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INTRODUCTION 

The anti-cancer drug doxorubicin (adriamycin) causes severe adverse effects at high doses 
and loses its efficacy against multidrug resistant tumors including breast cancer. Potentially fatal 
cardiotoxicity can develop in patients when the cumulative dose of the drug exceeds 450 mg/m . 
For optimum use of doxorubicin it is necessary to overcome multidrug resistance of tumor with 
simultaneous protection against cardiotoxicity. Cardiotoxicity may result from the tendency of 
doxorubicin and its metabolites to accumulate in the heart and trigger free radical mediated 
injury (1-3). At present, R-verapamil, tamoxifen, raloxifene, toremifene and dipyridamole are 
being considered as chemosensitizers for reversing tumor resistance to doxorubicin. It is 
important to identify and avoid conditions under which they preferentially sensitize the tumor 
without subjecting the heart to the deleterious effects. Free radicals are known to induce 
apoptosis. If free radicals are the cause of cardiotoxicity, then R-verapamil, tamoxifen, 
toremifene, raloxifene and dipyridamole should protect the heart by virtue of their anti- 
peroxidant action. If apoptosis is the cause of cardiac injury then the alleged anti-apoptotic 
action of these chemicals should be beneficial to the heart. If cardiotoxicity is the result of 
altered kinetics and metabolism of doxorubicin to the more toxic doxorubicinol, then certain 
metabolic inhibitors would afford protection.  Apoptosis in the tumor is desirable, whereas 
apoptosis in the heart is detrimental. Methods for decreasing the free radical burden in the heart 
and preventing the accumulation of doxorubicin and its metabolites in the heart may improve the 
clinical usefulness of doxorubicin. This may be achievable because the antitumor action of 
doxorubicin may occur through inhibition of DNA topoisomerase with minimal involvement of 
free radicals. The mechanisms involved in the actions of these pharmacologically diverse 
compounds may hold valuable clues for improved cancer therapy and protection against 
cardiotoxicity.   The specific aims of the project are: 

#1: To determine if R-verapamil, tamoxifen, toremifene, raloxifene and dipyridamole alter the 
metabolic and pharmacokinetic profiles of doxorubicin in athymic nude mice with multidrug 
resistant MCF-7 human tumor xenografts. High pressure liquid chromatography (HPLC) will be 
utilized to measure the concentration of doxorubicin, doxorubicinol and the chemomodulator in 
blood, tumor, heart, kidneys and liver of mice. The extent of lipid peroxidation and the 
concentration of reduced glutathione will be determined in heart and liver tissue by standard 
biochemical assays. 

#2: To determine if R-verapamil, tamoxifen, toremifene, raloxifene and dipyridamole have 
differential effects on programmed cell death (apoptosis) in cardiac tissue compared to the 
tumor. The extent of apoptosis in heart tissue and tumor will be assayed in situ by histological 
methods and by DNA laddering assays in order to correlate cardiac damage with extent of 
apoptosis. 

#3: To apply the electron spin resonance (ESR) technique of spin trapping to compare the 
influence of R- and S-verapamil on doxorubicin-induced free radical formation in vitro and in 
vivo. Alpha-(2,4,6-trimethoxyphenyl) N-tert-butylnitrone (TMeOPBN) will be administered to 
mice for in vivo studies and TMeOPBN and 5,5-dimethylpyrroline N-oxide (DMPO) will be 
used for in vitro experiments with cardiac microsomes and mitochondria isolated from animals 
in the different treatment groups. The long term goal is to find safer methods of treating 
multidrug resistant advanced breast cancer with doxorubicin while preventing cardiotoxic side 
effects of treatment. 
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BODY 

There are several reports that the MCF-7/ADR cell line used at many research centers for 
investigating doxorubicin resistance in human breast tumor cells is not genetically related to its 
presumed parental cell line MCF-7 (4-6 ). Multidrug resistant breast cancer cell lines whose 
pedigree can be reliably traced to their parental cell lines have been obtained by researchers in 
other laboratories by transfection of the appropriate genes for drug resistance.  Matched 
sensitive (wild type) and its multidrug resistant variant are now available to us from reliable 
sources such as Georgetown University and the National Cancer Institute. We have to repeat 
many of the experiments that were carried out earlier with MCF-7/ADR, using these matched 
pairs of breast cancer cell lines of varying drug sensitivities. Our attempts to produce multidrug 
resistant MCF-7 cells by serial exposures to graded concentrations of doxorubicin failed to 
yield stable drug resistant mutants. Therefore we have depended on the cell lines developed in 
Georgetown University by Dr. Robert Clarke (specifically MDA 435/LCC6 and its multidrug 
resistant derivative MDA 435/LCC6MR1) and by Dr. Michael Gottesman of the National 
Cancer Institute, National Institutes for Health ( MCF-7 and MCF-7 MDR clone 10.3, which 
has been transduced with MDR1). 

The HPLC techniques have been developed and the necessary quality control measures have 
been established. These will be directly applicable to pharmacokinetic studies.  A standard 
curve was generated for quantitative analysis of doxorubicin using daunomycin as an internal 
standard (Appendix 1). The reproducibility of the method was also tested (Table 1 and Table 2 
in Appendix 2) 

Flow cytometry was used to characterize the cell lines with respect to the presence of the protein 
associated with multidrug resistance. As expected, the protein associated with multidrug 
resistance was found only in MCF-7/ADR cells but not in wild type MCF-7 human breast cancer 
cells. 

Since multidrug resistance is associated with an ATP binding permeability glycoprotein (pgp 
170), the influence of glucose on the growth of the two cell lines was examined. The two cells 
differed in their response to high levels of glucose (Appendix 3). Increasing the glucose 
concentration in the medium from 5 raM to 25 mM was without effect on MCF-7/ADR cells, but 
stimulated further growth of MCF-7 cells. This may have some bearing on the growth and 
progression of tumors in diabetic individuals. 

The cell lines were further characterized in terms of their sensitivity to doxorubicin in the 
presence and absence of tamoxifen (Appendix 4-8). Isobologram analysis revealed synergistic 
interaction of doxorubicin with tamoxifen in the case of MCF-7/ADR but not MCF-7 cells 
(Appendix 7 and 8 ). 

Electron spin resonance (ESR) techniques were utilized to study free radical production in cells 
treated with doxorubicin. The formation of semiquinone free radical from doxorubicin was 
detected in anaerobic incubations of cells (Appendix 9). The spin trap DMPO was utilized to 
detect the formation of hydroxyl free radicals by cells incubated with doxorubicin and DMPO 
under aerobic conditions (Appendix 10). The dose of doxorubicin needed for demonstrating free 

5 



radical production was quite cytotoxic and comparison of the results from the drug sensitive 
MCF-7 and the drug resistant MCF-7/ADR cells was further complicated by the differences in 
tolerance to doxorubicin. 

The ability of tamoxifen to inhibit microsomal lipid peroxidation was studied using liver and 
cardiac microsomes (Appendix 11-12). The concentration dependent effect of doxorubicin on 
microsomal lipid peroxidation was studied (Appendix 13 ). 

The in vivo studies associated with task 3 (pharmacokinetic analysis and apoptosis assays in 
animals) of statement of work have been delayed. However, we have grown MCF-7/ADR cells 
as solid tumor xenografts in nude mice as part of another ongoing project dealing with in vivo 
phosphorus nuclear magnetic resonance spectroscopy.   We will soon initiate tumor 
transplantation for pharmacokinetic studies and apoptosis assays using authentic multidrug 
resistant breast cancer cells. A prior assessment of the factors influencing apoptosis will be 
useful for interpreting the results of apoptosis assays on tissue and tumor samples from treated 
animals. Therefore the effects of different agents on doxorubicin-mediated apoptosis were 
studied. 

Inhibitors of protein kinase C are known to play a regulatory role in cell proliferation and 
apoptosis. Protein kinases have been identified as therapeutic targets that are worth exploring 
(7).  Tamoxifen, raloxifene and dipyridamole are inhibitors of protein kinase C, which is being 
recognized as an attractive target in cancer chemotherapy, especially for overcoming multidrug 
resistance (7-9). The influence of oxidative stress, pH and calcium homeostasis in drug 
resistance is being actively studied in several laboratories (10-13). 

The multidrug resistance reversing agents, tamoxifen, dipyridamole, verapamil and raloxifene 
are inhibitors of protein kinase C. Furthermore, these compounds possess some antiperoxidant 
activity and a tendency to perturb calcium homeostasis in cells. The basic amino groups in 
compounds such as nicotine, tamoxifen and dipyridamole, can alter intracellular pH and 
influence cellular uptake of anticancer drugs.  The diverse pharmacological properties make in 
vivo study of these compounds exciting.  In vitro experiments have been carried out as 
preparation for the projected in vivo studies on tumor bearing mice. 

Necrosis was the major source of cell death in doxorubicin treated MCF-7/ADR cells. 
These cells are probably not of breast origin in spite of the nomenclature used. These cells have 
mutated p53, which may account for their resistance to apoptosis (4,14) (Appendix 14). 

The protein kinase C inhibitors tamoxifen, raloxifene and dipyridamole partially sensitized 
MCF-7/ADR cells to doxorubicin, when cell viability was estimated using colony formation 
assays. These compounds also inhibited doxorubicin stimulated microsomal lipid peroxidation. 
All three compounds displayed non protein thiol sparing effect in microsomes treated with 
doxorubicin. This confirms the anti-peroxidant properties of these compounds. 

Nicotine, tamoxifen, raloxifene and dipyridamole are amino compounds with some basic 
character. Nicotine activates protein kinase pathways in some cellular systems (15-19). This is 
in contrast to the other three compounds which inhibit protein kinase C. Interestingly, nicotine 
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decreased the cytotoxicity of doxorubicin towards MCF-7 cells (Appendix 14 and 22) (14). 

Adenosine triphosphate (ATP) is needed for pathways leading to apoptosis, and ATP 
depletion promotes necrosis (Appendix 15 ) (20). Therefore it is important to understand the 
effects of different pharmacological agents on cellular energy production. In collaboration with 
Dr. Paul Wang of our University, we have utilized 31P NMR spectroscopy to study ATP 
producing capacity of MCF-7/ADR cells (21).  The technique should allow us to compare the 
effects of tamoxifen and doxorubicin on ATP production and glucose utilization by drug 
sensitive and resistant cells. We had noted differences in the glucose mediated proliferative 
responses of MCF-7 and MCF-7/ADR cells (22). Since these cell lines are genetically unrelated, 
we will repeat the experiments with authentic genetically related pairs of drug sensitive and drug 
resistant breast cancer cell lines. 

The importance of the sphingomyelinase - ceramide pathway in ceramide mediated 
apoptosis and drug resistance is rapidly gaining recognition (Appendix 16 ). The roles of 
sphingomyelin and ceramide pathways in multidrug tumor cell sensitivity and resistance are 
being examined in several laboratories (23-29). We are teaming up with Dr. Xinbin Gu of our 
University, to investigate the effect of nitrone spin traps and nitroxyl spin labels on ceramide 
mediated apoptosis. Free radical initiated apoptosis can be triggered via sphingomyelinase 
pathway. Nitrones and nitroxyls exhibit antiperoxidant activity in systems where dipyridamole 
and tamoxifen also inhibit peroxidation. Therefore, we will compare the abilities of these 
compounds to perturb the sphingomyelinase pathway and apoptosis in drug sensitive and 
resistant breast cancer cells treated with and without doxorubicin. 

Important differences were noted in the metabolic activation of doxorubicin and another 
anthracycline, mitoxantrone (Appendix 17 ). Mitoxantrone yielded free radical intermediates 
during oxidative as well as reductive metabolism.  Free radicals were detectable by electron spin 
resonance techniques only during reductive metabolism of doxorubicin (30). 
We also observed that the neutral red assay for cell viability was unreliable when used with 
multidrug resistant cells, presumably due to lack of adequate retention of the dye by the drug 
resistant cells ( Appendix 18 and 23 ). This assay also overestimated the viability of heat 
inactivated cancer cells (31). 

Among several compounds tested, loperamide, an over the counter medicine for treatment of 
diarrheah was a potent sensitizer of of multidrug resistant MCF 7 clone 10.3 cells towards 
doxorubicin. (Appendix 25). Flow cytometry measurements indicated that loperamide increased 
the accumulation of doxorubicin in these drug resistant cells. 

We evaluated a series of l,l-dichloro-2,3-di- and tri-arylcyclopropanes as multi drug resistance 
reversing agents. Many of these act as pure anti-estrogens. This is in contrast with tamoxifen 
which has some estrogenic activity in addition to its well documented anti-estrogenic features. 
Some of these antiestrogens were nearly as effective as tamoxifen in overcoming cellular 
resistance to doxorubicin. (32). (Appendix 26). 

In view of the recent interest in natural products as therapeutic agents, we tested tetrandrine and 
berberine, which are used in traditional Chinese medicine, as sensitizers of multidrug resistant 
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MCF 7 clone 10.3 cells towards doxorubicin. (Appendix 27). 

We had several setbacks associated with misidentification of the MDR cell line. The cell line that 
was originally obtained was probably a drug resistant cancer line unrelated to breast. The current 
resistant cell line MCF-7 clone 10.3 is an authentic multidrug resistant breast cancer, which is 
easily passaged both in vitro and in vivo as solid tumor xenografts in Balb/c nude mice. 
We have started preparing manuscripts on all our results (task 4: statement of work), and expect 
to submit them for consideration of publication in peer reviewed journals. 

KEY RESEARCH ACCOMPLISHMENTS 

HPLC method for measuring doxorubicin content in biological samples has been 
standardized. 
MCF-7 and MCF-7/ADR cells have differ in their growth patterns in RPMI medium with 
normal (5 mM) and high (25 mM) glucose levels. 
MCF-7 and MCF-7/ADR cells metabolize doxorubicin to the corresponding semiquinone 
free radical. However, the concentration of doxorubicin used to demonstrate this results 
in reproductive cell death of the cells. The semiquinone free radical was observed 
under anaerobic conditions. Including 5,5-dimethylpyrroline-N-oxide (DMPO) as a spin 
trap enabled the detection of hydroxyl radical in aerobic incubation mixtures. 
Tamoxifen inhibited doxorubicin stimulated lipid peroxidation in both liver and cardiac 
microsomes. 
Tamoxifen by itself causes reproductive cell death. Tamoxifen interacts synergistically 
with doxorubicin to cause reproductive cell death in MCF-7/ADR cells, but the 
interaction is only additive in the case of wild type MCF-7 cells. 
Demonstrated necrosis to be the major cause of cell death in doxorubicin-treated MCF- 
7/ADR cells. 
Demonstrated the PKC inhibitors tamoxifen, raloxifene, and dipyridamole partially 
sensitized MCF-7/ADR cells to doxorubicin when cell viability was estimated using 
colony formation assays. 
Demonstrated that nicotine activates PKC pathways in some cellular systems in contrast 
to the other three compounds that inhibit PKC. 
Utilized 31PNMR spectroscopy to distinguish drug sensitive and multidrug resistant cells. 
Nitrones and nitroxyls can perturb the sphingomyelinase pathway and apoptosis in drug- 
sensitive and -resistant cells treated with and without doxorubicin. 
Detected free radicals during reductive metabolism of doxorubicin and mitoxantrone. 
Observed that neutral red assay for cell viability was unreliable when used with MDR 
cells, and overestimated the viability of heat inactivated cancer cells. 
Doxorubicin lethality after multiple dosing with LDio is associated with bone marrow 
depletion. 
Doxorubicin treatment (LDio) of mice decreased cardiac levels of non protein sulfhydryl 
by nearly 50 percent whereas the levels of total sulfhydryl and protein bound sulfhydryl 



were not significantly affected. 
An EPR method for measuring the sulfhydryl levels in cells was utilized successfully. 
The different MDR reversing agents did not affect the conversion of doxxorubicin to the 
correspoding semiquinone under anaerobic conditions. 
Microsomal metabolism of doxorubicin is inhibited by tamoxifen 
Agents that reverse multidrug resistance inhibit microsomal lipid peroxidation. 
Natural products such as terandrine and berberine modified the sensitivity of multidrug 
resistant breast cancer cells to doxorubicin by inhibiting the expression of mdr gene. 
A series of synthetic antiestrogens were found to reverse multidrug resistance of breast 
cancer cells in culture. 
Have demonstrated that the anti-diarrheal agent loperamide is extremely effective in 
overcoming multidrug resistance of human breast cancer cells. 
Inhibitors of PgP causes enhanced retention of drugs in the heart and brain. 
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CONCLUSIONS 

A robust analytical method has been established for carrying out pharmacokinetic studies on 
tumor bearing mice. The formation of free radicals during cellular metabolism of doxorubicin 
has been demonstrated. However, the conditions necessary for demonstrating free radical 
formation also caused extensive cell death. Tamoxifen is an efficient antioxidant which interacts 
synergistically with doxorubicin to kill multidrug resistant MCF-7/ADR cells. This has to be 
confirmed in vivo using solid tumor xenografts of MCF-7/ADR cells in nude mice. This will be 
accomplished in the next phase of the project. Raloxifene and toremephine will also be tested in 
vivo along with tamoxifen. Our experiments underscore the importance of glucose levels in 
modulating the proliferation rate and cytotoxic response of cells. 

The MDR reversing agents, tamoxifen, dipyridamole and raloxifene partially inhibit 
doxorubicin mediated lipid peroxidation in tumor cells and in microsomal preparations. The 
results need to be confirmed using MCF-7, and MCF-7 MDR clone 10.3 cells developed by Dr. 
Michael Gottesman of the National Institutes for Health.. 

The MCF-7/ADR cells which was used in our studies has a mutated p53 and is not prone to 
undergo doxorubicin mediated apoptosis. Moreover this cell line may not even be a breast 
cancer. Therefore it is essential that we concentrate our efforts on MCF-7 and MCF-7 MDR 
clone 10.3.   We also have MDA 435/LCC6 and its multidrug resistant derivative 
MDA/LCC6MR1 for comparison. 

It is important to test the antiperoxidant and thiol sparing effects of tamoxifen, dipyridamole and 
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raloxifene using authentic breast cancer cells differing in drug sensitivities. These results should 
be compared with those obtained using cardiac muscle cells. Electron spin resonance studies 
should be carried out to evaluate the thiol tone of muscle cells and tumor cells treated with 
doxorubicin alone and in combination with tamoxifen, raloxifene and dipyridamole. 

The MCF-7 and MCF-7 MDR clone 10.3 will be grown as solid tumor xenografts in Balb/c 
nude mice for completing the  pharmacokinetic studies as proposed . The results from these 
studies will help identify any preferential effects of doxorubicin and multidrug reversing agents 
on the tumor in comparison to the heart. 
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Figure 1: Calibration Curve for HPLC Analysis of Doxorubicin 

HPLC analysis was carried out on samples containing known amounts of doxorubicin (DOX) and 
daunomycin (DAUN) as the internal standard. Spherisorb ODS-2 column (5|J. 4.6 mm x 25 cm 
column was used in a Shimadzu HPLC system equipped with a fluorescence detector.  A 70: 30 
mixture of phosphate buffer (pH 0.06 M; pH 4.0) and acetonitrile was used for isocratic elution 
at a flow rate of 1 ml per minute, at room temperature. Fluorescence detector was at excitation and 
emission wave lengths of 480 nm and 560 nm respectively. Doxorubicin and daunomycin eluted 
after retention times of 7.5 and 17.5 minutes respectively. 
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Concentration of Percent    Coefficient of 
Variation 

Doxorubicin (ng/ml) Intra-day Inter-day 

25 4.2 6.9 

125 5.8 6.0 

Table 1:   Intra-day and inter-day reproducibility of HPLC analysis of doxorubicin 

Plasma samples containing known amounts of doxorubicin were subjected to the acid extraction 
procedure and analyzed using HPLC and the inter-day and intra-day variation was checked. 

Concentration of Doxorubicin 
added (ng/ml) 

Concentration of 
Doxorubicin recovered 

Percent recovery (mean ± 
standard deviation) 

25 23.3, 26.4, 23.9 98.1 ±5.36 

50 45.9,48.1,53.7 98.4 ± 6.56 

100 94.5, 93.8, 96.7 95.011.23 

Table 2:   Efficiency of acid extraction method for recovery of doxorubicin from 
mouse plasma. 

Plasma samples were thawed and mixed using a vortex generator, one hundred microliters of 
plasma were spiked with an equal volume of daunomycin (5 \iM) as an internal standard and then 
mixed with 300 ul of 0.6 N HC1 in 90% ethanol and stored at 4°C for one hour to form a gel. The 
sample was then centrifuged at 20,000 g for 25 minutes and the clear supernatant was analyzed 
for doxorubicin. Since doxorubicin and daunomycin are photosensitive, all manipulations were 
performed under subdued light. 

APPENDIX 2 



4.00E+05 

u 3.00E+05 
a 
Si 
E 
= 2.00E+05 

—O—5mM 

—O— 25m M 

o 
ü 

1.00E+05 

O.OOE+00 

12       3       4       5 

Days in Culture 

MCF7 

4.00E+05 

,_  3.00E+05 
JQ 

E 
=  2.00E+05 

O 
1.00E+05 

O.OOE+00 

0       1       2       3       4       5 

Days in Culture 
MCF 7/ADR 

Figure 2:   The influence of glucose on proliferation of MCF-7 and MCF-7/ADR 
cells in culture 
The effects of glucose concentration on cell proliferation were investigated in MCF-7 (left panel) 
and MCF-7/ADR (right panel) cells. Single cell suspensions were prepared from exponentially 
growing monolayer cultures. Cells were seeded in several 6 well plates at approximately 1 x 104 

cells/well in 3 ml of RPMI1640 medium containing 5% fetal bovine serum and normal (5 niM) 
(open circle) or high (25 mM) (open square) glucose. Total viable cell counts were determined 
daily using 0.4% trypan blue dye exclusion and the number of cells per dish calculated, the 
proliferation rate of MCF-7/ADR cells was higher than that of MCF-7 cells at normal glucose 
concentration. The proliferation of MCF-7 cells was stimulated by high glucose (top panel) but 
there was no difference in the proliferation rates of MCF-7/ADR cells exposed to normal and high 
glucose (lower panel). Data are mean + SD for triplicate determinations which were repeated in 
three separate experiments. 
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Figure 3:   Cell survival curves for MCF-7 cells treated with graded 
concentrations of doxorubicin with or without tamoxifen 

Cell viability was assessed using clonogenicity measurements. Appropriate numbers of 
exponentially growing MCF-7 cells were plated in triplicate onto 60 x 15 mm tissue culture 
dishes containing 5 ml complete medium. Cultures were treated the next day with doxorubicin (0 
to 20 uM) alone (closed circle) or with tamoxifen (10 uM) (open circle) for 6 hours. At the end of 
the 6 hour drug treatment, the medium containing the drug was removed, and the cultures were 
washed with phosphate buffered saline and replenished with fresh medium. The cultures were 
incubated for 10 to 12 days and then stained with 1% methylene blue in 50% ethanol. Colonies 
containing 50 or more cells were considered to be reproductively viable. Survival of cells with 
respect to untreated controls was plotted against doxorubicin concentration. 
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Figure 4:   Cell survival curves for MCF-7/ADR cells treated with graded 
concentrations of doxorubicin with and without tamoxifen. 

Cell viability was assessed using clonogenicity measurements. Appropriate numbers of 
exponentially growing MCF-7/ADR cells were plated in triplicate onto 60 x 15 mm tissue culture 
dishes containing 5 ml complete medium. Cultures were treated the next day with doxorubicin (0 
to 75 uM) alone (closed circle) or with tamoxifen (10 uM) (open circle) for 6 hours. At the end of 
the 6 hour drug treatment, the medium containing the drug was removed, and the cultures were 
washed with phosphate buffered saline and replenished with fresh medium. The cultures were 
incubated for 10 to 12 days and then stained with 1% methylene blue in 50% ethanol. Colonies 
containing 50 or more cells were considered to be reproductively viable. Survival of cells with 
respect to untreated controls was plotted against doxorubicin concentration. 
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Tamoxifen (\iM) MCF-7 CELLS MCF-7/ ADR CELLS 
Dox (\xM ) 

IC50 

Enhancement 
Index (El) 

Dox ( nM ) 
IC5o 

Enhancement 
Index (El) 

0.0 0.96 - 25.0 - 

1.0 0.91 1.1 20.5 1.2 
2.0 0.76 1.3 15.9 1.6 
5.0 0.47 2.0 5.1 4.9 
10.0 0.06 16.0 0.7 35.7 

Table 3:   Enhancement of doxorubicin cytotoxicity by tamoxifen 

Appropriate numbers of exponentially growing MCF-7 and MCF-7/ADR cells were plated in 
triplicate onto 60 x 15 mm tissue culture dishes containing 5 ml of complete RPMI1640 
medium. Doxorubicin (0 to 20 n M in case of MCF-7 cells; 0 to 75 uM in the case of MCF-7/ADR 
cells) and / or tamoxifen (0 to 10 uM) were added the next day. After 6 hours of drug treatment, 
the medium was removed from the cultures which were subsequently washed with phosphate 
buffered saline, and then refed with complete medium. The cultures were incubated for another 10 
to 12 days and then stained with methylene blue (1% solution in 50 % ethanol). Colonies 
containing 50 or more cells were considered to represent a viable cell. The number of colonies 
arising from viable cells was determined and the survival was calculated relative to untreated 
control cultures, and the dose response curves were plotted and analyzed by the method of Chou 
and Talalay (4) to determine IC50 values. The enhancement index (El) was calculated as the ratio 

(ICsn of Doxorubicin in the absence of Tamoxifen) 
(IC50 of Doxorubicin in the presence of Tamoxifen) 
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Figure 5: Isobologram analysis of cell survival data on MCF-7 cells 

The nature of the interaction of doxorubicin and tamoxifen was evaluated according to the method 
of Berenbaum (5). Since each drug was cytotoxic when used alone, the combination of 
doxorubicin and tamoxifen was considered homoergic. Cells were treated with tamoxifen alone or 
doxorubicin alone or combinations of the two drugs over a range of concentrations and IC50 values 
were determined as indicated in table 3. The IC50 isobole was constructed and the combination of 
tamoxifen and doxorubicin was found to act additively. 
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Figure 6: Isobologram analysis of cell survival data on MCF-7/ADR cells 

The nature of the interaction of doxorubicin and tamoxifen was evaluated according to the method 
of Berenbaum (5). Since each drug was cytotoxic when used alone, the combination of 
doxorubicin and tamoxifen was considered homoergic. Cells were treated with tamoxifen alone or 
doxorubicin alone or combinations of the two drugs over a range of concentrations and IC50 values 
were determined as indicated in table 3. The IC50 isobole was constructed and the combination of 
tamoxifen and doxorubicin was found to act synergistically. 
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Figure 7:   Comparison of doxorubicin semiquinone free radical production 
during anaerobic metabolism of doxorubicin by MCF-7 and MCF-7/ADR cells 

Single cell suspensions were prepared from exponentially growing monolayer cultures. Anaerobic 
incubations were carried out in closed sample vials (2 ml capacity) containing (107 cells/ml)in 
phosphate buffered saline (pH 7.4), glucose (0.2 mM) and doxorubicin (0.1 mM). The samples 
were transferred anaerobically into an ESR sample cell after incubation at 37°C and the spectra 
recorded over a 60 minute period in order to assess the kinetics of semiquinone formation. The 
relative intensity of the adriamycin semiquinone signal was plotted against the duration of 
incubation. Inclusion of tamoxifen (10 uM) did not affect the formation of semiquinone free 
radical. The signal due to doxorubicin semiquinone was higher in the case of MCF-7 cells 
compared to MCF-7/ADR cells.  It is important to mention that the concentration of doxorubicin 
used in these experiments cause reproductive death of almost all the cells. The two cell lines differ 
in their tolerance or sensitivity to doxorubicin. 
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Figure 8:    Comparison of hydroxyl free radical production in aerobic 
incubations of MCF-7 and MCF-7/ADR cells containing the spin trap 
(DMPO) and doxorubicin with or without tamoxifen 

For these experiments, aerobic incubation mixtures contained 107 cell per ml in phosphate buffer 
(pH 7.4), glucose (2 mM), doxorubicin (100 uM) and DMPO (100 uM) with or without 
tamoxifen (10 uM). Aeration was ensured by bubbling air through the incubation mixture 
maintained at 37°C. Electron spin resonance spectra were acquired at different times over a period 
of 1 hour. The intensity of the second peak of the 1:2:2:1 quartet of the DMPO-OH signal was 
plotted against duration of incubation. 
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Figure 9: Inhibition of cardiac microsomal lipid peroxidation by tamoxifen. 

Incubation mixtures contained 3 mg microsomal protein per ml, 2.5 mM NADPH with or without 
doxorubicin (25 uM) and tamoxifen (0 to 25 uM). Malonaldehyde was determined by measuring 
the absorbance at 532 nm of the 2-thiobarbituric acid conjugation product after processing with 
thiobarbituric acid reagent under acidic conditions (6). Lipid peroxidation was allowed to proceed 
for 60 minutes. No effort was made to exclude adventitious iron in the buffers or reagents used. 
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Figure 10:    Influence of tamoxifen on doxorubicin induced lipid peroxidation 
in liver microsomes 

Incubation mixtures contained 1 mg of microsomal protein per ml and an NADPH generating 
system composed of glucose -6-phosphate (5 mM), NADP (0.3 mMO and 0.5 units of D-glucose- 
6-phosphate dehydrogenase. Lipid peroxidation was determined on the basis of 2-thiobarbituric 
acid reactive substances which have a strong absorbance at 532 nm (6). Lipid peroxidation was 
allowed to proceed at 37°C for 60 minutes in the presence or absence of doxorubicin (25 uM) with 
or without tamoxifen (10 uM) 
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Figure 11:   Effect of doxorubicin concentration on microsomal lipid 
peroxidation. 

Incubation mixtures contained 1 mg of microsomal protein per ml and an NADPH generating 
system and graded concentrations of doxorubicin (0 to 150 uM) with or without tamoxifen (10 
UM). Lipid peroxidation was allowed proceed for 60 minutes at 37°C and the extent of 
peroxidation was assayed by measuring 2-thiobarbituric acid reactive substances (6). 
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Effect of nictoine on doxorabldn taxlrtty towards MCF-7 and KB3.1 cells 

Introduction 
'[»■the United %ttes.approxnnateiy 7.5;% of catleer tdafed; de^tJif caii^e attributed to 
itojcmg^ Tatiöügo :usM*s:b@eri associated with earemogenesis. tobaeeo use is strongly 
4iscourugedmp^^ 
^ff^i v%ess Öf ^^Ji0ö#'M)iü^>y .tod iJttjrfeas« Ä^äsk:-^f tumöt- 
Ttheaim ofcaneei'lherapy ktediniinatedancigemecelfe in tumor.(lenogemeky 
assays areUäeJMJtod^ 
^reriiotaiways,$.measure of mprodueiiteVdeÄ in cells. Tumor recurrence depertdÄ on the 
opreseneeof viable elonogemcceils that survive eveaafter therapy. We tested theeffect öf 
nieotine on eyiotarieity iff.. <aoxorubioih(dox) towards eaneertfilLs m culture^ mmg assays 
Ä ä|»pösis? «e^ösfe and elonogenicity; 

Methods and Matciial^ 
Cells: MCP-7iiuraan feast eaueereells andKlM.! lwmännasoph;ufngeal carcinoma 
yellswere cultured and maintained as exponential monolayers in a humidified 5% 
carbon dioxide air stinesphere in a 3TC incubator. &PMJ 1($4Ö medium fbrtified with 
40% fetal bovine serurn, .gäufamMie (2mM), WdiniTVp^ti^ge (IntMJ arid 10Ö mirts/ml 
$Mhof penicillin and streptomycin was -used for euliuring MCF-7 cells. K.B-3,1 eclls 

^vyere grown mAlbceeo% nmiimum essential medium ttejt was fortified with-fetal 
.bovine serum s ^lutamrae, pyruyate andautibiötfe 

Apopfosis asjaysi Annepn V-EüFF appptüsis detectionKtt (MI*L.:Nagoyäs Japan}was 
used for apoptosis assays using a flow.pytometcr. Apoptesis was estimated, by 
inea£iuingcääpase/3 and eäspase 8 activities, using a caspMe*3/CFF32 fluöijometriö 
:pro!ease^ 
Japan), Apoptosis was also detectedouthe basis of l>KA.Hr%mcmätion:analysi$iismg 
1.5% agarose gels, dsjng cthidium bromideforstaming, 

ClonOgtntkity assay:  Cells^wefrseeded at adeosftfof SOÖand 1500 cells per 60mm 
diameter tissue eulturedislies and the ceils were allowed to attach overnight The 
Cultures i^ere treated with nicotine; (10 or 20 uM} for two hours. Control cultures were 
treated with same volumeMmedium wiiioutUicotihe. Aftef the two hour exposure to 
nicotine, the:cultures were fecatcd wttlidifeeiu eönepntraüons ofdo^orubicin (0.25 to 
It) pNl4iige); lorW or 120minute^^^^ 
included, The niediumwasiremovcd fio/m each di§h and the eetto were Washed wifh 
Dulbeeco'sphospliateluffo^ 
added andthecaiitnresrotxiMiccltothcineubErtor^^ for oolonyl«nnation to progress for ten 
days.,Am/ .efllony;Äönwrtm"g: mote:'than SD-eells; was eönsiä'efed tot§pmm^ vMble 
eloftügenieeell; 'Themimberofeotan^^ 
vstainittg-witti rno|liylene^iue; Stoical was calculated relative to;a .100% value f&t 
.untreated controls. The^periment: was performed at least four timeS'fof eaeli eeiriiiWi. 
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Effect ofnictoine on doxorubicin toxicity towards MCF-7 and KB3J cells 

Introduction 
%*the lltiitedJSlgies fifproximatelylS;^^ to 
stooking« TobaefiOpUsi hasi>een associated with earemogenesis.f Tobacco use is sMftgly 
discouraged in patieÄ undergoing cancer ibeispy, Meo.dnc.'-(ai^> may deer eas/e the * 
'^0?0^mg^;ai^$x0iflt&npy and increase tnejiisk of turnbr reciuTenee^ 
The aim of cancef ^therapy is-to etiininatedonQgeme cells in turnor. Giono^enieity 
;as.say8^re/U^eM: fed whereas assays- tor äpoptosis 
;ar#s«bit always4 ineasure'bf reprodueiivevdeath in cells. Tumor recurrence depend» on the 
/presenceof^labfeelonogeraecetk that suwiwewen sltertiicrapys Wo tösied the -effect of 
nicotine on eytot®äeity öf Ioxorubiäri(döx) towards eMcerfcelU m culture, itsing assays 

■Sir äpöpösis, neefosis and clonogenicity; 

Cells: iyf0F-7,tawa?ibreast cancer cells and.K0-3-..1 huinannasophary hgeal carcinoma 
;cefewere cultured and raaintälned as exp^jierilM rijonölayersin a lxiiiiiiditled 55/u 
carbon dto>ade air atmosphere in s 37ßC ineubatpr. WMl 1640 medium fortified with 
10% fötal bovine semnvglufamuie (2mM), sodium pytnvatc CIäJMJ ^d IDÖünfts/ml 
eaehof penicillin and streptomycin was nsedfbfCiilteringMGJ«-? cells. JKLB-3.I cells 
Wcregrown an IMoeeeo Vmiihmmcr @^ with fetal 
J?üvinesert«nvglufäMrae* 

Äpoptosis assays? AMexin V-Kü]FF äpoptosis detection fit (MBL. Nagoyä. Jä;ptm)'w«s 
used for apoptosis assays using a flow e^ometcr. Äpoptosis was estimated, by 
ineasiffmgcaapase;3 and easpase 8 activities: usjrig a caspase-3/CFP32 fluoronietrio 
;pitrtease-assay k#and a caspaÄC-B/Fiiee toürönietrie protease assay kit fMBL, Nagoya, 
Japan), Äpoptosis wag -also detected ondie basis of IJNÄ.yragnientatipiiaöälysisIismg 
1.5% agarbse:. gels, using etbidium bromide:for staining. 

CtonögeriMty "assay:  (^llswerr seeded at aderi^ty of 30Ö-and 15^0 cells per 60mm 
diameter tische ctiltute dishes and nie cells were allowed to attach ox-emight The 
:cuftpes wereifeated with nicötinet I Q or 20 pM} for twohours. Control cuiturbs were 
tfljated\:Wth aanie volume ol'medittra withöiifenicotine. After the two hour exposure to 
nicotine, the^ulttires were treated with difeent eönegntrations of doxorubicin (0.25 to 
11) pM ränge); ibr 90 or 120: minutes. Approprlate.cöntrols without doxorubicm wem also 
included; The medium was removed hxtocaeh dish andthc cells :*yere washed with 
©ulbecCy^s pbosph^ 
added and the cultures returned to the incubator lor colony fbraiatjori to progress for ten 
days. Any cotopybbntaiiiiiig^motethan: §0 cells was considered to represent.a^Möte 
blonügeiile eelb: Th^ 
;staJteing-wim.nK?thylene blw: SitrvivMw.as.^c-»tat!S^idMv©,-W:a .100% valuefor 
untreated control^ The experiment, was. performed at leastfowtinies tor each ecSliijjCi. 



1£MUmy fijrraatton Assart: -AMtamM^^mix&aiMiSP4 eelis lo döx.ori«biciri (iO jiM) 
MÜm:($SQü<S§ ötttieötlflöMSedall celfe. However, pretre&tro&n't With Wand-2ß \sM iülcotine 
flltorcieäptÄalpi*>1setioii,t:f5 MJGF-1 eells |imtö4*ltirdoxorüfei5ätt   00 pM)fjfigvI}. 

■lit KB-3:, I sell tKK;S#tiVfl: Was M-^affer/ ftSOwiniit&xKatmeflt'witlv p.5 jLtMod^oniblcin 
aiqne( büttn^ sntv^ 
•l"ö.^tll^":nlc(jtine/preaBettetl-doxöE-uljic}ti 0.5 pM } treatment (Figv 2J, Even ilnsshglii ■■iobtbition 
;üfdpx0JubicinoyW^ is 
iUisslralod by &nnul#iiig the effort ofmultiple .tfoätrijcrjtswjiMbferabicm alone and in the 
presence of nicotine.'thfe graph {Pig» 3) depicts Tjiciitimbcr of olößögfefts cenminingatter 
sOMiföpte eourseof tfeahneni of a hypOthclical 
:0ne;gram tomor containing lö^donogemoselts^iMsliM:ofikcrapy. lij ibfe depiction, itis 
:asst^edthatlfe^fiinjörls:höÄogei![eüi!S and that (be eflectivcm;ss;is: ilifa saitiftlbicaclrcyölc of 
therapy, Effects of tuttiof sell proliferation; have 'also' beea ignored in lliis oaso» 

■Anwexin V assay; Twoeolo^flow cytom^try resyksviadkated lbs! a large proportion of cells 
;exposetixo doxqrubj&in were neCTOlio£iyudged by prop^ 
pupuMon of ^opto&eeHswas.sinaTIr Pretreatment with nicotine (10 p&!:) decreased 
necrosis dueto dqxorabicin (to yM).treatmaf of MCF-7 eellsfFig, 4 and 5). Nicotine 
treatment also prote«tedlCB: 3.1 eells .from iiccrosis induced by doxonibieM (1 pM).treatment 
för#p4^^*amut^s |Ffe % 

Ca$ßäse3-4itdcasp'as0r$'äcH>ititö.aiitj:BNA-;rrtfgmejdlatioi^ Ireältnonf wüli. lOpM 
doxowbicili alono IbrfO minutes iiioreaKKd. easpase*3 activity lo \4Q.% and easpase-,8 activity 
to 12;6% relative^ 100% activityioreadh si^ineinunlreatöd control cultures,Hywcvef, wZ 
hour prMreatinent-Witb 2D fiM nicotine rerlucedthe caspase-3 andenspase-8 activities 
respectively, in culturestreated witii doxonrbiciri to 114% and IÖIf* Decontrol (£ig. 7Ju ^his 
cor responds to? a 2C)%; inhibition öf döxorubiciit-iftdticed apöptosis by 213 pM nicotine' in these 
eel is. In a parallel set o'Fexr}erüneats.+ theAdrtig containing m«s^aöi^a5-'t^la<Mwith'4nig 
free .-medium after dieM minwte,exposure to doxombiein and then incubated at 37"JC foe 24 
hours, TOioatlie&Oiciell$iWete'^&niin0d^inhibitiön.0f4oxoTObitin^inducedap!öptosis--l^r- 
inooliiic;oo«ld:bcdöM!Önsttäifed oil tliebasisof DNA Bagmöilatidn analysis (Fig. 8). 

■Qur original intention *wcts to compare M€F^amimuHiäm'g reskutnt Mt"F-7/A3R-setts-.. 
.Besed an kfttyvtytpe, unpins, ihm® <&UUrm weptfttetermweätphemfetai&ä. Hffvwver, w& 

^mopkatyngeai eaivintmctt^Us, 1^ i^tiaMd experiments ßKvl.k®w 
ßrmmpwison with the data for MUF-Zcelk. 



Mfealiw dsereaüsiü Che;^hjtuxicily: of dox.otLtbiciii asjudged by assays.for appptosiSj;neKOsis 
.and donogeiucity: Necrosisandnotüipoptosisis theMajoreauseofcell deathin MCF-? and 
JOB^U eelk: treated vfe^ MCF»? mi 
KBr3,l cells sjio^fi^ottly.^-weak tipdp&feföspMe tödöKöEUbißiiitfeatmgtit; 

Mhibitionofapop^ 'This sKitemew 
Jruust ftrthgt: h&föTOpJsFsd by INI f^c-f thatiüßlöritspfinse -'to-therapy defends flit tumor eel t 
kiUuvgjt^ft proliferate "Gheniptheräpy [g wsuälfy given: in multiple dosfis 
or cycles of treatment: Tbestlglitiiihibitiortof doxonjbiein . eytotoxkiiy by incottne can be 
defBtnöß&d votte'cffii^pjrflf niflltjptaeour^ 

The TJ^Aj'wy Medical Keseämh. IVteteti&l t^mmand underDAMF* 17-98-I-H1 i)c> Supported 
tnlsrwodc, 
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Fig-ä, Flow %$toniötry assap-fbr anoptosis andnecrosis inKB-3.1 cells 
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A: Nicotine 10 ^M, B: Nicotine 20 JAM, 
;<ÄMie<tfte 10 fÄ^ÖöSombtew 10 juM,.   BtÄe'öttH&'äÖ ^M^exiorubieiii 1t)jiM, 
^^MUph-. F: Doxorabicin 10 ^iM. 

■mostlJNA öagments (I^aae ^comparedto other 'treatment groups. Howeve% 20 
uM nicotine inhibited ihis effect of'doxorubiciti ( Lane 1')) 
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Abstract:  Sridhar, R,, and Desai, P.B, Similarities and differences in mechanisms of free 
radical formation from mitoxantmhe and doxorubidn. Abstract presented at the Annual 
Äeitag^öf Am^ 1$m Oämmi M. 2GÖL PWG. 
Amsr-Assoc. Cancer Res. 42:935,2001, (abstract #5017). 

WSXHf/ 9feiÄsiWäa tad Dtfterencan laMMhaeterao* Free Ratfc* j^, 
nutbci ftwn Mtoumavti» **» We«**««*». M tut ftinä 
8. D*H*. Ccdfesw of Won»*, IWlwarfy öf Oncinnaö. Onct-xi», OH. *•<) 
MoWwW LWMwi fcr,Viteft^gfeft 'BE-. 

a leu carctotoxJc « Sine». iy. ■ trmf- Ifiss*» ft»s h«« 
ntwnwjBtn» qfdrjg molÄHÄm, (toxeni**! are! m*»»rita>nfi wen» wialLatwi *, 

QQ$WVt3tj^'Tiift<?Ä8f*tevfW'^ ^^ywtewjf^^igt fasr 

ln^,«sis«#Hör*0(jj» ikteäcnty 

stwS-fttetSBitl&afe Büdffi Ku^it()iw(iD0^witnhCT3PKS6) 
eeraucfc»« <HHP> and i-yamo«« parotid« (05 M poaaaluin phaspftea huftar. pH 7) 
yMttted Jrti rxMcaii wtio* ESR ipeClriifl ws »'«mteMfsl.tM spscSu« 
obtained !b» ltw product <X HBP caW/zW attOCK of hyttttO«! p*räxids un p. 
ffoBnfamämkm. Spadrepbs8Btri^.(tfu*»ji     ÜW-.ijil«w*h&*!«l     dtcsj 

of,« left with hmwuJfltrp'Ttntfe'» aw 
tiydg^jMBiq^e^^ Cf.'-t|lt 0M3, bÜf.no.'i% 

agwqt MCF-7 «*> m t»*j» el*», m±owi»*ins w» m«» tots trail doxcniicn. 
Mftcourtron*. m aftvp oawa* to doxonsbWa yWded * ctis!hsiyBatfatpwracSc2l 
'upi«r.'wiBy«iMfe "t»*iÄ|g^"jfN» *otll^■^^(SBil•4^ »M* eMMdAmoeM *> f«,«». 
iTiaccdvTiamki*;af:ifc:»w drüs».: (SupportedIn ä» tt&/Antir Mi** 
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Hours of hea ting at 43 degmes 
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Abstract:   Wang, P.C., Liu, D., Agwu, E. and Sridnar, R. Application of Päi NMR 
spectroscopy to distinguish drag sensitive and drug resistant breast cancer. Era of Hope. 
Department of Defense Breast Cancer Research Program Meeting. Proceedings Volume 
I, June 8-11,2000, Atlanta, GA, pp 217. 

DepEyrtmentofRadiofogy, Howard University 

E-mail: pwang@howaKl,edu 

NBcfeftr mapieüc iesonaöce (i^fMR) spuxttv&apy ias ««»rgsdl «rone of the nsost 
gjoimsing tec^iM«p»5 to impwis specificity in th*4tag&09Js mi staging i>t bm$t cant«; 
ft itmJ»ep VVVietely used in ths study of «ma« «jet©? «aetaljolism, v^lata« «id 
.pSjt&MÜtot, mi fKspease to ^ «wsasaftt The NMR *clua<i«e te inirtesicaliy weak 
signal», «WeS limit i%:. uMmsis iBsoluikwi and matätity, A net MMR preise was 
eoftsorucKd using «/highrt^efat^ mpmw>$m»vVt&Q> to rerft«!« etaJeoaac natse 
äiKtimprovt detecti«sft SeMMty, to. testtiat improvement <jf seftsitivij}', two 'cxp^tjri«aö 
.{jfs geaäiicted;' «a /« vtit-a cell roetabaSlian study -09 -&4 T «peetoomaw^'and, aa M »ft-o 
tumor-tesartiig anintai stody;oha47Ts<taiUKfr 

ia ths cell tftetakilismstudy, MfC Whitmanjbtea« c&Hkr eels and thei* variaaö are- used to 
chas?teii.»s:'th« diffesaess. iäMevels öf phosp&ste ^i piaatas well 
W;pder,Tain0xifiHi:t»d Döx<^icm ^tmsht :Wjtti^:ifeNMR^y,'the braus caaeer 
cells HO cells) are restraint la aglttöje setdiread maricra mdwnmimly i*rifused 
wiäi ^trfens, ftosptanu toctabolites itfeatäfied includ« jflMöpSochöüöe, inorgwii« 
ßhosjJtaiÄ, ÄdeaöäjBfe: triptesphato, diphöspöodiester, jplycaajic^tKwdMBokmiM! aiid 
^X?#i^l»^^häws. 31*JMyöfd^eto^ series öf 
NME S^jct» a« 'pbtaiijeä at one howr interak $000 traaaeäEj, Ll m-tefatäm; Üm% 
tSsedw0 #r^t&ie:ceü$^&:&äi^^ JJM EtexMUb^ln wfthla twe hours 
öf $$ftttton fcut:w*fflapjas|ve to- Tarnoxifeis witMß 12 brättk tßcödbfett, MCFft ADR 
ifluItidttigirsiÄBt cells showedMtfäm by J^IMMS öf 2 ^ Ö^ratecia, 

La ^aim^s&ttiy,<h«d% feitate .stfaprric ftuleiidc«(2(lfc25 8> ans used. MfePtwtld type 

jfivölvid\kg äeived'as/^r^L .31» i^N^^'^ypMScibNMiSä^- -«tudy- jaC-'tunxHr- pio^es$i«ti j* 
<tene«vety tw ordöMd^sdi^^ -tte» i«*-.sigtiifieaat drop iri 
Wgh.-äK^.:jteffai»B. Signals iß fc.W»«sito:^.tt|ä^.with ih* control site*, M tjii 
course offiflw ^gjwstoii, the fcvel of h 
.wfcSe;üiflt of p^rtc:.^sj;ha:te-lrKl«W«i. TMs:s^:hm:^smmieiifeiaipoMWe of 

-OT 
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Abstract:   Wäog, P.C., 'ZMk-l, AgwMSJÄB, mi Sridhar, R. An improved 
p&fUSton system for HMR study otbre^t cancer cells, Em of Hope/ßepartineat of 
Üefense Breast CaB#meseaMrPrügram Meeting. Pmc^diap Volume HI, Abstract 
P40-30, September 2£«2i,2W)2. 

mmf^mm^^Mmm SYSTEM: vwm& 
STUDY O* BREAST CANCER CELLS 

 W|^^n,jÖ^|OO^0 ' 
pwöig@lö*atti,«du 

Ex vi#ÄMr roagfietic *e»e«ili«se:l*'u»fttl. for 'Studybig; ■Ö*»etÄbÄi «eträty «öd $e 

extended peiieds l# töä*ve*9l dajk JtisirapoÄW 
siM 'pr-ty jBtwiding 'W««paier»ü1rieHBf:-ai^ oxy?«** ft* the jr perfusing 
SC^C4CKJ^:Wä 
preSeöwof ta^te flaöua&aiB eta produce gw 
Jsiilj&les In WefMtmsm System. Äir tybblMp&^mi&ie&e |idd:hom0g«i4ty B* «w 
■KMR sample sM:c«j^'fe *8*** 
utilized an improvwl pwÖm system,- Which/ukLitd««.pt»«läve.«tMSffl*^ttive„.pir«gaure tr^p« 
to prevent ä feüb&j* genwiaiqn .üHide ihe:ttMR:s«»|>le tub«» this system ha* b**a *>«*>to 

jrcilöftg'S'^lösaJ i^-to*ex-VtWsiudYip!önge*thiut lödays. 

.WiMt^MCf*75W^^ 

^^W^WegeiUBgilBi«**- Äesgrose^lrRixti^wrara 
fltfoagfc * 0,5 na« i.i teflon tubing, This «suited in flan strawSs 6f spsgftesj tike thread* 
cohtsHung cells embedded in 9garo«e. These tfereads in the NMR wbewere pö-fased WS» 
IMEM $3iftWnft} laiftg a peristiültc p«mp. *ifti SWw^teiülylöaledl. ät fetibbie traps 
'■bsföHS'Äd'«fe'tH#jriB»p and-i: reservoir forwasteeellectiGn was located socöllec* die 
«fftuem ftom'the'NMt:tu**s.• A40Q.MHzictsWment WM «^with a petition time 2 see. 
flip aijgk Afis&e&& Wiäfli:öf SßÖÖ Hz and l^tt^ie^^e^'BC^uä^'tnFer'^n how- 

"■:ffie Kwö'Stödii**crt:pi*foniic4 »i^C-'^dWt^ttmlocked, .Msayphosphöitis, 
jneil^Ht« wer« identified ött tte 
«pp^prtate *uil»äe W 
;@*G)i :bcai^epä»^&W<^i), j^ye#(^isösph0<thanoljftiia« <GPI), gl^caophpspho» 

<ripho^«e(ä«^^ 
■%e;stM»Slty«f th«jß4^mä^aamm4mm^^H^1^^vta diys-by;.com|>«fjjg « *n<» 
'öf spectra: obtainedat one faoiti'iatcrvös. 

lijordeKolscertmHM 
'jodMc<3>inide0'i ':jij!^;*i!wpirai*^poäm 
*&Bftge%»etäbÄ 
decline in J^Afff «dt öVef the next'ten hoiire. '-ftj^mwjre, Signal iw«*teaäällüla? Pr 

.. apjN*^itn^iMetyi#« til* pe^kforex^aceltullr P«* 
■ ■increased wfra :<aiieo«itsnt-d6CrMSfrfe the^totreceli^pe^tferöfSÜg^tWil^*!601 

Itttr^diateEinto'tlis exWelMiff «pace.- lhejrt)prö^'Celi$Kaf^ 
«verd days rfi$:reiiable:M thestifyöf:eetLmettbottsittta viable cells andfor 

vjh'oftiM>ring th« ■iflWU of-'Sytfitflxiclgoftts, 
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Abstract: Zhm,Y, maSridi&f»& firtetatStiottoftemoxifeftwithdoxorabicin. 
Era of Hopfe, Departtgeiffl; öf Pefetis^ Btel&t $me&c Research Bisgpn» Meeting. 
Proceedings Volume % fiiüe 8« 11,2Q0Öv^ai^ GA. ||j Ö84. 

ipqriaiAeTioN oFTAMOKnföf WITH wnöRiniiair 

Y«afsi 2ii«n *ud Rajflgflpslan Srid&ai" 

DoXDfubjcia (Adriaaycia) is us$4 »tow or in cacnbiastioa «itb otissrdrugs to treat 
nwtaittrtfc bietst cancer. BffiecrobsdB therapy is .c^il^Oiaxisejdl.f^ Ö»* *»*ÖtefW|«*i*,«f 
a dose-limitioa ««1 potentially kih«J csntiotoueity. '"TS^*:jmgf. pwtly be due to &ef 
jjidjeal M«aiaedktöt geaofi^^te^ :»ea^Ä^ ft«; «#-*atflügea 
Jamosdfea protects bkxnembnmea fern fit« radical medisüsd oxidsrfve damage. 
TsH^afcß has ai rtential f« siltis&ftg fäbäaäejs is turn!» 
cefc Ideally, tte muMdi^'icm^iug agent should ;»«Kttw;^:iaBQor:«ells to ibe 
action of do ! tnjr cMiSc*oaodty. Sin« eardkrtojdcity may involve 
;.fi*e radicals, it would be berück] if th* drug as^-'tO:;!«rcn^p? dm$ «ofctagse 

towards g» tarn» cells,Twwnofcn {10 |*M) partially ! depeodent 
Upid paoxidatico tu rat e* inUsef*eääsce and.afeseacS.'of 
doxonibieiit fbs irndtidttig imaB üfiüai m&sk cd!..line MCFt/ADR is 

j&e**ly W tiffies UK»*. rtstoäÄ-ton'-the-:p»ö3ial'MClF?.. «ell Joe ft* jvti&i by 
cltraogcnic ^assays flf cultures treated widj gmftfd conccirir^oiK of db«o»iulrf«m,  to 
this study» tirwnufcä (10 jiM> trcMmeßt f« 6 böurs vras tojdc to böth MCF7 «öd 

'MCF7/ADR <*Ms. feotwfapBD iöulysis itvesled that cotabin8Ö0«ö of;ti»KHriJeÄ 
and dnxoruMtin exhibited syaergistic toxicity towards MCW/A3ÖBL cultures, bot 

<«Kiemd:<!0l.y adäftiws..«Sect* ■§»*«* MCfi7 c*ik   Bfjt&2$di Hs&? rMSa^fesd 
■'dojtotulÄW^eär^^ $kx^\qäa:mawK&. 
(S5&) .-sp«^WJM!<gjy^«if-''eiel| sjapesi«» tttated «Stfe doÄsöbto Köder' aneröbic 
woditioBs &i Wß, döSKMÄsied ■■ fbe formation of «sniquinmre fite rtdkal 
jaictediae;   Tiaao>i^ {Itf jiM) did out sBecttte fonMöott ef the säfaujuiiw« 
radical tau «sv [tehisiöivröM^iäi^ 

;N-fl4ids '0Äifo)':in. «cri^/temiiaitiöe nöxnttes e«8suBpg cells .«^;d«xp«Ä9 
pve i add«* of DMPO, C^p»rlim öfir« radish 
'ÄW «ad .^(^^Ä-Äik "dkse/«w«d«fä8» ** 
pioporüoiB of vifible M^-tdtf.4$cotuti^ 

■for :%oäi «1! lines.   QpJkaa»iBtt   äf *tastWtt:-5f»B :tt*MttBC« -gilrpieriiBeirts' -aft & 
ftogress. 

; TCieUS. ^yi#idi^ 

■m- 
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Abstraf   Zko%,if,,,ijGu,:% JDhingm, S. afi«i SridHör^ It licotuifi iaMa&^xorubieüt- 
induced ;^q|^ l^ptämtiitvtBffänse Breast 
Cmm fese^ .Pjwgrs^ Volttaie-X Abstract Pl(K2S, September 
25-28,2002, Orlando, Ft 

. HITS «C i© MSlö 

:.-«8d::^jft?j*tiMi:'St*lb***':' 

■ Csmm\üemmmä:p^mmmx:&i9MiiSäm GöSdogy» «ad 
*(^lli!g$öfi^tt^,Höw^^ ''''■' 

In IhelJiatcdStsdnai approximately fS % öf cancer related dtito can be attributed to 
smoking1. Use of tobacco after • -ewe« dUgnasfe'dwrettwi fWärvival, promote* «»«*»<»«, 
field canccrizÄtion and «tereases Ae efficacy'of .cancer therapy The cheraodjer*p«itic 
drug doxoruWcin jnducea apoptosis in,caa«ir cells. TW effect of tUeotiile    deworubicia- 
indue«! apopiosis was; cvaluaicd in Wtr» latiftg- M&«7 butsiaa bre*« «»eer cell cültä*s. 
ßx^rtentislly grating ttööisUysjr ctteff«ofMCF»7c<iUwö*trt^cd with20pJvfnicQtin« 

co-exposure to 10^M ) mmwes. 
ApöjKosis WB$.M^^diiaÄSiiialeiy aft^.expo'sureto doxonibirin. Twenly petfwöoMr 
«feqüjMf iahtbü«! do*ofuMeüihinduesd    aplosia, bjüaaä »n ©NA 'Srngniä^en. analysi j. 

' araieim V bwKÜng, a«4 Mssys feeispase-l aöd eiu#Hse»8 iahiiies. 'TtetoöiTwißi 
lOpiM doxorubicin alcoe for $Öminutes incieas«i*S«pa»e-J activity to 1+2*4 S»d«iäpa3e;8 
setivity tu 126% lelstive to 100^4 «tfvifry for easfc «turyflie In unfKaisd .«üttöt cultures.    " 
However, 4 2 foew prfr'tr«fiöö«Qt wirb ^Q(iM'NiBOtkR't|pdbeisdi (he eaipisfr? and caxpsse-S 
:Kt!*Stte:res|te(:täveJy, bcultutas;tresi«d withotowtoiWciii to P4%and 101% of control. 
This carTe^nds nofdoxorubicin-iiuiuccdspoptosa by 20(iM nicotine in 
th«s«ceft$> In a parsJtci se( of «paimenö (hc drug containing medium was replaced with 
dfti&freeit liniiiui«tti»siiKtod niiicubitalitSfC 
föjfl!4 hpitifi sitkmof dOKOnibicin-iiiduecdjir^tDiii 

sould fee demonstrated clearly using ÖNA fagmentatioa pettcni, and Ermcxia V 
binding, not on ÖK bafo:#ea$pS8e»3 sad cäspasc-Saettvjtie*. Nicotine by itself lud no 
,*flfeej öß «popwjis. »lU»öj& it iahibfted iced apoptosi», Cfcmograiniy 
assays fotfiMityHtioomfinM^ 
«Uragaiatt ubici» (1 and 10nM). 
Nicotine { Wwä 20^ didt*rtllfc?t the viabilityöf MOP-7/AÖR nii^toi löBffiait sells 

I doxenibicin for 90 msnüles. Inhibition of apoptosis in caiwef «11s fay 
nicotine can diminish the effectiveness of (taorabicirt to caws» therapy. Apoptosi« is a 
'ae%n»^Ä3jarosni, agaisMt «iMto'geaeps, tf n}cöÄ.:'iÄbU>#<po«a:to öoinÄceßs or 
«:#ls:-prögr^nf teFar^:iraj|rt 
higher; in fatiäits wta use tobsteä products dutfeg and aier doxorabicteiitataBHia, 

.ft***w^«l,Mwta%*SB*ftr«lec«<timäUiMl-inäiMdiaee«'uAlHM:nutc«r. UiÄed Stutt1958- ■ 

.-.-Vtitte» >di«gM**d wilh tSireöTv Pitfcm Bduo C*W- 2Q92 M;4$(i}t i J74J,' 
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AMhZätf SL. *   .Pf*«*5' ,BB F» « M:-.MMHl «» msimi,m 'Baseife: fey «ik 
«j.«.-^r,-. ii  *^. .   _-_/,j»„.      -Ä-    -~ .■,..-*^-   ,r?!y.      -■ i'yjf.w.■ y?** .-«»*"^e*pa«*   .laf. MtfuJdataj   IB-H <32£S!r< loir 

<ffi«n4.aa*rJMia>J7JHl4^ll!^i- ■   ■■■*"».• ^    «SSWHS«* 



phämmtätüX&äitxk, **c*.%ÄÄ'I?W APPENDIX ?4 

Review AMiele 

Protein Kinäses M Therapeutic Targets 

Äaj.agoptSsii'SÄdiiai'/ ÖiWa Em^n^^Mtma^ mä OeaiifrlL CrM$®i,M 

Mmtou He$:l% f/pto&Jtify:}*,-, WS 

. fmA . pftöiptMH»    Mi B. 6» *to# dwtepssÄt $ jthcnjttqtie drags «Sase tbey: 
:
:ar* üimfadM -j^^^ii^eti^^f^ftii^^fitSlt t«rtaiwäns, cc&ejtcl«: 

jjfcorytetoww iraeiseujsr switsh** ftrawduUHhtg. thss* procesesi aW'ifee-tavct «ad durwkjn $| 
eacts I* » hi^Oy rejalatad ^tscssa !a nontwi «U». S«venü «aufwand« tfaai Mibft tbeaetirily ofiyrade* - 
iiaa«* »rc beiaj cTfiJiuaiied u caacef üvat*p«utiä «{«eu i» cfiak*l .trttk. Dtabetei twi eofftpttcitKKa ol 
diabetes aba Involve deregulated tevefei af prötsia kieiia«. New tpp<tJ»d»4 fee fejul»tjna kitiate |cae 
.esrawratea iuchnte #edifc antacino oüaaandeotides te taMhMsg poö-trao«aijH3ö««l processing of 
.ü*e mcwcCB« RKÄ.. S4ltltt«Hy CJKuriüi«; products «ad their cfessnical deiitali wa tt Inhibit Una» 
activity,*od roooodotuJ aimbödiisno wi^t Tws?*ir IM<^ Idaas!» Inidbitioo ofpbctpisittttt tbt> 

■serve* to,*it«rthe dura*)« of pboephorytstioa ^"kmiWÄ^CcHiSiridsrtacÄfflr de*rfqpsBt»tof effactiv» 
iahihirart tedude non-spsdSc setiötu of c^pmirtd«», celfci&r «psaS»,- multiple tor«*Uuler tarieti dut 
caa dilute the eßectivB ceüular concentrstico oCan.*$*«*, asd-tttnM. «Jwsißcity. KUuae inhibttoo may 

: allow üttKiihpn^nuiie^^ 

KEY WOIÜDBSiprotäaUiA; signal traimducöc«; driis dcagn; cite moth«« peutk ageoti. 

Bufcaryotk protein MnaMS constitute a laj-go fanuly of 
hocat^ofous proteins tbat catalyze the transfer oC üse pM» 
phosphate group of ATF or■fJtV to the bydrcEryl group of 
scriae, thxeoaiäe or tyrcdae in a jubseaie proteia. PiOMic 
kinasea differ in structure, subceliiiLar location, substrate 
specificity, and fusttjon. Cellular signaling cascade*'refy Oft 
the phcwpborylation 5*5*1*5.of:p*flrW*? prates» to alter their 
function. Sotae subatratea transmit the signal, «ail* the final 
protein 'targets' at« ;ait«itsd tu activity. PfiospboTYtated «erine, 
thteorune, or tyiradae reskfuet are substrates fof specific pro-? 
tew phosphatas« so that phoepitorytetoj aad dephosphory. 
lättön -M*vf as molecular switches aid each is highly regulated 
as to level ad duration (Figure 1X1-4). 

is\su£h as gene esprestkiii, cytosfrElets] 
integrity, Cell adhesion, ceÜ cytfe rtfogrtsakm, anddifferttt- 
iiktion arc coattoUed by the cooiplca interplay of protein 
fdnases and fA<ö^ba(«e^s. .)ü. |flp«*äHfte^aigll^l^--p*t^i^^^l (5~ 
12), MalfuaciiwR* of CEJIUIBT ö|ßdkg bSt^:beöÄ:susopjatc*i 
with tnanydaeaiet indadiji| cao«r aäd diabstef.'Re|ülstion 

' Dßpmmesit of Äsdiiilijji» Öocötagy» HcwiMfdi .üni¥*«ity' Hesjatal 
9«ctCatt«r CaBtert WaÄstoo, DI 

2DspSitftjeitt'Of CHeiaatry, university at Qraäxl Oklthoma, ßd- 

■■AX^ A^ HÄy:V<it<s(8ns Hosfftal and Dupanmenu «f-Biottwminry 
*Bd Moteculw Biolo^ And M^<^^ 
Coilcseof Medicine, Ttoipa,FL 

■*To :wttöiß«rre^owfcp«; sko«ld fee:|ddte«^ :W J.A, Haky-Vsl- 
erarvi Hoüfital, I3OÖ0 Bmce B; Dowia Blvtl, fiinp, FL ^12. 
(e-tfiaft d«^r^MnlÄ|d.Medu) 

ofsigaol tram4ucöoa by cyioöncj and the asjodatitm of »f- 
aal inoieenisa with piotoorxöf «des and tumor suppressor 
löse» haiN; testaa subjeeta of intense tegesxclj in Üae indosthaj 
»ttiag ft* weS at ta aeiwtefflks. Many therapeutic stratepet 
csB ngw be developed through the -synthesis of coajpouads 
wfaiihafitsmteor iatjcävais.pnjteuttkioaaes. In amuiticellulai 
orpiöäaj, iniefeellulaj- ftmumäitatioa play« ft crcdai role tu- 
dsr normal ».wcl n patbologrc»! condition». Cosrijtecce of 
atmtmiisJ cclk witi» oormai cc& provide the Strom» and 
blood supjsty ^aeoöal for BUdatsialag growth usd profre*- 
äoQ of tttööts. Swch codepet5<J«iw« relks on a wide way of 
receptors -MM) signal trsrisdisction pathway» to the aucleiu <$ 
either Ute hört or HöBT «1L Since aberrant eEpreasJon/ 
activat .-of protein alia« C appear« to be &vot*td ia the 
deveto typiä of «tttc«. «Babete» and compli- 
satioia'of<^bete*,.the «wehlar $efe«ive PKC intäbiton ia 
a major gc^ of maayt««aincäsrj. Mutant tyrcaijie Wri.«*«s:are 
-üble -oft«n assOda'NI :wiÖi catrciaöfeneäia. in aertsiä orgaiis, 
ntäkinf Qftoaae kkae* sijpalkg pathways attractive targets 
for oncology n^arelu ■ 

Qytokhies, hormones ind growth factors bind and acti* 
vatsr-s|MKÜc: receptors. The mofecdar catxh&akms of signal 
trattittetloti pathway* were ehsdtkted by identifying the spe- 
dfe protein kiaass cascades along «4th fteir do*aatrtam tar» 
get», which invade soiae-^>fe^Bic WaoMipäoB facSort. Pre- 
teia kkasej act in .«oMceet'uffirJi cyMÄw, «ett «ycJe «gulatory 
poMcule«, pret«i»s of apoptotie «aachteety and transcription 
factors vis pathways äiaf Tegßla^B-tsel. metabolism, dttfer«i* 
tiattps, pmtifavttim and d^th, J^my therapeutic: strategies 
are aimed at critical compoocnis in signal traasdui;t3oo paft- 

^1M5; 'On»tWWrt SfflW^MCM* # ÜW Wsam PaHtoiji* än|«rt«i» 



#M** ; MäkWiMmsoti$mtäß,-itä~Citti$m 

Regulator felnases • 

Sit« to prottla 

■ Ph.i3(ihKKylated Ää-, 

ulten-J jlrutan ftiisrtjo» 

Protein phaspöatases 

Pig. 1, Klnases and phosphataiScs provid? jnol=Bu% swiJjcJiei lor M- 
:lefiB| jjKii&iB, :funciiflo.: Praiein jfhqtphwyJMliüii is :* pQät- 
tramlqtional flrafifieatidM TU fielts thai, ii reversible by täte action of 
phosphatases. It i& one qtthe jnost important «echaftfeimsused.by 
«alls for signal taraÄtion, 

'P&OT&K' KJNÄSlES ARE 
GÄÖtlPEJÖ FÜNCItOKALLY 

JEtftEÜyötic protein fctaasss typjeally encode a 250 arniriCi 
acid catalytic domain that iscommonly wader the control of a 
•separate «platöry domain or subiinit. Hanks and Hunter 

have classified (hem on the basis öf, tb«ar structural and func- 
tjpual jjrqpfifEcB (14). The protein kiflsse ^hjlogfeietic uiee* 
$?igure2) wks cfefivfed fro» aligning; kinase domaio amioo 
mm mqmfMs (W). fhfifd are fivekinase catEgorl*«: 1) ri& 
cyclic, n and ptosrAciirald-Tc^atßd lei- 
,»a'&e$..a»ä .tibosoöiani .56 kltiases (AGG)r 2} the Ca?*/ 
Cateiödtiiin fea^eÄ |CaMK), 3) Jfaecydm-depend^nrkinasei 
(OvJGCj, 4)-this protein tyftfsitte kinases (FTK), and! 5) 
"ötticr" kinasei falling öWside the lour major group?. Mem- 
bers of groups share sntetrafe preferences. For «sample, both 
the AGC-awd CaMiK growps pbosphorylate sHsräe/tbreonine 
residues near argüiine and/or tyäinßi Members of the serin«/ 
itireonbe fcißÄse gyowp» CMGCi pbosphoryJaie scrine/ 
threoniae in prollne-rieS dotnains. The CMGC kinases have 
larger catalytic dönmißs Ihäü Other kinases. The PTK group 
includes both ■jeeept&t aad tion-feceptor läiiases that pbos- 
photylatfc tyrasijie residiiBs. Other kinases can prtasphoryiate 
either seriäe/tbKoriiöe and tyxosine residues and some are 
t«rffle4 itial-spfteifidty Kasses- The cellular function of (naay 
kinases was elucidated initially by broad spcdlkity inhibitors, 
With the rapid expansion of DNA sequence databases, it is 
likely thai additional kinases will be discovered. 

D 

FaitUty: 

PKA 

PKS 
PKC 

CoMK CaMK 

CMGC CDK 
MAPK 
&SK-3 

FTK 

'Other" 
LIMK 

H&i ÖiagrÄtit tbeitiäför femyfes'df pro 
group' mdudesCydfc ftucteöhde-iiependent proi&ta kinases (Prtteiii. kinato A (FK&) and Protein kiaäse G 
l'i'&Ü)) and lipid-depeKdeBt protein ^^ fKG 
«ontains a cüMP binding domain »Alt' is shaded gay, Tlie regaiatory dostam <ti MC fa also shaded gray, Tbe 
CaMK group show'tbe shaded autöregulalory ttarristin (site that binds Gißt/öiknodiltui), The CMGC |föap 
:|ti4üfc* the '03k, MAPIOERK; and ÖSK-3 WmiliQs, The PTKgwwp includes tins $rc tettity and the EGFK 
RiKfamily, Th«M-termäna! «yristoyi (Myr) modification allowsfor. mcÄaftc, attachment. The.SH2 «fid 3H3 

^dowdmare shorn R^ 
siiaaittg) Tfte ''orher* gxOiJp iaetades MßK; Raf, arid the TC«F-ß i:*eep.tot aatl LIfcrl kinäsös. Raf kiaascs have a 
ftfetiiadw 

•■andTMdomains. .^-hM^'PDt-iot^&i-M^muidh.-'LML- 
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ÖIFHOSraOBYtAlION BY 
PROTEIN PHOSPHATASE5 

Dephospäiorylation by protein php$p|atJ^es plsiys »it 
equally tapoftant rote in re|ölaüiiÄ:"oeilulaj:;,pi^essö.?, dPrrj? 
tein pbbsphätascs haye ...spectfiGit'iös.:■ ttiaü axfe ::9s ■ djsßnef a« 
those äf Üife proteirtJtiftasjss, änd ä siräilar namter^f genest 
encode both Mtüy rcetrtbers, |1S46). they -are classified 
based en *j)6straJe:spedfiöi^t dependence Ott tnetatIons, and 
sensitivity tö inhibitory »gents. Table .1 swmrflariziss the dis- 
tribution aod known IftlbJbitots0protein phospliatase« which 
tävebeettÄitioastratediaplay i t^lelft Signal träösduclion, ■ 
THey possess a"23ß aiiuäö awd<std)1iedoraÄ.aiid coniahia 
aumbcr öf te&iMatary subuaüs that govern suteelMar local. 
nationand eiaymatic 'activity (i54ö).T^e-activities of i'Pl 
and PPZA are bdependeat of »etaJ ion? (15,10). Tne cata- 
lytic subunit of PPl bfa# tö regiiiatoty subuniö that deter- 
mine FPl suljoBllular löealkatiöia aad activity (T?) while 
PP2A is »itaetivwed by transient pho^phoryiauoa of tyrosine 
residues ölt themolacute (i&). l?i^,:a3OT:töOWnas:c3tcHieu- 
rin, consistsof a catalyäc sttfeunit{A-subunil, S&pä) and a 
Regulatory Subunit (B-subunnV i0kpa). It fe dependent on the 
pa2*-calniod«Jiß eöraplex tor complete activation {19). Over. 
40 protein iyrosine phosphates (FTP) have feencharacter- 
ized. SpeciE« aethraiors otpfotein phüsphaiases arftf till beibg 
sought, The'-Cfe- CÄ and C16 cf räßüäeä aieteported actiVatprs 
of protein piiöspiiatases {71-2%), 

,TffiE»AP£tmC^SAX£6l£S »OK. 
mEÄTIN'ri '£AJ*CESt 

Cancer trealnient strategies iaclnde: (j) inhibiting tumor 
cell pfoliforation, (H) inducing tumor .cell death by necrosis or 
apopto&is, {iii) inhibiting rumor.attgiogenesis, |iv) facilitating 
host immune system, (v) inducing vegetative tiitaor:.ce|5s :;tq 
titidergo termüttl differentiation, (viJintibitiiiginetastÄsesby 
inUibiting tumor cell adhesion wdilutvasiveneM of normal tis- 
sues, 

TA i. Protein ftOSpliatSises fovhlv^ii to Signal 'ftänsdwbfcert 

Protein Sutirelbilar 
pbäsphaiass type 'disMrttüHH^B; Known inhibitor 

iri Cyttwol              * CaiyciUiaA 
iNüdeiis" Nodulaik 
Myflßbrits Tgutomycio 
Glyeogea particles 

FKEA Cytossal CMyeufins 
Nucleus Miöwystte 
Mitochondria Nodularis) 

: CEiidak;äci4 
Praß {cakiti6«i«) Cytosol; CyctejMjri» A • 

Nwcißftft ..'HKäOe'" .   . 
Pfescina rrtt5ml»ane Inumuwpbita complexes 
Syttaptosijm.es üypermetlitiöt 

Delt^methrin 
Fenvsletate 

ws riasm»miiiiibraie bp.y(phen) 
Nucleus :mpV(pfc) 

^enylafsine Oidrfis 
Sodium GrttavSiiadate 

:*fcßÖSBSE HNÄSES^AI TÄi^i?KüTiCTAR(JETS 
:IÄ£AiSEto;ciÄ 

Rfccent fciforts in drug desist have targtetedspecific ki- 
nases, Rasls mof tfrequeaJly mutated oncogenesin 
human cancers-(24,25), äqd ?4ä slgilsUag is a dowDStreaia 
eyerit oi tyrostae k|ßä«! activation. Tierete» «edifiers of 
tyrosioe iäaas«^ tat aetiVely being in^estimated:as anti^caricer 
diiiis» C^opia^inic;tyröäinc:kidaseä:&eqüeatly euntaia SH2 
artd SH3 doiaaifls {ife Hoffiology 2 and 3 dotnaitais) wbjch 
Hiediafe latta- aßd iütefptoteiii tnterafctjons (ptgure 2), SM2 
domaim bind to pbösphotyrcraine sites with Qanking amino 
acids that arc sptteificfot tbe particular SH2 sequeace, and 
SH3 dotaains latch, on■ (o proline-ricli regions (lö). 

Rsceptor tyrcsirte tuiascs (RTKsji fluajayrOf which are 
growth factor receptors, are traasfflembran« grycoptoteins 
with a raentbtane spanning domain and a conserved cytoplas- 
iaic tyrosine.kinase doniain. Hie RTJK superfariiily coösists of 
IS families i vertebrates arid wtdndea 56 different Teoeptors 
sacludiisg rosuiin, libroblast growth factor JFGF), epidermal 
growth factor JCEGFJ, hepatwyte growth factor (HöP)t epi- 
dermal growth factor (EGF), platelet derived growth factor 
(F0GFJ, and vascukr eßdoüieliat growth factor (VEGF), 
andntany other receptors. 

There is «srisid^FalB'Ie structural similarity among each 
R'JFJK subfarnily. Related receptor? asüally bind related fi- 
gjmds sneh as the HER family of receptors (EGF receptor, 
tlEÄ2, HER3 and HIE 4) and their ligands (TFG-«)» äm- 
phiregtiHn:, tepariB binding EGF (HB-EGF), bctacellulin, 
and heregmiln. Each öl these recsptats contains two domains 
that share the conserved sequence pattern of nearly 50 cys- 
teine residues; additionally, each of the %3iids contain* a 
conserved motif of cysteinc sestet present in the prototypical 
EGF'flO). 

IJiRdtrig of a ligand to an RTK leads to receptor dimer- 
iiatiuii wid »ctivatioa Of tjie ijitraceilular catalytic (kinasc) 
doirjain. In the dimer, the cataiytic (init of one receptor stib- 
unit phosphorylates specific tyrosines in the other subunit, 
The phosphorylated receptors then phosphorylate or interact 
with other adapter and ssgnahftg tnolecnSes through phospho- 
tyfosine«, triggering a cascade of further phosphorylatiopis 
and/gr dephosplioiylatiottSi Aftef a. series of downstream 
evettts iävoiviai seversi proteins, the signal reaches the 
nucleus in the foan of a molecuj« which can alter the activity 
of die genetic taaeMaery tö control cell, proliferation, differ- 
etftuttiott, cell metabolism, aitd evea programmed cell death 
(apoptosis) (i0j26»27). 

Itisulifli-iike growth factor 1 (IOF-1) and related reeep^- 
tors exist as preformed dimers of et aad ßebabs. Following 
activation, the U^and-indroed phosphorylattoals.sirnilar to 
the RTKpathway. The phosphotyrosines of the receptor can 
bind to an adapter molecule or subätrate such as pbosphatidyl 
inositöl (PJ) 3-Jcinase. The association: of PI-3-kinase with the 
ihtraceiiular darnain of phosprtptylated RTK enhances Pf-3 
kinase Activity via: aliosteric activation of the catalytic subunit 
0:0,^). In contrast to Substrat*« of RTKs. such as M-J-fcinase, 
the adapter raolecwleS contain no intrinsic catalytie activity. 
At! M&impißpl an adapter molecule i» this signaling is Grb2 
im the MA? kitiase pathway (29). 

There is siroag.evidence for the iaVolvemer<t of BTKs in 
huirian caacer maidng these a Krget for inhibition |10,30). 

■Exainpl.es of these %t&erb8 (BGF receptor), neu (HER2), kit 
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{stem-cell factor receptor), fins (CSF1 receptor), met (HGF 
receptor), trk (neuratrophin receptor), sea, ros, ret, tyk, and 
axt(lQ). A number of eytoplaamic tyrosine Idnases including 
src and aW behave as onepgenes when mutated or inappro- 
priately expressed (10). Nearly 30% of human breast and 
ovarian cancers show amplified expression of the receptor 
tyrosine kinase HER2 (31). Amplification of HER2 gene also 
correlates with decreased patient survival and a shorter time 
for recurrence of disease (32). 

Blocking of the receptor/ligand interaction is also an ef- 
fective therapeutic target. Herceptin (Genentech, San Fran- 
cisco, GA) is a humanized monoclonal antibody against 
HERiL The success of Herceptin it» cancer treatment supports 
the hypothesis that blocking certain RTKs can curtail cancer 
progression. Alteration or overexpression of RTKs such as 
PDGF and EGF receptors has also been associated with cer- 
tain cancers. Inhibitors of RTKs may inhibit the growth and 
proliferation of such cancers, since RTKs stimulate tumor cell 
proliferation, 

Inhibitors of RTKs are useful in preventing tumor an- 
giogenesis and can eliminate support from the host tissue by 
targeting RTKs located on vascular cells (e.g., blood vessel 
endothelial cells and stromal fibroblasts (FGF receptor)). An- 
other example of restricting blood supply to a tumor could be 
through vascular endothelial growth factor (VEGF) and its 
receptor. Several splice variants of VEGF are known (e.g., 
VEGFJIJ, VEGF165, VEGFis,, VEGFjpe) which vary to the 
number of amino acids to the peptide (33). VEGF stimulates 
endothelial cell growth during angiogeaesis, and increases the 
permeability of tumor vasculature so that proteins and other 
growth factors become accessible to die tumor (10). Broad- 
spectrum antitumor efficacy of an oral dosage form of an 
inhibitor of VEGF signaling has been reported (33). Thus, 
inhibition of VEGF receptor signaling presents an important 
therapeutic target. An extracellular receptor can also be a 
target for inhibition. For example, the EGF receptor family 
and its ligands are overexpressed and exist as an autocrine 
loop in many tumor types. One EGF-related peptide, amphi- 
regtilin, is «»expressed in pancreatic and ovarian cancer (10). 
HB-EGF is expressed as an autocrine loop in gastric cancer. 

EGF receptor is found in over half of breast tumors unre- 
sponsive to hormone (10). EGF is found in many tumors, and 
EGF may he required for tumor cell growth. Antibody to 
EGF blocked the growth of tumor xenografts in mice (35). 
An antisense pligonucleotide for amphiregulin inhibited 
growth of a pancreatic cancer cell line (36). A variety of in- 
hibitors of RTKs are listed in Table 2, some of which are 
already in clinical trials. 

OTHER TARGET POSSIBILITIES 

Many tyrosine kinase inhibitors are derived from natural 
products including flavopiridol, genisteia, erbstatin, lavendus- 
tin A, staurosporine, and UCN-01. Inhibitors directed at the 
ATP binding site are also available (11,37). Signals from 
RTKs can also be inhibited at other target sites such as: 
nuclear tyrosine kinases, membrane anchors (inhibition of 
farnesylafion) and transcription factors. 

DEFINING THE TARGET 

Targeting the signaling potential of growth promoting 
tyrosine kinases such as EGFR, HER2, PDGFR, src, and abl, 
will Mock tumor growth while blocking IGF-1 and TRK will 
interfere with tumor cell survival. Inhibiting these Idnases will 
lead to tumor shrinkage and apoptosis. Flk-1/KDR and src 
are kinases necessary for neovasculariza&m (angfogenesis) of 
tumors and inhibition of these will slow tumor growth thereby 
decreasing metastases (38). Met promotes cell migration, and 
inhibiting this kinase should also decrease metastases (39). 

The usual criteria applicable for evaluating conventional 
chemotherapy drugs may fail to detect the efficacy of drugs 
targeted against RTKs. Inhibitors of RTKs stabilize the tu- 
mor in terms of cell proliferation, normal cell loss via apop- 
tosisy and prevent cell migration, invasion and metastases. 
These drugs are likely to increase the time required for tumor 
progression, and may inhibit or attenuate the aggressiveness 
of the disease but may not initially result in measurable tumor 
regression. Therefore, specially designed trials are needed to 
evaluate the usefulness of drugs designed for RTK inhibi- 

Table 2. Inhibitors of Receptor Tyrosine Kinases 

Inhibitor Tyrosine kinase target Clinical trial 

Genistein EGF-R, v-src 
Herbirnycin A EGF-R 
HNMPA-(AM}3 IR-K 
Lavendustta A IR-K 
Tyrphostm 23 IR-K, EFG-R 
PP1 v-src 
PP2 v-src 
ZD 1839 (Iressa~) EGF-R 

CP-358774 EGF-R 
CGP 59326 EGF-R 
PD 16628S EGF-R, PDGF-R, v-src 
CGP 57148 PDGF-R 
SU101 (Lefluoomide) PDGF-R 

SU 5416 Flk-1«JDR 
STIS71 abl 
2D4190 VEGF-R 

Phase I (NSCLC, breast, coiqrectal, ovarian, renal, esophageai, 
pancreatic, and raesathelioma solid tumors) 

Phase Hl (güoblastoma multiform) and Phase Ö (prostate, 
lung and ovarian cancer) 

Phase II (AlDS-related Kaposi sarcoma) 
Phase I (Phtladelphia-chromosbme-positive leukemia) 

Source 

Pfizer 
Pfizer 
Zeneca 

Pfizer 
Novartis 
Parke-Davis 
Novartis 
Sugen 

Sugen 
Novartis 
Astra Zeneca 
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1km. Perhaps drugs Ml m^ztpiti^tyMüi.ibe'cM&täy 
ütuued ctemotteiageutic agGnJa, lajöbitorsat RTKs #e teö» 
U|e|y tottave adverse:systepictojuaty smce ttjeyjje täftör 
statte and not eytocidal. They ar« likely to delay .tümör pro» 
gr^'on by ifthKöög eeS eycte t^sitaöowta|'etfertte^- 
pemie agents.fdditiobaJ tini$:to cause .tirmorregreäsiön. 

-An öxaMfsfe öf ;caflcer arising: firain a-dtefcctive. tyrosine 
tinase:iS a class of ;ATiR positivefymphotoasrefeitedto as 
^AL,Koraäa'* which; iiisplay inappropriate expression of a 
ncuiäispedfic-iyrosiüs kiaase> aaaplastic Jymphorria iinase 
(ALK) £40). Many solid tumors overexpresä epideraial 
|TO:Wtft:lactöfwceptor (4-1). Iressa (ZDi83£tIsaa orally 'ac- 
tive selective1 EGfcR iahJbitör. This compound disrapts sig- 
aaling involved to cancer ceil proiiferatiofl, cell 'WCTival widi 
tumor gratia support by the host (42), TJiedftnJeaJefficacy-.01: 
this "agent ahws thai it is Weiltötef^tßd % |taticnta undei'gch 
kgfPhase^llclinical trials (43,44). The eoajpöußd haishowu 
prammiog t*ylötOxidty towards severalcancer ceil lino (43). 

Many growth•factOTSi'äiid cytokines regulate eelM» 
functions vfa the 3aau3 kiiaase (JAJQ signal transducers and 
activators of transcription (STAT). &fenibra»c~assocjated 
JAK tyrosine kiaases are activated apoti ligand binding to an 
RTK. This prefereijtMly recruits dormant cytoplasmic traß- 
scriptioa factors (STATs) Which are SttbsfcqpiMiy activated 
by phosphotyiation. The pfcosphorytatcd STATS migrate to 
the riuclqiss and activate tiaiiscriptiöit,.of the target gene 
(45,46), Cells fletived train rat. and human CftiK*« have coct" 
stitutively activated Staö, and the malignant potential of can- 
cer has bean, associated with Stai3 activation (47,48). The 
JAK inhibitor A<394§ prevents ' StaO activation and sup- 
presses the. growth of human. prostate cancer cells (48). 

DNA OEM!s©BNX .PROTEIN K3NASES 

PNA-dt-peadeRt proteitt fcinase (D.NA-PK) is involved 
in the repair of double-strand break* in mößunaliaxi cells. This 
enzyme requires ends of double Stranded DNA ar transitions 
from slagle stt3aded;tQ double stranded DNA ia order to act 
asa 3crinc/üireoake :kiaase. (49-54). €ells with defective or 

: dl6cfeat.T»NA-FK Kctjvity are unable: to repair radiatfoa ia- 
dnced DNA double strand breaks wß. consequentlyvery sen- 
sitiv« to tae lethal effects of ibrirang radiation (S&-53), DNA- 
PK dependent repair of DNA double Strand break involves 

"fiNA%äsf IV :andXRCC4 (53-5% Inhibition of DMA^PK 
has. the potential to increase 'the efficacy ol atititompr treat» 
met« with radiation or cnemotherapetttic ageots. 

CmjL-XZVClM HEdÜLATIOiN .sir CYCWN 
ÖEPEMDINT KINASES 

Progression through the cell cycleis controlled ia part by 
a, series' of regulatory. molecules called Cyclins and the cyclia- 
riependentiinascs(CpK) which: they 'activate. In addition to 
the cyclins, CDK,. activity is also regulated by phosphorylation 
arid iptiosphoryl3tiqo> GeHwIar inhibitors of CDKs also play 
a major role in. cell cycle progression (56), Alteratjoas k the 
expression, function, attd structure of cyelin. and CDK are- 

: encountered m the cancer ph^aotype. Therefore GDKs may 
be irtpoTtant targets for (tew cäace'f therapeutic agents. .Gail 
cycle pertsirbatioßS occur k tumors and tumor cells treated 
With ioiiiüutg radiation and\or che-motherapeaiic agents. 

Whether or aoföte DNA danjäii» caused in cells leads to cell 
death depends on tal cell cycle coatrol mechanistas that 
are ia plaöS; ©fiep c) resistant? end to es- 
cape apoptosis, Under certain circamstancss, iaappropriate 
GÜK activation rnay even promote apoptosis by encoufagmg 
the progressio« of the ceU cycle ttader itofevorable eondi- 
ttoos, lc, attetttpting siitosis while DNA damage is largely 
uarepaked,- 

isnummoN or CEüSK» TO INDUCE APOPTOSIS IN 

CAJ^EÄUtr 

Purines and pytine analop act m GDK inhibitors. Ha» 
Vopiii.tJol ,(k86-g,275) is a ilavoHotd that causes.3ö% growth 
inhibition of turoör cells at 60 nM (57). It also inhibits EGFR 
andprotein luaase A (ICj, about 100>M) (57). Flavopiridel 
iadtices apoptosis aud inhibits lymphoid, myeloid, colon, aad 
prostate cancer cells grown in viva as tumor xenografta in 
aude mice* At Gw molegtilar leve^ fjavopirfdol affects CDK 
function and arrests cells in the GjJM and G,/S borden Both 
cycling apd Qon-cycliag eefte are kilted by SavopiridoL At 
Concentrations above 1 micromolar, flavüpiridul loses its se- 
Fecövjty and starts ünlsibitiog other kinases (e.g., 6 pMk the 
IG^, for protein kinasc C) (57). Slaurospornie and its deriva- 
tive, UCN-Öli ha addition to inhibiting protein kinase C, ia- 
hibit eydin B/CPK (IC^, 3 to la nM). Staurosporinc is toxic, 
but its derivative T-hydröxystauro^erine (UCN-Ot) has anti- 
tumor properties and äs b elüiical trials {SB), UCN-01 affects 
the phospitoryiatiofl, of CDKJ and altars the cell cycle Check- 
point ftaictioaiög. Üiese coaipöuitcts illustrate thit snultiple 
HttraceJlular targets maybe affected as the eoncentratiqn of 
an inhibitor is increased withia cells. 

TISSUE SPEdEICTTY AS A COMPONENT OF 
ll>'E"^lMmNÖ■tl^E■1mItAI»Bü,^C•TARGET■ 

'|*araosifen, a protein kinasc C inhibitor with anti^ 
estrogea activity^ is cuiTeutly a standard treatment for hor- 
Baone-depeHdeiit breast cancer. The use of this compound 
may increase the risk of developing caacer ia other tissues 
such as the endömetrium (59). RaJoxifene, a related HSUI- 

pound, has been show» to protect against osteoporosis (59). 
The tissue specificity of mhibitors must be considered when 
idEntifyüijj: therapeutic targets. 

MITOGENACTrVATEDlONASE (MAPKJNASES) 
:M<^RCRTCK3iNESiS:: "'   , 

Signal traasdijctioa to the ijucteus in response to Extra- 
cellular stiiriulus by a growta factor kyolves the raitogea ac- 
tivated protetci (MAP)kiaases, MAPkiuases are:a fajnilyof. 
protein settoe ttpreouine kinases which mediate sipat trafts- 
.-dncliott from extracellular receptors or heat shock, or L'V 
radiation (sörue recEptors are lyrösiiie känase receptors) 
(60,61), These kiitases, ia cotieeit with other signal transduc- 
lion pathways can aetwotk to differentially atter the phos- 
piioryktioa of transcriptioa factors^ Cell proliferaßon and 
differentiation in.ftormai cells are: under the regulation and 
control of multiple MAP kinase cascades. Aberrant and de^- 
regulated fnnetioning of MAP kiuases can initiate atid sup- 
port carranogenesis (62,63). lusulta aad ICiF-t also activate a 
aiitogeaic MAP Mnase pathway that t(iay be. important: it» 
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acquired itiaulia resfaiaoce occiUfiug in type i diabetes) 
(64). 

ATO CELLSOMVAL 

Matty rak^feectsraejrefräctpry to chemotherapy by de- 
veloping'-« survival gträtegy mVoMng the cpnStltutiveactivä- 
liDh of tlie pböspbaUdyJiisüsitot 3«kittase-pröteiß kinasc 
B/Ato signrtag cascade. This survival signajiag pitflway thus 
becöffiw aa iioportaat target for the development of specific 
inhibitors that would block its function (05^8). £M kinase/ 
Akt signaling is equally important in diabetes (0}.Th$ pa:tto- 
.«^activated by :RTJfcs: gur^f|üei).t(y regulatesglyeogmsyn- 
thase kinase I |GSR3) and ^ueose ttptalfö/läinefc Akt has 
decreasM activity in typfel diabetes, it provides a therapeutic 
target (69), 

SaNASE'lNHIBrraES AS TOOLS -FOK:StUDYIM6' 

Protein kmas& inhibitors provide milch of our knowledge 
about rt.ipilation and eaoidinulion ofph; lions. 
Endogenous peptidfe tahibitörs..occur .&» u«vd (70), A pseudo- 
substrate Sequence within FKC acts to khibii the Müsse in 
the absent* of its Bpidactivator (71), A PKC inhibitor such as 
chcierytitrinE acts on tim catalytic domain to Mock substrate 
lttieracrioB,.wMle ealphostiji C acts .oiltte regulatory dofiasafa 
to mimic the pscadosubstfäffe sequence ;and block ATFase 
activity, or by inhibiting: oöfsctoj bitidtng. The ability to in- 
bibh specific-PKC isozyme* is Wanted, The «tost specific ja*. 
aibftors appear to be directed toward the conventional PKCs 
(regulated by pJvospnOHpld&eddfflH, and diacylglyceröl) with 

factor/llgarid 

0 
►0 

0 

at least :: two inhibitors: öf Wtäßtt identified (72^)> Mo« 
PKG mhihitört, inc!vidk| those for PKCjill, inhibit insulin« 
induced glucose uptakeifftTä).! The taportäneeof PKG ac- 
tivation fpr hsulia action has been the topic oi nuiacrous 
studies. Multiple £KC isc«¥pies appear to be involved ia 
TepHtatiflg g(w<S»e «ptake (7?) and iasuBn resistaüce medi- 
ated by the insulin reeeptOT (79), 

The caveat for cy|lüating the sperrte function of a kmase 
using inhibitor lfe to the aoti-speeiße actions of write cora- 
poiwids add their ability w inhibit a number of different 
protein kinascsorv at higher contentratiofls, similar isozyraes. 
The celtilaf uptake, lialf-life, diffusion, or multiple iritracel- 
iular tcmplati &je also cdnsiderations when interpreting in- 
hibitor fefifacts: on metabolic and mitogenic function. 

Activated kiuases can have uiultlpte substrates that are 
then trafficked to subcetlular locations via phosphoryiition/ 
dephospoorylaliou signals. Nuclear targets of activated W- 
ftäses. are tbojigfet to be tfaascriptioBal activation faetora. An- 
other niechanisni öf activating transcription factors that are 
dormant in the cytioplasi» is their teanslocation into the 
nucleus upöD phosphorylatioD. Tiiis mechanism of signal 
tränsducn>n is observed in the case of NF-KB proteins (74), 
NF-KB complexes are inactive due to complexing with IKB 
inhibitors, btit upn phosphoryMo» of the regulatory IKB by 
PKCand PKA, free NF-KH complexes are dissociated aad are 
then transloeated to the nucleus (74), 

:0-raffiR'M01>fel OF REGULATING 
PRÖTEWKMASES 

Although some protein kinascs have, to date, no krtoym 
System of physioEogicäl regulation, many are activated or in- 

Plosma Membrane 

Arid/or 
Rsgtfldtbri of 
mRNA Stability 

f nacttye/destabi llzed 
mRHA 

WipX Regulatory contt-ot:pointsingencc^csäon by, growth fectors. Protein fcinase: signaling pathways activated by prfltuin 
;ryrosbc. M.«ia*«5 are known, to regulate::RNA taJtscrfptioo, pöst-ttanSeipMonai pro«8.wIftg..of pre-iößhA, mRNA stability, and 
prörtia ph(Mp|bryiatidn.. 



frntein Kiiiase» 

activated by autapao^hoi^iatwa W pbosph^ätion by fp 
atreani profefelEixiase?, Tlte r^giäa)$QR <rf pfoföWctoasös aba 
occurs ttaflScri|)tibnal!y, pQgt-tjbnsönpti«BalIyt■"*»<* I10?1" 

Übnal reguialioa is Ämätive'iplidpfaf -gtec^r.inRNÄ: 
(7$); Protein, kiniäls C-pI and,-pII are two ilofpras of a-$tttg!« 
)?KCp ie»e detiwd frötti dißer««*«» in the splicing of the 
exäa eäööding the fettraüfls»! Jö^52:äm&io acids, Sppn? can 
be regulated by aiiaase cascade inrespond» peptide hor* 
moÄ suchas'iasÄ/ähd10*4 (IS), PKq«and pllhav^ 
different speeifidtieä fa'riphosplioiylatjjip members of me rai- 
UJjpeM ^tivstted protew (MAP) ;kinase family .for glyepgea 
ivffth'äae3M<»nuclear transcriptioa jactprs.sucfi a$fLSfp\fSf, 
and forotter tuicle^Mnas«s.t76»^).'By iabiiÄ&the post* 
traiiscfipfiönal alternative splicing of PKCIJlS tnRNA, 
PKRßlMependeat processes are iuiMbited- 

Tiw stability oltnRNA encoding tarPXC isoKyates is 
also apparently regulated by kinasc cascades. Destabüizatio» 
of PKOS ffiBKA by öhötbol esters is one exaaiple po), The 
cfestaWifeatiön of'PEE^aÖ^'^l^^«*»??*«'--«'?: 
in Vfhieh stability is modulatedbyprotein juuases <8i), TJjus, 
regulation of PKCfJH expression by insulin via alternative 
splicing of pre-rnRNA and glucose ria 4es?abili»a?Jt>n of 
aiRNA, suggests that post-ttanseriptjonal pfocesäng may be 
a likely target for aUeting Jonas« levels. The development af 
aotisei>se otigbuucleotiaeis totohibittheexpression of ¥miom 
pröfeta kteäses Das been 'success.«!. AntisenseoligotHJcIeo- 
tides are short Mgths: Of i^athctM 
calty aibdffied Ö^JA öl RNA desigtved to spec^cally interact 
with inRNA traiiscripte encodsagtarget proteins. theMer- 
aetioii of the antiseaäe moietywith mRNA inhibits protein 
translation aftd, m someeascs, rK-sWrariSCTiptional pfOGessia& 
<e;g;, altetnattve/splk'tag and stability) .öf niRNA- Antisease 
OÜgonuclotMeshav« been developed W »Jter alternative splic- 
ing of BelXlong to short niSJNX forns aad for irihibtting the 
translätiöa of PKßä and PKÖ $ (82)* 

PROTEIN KWASE tfJBPHTOISS IN 
CA»öIÖVASCÜtA»'.OISfiÄSE' AN» VASCULAR 
CÖMPLlCATiÖNS m -MA«Klitt.B«EttntlS-. 

Protein kinase C isotetaisliave been implicated hi celti~ 
lar ilianges observed k the «scalar complications of diabe- 
tes. HypBrglycemia ir associated with increased .levels of 
PKCct arid-pisbMrns in renal goxaeruH of diabetic rats (72). 
OraJ ädatiafetraÜüD o£ a PKGß inbibitor preveaied the.ia- 
'creäsed iaRNA expressioa of T0F-J3I and esttraeeliuter ma- 
*tfr compoaeat genes:(72)v Adröiaistration öf the specific 

•fcines, ea.ldesraoa and ;henirKiyaaaiiciS of retinal and reaal 
blood Co« (72) Overexprcäisioö of the PKGß isöforra ia the 

. myocarditim resulted' in cäidiacbypettrophy and f ailare:f?2); 
Hie use of LV333S31 topreVeiit adveirse effects of cardiac 
PKtp overexpressfottin akbeiic SubiectiS; is aadGr inveltiga- 
tioB (ii), the «orapouri-d is also ia Phase IMH clinical trials 
lot diäbtttk tettaPfjathy .and diaWifiraacular' edema, indicat- 
ing that it may" be pKatÄä^äynäffikäliy active (83), 

eoNCi-iisiöNS 

Our augural aaderjitaading öl;Baases ;*nd tlieir :TQ1CS. to 
oejtaiar iaetab:0!i&:itt: are based oa;workbyKrftbs,Giravcs.:ar».d 

Pishcr J84), roote jecenily, Monaatioa proviiied from iavss- 
tigatt<K>3 ott «tiich diverse specie* aS Ek rmltMogßiter, $, c#* 
evkiae, ß- äiseaiäeim^andX^ efeg&tshte identified new tt- 
ii^e genes and allowed cloftiflg of teir mapraaji^ coun^r- 
parts ■(!^^,3)- The further US« of peptide iij^^f3(piütcin*RNA, 
proteia-DHA, and pfoteiH^pyöiEio ktetactiöR systenw will 
advance our (tadefstanding of: Mease specificity and how Ki* 
nases are tegölated by proceia intefaction, a»d will provide 
adaitioftäl itiöleeüfiöf possibaitles far drug iatetvcntiüä. 
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(IXR.C), the Natioittd Science Foundation (D.R.C.), Grant 
'#PAMD17^8-1-8109 frcra the JDepartment of Defense 
(R.Sr), and Cooperative Ägreemetilt SNGC8-184 «ittt 
NA&Ai::(&S.). 
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ISyäiiiatto of a ser^ 

Vanfei Zhou, Rajagöpalaii Sridliar, Xinbin Qm, Kiaowu Fa»g, Raghav»a Balacji^ii<lr»ii» Robert A, 
Magarian, Billy W. Bay. Howard University, Washington, DC, University of Pittsburgh, Pittsburgh, 
tMi University cfäMakomaiÖklähmmCi^&E 

Muitidrag resistance of tumor cells can be a problem iÄ■ft8Il!^■:.tfterapy^wiA■■dragswch.as'•d■(wor^bicin 
(Dox). It is known that the antiesirogen, tamoxife« sensitizes multidrug resistant human breast cancer 
cells to doxorubictn. cytotoxteity. Tamoxifenis not a pure antiestrogen, since it can exhibif some 
estrogenie activity and increase the risk of endotnetrial tumors. The pure autiestrogen, Analog. II (2-1,1« 
dich1orQ-2J~diphenylcyeIopropane), which was found to be effective as a suppressor of DMBA-mduced 
manmiacy tuittotSj was not effective in.sensitizing doxorubicin resistantMCF-7/MDR clone 10.3 human 
breast cancer cells (obtained from M.M Oottesmän» NCI). Ä series of IJ-dieMoro^J-di« and.2,2^3-tri- 
arylcyciopropanes, were evaluated against IvlCF-7/MDR clone 10.3 cells with respect to their potential 
for overcoming cellular resistance to doXorubieitii: Single cell suspensions öf MCF-7/MDR clone 10.3 
cells were exposed to graded concentrations of doxorubicin aloneand in combination with fourteen 
antiesttogens at 10 micro molar concentration for three days. Cell viability was assayed in triplicate 
samples, using the MTT assay and-thelC^ values for doxorubicLn alone and IC50 values for 
doxorubicin in the presence of thecyclopropanes were determined. Comparison of the IG50 values gave 
the extent of reversal of doxorubicin reststanee at the 50% itinlval level Data for eleven effective 
compounds are tabulated below (Table). Seven out of the eleven compounds were comparable to 
tamoxifenin terms of their ability to over;com 
and diethylstiMströi ^ well as dieneströl, wMch caused L6 fold reversal of 
MDR. These eyclo propyl derivatives have: the additional advantage öf being pure ■antiestrogens that may 
not be associated with the rMc:of endometrial cancer; 
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Abstract: 

Doxorubicin Is apoteht antieancer drug ihaHsused for treating a wide range of 

:;iieopIasms;"includmgbreijSilc.anq(jr;. The lull'elkicaipöte^^^ 

attained because of ;|ts eardiotoxic side effects. The development of muttidmg' resistance 

in tumors can also minimize, the efficacy oEdoxorubiCin, One mechanism of mollidrtig 

resistance in tumorsus associated with ovetpreduetiott of a permeability glycoprotein Pgp 

that sets as an energy dependent transport ptiinp. This"glycoprotein pump iacilitates the 

efflux of doxombic'm and a variety of structurally unrelated cancer drugs out of the cell. 

Cells .mat overexprüss /^itrofo&aetory to conventional chemotherapy because they iail 

to accumulate and retain lethal concentrations of the anti-cancer dreg, .In.-this paper, we 

pompare two strtfernrally-related alkaloids;berberine and tetrandrine for their ability to 

modify &e sensitivity, and the cytotoxicity of doxorubicin towards MGF-7 clone 10,3. 

muttidmg resistant human breast cancer cells in culture. 

'Th«:"ijfe1ihJte.foifaIteijativ,e:möifidn0*T,^haiS identified these.two alkaloids.'for 

evaluation as anMcmncer agents. Preliminary studies indicate that tetmndrine is superior to 

herberine in Sensitizing inulti 

Wtrandruie was;ttiOTe cytotoxic tliaaberbeiine even in the absence-of doxomlriein, The 

profiles and shapes: of the dose response curves were different for drug sensitive :and ;dmg; 

resistant cells treated with graded doses» of doxorubicin, 



Mültidriig reslstapo« of tumormlte eänbe aprüMetn in eaneer euertiotberapy using 

doxarubicin^Ädriamysm}. .ÖoxonibicihiscaÄiiotox!c< For optimum nse ^f doxombiein, 

Üis necessary to oVercotriö;;tumöi;:rests!anc:e;to drug wMle ptt^ting cjpxKojöxicity, 

.Jr^ftieabi fity glycoprotein {Pgp) is encoded by mdr family «sf genes.  Gelte with high 

leyelsof iPgp) aretefractoxyb,ci(>x,urubicm treatment beeaumhey donot 'accumulate 

sufficient concentration o^ 

effiwx pump for a Wide range of structurally diverse eytotoxie drags,  Gvcrexpression of 

mdr genesis oae of several mechanisms associated with niultidrug resistance of tumors 

(t"S3. Potent anti-cancer drugs such as doxombieai, etoposide, paohtaxel and vincristiüe 

are among those affected by muitidrug resistance (MÖR). 

There are several pre^cltaical and clinical investigations of chemicals that inhibit Pgp 

and restore drug sensitivity in MDR cells and tumors. The calcium channel bloeker 

Vfifaparfiil and the anti-estrogen taffioxiien are chemöittodulators impartially overcome 

;MDR in ^ifro. and te vrvo. 

.Berberine is a major component of the rflsdfemaS herb Qoptidis rhkvma (known as ore« 

:in Japan.and huanglkm inChina) that has been used in Ayurvedtc ai\d Chinese medicine 

for treating aivarlety of diseases.  The alkaloid teträadrine, present in the root of 

Stepfamia mrtmdrti, hasten, used in Ghiiieseniedieinefbrtiie treatment of arthritis. 

Berberine and tetrandrine inhibit proliferation of cancer eells in ewttwe. The 

meehanisrosxof action of these drug's .are- not dean In this coimnunication we are 



eöinpariügithq'teqali^öMsäS;modSfieräof*döXömiwcitiresistärieeirl mntttdrug- 

resistant breast eaneereelilmeMGF~7eioneiÄ;3. 

Gardlotoxicity of doxoru^^ 

'trigger free radical -mediated bjvjry (6), Many synthetic and> natural compounds have 

been tested for their #>il^ 

resistance tö doxorubujii't Xi-is important to identify and avoid conditions under which the 

cheffiomodulator sensitizes the heart-io the; deleterious^ effects of doxombiein. Free 

radicals arc known to induee apoptosis. Therefore there is much interest in identifying 

compounds that sefisiiizemuitidmgresistm« cells to: doxombicrnwhilo acting 

simultaneously to protect, against drüg'assoeteted eftrdiotoxicity. 

. 2» itletliods and Materials 

Tetrandrine and berberittesulfate were: purchased ftom Sigma- Chemical Co,  Tissue 

cu itiu-e supplies and assay ..kits were purchased from tovitrogen,: inc. 

2.2. cm 

MGF-7 human breast cancer cells and its multidrug resistant variant MCF-7 clone 

10.1 cells (7) were arftured atKl maintained^s exponential mouolayers in a mtmMified; 

5% carbon dfoside air atmosphere ina 3'T^C. irieubatof, RP.MI 1640 medium fortified with 

10% fetal bovine serum, gltitamine (2mM), sodium pyruvate (I mM) and IÜÜ udts/ml 

eaehpfpiäicillmand^^^ 



Expoüetitiäilygröwiügieülöifesof MCF4 wild type, a human breast cancer cell line 

getisitjvetö doxorabioni, and MC¥%I jfiotiB -10;3, :a ihyltidriy* resistant «tell line that is 

resistanUu^doxorijibiciuwere: treated withdoxorwfateiä atone and teco.ttfbinatioo with 

berberine sulfate and / or Mrandrine.  Gell viability vtDÄdetermmed üsiiigaii assay based 

oft;» leteplium dy^^C^S-dinieihyltMaxoW^ 

MTT| (8), Theeffects of various CönciatratiQttS'of berbsrfae and tetrafidritte ontbelwo 

cell lines were studied.:   The eflsets of combined treatments with the alkaloids, and 

doxorubicin on cell viability were analyzed, 

3. Results 

MCF-7 clone 10.3 cells were several fold reststantto doxorubiem compared to. MGF- 

7 wild type cells (Fig. i). The.cytotoxicify of tetrandririe towards MCF>7 ebne 10.3 

cells and MGF-7 Wild typ© cells are shown (fig, 2) , The differences in.sensitivities of 

the two cell lines to tetrandrüie is notas draraatic-as those observedwith respect to 

doxonibiein toxicity (see. Fig. 1 for comparison), Sefberine, on its own was toxic to 

MCFr? wild (ype-eells over the 10 to 80 \\M rang«. Adding 4 JIM tetrandriitetö the 

different eoHcMtetions ofbcjfberitre only slightly increased the cytotoxiciiy towards; 

MCF-7 wild type cells, 'Cetratjdrineat.Ä ..\xM level did not affect the eytotoxiclty of 

betberiae towards.:MGE-7celi&, (Fig. 3). 

Berbertnewas^eytotoxicinthe 10: to 80 \xM range1 towards multidrug resistettf 

MCF-7 clone 10,3 cells. In the-case of these resistant cells,/the cytotoxiclty of berberine 

was increased by the addMon.of 2 or:4 micrornolar teirandrine. (Fig. 4). Moreover, the 

wild type and multidrug resistant MCF-7 cells did not differ much in their sensitivity to 



bsrberihe. Tht£ä§ä.mJs..insh 

ceil lilies-to doxwuMeip (see'FIg tfeeornparisoti), 

The cytotoxleity of doxornWe-ifi towards* the wild type parental MCP-7 ceil line, was 

only slightly .affected by the ättiiestrogeii temexifai (10 MM), The survival 'was 

drastically teduced when tötraiidrte(.lü of 20|tM) was comMaed with doxörubicia 

(Fig, .!)■,- The doses of MraiKkiite used in this ease werfö-rraliier high» in view of the fact 

that, teirandfine, cytotoxic even In the .absmceofdoxorabirin. 

Simitar:experiments showed that.berberine{10 öf:2Ö.|iM).decreased:the cell, survival in 

the case of M-C.F-7 wild type cells treated with graded: coneeatfätioas of doxowbiein 

(Fig,6). Gombiflatioos of tetrandrine and berberine also decreased the cell survival of 

M'CP-7,celb treated with differentconcentrations of doxomhiein (Kg,; 7). Rather high 

doses of tetrandrine were used in these experiments. The results reflect the dominant 

effect of tetratidfine at -these' doses. 

Tamoxifen (10 \iM) clearly sensitized multidfug resistant MCT4 clone 1113 cells to 

doxombicto. Tetraftdrine (2.5 to 10 pM range) decreased the cell survival of these 

tnultidnig. resistant cells treated -with graded doses of doxorabicin, Tetrandrine is 

relatively nan toxic to these cells at 2.5; |*M- Thislow doseo£tetfatidrme; was more 

effective than taffioxifen, which is äneffectivefflultidnig resistance reversing'agentfin 

overcoming resistaaee to tamoxiferi:1(Fig.,8), 

Berberine (20 fiM and 40 jiM) did:not.,influeoce:the:cytotoxicity.:of doxörtEbicin 

towards rniiltidwgreststanteells. Berberinewasineffectiveinovercoming redstaüce.io. 

doxorobtdn (Fig, 9), Combinations of bert>erine and tetrandfinein the presence of 



doxorabiein was veiyfeXiciQ:mwlMÄug-ii^ii:itoiStP^7;cteae 1Ö4: cells, (Fig. 10); la: 

this ca#. the:eyt^ 

4 Discussion 

There if:c«nstdei^lei^ 

(9,10), Jtecentijv Üie NaiiöDaLlßsttCitbmöf Health has identified these natufai products 

for further investlgatioM as-anti cancer agents. B erbende has been shown to inhibit 

eaueetccllpfol^ Both these alkaloids 

■appear to be substrates for ATP binding glycöprotemsassociated with multidrug 

resistance (D-17), There are isolated reports that betberinr may-alter the expression of 

proteins associated with drug resistance { 14). Upregulauon of genes associated with 

■•multidrug resistance has been reported in cancer cells treated with berberine (14, 15). 

Based: on these reports, berberine should protect against doxoruhicin toxictty: towards 

multidrug resistant MCF-7 clone IÖ.3 cells« Our experiment? indicate that berberine is 

not an effective ehefnosenäitizer of multidrug resistant MCT-? clone 10,3 celts. 

Upregulation of proteim such &$:Pgp, Will increase drug resistance, while down 

reflation of the samewill decrease drug resistance. 

The wild type and multidrug resistant MCF^eell tines showed a multifold difference in 

sensitivity to dojcöruMcin,, but not to tetraudt me orberberbe,  Both berberine and 

tetrandrine were:Cytotoxicto both cell lines even in the absence of doxorobicin. 

Berberine, which has teen reported to upregidate the expressionof proteins associated 

with dnigtesistanee did not sensitize drug resistant cells todoxorubicm mediated 

eytotoxichy, Tefrandone,- in sharp contrast was effectwC: in overcoming resistance to 

doxorabiein The effect of t^^ 



:£hri' results.indicate thatlettäadrine is an effective chÄosehsitföer of niulttdnig ■ 

rcsistBOtMCF-7 cäoöeTQJ eetk: towards joxombicin. This fetn;ä£eprd with recent: 

reports on reversal of multidrug resistance in cancer-cetls by tetrandrine (!6-18), 

jnvmv of these interesting teaultö>:.IUnlier,-wöfki§--Bte^ded io;eludidate ilie^ieehaiiigms 

associated with the pto^^ 

This .study demonstrates that tetrandr ine is an. important efaemosensitizer with respect 

to doxorabiein toxicity inMCF^T breast e&fteer c<jll§ that: express the MDR phenotype. To 

our knowledge, this is the .first study to demonstrate that tetxandrine also potentiated 

doxorubtciii cytotoxJcity despite treatment with berberiiie. This is sigoificant becaase.. 

bcrberine is an upregulator of Pgp, 
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Figure I. ßoraparisonof thecyto^ wild type; 

(lower curve) and rriuHidragresistantMCF-7 done .i|>;3 cells (upper curve); Multiwell 

;0kstef plates W0rC seeded wit^ 

attachment to thesubstratum and.then teated with different conecntratiom of 

dokörobieia and ,'cell liability was assayed: It hours later using the: MTF assay, 

Figare %\ Cotuparisan. of \\\6eytotoxicity of tetrandrine towards MGF-7 wild type: (lower 

curve) and multldrug resistant MdF-7 cionq 10.3 cells (upper curve), Multiwell cluster 

plates were seeded with ten thousand cells per well and incubated overnight/for 

atläctoenttö the suhsträtuamid then treated with diftcrentconcentfations of tetrandrine 

Md cell viability was assayed 72 hours later using the MIT assay 

.Figures. Cytotoxicity of berberine (BER) tetmndrme coinbinations towards wild type 

MGF-7 cells. Altaehed cells m 96 multiweil plates were treated with different 

concentrations of berberinealoneorin conibuiatiortwitli tetondrine for 72 hours before 

processing for MTHmsay for cell viability. Open circies - berberine alone; solid 

squares^■berberine with tetrandrine (S |&l);opeinriangles-berberine with tefrandnne 

(4uM): 

Figure*. Gyiotoxicity ofberberine (BER) tettaudriueeombttrntlonstowards'tnultidrug 

resistant MCF-7clone lÖJeclLs Attached celts in 96 multiwell plates were treated with 

different concenti-ations of berberine alone or in combiMtion with tetraudrine for 72 



hours before processing for Mit assay for cell viability Open squares * berbsfine alone; 

guildtriangles-berberine withtetrandrinejJ^Uvif); soIi<isqüareS'~-berberine,wiili 

: tetrandrine ■(^(i'M) 

Figure 5.  Theinfiuence of teteaadriBf and laraoxlfen on.tbfeeytotoxieity of doxontibiein 

toward&;MEE-7:cells:  Gell vkhiOtywa^ 

different concentrations-of ddxorubieiri. alonfcor in; the presence oE tetrandone (TBK) or 

tamoxiim at ihc coaoeBtrations iiidicated in the legend, Solid diamonds- doxorubiciii 

alone;; solid sgnpjresrdoxombicin in fe 

doxombiein with, fetrandrine: (10 ).tM); cross (x) - dbxorubicin.witii tetraiidrine (20 (uM) 

Figured,   Tbe;influs;iicc'<jf berberine and tamoxifen öiithe cytOtoxiejjy of doxoruhicm 

towards MCF-7 cells*  Cell liability wasideterTaibedafier" 72-hour treatment with 

different,coiioentxatioM;öfdoxot-abie!n alone or in the; presence of berberine (BER) or 

tamoxitos at the concentrations indicated in the legend. Solid diamonds- doxorabicin 

alone;aolid. squares- doxorubicin in the presence of tamoxifen(1.0.fiMj ■ open circles- 

.:doxombieinwithberbeMe,{tO.;^i); cross (x) - doxomblciiiwith berberttie (20 fjsM) 

Mgviic 7,   Theinfluence of bet-berine-tetrandrine^ombinatioiEisand temoxifenoo the: 

cytotoxieity of doxorabicin towards MCF.-7 cells. €eh liability wardelerrnined aller 72 

hour tt'eatmcot with different concentrations of doxorubicm alone-or in the presence of 

herberine (BEI) ^tetrandrinf? (TEM) combinations, or tarooxifön at, the concentratioriiä 
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indicated fethöiegendb Solid diamonds- ioxonfctem'akEe^öilcls<pmres-« doxowbiein 

■in the presence; of täffioxlfött(lÖ iM\ fopm triangles- doxorabieüi with berberine 

(lÖjiM) phis teftandri«e(iÖfiM}* «cross (X) - döxoriÄteihwi&b^bsrme (iö |tM) plus 

¥. igwre §. The influence of- tettänMiK andtOTom^^ 

towards ■ roultidnig resistantMGP-7 clone 10.3 cells.  Cell viability was :dderaiitted »Ufer 

72 hour treatment witbdiffsrent coilceatraticms of doxonibieiu .alone or in the.presence, of 

tetrandrine (TEN);or tamoxifenatthe concentrations indicated in the legend. Solid 

diamonds- doxoruMcin atone; solid squares- doxoftsbieiü hi the presence ef taffioxifert 

■(1:0 JJ.M); open squares •«» doxorabicin in the preserfeeef tsttffldrins (2,5 -pM) ;;open 

■tri«ttgt^-:du^0wbiciii;wjtli tetmndrinep fiM); cross (x)- doxorubicin with; tetrandrine 

(1(3 fiM); open circles -.doxoruMcin wift tetrandrine (20 pM) 

Figure--% The iaüüeuöe of berberineand; tarooxrfen on the cjtotoxicity of doxorubicin 

iowardsnndtidmg: resistant MCF-7 clone 10.3 cells.  Cell viability was determined after 

72 hour treatment with difierent concentrations of doxombietn alone or in Ae presence of 

tebettee- (BER) or tamoxifen at -the concentrations indicated in die legend. Solid 

.diamonds- doxorubkin alone; solid squares- doxonibiGiiT to the presence of tarnoxifen 

(10.ulyl) ; ;cross:(x> doxorubicin withberberme (20 uM); open triangles - doxorubicin 

with berberine (40 pM) 

14. 



Figure l(i. The influence öf tamoxifen ahd sottrtjinaitiöns.:öf teteffldiM&aiid faerl>erlac;: 

ön thecytotoxieitj?«!'doXörublein i&WMtemulti#rug:i@is{ärii lvlCF-7 clone. 10.3 cells, 

Gell viability was dötgttnined aifet72 hour, tscöatmeöt with difä&rent concenteations'of 

döxombicänaloneofin thepreseace of tamüxifen(l'O pM) orcombinattoas of berberine 

and'tetrandrme M the: coR£enfeatioaS'iMiica{ed in fefcpiwi Solid dlamonds- 

doxorobiciii alone; solid squares- doxoraWcin,m thepiesfepcsyftainoxiica 

solid tdauglesr döxombic in/with berbOT open 

circles^ doxorabicinwithberbefi^ 

15. 



TOO i| 

a    60' ■ 

-♦-Wild 
-»-Resistant. 

0) . 

a). 
K     >20:; 

:Q> 
.0           M          40 60 

Doxorubleln (micro Ml) 

Fit. I 

16 



too; 
& > ;8U- 
£ 
3 Rf) 
W 

'40 
■.*-* « 

<a m- 
£ 

;o;; 
!■■ 4 % 8 

Fi« 2 

17 



« 
> 
'1 
,3 
W 

SO - 

60 - 

% 40 
20 - 

0 - 

^^KT""i---^   '■■ 
Wrändrina^uMJ 

20       40       00        SO 

Berimrlne- (micro M} 

1.00 

■ Pig-3 

Wild- 

18 



—ir-i#rtierfrie* 

• Ji gefbferiftfe*       j 

H3—ierberlsie        s 

tJ 20 W: W: 

6<srt>6ri(ie (micfo M) 

80 

Resistant 

19 



•eon i 

15 

Fig. 5 

Wild 



mud, 

^Cfc 

10 ■■1.4 
öcttwubföm (micro MJ 

l\ 



am I 

DOX*10uWT$mtJwBft; 

-;p.QX+8ERlOwM-*TEN1 i 
MM 

•■üöxtBEftmm       i 
',+röÖßüM I 

•4 to- 

Mg.:f 

Wild 

S 



-iO^Q0K+'KH2Q'-UM 

1:0,       m       w      -w 
Doxorabtefn (micro M) 

•50 

Flgu!'e8 

Resistant 

23 



140 

m 120 
> 
£ 100 | 
3 .80 ' 

> 60 -1 
•*** w 41) - m 
t£ 20 -: 

0 - 

Fig. 9 

Resistant 

24 



g 
2 
w 
*: .» 

Döxombicin ftrfcfo ft?} 

F%.iö 

Resistant 

:2S: 



APPENBIR 2»- 

FASEB I 13; A920, 1999, Abstract #682.14 presented at "EXPERIMENTAL BIOLOGY-99", 
Washington, DC April 17-21,1999, 
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