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Abstract. Fulvestrant is a novel type of endocrine treatment
and is considered to be a potent inhibitor of breast cancer cell
proliferation. Fulvestrant is reported to work by downregulating
as well as degrading the estrogen receptor, leading to an inhibi-
tion of estrogen signaling through the estrogen receptor. The
effects of various doses of fulvestrant for bone cells have not
yet been fully investigated. In the present study, the effects of
fulvestrant on osteoprecursor cells were evaluated. The effect
on cell viability was determined using the 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and
protein measurement. Differentiation and mineralization were
examined using an alkaline phosphatase activity (ALP) test and
Alizarin red S staining. The protein expression of osteocalcin
was evaluated using western blot analysis. Cultures grown in
the presence of fulvestrant at concentrations of 0.1-10 xM did
not show any significant change in cell proliferation. Cultures
grown in the presence of fulvestrant showed a dose-dependent
reduction in ALP activity, however, statistically significant
differences were not achieved. Cultures grown in the presence
of fulvestrant presented with a dose-dependent reduction in
mineralization with a statistically significant difference at the
10 uM concentration. The use of fulvestrant may produce nega-
tive effects on the mineralization of osteoprecursor cells, while
long-term use of fulvestrant may have detrimental effects on
osteoblastic activity.

Introduction

Estrogen has been shown to exert a variety of pleiotropic
effects in target tissues as diverse as bone, breast, blood vessel,
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brain and the male and female gonads (1). Estrogen plays an
important role in the regulation of bone remodeling and main-
tenance of the skeleton (2,3).

The ability of estrogens to stimulate the transcriptional
activity of the estrogen receptor may be inhibited by a diverse
range of estrogen antagonists (4). Fulvestrant, or ICI 182,780,
is a 7a-alkylsulphinyl analog of estradiol that competes with
endogenous estrogen for binding to the estrogen receptor (5).
Fulvestrant is a novel type of endocrine treatment and is consid-
ered to be a potent inhibitor of breast cancer cells (6). The binding
of fulvestrant to the estrogen receptor appears to prevent receptor
dimerization and impairs energy-dependent nucleo-cytoplasmic
shuttling, consequently blocking nuclear localization of the
receptor (4,7). Additionally, the fulvestrant-estrogen receptor
complex that enters the nucleus is transcriptionally inactive since
the two activation domains AF-1 and -2 are disabled (8). Thus,
fulvestrant works by downregulating as well as degrading the
estrogen receptor, leading to an inhibition of estrogen signaling
through the estrogen receptor (5.9).

Previous studies investigating the effects of fulvestrant on
cell proliferation and differentiation have yielded inconsistent
results. Low doses of fulvestrant have been shown to inhibit the
proliferation of the MCF-7 breast cancer cell line (10) and to
inhibit insulin-like growth factor-1 that stimulates cell prolifera-
tion (11). A concentration of 0.1 xM of fulvestrant was reported to
increase the proliferation of the human fetal osteoblastic cell line,
expressing high levels of estrogen receptors (WFOB/ERY) (12).
However, no statistically significant difference occurred in the
number of cells in the treated (0.1 or 10 uM of fulvestrant) and
untreated groups using calvarial osteoblasts (9). The conflicting
responses to fulvestrant may be partly attributed to the species
differences, the system model, the stage of differentiation of
the cells, the culturing period and variable estrogen receptor
content among various cell lines and primary cultures (12,13).
Moreover, limited studies are available with regard to the effects
of fulvestrant on the differentiation and mineralization of osteo-
blasts (9). The effects of various doses of fulvestrant for bone
cells have not yet been fully investigated.

The present study aimed to examine the effects of the
fulvestrant at varying doses (0.01-10 M) on cell prolifera-
tion, differentiation and the mineralization of preosteoblasts.
Viability was evaluated using the 3-[4,5-dimethylthiazol-2-yl]-



556

2,5-diphenyltetrazolium bromide (MTT) reagents, and the
alkaline phosphatase activity (ALP) test and Alizarin red S
staining were used to assess the differentiation and mineral-
ization of treated cells, respectively. The expression of proteins
associated with bone formation and osteocalcin was evaluated
using a western blot analysis.

Materials and methods

Cell culture. MC3T3-El murine calvarial preosteoblasts
were maintained in o-minimum essential medium («cMEM;
Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal
bovine serum (Invitrogen) and antibiotics (100 U/ml of peni-
cillin and 100 pg/ml of streptomycin; Invitrogen). Culture
media were changed to an osteogenic differentiation
medium [oMEM supplemented with 50 pg/ml ascorbic
acid (Sigma-Aldrich, St. Louis, MO, USA)] and 10 mM
B-glycerolphosphate (Sigma-Aldrich) to induce osteogenic
differentiation. Cells were maintained at 37°C in a humidified
5% CO, environment. The culture media were replenished
with fresh media every three to four days. Fulvestrant, or
ICI 182,780, was dissolved in dimethyl sulfoxide (DMSO;
Sigma-Aldrich) and filter-sterilized. An equal amount of
DMSO was applied in the control and test groups to minimize
the effects of DMSO on cell growth and for differentiation
between the control and treated cultures. The final concentra-
tion of DMSO in the culture never exceeded 0.01%.

Cell proliferation. Cells were plated at a density of
1.0x10* cells/ml/well in 12-well plates and the cultures were
stimulated with fulvestrant at final concentrations ranging
from 0.01 to 10 #M. The effects of fulvestrant on the prolifera-
tion of the preosteoblasts were assessed at Day 4. Cells were
incubated for 1 h with the MTT reagent with a final concen-
tration of 0.5 mg/ml (13). Rinsing with phosphate-buffered
saline (PBS, pH 7.4) was followed by the addition of DMSO.
After complete dissolution with gentle agitation, aliquots were
transferred into 96-well plates and absorbance was recorded
at 560 and 670 nm using the microplate spectrophotometer
system (BioTek, Winooski, VT, USA).

Protein measurement.Cells were plated and cultured in aMEM
in the presence of ascorbic acid and B-glycerolphosphate for
14 days. Protein content was determined using the Coomassie
Plus Protein Assay Reagent (Pierce Biotechnology, Rockford,
IL, USA). Aliquots of standard bovine serum albumin (BSA)
or a sample were mixed with the Coomassie reagent and the
absorbance was measured at 595 nm using the microplate
spectrophotometer system. The results are presented as a
percentage of the control values.

ALP activity assays. The ALP assay for osteoblast differentia-
tion was performed at Day 14. Cells were lysed with a buffer
containing 10 mM Tris-HCI pH 7.4 and 0.2% Triton X-100 and
were then sonicated for 20 sec at 4°C. Samples were incubated
with 10 mM p-nitrophenylphosphate as a substrate in 100 mM
glycine buffer (pH 10.5) containing 1 mM MgCl, at 37°C in
a water bath (14). Total protein content was determined in
comparison with a series of BSA as the internal standards.
The absorbance at 405 nm was measured using a microplate

PARK: FULVESTRANT AFFECTS DIFFERENTIATION OF OSTEOBLASTS

reader, and ALP activities were normalized with respect to
total protein content (15).

Mineralization assay. A mineralized matrix was detected
using Alizarin red S staining for qualitative analysis (9).
Cells were washed twice with PBS, fixed with 70% ethanol
in ice-cold PBS for 1 h and rinsed twice with deionized
water. The cultures were stained with 40 mM Alizarin red S
(Sigma-Aldrich) for 30 min under gentle agitation. For quanti-
fication, cells stained with Alizarin red S were destained with
10% cetylpyridinium chloride by agitation. Extracted stain
(200 ul) was transferred to a 96-well plate and the absorbance
562 nm was determined spectrophotometrically.

Western blot analysis. Cells were washed twice with ice-cold
PBS and solubilized with lysis buffer containing 10 mM
Tris-HCI pH 7.4, 0.2% Triton X-100. The lysates were centri-
fuged at 14,000 rpm for 20 min at 4°C to remove the nuclear
pellet. The supernatants were boiled in a sodium dodecyl
sulfate sample buffer containing -mercaptoethanol. Equal
amounts of cell extracts were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and then trans-
ferred onto polyvinylidene fluoride microporous membrane
(Immobilon-P membranes; Millipore Corporation, Billerica,
MA, USA). Membranes were then blocked in 0.1% (v/v) PBS
and Tween-20 containing 5% (w/v) powdered milk for at least
1 h. The membrane was immunoblotted with the desired mouse
antibodies against osteocalcin (Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA) diluted in the same buffer at the
recommended concentrations. The membrane was incubated
with horseradish peroxidase-conjugated secondary antibody
and then the washed blot was developed using enhanced
chemiluminescence detection kits (16).

Statistical analysis. Results are presented as the mean + stan-
dard deviation of the experiments. One-way analysis of
variance (ANOVA) was performed to determine differences
between groups using commercially available software
(SPSS 12 for Windows, SPSS, Inc., Chicago, IL, USA). P<0.05
was considered to indicate a statistically significant difference.

Results

Cell proliferation. Cultures grown in the presence of fulves-
trant at a concentration of 0.1 to 10 M did not show any
significant change in cell proliferation (Fig. 1).

Viability/proliferation of the cells with protein measurement.
The protein concentration of the cultures grown in osteogenic
differentiation medium at Day 14 did not show any significant
differences between the observed groups (Fig. 2).

ALP activity assays. Cultures growing in the absence of fulves-
trant exhibited the highest value for the ALP activity. Cultures
grown in the presence of fulvestrant showed dose-dependent
reductions in ALP activity, however, statistically significant
differences were not achieved in the observed groups (Fig. 3).

Mineralization/calcium deposition assay. Cultures without
fulvestrant showed the highest rate of mineralized nodule
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Figure 1. Determination of cell proliferation using the MTT assay at Day 4.
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Figure 2. Viability of cells cultured in osteogenic media at Day 14 with pro-
tein measurement.
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Figure 3. Relative value of alkaline phosphatase (ALP) activity.

formation. Results showed that cultures grown in the presence
of fulvestrant presented with a dose-dependent reduction in
mineralization. However, statistically significant differences
were observed only in the 10 #M concentration group (Fig. 4).

Western blot analysis. Western blot analysis was performed
to detect protein expression following treatment with
fulvestrant (Fig. 5). The results showed that the addition of
fulvestrant decreased the expression of osteocalcin (Fig. 6).
Normalization of the protein expression demonstrated that
the group treated with 10 M fulvestrant yielded 83.8+6.5%,
when cultures without fulvestrant were considered to be
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Figure 4. Relative value of mineralization following the addition of fulves-

trant in the cultures. "A statistically significant difference was observed when
compared with the control (non-loaded group; P<0.05).
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Figure 5. Western blot analysis to detect the protein expressions of osteo-
calcin (OCN).
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Figure 6. Quantitative analysis of the protein expression of osteocalcin fol-
lowing normalization by densitometry.

100%, however, this did not reach a statistically significant
level (P>0.05).

Discussion

The present study examined the effects of low doses of
fulvestrant on cell viability, and the differentiation and miner-
alization of osteoblast progenitor cells under predetermined
concentrations (0.1-10 yM).

Viability and proliferation were evaluated using the MTT
assay and protein concentration. The MTT assay is an extremely
sensitive method for determining cell proliferation since this
assay allows mitochondrial dehydrogenases to oxidize MTT to
an insoluble blue formazan product (17,18). The protein assay
may be considered an indirect measurement of cell viability as
it measures the protein content of the viable cells remaining
after washing the cell plates (19). Equal amounts of DMSO
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were added to each culture sample to offset the influence of
the dissolving vehicle (13). The results showed no significant
effect of fulvestrant on cell number. Thus, changes in protein
expression or mineral levels in the groups may be attributed to
changes in the ability of the osteoblasts to produce minerals
rather than to changes in the number of cells present (9,20).

ALP activity, which is considered to be an early marker
of osteoblastic cell differentiation, was used to determine
osteoblast differentiation (14). Cultures grown in the pres-
ence of fulvestrant showed a dose-dependent reduction in
ALP activity, yet statistically significant differences were not
achieved. Osteocalcin is an osteoblast-specific gene expressed
by fully differentiated osteoblasts (21). Western blot analysis
showed that 10 yM fulvestrant yielded a decrease in protein
expression, however not at a statistically significant level. In
a previous study, osteocalcin expression was significantly
reduced in 0.1 yM fulvestrant at Day 28, which may be the
result of the longer period of culture (9).

Moreover, cultures grown in the presence of fulvestrant
presented with a dose-dependent reduction in mineralization
with a statistically significant difference at 10 M concentra-
tion. However, previous studies have showed that treatment
with fulvestrant alone at either 0.1 or 10 xM did not result
in significant changes in mineralization (9). The various
responses to fulvestrant may be attributed in part to the
culturing period, the stage of differentiation of the cells or the
culturing condition (22).

The effect of fulvestrant on bone mineralization remains
controversial (5,9). Fulvestrant reduced bone volume at the
proximal tibial metaphysis by ~30%, associated with an
increase in osteoclast surface, while the authors suggested
that this was attributable to antagonization of the actions of
estrogen (23). Likewise, the increase in calcium content by
17pB-estradiol was completely inhibited by the fulvestrant (24),
and co-treatment of estrogen and fulvestrant resulted in a
significant reduction of mineralization (9). However, bone
mineral density in rats was not altered by administration of
fulvestrant at anti-uterotrophic doses, unlike the significant
reduction that occurred following an ovariectomy (25), and
mineralization by osteoblastic cells was not altered in an
estrogen-deficient environment using calvarial osteoblasts
(MC3T3 cells). Further elucidation of the mechanisms by
which fulvestrant affects bone may have the potential to
improve the clinical management of fulvestrant usage.

These findings support the conclusion that the use of
fulvestrant may have negative effects on the mineralization of
osteoprecursor cells and that the long-term use of fulvestrant
may have detrimental effects on osteoblastic activity.
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