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Oestrogen inhibits osteoclast formation induced by

periodontal ligament fibroblasts

Abstract

Objective: Since tooth-associated fibroblasts are taken to participate in the formation of
osteoclasts and it is unknown whether estrogen affects this process, the effects of 17[-
estradiol (17p-E;) were studied on osteoclasto-genesis induced by human periodontal
ligament (PLFs) and gingival fibro-blasts (GFs). Methods: Human peripheral blood
mononuclear cells (PBMCs) were seeded on monolayers of PLFs and GFs and
cocultured for 14 days in the presence or absence of various concentrations of 17(3-E..
The number of tartrate resistant acid phosphatase {TRACP)-positive osteoclast-like cells
(OCs) was assessed. In addition, we analyzed the PBMC-induced withdrawal of the
fibroblasts. mMRNA expression was determined of estrogen receptor (ER)-Q, ER-J,
receptor activator nuclear factor kappa B ligand (RANKL), and osteoprotegerin (OPG)
by PLFs and GFs. Results: PBMCs induced a higher number and larger fibroblast-free
areas if cocultured with PLFs than with GFs. Concomitantly, the number of TRACP-
positive OCs was significantly higher in PLF cocultures. 173-E; inhibited the formation
of OCs in PLF cocultures. 17f3-E, did not alter the expression of RANKL, OF‘G, and ER-
a mRNAs in either fibroblast cell population. Conclusions: Our data indicate that PLFs
may promote osteoclastogenesis more strongly than GFs. 17B-E, inhibits the PLF-
induced formation of osteoclast-like cells. Thus, the inhibitory effect of estrogen on

osteoclast formation appears to be cell type dependent.

Key words: Estrogen, Periodortal ligament, Osteoclasts, Gingival fibroblasts, Human

peripheral blood mononuclear cells
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6. AnmAAuasianeasilyn) (MPORTANCE AND MOTIVATION OF THE RESEARCH)

Estrogen deficiency has been found as one of the risk factors for periodontal disease in
postmenopausal women. Estrogen-deficiency seems to enhance loss of the alveolar bone volume,
leading to a more progressive form of periodontitis. Several studies show a relationship between
tooth loss and alveolar ridge resorption on one hand and systemic bone loss in postmencpausal
osteoporosis on the other. These data suggest that loss of alveolar bone is somehow related to
more generalized bone loss which occurs in osteoporotic patients. Furthermore, radiographic studies
show that estrogen deficiency in women is associated with a mean net loss in alveolar bone density.
In ovariectomized rats a decrease in mandibular bone volume, an increase in periapical bone loss of
first mandibular molars, an increase in cancellous bone loss in the mandibular condyle, an increase
in residual ridge resorption, and an acceleration of tooth movement have been reported. It is

recognized that estrogen deficiency stimulates bone resorption by increased osteoclast numbers due



to enhanced osteoclast formation and reduced osteoclast apoptosis as well as by increased
osteoctast activity.

Osteoclasts are multinucleated cells derived frem hematopoietic mononuclear cells. The
osteoclasts attach to the bone surface and form a highly acidic environment at the site of attachment,
thereby solubilizing bone minerals. Mature osteoclasts are characterized by markers such as tartrate
resistant acid phosphatase (TRACP), cathepsin K, and receptors for calcitonin and vitronectin.
Ostooclast differentiation and function is regulated by receptor activator nuclear factor kappa B ligand
(RANKL)-RANK- osteoprotegerin (OPG) systems.

Bone resorbing osteoclasts have been shown to develop in cocultures of human fibroblasts
associated with the tooth and human peripheral blood mononuclear cells (PBMCs). Tooth-associated
fibroblasts are periodontal ligament fibroblasts (PLFs) and gingival fibroblasts (GFs). The morphology
of these cells when cultured is similar; they are spindle-shaped and have an elongated appearance.
Yet, a number of functional differences between PLFs and GFs have been reported such as a higher
expression of alkaline phosphatase activity by PLFs and differences in the expression of fibronectin
and collagen type 1 as well as integrin subunits. PLFs have been shown to induce the formation of
osteoclast-like cells by up-regulation of RANKL and by a decrease of the anti-resorptive factor, OPG.
In contrast with periodontal ligament fibroblasts gingival fibroblasts tend to inhibit osteoclast
formation.

It has been shown that esirogen stimutates OPG expression by human osteoblasts by a
mouse stromal cell line and by human PLFs. In this way the hormone could have an effect on bone
metabolism via soft connective tissue cells in the periodontal domain. 1t was the aim of the present
study to determine whether periodontal ligament fibroblasts and gingival fibroblasts do this to a

comparable extent.

7. fﬂqﬂizmﬁ {OBJECTIVES OF THE RESEARCH)
1) To analyze the formation of osteoclasts induced by human gingival fibroblasts and
periodontal ligament fibroblasts and the effect of estrogen here upon.
2) To determine the mRNA expression of OPG, RANKL, estrogen receptor (ER)-a,
and ER-B in human gingival fibroblasts and periodontal ligament fibroblasts in the

presence or absence of estrogen.

8. su1ivui5398 (METHODOLOGY)

Human peripheral blood mononuclear cells (PBMCs) were seeded on monolayers of human
periodontal ligament (PLFs) and gingival fibrobiasts (GFs) and cocultured for 14 days in the presence
or absence of various concentrations of 17p-estradiol (17B-E;). The number of tartrate resistant acid
phosphatase (TRACP)-positive osteoclast-like cells (OCs} was assessed. In addition, we analyzed
the PBMC-induced withdrawal of the fibroblasts. mRNA expression was determined of estrogen
receptor (ER)-a, ER-B, receptor activator nuclear factor kappa B ligand (RANKL), and
osteoprotegerin (OPG) by PLFs and GFs.
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CHAPTER 1 INTRODUCTION

Estrogen deficiency has been found as one of the risk factors for periodontal disease in
postmenopausal women."” Estrogen-deficiency seems to enhance loss of the alveolar bone volume,
leading to a more progressive form of periodontitis.“ Several studies show a relationship between
tooth loss and alveolar ridge resorption on one hand and systemic bone loss in postmenopausal
osteoporosis on the other.m6 These data suggest that loss of alveolar bone is somehow related to
more generalized bone loss which occurs in osteoporotic patients. Furthermore, radiographic studies
show that estrogen deficiency in women is associated with a mean net loss in alveolar bone density.T
In ovariectomized rats a decrease in mandibular bone \.rolumta-,B an increase in periapical bone loss of
first mandibular molars.9 an increase in cancellous bone loss in the mandibular condyle,wan increase
in residual ridge resorption,11 and an acceleration of tooth movement " have been reported. It is
recognized that estrogen deficiency stimulates bone resorption by increased osteoclast numbers due
to enhanced osteoclast formation and reduced osteoclast apoptosis as well as by increased
osteoclast activity.ﬂ

Osteoclasts are multinucleated cells derived from hematopoietic mononuclear celis. The
osteociasts attach to the bone surface and form a highly acidic environment at the site of attachment,
thereby solubilizing bone minerals. Mature ostecclasts are characterized by markers such as tartrate
resistant acid phosphatase (TRACP), cathepsin K, and receptors for calcitonin and vitronectin."
Osteoclast differentiation and function is regulated by receptor activator nuclear factor kappa B ligand
(RANKL)}-RANK- osteoprotegerin (OPG) systems.m'15

Bone resorbing osteoclasts have been shown to develop in cocultures of human fibroblasts
associated with the tooth and human peripheral blood mononuclear cells (PBMCS).m‘” Tooth-
associated fibroblasts are periodontal figament fibroblasts (PLFs) and gingival fibroblasts (GFs). The
morpheology of these cells when cultured is similar; they are spindie-shaped and have an elongated
appearance.1a Yet, a number of functional differences between PLFs and GFs have been reported
such as a higher expression of alkaline phosphatase activity by PLFs and differences in the
expression of fibronectin and collagen type 1" as well as integrin subunits.”® PLFs have been shown
to induce the formation of osteoclast-like cells by up-regulation of RANKL and by a decrease of the
anti-resorptive factor, OPG.:H'22 In contrast with periodontal ligament fibroblasts gingival fibroblasts
tend to inhibit osteoctast formation.””

It has been shown that estrogen stimulates OPG expression by human osteoblasts.za'za by a
mouse stromal cell line > and by human PLFs.” In this way the hormone could have an effect on
bone metabolism via soft connective tissue cells in the periodontal domain. It was the aim of the
present study to determine whether periodontal ligament fibroblasts and gingival fibroblasts do this to

a comparable extent.



CHAPTER 2 METHODOLOGY

2.1 Fibroblast cell culture

Cell culture procedures were used as we have previously reported.” Briefly, PLFs and GFs were
obtained from the periodontal ligament (PDL) and adjacent healthy gingiva of third molars from four
male subjects aged 22-38 years who underwent tooth extraction. Prior to extraction, informed consent
was obtained from all donors. The PDL was isolated from the middle third of the tooth roots to
exclude the contamination of gingival and apical tissues. All the biopsies were cut intfo small pieces,
placed in 6-well tissue culture plates, and cultured in Dulbecco’s modified Eagle's medium (DMEM)
supplemented with 10% fetal calf serum (FCS, HyClone, Logan, UT) and 1% antibiotics {100 U/mi
penicillin, 100 pg/ml streptomycin, and 250 ng/m! amphotericin B [Antibiotic antimyotic solution,
Sigma, St. Louis, MO]). Cultures were maintained at 37°C in a humidified 5% CQ, incubator. After
cells were expanded and grown to 70-80% confluence, they were detached with 0.05% trypsin and
0.02% ethylene diaminetetra-acetic acid (EDTA) in phosphate buffered saline (PBS) and subcultured
in culture flasks. Four pairs of gingival and PDL cultures were obtained. The two cell populations,
PLFs and GFs were used at the same passage within one experiment. Between experiments, cells

were used in either the fifth or the sixth passage.

2.2 Isolation and culture of human peripheral blood mononuclear cells (PBMCs)

To isolate PBMCs, buffy coats (Sanquin, Amsterdam, The Netherlands) were diluted 1:1 {v/v}) in
Hank's balanced salt solution (HBSS) containing 2% FCS. Twenty-five ml of diluted blood was
carefully layered on 15 ml lymphoprep (Axisshield Po CAS, Oslo, Norway). This gradient was
centrifuged at 1000 x g for 30 min without brake. After centrifugation, the interphase containing
PBMCs were collected and washed two times in HBSS with 2% FCS, followed by centrifugation at
400 x g for 10 min. Finally, the cells were resuspended in DMEM supplemented with 10% FCS, 1%

antibiotics, 1043 M dexamethasone and 10'7M vitamin Ds.

23 Osteoclastogenesis

The effects of estrogen on osteoclastogenesis in PLFs/GFs cocultured with PBMCs were
investigated. PLFs and GFs were plated at a cell density of 1.5 x 10 celtsiwell in 24-well tissue
culture plates. PBMCs were inoculated one day later at 1 x 10° celisiwell onto fibroblast ceil layers.
The experimental cultures were maintained in DMEM supplemented with 10% FCS, 1% antibiotics,
10° M dexamethasone and 10" M vitamin D3 in the presence of 10", 10°, and 107 M 17pB-estradiol
(178-E,; Sigma, Schnelldorf, Germany) for 14 days. Control cultures were maintained under the
same conditions without 17p-E, but in the presence of the corresponding vehicle of ethanol. The
levels of estrogens in the FCS used in the present studies were found to be very low: less than 10
pa/mt (manufacturer's data sheet). Therefore any possible effects are taken to be a result of the
added estrogen. The medium was replaced every 3 days with agents described above throughout the

experiments.



To examine the direct effect of estrogen on osteoclast precursors, PBMCs were cultured in
the absence of fibroblasts under identical conditions. Cultures were performed for 14 days. Then,
cells were stained for tartrate-resistant acid phosphatase (TRACP) as a marker enzyme of
osteoclasts, using an acid phosphatase kit {Sigma, St Louis, MO). Nuclei were stained with 1 pg/ml
diamidino-2-phenylindole dihydrochoride (DAPI). TRACP-positive cells containing three or more nuclei
were counted as osteoclast-like cells {(OCs) under a light microscope. The average size of 6
randomized OCs/well was measured using image analysis software.

Cell-free areas are the sites where osteoclastogenesis occurs.” These areas were
guantified by assessing their size in three predetermined fields/well using image analysis
software. In addition, total number of cell free areas per well was counted under a light

microscope.

24 mRNA expression detection by quantitative real-time polymerase chain reaction (PCR})
The effect of estrogen on the expression of RANKL, OPG, estrogen receptor (ER)-a and ER-P by the
fibroblasts was determined. Confluent layers of PLFs and GFs were cultured in 24-well tissue culture
plates in DMEM supplemented with 10% FCS, 1% antibiotics, in the absence (as controls) or
presence of 107, 10°, and 107 M 17B-E, for 24 h. For a time course study, cells were cultured with
either vehicle (ethanol) or with 10" M 17B-E,. The cells were cultured for 3, 6, 24, and 48 h. Total
RNA was extracted from the cultured PLFs and GFs using the RNeasy Mini Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s instructions. The RNA concentration was determined with
the RiboGreen Kit (Molecular Probes).

Reverse transcription (RT}HPCR was performed with 100 ng total RNA according to the MBI
Fermentas cDNA synthesis kit (Vilnius, Lithuania). The specific primers, shown in Table 1, were
designed using the Primer Express software, version 2.0 (Applied Biosystems, Foster City, CA, USA).
Real-time PCR was performed on the ABI PRISM 7000 (Applied Biosystems). The reactions were
performed with 5 ng cDNA in a total volume of 25 ul containing SYBR Green PCR Master Mix,
consisting of SYBR Green | Dye, AmpliTag Gold DNA polymerase, dNTPs with dUTP instead of

dTTP, passive reference and buffer (Applied Biosystems) and 300 nM of each primer.
After an initial activation step of the AmpliTaq Gold DNA polymerase for 10 min at 94°C, 40
cycles were run of a two step PCR consisting of a denaturation step at 95°C for 30 s and annealing

and extension step at 60°C for 1 min. Subsequently the PCR products were subjected to melting
curve analysis to test if any unspecific PCR products were generated. The PCR reactions of the
different amplicons had equal efficiencies. p2-Microglobulin was used as the housekeeping gene.
Expression of this gene was not affected by estradiol treatment.

To test whether there was a difference in the expression of the genes between 178E,-
treated and -untreated groups, mRNA levels were quantified using the comparative threshold-cycle
{CT)} method as follows. First, samples were normalized for the expression of B2-microglobutin by
calculating the ACT as follows; ACT = CT, target - CT, ff,-microglobulin. Subsequently, the amount
of targeted mRNA in the sample was compared by calculation of 2 mm. where AACT = ACy yompier -

ACt caivrater + S€AtING the relative levels of mMRNA expression in the untreated groups (calibrator) as 1.



The amount of mMRNA expression in 17p-E,-treated cells was therefore expressed as a relative ratio.
Furthermore, the comparison of mRNA expression of the genes between PLFs and GFs was

analyzed of which the amount of the gene expression is expressed as 2 aen

25 Statistical analysis

All experiments were performed with the two dental fibroblast populations collected from four different
patients. Each experiment was analyzed in duplicate or triplicate. Data were expressed as mean
value + standard deviation (SD). Comparisons of the numerical data between groups were performed
by one-way analysis of variance (ANOVA), followed by a multiple-comparison Tukey test or the
Kruskal-Wallis test. The Pearson's rank correlation coefficient was used for the correlations between
the dose effect of estrogen and the number of TRACP-positive osteoclast-like cells. Results were

considered statistically significant at p < 0.05,



CHAPTER 3 RESULTS

3.1 Osteoclast-like cell formation

PBMCs seeded on the two different populations of fibroblasts resulted after 14 days in withdrawal of
the latter cells and thus induced the formation of cell-free areas.”’ In these areas osteoclast
precursors attached to the bottom and fused to form osteoclast-like cells. Osteoclast-like cells were
identified as TRACP-positive cells with three or more nuclei, which could be visualized by DAPI
staining (Fig. 1).

The cell-free areas of PLFs cultured with PBMCs were formed significantly mere (Table 2)
and were larger than those of the GF cocultures {Fig. 2). There were no significant changes in cell-
free areas in PLFs or GFfs cocultured with PBMCs in the presence of 17-E, compared to the cultures
without the hormone.

Coinciding with the results of the cell-free areas, the number of TRACP-positive osteoclast-
iike cells in cocultures of PLFs and PBMCs was significantly higher than in GF-PBMC cocultures (Fig.
3).The number of TRACP-positive osteoclast-like cells was significantly decreased in the 10® and 107
M 17B-E-treated PLF cocultures compared with controls. There was a significant negative correlation
between the concentration of estrogen and the number of TRACP-positive osteoclast-like cells in the
PLF cocultures (r = -0.466, p < 0.01). Such an inhibitory effect of 17B-E, on osteoctast-like ceill

formation was not seen in cocultures of GFs with PBMCs.

3.2 PBMC cultures
The effect of estrogen on osteoclast formation by ostecclast precursors was analyzed also by
culturing human PBMC alone in the absence of fibroblasts but with the vitamin D, and
dexamethasone. After 14 days in culture, TRACP-positive osteoclast-like cells were found. In general
cells were round or ovat and most cells contained cne or two nuclei with only a few cells having
three or more nuclei (Fig. 4). The number of TRACP-positive osteoclast-like celis was similar for
cultures kept with or without 17j-E, (Fig. 5).

TRACP-positive osteoclast-like cells in the monocultures of PBMCs were 2.8 fold smaller
compared with the cocultures with the two different tooth-associated fibroblast populations {Table 3)
and they contained fewer nuclei. The maximum number of nuclei per cell in osteoclast-like cells in

the PBMC cultures was 9 (Fig. 4) whereas more than 20 nuclei/cell were found in the cocultures.

33 MRNA expression

In an attempt to provide an explanation for the altered number of osteoclast-like cells in the cultures
with 17B-E;, the mRNA levels of RANKL, OPG, ER-p and ER-a in PLF and GF cultures were
analyzed. The response of the different cell types to 107 M 17(3-E, was analyzed also at various time

points (3, 6, 24, and 48 h).



There were no significant differences in the mRNA expression of RANKL, OPG, ER-a by
PLF and GF cultures that were cultured with or without 17p-E, (Fig. 6). Expression of ER-f} could not
be detected in either fibroblast population. Between the different fibroblast populations the mRNA
expression of the different genes was comparable. Analysis of the different genes at different time
points revealed no differences in expression between the two fibroblast populations. Also the addition

of 17p-E, appeared without an effect (data not shown).



Table 1-Primers sequences and product size.

Target Sequences Product size

(bp)

B -microglobulin forward AAgATTCAgTTTACTCACGTC 294

B.-microgtobulin reverse TgATgCTQCTTACATGTCTCg

OPG forward CTgCgCgCTCgTgTTTC 100

OPG reverse ACAgCTgATgAgAggTTTCTTCGT

RANKL forward CATCCCATCTggTTCCCATAA 60

RANKL reverse gCCCAACCCCgATCATg

ER alpha forward gTgCAgTgTgCAATgACTATGCT 100

ER alpha reverse gTCgTTATgTCCTTgAATACTTCTCTTg

ER beta forward TCAAAAQAgAgTCCCTggTgTgAAg 125

ER beta reverse

CTCTTTgAACCTggACCAgTAACAg

bp, base pair.

Table 2-The number of cell-free areas per well in the different celi cultures.

Type of cultures

Number of cell-free areas/well

{(mean £ SD)
Coculture of PLFs-PBMCs 99+ 26a
Coculture of GFs-PBMCs 28x10

Periodontal ligament fibroblasts {PLFs) or gingival fibroblasts (GFs)} were cocultured with peripheral

blood mononuclear cells (PBMCs) for 14 days. Then, the total number of cell-free areas per well was

counted under a light microscope. Data were expressed as means * standard deviation (SD) of four

different cocultures of PLFs or GFs, and each analyzed in triplicate. a is significant vs. coculture of

GFs-PBMCs, p < 0.05,




Table 3-Size of TRACP-positive osteoclast-like cells in the different cell cultures.

Type of cultures

Cell size (p.mz)

{mean * SD)

Coculture of PLFs-PBMCs

13,074 t 3524a

Coculture of GFs-PBMCs

13,090 + 1302 a

Monoculture of PBMCs

4607 £ 135

Periodontal ligament fibroblasts {PLFs) or gingival fibroblasts (GFs) were cocultured with peripheral
blood mononuclear cells (PBMCs). After 14-day in culture, the average size of 6 randomized tartrate
resistant acid phosphatase {TRACP)-positive osteoclast-like cells/weli was measured using image
analysis software. Data were expressed as means * standard deviation (SD) of four different

cocultures of PLFs/GFs and two different monocultures of PBMCs, and each analyzed in duplicate

and triplicate, respectively, a is significant vs. monoculture of PEMCs, p < 0.05.
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Fig.1 Tartrate-resistant acid phosphatase (TRACP)-positive osteoclast-like cells were seen

as dark red cells (arrows) and were present in cell-free areas (asterisks).
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Fig. 2. Size of cell-free areas of 14-day cocultures of human peripheral blood mononuclear cells
(PBMCs) and human periodontal ligament fibroblasts (PLFs)/gingival fibroblasts (GFs) in the
presence or absence of different concentrations of 17B-E,. Data were presented as means *
standard deviation (SD). Four different cocultures of PLFs or GFs, each consisting of three wells

and three predetermined fields/well were analyzed. a is significant vs. b at p < 0.05.

10



[] Control

10""M17B-E;
10° M17B-E,
[ 107 M17B-E

800
700 - b
600 -
500 -
400 -
300 -
200 -

100 a a7 a

Number of TRACP+ OCs/well

0

PBMCs+GFs PBMCs+PLFs

Fig. 3. The number of TRACP-positive osteoclast-like cells (OCs) per well in cocultures of human
peripheral blood mononuclear cells (PBMCs) and human periodontal ligament fibroblasts (PLFs) in
the presence or absence of different concentrations of 17p3-E, was compared to that of cocultures
with human gingival fibroblasts (GFs). Data were presented as means + standard deviation (SD) from
four different cocultures of PLFs or GFs and each analyzed in triplicate. a is significant vs. b and ¢; b

is significant vs. a and c at p < 0.05.
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Fig. 4. TRACP-positive osteoclast-like cells (OCs) in a monoculture of human peripheral blood
mononuclear cells. The micrograph shows a large TRACP-positive OCs with 9 nuclei (arrow)

surrounded by small TRACP-positive cells with one or two nuclei.
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Fig. 5. The number of TRACP-positive osteoclast-like cells (OCs) per field in a monoculture of
human peripheral blood mononuclear cells (PBMCs) in the presence or absence of different
concentration of 17B-E,. Data were presented as means + standard deviation (SD) from three

independent experiments.
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Fig. 6 mRNA expression of receptor activator nuclear factor kappa B ligand (RANKL), osteoprotegerin
(OPG), and estrogen receptor (ER)-a by human periodontal ligament fibroblasts (PLFs) and gingival
fibroblasts (GFs). The fibroblasts were cultured for 24 h in the presence or absence of different
concentrations of 17B-E,. Results were normalized to [,-microglobulin. Results from untreated cells
were set a value of 1. The mRNA expression by 17(3-E,-treated cells was therefore expressed as a

relative ratio. Data were presented as means + standard deviation (SD) from four different cultures of

PLFs and GFs and each analyzed in triplicate.
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CHAPTER 4 DISCUSSION

in the present study we demonstrated that estrogen inhibited the formation of osteoclast-like cells in
cocultures of PLFs and PBMCs. This inhibitory effect was not found in cocultures with GFs, where
only a few osteoclast-like cells were formed. These observations suggest that GFs are not or less
sensitive to estrogen; however, the underlying biological mechanisms are not clear, It is known that
estrogen exerts its effects via intracellular estrogen receptors. Thus, the concentration of estrogen
receptor is an important determinant of cellular responsiveness to estmgen.zB The present data
showed no difference in the mRNA expression level of ER-a expression between GFs and PLFs,
suggesting that both cell types had the potency to respond similarly to estrogen. The difference in
response can be explained by assuming that the interaction between the PBMCs and the fibroblasts
resulted in an altered expression of the estrogen receptor.

An inhibitory effect of estrogen on the formation of osteoclast-like cells is in line with
previous findings obtained from either ostecblast-induced osteoclastogenesis29 or bone marrow cells
employed as precursors.amz In addition, in vivo studies using ovariectomized rats demonstrated that
estrogen deficiency induced a higher number of osteoclasts in the rat periodontium.?'3 These data
together strongly suggest that estrogen may play an important role in modulating osteoclast
formation.

Furthermore, an interesting finding was the higher number and larger siie of cell-free areas
in cocultures of PLFs with PBMCs compared to cocultures with GFs. Coinciding with an increased
formation of cell free areas, a higher number of osteoclast-like cells were formed in PLF cocultures.
These observations sirongly suggest a difference in the interaction between different fibroblast
populations and PBMCs. At present, we do not know the underlying mechanisms of this
phenomenon.

It has been emphasized that a cross-talk is important between osteoblasts/fibroblasts and
PBMCs during the formation of osteoclasts and the subsequent process of bone resorption. Not only
precursors of osteoclasts receive signals from osteoblasts/fibroblasts essential for their differentiation
and function, the reverse also proves to be true. The precursors activate ostecblasts or fibroblasts
resulting in the retraction of these cells thus forming cell-free areas, the sites where
osteoclastogenesis occurs.”’ The intercellular adhesion molecules (eg., ICAM-1} and vascular cell
adhesion molecule (VCAM-1) have been proposed to play a role in osteoclast-iike cell formation.Z?'M
ICAM-1- expressing osteoblasts have been demonstrated to induce osteoclast differentiation.” Both
PLFs and GFs express ICAM-1 and VCAM-1.36'37 The present data showed that ligament fibroblasts
responded more strongly to PBMCs than fibroblasts from the gingiva. Whether this difference in
response is due to differences in expression of membrane-bound receptors {e.g. ICAM-1) known to
be associated with these cell-celi interactions, needs to be investigated.

The present data showed that osteoclast-like cells were generated also from human
peripheral blood mononuclear cell precursors cultured with vitamin D, and dexamethasone in the
absence of stromal cells, albeit at severely reduced numbers and sizes compared to PBMC-fibroblast

cocultures. ‘An interesting finding is the difference in size of the osteoclast-like cells formed under
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these conditions. The present data showed that the osteoclast-like cells generated in the presence of
the fibroblasts were nearly 3 times larger than those formed without the mesenchymal cells. So it
seems that the fibroblasts pilay a pivotal role in the formation of larger multinucleated osteoclasts.
Cne of the first steps in the formation of osteoclasts is the attraction of precursors by the
osteoblasts/fibroblasts and their subsequent attachment to these cells. To a single stromal cell, a
relatively high number of precursors attaches™ thus allowing a very effective fusion of precursors at
one site, Such a “bringing-together” property of the stromal cells may eventually result in the
formation of larger multinucleated cells,

In addition, we found no difference in the number of ostecclast-like cells formed by the
monoculture of PBMCs in the presence or absence of estrogen. This is in agreement with other
findings such as those of Matayoshi et al. * who showed that esfrogen did not block osteoclast
formation in cultures of purified blood-derived CD34 cells obtained from blood of healthy female
donors  and those of Kitazawa et al." who investigated mouse bone mamow cultures. These
findings, together with the lack of an estrogen effect in the cocultures with the gingival fibroblasts
indicate that the PBMCs are not the target cells for the hormone. The present data seem to be in
contrast to findings presented by others who showed that estrogens did attenuate osteoclastogenesis
by F’BMCS.WQ'W'2 In these studies, however, the PBMCs were cultured in the presence of RANKL,
whereas we added vitamin D, and dexamethasone. So it appears that depending on the stimufating
compound present in the cuiture system estrogens have or have not an effect on osteoclastogenesis.

To further analyze the molecules that may be involved in the inhibitory effect of estrogen, we
assessed the mRNA expression of RANKL, OPG, and estrogen receptors. We did not find any effect
of estrogen on the expression of these genes in either tooth-associated fibroblast poputation,
confirming previous data obtained from immortalized human marrow stromal cell lines.” Others,
however, showed that estrogen altered the ratio of OPG to RANKL. This was not only shown with
osteoblast cultures ** but also for PLF cultures.” The present data suggested that the inhibitory effect
of estrogen on osteoclast-like cell formation could be mediated independent of RANKL and OPG.
Thus estrogen may exert its effect via expression of other regulating compounds like transforming
growth factor (TGF)- B*, tumor necrosis factor (TNF)-c.,” interteukin (IL)-1, 1L-6,* 1L-7," andror M-
cSF.® Recent studies have demonstrated that estrogen deficiency results in an increased T cell
mediated production of TNF-o. and a concomitant increased osteoclast formation.agf51 Factors that
regulate T cell function during estrogen deficiency have been extensively reviewed by Pacifici.””

Furthermore, analysis of the expression of ERs revealed that PLF and GF cultures
contained ER-a mRNA, not ER-p mRNA. However, the addition of estrogen did not alter ER-o
mRNA levels in these cell types suggesting that ER-o did not mediate the osteoclast inhibition of
estrogen. The data are in line with a recent study showing that estrogen treatment did not increase
ER-a and ER-B expression in cultured human PLFs.” Thus their role in mediating estrogen action on

osteoclastogenesis remains unclear. Further studies are therefore required.
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CHAPTER 5 CONCLUSION

In conclusion, our present in vitro study shows an inhibitory effect of estrogen on osteoclast-like cell
formation in cocuitures of periodontal ligament fibroblasts and peripherai blood monenuclear cells.
Estrogen exerts its inhibitory action probably not by interfering with the RANKL/OPG system. In
addition, our data indicate that the two tooth-associated fibroblast populations differently modulate
osteoclastogenesis. In the presence of gingival fibroblasts lower numbers of osteoclasts were formed.
Estrogen may be an important modulator of osteoclast formation in the periodontal ligament under
normal conditions. Qur findings suggest that the hormone down-regulates this process tissue-site
specifically. Yet, as soon as less or no estrogen is present anymore, higher numbers of osteoclasts

are formed, thus resulting in osteoporosis.
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ABSTRACT

Objective: Since tooth-associated fibroblasts are taken to participate in the formation of
osteoclasts and it is unknown whether oestrogen affects this process, the effects of 17p-
estradiol (17B-E,) were studied on osteoclastogenesis induced by human periodontal liga-
ment fibroblasts (PLFs) and gingival fibroblasts (GFs).
Methods: Human peripheral blood mononuclear cells (PBMCs) were seeded on monolayers
of PLFs and GFs and cocultured for 14 days in the presence or absence of various concen-
trations of 17p-E;. The number of tartraté resistant acid phosphatase (TRACP)-positive
osteoclast-like cells (OCs) was assessed. In addition, we analysed the PBMC-induced with-
drawal of the fibroblasts. mRNA expression was determined of oestrogen receptor (ER)-a,
ER-B, receptor activator nuclear factor kappa B ligand (RANKL), and osteoprotegerin (OPG) by
PLFs and GFs.
Results: PBMCs induced a higher number and larger fibroblast-free areas if cocultured with
PLFs than with GFs. Concomitantly, the number of TRACP-positive OCs was significantly
higher in PLF cocultures. 178-E; inhibited the formation of OCs in PLF cocultures. 178-E, did
not alter the expression of RANKL, OPG, and ER-a mRNAs in either fibroblast cell population.
Conclusion: Our data indicate that PLFs may promote osteoclastogenesis more strongly than
GFs. 17B-E, inhibits the PLF-induced formation of osteoclast-like cells. Thus, the inhibitory
effect of oestrogen on osteoclast formation appears to be cell type dependent.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

alveolar ridge resorption on one hand and systemic bone loss
in postmenopausal osteoporosis on the other.*® These data

Oestrogen deficiency has been found as one of the risk factors
for periodontal disease in postmenopausal women.? Oestro-
gen-deficiency seems to enhance loss of the alveolar bone
volume, leading to a more progressive form of periodontitis.>*
Several studies show a relationship between tooth loss and

* Corresponding author. Tel.: +66 74 429 873; fax: +66 74 212 922.

suggest that loss of alveolar bone is somehow related to more
generalized bone loss which occurs in osteoporotic patients.
Furthermore, radiographic studies show that oestrogen
deficiency in women is associated with a mean net loss in
alveolar bone density.” In ovariectomized rats a decrease in

E-mail addresses: nutthamon,w@psu.ac.th, pnutthamon@gmail.com (N. Wattanaroonwong).
0003-9969/% - see front matter © 2010 Elsevier Ltd. All rights reserved.

doi:10.1016/j.archoralbio.2010.10.004
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Table 1 - Primers sequences and product size.

Target Sequences i * Product size (bp)
B2-Microglobulin forward AAgATTCAggTTTACTCACETC : SR LT En 0045
B2-Microglobulin reverse  TgATgCTgCTTACATETCTCg fa R R

OPG forward CTgCgCgCTCETETTTC : TR 100

OPG reverse ACAgCTgATgAgAgETTTCTTCET : P i o o
RANKL forward CATCCCATCTggTTCCCATAA : : : SHRTR0
RANKL reverse gCCCAACCCCgATCATg g

ER alpha forward gTgCAgTgTgCAATZACTATECT : 100

ER alpha reverse gTCEgTTATgTCCTTEgAATACTTCTCTTg LEet

ER beta forward TCAAAAgAgAgTCCCTggTgTgAAg il o128

ER beta reverse

CTCTTTgAACCTggACCAETAACAE

bp, base pair.

software. In addition, total number of cell free areas per well
was counted under a light microscope.

2.4.  mRNA expression detection by quantitative real-time
polymerase chain reaction (PCR)

The effect of oestrogen on the expression of RANKL, OPG,
oestrogen receptor (ER)-a and ER-B by the fibroblasts was
determined. Confluent layers of PLFs and GFs were cultured in
24-well tissue culture plates in DMEM supplemented with 10%
FCS, 1% antibiotics, in the absence (as controls) or presence of
107'%,107%, and 1077 M 17B-E, for 24 h. For a time course study,
cells were cultured with either vehicle (ethanol) or with 1077 M
17B-E,. The cells were cultured for 3, 6, 24, and 48 h. Total RNA
was extracted from the cultured PLFs and GFs using the
RNeasy Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. The RNA concentration was
determined with the RiboGreen Kit (Molecular Probes).

Reverse transcription (RT)-PCR was performed with 100 ng
total RNA according to the MBI Fermentas cDNA synthesis kit
(Vilnius, Lithuania). The specific primers, shown in Table 1,
were designed using the primer express software, version 2.0
(Applied Biosystems, Foster City, CA, USA). Real-time PCR was
performed on the ABI PRISM 7000 (Applied Biosystems). The
reactions were performed with 5 ng cDNA in a total volume of
25 pl containing SYBR Green PCR Master Mix, consisting of
SYBR Green I Dye, AmpliTaq Gold DNA polymerase, dNTPs
with dUTP instead of dTTP, passive reference and buffer
(Applied Biosystems) and 300 nM of each primer.

After an initial activation step of the AmpliTaq Gold DNA
polymerase for 10 min at 94 °C, 40 cycles were run of a two step
PCR consisting of a denaturation step at 95 °C for 30s and
annealing and extension step at 60 °C for 1 min. Subsequently
the PCR products were subjected to melting curve analysis to
test if any unspecific PCR products were generated. The PCR
reactions of the different amplicons had equal efficiencies. p2-
Microglobulin was used as the housekeeping gene. Expression
of this gene was not affected by estradiol treatment.

To test whether there was a difference in the expression of
the genes between 17BE,-treated and -untreated groups,
mRNA levels were quantified using the comparative thresh-
old-cycle (C) method as follows. First, samples were normal-
ized for the expression of B,-microglobulin by calculating the
ACras follows; ACt = Cr target — Crr p2-microglobulin- SUbsequently,
the amount of targeted mRNA in the sample was compared by

calculation of 272", where AACy = ACt sampie1 = ACT catibrator
setting the relative levels of mRNA expression in the untreated
groups (calibrator) as 1. The amount of mRNA expression in
17B-E,-treated cells was therefore expressed as a relative ratio.
Furthermore, the comparison of mRNA expression of the
genes between PLFs and GFs was analysed of which the
amount of the gene expression is expressed as 2747,

2.5.  Statistical analysis

All experiments were performed with the two dental fibroblast
populations collected from four different patients. Each
experiment was analysed in duplicate or triplicate. Data were
expressed as mean value + standard deviation (SD). Compar-
isons of the numerical data between groups were performed
by one-way analysis of variance (ANOVA), followed by a
multiple-comparison Tukey's test or the Kruskal-Wallis test.
The Pearson rank correlation coefficient was used for the
correlations between the dose effect of oestrogen and the
number of TRACP-positive osteoclast-like cells. Results were
considered statistically significant at p < 0.05.

3. Results
3.1.  Osteoclast-like cell formation

PBMCs seeded on the two different populations of fibroblasts
resulted after 14 days in withdrawal of the latter cells and thus
induced the formation of cell-free areas.?” In these areas
osteoclast precursors attached to the bottom and fused to
form osteoclast-like cells. Osteoclast-like cells were identified
as TRACP-positive cells with three or more nuclei, which could
be visualized by DAPI staining (Fig. 1).

The cell-free areas of PLFs cultured with PBMCs were
formed significantly more (Table 2) and were larger than those
of the GF cocultures (Fig. 2). There were no significant changes
in cell-free areas in PLFs or GFs cocultured with PBMCs in the
presence of 17B-E, compared to the cultures without the
hormone.

Coinciding with the results of the cell-free areas, the
number of TRACP-positive osteoclast-like cells in cocultures of
PLFs and PBMCs was significantly higher than in GF-PBMC
cocultures (Fig. 3). The number of TRACP-positive osteoclast-
like cells was significantly decreased in the 10™° and 1077 M




Fig. 1 - Tartrate-resistant acid phosphatase (TRACP)-
positive osteoclast-like cells were seen as dark red cells
(arrows) and were present in cell-free areas (asterisks).

17p-E,-treated PLF cocultures compared with controls. There
was a significant negative correlation between the concentra-
tion of oestrogen and the number of TRACP-positive osteo-
clast-like cells in the PLF cocultures (r = —0.466, p < 0.01). Such
an inhibitory effect of 17-E; on osteoclast-like cell formation
was not seen in cocultures of GFs with PBMCs.

3.2. PBMC cultures

The effect of cestrogen on osteoclast formation by osteoclast
precursors was analysed also by culturing human PBMC alone
in the absence of fibroblasts but with the vitamin D; and
dexamethasone. After 14 days in culture, TRACP-positive
multinucleated cells were found. In general cells were round
or oval and most cells contained one or two nuclei with only a
few cells having three or more nuclei (Fig. 4). The number of
TRACP-positive osteoclast-like cells was similar for cultures
kept with or without 17p-E; (Fig. 5).

TRACP-positive osteoclast-like cells in the monocultures of
PBMCs were 2.8-fold smaller compared with the cocultures
with the two different tooth-associated fibroblast populations
(Table 3) and they contained fewer nuclei. The maximum

Table 2 -~ The number of cell-free areas per well in the
different cell cultures.

Type of cultures

. Number of cell-free areas/
well (mean + SD)

coculture of PLFs-PBMCs
coculture of GFs-PBMCs

9.9 +26°
28+10

Periodontal ligament fibroblasts (PLFs) or gingival fibroblasts (GFs)
were cocultured with peripheral blood mononuclear cells (PBMCs)
for 14 days. Then, the total number of cell-free areas per well was
counted under a light microscope. Data were expressed as mean-
s + standard deviation (SD) of four different cocultures of PLFs or
GFs, and each analysed in triplicate.

® Significant vs. coculture of GFs-PBMCs, p < 0.05.

5004 ] Control .
450 4 10"M17p-E;
400 - 10° M17B-E2
aso{ U0 107 M17p-E;

=

\

PBMCs+PLFs

Mean size of cell-free area
(x10 000 um?)well
8
o

7
i

Fig. 2 - Size of cell-free areas of 14-day cocultures of human
peripheral blood mononuclear cells (PBMCs) and human
periodontal ligament fibroblasts (PLFs)/gingival fibroblasts
(GFs) in the presence or absence of different
concentrations of 17p-E,. Data were presented as

means = standard deviation (SD). Four different cocultures
of PLFs or GFs, each consisting of three wells and three
predetermined fields/well were analysed. a is significant
vs. b at p <0.05.

number of nuclei per cell in osteoclast-like cells in the PBMC
cultures was 9 (Fig. 4) whereas more than 20 nuclei/cell were
found in the cocultures.

3.3.  mRNA expression

In an attempt to provide an explanation for the altered number
of osteoclast-like cells in the cultures with 17-E,, the mRNA
levels of RANKL, OPG, ER-B and ER-a in PLF and GF cultures
were analysed. The response of the different cell types to
10~7 M 17B-E, was analysed also at various time points (3, 6, 24,
and 48 h).

There were no significant differences in the mRNA
expression of RANKL, OPG, ER-a by PLF and GF cultures that
were cultured with or without 17p-E, (Fig. 6). Expression of ER-

800

3 [ Control

Z 701 EJ10""M17p-E; b

8 o { EI10° MITB-E,

o [ 107 M17p-E;

4. 500

2 w-

& 400

S 30 N

3 N

£ ™7 N

3 1001 & 2 ® a 3\&%\\\\
PBMCs+GFs PBMCs+PLFs

Fig. 3 - The number of TRACP-positive osteoclast-like cells
(OCs) per well in cocultures of human peripheral blood
mononuclear cells (PBMCs) and human periodontal
ligament fibroblasts (PLFs) in the presence or absence of
different concentrations of 17p-E, was compared to that of
cocultures with human gingival fibroblasts (GFs). Data
were presented as means * standard deviation (SD) from
four different cocultures of PLFs or GFs and each analysed
in triplicate. a is significant vs. b and c; b is significant vs. a
and c at p <0.05.
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Fig. 4 - TRACP-positive osteoclast-like cells (OCs) in a
monoculture of human peripheral blood mononuclear
cells. The micrograph shows a large TRACP-positive OCs
with 9 nuclei (arrow) surrounded by small TRACP-positive
cells with one or two nuclei.

- 12.00 (] Control

% 10V MI76-E,
10.00 3 10° M17p-E;

8 0D 107 M17p-E;

Y 8.00-

a

2

= 6.001

=

S  4.001

g

E 200

Z
0.00

PBMCs

Fig. 5 - The number of TRACP-positive osteoclast-like cells
(OCs) per field in a monoculture of human peripheral blood
mononuclear cells (PBMCs) in the presence or absence of
different concentration of 17B-E,. Data were presented as
means =+ standard deviation (SD) from three independent
experiments.

Table 3 - Size of TRACP-positive osteoclast-like cells in
the different cell cultures.

Type of cultures

Cell size (xm? (mean + SD)

Coculture of PLFs-PBMCs 13,074 +3524°
Coculture of GFs-PBMCs 13,090 + 1302*
Monoculture of PBMCs 4607 + 135

Periodontal ligament fibroblasts (PLFs) or gingival fibroblasts (GFs)
were cocultured with peripheral blood mononuclear cells (PBMCs).
After 14-day in culture, the average size of 6 randomized tartrate
resistant acid phosphatase (TRACP)-positive osteoclast-like cells/
well was measured using image analysis software. Data were
expressed as means + standard deviation (SD) of four different
cocultures of PLFs/GFs and two different monocultures of PBMCs,
and each analysed in duplicate and triplicate, respectively.

* Significant vs. monoculture of PBMCs, p < 0.05.

3.50
[ Control
3.00 1 10""M17p-E,
10° M17B-E;

8 2501 m 10"M17p-E,
@
£ 2.00 1
2
@ 1.50 1
Q
& 100

0.50

0.00

RANKL OPG ER-a
HGFs

o
-
©
g
-
©
T
14

RANKL OPG
PLFs

ER-a

Fig. 6 - mRNA expression of receptor activator nuclear
factor kappa B ligand (RANKL), osteoprotegerin (OPG), and
oestrogen receptor (ER)-a by human periodontal ligament
fibroblasts (PLFs) and gingival fibroblasts (GFs). The
fibroblasts were cultured for 24 h in the presence or
absence of different concentrations of 17p-E.. Results were
normalized to B,-microglobulin. Results from untreated
cells were set a value of 1. The mRNA expression by 17p-
E-treated cells was therefore expressed as a relative ratio.
Data were presented as means * standard deviation (SD)
from four different cultures of PLFs and GFs and each
analysed in triplicate.

B could not be detected in either fibroblast population.
Between the different fibroblast populations the mRNA
expression of the different genes was comparable. Analysis
of the different genes at different time points revealed no
differences in expression between the two fibroblast popula-
tions. Also the addition of 178-E, appeared without an effect
(data not shown).

4, Discussion

In the present study we demonstrated that oestrogen inhibited
the formation of osteoclast-like cells in cocultures of PLFs and

PBMCs. This inhibitory effect was not found in cocultures with
GFs, where only a few osteoclast-like cells were formed. These
observations suggest that GFs are not or less sensitive to
oestrogen; however, the underlying biological mechanisms
are not clear. It is known that oestrogen exerts its effects via
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intracellular oestrogen receptors. Thus the concentration of
oestrogen receptor is an important determinant of cellular
responsiveness to oestrogen.”® The present data showed no
difference in the mRNA expression level of ER-a expression
between GFs and PLFs, suggesting that both cell types had the
potency to respond similarly to oestrogen. The difference in
response can be explained by assuming that the interaction
between the PBMCs and the fibroblasts resulted in an altered
expression of the oestrogen receptor.

An inhibitory effect of oestrogen on the formatlon of
osteoclast-like cells is in line with previous findings obtained
from either osteoblast-induced osteoclastogenesis® or bone
marrow cells employed as precursors.***? In addition, in vivo
studies using ovariectomized rats demonstrated that oestro-
gen deficiency induced a higher number of osteoclasts in the
rat periodontium.* These data together strongly suggest that
oestrogen may play an important role in modulating osteo-
clast formation.

Furthermore, an interesting finding was the higher number
and larger size of cell-free areas in cocultures of PLFs with
PBMCs compared to cocultures with GFs. Coinciding with an
increased formation of cell free areas, a higher number of
osteoclast-like cells were formed in PLF cocultures. These
observations strongly suggest a difference in the interaction
between different fibroblast populations and PBMCs. At
present, we do not know the underlying mechanisms of this
phenomenon.

It has been emphasized that a cross-talk is important
between osteoblasts/fibroblasts and PBMCs during the forma-
tion of osteoclasts and the subsequent process of bone
resorption. Not only precursors of osteoclasts receive signals
from osteoblasts/fibroblasts essential for their differentiation
and function, the reverse also proves to be true. The precursors
activate osteoblasts or fibroblasts resulting in the retraction of
these cells thus forming cell-free areas, the sites where
osteoclastogenesis occurs.”” The intercellular adhesion mole-
cules (e.g., ICAM-1) and vascular cell adhesion molecule (VCAM-
1) have been proposed to play a role in osteoclast-like cell
formation.?’** ICAM-1-expressing osteoblasts have been dem-
onstrated to induce osteoclast differentiation.® Both PLFs and
GFs express ICAM-1 and VCAM-1.2**" The present data showed
that ligament fibroblasts responded more strongly to PBMCs
than fibroblasts from the gingiva. Whether this difference in
response is due to differences in expression of membrane-
bound receptors (e.g., ICAM-1) known to be associated with
these cell-cell interactions, needs to be investigated.

The present data showed that osteoclast-like cells were
generated also from human peripheral blood mononuclear
cell precursors cultured with vitamin D; and dexamethasone
in the absence of stromal cells, albeit at severely reduced
numbers and sizes compared to PBMC-fibroblast cocultures.
An interesting finding is the difference in size of the
osteoclast-like cells formed under these conditions. The
present data showed that the osteoclast-like cells generated
in the presence of the fibroblasts were nearly three times
larger than those formed without the mesenchymal cells. So it
seems that the fibroblasts play a pivotal role in the formation
of larger multinucleated osteoclasts. One of the first steps in
the formation of osteoclasts is the attraction of precursors by
the osteoblasts/fibroblasts and their subsequent attachment

to these cells. To a single stromal cell, a relatively high number
of precursors attaches®® thus allowing a very effective fusion
of precursors at one site. Such a “bringing-together” property
of the stromal cells may eventually result in the formation of
larger multinucleated cells.

In addition, we found no difference in the number of
osteoclast-like cells formed by the monoculture of PBMCs in
the presence or absence of oestrogen. This is in agreement
with other findings such as those of Matayoshi et al.** who
showed that oestrogen did not block osteoclast formation in
cultures of purified blood-derived CD34" cells obtained from
blood of healthy female donors and those of Kitazawa et al.*
who investigated mouse bone marrow cultures. These find-
ings, together with the lack of an oestrogen effect in the
cocultures with the gingival fibroblasts indicate that the
PBMCs are not the target cells for the hormone. The present
data seem to be in contrast to findings presented by others

‘who showed that oestrogens did attenuate osteoclastogenesis

by PBMCs. 3324142 I these studies, however, the PBMCs were
cultured in the presence of RANKL, whereas we added vitamin
D; and dexamethasone. So it appears that depending on the
stimulating compound present in the culture system oestro-
gens have or have not an effect on osteoclastogenesis.

To further analyse the molecules that may be involved in
the inhibitory effect of oestrogen, we assessed the mRNA
expression of RANKL, OPG, and oestrogen receptors. We did
not find any effect of oestrogen on the expression of these
genes in either tooth-associated fibroblast population, con-
firming previous data obtained from immortalized human
marrow stromal cell lines.*> Others, however, showed that
oestrogen altered the ratio of OPG to RANKL. This was not only
shown with ostecblast cultures®* but also for PLF cultures.”
The present data suggested that the inhibitory effect of
oestrogen on osteoclast-like cell formation could be mediated
independent of RANKL and OPG. Thus oestrogen may exert its
effect via expression of other regulating compounds like
transforming growth factor (TGF)-B,** tumour necrosis factor
(TNF)-o,*® interleukin (IL)-1,%® IL-6,%® IL-7,* and/or macro-
phage colony-stimulating factor (M-CSF).** Recent studies
have demonstrated that oestrogen deficiency results in an
increased T cell mediated production of TNF-a and a
concomitant increased osteoclast formation.*?>* Factors that
regulate T cell function during oestrogen deficiency have been
extensively reviewed by Pacifici.>?

Furthermore, analysis of the expression of ERs revealed
that PLF and GF cultures contained ER-a mRNA, not ER-B
mRNA. However, the addition of oestrogen did not alter ER-a
mRNA levels in these cell types suggesting that ER-« did not
mediate the osteoclast inhibition of oestrogen. The data are in
line with a recent study showing that oestrogen treatment did
not increase ER-a and ER-B expression in cultured human
PLFs.*® Thus their role in mediating oestrogen action on
osteoclastogenesis remains unclear. Further studies are
therefore required.

In conclusion, our present in vitro study shows an
inhibitory effect of oestrogen on osteoclast-like cell formation
in cocultures of periodontal ligament fibroblasts and periph-
eral blood mononuclear cells. Oestrogen exerts its inhibitory
action probably not by interfering with the RANKL/OPG
system. In addition, our data indicate that the two tooth-
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associated fibroblast populations differently modulate osteo-
clastogenesis. In the presence of gingival fibroblasts lower
numbers of osteoclasts were formed. Oestrogen may be an
important modulator of osteoclast formation in the periodon-
tal ligament under normal conditions. Our findings suggest
that the hormone down-regulates this process tissue-site
specifically. Yet, as soon as less or no oestrogen is present
anymore, higher numbers of osteoclasts are formed, thus
resulting in osteoporosis.
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