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ABSTRACT

Zoledronic acid has been shown to inhibit cancer cell proliferation, metastasis and induce cancer cell apoptosis. Stromal Derived Fac-
tor-1 (SDF-1) is a chemokine that has been reported to be expressed markedly high in the most common metastatic sites. The aim of
this study was to investigate the effect of zoledronic acid on SDF-1 mRNA expression of rats’ tissues. Rats were randomised into two
groups, each containing five rats. Zoledronic acid was administered 0.1 mg/kg subcutaneously to one group. Other group was used
as the control group. Seven days later, all rats were sacrificed. Levels of SDF-1 mRNA expression in tissues were measured quanti-
tatively with RT-PCR. The median of SDF-1 mRNA relative expression in the lung was 0.80 (0.49-1.00) in the control group and 0.90
(0.61-1.42) in the zoledronic acid group (p= 0.53). The median of SDF-1 mRNA relative expression in the liver was 0.90 (0.39-1.00)
in the control group and 0.93 (0.77-1.29) in the zoledronic acid group (p= 0.35). In this study, we investigated the effect of zoledronic
acid on the tissue SDF-1 mRNA expression for the first time in the literature. We observed that a single dose of zoledronic acid did not
change SDF-1 expression in lung and liver of rats.
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OZET
Zoledronik Asidin Ratlarda Doku SDF-1 Ekspresyonu Uzerindeki Etkisi

Zoledronik asidin kanser htcre proliferasyonunu ve invazyonunu inhibe ettigi ve kanser hicrelerinde apoptozise neden oldugu
gOsterilmistir. Stromal derived factor-1 (SDF-1) meme kanserinin sik metastaz yaptigi dokularda yiksek diizeyde eksprese edilen bir
kemokindir. Bu ¢alismanin amaci zoledronik asidin, ratlarin doku SDF-1 mRNA ekspresyonu Usttindeki etkisini saptamaktir. Beserli iki
gruba ayrilan ratlarin bir grubuna zoledronik asit 0.1 mg/kg s.c olarak verildi. Diger grup kontrol grubu olarak kabul edildi. 7 gtin sonra
her iki grupdaki ratlar sakrifiye edildi. Alinan dokulardaki SDF-1 mRNA ekspresyonu kantitatif RT-PCR ile dl¢tldi. Kontrol grubu ratlarda
akcigerden dlctilen SDF-1 mRNA'larin relatif ekspresyonlarinin ortancasi 0.80 (0.49-1.00) iken zoledronik asit grubunda 0.90 (0.61-
1.42) olarak saptandi (p= 0.53). Kontrol grubu ratlarda karacigerden élgtlen SDF-1 mRNA'larin relatif ekspresyonlarinin ortancasi 0.90
(0.39-1.00) iken zoledronik asit grubunda 0.93 (0.77-1.29) olarak saptandi (p= 0.35). Sonug olarak, bu calisma ile literattirde ilk kez
zoledronik asidin doku SDF-1 m-RNA ekspresyonu Uzerindeki etkisini inceledik. Tek doz zoledronik asidin ratlarda akciger ve karaciger
SDF-1 ekspresyonunu degistirmedigini saptadik.

Anahtar Kelimeler: Zoledronik asid, SDF-1, CXCR4, Akciger, Karaciger
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INTRODUCTION

Zoledronic acid is a new generation heterocyclic
nitrogen containing bisphosphonate and is the
most potent inhibitor of osteoclast-mediated bone
resorption. It is used to treat osteoporosis, hyper-
calcemia of malignancy, as well as to prevent and
to treat skeletal related events in cancer patients.!
Zoledronic acid inhibits cancer cell proliferation,
metastasis, and induce cancer cell apoptosis in dif-
ferent cancer types in preclinical studies.*®

Zoledronic acid has also been shown to reduce the
risk of extra-skeletal metastasis and improve dis-
ease-free survival in early breast cancer patients.
Addition of zoledronic acid to adjuvant therapy of
early breast cancer patients represents a 36% re-
duction in the risk of disease progression. Patients
who received zoledronic acid had significantly
fewer events in bone metastasis, locoregional re-
currence, and extra-skeletal metastasis also.”®

Certain tumor types metastasize to specific organs.
Stephen Paget, who lived in the 19th century, ob-
served that breast cancer metastasize to the liver
more than the spleen despite the same amount of
blood flow to both organs. In 1889, Paget put for-
ward that in the ‘seed and soil’ theory, cancer cells
do not move randomly, and that each cancer cell
(seed) metastasizes to its specific organ (soil). He
proposed that microenvironment plays a critical
role for homing of cancer cells.’

The accuracy of Paget’s theory has been shown
a century later. Greene et al show that interaction
between tumor cells and luminal surface of the
microvascular endothelium might be responsible
for localization of metastasis.!” Stromal derived
factor-1/CXCL-12 (SDF-1) is a chemokine which
is secreted by those organs to which breast cancer
metastases primarily and serves to home in breast
cancer cells that has its receptor, CXCR4. Muller
et al has shown that CXCR4 are highly expressed
in human breast cancer cells. CXCR4’s respective
ligand SDF-1 is abundant in the first destinations
of breast cancer metastasis such as lymph nodes,
lung, liver, and bone marrow while very low in
skin, small intestine. Neutralizing the interactions
of SDF-1/CXCR4 significantly disrupt metastasis
of breast cancer cells to regional lymph nodes and
lung."
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We hypothesized that zoledronic acid shows anti-
tumoral activity by reducing SDF-1 expression in
target microenvironment (modulate the soil) and
thus potentially influence tumor cell homing. To
test this, levels of SDF-1 mRNA expression was
determined after zoledronic acid injection in our
preclinical study.

MATERIAL AND METHODS
Animals

A total of 10 adult female Sprague-Dawley rats,
weighing 250-350 g were used in the study. They
were housed in a temperature-controlled environ-
ment with a 12-h light-dark cycle. The rats were
offered food and water ad libitum.

Ethical Approval

Study was conducted in accordance with the na-
tional guidelines for the use and care of laboratory
animals and all procedures were approved by the
Hacettepe Institutional Animal Care and Use Com-
mittee with by the ethical committee of the Faculty
of Medicine of Hacettepe University.

Experimental Protocol

The rats were divided randomly into two groups,
each containing 5 rats. Rats in the experimental
group (n= 5) administered single 0.1 mg/kg s.c
zoledronic acid. The medication dosage used in
this experiment were selected for being equiva-
lent theoretically to the 4-mg intravenous dose
given to patients.'” The control group (n= 5) was
administered subcutaneously a single dose vehi-
cle (normal saline). Seven day after the injection,
rats were sacrificed by CO2 aspiration. The lungs,
livers, and bone marrows were excised. RNA was
extracted from the tissues. One ug of total RNA
was reverse-transcribed with Promega RT system
for synthesis of cDNA. Then cDNA was amplified
by polymerase chain reaction (PCR) with specific
primers as follows: SDF-1a forward: 5°— ACG-
GTAAGCCAGTCAGCCTGAG-3’, reverse 5’ —
TTCGGGTCAATGCACACTTGTCTG-3(166
bp); P-actin forward: 5’-GTGCTATGTTGCC-
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Figure 1. Lung SDF-1 mRNA relative expression

CTAGACTTCG-3’, reverse: 5’-GATGCCACAG-
GATTCCATACCC-3(175 bp). p-actin was used
as housekeeping gene for relative quantification of
SDF-1 a mRNA expression. Reactions involved
2 min at 94°C, 45 cycles at 94°C for one second,
and 15 sec at 61.5°C. Levels of SDF-1 mRNA ex-
pression in tissues were analysed with RT-PCR
(Rotor Gene 6000 PCR, Germany).

Statistical Analysis

Statistical analyses were performed by using SPSS
for Windows version 18.0 (SPSS, Chicago, IL).
Results were expressed as median. Statistical sig-
nificance was determined by Student’s T test. Val-
ues with a confidence level of p < 0.05 were con-
sidered significant.

RESULTS
Lung SDF-1 mRNA Expression

As shown in figure 1, median of SDF-1 mRNA rel-
ative expression in the lung was 0.80 (0.49-1.00) in
the control group and 0.90 (0.61-1.42) in the zole-
dronic acid group (p=0.53).

Liver SDF-1 mRNA Expression

As shown in figure 2, median of SDF-1 mRNA rel-
ative expression in the liver was 0.90 (0.39-1.00) in
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Figure 2. Liver SDF-1 mRNA relative expression

the control group and 0.93 (0.77-1.29) in the zole-
dronic asid group (p= 0.35).

Bone Marrow SDF-1 mRNA Expression

Because of technical disability we could not get
measurable expression levels in the bone marrow
samples.

DISCUSSION

In this study, we investigated the effect of zoledron-
ic acid on the rats’ tissue SDF-1 mRNA expres-
sion. In contrast to our expectations, we observed
that a single dose of zoledronic acid did not result
in reduced SDF-1 expression in lungs and livers
of rats. Due to technical problems, we could not
measure bone marrow SDF-1 mRNA expression
in our study. Zoledronic acid has the major effect
over bones. If we were able to measure SDF-1 in
the bone marrows, we could possibly show the ef-
fect of zoledronic acid on bone microenvironment.

In our study, we used only one zoledronic acid in-
jection. One injection may not be sufficient to pre-
vent tumor progression. Haider et al. reported that
a single dose of zoledronic acid rapidly induces
significant alterations of bone microenvironment
but does not reduce tumor cell numbers in bone.
They suggest that while repeated biphosphonates
cycles are not required for iniation of bone ef-
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fects, repeated dosing is required to prevent tumor
growth in bone."

ABCSG-12 and ZO-FAST trials show disease-
free survival benefit from adding zoledronic acid
to adjuvant therapy of breast cancer.”® In contrast
to these trials, in AZURE trial zoledronic acid did
not show disease-free survival benefit in the over-
all patient population. Zoledronic acid was only
effective in the disease-free survival of patients
who were post-menopausal for at least 5 years be-
fore study entry.'* The anti-tumor effects of zole-
dronic acid might emerge only in post-menopausal
status. This hypothesis was tested in a preclinical
study. In this preclinical study, although zoledronic
acid completely prevented tumor growth in bone
in post-menopausal mice, it had no effect on the
growth of tumor in pre-menopausal mice.”® They
also found that zoledronic acid does not affect the
lung metastasis (extra-skletal site) in either group.
Not knowing the menopausal status of the rats used
in our study may have affected the outcome of our
study.

SDF-1/CXCR4 axis is one of the mechanism used
by breast cancer cells for metastasis to bones.
Chemotactic response induced by SDF-1 is mostly
dependent on CXR4 receptor binding. Denoyelle
et al. demonstrated that zoledronic acid inhibited
the SDF-1 chemotactic effect of breast cancer cells
by reducing CXR4 expression.' Rather than the
effect on SDF-1 expression in target tissues, reduc-
ing the CXCR4 expression may be the anti-tumoral
mechanism of zoledronic acid in SDF-1/CXCR4
axis.

In conclusion, we observed that a single dose of
zoledronic acid did not result in reduced SDF-1
expression in lungs and livers of rats. The role of
CXCR4 — SDF-1 axis in the anti-tumoral and anti-
metastatic activity of zoledronic acid needs to be
evaluated in further studies.
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