECM, and
B1 integrins and vinculin are consid-
ered key proteins that mediate this
functional connection during migra-
tion and adhesion (9).

The Rho GTPase family currently
consists of seven distinct proteins
involved in critical cell functions, such
as actin cytoskeleton remodeling, cell
growth, cell signaling and migration
(10). Small GTPases of the Rho family
are pivotal regulators of several
signaling networks and, like other reg-
ulatory GTP-binding proteins, Rho-
GTPases act as molecular switches by
cycling between GDP- and GTP-bound
states (11). Several studies have dem-
onstrated that statins prevent isopre-
nylation of small G-proteins and
thereby alter their subsequent function
(10). Both the homeostasis of gingival
connective tissues and the evolution of
the wound-healing process may be
affected by factors regulating the
development of the actin cytoskeleton,
the formation of cell-matrix adhesive
interactions and the ability of cells to
migrate. Therefore, factors that may
affect these cellular functions might
compromise the normal response of
gingival tissues to either traumatic or
infectious challenges.

Although several studies have been
performed to determine the effects of
statins on periodontal disease preva-
lence or severity, conflicting results
have been reported showing: (i) no
association between drug intake and
tooth loss (12); (ii) a protective effect
for statin medication on periodontal
tissue damage (13); or even (iii) a neg-
ative effect for intake of statins on the
prevalence of periodontal pockets (14).
This discrepancy clearly indicates that
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further studies are needed to better
understand the effects of statins on
gingival tissues.

Considering the described effects of
statins on cell signaling and their still
poorly characterized role on gingival
tissue physiology, the present study
was performed to identify whether
statins may alter a repertoire of cellular
activities involved in gingival tissue
repair.

Material and methods

Cell culture

Primary cultures of human gingival
fibroblasts were established by the
explant method (15). Tissue explants
were obtained from clinically healthy
retromolar tissue of six individuals
(two women and four men; age range
18-32 years) undergoing extraction of
third molars at a private dental prac-
tice in Santiago, Chile between April
and November 2008. Tissue samples
were harvested with the informed
consent of the patients. The protocol
for obtaining tissue was approved
by the Ethical Committee, Faculty
of Medicine, Pontificia Universidad
Catolica de Chile. Patients reported no
relevant pre-existing medical or drug
histories during the last 6 months.
Cells were cultured in o-minimal
essential medium (a-MEM; Gibco
BRL, Grand Island, NY, USA) con-
taining 10% fetal bovine serum (FBS;
Hyclone Laboratories Inc., Logan,
UT, USA), 100 mg/mL penicillin
(Sigma, St Louis, MO, USA), 100 mg/
mL streptomycin (Sigma) and 50 mg/
mL gentamicin (Sigma) at 37°C in an
atmosphere of air containing 5% CO,.
All experiments were performed using
cells expanded between passages four
and 10.

Cell adhesion assay

For cell adhesion, nontissue-culture
96-well  plates (Nunc, Roskilde,
Denmark) were coated overnight at
4°C  with 10 pg/mL  fibronectin
(Calbiochem, San Diego, CA, USA)
in phosphate-buffered saline (PBS).
Nonspecific ~ binding  sites
blocked by denatured bovine serum

were
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albumin (Rockland Immunochemicals,
Gilbertsville, PA, USA). Cells were
detached from the cell culture plates by
a brief exposure to trypsin/EDTA
(Hyclone Laboratories Inc.) and
counted. One thousand cells were
stimulated with different concentra-
tions of simvastatin (Merck, Darms-
tadt, Germany) for 1 h in the absence
of FBS. Control cells were stimulated
with the drug solvent dimethyl sulfox-
ide (Sigma). Afterwards, cells were
seeded over fibronectin-coated plates
for 7 min. Cell adhesion was stopped
by pouring off the medium. Cells were
fixed with methanol for 2 min and
incubated with 0.2% crystal violet for
5 min. After removing excess dye, cells
were solubilized in 0.1 m NaH,PO, in
50% methanol for 10 min at room
temperature. Absorbance at 570 nm
was analyzed on a microplate reader
(ELX 800; Bio-Tek Instruments,
Winooski, VT, USA) as described
previously (16). All assays were per-
formed in quadruplicate in three sepa-
rate sets of experiments.

Cell-spreading assay

Cells were detached from cell culture
plates by a brief exposure to trypsin/
EDTA (Hyclone Lboratories Inc.) and
counted. One thousand cells were
stimulated with 1, 5 or 10 pm sim-
vastatin (Merck) for 1 h in the absence
of FBS. Afterwards, cells were seeded
onto fibronectin-coated plates for
45 min in o-MEM plus 1% FBS. Cells
were fixed with methanol for 2 min and
incubated with 0.2% crystal violet for
S min. Spread and nonspread cells
were identified through microscopic
visualization and counted. The ratio
between spread vs. total (adhered) cells
was calculated for each set of experi-
mental conditions after counting four
fields per set of conditions.

Cell-invasion assay

The ability of gingival fibroblasts to
migrate was assayed using Transwell
chambers (BD Bioscience USA, Bed-
ford, MA, USA) with 8.0-pm-pore
polycarbonate filters (Collaborative
Research, Bedford, MA, USA) coated
with 10 pg/mL of a reconstituted
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basement membrane (Matrigel; Costar,
Cambridge, MA, USA) on the upper
side of the filter. Cells were previously
exposed to different simvastatin con-
centrations for 16 h in the absence of
FBS, then suspended in serum-free
medium and seeded on the upper
compartment of the chamber. Control
cells were stimulated with dimethyl
sulfoxide. To stimulate cell migration,
10% FBS was added to the lower
compartment of the chamber. Migra-
tion was allowed to occur for 16 h.
Following the removal of the nonin-
vading cells from the upper surface of
the reconstituted basement membrane
with a cotton swab, the invading cells
were fixed and stained with 0.2%
crystal violet. Cell migration was eval-
uated by counting five (x20) fields per
chamber as described previously (16).
All assays were performed in quadru-
plicate in three separate sets of experi-
ments.

Cell viability assay (MTT assay)

The MTT™ (Roche Diagnostics
GmbH, Mannheim, Germany) prolif-
eration assay was used to assess the
effect of simvastatin on cell viability.
This is a colorimetric assay where the
amount of color produced is directly
proportional to the number of viable
cells. Cells were seeded into 96-well
plates (Nunc) and allowed to attach
overnight in the presence of FBS. Cells
were then exposed to different sim-
vastatin concentrations in the presence
of 1% FBS for 24. The MTT labeling
reagent was then added to each well
and incubated for 4 h. After this, cells
were washed with PBS and a solubili-
zation solution was added. The plates
were then incubated overnight and
subsequently read at 570 nm using a
microplate reader.

Wound-closure assay

Gingival fibroblasts were seeded on
24-well plates (Nunc). When the cells
achieved 90% confluence, cell cultures
were scratched with a 200 pL sterile
pipette tip and washed with PBS to
remove detached cells and debris. Cells
were then incubated in medium
containing 1% FBS and different

simvastatin concentrations. Dimethyl
sulfoxide was added to control cells.
After 16 h, cells were fixed with meth-
anol for 2 min, and incubated with
0.2% crystal violet for 5 min. This
experiment was performed on three
separate occasions. Images of each
wound were captured with a digital
camera (Nikon Coolpix 4500; Nikon,
Tokyo, Japan) through an inverted
microscope (Zeiss Axiovert 25; Zeiss,
Bernried, Germany). Cell layer mar-
gins were outlined using the polygonal
selection tool of AdobePhotoshop CS3
(Adobe Systems Inc., San Jose, CA,
USA). The ratio of wound closure was
determined using MS Excel 2003
(Microsoft, Redmond, WA, USA).
These assays were performed in three
separate sets of experiments.

Immunofluorescence of gingival
fibroblasts

The distributions of vinculin, active
Bl integrin and actin filaments were
evaluated through immunofluore-
scence. In each set of experimental
conditions, cells were fixed with 4%
paraformaldehyde for 10 min and
permeabilized with 0.25%  Triton
X-100 for 4 min. Coverslips were
washed three times with staining buffer
(x1 PBS, 0.1% sodium azide and 1%
FBS). Primary antibodies diluted in
staining buffer were used at a dilution
of 1:100 for anti-vinculin (Sigma) and
1:100 for anti-Bl integrin (Chemicon,
Temecula, CA, USA). The antigen—
antibody complex was washed and
incubated with fluorescein S-isothiocy-
nate-conjugated anti-mouse monoclo-
nal antibody (Invitrogen Molecular
Probes, Carlsbad, CA, USA). F-actin
was stained with phalloidin—rhodamine
(Invitrogen). Fluorescence images were
examined with a microscope (Zeiss
Axioplan) and photographed using a
%63 immersion objective and a digital
camera (Zeiss). These experiments were
performed on three separate occasions.

Pull-down assay for Rac

Serum-starved human gingival fibro-
blasts were detached and stimulated
under suspension with 5 um simvasta-
tin in the presence of 1% FBS for 1 h.

Afterwards, cells were adhered onto
fibronectin-coated plates for 90 min in
o-MEM plus 1% FBS supplemented
with 5 pum simvastatin or the drug
vehicle for 90 min. Cells were washed
once with ice-cold PBS and lysed with
50 mm Tris, pH 7.6, 0.5 mm MgCl,,
500 mm NaCl, 1% Triton X-100, 0.1%
sodium dodecyl sulfate, 0.5% deoxy-
cholate, 10 pg/mL of each aprotinin
and leupeptin and 1 mm phe-
ylmethylsulfonyl  fluoride.  Lysates
were clarified by centrifugation at
19,000 g for 10 min, and the superna-
tant was incubated on a roller for 1 h
with 20 ug of glutathione transferase
protein binding domain (GST-PBD)
[GST fusion protein containing the Rac-
binding domain (amino acids 67-150)]
of p21 activated kinase 1 (Cytoeskeleton,
Denver, CO, USA). Samples were
washed three times with lysis buffer
and bound proteins eluted by boiling in
sample buffer and then immunoblotted
against Rac with monoclonal antibod-
ies (Cytoskeleton). Whole-cell lysates
were also immunoblotted for Rac as a
loading control.

Statistical analysis

Statistical analysis was performed for
cell adhesion, wound closure, cell via-
bility and cell-spreading assays using
the Mann—Whitney U-test. Cell inva-
sion (Transwell experiment) was also
analyzed using a simple regression
analysis. All these analyses were per-
formed using the SPSS software for
Windows (version 16.0.2; SPSS Inc.,
Chicago, IL, USA).

Results

Simvastatin affects cell adhesion and
spreading in gingival fibroblasts

Cell-matrix interactions are significant
events during tissue repair. To evaluate
whether simvastatin may modulate
these responses, serum-starved gingival
fibroblasts were exposed to a range of
simvastatin concentrations (5, 10, 20
and 30 um) for 16 h. After this, cells
were detached from culture plates and
seeded over fibronectin-coated dishes
for 7 min. As shown in Fig. 1A, sim-
vastatin induced a dose-dependent
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Fig. 1. Simvastatin alters cell adhesion and spreading. (A) Gingival fibroblasts were exposed
to simvastatin (5-30 um) for 1 h. Cells were detached from cell culture plates, counted
(5 x 10%) and plated onto 10 pg/mL fibronectin-coated dishes. After 7 min, unattached cells
were removed and adhered cells were fixed with methanol and stained with 0.2% crystal
violet. Cells were solubilized, and the released crystal violet was measured using a microplate
reader. Bars indicate mean absorbance (optical density; OD) at 570 nm. Error bars indicate
standard error. All assays were performed in quadruplicate. Asterisk indicates statistically
significant differences between control and 20 and 30 pm simvastatin (p = 0.05). (B) In the
same experimental conditions, cells were stained with crystal violet and representative images
obtained from each experimental condition. Scale bar represents 10 um. Arrows indicate spread
cells. (C) Bar graph represents the average and standard error of the ratio between spread and
adherent (total) cells obtained from each set of experimental conditions. Asterisks indicate
statistically significant differences between control and 1, 5 and 10 pm simvastatin (p < 0.05).
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reduction in cell adhesion that reached
statistical significance at 20 and 30 pm.
To identify whether simvastatin may
affect the ability of cells to spread over
a fibronectin matrix, suspended gingi-
val fibroblasts were exposed to 1, 5 or
10 pm  simvastatin for 1h in the
absence of FBS and seeded on fibro-
nectin-coated plates for 45 min in
o-MEM supplemented with 1% FBS.
Visualization of crystal violet-stained
cells revealed that simvastatin-treated
gingival fibroblasts had fewer cell
extensions spreading over the fibro-
nectin-coated culture dishes (Fig. 1B).
Quantification of this experiment
resulted in a statistically significant
reduction in the proportion of spread
cells when exposed to simvastatin
(Fig. 1C).

Simvastatin alters the development
of cell extensions and Rac activation
in gingival fibroblasts

To characterize the morphological
alterations observed in cells exposed to
simvastatin, gingival fibroblasts were
exposed to simvastatin or its vehicle
and seeded over fibronectin-coated
coverslips for 90 min. Immunofluores-
cence for the focal adhesion protein
vinculin and actin filaments demon-
strated that simvastatin-exposed cells
had thinner cell extensions and fewer
focal adhesions when compared with
control cells, which displayed a wide
lamellipodium with several vinculin-
stained focal contacts extending over
the fibronectin matrix (Fig. 2A). Con-
sidering the role exerted by Rac in
lamellipodium formation (17), we
analyzed the activation of this GTPase
in the presence of simvastatin. To this
end, serum-starved gingival fibroblasts
were exposed under suspension to 5 um
simvastatin for 1 h. After this, cells
were plated over fibronectin-coated
dishes in a-MEM supplemented with
1% FBS, preserving the stimulus with
5 uM simvastatin. After 90 min, a pull-
down experiment was performed to
identify Rac activation during the
spreading of cells over the fibronectin
matrix. As shown in Fig. 2B, simvast-
atin-exposed cells had lower Rac-GTP
levels when compared with vehicle-
stimulated cells.
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Fig. 2. Simvastatin alters cell morphology and Rac activation. (A) Gingival fibroblasts were
exposed to simvastatin (5 or 10 pm) for 1 h. Cells were detached from cell culture plates,
counted (5 x 10%) and plated onto 10 pg/mL fibronectin-coated coverslips. After 90 min, cells
were fixed with paraformaldehyde and immunostained for actin and vinculin. Scale bar
represents 10 pm. (B) Gingival fibroblasts were exposed to 5 pm simvastatin for 1 h. Cells
were detached, counted and plated on 10 pg/mL fibronectin-coated culture plates. After
90 min, Rac activation was evaluated in the cell lysate through a pull-down assay as

described in the Material and methods.

Simvastatin retards wound closure
in gingival fibroblasts

The effect of simvastatin on cell
migration was evaluated using a
scratch wound-healing assay. Cells
were plated on fibronectin-coated
dishes and exposed to varying concen-
trations of simvastatin in o-MEM
supplemented with 1% FBS. After
16 h, we observed a significant delay in
wound closure in the presence of sim-
vastatin (Fig. 3A). This experiment
was performed on three separate
occasions, and similar results were
obtained. Quantification of this exper-
iment demonstrated a dose-dependent
decrease in cell migration that reached
statistical significance at 1 um sim-
vastatin (Fig. 3B).

Considering  the  altered  cell
migration observed in the presence of
simvastatin, we analyzed the morpho-
logical distribution of the actin cyto-
skeleton and the development of focal
adhesions enriched in vinculin through
immunofluorescence in cells located at
the edge of scratch wounds. As shown
in Fig. 3C, vehicle-stimulated cells
demonstrated a wide lamellipodium
with strong focal adhesions enriched in
vinculin. Migrating cells exposed to
simvastatin were polarized; however,
their lamellipodia were characterized

as thin extensions with few vinculin-
enriched focal adhesions. Considering
the lower levels of immunostaining for
vinculin in cells exposed to simvastatin,
we analyzed the activation of another
focal adhesion component, B1 integrin
(18). Serum-starved gingival fibroblasts
were exposed to 5 M simvastatin or its
vehicle. After 16 h, immunofluores-
cence demonstrated lower levels of
active Pl integrin in cells exposed
simvastatin when compared with vehi-
cle-stimulated cells Fig. 3D.

Simvastatin alters cell invasion in
gingival fibroblasts

We further evaluated the ability of
simvastatin to modulate cell migration
and invasion through a reconstituted
ECM using a bicameral cell culture
system. Gingival fibroblasts were
exposed to different concentrations of
simvastatin overnight and then seeded
on the upper side of a Transwell
chamber. Matrigel was used as a bar-
rier to evaluate the invasive potential
of the cells. As revealed in Fig. 4A,
fewer cells were observed in the lower
side of the filters of cells exposed to
increasing concentrations of simvasta-
tin. Quantification of these results
demonstrated a dose-dependent and
statistically significant reduction on the

invasive capacity of simvastatin-ex-
posed cells (Fig. 4B).

Effect of simvastatin on cell viability

To identify the effect of simvastatin on
cell viability, cells were exposed to
increasing concentrations of this drug
(0.1-50 um) or dimethyl sulfoxide in
the presence of 1% FBS. Cell viability
was evaluated at 24 h through the
MTT assay. Cell viability was not
compromised until simvastatin con-
centrations reached 50 pum (Fig. 5).

Discussion

The present study has evaluated the
effects of simvastatin on several cell
responses involved in tissue repair. Our
results show that simvastatin altered
the ability of fibroblasts to adhere and
spread over a fibronectin matrix,
inhibited cell migration in scratch
wound-healing assays and inhibited the
capacity of cells to invade a reconsti-
tuted ECM (cell-invasion assay). In the
presence of simvastatin, cells located at
the migration front showed poorly
developed lamellipodia with few focal
adhesion contacts, probably due to
lower levels of active Rac. These results
suggest a mechanism through which
simvastatin may alter adhesion, spread-
ing and cell migration and probably
modify the locomotion of mesenchy-
mal cells into wounded areas of the
gingival tissues.

One of the key steps of wound
healing is the migration of mesenchy-
mal cells into a fibrin—fibronectin clot
during the development of granulation
tissue (7). Cell migration can be
divided into the following four sepa-
rate steps: lamellipodium extension,
formation of new adhesions, cell body
contraction and tail detachment (17).
In our initial experiments, we observed
that simvastatin was able to diminish
cell adhesion over a fibronectin matrix.
We further observed that cell migra-
tion was significantly retarded by sim-
vastatin using the scratch wound-
healing assay. A remarkable finding is
that cell adhesion was affected by
20 pm simvastatin, while cell migration
and spreading were altered in the
presence of 1 um simvastatin. This
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Fig. 3. Simvastatin retards wound closure in human gingival fibroblasts. (A) Wounds were created in gingival fibroblast monolayers in the
presence or absence of simvastatin. After 16 h, cells were fixed with methanol and stained with crystal violet. (B) To quantify wound closure,
cell margins were outlined in each image, and the uncovered area of each wound was compared between control and simvastatin-treated cells.
Bars indicate percentage of wound closure. Error bars indicate standard error. Asterisks indicate statistically significant differences between
control and simvastatin-treated cells (p < 0.05). (C) Cells were exposed to 5 um simvastatin or dimethyl sulfoxide and wounds were made.
After 16 h, cells were fixed and stained for actin (red) and vinculin (green) using immunofluorescence. Arrows indicate the direction of cell
movement. L indicates lamellipodium. Arrowheads indicate focal adhesion contacts. Scale bar represents 10 um. (D) Cells were exposed to
5 pum simvastatin or dimethyl sufoxide and fixed after 16 h. Actin and active Bl integrin were detected through immunofluorescence.

finding is in accordance with the mor-
phological changes visualized by
immunofluorescence of spreading and
migrating cells that demonstrated a
reduced lamellipodia when compared
with control cells. Cell migration is
regulated by Rho proteins that cycle
between an active GTP-bound confor-
mation and an inactive GDP-bound
state (17). Rac is a key regulator of cell
migration because of its ability to
stimulate lamellipodium  extension
(19). Meanwhile, Rho is required for
focal adhesion assembly and polymer-
ization of actin stress fibers (17). It is
interesting to note that cell migration
and spreading is significantly retarded
in Racl-deficient fibroblasts and that
tissue healing is also retarded in Rac-
deficient mice (20). Rac is also neces-
sary to drive the chemotatic response

of fibroblasts induced by platelet-de-
rived growth factor (21) and for cell
invasion of a reconstituted ECM (22).
At a molecular level, Rac stimulates
formation of lamellipodia through
activation of the actin-nucleating
activity of the actin-related proteins 2/
3 (23). These mechanisms connecting
Rac, lamellipodium formation and cell
migration reinforce the findings of the
present study, in which simvastatin-
exposed cells showed reduced levels of
active Rac during cell spreading and a
retarded migratory response. It is
important to mention that the effect of
statins on Rho GTPases is a contro-
versial issue that seems to depend on
the cell type under study and drug
dosage (10,24). In a monocyte cell line
(THP-1) both simvastatin and lova-
statin stimulated the loading of Rac

and RhoA by GTP. However, these
species were functionally inactive (10).
Other studies have reported that statins
inhibit GTP loading of RhoA in
human monocytes (2) and MT-2 cell
lines (25). Our results show a novel
mechanism of action for simvastatin
that may affect the activation of Rac
during cell spreading and the develop-
ment of lamellipodia. This effect may
finally have an impact on cell locomo-
tion in gingival fibroblasts.

The three-dimensional cell-invasion
assay evaluates the ability of cells to pass
through a reconstituted basement
membrane. This model resembles the
physiological environment, in which
mesenchymal cells migrate and populate
the granulation tissue during wound
healing. In this assay, we observed that
simvastatin, at a concentration as low as
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Fig. 4. Simvastatin inhibits cell invasion. (A) Gingival fibroblasts were placed in the upper
compartment of a Transwell chamber using 8.0-um-pore polycarbonate filters coated with
10 pg/mL of a reconstituted basement membrane. In the lower chamber, fetal bovine serum was
added. Migration was allowed to occur for 16 h. Following the removal of the noninvading cells
from the upper surface of the reconstituted basement membrane, the invading cells were fixed,
stained with 0.2% crystal violet and images were recorded for each set of experimental con-
ditions. (B) Migrating cells were counted in five fields per chamber for each set of experimental
conditions. Bars indicate average of migrating cells detected in the lower side of the filter. Error
bars indicate standard error. All assays were performed in triplicate. Asterisks indicate
statistically significant difference between control and simvastatin-treated cells (p < 0.05).
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Fig. 5. Cell viability in simvastatin-treated cells. Gingival fibroblasts were exposed to dif-
ferent simvastatin concentrations (0.1-50 um) in the presence of 1% fetal bovine serum
(FBS). Ten per cent fetal bovine serum was used as a positive control. Cell viability was
evaluated at 24 h through the MTT assay. Bars indicate mean absorbance (optical density;
OD) at 570 nm. Error bars indicate standard error. Asterisk indicates statistically significant
differences between control and simvastatin-treated cells. Asterisk indicates statistically sig-
nificant difference between the indicated condition and 1% fetal bovine serum (p < 0.05).

1 um, was able to inhibit cell migration  several cell types, including monocytes
and invasion of the Matrigel matrix. To  and smooth muscle cells (26,27).
pass through a three-dimensional  Although we did not evaluate whether
matrix, cells must adjust their actin  simvastatin was able to modulate the
cytoskeleton towards a flexible form,  expression or activity of MMPs, it is
extending a front lamellipodium and  possibleto propose that MMPsmight be
degrading theextracellularenvironment  oneofthetargetsofstatinsthatshould be
to release cell-matrix contacts (9). Pre-  explored in future studies.

vious studies have identified that statins The cell viability assays allowed us
may reduce production of MMPs in  to validate our results, since they

showed that cell death was not affect-
ing the outcome of the experiments
performed in this study. However, it is
important to note that exposure of
cells to 50 um simvastatin for 24 h has
an impact on cell viability. In fact,
statins may induce apoptosis in endo-
thelial cells and lung fibroblasts
(28,29). Future studies should explore
the specific role of statins on cell
death/viability in gingival mesenchy-
mal cells.

The primary action of statins is the
inhibition of HMG-CoA reductase, a
pharmacological activity that finally
reduces de novo synthesis of cholesterol
(3). Besides this effect, several studies
have demonstrated that statins may
affect the activity of small G-proteins
of the Ras superfamily because of their
isoprenylation (10). Small G-proteins
are involved in several cell functions,
including the regulation of the actin
cytoskeleton, cell migration, intracel-
lular traffic and cell survival/prolifera-
tion (10). The Rho GTPases also play a
role in transduction of inflammatory
signals, such as nuclear factor-kB and
c-Jun NH,-terminal kinase pathways
(30). Therefore, it is possible to
propose that simvastatin may affect
several aspects of gingival tissues,
including the evolution of inflamma-
tion and critical cell functions involved
in tissue repair, such as cell adhesion,
actin  cytoskeleton dynamics, cell
migration and survival. Periodontal
disease is an inflammatory disorder
initiated by pathogens that colonize the
subgingival environment. The evolu-
tion of periodontal disease may be
interpreted as a cyclic process charac-
terized by alternating periods of tissue
destruction followed by repair (31).
Therefore, it is possible to propose that
factors that modulate gingival tissue
repair may affect the final evolution of
disease. In oral epithelial cell lines,
simvastatin reduces the production of
interleukin-6 and interleukin-8 (32). In
mononuclear cells, simvastatin may
also reduce the production of MMP-1
(26). Therefore, it has been suggested
that statins might play a protective role
in periodontal tissues through inhibi-
tion of inflammation. However, several
discrepant studies have been unable to
demonstrate either a protective or a



negative role for statins on periodontal
health (12-14). Our results show that
simvastatin may alter important cellu-
lar activities that may diminish the
ability of mesenchymal cells to restore
the damaged tissues. In accordance
with this concept, long-term statin
administration has been associated
with muscle damage (33,34). Consid-
ering these findings, future -clinical
studies should explore the role of sta-
tins in gingival tissue physiology and
repair.

Our results show that cell functions
such as cell spreading and migration
were affected by simvastatin concen-
trations ranging between 1 and 5 pm.
Although these concentrations seem to
be rather low, we could not identify
studies reporting the serum or tissue
levels of simvastatin. Therefore, clini-
cal or animal studies designed to
identify the levels achieved by these
drugs in tissues are fundamental to
better define the role of statins in
periodontal inflammation and healing.

Within the limits of the present
study, our observations show that
simvastatin exerts a detrimental effect
in critical cell functions in gingival
fibroblasts that may affect the evolu-
tion of tissue repair.
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