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Summary

Purpose: Gossypol is a natural polyphenolic compound 
extracted from cotton plant (Gossypium species) which has 
shown potent inhibitory effect on cell growth of many types of 
cancers. In this study, we aimed to evaluate the interaction of 
gossypol with some conventional drugs known to be effective 
in the treatment of breast cancer, like taxanes, doxorubicin, 
gemcitabine, cisplatin and vinorelbine, in MCF-7 breast 
cancer cells. 

Materials and methods: The XTT viability assay was 
used to evaluate the cytotoxicity of various cytotoxic agents 
alone and in combination with gossypol in MCF-7 breast 

cancer cells. The combination effect analysis of Chou and 
Talalay was used to identify the most synergistic drug combi-
nations. The possible synergistic effects of the combination of 
drugs on apoptosis were also evaluated by using two different 
apoptosis assays.

Results: We identifi ed strong synergistic cytotoxic and 
apoptotic activity of gossypol with taxanes among all other 
studied cytotoxic drugs.

Conclusion: This study provides proof that gossypol 
combined with taxanes may have potential as a novel future 
treatment for breast cancer.
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Introduction

Breast cancer is the most prevalent malignancy 
among women in the western world, representing the 
second cause of cancer-related deaths [1]. Despite ma-
jor developments in early detection and treatment of 
breast cancer in recent years, more than one third of 
women with breast cancer are diagnosed in advanced 
stage [2]. New chemotherapeutic agents, as well as tar-
geted treatments are widely used for treating this dis-
ease. However, like many other types of solid tumors, 
breast cancer initially responds well to treatment, but 
eventually cancer cells become resistant to these treat-
ments [3]. One of the most common gateways to over-
come the drug resistance problem in cancer is to add a 
second drug to the cytotoxic agents.

The estrogen receptor (ER) positive MCF-7 cell 
line has been studied widely as an ideal model for breast 

cancer cells [4]. In addition to providing basic knowl-
edge for ER (+) breast cancer, specifi c key pro-and an-
tiapoptotic regulators in signal transduction pathways 
that infl uence chemoresistance have recently been iden-
tifi ed in MCF-7 breast cancer cells [5]. Thus, MCF-7 
cell line is an ideal tool for the study of breast cancer re-
sistance mechanisms to conventional chemotherapy.

Gossypol is a natural polyphenolic, lipid-soluble 
compound extracted from cotton plant (Gossypium spe-
cies). Recently, it was identifi ed as a toxin when used as 
an animal food and has long been recognized as an anti-
spermatogenic agent in rural areas of China with negli-
gible toxicity profi le. In vitro studies of gossypol have 
been performed in tumor cells lines including breast, 
prostate, melanoma, glioma and adrenocortical carci-
noma [6-8]. It disrupts a variety of cellular processes, 
including energy metabolism and other mitochondrial 
functions in tumor cells. It also interferes with DNA 
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synthesis and repair, specifi cally via effects on DNA 
polymerase alpha and topoisomerase II [9]. Gossypol 
was also shown to be a potent inhibitor of Bcl-2/Bcl-
XL [10]. All these properties of gossypol, coupled with 
a relatively low cytotoxicity profi le, suggest that this 
compound might be a good candidate for combination 
treatment with conventional cytotoxic agents in over-
coming drug resistance in breast cancer treatment.

In this preclinical study, we evaluated the interac-
tion of gossypol with taxanes (microtubule stabilizing 
agents), doxorubicin (topoisomerase II poison), gem-
citabine (antimetabolite), cisplatin (DNA alkylating 
agent) and vinorelbine (semi-synthetic vinca alkaloid). 
We used the combination effect analysis of Chou and 
Talalay [11] to identify the most synergistic drug combi-
nations and additionally we also evaluated the possible 
synergistic effects of the combined drugs on apoptosis 
by DNA fragmentation and acridine-orange assay.

Materials and methods
Cell lines and reagents

Human MCF-7 cancer cell line was obtained from 
ICLC (Genova, Italy). The cells were grown as mono-
layers in adherent cell lines and were routinely cultured 
in RPMI 1640, supplemented with 10% heat-inactivated 
fetal bovine serum (FBS), 1% L-glutamine, 1% penicillin -
streptomycin in 75 cm2 polystyrene fl asks (Corning Life 
Sciences, UK) and maintained at 37° C in a humidifi ed 
atmosphere with 5% CO2. Growth and morphology were 
monitored and cells were passaged when they had reached 
90% confl uence. Cell culture supplies were obtained from 
Biological Industries (Kibbutz Beit Haemek, Israel).

Docetaxel, cisplatin and gossypol (>98% purity) 
were obtained from Sigma Chemical Co (USA). The 
stock solution of docetaxel (10 mM), cisplatin (10 mM) 
and gossypol (10 mM) were prepared in DMSO. The 
DMSO concentration in the assay did not exceed 0.1% 
and was not cytotoxic to the tumor cells. Paclitaxel (7 
mM), gemcitabine (10 mM), vinorelbine (13 mM) and 
doxorubicin (3.5 mM) were obtained from commercial 
stocks. The fi nal dilutions were made immediately be-
fore use, and new stock solutions were made for each 
experiment. All other chemicals, unless mentioned, 
were purchased from Sigma.

XTT viability assay

After verifying cell viability using trypan blue dye 
exclusion test by Cellometer automatic cell counter 
(Nexcelom Inc., USA), cells were seeded at approxi-
mately 1×104/ well in a fi nal volume of 200 µl in 96-

well fl at-bottom microtiter plates. To evaluate the ef-
fect of each cytotoxic agent and gossypol alone on 
the growth of breast cancer cells, MCF-7 cells were 
exposed to increasing concentrations of each drug for 
24, 48 and 72 h. Plates were incubated at 37° C in a 5% 
CO2 incubator for the indicated time periods. At the 
end of incubation, 100 µl of XTT (Roche Applied Sci-
ence, Mannheim, Germany) were added to each well, 
and plates were incubated at 37° C for another 4 h. Ab-
sorbance was measured at 450 nm against a reference 
wavelength at 650 nm using a microplate reader (DTX 
880 Multimode Reader, Beckman Coulter). The mean 
of triplicate experiments for each dose was used to cal-
culate the IC50 and the combination index (CI) values.

Detection of apoptosis

A. DNA fragmentation analysis

After the detection of synergistic cytotoxic activity 
of gossypol with taxanes, the possible synergistic effects 
of combination of gossypol with paclitaxel or docetaxel, 
as compared to any agent alone on inducing DNA frag-
mentation as a marker of cell death has been investigated. 
We quantifi ed the levels of mono-oligonucleosome frag-
ments using cell death detection plus ELISA kit (Roche 
Applied Science, Mannheim, Germany) according to the 
instruction manual. We treated MCF-7 cells in different 
concentrations of gossypol or paclitaxel or docetaxel and 
the combination of both for 72 h before analyzing DNA 
fragmentations. The relative amounts of mono- and oli-
gonucleosomes generated from the apoptotic cells were 
quantifi ed using monoclonal antibodies directed against 
DNA and histones by ELISA. Briefl y, the cytoplasmic 
fraction of the cells after the appropriate time of drug(s) ex-
posure and the combination-treated cells were transferred 
onto a streptavidin-coated plate and incubated for 2 h at 
room temperature with a mixture of peroxidase-conjugat-
ed anti-DNA and biotin-labeled antihistone. The plate was 
washed thoroughly and incubated with 2,29-azino-di-[3-
ethylbenzthiazolinesulfonate] diammonium salt (ABTS); 
then, absorbance was measured at 405 nm with a reference 
wavelength at 490 nm (DTX 880 Multimode Reader, 
Beckman Coulter). Samples were measured in triplicate 
and a positive control was provided with the kit.

B. Acridine-orange assay

The frequency of apoptotic induction of MCF-7 cells 
following exposure to combination of taxanes with gossypol 
was determined by the use of a Live/Dead Viability-Cyto-
toxicity Kit (Molecular Probe Inc., OR). The medium was 
removed from each well and the cells rinsed 1Χ with D-
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PBS. The working buffer, which was used to make the dilute 
dye, was D-PBS. Ethidium homodimer-1 (dead stain) was 
applied at a concentration of 10 M/ml and Calcein AM (live 
stain-esterase substrate) was applied at 12 M/ml in a 10 ml 
D-PBS working buffer. Once mixed, 150 µl of the diluted 
dye were added to each well of a 96-well plate. The plates 
were kept at room temperature for at least 1 h. Digital pho-
tographs were taken using fl uorescent microscopy. Viable 
normal cells displayed bright green nuclei with intact struc-
ture; viable apoptotic cells were bright green with highly 
condensed or fragmented nuclei; non-viable normal cells 
had bright orange chromatin with organized structure; non-
viable cells with apoptotic nuclei exhibited bright orange 
chromatin which was highly condensed or fragmented.

Assessment of drug interaction

Median dose effect analysis, a measure of syner-
gism or antagonism, was determined by the method of 
Chou and Talalay, using their computer program (Bio-
soft CalcuSyn, Ferguson, MO, USA) to assess drug 
interaction. We chose this method because it takes into 
account both the potency of each drug or combination 
of drugs and the shape of dose-effect curve. CalcuSyn 
software which is based on this method was used to cal-
culate the CI. Synergy, additivity and antagonism were 
defi ned as CI <1, CI =1, CI>1, respectively, where CI 
≤ 0.5 characterizes strong synergy. For this analysis, 
concentrations of gossypol and other cytotoxic chemo-
therapeutic agents were chosen as clinically achievable 
concentrations and below the IC50 values. Each experi-
ment provided triplicate data points for each concen-
tration and was repeated at least 3 times. The resulting 
dose-response curves were averaged, creating a single 
composite dose-response curve for each combination. 
Fa is defi ned as the fraction of cells affected, and a plot 
of log dose vs. log (Fa/1- Fa) gives parallel slopes if no 
biologic interaction between drugs is present or con-
verges if there is an interaction between drugs, thus 
suggesting the appropriate model to determine the CI.

Statistical analysis

Statistical analysis and p-values determinations 
were conducted by the Student’s t- test. The data were 
analyzed using GraphPad PRISM software (version 5, 
CA, USA).

Results
Activities of agents alone

We fi rst determined the chemosensitivity of MCF-

7 cell line to each individual agent mentioned above. 
The experiments were done at 24, 48 and 72 h. The 
highest cytotoxicity was obtained at 72 h by using vari-
ous agents. Table 1 illustrates the drug concentrations 
needed in vitro to cause 50% growth inhibition (IC50) 
vs. untreated control in MCF-7 cells after 72 h of incu-
bation by XTT viability assay. Gossypol demonstrated 
single-agent cytotoxicity at 10 μM concentration in 
MCF-7 cells, and this effect was also time-dependent 
with longer incubation times associated with greater 
cytotoxicity (Figure 1).

Effects of gossypol in combination with various cyto-
toxic chemotherapeutic agents on the growth of MCF-7 
cell line

Concentrations of gossypol and other cytotoxic 
chemotherapeutic agents were chosen at clinically 
achievable concentrations and below the IC50 values. 
As an example, for the determination of synergistic 
cytotoxic effects, MCF-7 cells were exposed for 72 h 
to 10 µM of gossypol in combination with 5 µM pa-
clitaxel, 1 nM docetaxel, 3 µM doxorubicin, 1.5 µM 

Figure 1. Antiproliferative effect of gossypol (GP) in MCF-7 cells 
at 24, 48 and 72 h. The figure shows that the antiproliferative effect 
is time- and dose-dependent.
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Table 1. IC50 doses of each single cytotoxic agent including gos-
sypol against MCF-7 cells in vitro

Drug IC50 value (μM)
 ± standard deviation

Paclitaxel 19.6 ± 1.1
Docetaxel 0.008 ± 2.6
Doxorubicin 5.5 ± 0.4
Vinorelbine 29 ± 0.6
Cisplatin 39.6 ± 1.6
Gemcitabine 1.5 ± 0.6
Gossypol 10 ± 3.5
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gemcitabine, 20 µM cisplatin and 10 µM vinorelbine. 
Data for gossypol and paclitaxel combination are pre-
sented in Figure 2, including the composite dose-re-
sponse curves, median effect, and combination index 
plots. The results indicate that the combination of 5 μM 
gossypol and 10 μM paclitaxel had strong synergistic 
effect with CI value of 0.409. In addition, among all 

the combinations studied in MCF-7 cancer cells, gos-
sypol (5 μM) - docetaxel (1 nM) were also found to be 
strongly synergistic with CI value of 0.119 (Table 2). 
Other drug combinations (doxorubicin, gemcitabine, 
cisplatin, vinorelbine) with gossypol showed antago-
nistic effect with CI values as shown in Table 2. To 
demonstrate that this strong synergistic effect of gos-
sypol together with paclitaxel and docetaxel in MCF-7 
cells was not just growth inhibition but represented cell 
death, the combination of gossypol with taxanes was 
also evaluated by DNA fragmentation and acridine-
orange methods.

Effects of the sequential treatment

The previous fi ndings demonstrated that tumor 
cells with gossypol along with paclitaxel or docetaxel 
resulted in signifi cant synergy at 72 h. We examined 
the effect of sequential treatment of MCF-7 cells with 
gossypol or paclitaxel/ docetaxel and subsequent treat-
ment with the second agent. Pretreatment of tumor cells 
with gossypol for 36 h and wash and then treatment for 
an additional 36 h with paclitaxel resulted in synergis-
tic cytotoxicity in MCF-7 cells. Also, pretreatment of 
tumor cells with paclitaxel for 36 h and wash and then 
treatment for an additional 36 h with gossypol resulted 
in synergistic cytotoxicity in MCF-7 cells (data not 
shown). The same set of experiments was repeated for 
gossypol and docetaxel and results revealed that sig-
nifi cant synergistic effect of the combination treatment 
was observed in both combinations, no matter which 
agent was applied fi rst (data not shown).

Combination of gossypol with either paclitaxel or 
docetaxel-induced DNA fragmentation as compared 
to any agent alone in MCF-7 cells

The results showed that when MCF-7 cells were 

Table 2. Median dose effect analysis determined by the method 
of Chou and Talalay which is used to calculate the combination 
index (CI) values. Synergy, additivity and antagonism are defined 
as CI <1, CI =1, CI>1, respectively. CI ≤ 0.5 characterizes strong 
synergy

Drug combinations with gossypol Combination index value
 ± standard deviation

Paclitaxel 0.4 ± 0.1 (strong synergy)
Docetaxel 0.1 ± 0.2 (strong synergy)
Vinorelbine 1.3 ± 0.1 (antagonism)
Cisplatin 1.7 ± 0.1 (antagonism)
Gemcitabine 1.5 ± 0.3 (antagonism)
Doxorubicin 1.4 ± 0.2 (antagonism)

Figure 2. Interaction and synergy of gossypol with paclitaxel in 
MCF-7 cells. A: composite dose-response curves for antiprolifera-
tive activity of gossypol (•), paclitaxel (+), or the combination (×) 
of both were evaluated in vitro in MCF-7 cells as described in ma-
terials and methods. B: median plot for the interaction of gossypol 
+ paclitaxel in A. C: combination index (CI) for the interaction as 
a function of level of effect. X1 and X2 represent CI values of two 
different drug combinations of gossypol and paclitaxel (fractional 
effect= 0.5 is the IC50). 
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exposed to 5 μM gossypol and 10 μM paclitaxel, there 
were 5.4- and 5.8-fold increase in DNA fragmentation, 
respectively. However, the combination of both induced 
9.4-fold increase in DNA fragmentation as compared to 
untreated controls (Figure 3). When MCF-7 cells were 
exposed to 5 μM gossypol and 1 nM docetaxel, there 
was 4.9- and 6.2-fold increase in DNA fragmentation, 
whereas the combination of both induced DNA frag-
mentation 10.7 times more as compared to untreated 
controls (Figure 4).

Enhancement of apoptosis in MCF-7 cells exposed to 
combination of gossypol with taxanes also verified by 
acridine-orange method

Apoptosis was also verifi ed using a mixture of 
acridine orange and ethidium bromide (100 mg/ml). 
MCF-7 cells exhibited condensed chromatin, frag-
mented nuclei and appearance of apoptotic bodies re-
sulting after exposure to gossypol-docetaxel combina-
tion (Figure 5). Both apoptotic and necrotic changes 

Figure 4. Apoptotic effects of gossypol (GP) and docetaxel (Doc) 
alone or in combination in MCF-7 cells through DNA fragmenta-
tion analyses. The results are the means of 3 independent experi-
ments. p=0.01 for 5 µM GP + 1 nM Doc.

Figure 3. Apoptotic effects of gossypol (GP) and paclitaxel (Pac) 
alone or in combination in MCF-7 cells through DNA fragmenta-
tion analyses. The results are the means of 3 independent experi-
ments. p=0.01 for 5 µM GP + 5 µM Pac, and p=0.03 for 5 µM GP 
+ 10 µM Pac.
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that the cells underwent apoptosis (B).
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were achieved by synergistic doses of gossypol and 
docetaxel (Table 2), as measured by fl uorescent DNA-
microscope.

Discussion

Despite major developments in the treatment of 
breast cancer in recent years, the management of this 
disease, especially in advanced stages, remains unsat-
isfactory with only partial responses in the majority 
of the patients. In the literature many studies are now 
focused to fi nd novel options of treatment for many 
types of cancer cells [12,13]. Thus, agents with cyto-
toxic activity have been combined both in the hope of 
enhancing antitumor activity and overcoming drug 
resistance.

Gossypol is a potent inhibitor of growth for many 
types of cancer cells, including breast cancer [8,14]. Be-
cause of its very low toxicity profi le in in vivo studies 
[9] it is an ideal option to combine it with various cy-
totoxic agents which are known to be effective in the 
treatment of breast cancer. In this study, we combined 
gossypol with taxanes, doxorubicin, gemcitabine, cis-
platin and vinorelbine. Among these combinations, 
we found that the synergistic combination that showed 
signifi cant antitumor activity in MCF-7 cells was the 
gossypol-taxane combination. With either paclitaxel 
or docetaxel, gossypol caused strong cytotoxicity in 
breast cancer cells, no matter which agent was applied 
fi rst. The combination of taxanes with gossypol also re-
sulted in synergistic apoptotic activity verifi ed by DNA 
fragmentation and acridine-orange methods.

However, antagonistic effect was observed with 
other cytotoxic agents used in combination with gossy-
pol in MCF-7 cells. In a recent study by Li et al. syner-
gism of gossypol with various chemotherapeutic agents 
was studied in non-Hodgkin’s lymphoma (NHL) cells; 
increased apoptosis and growth inhibition induced by 
etoposide, doxorubicin, vincristine and paclitaxel were 
achieved [15], and antagonistic effect was observed 
with gossypol-cisplatin combination. Although the dif-
ferent cell lines possess represent different molecular 
properties with different experimental conditions, the 
gossypol-paclitaxel combination showed also prom-
ising results for NHL, as well as breast cancer in our 
study.

Both paclitaxel and docetaxel are members of the 
taxane family and exhibit their cytotoxic effects via 
induction of apoptosis by stabilizing the microtubules 
of cancer cells [16]. Taxanes also inactivate the anti-
apoptotic protein Bcl-2 by phosphorylation, thereby 
promoting apoptosis. They are both known to be very 

effective agents against breast cancer, both in the ad-
juvant and metastatic settings. Additionally, multiple 
different proapoptotic effects of taxanes, including in-
duction of p53 and effects on multidrug resistance have 
been described in different studies [17-19].

Although there is limited data about the molecu-
lar mechanisms induced and/or inhibited in gossypol-
exposed tumor cells, it was shown that gossypol induc-
es apoptosis through inhibition of antiapoptotic Bcl-2 
family members and loss of mitochondrial membrane 
potential and activation of caspase-3 enzyme [10,14]. 
Whereas the underlying mechanism of synergy of gos-
sypol with taxanes remains unclear, there is a rationale 
for combining taxanes with gossypol in the treatment 
of breast cancer. Since both of these drugs will act to 
inhibit Bcl-2 activity in MCF-7 cancer cells, the anti-
tumor activity of the drugs might be enhanced through 
this mechanism by down-regulation of this pivotal 
antiapoptotic protein. Moreover, since bcl-2 is one of 
the well-known antiapoptotic protein families and is 
responsible for drug resistance for many types of can-
cer cells, these combinations might also be a hope for 
overcoming drug resistance which is one of the most 
important problems of daily oncologic practice [20-
24]. These combinations might also be a hope for over-
coming drug resistance.

In conclusion, we identifi ed strong synergistic ac-
tivity of gossypol with taxanes among all other studied 
cytotoxic drugs, in MCF-7 cells. This synergy as mea-
sured by Chou and Talalay drug synergy method was 
further confi rmed by two different apoptosis assays. Of 
great interest, the combination of gossypol with tax-
anes was at clinically achievable doses, thus these data 
might argue for clinical evaluation of these drug com-
binations in the treatment of breast cancer. Finally, this 
strong synergistic activity of the drugs observed with 
gossypol and taxane combination raises signifi cant 
questions that warrant further investigations.

References

1. Jemal A, Siegel R, Ward E et al. Cancer Statistics 2008. CA 
Cancer J Clin 2008; 58: 71-96.

2. Ubezio P, Cameron D. Cell killing and resistance in pre-op-
erative breast cancer chemotherapy. BMC Cancer 2008; 8: 
201-215.

3. Gonzalez-Angulo AM, Morales-Vasquez F, Hortobagyi GN. 
Overview of resistance to systemic therapy in patients with 
breast cancer. Adv Exp Med Biol 2007; 608: 1-22.

4. Levenson AS, Jordan VC. MCF-7: The fi rst hormone-respon-
sive breast cancer cell line. Cancer Res 1997; 57: 3071-3078.

5. Pfeffer U, Fecarotta E, Vidali G. Coexpression of multiple es-
trogen receptor variant messenger RNAs in normal and neo-
plastic breast tissues and in MCF-7 cells. Cancer Res 1995; 



485

55: 2158-2165.
6. Benz CC, Keniry MA, Ford JM et al. Biochemical correlates 

of the anti-tumor and anti-mitochondrial properties of gossy-
pol enantiomers. Mol Pharmacol 1990; 37: 840-847.

7. Jaroszewski JW, Kaplan O, Cohen JS. Action of gossypol and 
rhodamine 123 on wild type and multidrug resistant MCF-7 
human breast cancer cell 31P nuclear magnetic resonance and 
toxicity studies. Cancer Res 1990; 50: 6936-6943.

8. Tuszynski GP, Cossu G. Differential cytotoxic effect of gos-
sypol on human melanoma, colon carcinoma and other tissue 
culture cell lines. Cancer Res 1984; 44: 768-771.

9. Van Poznak C, Seidman AD, Reidenberg MM et al. Oral gos-
sypol in the treatment of patients with refractory metastatic 
breast cancer: A phase I/II clinical trial. Breast Cancer Res 
Treat 2001; 66: 239-248. 

10. Mohammad RM, Wangs S, Banerjee S, Wu X, Chen J, Sarkar 
FH. Nonpeptidic small molecule inhibitor of Bcl-2 and Bcl-
XL, (–) Gossypol, enhances biological effect of genistein 
against BxPC-3 human pancreatic cancer cell line. Pancreas 
2005; 31: 317-324.

11. Chou TC, Talalay P. Quantitative analysis of dose-effect rela-
tionships: the combined effects of multiple drugs or enzyme 
inhibitors. Adv Enzyme Regul 1984; 22: 27-55.

12. Andrijevic Lj, Radotic K, Bogdanovic J, Mutavdzic D, Bog-
danovic G. Antiproliferative effect of synthetic lignin against 
human breast cancer and normal fetal lung cell lines. Potency 
of low molecular weight fractions. J BUON 2008; 13: 241-
244.

13. Kojic V, Bogdanovic G, Jakimov D, Duran IM. Synthesis 
and antiproliferative activity of new carboplatin analogues. J 
BUON 2005; 10: 541-546.

14. Zhang M, Hongpeng L, Zhenkun T, Griffi th BN, Ji M, Li QQ. 
Gossypol induces apoptosis in human PC-3 prostate cancer 
cells by modulating caspase-dependent and caspase-indepen-
dent cell death pathways. Life Sci 2007; 80: 767-774.

15. Li ZM, Jiang WQ, Zhu ZY et al. Synergistic cytotoxicity of 
Bcl-xL inhibitor gossypol and chemotherapeutic agents in 
non- Hodgkin’s lymphoma cells. Cancer Biol Ther 2008; 7: 
51-60.

16. Gligorov J, Lotz JP. Preclinical pharmacology of the taxanes: 
implications of the differences. Oncologist 2004; 9: 3-8.

17. Crown J, O’Leary M, Ooi WS. Docetaxel and paclitaxel in 
the treatment of breast cancer: a review of clinical experience. 
Oncologist 2004; 9: 24-32.

18. Fojo T, Menefee M. Mechanisms of multidrug resistance: the 
potential role of microtubule-stabilizing agents. Ann Oncol 
2007; 18(Suppl 5): 3-8.

19. McGrogan BT, Gilmartin B, Carney DN, McCann A. Taxanes, 
microtubules and chemoresistant breast cancer. Biochim Bio-
phys Acta 2008; 1785: 96-132.

20. Thompson CB. Apoptosis in the pathogenesis and treatment 
of disease. Science 1995; 267: 1456-1462.

21. Reed JC. Bcl-2 and the regulation of programmed cell death. 
J Cell Biol 1994; 124: 1-6.

22. Yang E, Korsmeyer SJ. Molecular thanatopsis: a discourse 
on the BCL2 family and cell death. Blood 1996; 88: 386-
401.

23. Clem RJ, Miller LK. Control of programmed cell death by 
the baculovirus genes p35 and IAP. Mol Cell Biol 1994; 140: 
5212-5222.

24. Haldar S, Basu A, Croce CM. Bcl-2 is the guardian of micro-
tubule integrity. Cancer Res 1997; 57: 229-233.


