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Introduction: Bisphosphonates have been
used to treat Paget’s disease, osteoporosis, and
cancer metastases to the bone. The cancer
chemotherapeutic potential of a first-generation
bisphosphonate, etidronic acid, was evaluated
by using MCF-7 human breast cancer cells.

Methods: In vitro cytotoxicity of etidronic acid
to MCF-7 cells was estimated on the basis of
clonogenicity assays, while cell cycle effects
were determined by using flow cytometry.
Mutagenicity of etidronic acid was detected by
using denaturing high-pressure liquid chroma-
tography analysis of cellular DNA amplified by
PCR with primers for exons 5 through 8 of the
human p53 gene.

Results: A 24-hour treatment with etidronic
acid (10 mM) with or without strontium chlo-
ride was cytototoxic to MCF-7 cells. Etidronic
acid caused a decrease in the S-phase popula-
tion and an increase in the G2/M population.
Mutations in the p53 gene were detected in
MCF-7 cells treated with etidronic acid. Stron-
tium chloride was not cytotoxic to cells.

Conclusions: Cytotoxicity of etidronic acid to
breast cancer cells may complement its inhib-
itory effects on bone resorption at the site of
bone metastasis. Within the cell cycle, late
S-phase cells are the most radioresistant, while
cells at the G2/M border are the most sensitive.
Therefore the decrease in S-phase population
with corresponding increase in G2/M would
make the cells more radiosensitive. This may be
useful if etidronic acid were combined with
radioactive strontium (89Sr, metastron) or exter-
nal-beam radiotherapy for treating bone me-
tastases. Tumor cells that survive etidronic acid
treatment may acquire drug resistance because
of mutations in the p53 tumor-suppressor gene.
(Ethn Dis. 2008;18[Suppl 2]:S2-87–S2-92)
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INTRODUCTION

Breast cancers tend to metastasize to
the skeleton, and the risk of fracture
increases as a consequence of bone
metastases. Chemotherapy and endo-
crine deprivation therapy for breast
cancer also cause bone resorption and
decrease bone density. Deterioration of
bone health from metastases or endo-
crine deprivation therapy for breast
cancer can diminish quality of life.1–2

Bisphosphonates are useful to treat
postmenopausal osteoporosis and bone
metastases.3–6 Bisphosphonates are non-
hydrolysable analogs of pyrophosphates
in which the central oxygen atom is
substituted by a carbon atom. Since
these pyrophosphate analogs have a
strong affinity for hydroxyapatite on
the bone surface, they are attracted to
sites of increased bone formation and
resorption. Prolonged treatment with
this class of drug can sometimes cause
osteonecrosis.7–8 Both the beneficial
and adverse effects of bisphosphonates
involve cytotoxic mechanisms. Recent
evidence suggests that bisphosphonates
may have antitumor effects in addition
to their well documented effects on
osteoclasts and antiosteoporotic effects.9

The chemotherapeutic potential of bis-
phosphonates as single agents or in
combination with other anticancer
agents have been reported recently.10–14

In general, later-generation nitrogen-
containing bisphosphonates are more
potent than first-generation bisphos-
phonates, such as etidronate.5,13 The
decreased potency of etidronic acid may
also be associated with diminished risk
of adverse effects. The use of etidronic
acid in combination with other drugs
for cancer treatment can therefore be
contemplated. Investigation of the
mode of action of etidronic acid alone

and in combination with other agents
could be useful for developing safer
strategies for cancer treatment.

Strontium is a calcium mimic that
stimulates bone formation, and the
efficacy of strontium ranelate as an
antiosteoporotic agent has been evalu-
ated in clinical trials.15–16 Moreover, the
bone-seeking radioisotope 89Sr has been
used for treating bone metastases.17–19

Therefore, the effects of etidronic acid, a
first generation bisphosphonate, were
examined in estrogen-dependent human
breast cancer cells in culture.

We tested the hypothesis that treat-
ment of MCF-7 cultures with etidronic
acid would perturb cell cycle progres-
sion and decrease cell viability. We also
tested the possibility that etidronic acid
could induce mutations in p53, which is
one of the cell cycle checkpoint genes.

METHODS

Cells
MCF-7 human breast cancer cells

were cultured and maintained as expo-
nential monolayers in a humidified 5%
carbon dioxide air atmosphere in a 37uC
incubator. RPMI 1640 medium fortified
with 10% fetal bovine serum, glutamine
(2 mM), sodium pyruvate (1 mM),
100 U/mL penicillin, and 100 mg/mL
streptomycin was used for culturing
MCF-7 cells.

Clonogenicity Assay
Cells were seeded at densities of

1500 and 4500 cells per 100 mm
diameter tissue culture dish, and the
cells were allowed to attach overnight.
Control cultures were treated with same
volume of medium without drug. After
24-hour exposure to etidronic acid (0,
1.0, and 10.0 mM) with or without
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(Table 2). Again, strontium had no
effect on cell cycle distribution. A 24-
hour exposure of MCF-7 cultures to
etidronic acid (10 mM) with or without
strontium caused � 30% decrease in the
S-phase population, while the propor-
tion of cells in the G2/M border
increased more than threefold.

Mutagenicity of Etidronic Acid
Treatment of MCF-7 human breast

cancer cells with etidronic acid
(10 mM) for six hours caused muta-
tions in exons 6 and 8 of the p53 gene
in MCF-7 cells. The exons 5 through 8
constitute the highly conserved region
of the human p53 genome. Mutations

are recognizable in the DHPLC profiles
(Figure 1 and 2). There were no
appreciable changes in the DHPLC
profiles of exons 7 and 8 of control
and treated cells (DHPLC profiles not
shown).

DISCUSSION

Nitrogen-containing bisphospho-
nates such as zoledronic acid, pamidro-
nate, and risedronate are more potent
inhibitors of bone resorption than are
compounds that lack nitrogen, such as
clodronate and etidronate.5 Bisphos-
phonates are extensively used to treat

bone metastases and osteoporosis. Pro-
longed use of bisphosphonates may
cause osteonecrosis of the jaw, and other
adverse effects of bisphosphonates in-
clude gastrointestinal disturbance, fever,
myalgia, and flu-like syndrome.5,22 The
molecular mechanisms associated with
these adverse effects involve release of the
cytokines tumor necrosis factor a, inter-
leukin-6 and the inhibition of farnesyl
pyrophosphate synthase.22,23 Recently
there have been reports of direct cyto-
toxicity of bisphosphonates in cancer
cells.9 The ability of zoledronic acid to
potentiate the cytotoxic effects of pacli-
taxel and doxorubicin have been docu-
mented in recent literature.11,13 This

Fig 2. Denaturing high-pressure liquid chromatography profiles of exon 8 of p53 from untreated control (A), treated with
strontium chloride (3.5 mM) (B), treated with etidronic acid (10 mM) (C) or treated with etidronic acid (10 mM) in combination
with strontium chloride (3.5 mM) (D). The chromatograms show the UV absorbance due to DNA (vertical axis) as a function of
elution time (horizontal axis).
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may suggest an added dimension to the
clinical usefulness of bisphosphonates.
Our results clearly demonstrate the
cytotoxicity of etidronic acid towards
human breast cancer cells in culture. In
addition, this less potent bisphosphonate
causes a G2/M block in the cell cycle
progression with a modest decrease in the
S-phase population. Within the cell
cycle, late S-phase cells are the most
radioresistant, while G2/M cells are the
most radiosensitive.24 Therefore the
decrease in the S-phase population with
a corresponding increase in G2/M would
position the cells in a relatively more
radiosensitive setting. Such a shift in cell
cycle distribution may be useful if
etidronic acid were combined with
radioactive strontium (89Sr), which is a
beta emitter used in the treatment of
bone metastases from breast cancer.

Many studies have shown an associ-
ation between p53 alterations/muta-
tions and clinical outcome in breast
cancer.25 The overall frequency of p53
mutation in breast cancer is � 20%.
This demonstrates the direct cytotoxic
effect of etidronic acid on MCF-7
human breast cancer cells. Etidronate
may have some radiosensitizing proper-
ties because of its effects on the cell cycle
progression of MCF-7 cells. The anti-
osteoporotic element strontium does
not alter the cytotoxicity of etidronic
acid to MCF-7 cells. The exons 5
through 8 constitute the highly con-
served region of the human p53 ge-
nome. DHPLC analysis of the con-
served region of p53 showed clear
alterations in exons 6 and 8 with
10 mM etidronic acid alone and in
combination with strontium chloride
(3.5 mM). The results suggest that
tumor cells surviving etidronic treat-
ment may harbor p53 mutations. These
mutations may protect these cells from
apoptosis and render them refractory to
therapy.26,27 The development of treat-
ment resistance due to mutated p53
gene could increase the probability of
tumor recurrence in patients receiving
etidronic acid or other bisphosphonates.

However, a recent report suggests that
zoledronic acid kills breast cancer cells
by mechanisms independent of p53
status.14

CONCLUSIONS

Etidronic acid is cytotoxic to MCF-7
breast cancer cells. The antiosteoporo-
tic element strontium does not alter the
cytotoxicity of etidronic acid to MCF-7
cells. Flow cytometry showed inhibition
of cell proliferation by etidronic acid.
The S-phase population decreased while
the G2/M population increased slightly.
Etidronate may have some radiosensi-
tive properties because of its effects on
the cell cycle progression of MCF-7
cells. Etidronic acid treatment may
induce p53 mutation and select for cells
that may be resistant to apoptosis.
Mutation of the p53 gene can some-
times lead to drug resistance. Therefore,
the induction of p53 mutations by
etidronate and other bisphosphonates
can select for drug-resistant tumor cells.
This possibility is worth investigating in
preclinical studies and clinical trials.
Racial disparity in the incidence of
aggressive breast cancer is well docu-
mented. African Americans are at an
increased risk of breast cancer-related
mortality compared with White Amer-
icans. Bisphosphonates are likely to be
used to manage bone metastases in
women with aggressive breast cancer.
There is some concern about the safety
of prolonged use of bisphosphonates.
Therefore, it is important to assess the
safety of bisphosphonates in the man-
agement of bone metastases in clinical
trials that include African Americans
and other ethnic groups.
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