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To the Editor

We read the interesting article by Ullen et al. [1] on

the additive/synergistic effects of zoledronic acid

(ZOL) combined with docetaxel (DOC) on prostate

cancer cells, published in the September issue of

Acta Oncologica . We especially appreciate their

approach to study the anti-tumoral effects of ZOL

alone and in combination with DOC on prostate

cancer cells. In addition to showing that ZOL

possesses anti-tumoral effects in terms of prolifera-

tion inhibition and apoptosis induction, they also

reported the potential of ZOL and DOC to exert

super-additive anti-tumoral effects on two hormone-

refractory prostate cancer cell lines. They found an

additive effect for PC3 cells when combining DOC

and ZOL at concentrations of 1 ng/ml and 25 mM,

respectively, whereas a synergistic anti-tumoral ef-

fect on DU145 cells was observed with DOC and

ZOL at concentrations of 0.01 ng/ml and 50 mM,

respectively. However, there was no mention of

novel chemosensitizing effects of bisphosphonates

(BPs) or possible mechanisms of action. This study

supports the findings of other studies which showed

that BPs act synergistically with other chemother-

apeutic agents [2,3], a notion that further supports

the combined use of BPs as chemosensitizing

agents.

As is well known, BPs exhibit a high affinity for

calcified matrices, such as hydroxyapatite in bone,

and are used successfully as powerful inhibitors of

increased bone resorption in several bone diseases

including Paget’s disease of bone, osteoporosis, and

tumor-associated bone diseases. [4]. Therefore, BPs

are used to decrease skeletal-related complications

for a number of tumors including breast, prostate

and multiple myeloma, leading to improved quality

of life [5,6]. Although ZOL clearly has cytotoxic

effects on prostate cancer cells in vitro, these may be

mediated by the compound’s ability to chelate

calcium. Our previous study with EGTA, which

also chelates calcium, demonstrated only a small

effect on the reduction on cell number which

remained significantly different from the greater

effect observed following ZOL treatment [3]. Addi-

tion of EGTA to ZOL-containing cultures showed a

significant decrease in cytotoxicity rather than an

enhanced cytotoxic effect, which one would have

expected if the mechanism was via calcium chela-

tion. These data suggest that a decrease in extra-

cellular calcium can actually protect cells from these

drugs. The BP alendronate induces calcium leaki-

ness in osteoclasts that leads to a rise in free

intracellular calcium. Such a rise in calcium has

been previously suggested to be an inhibitory signal

for cells [7]. Furthermore, increases in calcium have

been implicated as second messengers during the

induction of apoptosis [8].

In our study, we demonstrated that ZOL induced

antiproliferative and apoptotic effects on MM cell

lines in vitro by activating protein kinase C, and

these effects were augmented when dexamethasone

and thalidomide were combined with ZOL [3]. In
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this study we showed by flow cytometric analysis

that ZOL treatment of multiple myeloma cells

increased the proportion of cells in the S-phase,

possibly due to slowing the progression through

S-phase or to a block between S and G2M in the

cell cycle. Another article by Matsumoto et al . on

small cell lung cancer cell lines reported that cell

growth inhibition by ZOL alone, or combined with

other anti-cancer agents, may involve not only

induction of apoptosis but also prolongation of

cell cycle progression [9]. This ability of ZOL to

arrest cells in G2 and M or prolong the cell cycle

progression raises the possibility of ZOL as a

potential cell cycle chemosensitizer because G2

and M cells are more sensitive than cells within

other phases of the cell cycle [10].

Human cancers are often characterized by Ras

mutations that lead to the constitutive activation

of the Ras signalling pathway. Effective Ras

signalling requires the attachment of Ras proteins

to the plasma membrane, a process initiated by

the enzyme farnesyl protein transferase. There-

fore, blockage of Ras binding to the plasma

membrane may be a good therapeutic target for

the treatment of malignancies. Third-generation

BPs deplete the cellular pool of both geranylger-

anyl pyrophosphate and farnesyl pyrophosphate,

and thereby inhibit both geranylgeranylation and

farnesylation [11]. Matsumoto et al. showed that

ZOL blocked the prenylation of Ras in squamous

cell lung cancer cell lines in a dose- and time-

dependent manner and induced apoptosis [9].

Salomo et al. reported that BP-resistant cells

had increased farnesyl pyrophosphate synthase

activity, although not due to upregulation of its

gene transcription. Therefore, sensitivity differ-

ences to BPs may result, at least in part, from

increased activity of farnesyl pyrophosphate syn-

thase [12]. Thus, the chemosensitizing effect of

BPs could be attributable to the Ras signalling

blockade by depletion of the cellular pools of

both geranylgeranyl pyrophosphate and farnesyl

pyrophosphate.

References

[1] Ullen A, Lennartsson L, Harmenberg U, Hjelm-Eriksson,

Kalkner KM, Lennernas B, et al. Additive/synergistic anti-

tumoral effects on prostate cancer cells in vitro following

treatment with a combination of docetaxel and zoledronic

acid. Acta Oncol 2005;/44:/644�50.

[2] Vogt U, Bielawski KP, Bosse U, Schlotter CM. Breast

tumour growth inhibition in vitro through the combination

of cyclophosphamide/metotrexate/5-fluorouracil, epirubicin/

cyclophosphamide, epirubicin/paclitaxel, and epirubicin/

docetaxel with the bisphosphonates ibandronate and zole-

dronic acid. Oncol Rep 2004;/12:/1109�14.

[3] Ural AU, Yilmaz MI, Avcu F, Pekel A, Zerman M, Nevruz

O, et al. The bisphosphonate zoledronic acid induces

cytotoxicity in human myeloma cell lines with enhancing

effects of dexamethasone and thalidomide. Int J Hematol

2003;/78:/443�9.

[4] Hughes DE, MacDonald BR, Russell RG, Gowen M.

Inhibition of osteoclast-like cell formation by bisphospho-

nates in long-term cultures of human bone marrow. J Clin

Invest 1989;/83:/1930�5.

[5] Avcu F, Ural AU, Yilmaz MI, Ozcan A, Ide T, Kurt B, et al.

The bisphosphonate zoledronic acid inhibits the deve-

lopment of plasmacytoma induced in BALB/c mice by

intraperitoneal injection of pristane. Eur J Haematol 2005;/

74:/496�500.

[6] Ural AU, Avcu F. Evolving therapeutic role of bispho-

sphonates in multiple myeloma. Br J Cancer 2005;/93:/267�8.

[7] Sato M, Grasser W, Endo N, Akins R, Simmons H,

Thompson DD, et al. Bisphosphonate action. Alendronate

localization in rat bone and effects on osteoclast ultrastruc-

ture. J Clin Invest 1991;/88:/2095�105.

[8] Ning ZQ, Murphy JJ. Calcium ionophore-induced apoptosis

of human B cells is preceded by the induced expression of

early response genes. Eur J Immunol 1993;/23:/3369�72.

[9] Matsumoto S, Kimura S, Segawa H, Kuroda J, Yuasa T,

Sato K, et al. Efficacy of the third-generation bisphospho-

nate, zoledronic acid alone and combined with anti-cancer

agents against small cell lung cancer cell lines. Lung Cancer

2005;/47:/31�9.

[10] Ural AU, Avcu F. Bisphosphonates may potentiate radiation

effects: A new approach in cancer treatment? Biochem

Biophys Res Commun 2005;/336:/373�4.

[11] Li X, Liu L, Tupper JC, Bannerman DD, Winn RK, Sebti

SM, et al. Inhibition of protein geranylgeranylation and

RhoA/RhoA kinase pathway induces apoptosis in human

endothelial cells. J Biol Chem 2002;/277:/15309�16.

[12] Salomo M, Jurlander J, Nielsen LB, Gimsing P. How

myeloma cells escape bisphosphonate-mediated killing: De-

velopment of specific resistance with preserved sensitivity to

conventional chemotherapeutics. Br J Haematol 2003;/122:/

202�10.

492 A. U. Ural and F. Avcu


