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ABSTRACT
Modulating telomere dynamics may be a useful strategy for
targeting prostate cancer cells, because they generally have
short telomeres. Because a plateau has been reached in the
development of taxane-based treatments for prostate cancer,
this study was undertaken to evaluate the relative efficacy of
targeting telomeres and microtubules in taxane-sensitive, tax-
ane-resistant, androgen-sensitive, and androgen-insensitive
prostate cancer cells. Paclitaxel- and docetaxel-resistant
DU145 cells were developed and their underlying adaptive
responses were evaluated. Telomere dynamics and the effects
of targeting telomeres with sodium meta-arsenite (KML001) (an
agent undergoing early clinical trials), including combinations
with paclitaxel and docetaxel, were evaluated in parental and
drug-resistant cells. The studies were extended to androgen-
sensitive LNCaP cells and androgen-insensitive LNCaP/C81
cells. Both P-glycoprotein (Pgp)-dependent and non–Pgp-de-
pendent mechanisms of resistance were recruited within the

same population of DU145 cells with selection for drug resis-
tance. Wild-type DU145 cells have a small side population (SP)
(0.4–1.2%). The SP fraction increased with increasing drug
resistance, which was correlated with enhanced expression of
Pgp but not breast cancer resistance protein. Telomere dynam-
ics remained unchanged in taxane-resistant cells, which re-
tained sensitivity to KML001. Furthermore, KML001 targeted
SP and non-SP fractions, inducing DNA damage signaling in
both fractions. KML001 induced telomere erosion, decreased
telomerase gene expression, and was highly synergistic with
the taxanes in wild-type and drug-resistant DU145 cells. This
synergism extended to androgen-sensitive and androgen-in-
sensitive LNCaP cells under basal and androgen-deprived con-
ditions. These studies demonstrate that KML001 plus do-
cetaxel and KML001 plus paclitaxel represent highly synergistic
drug combinations that should be explored further in the dif-
ferent disease states of prostate cancer.

Introduction
The microtubular network represents an important target

for the treatment of prostate cancer, particularly advanced,
castration-resistant disease. Although the microtubule-tar-
geting agent docetaxel has improved overall survival rates

for men with metastatic prostate cancer, not all patients
respond to it (Petrylak et al., 2004; Tannock et al., 2004;
Berthold et al., 2008). Even for men who respond to do-
cetaxel, the treatment is primarily palliative, because most
patients experience disease progression within a few months.
To improve response rates and response durations, a number
of agents have been evaluated in various combinations with
docetaxel. To date, however, no docetaxel-based combination
regimen has been shown to be superior to single-agent do-
cetaxel treatment for castration-resistant prostate cancer in
phase III trials. The overall situation for patients with met-
astatic, castration-resistant prostate cancer is beginning to
change with the approval of several treatments, including
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sipuleucel-T, cabazitaxel, abiraterone, and denosumab (Kantoff
et al., 2010; de Bono et al., 2010, 2011; Fizazi et al., 2011).
Despite such progress, most men with metastatic prostate can-
cer are likely to succumb eventually to their disease.

With respect to taxanes, several mechanisms of inherent or
acquired resistance have been implicated in their limited
activity in prostate cancer (Greenberger and Sampath, 2006).
Included among these resistance mechanisms are altered
expression of drug efflux pumps and qualitative changes in
the microtubules themselves, which may affect drug-target
interactions.

We undertook the present study in an effort to understand
more completely some of the adaptive responses of prostate
cancer to taxanes and to identify new targets that might be
exploited for better therapeutic effects in both drug-sensitive
and drug-resistant prostate cancer cells. With DU145 cells as
a model of androgen-independent prostate cancer, a series of
cell lines with varying levels of resistance to both paclitaxel
and docetaxel were developed, to study adaptive responses to
taxane selection. Because telomere length maintenance has
been implicated in resistance to certain cytotoxic agents, we
also investigated telomere dynamics in the aforementioned
models (Burger and Harnden, 1998; Ishibashi and Lippard,
1998; Multani et al., 1999; Mo et al., 2003; Deschatrette et
al., 2004; Smith et al., 2009). Because prostate cancer cells
have short telomeres and may be particularly susceptible to
telomere-disrupting agents, we evaluated the role of target-
ing telomeres in both taxane-sensitive and taxane-resistant
prostate cancer cells. These studies were extended to andro-
gen-sensitive LNCaP and androgen-insensitive LNCaP/C81
cells.

In this report, we demonstrate that 1) considerable heter-
ogeneity in resistance mechanisms exists within the pacli-
taxel- and docetaxel-selected DU145 cell populations, al-
though they share a common phenotype of resistance to
taxanes; 2) telomerase activity and telomere lengths are not
significantly altered between drug-sensitive and drug-resistant
DU145 cells, and they remain sensitive to a telomere-targeting
arsenical compound, sodium meta-arsenite (KML001), irrespec-
tive of the underlying resistance mechanisms; 3) KML001 can
decrease telomerase gene expression, can cause erosion of telo-
meres, and is synergistic with both paclitaxel and docetaxel in
wt and highly taxane-resistant prostate cancer cells; and 4) this
synergism extends to androgen-sensitive LNCaP cells and an-
drogen-insensitive LNCaP/C81 cells, under both basal and an-
drogen-deprived conditions. These studies provide a rationale
for simultaneously targeting telomeres and microtubules in
prostate cancer, including treatment-naive and treatment-
resistant (chemotherapy- and castration-resistant) prostate
cancer.

Materials and Methods
Cell Lines and Drugs. DU145 human prostate cancer cells were

cultured in Dulbecco’s modified Eagle’s medium/F12 medium (Invit-
rogen, Carlsbad, CA) supplemented with 5% fetal bovine serum
(Gemini, West Sacramento, CA). LNCaP cells (passage numbers of
�30) were cultured in RPMI 1640 medium supplemented with 10%
fetal bovine serum. LNCaP/C81 cells (designated C81 cells) were
provided by Dr. Anne Hamburger (University of Maryland Cancer
Center, Baltimore, MD). C81 cells were derived from LNCaP cells
but had passage numbers of �81. The C81 cells were cultured in
phenol red-free RPMI 1640 medium supplemented with charcoal-

stripped serum (Gemini). Paclitaxel-resistant DU145 cells were de-
rived from parental DU145 cells through incremental exposure of the
latter to increasing concentrations of drug. First, wt DU145 cells
were exposed to 0.5 nM paclitaxel (IC50 dose). Surviving cells were
then treated sequentially with increasing doses of paclitaxel over the
course of several months to obtain DU145/Pac1, DU145/Pac10, and
DU145/Pac200 cells, whose final drug maintenance concentrations
were 1, 10, and 200 nM paclitaxel, respectively. Docetaxel-resistant
DU145 cells were obtained in a similar manner; those cells were
designated DU145/Doc1, DU145/Doc10, and DU145/Doc60, and their
final drug maintenance concentrations were 1, 10, and 60 nM do-
cetaxel, respectively. The selected cells were cultured continuously
in drug until the time for particular assays.

Paclitaxel (Bedford Laboratories, Bedford, OH) and docetaxel
(sanofi-aventis, Bridgewater, NJ) stock solutions were obtained from
the University of Maryland Cancer Center Pharmacy. KML001
(Kominox) was provided by Komipharm International Co. (Kyonggi-
Do, South Korea); 50 mM drug stock solutions were prepared in PBS,
and aliquots were stored at �20°C. The stock solutions were stable
for more than 1 year. Working concentrations were freshly prepared.

Growth Inhibition Assays and Drug Combination Studies.
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) (Sigma-Aldrich, St. Louis, MO) assay was used to assess the
antiproliferative effects of various drugs on our panel of cell lines,
according to the method described by Mosmann (1983), with minor
modifications. Drug combination studies were performed according
to the methods described by Chou and colleagues (Chou and Hayball,
1977; Chou and Talalay, 1984; Chou, 2008). Specifically, two-drug
combinations were evaluated with the MTT assay over a range of
concentrations, by combining the drugs at their fixed IC50 ratios at
each point tested. From these experiments, the combination index
(CI) values at 50, 75, and 90% effective doses and the dose reduction
index (DRI) values for each drug in the combination were determined
by using the CalcuSyn program developed by Chou and Hayball
(1977). According to this method, drugs are synergistic if the CI is
�1, additive if the CI is between 1 and 1.2, and antagonistic if the CI
is above those values (Chou and Talalay, 1984; Chou, 2008).

Western Blot Analyses. Western blots were performed as de-
scribed previously, by using NuPAGE 4 to 12% Bis-Tris gels (Invit-
rogen) to size-fractionate cell lysates (Tang et al., 2006). Primary
antibodies to the following proteins were used in the study: Pgp
(Santa Cruz Biotechnology Inc., Santa Cruz, CA), BCRP, actin, and
�-tubulin (Sigma-Aldrich).

Side Population Assays, Cell Immunostaining, and Cell
Sorting. The side population (SP) assay was performed according to
the method described by Goodell et al. (1996). Cells were trypsinized,
and 0.5 � 106 cells were resuspended in 1 ml of medium containing
2�-(4-ethoxyphenyl)-5-(4-methyl-1-piperazinyl)-2�,5�-bi-1H-benz-
imidazole (Hoechst 33342) (5 �g/ml) alone, Hoechst 33342 plus 50
�M verapamil (PgP inhibitor), or Hoechst 33342 plus 1 �M
(3S,6S,12aS)-1,2,3,4,6,7,12,12a-octahydro-9-methoxy-6-(2-methyl-
propyl)-1,4-dioxopyrazino[1�,2�:1,6]pyrido[3,4-b]indole-3-propanoic
acid 1,1-dimethylethyl ester (Ko143) (BCRP inhibitor; kindly pro-
vided by Dr. Nakanishi Takeo, University of Maryland Cancer Cen-
ter). The cells were incubated at 37°C for 90 min, centrifuged at 4°C
for 5 min, and then resuspended in ice-cold Hanks’ balanced salt
solution (HBSS) (Invitrogen) containing 2 �g/ml propidium iodide
(Invitrogen). The samples were analyzed by using a LSR I flow
cytometer (BD Biosciences, San Jose, CA). Excitation of Hoechst
33342 dye with a UV laser was performed at 350 nm, and fluores-
cence was measured by using a 450/20-nm band-pass filter (Hoechst
dye blue) and a 675-nm optical long-pass edge filter (Hoechst dye
red). Propidium iodide was excited with a UV laser, and fluorescence
was measured with a 675-nm long-pass edge filter.

For immunostaining, trypsinized cells (0.5 � 106) were washed in
HBSS with 2% fetal calf serum and 10 mM HEPES (HBSS�) and
were stained with allophycocyanin conjugated mouse anti-human
CD44 antibody (BD Biosciences Pharmingen, San Diego, CA), phy-
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coerythrin (PE)-conjugated anti-Pgp antibody (Millipore, Temecula,
CA), PE-conjugated mouse anti-human CD133 antibody (Miltenyi
Biotec, Auburn, CA), fluorescein isothiocyanate-conjugated anti-
CD49f antibody (BioLegend, San Diego, CA), and their respective
controls. The cells were incubated in the dark on ice for 30 min,
washed, and analyzed with a FACSCanto II analytical flow cytome-
ter (BD Bioscences). Data were analyzed by using FlowJo software
(Tree Star Inc., Ashland, OR).

Drug-resistant prostate cancer cells (20 � 106) were sorted two
ways, i.e., with a digital-upgrade FACSVantage Diva cell sorter (BD
Biosciences) according to whether they extruded the Hoechst 33342
dye (SP� and SP� fractions) and with a FACSAriaI cell sorter (BD
Biosciences) according to whether they expressed Pgp on the cell
surface (Pgp� and Pgp� fractions). The gate for SP� cells was set on
the basis of verapamil inhibition of Hoechst 33342 dye uptake by the
treated cells. For sorting according to Pgp status, cells were stained
in HBSS� containing either PE-conjugated anti-Pgp antibody (1:50
dilution) or PE-conjugated isotype-specific antibody (1:50 dilution)
and were incubated in the dark on ice for 30 min. After one wash
with HBSS, Pgp expression was detected with a 488-nm laser and a
576/26-nm band-pass filter; sorting gates were set with respect to
isotype control staining, which served as a baseline.

Telomeric Repeat Amplification Protocol Assays. Telomer-
ase enzyme activity was measured in cell extracts with the telomeric
repeat amplification protocol assay, by using a TeloTAGGG telom-
erase PCR enzyme-linked immunosorbent assay kit (Roche Diagnos-
tics, Mannheim, Germany), according to the manufacturer’s instruc-
tions, as we reported previously (Burger, 2002). After the addition of
stop solution, the mean absorbance of the samples at 450 nm was
determined by using a microtiter plate reader (Synergy 2; BioTek,
Winooski, VT).

Mean Telomeric Restriction Fragment Length Analyses.
Mean telomeric restriction fragment lengths were determined by
using a TeloTAGGG telomere length kit (Roche Diagnostics), accord-
ing to the manufacturer’s instructions. Genomic DNA was isolated
by using a DNA extraction kit (QIAGEN, Hilden, Germany). Two
micrograms of DNA were digested with Hinf1 and Rsa1 for 2 h at
37°C and were loaded onto 0.8% agarose gels. The DNA was trans-
ferred to nylon membranes and hybridized to a digoxigenin-labeled
telomere probe, and the telomere-related signals were detected on
the basis of chemiluminescence, as described previously (Burger et
al., 2005).

Real-Time PCR Assays. Total RNA was extracted from cells by
using QIAGEN RNeasy Mini kits (QIAGEN) and was purified
through DNase digestion, followed by elution with RNase-free water.
First-strand cDNA was synthesized by using an iScript Select cDNA
synthesis kit (Bio-Rad Laboratories, Hercules, CA). Real-time PCR
was performed with a 7900HT Fast Real-Time PCR system with
Fast SYBR Green Master Mix (Applied Biosystems, Foster City, CA).
Human telomerase reverse transcriptase (hTERT) primers (TIB
Molbiol, Adelphia, NJ) were 5�-ATGTCACGGAGACCACGTTT-3�
(sense) and 5�-GGATGAAGCGGAGTCTGGAC-3� (antisense). Hu-
man glyceraldehyde 3-phosphate dehydrogenase primers were 5�-
GGTGGTCTCCTCTGACTTCAACA-3� (sense) and 5�-GTTGCTG-
TAGCCAAATTCGTTGT-3� (antisense). The PCR assays were
performed in triplicate. The PCR conditions included enzyme acti-
vation at 95°C for 20 s, followed by 40 cycles of denaturing at 95°C for
1 s and annealing/extension at 60°C for 20 s. The specificity of the
PCRs was verified through melting curve analysis. In the control
samples, no cDNA was added in the PCR assays. hTERT gene
expression was normalized with respect to glyceraldehyde 3-phos-
phate dehydrogenase gene expression and was analyzed by using the
��Ct method (Livak and Schmittgen, 2001).

Fluorescence In Situ Hybridization Assays. DU145 cells were
cultured to 70% confluence and metaphase cells were prepared
through treatment with colcemid, followed by hypotonic treatment
and fixation. FISH was performed by using a peptide nucleic acid
(PNA) oligomer probe targeting the telomere repetitive sequence

(PNA TelC-FAM probe; PNAbio Inc., Thousand Oaks, CA), according
to the manufacturer’s instructions. Representative metaphase im-
ages were acquired by using an Olympus Provis fluorescence micro-
scope (Olympus, Tokyo, Japan) and an Applied Biosystems imaging
system.

FISH assays using flow cytometry were performed according to an
established protocol (Baerlocher et al., 2006), with minor modifica-
tions. Trypsinized cells were divided into four tubes (2 � 105 cells per
tube), washed with hybridization buffer, and resuspended in hybrid-
ization mixture (77 mM HEPES, 77 mM NaCl, 3.9% bovine serum
albumin, and 29% deionized formamide); 500 nM PNA TelC-FAM
probe was added to three of the four tubes. The tubes were incubated
at room temperature for 10 min and then at 87°C for 15 min, followed
by hybridization at room temperature in the dark for 90 min. The
cells were washed four times and then resuspended in HBSS�. Flow
cytometry was performed with a FACSCanto II cytometer, and the
data were analyzed by using FlowJo software. The mean fluores-
cence intensity for each hybridized sample was calculated after sub-
traction of background mean fluorescence intensity (sample without
probe). The resulting telomere fluorescence values (the horizontal
bars in histogram plots) were used to calculate the telomere lengths
in the cells, with respect to the known value for the untreated control
samples.

Immunofluorescence Assays. Approximately 1.5 � 104 to 2.0 �
104 cells were seeded on eight-well chamber slides overnight. The
cells were fixed and permeabilized through immersion in ice-cold
methanol/acetone (1:1) three times, for 1 min each time, and were
dried for 15 min. The slides were blocked for 2 h at room temperature
with 5% bovine serum albumin in PBS, incubated overnight at 4°C
with mouse anti-Pgp antibody, rabbit anti-BCRP antibody, or mouse
anti-phospho-�-H2AX antibody (Millipore) at 1:200 dilution, washed
with PBS, and incubated for 2 h with fluorescein isothiocyanate-
conjugated rabbit anti-mouse or goat anti-rabbit antibody (Sigma-
Aldrich) at 1:200 dilution and then for 5 min with 4�,6-diamidino-2-
phenylindole (2 mg/ml; Sigma-Aldrich) at 1:5000 dilution. After
being washed with PBS, the slides were mounted with Vectashield
mounting medium (Vector Laboratories, Burlingame, CA) and were
analyzed at 40� magnification with a Leica DM4000 microscope
(Leica, Wetzlar, Germany) and 5.0 Openlab software (PerkinElmer
Life and Analytical Sciences, Waltham, MA). Quantification of
�-H2AX focus induction was determined by measuring the mean
fluorescence intensity of at least 100 nuclei in each chamber.

Results
Paclitaxel- and Docetaxel-Resistant DU145 Prostate

Cancer Cells. The IC50 values of paclitaxel and docetaxel for
DU145 cells and the drug-resistant sublines are shown in
Table 1. Exposure to increasing concentrations of a particu-
lar taxane (paclitaxel or docetaxel) resulted not only in in-
creasing resistance to the selecting drug but also in cross-
resistance to the taxane not used for the original selection
(Table 1). It appeared that the DU145 cells were prone to
developing higher levels of resistance to docetaxel than to
paclitaxel, irrespective of the original taxane used for selec-
tion. For instance, DU145/Pac10 and DU145/Pac200 cells
were 24- and 140-fold resistant, respectively, to paclitaxel
(which was used to select them) but were 100- and 400-fold
cross-resistant to docetaxel (Table 1). DU145/Doc10 and
DU145/Doc60 cells were 100- and 500-fold resistant, respec-
tively, to their selecting drug (i.e., docetaxel) but were only
24- and 100-fold cross-resistant to paclitaxel.

Both paclitaxel and docetaxel are known substrates of Pgp.
This transporter was minimally expressed in wt DU145 cells
but was significantly overexpressed in the taxane-resistant
cells, particularly with the higher levels of drug selection
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(Fig. 1A). The other ATP-binding cassette (ABC) transporter,
BCRP, was expressed in both wt and resistant cells, but its
levels were not modulated with selection for resistance to the
taxanes (Fig. 1A). Flow cytometric analyses revealed that
Pgp was expressed on the cell surfaces of significant fractions
of the DU145/Pac200 (79 � 6.5%) and DU145/Doc60 (47 �
4.9%) cell populations (Fig. 1B). BCRP was essentially unde-
tectable on the surfaces of those cells (Fig. 1B). This finding
was confirmed through immunohistochemical analyses,
which demonstrated cell surface localization of Pgp in
DU145/Pac200 and DU145/Doc60 cells but cytoplasmic local-
ization of BCRP in both wt and taxane-resistant cells (data
not shown).

Side Population and Roles of Pgp and BCRP in Tax-
ane-Resistant Cells. The localization of Pgp to the surface
of the DU145-derived cells suggested that the transporter is
likely to be functional in the cells and to contribute to their
drug-resistant phenotype. In contrast, the cytoplasmic local-
ization of BCRP suggested that it is not active in the cells, at
least with respect to drug transport functions; this was con-
firmed in flow cytometric assays using the SP assay method
developed by Goodell et al. (1996). The SP fraction is func-

tionally defined on the basis of the extrusion of vital dyes
such as Hoechst 33342, because of enhanced expression of
ABC transporters (Goodell et al., 1996). The SP fraction can
be enriched in stem/progenitor cells and generally represents
a very small proportion of the total population; for instance,
it represents approximately 0.1% of all nucleated cells in the
bone marrow of mice, where it corresponds largely to hema-
topoietic stem cells.

Parental DU145 cells exhibited a small SP fraction (0.4–
1.2%) (Fig. 2A). This fraction increased in the cell lines se-
lected for increasing resistance to docetaxel, being approxi-
mately 20% in DU145/Doc10 cells and 60% in DU145/Doc60
cells (Fig. 2A). Pgp-dependent exclusion of the dye was con-
firmed by treating these cells with verapamil (VP). Although
VP is a potent inhibitor of L-type calcium channels, it also
inhibits Pgp but not BCRP function. It has been used by
investigators to assess Pgp-dependent transport (Tsuruo et
al., 1981; Grossi and Biscardi, 2004). VP inhibited extrusion
of Hoechst 33342 from DU145/Doc10 and DU145/Doc60 cells,
resulting in much greater uptake of the dye by those cells
(Fig. 2B). The BCRP-specific inhibitor Ko143 had no effect on
Hoechst 33342 uptake (Fig. 2C). Taken together, these data
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β-tubulin 

C 
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0.24%
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DU145/ Doc60 

  β-actin 

  BCRP 

  Pgp 

Fig. 1. Pgp and BCRP expression in
prostate cancer cells. A, Western blot
analysis showing the relative expres-
sion of Pgp and BCRP in DU145-de-
rived cell lines. Whole-cell extracts
were isolated in modified RIPA buffer,
and 50 �g of total protein was loaded
in each lane. Western blots are repre-
sentative of at least three independent
experiments. B, flow cytometric anal-
ysis showing cell surface expression of
Pgp and BCRP in wt and taxane-resis-
tant cells. A total of 0.5 � 106 cells
were stained with antibodies, as indi-
cated, for 30 min in the dark. FACS
analysis was performed with 10,000 re-
corded events for each sample. These ex-
periments were repeated three times.
Shown are PE- or fluorescein isothio-
cyanate-stained control cells (white)
and PE-Pgp- or fluorescein isothio-
cyanate-BCRP-positive cells (gray).
C, Western blot analysis showing
Pgp and BCRP expression in LNCaP
and LNCaP/C81 cells; 50 �g of total
protein was loaded in each lane.

TABLE 1
Drug sensitivities, telomere lengths, and telomerase activity of various prostate cancer cell lines
IC50 values (mean � S.D.) were based on three independent experiments.

Cell Lines
Paclitaxel Docetaxel

KML001 IC50 TA Ratio Mean TRF Length
IC50 Fold Resistance IC50 Fold Resistance

�M �M �M kb

DU145 wt 0.00250 � 0.00015 1 0.0005 � 0.0001 1 4.5 � 1.0 1.00 2.5
DU145/Pac1 0.006 � 0.002 2.4 0.001 � 0.001 2 N.D. N.D. N.D.
DU145/Pac10 0.060 � 0.009 24 0.050 � 0.017 100 9.3 � 2.1 0.98 2.0
DU145/Pac200 0.35 � 0.08 140 0.2 � 0.1 400 13.3 � 2.0 1.07 3.0
DU145/Doc1 0.0020 � 0.0003 1 0.001 � 0.001 2 N.D. N.D. N.D.
DU145/Doc10 0.060 � 0.007 24 0.050 � 0.004 100 8.5 � 4.1 1.07 3.5
DU145/Doc60 0.25 � 0.05 100 0.250 � 0.009 500 5.6 � 2.9 0.96 2.9
LNCaP 0.00025 � 0.00011 1 0.00020 � 0.00012 1 3.6 � 1.4 1.18 2.5
LNCaP/C81 0.0010 � 0.0002 4 0.00040 � 0.00023 2 2.3 � 0.8 1.10 2.7

TA ratio, telomerase activity ratio with respect to DU145 cells; TRF, telomere restriction fragment; N.D., not determined.
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demonstrate that it is primarily Pgp and not BCRP that is
functional in the docetaxel-selected DU145 cells, which is
consistent with their respective plasma membrane and cyto-
plasmic localizations in these cells. Similar results were ob-
served with the DU145/Pac series (data not shown).

Because the SP fraction can contain stem cell-like cells,
we evaluated both wt and paclitaxel- and docetaxel-
resistant cells for the expression of several stem cell mark-
ers, including CD44, CD49f, and CD133, in FACS analy-
ses. Between 28 and 66% of DU145 cells were reported to
be CD44� by different investigators (Patrawala et al.,
2006; Stuelten et al., 2010). In our hands, 78 to 88% of wt
and taxane-resistant cells were CD44� (Fig. 3), and almost
all of them appeared to express CD49f on their cell sur-
faces (data not shown). Given the rarity of stem cells, only
a small fraction of the aforementioned cells, if any, are

likely to be stem cell-like cells in our panel of cell lines.
Collins et al. (2005) used another marker, CD133, to iden-
tify cancer stem cells in human prostate tumors; 0.1% of
the prostate cells were found to be CD44�CD133�, with a
subpopulation with self-renewal properties. Among the
DU145 cells, only a small fraction (0.87%) was reported to
be CD133�, which would be more consistent with the dis-
tribution pattern of a stem cell-like subpopulation (Stu-
elten et al., 2010). We were not able to identify a CD133�

subpopulation among either wt or taxane-resistant DU145
cells (Fig. 3). Although we might be able eventually to
detect some CD133� cells with optimization of our meth-
ods, our data suggest that taxane selection expands the SP
population without significantly affecting the distribution
patterns of any stem cell-like cells that might exist among
the SP cells.
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Fig. 2. Flow cytometric analysis. DU145 wt
and DU145/Doc cells (0.5 � 106) were re-
suspended in prewarmed Dulbecco’s modi-
fied Eagle’s medium/F12 medium with
Hoechst 33342, in the absence (A) or pres-
ence of verapamil (Pgp inhibitor) (B) or
Ko143 (Ko) (BCRP inhibitor) (C). The cells
were incubated in a 37°C water bath for 90
min. FACS analysis was performed after
washing of the cells with ice-cold HBSS.
Numbers in the dotted boxes represent the
proportions of cells (designated SP) that
did not take up Hoechst 33342 because the
vital dye was extruded from the cells by
Pgp. The data shown are representative of
at least four independent experiments.

314 Zhang et al.

 at U
niversidade do E

stado do R
io de Janeiro on D

ecem
ber 1, 2012

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/


Flow Cytometric Analysis of Taxane-Resistant Cells.
It is apparent that, in the total DU145/Doc10 and DU145/
Doc60 cell populations (as well as among DU145/Pac10 and
DU145/Pac200 cells), at least two subpopulations exist,
namely, one that is significantly modulated by VP in terms of
Hoechst 33342 transport (SP subpopulation) and one that is
minimally affected by VP (non-SP subpopulation). To char-
acterize these subpopulations, DU145/Pac200 cells were
sorted into SP and non-SP fractions through flow cytometry,
to enrich for these fractions. After cell sorting, 91% of total
cells (98% of viable cells) in the SP fraction extruded Hoechst
33342 (Fig. 4A, bottom), compared with 65% of cells in the
unsorted parental DU145/Pac200 population (Fig. 4A, top).
Similarly, the sorted non-SP fraction was enriched primarily
for cells that did not extrude Hoechst 33342 (although ap-
proximately 15% of the cells in the non-SP fraction could
extrude Hoechst 33342, which reflects the limitations of cell
sorting on the basis of such functional parameters). Pgp
expression in the non-SP fraction was significantly reduced,
compared with that in total and SP fractions of DU145/
Pac200 cells (Fig. 4B). The non-SP and SP fractions were
enriched for non–Pgp-expressing and Pgp-expressing cells,
respectively. Although the non-SP fraction exhibited signifi-
cantly reduced expression of Pgp, the IC50 values for pacli-
taxel in the non-SP and SP fractions were identical, which
demonstrated that the two fractions were equally resistant to
paclitaxel (Fig. 4C).

We also sorted the parental DU145/Pac200 cells according
to cell surface expression of Pgp (Pgp� and Pgp� fractions)
(Fig. 4D, bottom). The IC50 values for paclitaxel in the Pgp�

and Pgp� fractions were identical (Fig. 4E). Taken together,
these data demonstrate that, although all DU145/Pac200
cells have the same phenotype of resistance to paclitaxel,
there may be different mechanisms of resistance (i.e., Pgp-
dependent and non–Pgp-dependent) within the same cell
population selected for drug resistance. These Pgp-depen-

dent and non–Pgp-dependent pathways make the cells
equally resistant to the selecting drug.

Telomeres, Telomerase Activity, and Telomere Tar-
geting in DU145-Derived Cells. Because the maintenance
of telomere lengths is critical for chromosomal integrity in
cells, including cancer cells, telomeres and telomerases are
emerging as potentially important therapeutic targets
(Olaussen et al., 2006). In addition to the well defined prop-
erty of targeting microtubules, paclitaxel has been shown to
cause erosion of telomeres in tumor cell lines (Multani et al.,
1999; Mo et al., 2003). Therefore, we wanted to investigate
the effects of targeting microtubules and telomeres in the
DU145-derived cells. We showed previously that KML001 is
a telomere-targeting agent and its cytotoxic effects depend on
telomere length; cell lines with short telomeres (such as
prostate cancer cells) are more sensitive to KML001 than are
those with longer telomeres (Phatak et al., 2008). The effects
of paclitaxel and KML001 on parental DU145 cells were
assessed with the SP assay (Fig. 5A). In these experiments,
approximately 1% of the DU145 cells were within the SP
fraction. Paclitaxel at IC50 and IC100 levels did not decrease
the SP fraction of DU145 cells, although the total number of
DU145 cells (primarily in the non-SP fraction) was reduced
after treatment with paclitaxel; this relative resistance of the
SP subpopulation to paclitaxel was likely mediated by an
ABC transporter present in SP cells (Fig. 5A). In contrast,
KML001 at the IC100 significantly reduced the SP fraction of
DU145 cells (Fig. 5A).

The IC50 values of KML001 for paclitaxel- and docetaxel-
resistant DU145 cells were similar, or at most 2- to 3-fold
higher, than those for the drug-sensitive wt DU145 cells
(Table 1). Because DU145/Pac200 cells had a large SP frac-
tion that could be readily sorted through FACS, we also
evaluated the effects of KML001 on the sorted SP and non-SP
fractions of DU145/Pac200 cells (Fig. 5, B–D). Figure 5B
demonstrates that the SP (primarily Pgp-expressing) and
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Fig. 3. Immunostaining and flow cytometric analyses.
DU145 wt and DU145/Doc60 cells (0.5 � 106) were resus-
pended in HBSS� medium and stained with allophycocya-
nin (APC)-conjugated anti-CD44 antibody, PE-conjugated
anti-CD133 antibody, or their respective isotype controls.
The cells were incubated on ice for 30 min in the dark.
FACS analysis was performed after washing of the cells
with ice-cold HBSS�. The numbers reflect the proportions
of cells positive for surface CD44 or CD133, compared with
isotype control values. The data shown are representative
of at least three independent experiments.
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non-SP (primarily non–Pgp-expressing) cells had similar
IC50 values for KML001. Uncapping of telomeres can induce
DNA damage signaling and responses, including phosphory-
lation of �-H2AX at Ser139, which represents an early event
of DNA damage signaling (d’Adda di Fagagna et al., 2003;
Phatak et al., 2008). KML001 induced phosphorylation of
�-H2AX in wt DU145 and DU145/Pac200 cells, including the
SP and non-SP fractions, and more �-H2AX phosphorylation
occurred in the SP fraction than in the non-SP fraction (Fig.
5, C and D). Taken together, the data demonstrate that,
unlike paclitaxel, KML001 is a poor Pgp substrate and can
target both SP and non-SP cells.

Although modulating telomere dynamics represents a po-
tentially attractive therapeutic strategy, alterations in te-
lomerase activity and telomere lengths have been implicated in
resistance to certain cytotoxic agents (Burger and Harnden,

1998; Ishibashi and Lippard, 1998; Deschatrette et al., 2004;
Smith et al., 2009). Therefore, we investigated whether any
changes in telomerase activity and/or telomere lengths oc-
curred in our panel of taxane-resistant prostate cancer cells.
Telomere restriction fragment length analysis showed that,
in the prostate cancer cells examined, including paclitaxel-
and docetaxel-resistant lines, telomeres were short (2–3 ki-
lobases) and essentially did not change as a consequence of
drug selection (Table 1). Telomerase activity also did not
change with selection for resistance to either paclitaxel or
docetaxel (Table 1). Although DU145 cells could be selected
for high levels of resistance to the taxanes, their telomere
dynamics were minimally affected, and they remained ame-
nable to telomere targeting.

Importantly, when wt or DU145/Pac200 cells were treated
with KML001, paclitaxel, or a combination of the two at their
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Fig. 4. Analysis of DU145/Pac200 cells sorted through flow cytometry. A, flow cytometric analyses. Top, Hoechst 33342 uptake by DU145/Pac200 cells
in the absence or presence of verapamil; bottom, FACS analysis of cells sorted into SP� and SP� groups through gating relative to the VP-suppressible
fraction. B, Western blot analysis showing Pgp expression in DU145/Pac200 cells and sorted SP� and SP� cell fractions. One microgram of total protein
was loaded in each lane. C, MTT assays with DU145 and DU145/Pac200 cells and SP� and SP� fractions, as described under Materials and Methods.
D, flow cytometric analyses. Top, cell surface expression of Pgp determined with isotype- or Pgp-specific antibodies; bottom, cells sorted according to
whether they expressed cell surface Pgp. E, MTT assays with DU145 and DU145/Pac200 cells and Pgp� and Pgp� fractions.
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respective IC50 values for 3 to 5 days, KML001 or the com-
bination, but not paclitaxel alone, significantly reduced
hTERT gene expression (�5-fold) (Fig. 6A and data not
shown). We also evaluated the relative integrity of telomeres
in response to various treatments, through FACS-coupled
FISH analyses. The ability of the FAM-labeled telomere-
specific probe to detect telomeres in metaphase spreads of
DU145 cells is shown in Fig. 6B. It was apparent that a 72-h
incubation with KML001 or KML001 plus paclitaxel at IC50

levels led to further telomere shortening, whereas paclitaxel
alone had minimal effects (Fig. 6, C and D).

Combining KML001 with paclitaxel or docetaxel at their
fixed IC50 ratios, according to the method described by Chou
and Talalay (1984), to evaluate the dose-effect relationships
of the drug combinations demonstrated that the highly resis-
tant DU145/Pac200 cells became less resistant to either tax-
ane in the presence of KML001. In fact, as shown in Fig. 7,
the CI values at the 50, 75, and 90% effective doses for
KML001 plus paclitaxel or KML001 plus docetaxel in

DU145/Pac200 cells were less than 1, which demonstrated
synergism between KML001 and the taxanes. CI values also
were less than 1 in wt DU145 cells and resistant DU145/
Doc60 cells, which indicated synergism in those cell lines
(Table 2). Also shown in Table 2 are the calculated DRI
values, which represent a measure of the fold reduction in
the dose of each drug in a combination needed to yield the
same therapeutic effect as observed with the individual
drugs alone (Chou, 2008). For both wt and drug-resistant
DU145 cells, severalfold dose reductions were predicted for
either paclitaxel or docetaxel when combined with KML001.

Studies with Androgen-Sensitive and Androgen-Re-
sistant LNCaP Cells. LNCaP cells have been studied ex-
tensively as a cell culture model of androgen-sensitive pros-
tate cancer. It is important to note that, although androgen
withdrawal inhibits cell proliferation, such responses of
LNCaP cells to androgen deprivation depend on the cell
passage number; LNCaP cells at passage numbers below 30
are androgen sensitive, whereas those at passage numbers
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above 81 (designated C81) maintain cell proliferation despite
androgen withdrawal (Lin et al., 1998). Both LNCaP and C81
cells had small SP fractions (approximately 0.6 and 0.2%,
respectively) and did not appear to express Pgp or BCRP to
any significant extent (Fig. 1C). The IC50 values for pacli-
taxel, docetaxel, and KML001 in LNCaP and C81 cells are
listed in Table 1. Consistent with previous observations that
androgen resistance could lead to relative chemoresistance,
the C81 cells were 2- and 4-fold more resistant to docetaxel
and paclitaxel, respectively, compared with LNCaP cells, but
were equally sensitive to KML001 (Table 1). Both cell lines
had short telomeres, with essentially identical telomerase
activities (Table 1). For both LNCaP and C81 cells, the CI
values for the KML001/paclitaxel and KML001/docetaxel
combinations were below 1 (Table 2). These findings demon-
strated that KML001 was synergistic with both taxanes in
both LNCaP and C81 cells. However, the calculated DRI
values suggested that LNCaP cells were more sensitive to the

taxanes when they were combined with KML001, compared
with C81 cells (Table 2).

Although at present we do not know the specific molecular
pathways that contribute to the relatively lower DRI values
for taxanes in C81 cells, studies regarding the mechanisms of
arsenical compound and taxane actions provided important
insights that may explain some of the differences in the
sensitivities of LNCaP and C81 cells to the KML001/taxane
combinations. Two studies identified additional effects of tax-
anes specifically in prostate cancer (Zhu et al., 2010; Darshan
et al., 2011). In particular, those studies showed that micro-
tubules play an integral role in the translocation of the an-
drogen receptor (AR) from the cytoplasm to the nucleus
(where it is active) and that disruption of microtubules by
taxanes can impair AR activity in prostate cancer. Because
LNCaP cells are more responsive/sensitive to the andro-
gen-AR axis than are C81 cells (Lin et al., 1998), this effect of
taxanes on AR activity is likely to have a greater impact on
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Fig. 6. Telomerase gene expression and analysis of telomere lengths. A, real-time PCR analyses. hTERT mRNA expression was evaluated in
DU145/Pac200 cells that had been treated for 72 h with KML001, paclitaxel (Pac.), or both drugs, at their IC50 levels. The experiments were performed
in triplicate. B, metaphase spread for detection of telomeres in DU145 cells with the PNA TelC-FAM probe. C, flow cytometric FISH analyses.
Fluorescence histograms (determined in triplicate) are shown for DU145 cells that were treated with KML001, paclitaxel, or KML001 plus paclitaxel,
at their IC50 levels, for 72 h and then hybridized in situ with the PNA TelC-FAM probe. D, telomere length results. The telomere length for each sample
was calculated from the fluorescence histograms after subtraction of the background mean fluorescence intensity (no probe) from the mean
fluorescence intensity value obtained through hybridization with the PNA TelC-FAM probe.
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LNCaP cells. Furthermore, because arsenical compounds can
disrupt microtubule dynamics (Li and Broome, 1999; Ling et
al., 2002; Cai et al., 2003), KML001 in combination with a
taxane is likely to have a greater inhibitory effect in andro-
gen-sensitive prostate cancer cells. Another intriguing action
attributed to paclitaxel in prostate cancer cells is that it can
enhance the interaction between ARs and FOXO1, which
inhibits AR function (Gan et al., 2009). These mechanisms of
taxane action are consistent with our observations regarding
the prominent synergy between KML001 and taxanes in
LNCaP cells; this combination was also active in C81 cells,
but to a lesser extent (Table 2).

Discussion
One of the salient features of many cancers, particularly

solid tumors, is their significant heterogeneity at the genetic
and/or phenotypic levels, which likely contributes to the vari-
able clinical course and outcomes with treatment among
patients with seemingly similar tumor types. Furthermore, it
is becoming apparent that a small population of cells with
stem cell-like properties (i.e., cancer stem cells) exist within
many tumors and can give rise to all of the cells in the
original tumor (Reya et al., 2001; Visvader and Lindeman,
2008). Such cancer stem cells might contribute to some of the
tumor heterogeneity observed clinically.

The observed heterogeneity of clinical tumors is less ap-
parent in established, long-term, cancer cell lines, although
cancer cells in culture can demonstrate pleiotropic responses
to selective pressure. With respect to taxanes, overexpression
of drug efflux pumps and mutations in �-tubulin have been
implicated as mechanisms that enable cancer cells to adapt
to and survive taxane inhibition (Greenberger and Sampath,
2006). Our panel of DU145 cells up-regulated Pgp in re-
sponse to selection with both paclitaxel and docetaxel. Figure
1B reveals that the expression of Pgp at the cell surface
varied among the different resistant cells that constituted
particular paclitaxel- or docetaxel-selected populations. Fig-
ure 1B also suggests that 20 to 50% of the cells that consti-
tuted the DU145/Pac200 or DU145/Doc60 populations had
minimal cell surface expression of Pgp. Studies evaluating
Pgp transport function in the resistant cells showed that only
a fraction of DU145/Doc10 or DU145/Doc60 cells actually
transported Hoechst 33342 (Fig. 2), which is consistent with
the proportion of Pgp-expressing, taxane-resistant cells pres-
ent in these populations.

Importantly, when the paclitaxel-resistant cells were
sorted into SP (positive Hoechst 33342 transport) and non-SP
(minimal/absent Hoechst 33342 transport) fractions or into
cell surface Pgp-positive or cell surface Pgp-negative frac-
tions, the sorted fractions were equally resistant to paclitaxel
(Fig. 4). Therefore, both Pgp-dependent and non–Pgp-depen-
dent mechanisms of resistance may be associated with
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Fig. 7. CI values for DU145/Pac200 cells as a function of cell fraction
affected. Top, KML001 plus paclitaxel; bottom, KML001 plus docetaxel.
Four thousand cells per well were plated in 96-well plates. After over-
night incubation, serial dilutions of single drugs or two-drug combina-
tions at their fixed IC50 ratios were added to each well and incubated for
5 days. MTT assays were performed and CI values were determined by
using CalcuSyn software.

TABLE 2
Combination index and dose reduction index values for KML001/taxane combinations

Cell Lines and Fraction Affected
KML001 Plus Paclitaxel KML001 Plus Docetaxel

CI DRI for KML001 DRI for Paclitaxel CI DRI for KML001 DRI for Docetaxel

DU145
0.50 0.835 2.328 2.466 0.805 1.375 12.791
0.75 0.681 2.432 3.699 0.922 1.186 12.732
0.90 0.574 2.541 5.550 1.056 1.023 12.673

DU145/Pac200
0.50 0.470 6.529 3.156 0.792 1.514 7.637
0.75 0.407 6.674 3.892 0.859 1.370 7.736
0.90 0.355 6.821 4.800 0.934 1.240 7.837

DU145/Doc60
0.50 1.106 0.985 11.008 0.954 1.116 17.219
0.75 0.877 1.303 9.148 0.766 1.389 21.722
0.90 0.711 1.724 7.602 0.615 1.728 27.403

LNCaP
0.50 0.559 1.944 22.549 0.341 3.184 37.737
0.75 0.684 1.561 23.199 0.337 3.214 38.352
0.90 0.839 1.255 23.868 0.334 3.243 38.976

LNCaP/C81
0.50 1.640 2.574 0.799 0.403 7.329 3.745
0.75 0.790 3.242 2.079 0.603 3.966 2.846
0.90 0.430 4.084 5.407 0.928 2.146 2.163
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DU145 cells exposed to taxanes. Individual cells may use one
or more than one mechanism of resistance. Such plasticity in
response to taxane selection within the same DU145 cell
population would not have been apparent if only total cell
lysates had been analyzed in Western blot analyses (e.g., Fig.
1A). Stem cell-like cells have been identified in long-term
cancer cell line cultures, including DU145 cells, which have a
small SP fraction (Figs. 2A and 4A) (Stuelten et al., 2010).
Whether these stem cell-like cells contribute to the pleiotro-
pic response to taxane selection in DU145 cells is presently
not clear. However, it is apparent from these studies that
strategies that address only Pgp-based resistance are un-
likely to be successful in improving on the current, taxane-
based treatments for prostate cancer. Approaches that en-
hance the effects of taxanes and possibly also address Pgp-
related and non–Pgp-related resistance and stem cell-like
cell subpopulations need to be developed.

We showed previously that the telomere-targeting agent
KML001 is particularly active in cancer cell lines that have
short telomeres and is less active in cell lines with longer
telomeres (Phatak et al., 2008). Prostate cancer cell lines in
general have relatively short telomeres and maintain endog-
enous telomerase activity; therefore, they are potential tar-
gets for telomere-targeting agents (Phatak et al., 2008). It is
important to note, however, that the development of drug
resistance can result in changes in telomere dynamics (in-
cluding lengthening or shortening of telomeres and changes
in telomerase activity), which appear to depend on the cell
type and the specific agents to which cells acquire resistance
(Burger and Harnden, 1998; Ishibashi and Lippard, 1998;
Deschatrette et al., 2004; Smith et al., 2009). Our panel of
drug-resistant DU145 cells continued to maintain short telo-
meres regardless of the taxane (paclitaxel or docetaxel) used
for selection or the levels of resistance acquired by the drug-
selected cells (Table 1). Total telomerase activity levels did
not appear to be altered between wt and taxane-resistant
cells (Table 1), although levels were up to 2-fold higher in the
SP fraction, compared with the non-SP fraction, of the highly
resistant DU145/Pac200 cells (data not shown). Taken to-
gether, these data suggest that targeting of telomeres, par-
ticularly with an agent that is a poor Pgp substrate, should
be effective against both Pgp-expressing and non–Pgp-ex-
pressing, taxane-resistant, prostate cancer cells. Consistent
with these observations, KML001 retained significant activ-
ity in the taxane-resistant cells, targeting both the SP and
non-SP fractions (Fig. 5, B–D).

Although telomere lengths and telomerase activity were
not affected by drug selection, KML001 or KML001 in com-
bination with paclitaxel could significantly reduce hTERT
gene expression and cause erosion of telomeres (Fig. 6). Drug
combination studies revealed that KML001 was synergistic
with paclitaxel and docetaxel in both taxane-resistant and wt
DU145 cells (Fig. 7 and Table 2). Such synergism also was
observed in the androgen-sensitive LNCaP cells and in the
androgen-insensitive LNCaP/C81 cells grown in phenol red-
free medium supplemented with charcoal-stripped serum
(i.e., androgen-deprived conditions) (Table 2).

Table 2 also lists the calculated DRI values for KML001,
paclitaxel, and docetaxel in the combination regimens, with the
various cell lines. It was apparent from these studies that sen-
sitivity to the taxanes (particularly docetaxel) was significantly
enhanced when they were combined with KML001. For in-

stance, the DRI values for docetaxel were 13 in wt DU145 cells
and 38 in wt androgen-sensitive LNCaP cells (Table 2), which
suggests that 13- to 38-fold less docetaxel could be used in
combination with KML001 to produce the same treatment ef-
fect as that seen when docetaxel is used alone. Although signif-
icant synergism between KML001 and paclitaxel and between
KML001 and docetaxel also was noted in DU145/Pac200 and
DU145/Doc60 cells, it would be more difficult to eradicate effec-
tively all of the highly taxane-resistant cancer cells with the
combination regimens, despite enhanced drug sensitivities, be-
cause of the high basal levels of resistance and the limits im-
posed by the actual drug levels that can be achieved safely in
clinical settings. The KML001/taxane combinations are likely to
be particularly useful in wt, nonselected, chemotherapy-naive,
prostate cancer cells, because of their significantly lower basal
IC50 values for the taxanes. On the basis of the calculated DRI
values, these drug combinations also are likely to be more
effective in androgen-sensitive than in androgen-insensitive
prostate cancer cells.

KML001 is an orally bioavailable, trivalent, arsenical com-
pound. A paradigm for using arsenical compounds in clinical
practice exists for another trivalent arsenical compound, i.e.,
arsenic trioxide (ATO), which was approved for use for pa-
tients with acute promyelocytic leukemia (APL) who experi-
ence relapse after initial treatments (Soignet et al., 1998,
2001). ATO is also being used as part of consolidation therapy
for the initial treatment of APL (Powell et al., 2010). A recent
study pilot-tested the use of ATO as monotherapy for pa-
tients with newly diagnosed APL (Ghavamzadeh et al.,
2011). Both apoptotic and cytodifferentiative effects have
been attributed to ATO, depending on the cellular context,
with IC50 values for various human cancer cell lines being in
the micromolar range (Ajana et al., 2009; Han et al., 2010).
Pharmacokinetic studies revealed that such plasma concen-
trations could be achieved among patients treated with ATO
at the doses recommended for APL therapy (Shen et al.,
2001; Fox et al., 2008). The paradigm established with ATO
suggests that KML001 also may have a role in appropriately
defined clinical settings. A phase I pharmacokinetic/pharmaco-
dynamic study evaluating the use of escalating doses of
KML001 with fixed-dose cisplatin treatment for solid tumors is
currently ongoing in the United States (http://clinicaltrials.gov/
ct2/show/NCT01110226).

KML001, like ATO, targets telomeres but may modulate other
cellular functions by generating reactive oxygen species or binding
to sulfhydryl groups in proteins (Mei et al., 2002; Miller et al.,
2002). Regardless of its specific modes of action, it is apparent that
KML001/taxane combinations produce significant synergistic an-
tiproliferative effects in several different types of prostate cancer
cell lines, which may represent various states of the disease, in-
cluding androgen-sensitive, androgen-insensitive, taxane-sensi-
tive, and taxane-resistant prostate cancers. Although our results
need to be extended to in vivo models in future studies, they raise
the intriguing possibility that targeting telomeres with an arsen-
ical compound and targeting microtubules with a taxane may be a
useful approach to improving outcomes in prostate cancer, which
warrants further evaluation.
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