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Three-hydroxy-3-methyl-glutaryl-CoA

(HMG-CoA) competitive inhibitors,

also known as statins, are widely used

for lowering the levels of low-density

lipoprotein cholesterol and reducing

the risk of major coronary events (1).

Statins differ in their mode of deriva-

tion (as either synthetic or fermenta-

tion products), in their lipophilicity
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Background and Objective: Three-hydroxy-3-methyl-glutaryl-CoA (HMG-CoA)

reductase competitive inhibitors, or �statins�, are widely used for lowering cho-

lesterol and thereby reducing the risk of a heart attack. Recent data suggest that

statins influence metabolic bone activity by their actions on three molecules:

RANKL; RANK; and osteoprotegerin (OPG), the soluble decoy receptor for

RANKL. The purpose of this study was to evaluate OPG and RANKL produc-

tion in resting and interleukin-1b (IL-1b)-activated human gingival fibroblasts

(HGFs), and to determine the effect of statins on their production.

Material and Methods: Fibroblasts were pre-incubated with atorvastatin or sim-

vastatin for 24 h in serum-free medium, and then incubated with IL-1b for 6 d.

The concentration of OPG or RANKL in culture supernatants was measured by

specific ELISA. Data were analyzed using analysis of variance and Scheffe�s F
procedure for post hoc comparison.

Results: IL-1b (1 · 10)8
M) stimulated a significant increase in the production of

OPG on days 1, 3 and 6. There was a trend towards an increase in RANKL

production as a result of stimulation with IL-1b. Both statins, at multiple con-

centrations, significantly increased the constitutive RANKL/OPG ratio. Only

atorvastatin at the highest concentration (5 · 10)6
M) significantly increased the

IL-1b-stimulated RANKL/OPG ratio.

Conclusion: IL-1b significantly increased OPG production by HGFs. The statins

differed minimally in their effects on OPG and RANKL production by resting and

IL-1b-activated HGFs. Both statins increased constitutive RANKL/OPG ratios,

but generally not IL-1b-stimulated ratios. Thus, statins may influence the pro-

duction of RANKL and OPG by HGFs to favor bone catabolism, under nonin-

flammatory conditions.
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and in potency. Examples of fermen-

tation-derived statins are simvastatin,

pravastatin and lovastatin, while

atorvastatin, cerivastatin, fluvastatin,

pitavastatin and rosuvastatin are syn-

thetic statins. Synthetic statins have

different chemical groups attached to

the decalin-ring structure, which

affords them tighter bonding to the

HMG receptor and higher potency

(2). Statins also exhibit anti-inflam-

matory properties independent of

their effects upon cholesterol. Reports

have shown that their ability to lower

the systemic levels of C-reactive pro-

tein may provide additional cardio-

protection (3,4).

Recent data suggest that statins

influence bone metabolic activity by

stimulating new bone formation both

in vivo and in vitro. Mundy et al. (5)

identified statins as a potent activator

of bone morphogenetic protein-2

(BMP-2), an important stimulator of

osteoblastic differentiation. In vitro

studies have shown that simvastatin,

mevastatin and atorvastatin stimu-

lated BMP2 transcription and also

increased, by twofold, the endogenous

expression of BMP2 mRNA and

BMP-2 protein in human MG63

osteoblastic cells (6). Yazawa et al. (7)

reported a dose-dependent stimulation

of alkaline phosphatase activity in

human periodontal ligament (PDL) cells

by simvastatin, with the peak effect

noted at 1 lM. Statins also stimulated

the production of osteoprotegerin

(OPG), which may contribute to their

bone-sparing effect (8). This effect was

amplified by the blockage of mevalo-

nate-derived intermediates, including

farnesyl-pyrophosphate and geranyl-

pyrophosphate, two agents necessary

for the activation of osteoclasts. Thus,

statins may decrease bone resorption

by inhibiting the HMG-CoA reductase

pathway (9).

These findings suggest that statins

could be considered as potential agents

for treating osteoporosis and other

diseases of bone loss, such as peri-

odontal disease (10,11). Both diseases

share common pathways for bone

resorption and increased levels of

inflammatory mediators such as inter-

leukin (IL)-1b, tumor necrosis factor-a
and IL-6. IL-1b is a potent multifunc-

tional cytokine that activates a wide

range of factors, including MMPs,

nitric oxide synthase, prostanoids and

other cytokines (12). IL-1b has been

established as a primary factor associ-

ated with the pathogenesis of peri-

odontal disease (13–15).

Bone apposition and bone resorp-

tion associated with periodontitis are

governed by the interaction of cyto-

kines in the inflamed tissue, and are

produced by immune cells such as

B- and T lymphocytes, and also by

resident cells such as human gingival

fibroblasts (HGF) and periodontal

ligament (PDL) cells. Additionally,

three molecules, members of the tumor

necrosis factor ligand and tumor

necrosis factor receptor superfamilies,

regulate the process of osteoclast

formation via cell-to-cell interactions

(16). The first molecule, RANKL, is

expressed on hematopoietic stromal

cells and periosteal osteoblasts, as well

as on fibroblasts and on T- and

B lymphocytes. RANKL is expressed

on osteoblasts as a membrane-bound

protein or cleaved into soluble form.

RANKL interacts with its corre-

sponding receptor, RANK, on mono-

nucleated osteoclast precursors and

induces their activation to multinuclear

bone-resorbing osteoclasts (17). The

effects of RANKL are blocked by its

soluble decoy receptor, OPG, thus

inhibiting osteoclast differentiation,

activation and survival (18). When the

concentrations of OPG are high rela-

tive to RANKL expression, OPG

binds RANKL, inhibiting the RANK–

RANKL interaction, which leads to

reduced formation of osteoclasts and

apoptosis of pre-existing osteoclasts

(19). This environment favors bone

formation. In the opposite scenario,

when the levels of OPG are low relative

to the levels of RANKL, RANKL is

available to bind RANK on osteoclast

precursors and bone resorption is

favored. Bostanci et al. (20) reported

elevated gingival crevicular fluid levels

of RANKL/OPG in periodontitis

patients compared with healthy con-

trols. Jin et al. (21) utilized a rat model

and a human OPG–Fc fusion protein

to support the hypothesis that

RANKL inhibition by OPG may pro-

vide an important therapeutic strategy

for the prevention of progressive alve-

olar bone loss.

RANKL and OPG are produced by

many cells, including HGF and PDL

cells (22). Some studies report an

increase in OPG production by HGF

when stimulated by lipopolysaccharide

(LPS) from Aggregatibacter actino-

mycetemcomitans and Porphyromonas

gingivalis (23,24). Another study rep-

orted elevated expression of RANKL

mRNA and reduced expression ofOPG

mRNA by HGF, resulting in an

increased RANKL/OPG expression

ratio induced by P. gingivalis. (25).

Therefore, HGF may play a significant

role in the RANK/RANKL/OPG

balance at the connective tissue/bone

interface in health and in disease. While

a limited number of reports have

focused on OPG/RANKL production

by HGF following stimulation with

LPS, no studies have systematically

evaluated the effect of IL-1b or statins

on the production of both OPG and

RANKL by HGF. Therefore, the pur-

pose of this study was to evaluate

OPG and RANKL production in rest-

ing and IL-1b-activated HGF in the

presence and absence of a fermentation-

derived and a synthetically derived

statin.

Material and methods

Human gingival fibroblasts

Normal HGF were used in this study

and were established from explants of

noninflamed gingival tissue from heal-

thy individuals using standard tech-

niques (26). The fibroblasts were

routinely cultured in Dulbecco�s mod-

ified Eagle�s minimal essential medium

(DMEM; Invitrogen Corp., Carlsbad,

CA, USA) supplemented with 10% (v/

v) newborn calf serum (Invitrogen) and

100 lg/mL of gentamicin (Sigma-Al-

drich Corp., St Louis, MO, USA)

(complete medium). Cells between

passages seven and 15 were used in the

experiments (27).

Statins and IL-1b

Atorvastatin was provided by Pfizer

(Groton, CT, USA) at no cost

through a material transfer agreement.
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Simvastatin was purchased from Sig-

ma-Aldrich. Both drugs are soluble in

dimethylsulfoxide (DMSO; Sigma-Al-

drich). Simvastatin is a synthetic

derivative of a fermentation product of

Aspergillus terreus. It is the only statin

available in generic form. Atorvastatin

is a completely synthetic product and

has been found to be more potent than

other statins at the same concentration

and same incubation time. Human

recombinant IL-1b was from R&D

Systems (Minneapolis, MN, USA).

Determination of cytotoxic effects of
statins on HGF

Cytotoxicity of the statins was assessed

by determining their effects on the

ability of the HGF to cleave the tetra-

zolium salt (3-[4,5-dimethylthiazol-

2-yl]-2,5-diphenyl tetrazolium bromide)

(MTT) to a formazan dye, using a kit

from Boehringer Mannheim Corp.

(Indianapolis, IN, USA). Individual

wells of 96-well microtiter tissue cul-

ture plates (Becton Dickinson Lab-

ware, Franklin Lakes, NJ, USA) were

seeded with 2.5 · 104 HGF in 0.2 mL

of complete medium. The HGF were

incubated overnight at 37�C. The

medium was then removed and the

HGF were washed with phosphate-

buffered saline then resuspended in

serum-free medium supplemented with

100 lg/mL of gentamicin (DMEM-

gent), ± simvastastin or atorvastatin

(0.01 nM–5 lM) (final DMSO concen-

tration = 0.1%). The HGF were

exposed to statins for 7 d (the period of

time the HGF were exposed to the

statins in the experiments described

below for detecting OPG and

RANKL) before the addition of MTT

(0.5 mg/mL). The HGF were then

incubated for 4 h at 37�C, and purple

formazan crystals produced from the

MTT by metabolically active HGF

were solubilized by overnight exposure

at 37�C to a solubilization solution

provided in the kit. The absorbance

was read at 595 nm using a microtiter

plate spectrophotometer. The results of

five experiments, each with triplicate

samples, were expressed as a percent-

age relative to the absorbance of the

control (i.e. A595nm in HGF exposed to

DMEM-gent only).

Determination of constitutive and
IL-1b-stimulated production of
RANKL and OPG

Individual wells of six-well culture

plates (Corning Inc., Corning, NY,

USA) were seeded with 3 · 105 HGF in

complete medium and cultured over-

night at 37�C. The medium was

removed, the HGF were washed with

phosphate-buffered saline, and then

DMEM-gent, with or without IL-1b
(0.01–10 nM), was added. Aliquots of

0.5 mL were collected on days 1, 3 and

6, and stored frozen at )80�C until

assayed. Production of OPG and

RANKL was measured in the HGF

supernatants using the Human DuoSet

OPG ELISA Development System

(R&D Systems) and a RANKL ELISA

(Pepro Tech, Inc., Rocky Hill, NJ,

USA), respectively, following the man-

ufacturers� instructions. Absorbance

values were read using amicrotiter plate

spectrophotometer, and the results of

two experiments, each with triplicate

samples, were expressed as ng/mL

(OPG) or pg/mL (RANKL), then con-

verted to a percentage relative to the

control value (i.e. the amount ofOPGor

RANKL produced by cells exposed to

DMEM-gent only, set at 100%).

Determination of effects of statins on
constitutive or IL-1b-stimulated
production of RANKL and OPG

These experiments were essentially

carried out as described above, except

that in some cases the HGF were pre-

incubated for 24 h with atorvastatin or

simvastatin (0.01 nM–5 lM) before the

addition of IL-1b (0.1 nM). In these

experiments, the media were harvested

on day 6 only. Samples were assayed

using ELISA to measure the levels of

OPG or RANKL. Absorbance values

were read using a microtiter plate

spectrophotometer, and the results of

three experiments, each with triplicate

samples, were expressed as the amount

of OPG or RANKL (ng/mL or pg/mL,

respectively). These results were con-

verted to a percentage relative to the

control value (i.e. the amount of OPG

or RANKL produced by cells exposed

to DMEM-gent-DMSO only, set at

100%).

Statistical analysis

All experiments were performed multi-

ple times with triplicate samples (see the

legend for each Table or Figure). The

data were expressed as mean ± stan-

dard deviation and were analyzed using

a one-way analysis of variance and

Scheffe�s F procedure for post hoc com-

parisons, using STATVIEW
� software

(SAS Institute Inc., Cary, NC, USA).

Results

Cytotoxicity

Cytotoxic effects of simvastatin or

atorvastatin were determined by mea-

suring the ability of the fibroblasts to

cleave the tetrazolium salt, MTT, to a

formazan dye, and the results were

expressed as a percentage of the con-

trol value (A595 in cells exposed to

DMEM-gent only). Neither statin had

significant cytotoxic effects after expo-

sure times as long as 7 d (data not

shown). There was no change in the

cell morphology or in the pH of the

media, and therefore media were not

changed during the incubation period

of this and of subsequent experiments

(see below). In our previous studies, it

was demonstrated that neither IL-1b
nor LPS (1–50 lg/mL) was toxic to

HGF (27,28).

Constitutive or IL-1b-stimulated
production of RANKL and OPG

The production of OPG and RANKL

by HGF was determined after incuba-

tion periods of 1–6 d, in the presence

or absence of IL-1b. The cells pro-

duced lower constitutive levels of OPG

(< 5 ng/mL) on days 1 and 3, which

increased significantly in response to

only the highest IL-1b concentration

used (10 nM) (Fig. 1). After a 6-d

period, constitutive OPG production

was �80 ng/mL, and this was generally

stimulated by the higher IL-1b con-

centrations tested (0.1–10 nM) (p =

0.001) (Fig. 1). Constitutive or IL-1b-
stimulated production of RANKL

was in the pg/mL range, in contrast

to the amounts of OPG produced

under similar conditions. There was a

trend towards increased production of
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RANKL with IL-1b stimulation, esp-

ecially on days 3 and 6, but none of the

changes were statistically significant

(Fig. 2). Based on these experiments,

the HGF were incubated for 6 d, in the

presence or absence of 0.1 nM IL-1b,
in experiments testing the effects of

statins.

Effects of statins on constitutive or
IL-1b-stimulated OPG production

Table 1 shows the effects of atorvast-

atin or simvastatin on constitutive or

IL-1b-stimulated OPG production.

With increasing concentration, there

was a general trend for atorvastatin to

elevate the constitutive production of

OPG, particularly at concentrations

between 1.0 and 100 nM. Simvastatin,

on the other hand, had a minimal effect

on OPG. In contrast, with increasing

concentrations, atorvastatin showed a

general trend of inhibiting IL-1b-stim-

ulated OPG production. Similarly to

its effects on constitutive OPG pro-

duction, simvastatin had virtually no

effect on IL-1b-stimulated OPG. None

of the effects of either drug on OPG

production was statistically significant.

Effects of statins on constitutive or
IL-1b-stimulated RANKL production

As shown in Table 2, both atorvastatin

and simvastatin, in the range of

0.01 nM–5 lM, increased the constitu-

tive production of RANKL. Ator-

vastatin had a more robust effect than

simvastatin on constitutive RANKL

production, especially at 0.01 and

0.1 nM. However, none of these

increases reached statistical significance.

Most concentrations of atorvastatin

also increased the IL-1b-stimulated

production of RANKL (Table 2). In

contrast, no concentration of sim-

vastatin had any effect or decreased

the production of IL-1b-stimulated

RANKL. As was the case with OPG

production, none of the effects of the

drugs on constitutive or IL-1b-stimu-

lated RANKL reached statistical sig-

nificance.

Effects of statins on constitutive and
IL-1b-stimulated RANKL/OPG ratios

Both atorvastatin and simvastatin

generally increased the constitutive

RANKL/OPG ratios (Fig. 3), particu-

larly at higher concentrations. The

increases reached statistical signifi-

cance at several drug concentrations:

simvastatin at ‡ 10 nM and atorvasta-

tin at ‡ 1 lM (p £ 0.01). In contrast,

simvastatin had no effect or decrea-

sed IL-1b-stimulated RANKL/OPG

ratios, but none of the decreases were

statistically significant (Fig. 4). Most

lower concentrations of atorvastatin

had no significant effect on RANKL/

OPG ratios (�1.1–1.3 fold increase) in

the presence of IL-1b. Only atorvasta-

tin at 5 lM significantly increased the

Fig. 1. Effect of interleukin-1 b (IL-1b) on the production of osteoprotegerin (OPG) from

gingival fibroblasts. Fibroblasts were seeded in complete medium and cultured overnight at

37�C. The medium was removed, the cells were washed with phosphate-buffered saline and

then serum-free medium supplemented with 100 lg/mL of gentamicin (DMEM-gent), with

or without IL-1b (0.01–10 nM), was added. After 1, 3 or 6 d of incubation, the concentration

of OPG in the cell supernatants was measured by ELISA. The results of two experiments,

each with triplicate samples, were expressed as ng/mL in the cell supernatants and then

converted to a percentage relative to the control value (i.e. the amount of OPG produced by

cells exposed to DMEM-gent only, set at 100%).

Fig. 2. Effect of interleukin-1 b (IL-1b) on the production of RANKL by gingival fibro-

blasts. Fibroblasts were seeded in complete medium and cultured overnight at 37�C. The
medium was removed, the cells were washed with phosphate-buffered saline and then serum-

free medium supplemented with 100 lg/mL of gentamicin (DMEM-gent), with or without

IL-1b (0.0001–10 nM), was added. After incubation for 1, 3 or 6 d, the concentration of

RANKL in the cell supernatants was measured by ELISA. The results of two experiments,

each with triplicate samples, were first expressed as pg/mL in the cell supernatants and then

converted to a percentage relative to the control value (i.e. the amount of RANKL produced

by cells exposed to DMEM-gent only, set at 100%).

486 Stein et al.



IL-1b-stimulated RANKL/OPG ratios

(�1.6 fold increase; p = 0.002).

Discussion

This study examined the effect of sim-

vastatin and atorvastatin on constitu-

tive and IL-1b-stimulated production

of OPG and RANKL by HGF.

HGF comprise approximately two-

thirds of the cell population in gingival

tissue and are active participants in

soft- and hard-tissue remodeling (29).

In this study, the concentrations of

simvastatin and atorvastatin ranged

from 5 · 10)6 to 1 · 10)11
M, which

is comparable to previous reports

(5,7,8,30,31). There appears to be a

large safety range of these drugs, when

considering their effects on cells in

vitro. Neither simvastatin nor ator-

vastatin, at any concentration tested,

or at any time-point, was toxic to the

HGF used in this study. These findings

confirm those of other studies that

reported a lack of toxicity of statins, in

concentrations around the micromolar

range or lower, to a variety of cell

types. For example, Kamio et al. (32)

found that simvastatin at 0.5 lM and

atorvastatin at 2.5 lM did not affect

the viability of human lung fibroblasts,

and simvastatin at £ 1 lM had mini-

mal toxicity to rat myocytes, using a

mitochondrial dehydrogenase test simi-

lar to the one used in our study (33).

Massaro et al. (34) also found that

10 lM atorvastatin or simvastatin did

not affect the MTT activity in human

umbilical vein endothelial cells after

12 h of exposure.

Our results showed that IL-1b was a

potent stimulant of OPG by HGF on

days 1, 3 and 6 for the highest dose

(10 nM) and on day 6 for a lower dose

(0.1 nM) (Fig. 1). Interestingly, IL-1b
did not induce a significant increase in

the production of RANKL by HGF

(Fig. 2). Previous in vitro studies have

used IL-1b to activate HGF, resulting

in increased expression and production

of cytokines, chemokines, transcription

factors and adhesion molecules (35,36).

Treatment of HGF with IL-1b has

been utilized as an in vitro model to

dissect the mechanistic pathways

operable during the activation of

HGF. Therefore, this in vitro model

suggests that HGF treated with IL-1b
produce an environment enriched for

fibroblast OPG that attenuates bone

resorption.

The effects of either statin on

constitutive or IL-1b-stimulated pro-

duction of OPG and RANKL did

not reach significance at any concen-

tration (Tables 1 and 2). However,

both statins increased the constitutive

RANKL/OPG ratio at multiple con-

centrations (Fig. 3), but only the high

dose of atorvastatin (Fig. 4) induced a

significant increase in the IL-1b-stim-

ulated RANKL/OPG ratio. Therefore,

within this particular model, the com-

bination of statins and IL-1b treatment

would appear to induce an environ-

ment that does not favor fibroblast

contributions to bone resorption,

compared with the effects of statins

alone.

Several studies have explored the use

of statins in the treatment of osseous

defects or periodontitis-induced bone

loss in animal models (37–39). It was

reported that rats treated with sim-

vastatin exhibited increased mandibu-

lar bone growth as well as a protective

effect on tooth attachment and alveolar

bone (37,38). Also, animals given local

application of simvastatin following

tooth extraction displayed newly

formed bone islands and elevated

Table 1. Effect of statins on constitutive and interleukin-1b (IL-1b)-stimulated osteopro-

tegerin (OPG) production by human gingival fibroblasts

Statin concentration

Constitutive OPG IL-1b-stimulated OPG

A S A S

0 (Control) 100 (0) 100 (0) 100 (0) 100 (0)

0.01 nM 143 (48) 112 (20) 113 (21) 105 (21)

0.1 nM 89 (20) 87 (8) 106 (34) 100 (9)

1 nM 106 (13) 118 (21) 91 (14) 100 (15)

10 nM 112 (21) 92 (12) 108 (30) 101 (10)

100 nM 132 (26) 95 (19) 102 (33) 103 (14)

1 lM 81 (19) 86 (14) 87 (10) 85 (15)

5 lM 102 (40) 122 (16) 72 (20) 102 (14)

Cells were pre-incubated with atorvastatin (A) or simvastatin (S) for 24 h and then incubated

in the presence or absence of 0.1 nM IL-1b for 6 d. The concentration of OPG was measured

(in ng/mL) and converted to a percentage relative to the control value (i.e. the amount

produced by cells exposed only to DMEM-gent, set at 100%). The values represent mean

(standard deviation), with the mean values representing the average of three experiments,

each with triplicate samples.

Table 2. Effect of statins on constitutive and interleukin-1 b (IL-1b)-stimulated RANKL

production by human gingival fibroblasts

Statin concentration

Constitutive RANKL IL-1b-stimulated

RANKL

A S A S

0 (Control) 100 (0) 100 (0) 100 (0) 100 (0)

0.01 nM 213 (79) 134 (20) 123 (36) 94 (29)

0.1 nM 200 (78) 101 (6) 117 (16) 91 (20)

1 nM 174 (43) 131 (29) 108 (11) 87 (20)

10 nM 124 (20) 113 (19) 95 (10) 79 (22)

100 nM 194 (35) 152 (31) 91 (19) 84 (16)

1 lM 153 (38) 130 (31) 116 (18) 87 (33)

5 lM 192 (31) 164 (23) 116 (27) 101 (18)

Cells were pre-incubated with atorvastatin (A) or simvastatin (S) for 24 h, and then incu-

bated in the presence or absence of 0.1 nM IL-1b for 6 d. RANKL was then measured (pg/

mL) and converted to a percentage relative to the control value (i.e. the amount produced by

cells exposed only to DMEM-gent, set at 100%). Values are averages of three experiments,

each with triplicate samples. Figures in parentheses are standard deviations.
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bone-formation rates compared with

untreated controls (39). Retrospective

studies have shown that patients with

advanced chronic periodontitis treated

with simvastatin or atorvastatin had

fewer periodontal lesions when mea-

sured using a novel index – the peri-

odontal inflammatory burden index

(40). Conversely, Saxlin et al. (41)

reported that among subjects with no

gingival bleeding, statin medication

was associated with an increased like-

lihood of having teeth with deepened

periodontal pockets. Two recently

completed prospective studies support

the role of statins as an adjunctive

therapeutic in the treatment of peri-

odontitis. Pradeep & Thorat (42)

demonstrated a greater decrease in the

gingival index and in pocket depth

with a significant intrabony defect fill

at sites treated with scaling and root

planing plus a subgingivally delivered

simvastatin gel. Fajardo et al. (43)

reported that periodontitis subjects

receiving scaling and root planing, in

combination with 20 mg of daily

atorvastatin, exhibited a significant

improvement in alveolar bone height

and diminished tooth mobility com-

pared with patients who received only

periodontal instrumentation.

This review of the periodontal liter-

ature on the effects of statins offers

some mixed results. Prospective studies

support the role of statins as an

adjunctive therapeutic, in combination

with scaling and root planing, for the

treatment of chronic periodontitis.

Simvastatin has been successfully uti-

lized when delivered as a subgingival

gel, and an oral daily dose of ator-

vastatin has also proven beneficial.

However, the study by Saxlin et al.

(41) offers some potential issues to

consider. The beneficial effects of statin

medication on the periodontium was

only apparent in subjects with elevated

levels of dental plaque or gingival

bleeding. Among subjects with mini-

mal gingival bleeding or dental plaque,

statin medication was associated with

an increased likelihood of having teeth

with deepened periodontal pockets.

Their conclusion was that the effect of

statins upon the periodontium was

dependent on the inflammatory condi-

tion of the gingival tissue. When

viewed through this prism, our finding

that either statin increased the constit-

utive RANKL/OPG ratio (Fig. 3), but

minimally altered the IL-1b-stimulated

ratio in HGF (Fig. 4), supports their

observations. These results support the

Fig. 3. Effect of statins on constitutive RANKL/osteoprotegerin (OPG) ratios. Fibroblasts

were seeded in complete medium and cultured overnight at 37�C. The medium was removed,

the cells were washed with phosphate-buffered saline and then serum-free medium supple-

mented with 100 lg/mL of gentamicin (DMEM-gent), with or without atorvastatin or

simvastatin (0.01 nM–5 lM), was added. After 6 d of incubation, the concentrations of

RANKL and OPG in the cell supernatants were measured by ELISA. The results of three

experiments, each with triplicate samples, were expressed as ng/mL in the cell supernatants,

and the ratios were calculated.

Fig. 4. Effect of statins on interleukin-1 b (IL-1b)-stimulated RANKL/osteoprotegerin

(OPG) ratios. Fibroblasts were seeded in complete medium and cultured overnight at 37�C.
The medium was removed, the cells were washed with phosphate-buffered saline and then

serum-free medium supplemented with 100 lg/mL of gentamicin (DMEM-gent), with or

without atorvastatin or simvastatin (0.01 nM–5 lM), was added. After 24 h of incubation

with the statins, IL-1b (final concentration 0.1 nM) was added. After 6 d of incubation, the

concentrations of RANKL and OPG were measured in the cell supernatants by ELISA. The

results of three experiments, each with triplicate samples, were expressed as ng/mL in the cell

supernatants, and the ratios were calculated.
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potential for utilizing statins as an

adjunctive therapeutic during initial

instrumentation, when gingival inflam-

mation is routinely encountered.

The results of this study are only

applicable to the HGF cell line used

and should not be utilized to draw

general conclusions about the hetero-

geneous population of fibroblasts

present in the periodontium. It should

be emphasized that the results of the

study support the conclusion from

previous investigators regarding the

osteoprotective properties of HGF

based upon their elevated constitutive

production of OPG (in the ng range)

compared with RANKL (in the pg

range) and confirm their role in the

remodeling of osseous tissue. Both

statins increased the constitutive ratio

of RANKL/OPG in HGF. Additional

studies are needed to further elucidate

the effect of statins on the production

of OPG and RANKL by HGF, in the

presence or absence of other inflam-

matory mediators associated with

chronic periodontitis.
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