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Abstract. In this study the antimicrotubular agents taxol,
taxotere, and vinblastine were compared for their ability to
inhibit the clonal growth of human bladder tumor cell lines
using a soft-agar clonogenic assay. The stability of taxol
and taxotere was evaluated by high-performance liquid
chromatography over a range of pH in human urine. Both
taxol and taxotere were shown to maximally inhibit the
clonal growth of human bladder cell lines within 1 h of
drug incubation. The most active agent in the panel of
tumor lines was taxotere, with 6 of 12 lines being sensitive
to the agent at 0.01 M and all cell lines being sensitive at
0.1 wM. Taxol was active in 1 of 12 lines at 0.01 pM and in
11 of 12 at 0.1 uM. Only 2 of 12 cell lines were sensitive to
vinblastine over the 0.01- to 0.1-uM dose range. Taxol and
taxotere were found to be stable in human urine for 4 h over
a pH range of 5-7. At least 85% of both drugs were present
during this period of drug incubation. Our findings suggest
that both taxol and taxotere may be clinically useful agents
for systemic and intravesical use in bladder cancer.

Introduction

Chemotherapy is an important therapeutic modality in a
variety of clinical settings in bladder cancer. Patients with
superficial bladder cancer who experience a true recurrence
or new occurrence of tumor after initial resection are often
given intravesical chemotherapy for significant long-term
control of disease [23]. There is mounting evidence that
neoadjuvant chemotherapy will positively impact on the
local recurrence rate, metastatic spread, and the survival of
patients with muscle-invasive bladder cancer [15]. In me-
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tastatic bladder cancer, combination chemotherapy regi-
mens produce 60%—80% response rates with 15%-20%
long-term survivors. In spite of these advances, tumor
progression is common after chemotherapy, pointing to the
importance of evaluating new anticancer agents with po-
tential activity in bladder cancer.

Antimicrotubular agents have proven to be extremely
active and useful in the treatment of human neoplasms. The
vinca alkaloids have been important agents in the curative
regimens for Hodgkin’s and non-Hodgkin’s lymphomas,
germ cell neoplasms, and childhood leukemias. Two new
naturally occurring antimicrotubular agents have now be-
come available for clinical trials. Taxol, which was isolated
from the stem bark of the western yew, Taxus brevifolia,
and taxotere, a semisynthetic agent derived from the leaves
of T. baccata, have been found to display a novel me-
chanism of action and a broad range of antineoplastic ac-
tivity. Both agents bind preferentially to microtubules and
promote their assembly and stabilization in vitro [17, 22].
Both taxol and taxotere have demonstrated a broad range of
preclinical activity [2, 5] and appear to have manageable
toxicities in phase I clinical trials [13, 24]. Phase II trials of
taxol have demonstrated significant activity in ovarian
cancer [12, 20], breast cancer [8], and non-small-cell lung
cancer [4]. Phase II trials of taxotere are now in progress.

Therefore, activities of taxol or taxotere in bladder
cancer are unknown. The aim of the present study was to
determine the in vitro activity of taxol and taxotere in a
panel of human bladder-tumor cell lines and to identify
characteristics of these agents that might prove useful for
intravesical or systemic therapy of bladder cancer.

Materials and methods

Cell lines. All human bladder-tumor cell lines (HBTCL) used in this
study have been well characterized and published in the literature [7,
11]. The panel of HBTCL consists of MGH-U1, CUB-2, COLO 232,
SD, HU549, A1698, HT1376, UM-UC-3, SCaBER, J82, and TCCSUP.
The cell lines were either purchased from the American Type Culture
Collection (Rockville, MD.) or provided by the originating laboratory.
All tumor cell lines were maintained in monolayer culture grown in
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Fig. 1. Effect of the duration of exposure on the inhibition of clonal growth of UM-UC-3. Cytotoxicity was assessed using a clonogenic assay.

Points, Mean values for four plates; bars, SD

100-mm plastic petri dishes (Fisher, Pittsburgh, PA) incubated at 37° C
in a 100% humidified atmosphere containing 6% COz with the media
recomended by the American Tissue Culture Collection or originating
laboratories. Cell cultures were fed biweekly with fresh medium and
passaged when they had reached 80%-90% confluence. Most tumor
cells were harvested from monolayer culture by incubation for 10 min
at 37° C in 0.25% trypsin and 0.02% ethylenediaminetetraacetic acid
(EDTA) in Hanks’ balanced salt solution (Sigma, St. Louis, MO). The
resulting cell suspension was counted in a hemocytometer, and the
viability was determined by trypan blue exclusion. Subcultures of all
tumor cells were stored in a Union Carbide liquid nitrogen tank (model
35 VNC) in 90% fetal calf serum (Sigma) and 10% dimethylsulfoxide
(DMSO) (Sigma) for future study.

Antimicrotubular agents. Taxol was kindly provided by Dr. M. Suff-
ness, NHI/NCI (Bethesda, Md.) The drug, provided as a powder, was
suspended in a 100-uM solution of DMSO and subsequently diluted in
medium. Aliquots of 1 ml were stored at —70° C for future use. The
final concentration of DMSO in culture media was less than 0.2%.
Preliminary experiments done to evaluate the effect of these vehicle
concentrations showed no effect on tumor cell growth in culture.

Taxotere- was provided by Dr. J.L. Favre, Institute Rhone-Poulenc
Rorer (France). The drug was obtained in powder form, and 10 mg was
suspended in 5 ml of methanol (Fisher), then diluted in medium to a
concentration of 100 pdf, and stored at —70° C for future use.

Vinblastine was purchased as a standard pharmaceutical prepara-
tion (LyphoMed Rosemount, IL). A 100-uM stock solution was diluted
in sterile water, aliquoted, and stored at ~70° C. Immediately prior to
its use, the stock solution was diluted in DMEM to the required
concentrations.

Clonogenic assay. Drug testing was performed using a modification of
the Hamburger and Salmon assay [6]. The upper layer consisted of
Dulbecco’s modified Eagle’s medium (DMEM) (Sigma) supplemented
with 10% fetal bovine serum (Flow Lab., Newbury Park, CA), peni-
cillin-streptemycin solution (Sigma), and 0.03% agar (Sigma). The
lower layer contained DMEM, 10% fetal calf serum (Sigma), peni-
cillin-streptomycin solution, and 0.05% agar. Tumor cells and drugs
were incorporated into the upper layer. Tumor cell lines were plated in
concentrations of 20,000-30,000 cells/plate. Celis were incubated at
37° C in a 100% humidified atmosphere containing 6% CO.. Cultures
were examined with an Olympus CK inverted microscope at magni-
ficatin of x40 and x100. Final colony counts were made at 14-21 days
after plating. Aggregates of 50 or more cells were scored as colonies.
Cloning efficiencies of the HBTCL range from 0.2% to 4%. All drug
testing was done at 4 dose levels using 4-6 plates/dose and the results
were compared with those obtained for control plates. All drug assays
were repeated at least three times to assure reproducibility. Drugs were
deemed active if they produced at least 75% colony inhibition relative
to control values.

High-performance liguid chromatograpy. Taxol and taxotere levels
were measured by high-performance liquid chromatography (HPLC)
by a modified method of Longnecker et al. [9]. Taxol and taxotere
stability studies were performed using a system (Waters Chromato-
graphy, Millipore Corp., Milford, Mass.) consisting of a WISP 712
automatic injector, an M510 pump, an M490 variable-wavelength UV
detector set to 227 nm, and Baseline 810 software on a Compuadd 286
computer. The mobile phase was water:acetonitrile (1:1, v/v) and the
stationary phase was a Waters L Bondapak C18 column (dimensions,
3.9 x 300 mm). Water and solvents were HPLC-grade and were de-
gassed before their use. The flow rate was 2.5 ml/min. The injection
volume was 100 pl. The retention times for taxol and taxotere for this
isocratic method were 6.2 and 5.1 min, respectively.

Results

The concentration and the duration of drug exposure were
evaluated using taxol, taxotere, and vinblastine. Vinblastine
was used for comparison because it is an antimicrotubular
agent that induces microtubule disassembly and it has know
activity in bladder cancer. Tumor cells were exposed to
taxol, taxotere and vinblastine at concentrations ranging
from 0.01 to 10 pM for varing incubation periods (range,
30 min to 4 h) in a 37° C shaking water bath. Cells were
then washed three times and plated in vitro. Figure 1 de-
picts the results of those experiments using UM-UC-3. The
maximal activity of vinblastine occurred after 1 h of drug
exposure to 1 pM of drug. Both taxol and taxotere produced
maximal activity with exposure times .as brief as 30 min
and 1 h, respectively, at 0.1 uM of drug.

To determine the activity of these agents, we utilized 12
HBTCL (Table 1). This panel of tumor cells represents both
primary and metastatic tumors as well as a variety of grade
and stage of tumor, and only the patient with COLO 232
had received therapy (radiation) prior to removal of the
tumor. Taxol, taxotere, and vinblastine were exposed to the
HBTCL in the clonogenic assay at concentrations of
0.01-10 pM for 2 h. The 2-h drug incubation periods were
chosen because previous experiments had demonstrated
optimal drug activity over this exposure period and because
intravesical chemotherapy is usually instilled intravesically
for 2 h during the treatment of superficial bladder cancer.
The results of these studies are listed in Table 2.
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Fig. 2. Recovery of taxol and taxotere by HPLC. Drug incubations were carried out in dark in pH-adjusted human urine over a period of 0.5 to 4 h

Table 1. Human bladder tumor cell lines used for in vitro experiments

Cell line Originator Origin of tumor Histology/grade

MGH-U1 Kato/1972 Bladder TCC, invasive, poorly differentiated, grade 11
CUB-2 Kodera/1975 Lymph node Squamous-cell carcinoma, grade

COLO 232 Moore/1976 Bladder TCC, well-differentiated, grade IIT

SD Grups/1988 Bladder TCC

HU 549 Vilien/1975 Unknown TCC, noninvasive, grade II

T24 Bubenik/1970 Bladder recurrence TCC, invasive, poorly differentiated, grade III
A1698 Rosen/1980 Bladder recurrence TCC

HT 1376 Raheed/1973 Bladder TCC, invasive, moderately pleomorphic, grade III
UM-UC-3 Grossman/1982 Bladder TCC, high-grade

SCaBER O’Toole/1974 Bladder Squamons-cell carcinoma, moderately differentiated
I82 O’ Toole/1972 Bladder TCC, invasive, poorly differentiated, grade 11
TCCSUP O’Toole/1974 Bladder TCC, undifferentiated, grade IV

TCC, Transitional-cell carcinoma

Table 2. Chemosensitivity of human bladder tumor cell lines as determined using a clonogenic assay

Cell line Vinblastine (LM) Taxol (uM) Taxotere (UM)
0.01 0.1 1 10 0.01 0.1 1 10 0.01 0.1 1 10

MGH-U1 110 94 92 23 56 1 0 0 2 5 0 0
CUB-2 102 28 0 0 98 0 0 0 90 4 0 0
COLO 232 84 41 0 0 41 0 0 0 4 0 0 0
SD 122 40 2.2 0 95 0 0 0 31 0 0 0
HU 549 0 0 0 0 10.5 0 0 0 27 0 0 0
T24 108 68 13.5 2 83 26 8 4 26 8 5 3
A1698 106 33 0 0 5t 0 0 0 11 0 0 0
HT 1376 24 2 0 0 52 0 0 0 2 0 0 0
UM-UC-3 64 51 0 0 56 0 0 0 0 0 0 0
SCaBER 95 83 26 6 38 22 18 1 59 20 14 7
J82 69 46 17 0 89 4 15 2 57 11 2 0
TCCSUP 50 38 0 0 53 0 0 0 0 0 0 0

This table gives the percentage of colony survival at four drug concentrations for vinblastine, taxol, and taxotere as determined using the clonogenic
assay. A total of 12 HBTCL was used for the studies. Data represent the mean values for four plates (colony counts) relative to four control plates. A
colony survival value of 25% or less represents a significantly active drug level

Vinblastine produced significant inhibition of clonal
growth in 2 of the 12 tumor cell lines (17%) within the
clinically achievable concentration range of 0.01-0.1 puM.
Taxol produced significant clonal inhibition in 1 HBTCL at
a concentration of 0.01 pM (8%) but was significantly more

active than vinblastine at 0.1 uM, with activity being noted
in 11 of 12 HBTCL (92%). At 1 UM, taxol was active in all
cell lines tested. Taxotere was found to be the most active
agent of the three drugs with significant suppression of
clonal growth occurring in 6 of 12 (50%) at a concentration



of 0.01 uM HBTCL and at 0.1 pM in all HBTCL. The
mean 50% growth-inhibitory concentrations (ICso values)
were 0.06 UM for vinblastine, 0.01 pM for taxol, and
0.008 uM for taxotere. No relationship was found with any
drug between its activity in vitro and the histology, grade,
or stage of the original bladder tumor.

The stability of taxol and taxotere was assessed in urine
at pH 5, 6, and 7 in the dark. Urine (pH 7) from a normal
volunteer was used and adjusted to pH 5 and 6 with 2 N
HCI. The concentrations of taxol and taxotere in urine were
10 and 25 pM, respectively. The samples were incubated at
pH 5, 6, and 7 at 37°C for 0.5, 1, 2, and 4 h and then
analyzed by HPLC. Peak areas on the chromatograms were
compared with the area at O h and expressed as percentages.
Figure 2 shows the stability over time for taxol and tax-
otere. The highest recoveries of taxol were found at pH 6
(95%—96%) whereas 88% of the drug remained after 4 h at
pH 5. Taxotere demonstrated stabilities at 4 h of 99%, 87%,
and 90% at pH 5, 6, and 7, respectively. At least 85% of
either compound remained present at 4 h over the pH range
tested.

Discussion

Both taxol and taxotere are highly active against the panel
of HBTCL used in this study. The activity of these agents
occurs within the clinically achievable range for systemic
administration of the drugs. These findings suggest that
both agents may have significant clinical activity in bladder
cancer.

Difficulty with the production of taxol has stimulated a
search for analogs of the drug. Taxotere may be easier to
obtain than that of taxol since its partial synthesis from the
leaves (needles) of the yew tree does not result in the death
of the tree. This allows a replenishable source of taxotere
without endangering the yew tree population. Mounting in
vitro and in vivo data suggest that taxotere is at least as
active as taxol. Microtubule assembly has been shown to be
higher for taxotere than for taxol [17]. Bissery et al. [2] also
noted that the concentration of taxotere required to inhibit
50% of microtubular assembly was 2 times lower than that
of taxol. In vitro studies [17] have shown taxotere to be 2.5
times more potent than taxol in inhibiting replication of
J774.2 and P388 cells and 5 times more potent in taxol-
resistant tumor cells. Using a clonogenic assay and ovarian
human tumor explants, Alberts et al. [1] found at least
equivalent activity between taxol and taxotere. Bissery et
al. [2] have shown taxotere to be more active than taxol in
vivo in the B16 melanoma model. We have also found that
taxotere is active in lower concentrations than taxol in
HBTCL.

Vinblastine was found to have minimal activity in vitro
at similar clinically achievable drug levels. In a previous
study [14] using 1-h drug exposures, we found that a group
of standard and investigational anticancer agents (including
vinblastine) had low levels of activity against a panel of
HBTCL and that these results paralleled the low level of
clinical activity of these drugs in bladder cancer. Two
HBTCL (17%) in the present study were sensitive to vin-
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blastine. Both of these in vitro studies paralleled the low
level of activity (18%) reported in clinical trials [3].

Both taxol and taxotere were found to have properties
that might prove useful in treating patients with superficial
bladder cancer. We found that in vitro exposures of as short
as 30 min resulted in significant activity against all
HBTCL. Schiff et al. [21] have reported that as little as
30 min of exposure to taxol promotes microtubule assem-
bly and stabilization of microtubules by shifting the dy-
namic equilibrium toward microtubular assembly. Manfredi
et al. [10] demonstrated that saturation of taxol binding
sites was reached within 60 min at 0.3 puM taxol, with
continued treatment resulting in microtubular bundle for-
mation and stabilization. The mechanism of drug uptake is
thought to result from passive diffusion.

Results of animal experiments have demonstrated that
both taxol and taxotere appear to be schedule-independent
[2]. We noted that the in vitro activity of both taxol and
taxotere was maximal over brief periods of drug exposure.
Using a soft-agar assay system, Rowinsky et al. [19] de-
monstrated that inhibition of the clonogenic growth of
several resistant leukemic cell lines (LC8A, HL-60, Daudi,
and K562) by taxol was both time- and concentration-de-
pendent. They noted increasing inhibition of clonal activity
by taxol occurring within 2-22 h of drug exposure. The
maximal activity of taxol and taxotere after brief drug ex-
posures scen in these HBTCL could be useful in the
management of patients with superficial bladder cancer
since the administration of intravesical chemotherapy is
technically feasible for only 1-2 h.

For taxotere and taxol to be useful for intravesical
therapy, they should be stable during intravesical therapy.
We show herein that both drugs are stable within a narrow
pH range in human urine. We obtained a high level of re-
covery of drug at pH 5 -7, with 85% of the compounds
being detectable at 4 h. Ringel and Horwitz [18] demon-
strated that taxol was stable in the pH range used in these
experiments but was unstable at a pH of 9 or higher. These
authors [16] demonstrated that the effect of taxol on the
stability of microtubules was constant through pH 5-7 but
began to drop at a pH of greater than 7.7.

Our studies demonstrate that both taxol and taxotere are
active against HBTCL. The studies suggest that both taxol
and taxotere may be active agents for use in the systemic
therapy of bladder cancer. The activity of these agents over
short periods of drug exposure combined with their stability
over several hours and at the clinical range of pH experi-
enced in human urine suggest their potential usefulness for
intravesical therapy.
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