
AD 

GRANT NUMBER DAMD17-96-1-6235 

TITLE:  Xenograft Studies of Fatty Acid Synthesis Inhibition as 
Novel Therapy for Breast Cancer 

PRINCIPAL INVESTIGATOR:   Gary R. Pasternack, M.D., Ph.D. 

CONTRACTING ORGANIZATION:  The Johns Hopkins University 
Baltimore, Maryland 21205-2196 

REPORT DATE:  August 1997 

TYPE OF REPORT:  Annual 

PREPARED FOR:  Commander 
U.S. Army Medical Research and Materiel Command 
Fort Detrick, Frederick, Maryland  21702-5012 

DISTRIBUTION STATEMENT:  Approved for public release; 
distribution unlimited 

The views, opinions and/or findings contained in this report are 
those of the author(s) and should not be construed as an official 
Department of the Army position, policy or decision unless so 
designated by other documentation. 

19971208 003 DTICQUALTTYlNiFEOTB»1 



REPORT DOCUMENTATION PAGE 
Form Approved 
OMB No. 0704-0188 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this 
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate tor Information Operations and Reports, 1215 Jefferson 
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503. 

1. AGENCY USE ONLY (Leave blank) 2.  REPORT DATE 
August  1997 

3.  REPORT TYPE AND DATES COVERED 
Annual   (1  Aug   96  -   31   Jul   97) 

4.  TITLE AND SUBTITLE 

Xenograft Studies of Fatty Acid Synthesis Inhibition as 
Novel Therapy for Breast Cancer 

6. AUTHOR(S) 

Gary R.  Pasternack, M.D.,  Ph.D. 

5.  FUNDING NUMBERS 
DAMD17-96-1-6235 

7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
The Johns Hopkins University 
Baltimore, Maryland 21205-2196 

PERFORMING ORGANIZATION 
REPORT NUMBER 

9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 
Commander 
U.S.   Army Medical  Research and Materiel  Command 
Fort  Detrick,   Frederick,   Maryland    21702-5012 

10.  SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

12a.  DISTRIBUTION / AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited 

12b.  DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 

Fatty acid synthesis inhibitors were studied as a means to treat breast cancer in 
vivo.   A nude mouse model of MDA-435 was validated and the fatty acid 
synthesis inhibitor, C-75, was shown to substantially inhibit the growth of MDA- 
435 in a local intraperitoneal treatment model.   Studies were carried out 
addressing the mechanism of C-75 which, while not yet conclusive, have shown a 
degree of fatty acid synthase inhibition.   Additional candidate compounds for in 
vivo analysis have been identified. 

14. SUBJECT TERMS Breast  Cancer 15. NUMBER OF PAGES 
11 

16. PRICE CODE 

17.  SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

18.  SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 

19.  SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

20. LIMITATION OF ABSTRAC1 

Unlimited 
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 

Prescribed by ANSI Std. Z39-18 
298-102 



DAMD17-96-1-6235 

FOREWORD 

Opinions, interpretations, conclusions and recommendations are 
those of the author and are not necessarily endorsed by the U.S. 
Army. 

  Where copyrighted material is quoted, permission has been 
obtained to use such material. 

Where material from documents designated for limited 
distribution is quoted, permission has been obtained to use the 
material. 

  Citations of commercial organizations and trade names in 
this report do not constitute an official Department of Army 
endorsement or approval of the products or services of these 
organizations. 

adher 
In conducting research using animals, the investigator(s) 

adnered to the "Guide for the Care and Use of Laboratory 
Animals," prepared by the Committee on Care and Use of Laboratory 
Animals of the Institute of Laboratory Resources, National 
Research Council (NIH Publication No. 86-23, Revised 1985). 

  For the protection of human subjects, the investigator(s) 
adhered to policies of applicable Federal Law 45 CFR 46. 

  In conducting research utilizing recombinant DNA technology, 
the investigator(s) adhered to current guidelines promulgated by 
the National Institutes of Health. 

  In the conduct of research utilizing recombinant DNA, the 
investigator(s) adhered to the NIH Guidelines for Research 
Involving Recombinant DNA Molecules. 

  In the conduct of research involving hazardous organisms, 
the investigator(s) adhered to the CDC-NIH Guide for Biosafety in 
Microbiological and Biomedical Laboratories. 

Ik ?~t ^rx. 
PI  -* Si* jnature Date 

Page 3 



DAMD17-96-1-6235 

Table of Contents 

Front Cover  1 

SF 298  2 

Foreword  3 

Table of Contents  4 

Introduction  5 

Body  6 

Conclusions  9 

References  10 

Appendices None 

Page 4 



DAMD17-96-1-6235 

Introduction 

In the last several years, fatty acid synthesis in general, and FAS (EC2.3.1.85) 

in specific have assumed importance in the diagnosis and potentially in the 

treatment of cancer.   Levels of fatty acid synthase protein and message are 

increased in certain subsets of breast, colorectal, prostate, ovarian, and other 

cancers.   In some instances, such as in breast, prostate and ovarian cancer, FAS 

elevation may portend worsened prognosis (1-8); in others, such as colorectal 

cancer, FAS elevation appears constitutive (9).   Whenever FAS is elevated, 

increases in the amount of the enzyme are accompanied by corresponding 

increases in the flux of labeled acetate through the fatty acid synthetic pathway 

(10), indicating that tumor-associated FAS is fully functional.    Endogenously 

synthesized fatty acids appear to be essential to the viability of those tumor cells 

displaying increased FAS.    Several studies in vitro demonstrated that inhibition of 

FAS resulted in cell death (10-12).   When the enzyme is inhibited, susceptible 

tumor cells undergo apoptosis (12).    More recently, one study demonstrated 

successful treatment in vivo of OVCAR-3 by a FAS inhibitor (13).   Because 

increased amounts of FAS appear to mark increases in activity of the endogenous 

fatty acid synthetic pathway, diagnostic analysis of enzyme levels may identify 

subsets of tumors uniquely susceptible to antineoplastic therapy based upon 

inhibition of fatty acid synthesis. 

The goals of the work performed pursuant to this grant revolve around a recently 

discovered putative fatty acid synthase inhibitor, C-75, that exhibits anti-tumor 
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activity in in vitro systems.  These goals are:  [1] to study 

C-75 in vivo in human breast cancer xenograft models; [2] to 

characterize the mechanism of action of C-75 in terms of its 

effects on fatty acid metabolism; and [3] to determine the 

interplay between dietary lipid intake and the anti-tumor effects 

on C-75. 

Body 

Dose Escalation Toxicity Studies.  Initial experiments were 

performed to determine the maximum tolerated dose of C-75 in nude 

mice.  These studies determined that doses of 20 mg/kg given on 

alternate days was well tolerated.  Larger doses resulted in 

animal death.  The maximum length of therapy has not yet been 

determined. 

Optimization of MDA-435 model.  The MDA-435 model was validated 

over a broad range of tumor inoculum size.  A dose of 2 x 106 

cells/mouse i.p. was the minimum dose to result in 100% tumor 

takes.  In accordance with this model, tumor became detectable by 

approximately 20 days post inoculation as determined by weight 

gain and clinically apparent ascites.  Mice accumulated the 

maximum permissible tumor burden between 35 and 40 days. 

Activity of C-75 in vivo.     The following experiment 

demonstrates the activity of C-75 in vivo.  Groups of 5 

mice were inoculated on Day 0 with 2.0 x 106 
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MDA-435 cells in 200 nl unsupplemented RPMI-1640.     Control mice were 

treated 200 jul of vehicle control on Days 1, 2, 3, 4, and 5.   A second group 

received cerulenin on days 1, 2, 3, 4, and 5.   A third group of mice were 

treated with C-75 every other day on days 1, 3, 5, and 7.   Mouse weights were 

monitored every day during treatment, and every other day thereafter.   The 

experiment was terminated on Day 37 when a number of mice reached the 

maximally permissible weight. 

Treatment of MDA435 by Fatty 
Acid Synthase Inhibitors 

—o-- Control 
 Cerulenin (80 mg/kg) 
--•C-75(20mg/kg) 

10- 

5- 

o 

«•B-C-S--5-^ 

-] 1 1 1 1 1 1 1 

5       10      15     20     25      30     35     40 

DAY 
The data clearly show that C-75 produces a profound anti-tumor effect in excess 

of that observed with cerulenin. 

Mechanism of C-75 action.   The following data summarize experiments to 

determine the distribution of 14C-acetate label among cellular lipids following 

treatment of breast cancer cells.   SkBr3 cells were plated in 24-well plates to a 

density of 2 xlO5 cells/well in 1 ml of medium.   After overnight incubation, 
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cerulenin, C-75, a related compound, C-83, or vehicle (DMSO) were added to 

sets of three wells to a final concentration of 10 \ig/m\.   Cells were then 

incubated for 2 hours.    14C-acetate (20 M-Ci) were added to each well and the 

incubation was continued for an additional 2 hours.   The Medium was then 

removed and cells were washed and then extracted with 2:1 chloroform/methanol 

(1 ml/well).   The extracts were washed and then 10 |j.l aliquots were counted to 

determine total incorporation into each fraction.   Cerulenin and C-75 incorporated 

88% and 82% of the controls respectively.    Distribution of the 14C-acetate among 

lipid classes was determined by thin layer chromatography.    For each extract, 

10 \xl were spotted onto a 20 x 20cm silica gel H plate.    After drying, the 

solvent the plate was developed in 90:10:1 hexane/diethyl-ether/acetic acid 

allowing solvent front to equilibrate at the top of the plate.   Distribution of 

radioactivity was determined by phosphoimaging and quantitated using Image- 

Quant software by integration of   the fractions in each lane. 
Phospholipid Unknown Lipids 

Control    Cerulenin      C-75 C-83 Control    Cerulenin      C-75 C-83 

Cholesterol Free Fatty Acids 

Control    Cerulenin     C-75        C-83 Control    Cerulenin     C-75        C-83 
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The data show that cerulenin and C-75 do not affect the proportion of lipids in 

the phospholipid pool.   Whereas cerulenin yields increases in an unknown lipid, 

C-75 does not.   The relative proportions of lipids in cholesterol is slightly less 

for C-75 than for cerulenin.   Overall, however, the distribution of label among 

various lipid classes does not differ markedly between cerulenin and C-75.    In 

enzyme assays, C-75 produces a dose-dependent but incomplete inhibition of fatty 

acid synthase. 

Other.   As part of an ongoing effort to identify other compounds that inhibit 

fatty acid synthesis with potential anti-tumor activity in vivo, a screening program 

continues.   To date 113 compounds have been tested in the a breast cancer cell 

culture assay for activity.   Twenty-two compounds have shown some activity in 

the range of 20 to 2.5 |ig/ml.   Ten of these compounds showed direct inhibition 

of fatty acid synthase in an in vitro assay system in a range of 10 to 2 (ig/ml. 

Conclusions 

1. Fatty acid synthase inhibitors such as C-75 are active against breast cancer 

cells in an in vivo model. 

2. The mechanism of action is consistent with inhibition of fatty acid synthase. 

3. Other inhibitory compounds may become available in the near future. 
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