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4. INTRODUCTION

Multidrug resistance (MDR) is a major cause of treatment failure in breast
cancer. The purpose of this research is to improve the efficacy of treatment. While P-
glycoprotein (P-gp) may be the most understood mechanism of MDR (1-4), other
important mechanisms have been identified in recent years, such as cellular increases
in glucosylceramide, and changes in the activity of glutathione S-transferase, and
topoisomerase (5-10). Numerous agents have been studied in an effort to overcome
MDR (11-14). A major challenge in breast cancer chemotherapy today is to understand
the molecular mechanisms by which MDR modulators, e.g. tamoxifen, PSC 8383,
reverse drug resistance (13,14). While studies have shown MDR modulators bind
directly to P-gp and thus interfere with binding and export of anticancer agents, it is
increasingly apparent that some chemotherapeutic agents stimulate ceramide
generation in cancer cells, and this leads to apoptosis (15,16). Adriamycin, the most
widely used single agent for treatment of breast cancer, also activates ceramide
formation (17). Our recent studies show that PSC 833 markedly enhances cellular
ceramide formation and is synergistic with adriamycin (14,17,18). Because the effect of
PSC 833 on ceramide formation is correlated with an increase in cell death and reversal
of multidrug resistance in breast cancer cells (14,18), knowledge of the biochemical
pathways involved is essential. Ceramide generation may be increased by either
hydrolysis of membrane-resident sphingomyelin or de novo synthesis at the
endoplasmic reticulum (19-22). We will characterize the biochemical mechanism of
action of PSC 833 on cellular ceramide metabolism using PSC 833 as a tool, together
with conventional drugs like adriamycin and taxol. This will establish the contribution of
ceramide to chemotherapy sensitization in breast cancer, and set the stage for
alternative modes to treat resistant disease.
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5. BODY
Training-
1. Metabolic labeling of cellular lipids and thin-layer chromatographic

analysis. During the past year, | have mastered various techniques of lipid
biochemistry, including radiolabeling of cellular lipids and thin-layer chromatography
(TLC) for analysis of ceramide, glucosylceramide, and sphingomyelin. | have worked
out TLC solvent systems for resolution of 3-ketoshinganine, sphinganine, and
sphingosine. Using these techniques, | have shown that PSC 833 induces ceramide
generation via de novo synthesis, and that an enzyme upstream of ceramide synthase
is activated, namely serine palmitoyltransferase (SPT). Furthermore, | also have learned
techniques useful to distinguish between ceramide generated de novo versus by
sphingomyelin hydrolysis.

2. Enzyme Assays. Several enzymes, such as palmitoyl coenzyme A synthetase,
serine palmitoyltransferase, and ceramide synthase, are involved in de novo synthesis
of ceramide. Test tube assays are useful to clarify the enzymes responsible for PSC
833 induced ceramide generation. However, in vitro assays for palmitoyl coenzyme A
synthetase, serine palmitoyltransferase, and ceramide synthase have not developed for
any human breast cancer cell lines. During the past year, | have successfully developed
and standardized assays for these enzymes. The kinetics have been established to be
linear with regard to protein concentration (enzyme) and time, and experiments are
conducted under saturating substrate conditions. Establishing these enzyme assays in
breast cancer cells was crucial to the project goals, and the progress was key to our
accomplishments.

Research Accomplishments-

1. PSC 833 induces apoptosis and reverses multidrug resistance in breast
cancer cells. PSC 833 induces apoptosis in both MDA-MB 468 and in MCF-7 breast
cancer cell lines in a dose-dependent manner. PSC 833 also reverses resistance to
doxorubicin in MCF-7/AdrR cells, a breast cancer cell line resistant to adriamycin.

2. PSC 833 increases ceramide generation in a time- and dose-dependent
manner. PSC 833 increased ceramide levels in MDA-MB 468 cells as early as 15 min
after addition, and at a concentration as low as 0.1uM. Similarly, PSC 833 treatment
elicited ceramide formation in MCF-7 cells. Use of either L-cycloserine, a potent inhibitor
of SPT, or FB4, a specific inhibitor of ceramide synthase, retarded the generation of
ceramide and reversed the effects of PSC 833 on modulation of drug resistance. These
results indicate that ceramide is linked to the cytotoxic response elicited by PSC 833.

3. PSC 833 increases ceramide generation via the de novo pathway and not
through sphingomyelin hydrolysis. To determine if PSC 833 is effecting ceramide
metabolism via de novo synthesis, the influence of FB; and L-cycloserine were
evaluated. Pretreating MDA-MB 468 cells with FB4 severely inhibited PSC 833-induced
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ceramide formation, and pretreatment with L-cycloserine completely blocked the effects
of PSC 833 on ceramide generation. These results show that PSC 833 induces
ceramide generation via de novo synthesis.

To determine whether PSC 833 also influences sphingomyelin hydrolysis, and thus
contributes to the ceramide pool, we prelabeled cells with [*H]palmitic acid for 24 hr.
Treatment of prelabeled cells with PSC 833 revealed that the amount of [*H]ceramide
generated from de novo pathway was 98.3% of the total amount of [°H]ceramide
generated by both de novo synthesis and by hydrolysis of sphingomyelin. Therefore,
sphingomyelin is not a source of PSC 833-induced ceramide formation.

4. PSC 833 activates cellular serine palmitoyltransferase. Pretreatment of MDA-
MB 468 cells with PSC 833 followed by subcellular fractionation and isolation of
microsomes, increased the activity of serine palmitoyltransferase by 180% when
evaluated in cell-free assays. The effects of PSC 833 pretreatment on serine
palmitoyltransferase activity were time- and dose-dependent. Pretreatment of MCF-7
and MCF-7/ArdR cells with PSC 833 also increased serine palmitoyltransferase activity.
The increase in enzyme activity was detected as early as 30 min after PSC 833
exposure, and the activity increased linearly through 6 hr of pretreatment.

We also designed experiments to measure the activity of serine palmitoyltransferase in
intact cells. MDA-MB 468 cells were radiolabeled with [*H]palmitic acid, a precursor to
the serine palmitoyltransferase substrate palmitoyl CoA, and simultaneously treated
with PSC 833. Sphinganine, the product of serine palmitoyltransferase, was measured
by TLC. The results showed that sphinganine increased by 146 % at 6 hr after the
addition of PSC 833 to the culture medium. Addition of FB; to block conversion of
sphinganine to ceramide, increased PSC 833-induced generation of sphinganine by186
%. These observations further support the finding that serine palmitoyltransferase is
activated by the MDR modulator, PSC 833.

5. PSC 833 has no influence on palmitoyl CoA synthetase activity. As palmitoyl
CoA synthetase functions in the de novo pathway of ceramide synthesis, we examined
the influence of PSC 833. The agent was without effect.

6. PSC 833 has no influence on ceramide synthase activity. Previous studies have
shown that some chemotherapeutic agents, such as daunorubicin, camptothecin, and
tumor necrosis factor o, elicit ceramide generation which contribute to apoptosis. It has
generally been thought that ceramide synthase is the regulatory step in the de novo
pathway of ceramide generation; however, our enzyme assay results showed that PSC
833 treatment had no influence on ceramide synthase activity.

7. Effect of PSC 833 on serine palmitoyltransferase activity is closely related to its
molecular structure. PSC 833 is a derivative of cyclosporin A, and both have similar
molecular structure. The pB-ketoamide in cyclosporin A is replaced by a B-hydroxyamide
in PSC 833, and PSC 833 has an isopropy! group replacing one of the ethyl groups. It is
reported that PSC 833 is a more potent MDR reversing agent compared to cyclosporin
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A. To determine whether this difference is related to their actions on ceramide
generation and serine palmitoyltransferase activation, we compared the effects of the
two derivatives. Cyclosporin A had no effect on serine palmitoyltransferase activity,
sphinganine production, or ceramide generation. Therefore, the B-hydroxyamide and
ethyl group are essential for the ceramide metabolic response.

CONCLUSIONS -

During the past year | have mastered various lipid analysis techniques using cultured
human breast cancer cells as models, and developed and standardized enzyme
assays. Our studies demonstrate that PSC 833 induces ceramide generation in breast
cancer cell lines via a de novo pathway. We have shown, for the first time, that serine
palmitoyltransferase is activated by PSC 833. This is important, as etoposide has also
been shown to elicit cytotoxicity by activation of serine palmitoyltransferase (23).
Furthermore, we have demonstrated a close structure-activity relationship (of PSC 833)
for induction of ceramide generation and serine palmitoyltransferase activation. We
conclude that PSC 833 increases ceramide generation via a de novo pathway, by
activation of serine palmitoyltransferase, and this is a key step in the modulatlon of
multidrug resistance and in chemosensitization.
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APPENDIX

KEY RESEARCH ACCOMPLISHMENTS

mastered techniques of cellular lipid radiolabeling and thin-layer chromatography
(TLC), essential for the metabolic studies;

developed TLC methods for 3-keto-shinganine, sphinganine, and sphingosine
analysis;

developed a method for quantitative analysis of the ceramide generated from
different biochemical pathways;

developed and standardized enzyme assays for palmitoyl coenzyme A
synthetase, serine palmitoyltransferase, and ceramide synthase, essential for the
enzymology;

determined that PSC 833 induces apoptosis and reverses multidrug resistance in
human breast cancer cells;

demonstrated that PSC 833 increases ceramide generation in a time- and dose-
dependent manner;

determined that PSC 833 increases ceramide generation via the de novo
pathway, and not by sphingomyelin hydrolysis;

demonstrated that PSC 833 activates serine palmitoyltransferase in in vitro
assays using microsomes obtained from PSC 833-pretreated cells;

determined that PSC 833 has no influence on palmitoyl CoA synthetase activity;
determined that PSC 833 has no influence on ceramide synthase activity;

determined that the effect of PSC 833 on serine palmitoyltransferase activity is
closely related with molecular structure, showing a stringent structure-activity
relationship.

REPORTABLE OUTCOME

Manuscript in Preparation (Cancer Research)

Hongtao Wang, Armando E. Giuliano, and Myles C. Cabot. Activation of serine
palmitoyltransferase by PSC 833: insight into mechanisms of ceramide generation and
multidrug resistance modulation in breast cancer cells.
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