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Biomarkers for Sensitivity to Docetaxel and Paclitaxel
in Human Tumor Cell Lines In Vitro
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Abstract. Background: Paclitaxel and docetaxel affect
microtubule polymerization, yet surprising differences in
tumor sensitivity to the taxanes have been observed. Docetaxel
was superior to paclitaxel in inhibiting in vivo growth of
human lung and prostate but not breast cancer models.
Materials and Methods: We compared drug cytotoxicity,
effects on B-tubulin isoforms, markers of apoptosis and
proteomic profiles in human prostate (LNCaP), lung
(SK-MES, MV-522) and breast (MCF-7, MDA-231) cancer
cell lines in vitro. Results: Cytotoxicity followed the order
SK-MES<MV-522<LNCaP<MCF-7<MDA-MB-231;
docetaxel was more effective. Cytotoxicity directly correlated
with Bcl-2 expression in vitro and inversely correlated with
docetaxel sensitivity in vivo. Proteomic profiling identified a
protein expressed in lung and prostate cells, which was
differentially regulated by docetaxel and paclitaxel in
SK-MES. Conclusion: The superior activity of docetaxel in
tumors with low Bcl-2 warrants further studies on biomarkers
for drug sensitivity and investigation of docetaxel in
combination with drugs that reduce Bcl-2 gene expression.

The anticancer activity of the taxanes docetaxel and
paclitaxel has been attributed, in part, to the shared ability
to stabilize microtubules. Yet, significant differences in
efficacy were also reported. The drugs differently affect
the cycle phases and are known to be hydroxylated in liver
by different cytochrome P-450 (CYP) forms. Docetaxel
has higher affinity for microtubules than paclitaxel and
more potently induces Bcl-2 phosphorylation (1).
Furthermore, differences in cell retention times and
pharmacokinetic properties may explain the more
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favorable benefit-to-risk ratio for docetaxel as a single
agent and in combination therapy (2).

Little is known about predictive biomarkers for tumor
sensitivity to docetaxel and paclitaxel. The resistant
phenotype of human prostate cell lines was associated
with transient expression of f-tubulin isoforms (3). The
class II B-tubulin isotype was a marker of docetaxel
activity in advanced breast cancer (4). Apoptosis and Bcl-2
levels correlated with breast cancer response to
docetaxel/doxorubicin chemotherapy (5), and patients
with breast cancer whose tumors did not express Bcl-2 had
a better pathological response (6). The discovery of
predictive biomarkers for drug response will increasingly
rely on methods that allow for global screens of whole
tumor and/or host proteomes (7-12). Despite considerable
progress in the application of proteomics to the early
detection of human cancers, chemotherapy-induced
changes in the tumor or host proteome have not been
extensively examined to date (7, 13, 14).

Our long-term goal is to identify predictive biomarkers
for docetaxel and paclitaxel sensitivity. To date, intriguing
differences have been observed in the sensitivity of human
tumor xenografts to docetaxel and paclitaxel administered
at the optimal doses and schedules in LNCaP prostate,
SK-MES and MV-522 lung and MCF-7 and MDA-MB-231
breast tumor models. Docetaxel demonstrated a statistically
significant activity, which was superior to paclitaxel in the
LNCaP, SK-MES and MV-522 models. In MCEF-7
xenografts, docetaxel was only mildly active and paclitaxel
was toxic at the high and inactive at the low dose. While
docetaxel was more active than paclitaxel in the lung and
prostate tumor models, paclitaxel was more active against
MDA-231 (15). The present study examined the mechanistic
reasons behind differential sensitivity of human tumor
models to docetaxel and paclitaxel. We used the same
human tumor models in vitro to investigate the effects of the
taxanes on expression of select biomarkers implicated as
downstream; drug targets f-tubulin isoforms and markers of
apoptosis or survival (Bcl-2, Bcl-X;, Bax, survivin). In
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addition, global proteomic profiles were compared in cells
treated with the drugs versus vehicle control to identify
specific protein clusters, which might correlate with the drug
sensitivity. The study demonstrated the superior activity of
docetaxel in tumor cell lines with low levels of Bcl-2, and
identified protein species that were uniquely expressed in
lung and prostate tumor models characterized by high
sensitivity to docetaxel.

Materials and Methods

Reagents and cell lines. Docetaxel (Taxotere®) was provided by
Aventis. The drug was dissolved in 70% ethanol to prepare a 1 mM
stock solution. The final test solutions contained 0.1% ethanol.
Paclitaxel was purchased from Sigma Chemical Company (St. Louis,
MO, USA). A 10 mM stock solution of paclitaxel was prepared in
100% DMSO, and all dilutions contained 0.1% DMSO.

LNCaP prostate, SK-MES lung and MCF-7 and MDA-MB-231
breast carcinoma cell lines were obtained from the American Type
Cell Collection (Rockville, MD, USA). The MV-522 lung carcinoma
cell line was obtained from a culture maintained at the Institute for
Drug Development. The cells were cultured in RPMI medium
(Gibco, Rockville, MD, USA) with 10% fetal bovine serum (FBS;
Gibco) and propagated at 37°C in a humidified atmosphere
containing 5% CO,. Exponentially growing cells in 100 ul of cell
culture medium were plated at different densities ranging from 1x103
to 1.2x105 cells/well on day 0 in 96-well microtiter plates to
determine doubling times.

Growth inhibition assay. The cells were plated on day 0 into 96-well
microtiter plates at a final density of 2x103 cells/well for the 3-day
incubation or 104 cells/well for the 5-day incubation and allowed to
attach for 24 hours prior to drug exposure on day 1. The cells were
incubated with the drugs for 3 or 5 days, then 100 ul of growth
medium was removed and the cells incubated with 20 ul MTS [3-
(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2-tetrazolium, inner salt; MTS] at 1.9 mg/ml in
phosphate-buffered saline (PBS) pH 6.0 for 1 hour at 37°C (16).
The absorbance of the soluble a formazan salt was measured in a
Dynex HD microplate reader at 490 nm and the ICs, values
calculated using four-parameter fit.

Drug treatment. Based on the respective ICs, values, subtoxic
concentrations of docetaxel (500 pM for all cell lines in 3- and
5-day exposures, except for 50 pM docetaxel in MDA-MB-231 for
a 5-day treatment) and paclitaxel (1000 pM for all cell lines in 3-
and 5-day exposures, with the exception for 500 pM paclitaxel in
MDA-MB-231 for a 5-day treatment) were selected. To
investigate the concentration-dependence of the biomarker
expression, the cell lines were cultured for 3 days with three
concentrations of the taxanes, corresponding to IC,s, ICs, and
IC;5 values (Table I). The cell seeding density for the 3-day tests
was 4x103 cells/well, and 2x104 cells/well for the 5-day cell
treatment. The cells were plated in 6-well plates (Falcon, Fisher
Scientific) on day 0 and cultured in the presence of the drugs or
the vehicle alone as a control added once on day 1, and harvested
on days 3 and 5 for measurements of biomarker expression. At
the time of the harvest, the cells were washed with PBS pH 7.4,
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Table 1. Drug concentrations (nM) in the 3-day drug exposure.

Cell line Pac25 Pac50 Pac75 Doc25 Doc50 Doc 75
MCEF-7 0.5 1 5 0.1 0.5 1
MDA-MB-231 0.1 1 5 0.1 0.5 5
LNCaP 0.1 0.5 1 0.1 0.5 1
MV-522 0.05 0.1 0.5 0.01 0.1 1
SK-MES 0.5 1 5 0.05 0.5 1

collected by trypsinization, and washed again in PBS by
centrifugation in 15 ml conical tubes. Floating cells were removed
from the media by centrifugation and pooled with the trypsinized
cells. Combined cell harvests were suspended in 1 ml of PBS,
transferred to Eppendorf tubes and centrifuged again. The pellets
were lysed in osmotic lysis buffer and the protein concentration
determined as described (17).

Western blots. Protein lysates normalized to an equal amount
(50 ug) of protein were processed and analyzed as described (17).
Western blots were probed with anti-B-actin ascites IgM (Oncogene
Research Products, Boston, MA, USA) or the following monoclonal
murine anti-human antibodies: anti-B-tubulin ascites IgG1 cross-
reactive with all B-tubulin subtypes (Sigma Chemical Co.); anti-BII
tubulin IgG2b (cross-reactive with f-tubulin I and II subtypes, and
anti-f III tubulin IgG2b (InnoGenex, San Ramon, CA, USA), anti-
Bcl-2 IgGl, anti-Bcl-X; and anti-Bax (Dako, Carpinteria, CA,
USA). Anti-survivin was obtained from Santa Cruz (Santa Cruz,
CA, USA). Incubations with the primary antibodies were done
overnight at 4°C. Anti-mouse IgG horseradish peroxidase conjugate
(Cell Signaling, Beverly, MA, USA) was used as the secondary
antibody. The chemiluminescence was captured, quantified and
normalized for B-actin expression (17).

SELDI MS-TOF. Protein lysates were processed robotically on a
Biomek 2000 liquid handling system in a 96-well format for
SELDI analysis (Biomek 2000; Beckman Coulter, Fullerton, CA,
USA). Briefly, 20 uL aliquots of cell lysates adjusted to a final
protein concentration of 1 mg/mL were pretreated with 8 M urea
and 1% CHAPS and vortexed for 10 minutes at 4°C. A further
dilution was made in 1 M urea, 0.125% CHAPS and PBS. Each
sample position was randomized and spotted in duplicate onto
copper-coated immobilized metal affinity (IMAC-Cu)
ProteinChips in a bioprocessor. The ProteinChips were then
incubated at room temperature for 30 minutes, followed by
washes with PBS and water. The IMAC-Cu chip arrays were
allowed to air dry, and a saturated solution of sinapinic acid in
50% (v/v) acetonitrile and 0.5% (v/v) trifluoroacetic acid was
added to each spot. Other arrays tested included SAX-2 and
WCX-2. The protein chip arrays were analyzed with the SELDI
ProteinChip System (PBS-II, Ciphergen Biosystems, Fremont,
CA, USA). The spectra were generated by the accumulation of
192 shots at laser intensity 220 in a positive mode. The protein
masses were calibrated externally with the use of purified peptide
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Cytotoxicity of Docetaxel and Paclitaxel
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Figure 1. Docetaxel and paclitaxel effects on growth inhibition in human carcinoma cell lines in vitro in a 3-day continuous exposure to the test drugs.

Doc., docetaxel; Pac., paclitaxel.

standards. Afterward, each protein peak was labelled and its
intensity was normalized for total ion current to account for
variation in ionization efficiencies.

SELDI data analysis. Peak clustering, i.e., creation of peaks of
similar mass that are treated as the same substance across multiple
spectra, was performed with Biomarker Wizard and Ciphergen
Express Software (Ciphergen Biosystems) at settings that provide a
20% minimum peak threshold, 0.3% mass window and 3 to 2
signal/noise determination. The peak intensities from duplicate
samples were then averaged. The p values were calculated to test
the null hypothesis that the median of the peak intensities of the
groups are equal. Paired statistics was used to calculate the
Wilcoxon signed-rank test. The cluster plots by M/Z, heat maps
and hierarchical clustering were generated. The color and intensity
of each cell was determined by the log normalized intensity, which
was defined by log normalized intensity = log intensity — log
average intensity. The log normalized intensities were further
divided by the largest absolute log normalized intensity in the map.
The quotients were finally used to map the positive values to red
and negative values to green, indicative of the positive or negative
differences from the average peak intensity, respectively.

Results

Cytotoxicity. Since the biological activity of taxanes is
schedule dependent and increases over time (2, 18, 19), we
evaluated the cytotoxicity of docetaxel and paclitaxel
following a 3- and 5-day cell exposure. As shown in Figure 1,
the ICs values for docetaxel spanned ~ 3-fold concentration
range and decreased over time in all models. After a 3-day
treatment, SK-MES (ICsy of 1,576 pM) was the least
sensitive and MDA-MB-231 (ICs, of 499 pM) was the most
sensitive to docetaxel. At day 5, the cytotoxicity of docetaxel
increased over 2-fold in all models except MDA-MB-231,
where the drug was more toxic (IC5,=35 pM). Paclitaxel
was approximately 2-fold less toxic than docetaxel, although

a similar trend of cytotoxicity was noted. SK-MES
(IC59=3,801 pM) was the least sensitive and MDA-MB-231
(IC5(=933 pM) was the most sensitive to paclitaxel. The
cytotoxicity of paclitaxel did not increase greatly by day 5 in
LNCaP, MCF-7 and MV-522. In MDA-MB-231 and
SK-MES, paclitaxel toxicity at day 5 increased about 2-fold
in comparison with day 3. Notably, steep growth inhibition
curves were similar in all models except MDA-MB-231,
indicating a possibility for a different mechanism of action.
Overall, the cytotoxicities of docetaxel and paclitaxel were
lowest in the lung, followed by the prostate and breast
cancer models. The tumor models characterized by low
cytotoxicity of docetaxel in vitro, also responded better to
the drug in vivo.

Biomarker effects. To mimic experimental conditions from the
in vivo studies that were performed at single optimal doses of
docetaxel and paclitaxel (15), single subtoxic concentrations
of docetaxel and paclitaxel were selected to evaluate drug
effects on biomarker expression. Evaluation of basal levels of
biomarkers in cells treated with the vehicle has shown that
the expression of -tubulin isoforms, Bcl-X; and Bax was
comparable in all cell lines. Survivin was undetectable in
SK-MES and MV-522 (data not shown). A large variation in
Bcl-2 expression was noted. The protein was not detectable
in SK-MES under the experimental conditions used for
immunoblots for other cell lines. Even when the protein load
and antibody concentrations were increased, Bcl-2 was barely
detectable. These data indicate a significantly lower level of
Bcl-2 in SK-MES than in other cell lines. Low Bcl-2 was also
seen in MV-522; it was intermediate in LNCaP and high in
the two breast cancer cell lines. Figure 2 illustrates the
quantitative analysis of Bcl-2 expression normalized to the
MCEF-7 levels (defined as 100%). Interestingly, these results
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Figure 2. Comparison of Bcl-2 expression in human carcinoma cell lines in vitro. Bcl-2 levels were normalized to the expression in MCF-7, which was
defined as 100%.
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Figure 3. Docetaxel and paclitaxel effects on expression of selected protein biomarkers assessed by Western blots in human carcinoma cell lines in vitro, in 3-
day and 5-day continuous exposures to the test drugs.

coincided with the tumor xenograft sensitivity to docetaxel.
Figure 3 shows representative immunoblots probed for
select biomarkers in cell lysates obtained after cell
treatment with the subtoxic concentrations of docetaxel and
paclitaxel, or the vehicle controls. The expression of f-actin
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was uniform in all groups, consistent with comparable levels
of total protein. Drug treatment did not affect survivin in
any model (data not shown). In breast cancer models, MCF-7
probed for expression of § tubulin isotypes with the panning
antibody or the antibodies cross-reactive with the BII and
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BIII isotypes did not reveal significant differences between
paclitaxel or docetaxel versus the vehicle. Docetaxel down-
regulated Bcl-2 at day 3 and Bcl-X; at day 5. Both taxanes
slightly up-regulated Bax at day 3. In MDA-MB-231,
docetaxel transiently inhibited pan-tubulin at day 3. The
levels of B; tubulin were not affected by either drug. Small
up-regulation of By tubulin occurred after docetaxel
treatment for 5 days. Docetaxel inhibited Bcl-2 and Bel-X|
at day 3, but Bax was not affected by either drug.

In LNCaP, f-tubulin expression assessed with the
panning antibody was comparable in all treatment groups.
The levels of By tubulin increased after treatment with both
taxanes for 3 days. Docetaxel more effectively inhibited Py
tubulin after 5 days. Bcl-2 was found to be inhibited by
paclitaxel and docetaxel at days 3 and 5. Only minor
changes were observed in Bax and Bcl-X; expression.

In the lung cancer models, the pan-tubulin expression in
MV-522 was stable under all conditions. Both B;; and By
tubulin were up-regulated by paclitaxel and docetaxel for 3
days and by docetaxel for 5 days. Bcl-2 was inhibited by
treatment with both taxanes for 3 days, and after cell
exposure to docetaxel for 5 days. Bcl-X| expression was
comparable under all conditions. In SK-MES, pan-tubulin
and f; tubulin were down-regulated by docetaxel after 3 days.
No changes in fy; tubulin were observed. Bcl-2, Bel-X; and
Bax levels were not affected by any drug treatment.

SELDI TOF-MS. These experiments were performed to
determine if there are tumor-specific proteins whose
expression correlated with increased sensitivity to docetaxel.
For identification of drug-specific protein clusters, cells
were treated for 3 days with three concentrations of the
taxanes, corresponding to IC,5, IC5y and IC55. Proteomic
profiling analysis was performed on three different
ProteinChip affinity surfaces to simplify the proteome and
improve cluster identification. Protein profiles on the strong
anion exchanger SAX2 were very similar for both drugs.
Capture of proteins on the metal affinity surface IMAC-3-
Cu resulted in clearly differential profiles, but the
differences between docetaxel and paclitaxel were not
statistically significant (data not shown). In contrast, there
were major differences in protein profiles in a weak cation
exchange array WCX2. Corresponding heat maps of the
protein clusters are shown in Figure 4. In SK-MES, 26
proteins were identified as up-regulated or down-regulated
after drug treatment in comparison with the respective
vehicle controls. Two protein peaks at M/Z 4270 and M/Z
5600 showed the significantly different drug effects
(p=0.05). These proteins were down-regulated by docetaxel
and up-regulated by paclitaxel in a concentration-dependent
mode. The peak at M/Z 4270 was also detectable in MV522,
where it was also (albeit not-significantly) up-regulated by
paclitaxel. The second peak at M/Z 5600 was not detected
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in MV522. In LNCaP, the peak at M/Z 4270 showed some
concentration dependence on docetaxel, but the second
peak was not affected by either drug. These two peaks were
not affected by docetaxel or paclitaxel in the two breast
cancer cell lines.

Discussion

The differential activities of docetaxel and paclitaxel
observed in preclinical and clinical studies cannot be fully
explained based on pharmacological data alone. The
search is under way to identify prognostic biomarkers of
drug efficacy. Our earlier work pointed to marked
differences in the activities of docetaxel and paclitaxel in
human breast, prostate and lung xenograft models, and
prompted us to further investigation of predictive
biomarkers for the drugs in the same models in vitro. Low
toxicity of docetaxel in vitro, which translated to better
sensitivity to the drug in human tumor xenografts, is
suggests that the efficacy in vivo not a function of non-
specific toxicity, but reflects a more targeted, tumor-
specific mechanism of action.

This
dependent effects of docetaxel and paclitaxel on the

study demonstrated cell-specific and time-
expression of f-tubulin isotypes. Although the effects were
not tumor-specific, the effects of the taxanes on f-tubulin
isotypes deserve more attention. Taxane resistance was
shown to correlate with different expression patterns of
B-tubulin isotypes (20, 21). It is of interest if modulation of
B-tubulin expression could be amplified upon long-term
drug treatment and paralleled by emerging drug-resistant
phenotype. Drug treatment may affect the subcellular
localization of f-tubulin isotypes. Unusual nuclear
localization of fyj-tubulin was first described in cancer cells
(22) and in human tumor specimens (23). Treatment with
paclitaxel was shown to increase the amounts of nuclear a-
and By-tubulin in human cancer cells (24).

Although the effects of taxanes on Bcl-X;, Bax and
survivin did not correlate with specific tumor types,
model-specific effects on Bcl-2 were notable. Docetaxel
inhibited Bcl-2 more effectively than paclitaxel in four of
the five cell lines, and the cellular expression of Bcl-2
apparently correlated with the potency of docetaxel in
vivo. The data suggest that the Bcl-2 status might be an
important determinant of docetaxel sensitivity. Earlier
studies have shown that docetaxel was highly active
against the DU-145 tumor xenograft model and that by
Western blot analysis no expression of Bcl-2 was found in
the cells before or following in vivo treatment (25). Our
data are consistent with that report and further
underscore that tumor models with low levels of Bcl-2
may demonstrate superior response to docetaxel by an as
not yet identified mechanism.
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With recent advances in mass spectrometry, investigation
of proteins over a wide range of molecular weights in
biological specimens is feasible. Mass spectrometry protein
profiling has been focused mainly on disease markers, not
pharmacoproteomic determination of predictive biomarkers
of drug response. This study suggests that biomarkers for
docetaxel sensitivity can be identified by a global proteomic
screening. The finding of a single protein species as a
putative biomarker of drug response is consistent with
limited reports to date. Very low numbers of disease-
specific markers were identified in ovarian and other
cancers (26-30). Although the human plasma proteome is
thought to contain over 500,000 proteins and represents a
significantly richer proteome that the cell extracts, only a
single protein peak of M/Z 2790 was identified in plasma
from patients with breast cancer that was induced by
paclitaxel and, to a lesser extent, by a combination
chemotherapy (14).

Yet, drug treatment is likely to affect the expression of
multiple proteins, some of which may belong to the "deep
proteome", ie., represent proteins of low abundance.
Identification of "deep proteome" biomarkers may be
challenging even with advanced mass spectrometry tools. The
limitations of detection may be difficult to overcome when
small clinical specimens are used for biomarker discovery.
Thus, preclinical in vitro and in vivo model systems offer
unique opportunities for the discovery, identification and
extensive characterization of pharmacoproteomic biomarkers,
which ultimately will be validated in clinical studies.

References

1 Stein CA: Mechanisms of action of taxanes in prostate cancer.
Semin Oncol 26: 3-7, 1999.

2 Gligorov J and Lotz JP: Preclinical pharmacology of the taxanes:
implications of the differences. Oncologist 9 Suppl 2: 3-8, 2004.

3 Makarovskiy AN, Siryaporn E, Hixson DC and Akerley W:
Survival of docetaxel-resistant prostate cancer cells in vitro
depends on phenotype alterations and continuity of drug
exposure. Cell Mol Life Sci 59: 1198-1211, 2002.

4 Bernard-Marty C, Treilleux I, Dumontet C, Cardoso F, Fellous
A, Gancberg D, Bissery MC, Paesmans M, Larsimont D, Piccart
MJ and Di Leo A: Microtubule-associated parameters as
predictive markers of docetaxel activity in advanced breast
cancer patients: results of a pilot study. Clin Breast Cancer 3:
341-345, 2002.

5 Buchholz TA, Davis DW, McConkey DJ, Symmans WF, Valero
V, Jhingran A, Tucker SL, Pusztai L, Cristofanilli M, Esteva FJ,
Hortobagyi GN and Sahin AA: Chemotherapy-induced apoptosis
and Bcl-2 levels correlate with breast cancer response to
chemotherapy. Cancer J 9: 33-41, 2003.

6 Ogston KN, Miller ID, Schofield AC, Spyrantis A, Pavlidou E,
Sarkar TK, Hutcheon AW, Payne S and Heys SD: Can patients’
likelihood of benefiting from primary chemotherapy for breast
cancer be predicted before commencement of treatment? Breast
Cancer Res Treat 86: 181-189, 2004.

10

1

—

12

13

14

15

16

17

18

19

20

2

—_

22

Chapal N, Molina L, Molina F, Laplanche M, Pau B and Petit P:
Pharmacoproteomic approach to the study of drug mode of
action, toxicity, and resistance: applications in diabetes and
cancer. Fundam Clin Pharmacol 18: 413-422, 2004.

Loni L, De Braud F, Zinzani PL and Danesi R: Pharmacogenetics
and proteomics of anticancer drugs in non-Hodgkin’s lymphoma.
Leuk Lymphoma 44 Suppl 3: S115-122, 2003.

Di Paolo A, Danesi R and Del Tacca M: Pharmacogenetics of
neoplastic diseases: new trends. Pharmacol Res 49: 331-342,
2004.

Kley N, Ivanov I and Meier-Ewert S: Genomics and proteomics
tools for compound mode-of-action studies in drug discovery.
Pharmacogenomics 5: 395-404, 2004.

Jain KK: Role of pharmacoproteomics in the development of
personalized medicine. Pharmacogenomics 5: 331-336, 2004.
Kennedy S: The role of proteomics in toxicology: identification
of biomarkers of toxicity by protein expression analysis.
Biomarkers 7: 269-290, 2002.

Chen ST, Pan TL, Tsai YC and Huang CM: Proteomics reveals
protein profile changes in doxorubicin-treated MCF-7 human
breast cancer cells. Cancer Lett 187: 95-107, 2002.

Pusztai L, Gregory BW, Baggerly KA, Peng B, Koomen J, Kuerer
HM, Esteva FJ, Symmans WF, Wagner P, Hortobagyi GN,
Laronga C, Semmes OJ, Wright GL Jr, Drake RR and Vlahou
A: Pharmacoproteomic analysis of prechemotherapy and
postchemotherapy plasma samples from patients receiving
neoadjuvant or adjuvant chemotherapy for breast carcinoma.
Cancer 100: 1814-1822, 2004.

Marty J, Boehme M, Gonzales P, Wynne H, Torres A, Southwell
T, Gomez L, Mangold G and Tolcher A: A comparison of
docetaxel and paclitaxel against adult human solid tumor
xenografts in nude mice. In: 94th Annual Meeting American
Association for Cancer Research, Toronto, 2003, pp. 630.
Mossman T: Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays. J
Immunol Methods 65: 55-63, 1983.

Patnaik A, Eckhardt SG, Izbicka E, Tolcher AA, Hammond LA,
Takimoto CH, Schwartz G, McCreery H, Goetz A, Mori M,
Terada K, Gentner L, Rybak ME, Richards H, Zhang S and
Rowinsky EK: A phase I, pharmacokinetic, and biological study
of the farnesyltransferase inhibitor tipifarnib in combination with
gemcitabine in patients with advanced malignancies. Clin Cancer
Res 9: 4761-4771, 2003.

Dorr RT: Pharmacology of the taxanes. Pharmacotherapy 17:
96S-104S, 1997.

Blagosklonny MV, Schulte T, Nguyen P, Trepel J and Neckers
LM: Taxol-induced apoptosis and phosphorylation of Bcl-2
protein involves c-Raf-1 and represents a novel c-Raf-1 signal
transduction pathway. Cancer Res 56: 1851-1854, 1996.

Liu B, Staren ED, Iwamura T, Appert HE and Howard JM:
Mechanisms of taxotere-related drug resistance in pancreatic
carcinoma. J Surg Res 99: 179-186, 2001.

Nicoletti MI, Valoti G, Giannakakou P, Zhan Z, Kim JH,
Lucchini V, Landoni F, Mayo JG, Giavazzi R and Fojo T:
Expression of beta-tubulin isotypes in human ovarian carcinoma
xenografts and in a sub-panel of human cancer cell lines from the
NCI-Anticancer Drug Screen: correlation with sensitivity to
microtubule active agents. Clin Cancer Res 7: 2912-2922, 2001.
Walss-Bass C, Xu K, David S, Fellous A and Luduena RF:
Occurrence of nuclear beta(II)-tubulin in cultured cells. Cell
Tissue Res 308: 215-223, 2002.

225



CANCER GENOMICS & PROTEOMICS 2: 219-226 (2005)

23

24

25

26

27

Yeh IT and Luduena RF: The betall isotype of tubulin is present
in the cell nuclei of a variety of cancers. Cell Motil Cytoskeleton
57:96-106, 2004.

Yeh TS, Hsieh RH, Shen SC, Wang SH, Tseng MJ, Shih CM
and Lin JJ: Nuclear betall-tubulin associates with the activated
notch receptor to modulate notch signaling. Cancer Res 64:
8334-8340, 2004.

Kraus LA, Samuel SK, Schmid SM, Dykes DJ, Waud WR and
Bissery MC: The mechanism of action of docetaxel (Taxotere) in
xenograft models is not limited to bcl-2 phosphorylation. Invest
New Drugs 21: 259-268, 2003.

Rosty C, Christa L, Kuzdzal S, Baldwin WM, Zahurak ML, Carnot
F, Chan DW, Canto M, Lillemoe KD, Cameron JL, Yeo CJ,
Hruban RH and Goggins M: Identification of hepato- carcinoma-
intestine-pancreas/pancreatitis-associated protein I as a biomarker
for pancreatic ductal adenocarcinoma by protein biochip
technology. Cancer Res 62: 1868-1875, 2002.

Petricoin EF, Ardekani AM, Hitt BA, Levine PJ, Fusaro VA,
Steinberg SM, Mills GB, Simone C, Fishman DA, Kohn EC and
Liotta LA: Use of proteomic patterns in serum to identify ovarian
cancer. Lancet 359: 572-577, 2002.

226

28

29

30

Zhukov TA, Johanson RA, Cantor AB, Clark RA and Tockman
MS: Discovery of distinct protein profiles specific for lung tumors
and pre-malignant lung lesions by SELDI mass spectrometry. Lung
Cancer 40: 267-279, 2003.

Tolson J, Bogumil R, Brunst E, Beck H, Elsner R, Humeny A,
Kratzin H, Deeg M, Kuczyk M, Mueller GA, Mueller CA and Flad
T: Serum protein profiling by SELDI mass spectrometry: detection
of multiple variants of serum amyloid alpha in renal cancer
patients. Lab Invest 84: 845-856, 2004.

Wadsworth JT, Somers KD, Stack BC Jr, Cazares L, Malik G,
Adam BL, Wright GL Jr and Semmes OJ: Identification of
patients with head and neck cancer using serum protein profiles.
Arch Otolaryngol Head Neck Surg 730: 98-104, 2004.

Received June 13, 2005
Accepted June 21, 2005



