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Doxorubicin Sensitizes Human Bladder Carcinoma
Cells to Fas-Mediated Cytotoxicity

BACKGROUND. The resistance of bladder carcinoma to anticancer chemotherapeu-Youichi Mizutani, M.D.1

tic agents remains a major problem. Hence, several immunotherapeutic ap-Yusaku Okada, M.D.1

proaches have been developed to treat the drug-resistant cancer cells. Fas antigenOsamu Yoshida, M.D.1

(Fas) and Fas ligand participate in cytotoxicity mediated by T lymphocytes andManabu Fukumoto, M.D.2

natural killer cells. Like Fas ligand, anti-Fas monoclonal antibody (MoAb) inducesBenjamin Bonavida, Ph.D.3

apoptosis of the cells expressing Fas. This study examined whether bladder carci-

noma cells are sensitive to cytotoxicity mediated by anti-Fas MoAb and whether1 Department of Urology, Faculty of Medicine,
anticancer agents synergize with anti-Fas MoAb in cytotoxicity.Kyoto University, Kyoto, Japan.
METHODS. Cytotoxicity was determined by a 1-day microculture tetrazolium dye

2 First Department of Pathology, Faculty of Med- assay. Synergy was assessed by isobolographic analysis.
icine, Kyoto University, Kyoto, Japan. RESULTS. The T24 human bladder carcinoma cell line constitutively expressed the

Fas on the cell surface; however, T24 line was resistant to anti-Fas MoAb. Treatment3 Department of Microbiology and Immunology,
UCLA School of Medicine, University of Califor- of T24 cells with anti-Fas MoAb in combination with mitomycin C, methotrexate,
nia at Los Angeles, Los Angeles, California. or 5-fluorouracil did not overcome their resistance to these agents. However, treat-

ment of T24 cells with a combination of anti-Fas MoAb and doxorubicin resulted

in a synergistic cytotoxic effect. In addition, the doxorubicin-resistant T24 cells

were sensitive to treatment with a combination of anti-Fas MoAb and doxorubicin.

Synergy was also achieved in three other bladder carcinoma cell lines and four

freshly derived human bladder carcinoma cells. Treatment with anti-Fas MoAb in

combination with epirubicin or pirarubicin also resulted in a synergistic cytotoxic

effect on T24 cells. The mechanisms of synergy were examined. Anti-Fas MoAb

did not affect the intracellular accumulation of doxorubicin, the expression of P-

glycoprotein, or the expression of the antioxidant glutathione S-transferase-p

mRNA. However, treatment with doxorubicin enhanced the expression of Fas on

T24 cells.

CONCLUSIONS. This study demonstrated that treatment of bladder carcinoma cells
Supported in part by a Grant-in-Aid (No.

with doxorubicin sensitized the cells to lysis by anti-Fas MoAb. The synergistic
07671719) from the Japanese Ministry of Edu-

effect obtained with established doxorubicin-resistant bladder carcinoma cells andcation, Science and Culture, and in part by the
freshly isolated bladder carcinoma cells suggests that drug-resistant bladder carci-Concern Foundation, Los Angeles, California.
noma cells can be sensitized by doxorubicin to Fas- and Fas ligant-mediated cyto-

The authors are deeply indebted to Dr. A. Jewett toxicity by lymphocytes. Furthermore, the sensitization required low concentra-
and Dr. M. Itakura (Department of Microbiology tions of doxorubicin, thus supporting the in vivo application of a combination
and Immunology, UCLA School of Medicine, of chemotherapy and immunotherapy in the treatment of drug-resistant and/or
University of California at Los Angeles) and Dr.

immunotherapy-resistant bladder carcinoma. Cancer 1997;79:1180–9.N. Murai (Department of Neurosurgery, Faculty
q 1997 American Cancer Society.of Medicine, Kyoto University) for their kind ad-

vice and help during this investigation.
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cytotoxic agents.1,2 When anticancer chemotherapeutic agents are ad-
ministered, only the drug-sensitive cancer cells are eliminated, andReceived October 21, 1996; accepted November

21, 1996. cancer cells with acquired resistance develop.3 Accordingly, inherent
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and acquired drug resistance are the major causes of Hydroxyethyl]piperazine - N* - [2 - ethanesulfonic acid]
HEPES (Gibco), 2 mM L-glutamine (Gibco), 1% nones-failure in cancer chemotherapy. Therefore, new thera-

peutic modalities have been designed to treat drug- sential amino acid (Gibco), 100 units/mL penicillin
(Gibco), 100 mg/mL streptomycin (Gibco), and 10% heat-resistant cancers. Combination treatment with anti-

cancer agents and biologic response modifiers have inactivated fetal bovine serum (FBS) (Gibco), hereafter
referred to as complete medium.16,17 The T24/doxorubi-been considered as a possible means of reversing drug

resistance. For example, recent studies from our labo- cin line is a doxorubicin-resistant subline of the T24 cell
line. The T24/doxorubicin line was established by theratories demonstrated that treatment with tumor ne-

crosis factor-a (TNF-a) in combination with antican- continuous exposure of T24 line to complete medium
containing progressively increasing concentrations ofcer drugs resulted in significant potentiation of cyto-

toxicity and synergy against a variety of sensitive and doxorubicin at 0.001–0.1 mg/mL. The line was then
cloned in the presence of doxorubicin after it had beenresistant human cancer cells.4,5

The interaction of Fas antigen (Fas) and Fas ligand maintained for 1 year. Continuous maintenance of the
line in a drug-free medium for at least 3 months did notplays an important role in cytotoxic T cell–mediated

and natural killer (NK) cell–mediated cytotoxicity and change its doxorubicin resistance. Both T24 cells and
T24/doxorubicin cells constitutively express P-glycopro-apoptosis against cancer cells.6,7 Activation of cyto-

toxic T cells and NK cells up-regulates Fas ligand on tein. The percentages of fluorescent cells in T24 and T24/
doxorubicin lines were 21.0% and 23.3%, respectively.their surfaces and thus induces apoptosis in target

cells expressing Fas. Fas is a member of the TNF-re- Fresh bladder carcinoma cells from four patients
were separated from surgical specimens as previouslyceptor family of cell surface proteins, which include

two TNF receptors, the low-affinity nerve growth fac- described.18,19 The histologic diagnosis revealed that
all patients had transitional cell carcinoma of the blad-tor receptor, CD40, CD27, CD30, and OX40.8,9 Mem-

bers of this family are homologous in amino acid se- der. Their histologic classification and grading ac-
cording to the TNM staging system were as follows:quences in the extracellular regions. A high level of

Fas mRNA expression has been detected in various Patient 1: T3N0M0 , Grade 3; Patient 2: TaN0M0 , Grade 2;
Patient 3: T1N1M0 , Grade 3; and Patient No. 4: TaN0M0 ,tissues, such as thymus, liver, lung, heart, and ovary

tissues, as well as cancer cells.10,11 The Fas ligand is a Grade 1. Briefly, cell suspensions were prepared by
treating finely minced tumor tissues with collagenasetype II membrane protein homologous to members of

the TNF family, which include TNF-a, TNF-b, lympho- (3 mg/mL, Sigma Chemical Co., St. Louis, MO). After
washing 3 times in RPMI-1640 medium, the cell sus-toxin-b, and the ligands for CD40, CD27, and CD30.12,13

Some monoclonal antibodies (MoAb) against Fas pensions were layered on discontinuous gradients
consisting of 2 mL of 100%, 2 mL of 80%, and 2 mL ofwork as agonists of Fas ligand and induce apoptosis

of the cell expressing Fas.14,15 Like anti-Fas MoAb–me- 50% Ficoll-Hypaque in 15-mL plastic tubes and were
centrifuged at 400 1 g for 30 minutes. Lymphocyte-diated or Fas ligand–mediated apoptosis, several cyto-

toxic drugs also mediate apoptosis and may share rich mononuclear cells were collected from the 100%
interface, and tumor cells and mesothelial cells fromcommon intracellular pathways leading to cell killing.

We reasoned that combination treatment of drug-re- the 80% interface. Cell suspensions enriched with tu-
mor cells were sometimes contaminated by mono-sistant cells with anti-Fas MoAb and drugs might over-

come their resistance. This study investigated whether cyte-macrophages, mesothelial cells, or lymphocytes.
To avoid further contamination of host cells, we lay-the resistance of bladder carcinoma cells to anti-Fas

MoAb or commonly used anticancer chemotherapeu- ered the cell suspensions on a discontinuous gradient
containing 3 mL each of 25%, 15%, and 10% Percolltic agents could be overcome by combination treat-

ment with anti-Fas MoAb and anticancer agents such in complete medium in 15-mL plastic tubes and cen-
trifuged them for 7 minutes at 251 g at room tempera-as doxorubicin, mitomycin C (MMC), 5-fluorouracil

(5-FU), and methotrexate (MTX). Further, this study ture. Tumor cells depleted of lymphoid cells were col-
lected from the bottom, washed, and suspended inexplored a possible underlying mechanism involved

in the reversal of drug resistance. complete medium. To avoid further contamination of
mesothelial cells and monocyte-macrophages, we
incubated the cell suspension in plastic dishes for 30–MATERIALS AND METHODS

Tumor Cells 60 minutes at 37 7C in a humidified 5% CO2 atmo-
sphere. After incubation, nonadherent cells wereThe T24, J82, HT1197, and KK47 human bladder carci-

noma cell lines were maintained in monolayers on plas- recovered, washed, and suspended in complete me-
dium. Usually, the nonadherent cells mainly con-tic dishes in RPMI-1640 medium (Gibco, Bio-cult, Glas-

gow, Scotland, U.K.) supplemented with 25 mM N-[2- tained tumor cells with less than 5% contaminating
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nonmalignant cells, as judged by morphologic exami- 11 phosphate-buffered saline (PBS) containing 2%
heat-inactivated FBS and 0.1% sodium azide. Beforenation of smears stained with Wright–Giemsa stain,

and were more than 93% viable according to the try- staining, the cells (2 1 105 cells) were pretreated with
human AB serum for 1 hour, washed twice, and resus-pan blue dye exclusion test. Cells having less than 5%

contamination with nonmalignant cells were accepted pended in 50 mL of 11 PBS. Thereafter, the cells were
incubated with 10 mg/mL of anti-Fas MoAb or 10 mg/for use as tumor cells.
mL of control IgM. The cells were washed twice again
and resuspended in 50 mL of 11 PBS containing goatReagents

Antihuman Fas MoAb and isotype matched control antimouse fluorescein isothiocyanate–conjugated
IgM antibody for 1 additional hour. The cells wereantibody were purchased from MBL, Nagoya, Japan.

The isotype of the antibodies is immunoglobulin washed twice and fixed in 2% paraformaldehyde solu-
tion. Flow cytometry was performed using an Epics C(Ig)M. Doxorubicin (Adriamycin, Lot. No. 705ACB),

Epirubicin (EPI) (Lot. No. 3015AG), MMC (Lot. No. flow cytometer (Coulter Electronics Inc., Hialeah, FL).
624A11), and 5-FU (Lot. No. 469ABG) were kindly sup-

Acridine-Orange Stainingplied by Kyowa Hakkou Co. Ltd., Tokyo, Japan. Pira-
Apoptosis was observed by acridine-orange stainingrubicin (THP) (Lot. No. THPMR100) was obtained
as previously described.22 T24 cells in a chamber/slidefrom Meiji Pharmaceutical Co. Ltd., Tokyo, Japan.
(Miles Scientific, Naperville, IL) were incubated withMTX (Lot. No. 119A) was supplied by Takeda Pharma-
anti-Fas MoAb at 1 mg/mL in the absence or presenceceutical Co. Ltd., Tokyo, Japan. Glutathione S-trans-
of doxorubicin at 1 mg/mL for 12 hours at 37 7C in aferase-p (GST-p) cDNA used in making probes for
humidified 5% CO2 atmosphere. After incubation, theNorthern blot analysis was a gift from Otsuka Pharma-
supernatant was discarded and acridine-orange (20ceutical Co. Ltd., Tokushima, Japan.
mg/mL: Lot. No. CAE 2276, Wako Pure Chemical Indus-
try Ltd., Osaka, Japan) was added on a slide glass. TheCytotoxicity Assay
specimens were examined under a Nikon fluorescenceThe microculture tetrazolium dye (MTT) assay was
microscope with B2-type filter (magnification 1200).used to determine tumor cell lysis as previously de-
When apoptotic bodies or chromatin condensationscribed.20,21 Briefly, one hundred mL of target cell sus-
were observed, the observation was defined aspension (2 1 104 cells) were added to each well of
apoptosis.96-well flat-bottom microtiter plates (Corning Glass

Works, Corning, NY), and each plate was incubated
Doxorubicin Determination

for 24 hours at 37 7C in a humidified 5% CO2 atmo-
The doxorubicin content in T24 cells or T24/doxorubi-

sphere. After incubation, 100 mL of drug solution or
cin cells was determined by high-performance liquid

complete medium for control were distributed in the
chromatography using a Hitachi Model 635A (Hitachi

96-well plates, and each plate was incubated for 24
Co. Ltd., Tokyo, Japan) as described in detail else-

hours at 37 7C. Following incubation, 20 mL of MTT
where.23

working solution (5 mg/mL, Sigma Chemical Co., St.
Louis, MO) was added to each culture well, and the Northern Blot Analysis
cultures were incubated for 4 hours at 37 7C in a hu- Cytoplasmic RNA from tumor cells was prepared as
midified 5% CO2 atmosphere. The culture medium was described in detail elsewhere.24,25 Briefly, 10 mg/lane
removed from the wells and replaced with 100 mL of of tumor cell RNA was electrophoresed in 1.2% agar-
isopropanol (Sigma) supplemented with 0.05 N HCl. ose-2.2 M formaldehyde gels in 11 3-morpholinopro-
The absorbance of each well was measured with a panesulfonic acid (MOPS) buffer (200 mM MOPS, 50
microculture plate reader (Immunoreader, Japan In- mM sodium acetate, 10 mM sodium ethylenediamine
termed Co. Ltd., Tokyo, Japan) at 540 nm. The percent- tetraacetic acid). The RNA was transferred to Biodyne
age of cytotoxicity was calculated by the following for- A membranes (East Hills, NY) in 201 standard saline
mula: Percentage of cytotoxicity Å [1 0 (absorbance citrate (3 M NaCl, 0.3 M sodium citrate, pH 7.0). cDNA
of experimental wells/absorbance of control wells)] probe (50–100 ng) was labeled with [a32P] dCTP (NEN,
1 100. MA) by random oligo-primer extension. The nylon

membranes were ultraviolet-crosslinked and hybrid-
Flow Cytometric Examination ized.
The expression of Fas on T24 cells and J82 cells was
quantitated by flow cytometry. Immunofluorescent Statistical Analysis

All determinations were made in triplicate, and thestaining was performed in 96-well U-bottom plates.
Dilutions and washing were performed throughout in results were expressed as the mean { standard devia-
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FIGURE 1. The synergistic cytotoxic effect of anti-Fas monoclonal antibody (MoAb) and doxorubicin (ADR), used in combination against T24 cells, is
shown. The cytotoxic effect of anti-Fas MoAb and doxorubicin was assessed in a 1-day microculture tetrazolium dye assay (A) and was estimated by
isobolographic analysis (B). The results were derived from three different experiments.

tion (SD). Statistical significance was determined by control IgM in combination with doxorubicin had no
effect (data not shown). We then examined the sensi-Student’s t test. A P value of 0.05 or less was considered

significant. tivity of the T24 doxorubicin-resistant variant, T24/
doxorubicin, after treatment with anti-Fas MoAb andCalculations of synergistic cytotoxicity were deter-

mined by isobolographic analysis as described by Be- doxorubicin. The T24/doxorubicin line was resistant
to both doxorubicin and anti-Fas MoAb, as comparedrenbaum.21,26,27 Whether any particular dose combina-

tion is additive, synergistic, or antagonistic is shown with the T24 parental line. The doxorubicin concentra-
tions required for 20% lysis of the T24 line and theby whether the point representing that combination

lies on, below, or above the straight line joining the T24/doxorubicin line were 0.6 mg/mL and 4.0 mg/mL,
respectively. Clearly, significant synergy was alsodoses of the two drugs that, when given alone, produce

the same effect as that combination in isobolographic achieved by combination treatment with anti-Fas
MoAb and doxorubicin (Fig. 2). We concluded that theanalysis.
findings obtained with both T24 and T24/doxorubicin
lines were not selective for these lines because threeRESULTS

Synergistic Antitumor Cytotoxicity against Bladder other bladder cancer lines, J82, HT1197 and KK47
lines, were also sensitized to anti-Fas MoAb and doxo-Carcinoma Cells by Anti-Fas MoAb and Doxorubicin Used

in Combination rubicin cytotoxicity (data not shown). To determine if
the synergy observed was a reflection of the propertiesWe examined whether treatment of T24 bladder carci-

noma cell line with anti-Fas MoAb in combination of established tumor lines, we tested for synergy on
four freshly isolated bladder carcinoma cells. In allwith doxorubicin, MMC, 5-FU, or MTX could over-

come the drug resistance. Cytotoxicity was determined cases, a significant synergy was achieved irrespective
of the sensitivity of the cancer cells to either doxorubi-in a 1-day MTT assay, and synergy was assessed by

isobolographic analysis as described in ‘‘Materials and cin or anti-Fas MoAb used alone (data not shown).
All together, these findings clearly demonstrate thatMethods.’’ T24 cells were relatively resistant to anti-

Fas MoAb. There was no synergistic cytotoxic effect of treatment of bladder carcinoma cell lines or freshly
derived cancer cells with a combination of anti-Fasanti-Fas MoAb in combination with MMC, 5-FU, or

MTX (data not shown). However, when T24 cells were MoAb and doxorubicin resulted in potentiation of cy-
totoxicity. Furthermore, the synergy was observedtreated with a combination of anti-Fas MoAb and dox-

orubicin, significant potentiation of cytotoxicity and with both sensitive and resistant cancer cells. In all of
the above findings, synergy was achieved with sub-synergy were achieved (Fig. 1). We concluded that the

synergy was specific for the anti-Fas MoAb because a toxic concentrations of doxorubicin. The synergy ob-
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TABLE 1
Effect of Sequence of Treatment with Anti-Fas MoAb and Doxorubicin
on Their Cytotoxic Activity against T24 Cells

First treatmenta Second treatmenta % Cytotoxicity
(6 hrs) (18 hrs) (mean { SD)b

Medium Anti-Fas MoAb 11.0 { 0.6
Medium Doxorubicin 27.9 { 3.5
Medium Anti-Fas MoAb 56.7 { 2.9c

plus doxorubicin
Anti-Fas MoAb Doxorubicin 45.2 { 6.6c

Doxorubicin Anti-Fas MoAb 51.3 { 2.9c

MoAb: monoclonal antibody; SD: standard deviation.
a T24 cells were pretreated with medium only, anti-Fas MoAb (1 mg/mL), or doxorubicin (1 mg/mL) for

6 hrs (first treatment). The medium was aspirated and T24 cells were washed twice with RPMI-1640

medium. The cells were then incubated with anti-Fas MoAb (1 mg/mL) and/or doxorubicin (1 mg/mL)

for 18 hrs (second treatment). Cytotoxicity was assessed in a 1-day microculture tetrazolium dye assay.
b The results are expressed as the mean { SD of three separate experiments.
c Values in the combination treatment are significantly higher than those achieved by treatment withFIGURE 2. The synergistic cytotoxic effect of anti-Fas monoclonal anti-
anti-Fas MoAb alone or those achieved by treatment with doxorubicin alone (P õ 0.05).

body (MoAb) and doxorubicin (ADR), used in combination against T24/
doxorubicin (T24/ADR) cells, is shown. The cytotoxic effect of anti-Fas
MoAb and doxorubicin was assessed in a 1-day microculture tetrazolium
dye assay. The results were derived from three different experiments. Anti- setting. The cytotoxic effects of these two drugs when
Fas MoAb at 0.01–1 mg/mL had almost no cytotoxic activity against each was used in combination with anti-Fas MoAb
T24/doxorubicin cells. *Values in the combination treatment are signifi- were tested against T24 cells. Clearly, synergy was
cantly higher than those achieved by treatment with doxorubicin alone (P achieved with both EPI (Fig. 3) and THP (Fig. 4) in
õ 0.05). combination with anti-Fas MoAb.

Mechanism of Synergy Achieved by Anti-Fas MoAb and
Doxorubicintained with low concentrations of the agents is of clini-

cal relevance because high concentrations of drugs are Expression of Fas on the cell surface
We examined whether treatment of bladder carcinomatoxic in vivo.
cells with doxorubicin up-regulates surface Fas expres-
sion, thus enhancing cytotoxicity by anti-Fas MoAb.Effect of the Sequence of Treatment with Anti-Fas MoAb

and Doxorubicin on Synergy There was up-regulation of Fas expression in both T24
and J82 cells after treatment with doxorubicin (dataThe findings just described demonstrate that simulta-

neous treatment of T24 cells with the anti-Fas MoAb not shown). The up-regulation of Fas was dependent
on the concentration of doxorubicin used.and doxorubicin resulted in synergy. The effect of se-

quential treatment with anti-Fas MoAb and doxorubi-
cin was examined and compared with treatment con- Induction of apoptosis

Because both anti-Fas MoAb and doxorubicin can medi-sisting of both agents added together. The T24 bladder
carcinoma cells were treated for 6 hours with one ate apoptosis, we examined, by acridine-orange staining,

whether the synergy achieved in cytotoxicity with anti-agent, and the medium was removed; the second
agent was subsequently added for 18 hours, and the Fas MoAb and doxorubicin was also achieved in

apoptosis. When apoptotic bodies or chromatin conden-cells were tested for viability. The results show that
enhanced cytotoxicity was obtained irrespective of the sation were observed, we defined the observation as

apoptosis. Doxorubicin, at a concentration of 1 mg/mL,sequence of treatment (Table 1). These findings dem-
onstrate that the sequence of treatment with anti-Fas was cytotoxic against T24 cells and mediated modest

apoptosis (Fig. 5B). Approximately 2% of T24 cells treatedMoAb and doxorubicin may not be critical for ob-
taining synergy. with doxorubicin were considered to be apoptotic. Like-

wise, anti-Fas MoAb at a concentration of 1 mg/mL was
slightly cytotoxic against T24 cells and also mediatedEffect of the Doxorubicin-Related Cytotoxic Drugs, EPI

and THP, on Synergy with Anti-Fas MoAb some apoptosis (Fig. 5C). Approximately half of the cells
were considered to be apoptotic. When anti-Fas MoAbTwo closely related compounds of doxorubicin,

namely, EPI and THP, are currently used in a clinical and doxorubicin were used in combination, we consid-
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FIGURE 3. The synergistic cytotoxic effect of anti-Fas monoclonal antibody (MoAb) and epirubicin (EPI), used in combination against T24 cells, is
shown. The cytotoxic effect of anti-Fas MoAb and EPI was assessed in a 1-day microculture tetrazolium dye assay (A) and was estimated by isobolographic
analysis (B). The results were derived from three different experiments.

FIGURE 4. The synergistic cytotoxic effect of anti-Fas monoclonal antibody (MoAb) and pirarubicin (THP), used in combination against T24 cells, is
shown. The cytotoxic effect of anti-Fas MoAb and THP used in combination on T24 cells was assessed in a 1-day microculture tetrazolium dye assay
(A) and was estimated by isobolographic analysis (B). The results were derived from three different experiments.

ered all T24 cells apoptotic, and synergy in apoptosis was cinoma cells with a combination of anti-Fas MoAb and
doxorubicin.observed (Fig. 5D). Also, treatment of bladder carcinoma

cells from Patient 1 with anti-Fas MoAb and doxorubicin
resulted in synergy in apoptosis (data not shown). These ADR intracellular accumulation

A possible mechanism of the augmentation of cytotox-results indicate that there was a good correlation between
cytotoxicity and apoptosis after treatment of bladder car- icity may be the result of increased accumulation of
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FIGURE 5. Apoptosis in T24 cells treated with anti-Fas monoclonal antibody (MoAb) and/or doxorubicin is shown. Apoptosis was determined by
acridine-orange staining as described in ‘‘Materials and Methods.’’ Each figure is a fluorescence microscopic view of acridine-orange staining (1200)
after the following treatment: (A) medium only, (B) doxorubicin at 1 mg/mL, (C) anti-Fas MoAb at 1 mg/mL, and (D) doxorubicin at 1 mg/mL and
anti-Fas MoAb at 1 mg/mL. A: No apoptotic cells were observed. B: Small arrow: apoptotic cells (condensation of chromatin and cytoplasm was
observed). C: Small arrow: typical apoptotic bodies; large arrow: typical apoptotic cells (condensation of chromatin and cytoplasm was observed).
D: All cells were considered to be apoptotic. Nuclear fragmentation and condensation of chromatin were apparent.

doxorubicin in the cells treated with anti-Fas MoAb. achieved with anti-Fas MoAb and doxorubicin is in
part due to up-regulation of surface Fas expression.When T24 cells or T24/doxorubicin cells were treated

with combination of doxorubicin and anti-Fas MoAb,
doxorubicin accumulation inside the cells did not DISCUSSION
change significantly (data not shown). In addition, a The current study shows that the combined treat-
preliminary experiment showed that T24 cells consti- ment of anti-Fas MoAb and doxorubicin resulted in
tutively expressed P-glycoprotein, and treatment of a synergistic cytotoxic activity against bladder carci-
T24 cells with anti-Fas MoAb did not affect the expres- noma cells and reversed their resistance. Synergy
sion of P-glycoprotein on their surface. was achieved in the parental T24 bladder carcinoma

cell line, its doxorubicin-resistant T24/doxorubicin
line, three other bladder carcinoma cell lines, andExpression of GST-p mRNA

Previous findings indicated that doxorubicin resis- four freshly isolated bladder carcinoma cells. The
mechanism of overcoming the resistance by anti-Fastance may be in part due to up-regulation of the ex-

pression of the antioxidant enzyme GST-p.28,29 How- MoAb and doxorubicin was examined. Treatment of
T24 cells with doxorubicin up-regulated the surfaceever, treatment of T24 cells with anti-Fas MoAb did not

affect the level of constitutive GST-p mRNA expression expression of Fas, suggesting a possible role of this
up-regulation in overcoming the resistance. Synergy(data not shown).

Altogether, these findings suggest that the synergy was achieved with low concentrations of each agent,
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thus minimizing their toxicity in vivo and maximiz- ment with anti-Fas MoAb and doxorubicin is not
fully understood. Doxorubicin and anti-Fas MoAbing their therapeutic application in vivo.

The mechanisms responsible for cellular resis- may share a common lytic mechanism. Anti-Fas
MoAb induces apoptosis of cancer cells, and doxoru-tance to doxorubicin are believed to be multifacto-

rial and include alterations in the transmembrane bicin also exerts its cytotoxic activity partly through
the induction of apoptosis.42,43 Another possibility istransport of doxorubicin, decreased formation of

DNA single- and double-strand breaks, earlier onset that doxorubicin inhibits DNA synthesis by blocking
DNA polymerase action and anti-Fas MoAb also in-of DNA repair, the cytosolic quenching of doxorubi-

cin due to increased levels of glutathione and its hibits DNA synthesis. Thus, under such conditions,
anti-Fas MoAb and doxorubicin might act synergisti-relate enzymes, and the decreased cellular level of

DNA topoisomerase II (Topo II). Alterations in the cally. This study shows that treatment of T24 cells
with anti-Fas MoAb had no effect on their expressiontransmembrane transport of doxorubicin in cancer

cells by P-glycoprotein or multidrug resistance – as- of GST-p mRNA. However, the expression of GST-p
protein might have been increased by posttransla-sociated protein result in reduced intracellular accu-

mulation of doxorubicin and resistance to the tional stabilization of the protein, or the activity of
GST-p itself might have been increased. The mecha-drug.30,31 The resistance to doxorubicin has been at-

tributed to reduced levels of DNA single- and dou- nisms responsible for synergistic cytotoxicity by
combination treatment with anti-Fas MoAb andble-strand breaks induced by the drug in doxorubi-

cin-resistant P388 leukemia cells.32,33 The doxorubi- doxorubicin await further investigation.
The interaction of Fas and Fas ligand plays ancin-resistant P388 cells appeared to display an

earlier onset of DNA repair as compared with drug- important role in cytotoxic T cell – mediated and NK-
mediated apoptosis in cancer cells.6,7 Preliminarysensitive cells.33 Some doxorubicin-resistant cells

have higher levels of intracellular glutathione or its experiments showed that treatment of freshly iso-
lated bladder cancer cells with doxorubicin aug-relate enzymes.28,29 Because doxorubicin inhibits

DNA Topo II, the reduced cellular level of DNA Topo mented their susceptibility to lysis by autologous pe-
ripheral blood lymphocytes (data not shown). SinceII has been proposed as a possible mechanism of

tumor cell resistance to doxorubicin.34,35 doxorubicin enhanced Fas expression on bladder
carcinoma cells, the enhanced Fas expression mightSeveral possible mechanisms of resistance to

cell killing by anti-Fas MoAb in cancer cells have be one of the mechanisms responsible for the aug-
mented susceptibility of doxorubicin-treated blad-been reported, such as lack of Fas expression, syn-

thesis of protective proteins, alterations on Fas in- der carcinoma cells to lysis by autologous lympho-
cytes.tracellular signaling pathways, and a soluble form of

Fas.36,37 Protection against apoptosis via synthesis of Because a 1-day MTT assay was used to determine
cytotoxicity, the assay may indicate inhibition of cellan intracellular protein is a well-established para-

digm. The protein product of bcl-2 has been shown proliferation, which could be due to either cytotoxicity
or cell stasis. Therefore, it may not be specific for cyto-to inhibit DNA fragmentation induced by a variety of

stimuli, including anti-Fas MoAb.38,39 Fas-associated toxicity, but rather indicative of the inhibition of cell
proliferation.phosphatase-1 has been reported to have an inhibi-

tory effect on Fas signal transduction.40,41 Further The overall response rate of patients with bladder
carcinoma to anticancer chemotherapeutic agents in-studies are required to elucidate the mechanism re-

sponsible for the acquisition of resistance of bladder volving doxorubicin has improved. However, drug re-
sistance and recurrence of cancer remain major prob-carcinoma cells to Fas-mediated cytotoxicity.

Treatment of T24 cells with doxorubicin resulted lems, and a more effective therapy is necessary for
these patients. The current study shows that combina-in up-regulation of Fas expression by flow cytome-

try, suggesting a possible role of this up-regulation tion treatment with anti-Fas MoAb and doxorubicin
results in a synergistic cytotoxicity against both ac-in overcoming their resistance. It is unclear whether

this up-regulation is secondary to increases in quired and natural doxorubicin-resistant bladder car-
cinoma cells, and the synergistic effect is not restrictedmRNA for Fas or by posttranslational stabilization

of the protein. Further studies are needed to corrob- to established cell lines but is also observed in freshly
derived cancers. These findings suggest that the thera-orate these possibilities.

Although the up-regulation of Fas expression by peutic use of doxorubicin in combination with Fas-
mediated immunotherapy might be useful for patientsdoxorubicin is suggestive of synergistic cytotoxicity

of anti-Fas MoAb and doxorubicin, the precise with doxorubicin-resistant or immunotherapy-resis-
tant bladder carcinoma.mechanism of the synergy by combination treat-
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