
AD 

Award Number:  DAMD17-01-1-0652 

TITLE:  Contrast Agents for Breast Cancer Diagnosis by Magnetic 
Resonance Imaging: Targeting the Folate Receptor 

PRINCIPAL INVESTIGATOR:  Julian A. Davies, Ph.D, 

CONTRACTING ORGANIZATION:  The University of Toledo 
Toledo, OH  43606 

REPORT DATE:  July 2 003 

TYPE OF REPORT:  Final 

PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
Fort Detrick, 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. 



REPORT DOCUMENTATION PAGE Form Approved 
0MB No. 074-0188 

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

1. AGENCY USE ONLY 
(Leave blank) 

2. REPORT DATE 
July 2003 

3. REPORT TYPE AND DATES COVERED 
Final   (1  Jul  2001  -  30  Jun 2003) 

4. TITLE AND SUBTITLE 

Contrast Agents for Breast Cancer Diagnosis by Magnetic 
Resonance Imaging: Targeting the Folate Receptor 

6. AUTHOR(S) 

Julian A.   Davies,   Ph.D. 

5. FUNDING NUMBERS 

DAMD17-01-1-0652 

20040130 020 
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
The University of Toledo 
Toledo,   OH    43606 

E-Mail:      jdavies@uoft.utoledo.edu 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

9. SPONSORING / MONITORING 
AGENCY NAME(S) AND ADDRESS(ES) 

U.S. Army Medical Research and Materiel Command 
Fort Detrick, 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 Words) 

'Folate receptors are overexpressed on a variety of human cancer cells, including breast 
cancer cells, but are restricted in normal tissues. Folate-conjugated radiopharmaceuticals 
have shown specificity for folate-receptor-bearing cells and promise in cancer imaging in 
animal models. We proposed to explore the coupling to folate of a series of MR contrast 
agents whereby ligands for complexation of paramagnetic metal ions, such as iron(III) and 
gadolinium(III) would be attached to folate and hence targeted to cancer cells. Folate- 
coupled ligands for these paramagnetic ions proved to be insufficiently soluble in aqueous 
media for separation, purification and utilization at the concentrations required for 
imaging purposes.  In order to increase water solubility, poly(ethylene glycol) spacer 
units were incorporated into the conjugates and it was found that water soluble species 
could be obtained that incorporated folate bound via the spacer to fluorinated organics. 
These species were shown through imaging studies with phantoms to exhibit promise as ultra 
contrast agents and hence future work will focus on examining the uptake of these agnets 
by cells that overexpress the folate receptor.  To that end, methodology has been 
developed to examine the uptake of the conjugates and determine their affinities for the 
folate receptor in specific cell lines. 

14. SUBJECT TERMS 
Detection; diagnosis 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 
NSN 7540-01-280-5500 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

15. NUMBER OF PAGES 
7 

16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

Unlimited 
Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. Z39-18 
298-102 



Table of Contents 

Cover 1 

SF298 2 

Table of Contents 3 

Introduction 4 

Body 4 

Key Research Accomplishments 7 

Reportable Outcomes 7 

Conclusions 7 

References 7 

Appendices none 



Introduction: 

Folic acid is a vitamin that enters cells through either carrier-mediated or 

receptor-mediated processes. The latter processes involve a high-affinity folate receptor 

that promotes endocytosis and folate-drug conjugates may be targeted to these receptors.' 
We proposed to synthesize contrast agents for magnetic resonance (MR) imaging 

conjugated to folate through modification of the gamma-carboxylate and, at the time of 
the 2002 annual report, had found that the syntheses explored, which were based upon 
literature reports, generated coupled products that contained unacceptably high levels of 
impurities and which resisted purification. The samples were unsuitable for imaging 

studies or for uptake studies with cell lines. 

Body: 

The folate-conjugated MR contrast agents were further purified by a range of 
chromatographic methods only to discover that they were insufficiently water soluble to 
obtain aqueous solutions in high enough concentration to be useful in imaging. 

In order to increase water solubility we sought to employ a pegylated spacer 
group in the coupling of the folic acid to the contrast media such that the hydrophilic 

poly(ethylene glycol) moiety would enhance compatibility with an aqueous medium. To 
that end we attached a PEG linker to folic acid as follows: 
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Figure 1. Attachment of PEG linker to folic acid. 



Thus, folic acid was first dissolved in DMSO. Then, one molar equivalent of 1- 
ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDAC) and four molar equivalents of N- 
hydroxysuccinimide were dissolved in DMSO and slowly added to the folic acid 
solution. This solution was then allowed to stir for four hours at room temperature. One 
molar equivalent of poly(ethylene glycol) bis-amine (MW ~ 3350 g/mol) was added to 
the solution and mixture was allowed to stir overnight (Figure 1). Acetone was added to 
the solution to precipitate a yellow solid. This solid was collected by centrifugation and 
washed four times with acetone. The solid was then dried and redissolved in DMSO. 

In order to establish that contrast agents could be attached to the pegylated folate, 
a perfluorinated organic was employed, as follows. Five molar equivalents of 
pentadecafluorooctanoyl chloride and ten equivalents of pyridine were added to the 
DMSO solution of the pegylated folate and the solution was allowed to stir overnight at 
room temperature. The product was precipitated using acetone, collected via 
centrifugation and then washed four times with acetone before being dried under vacuum 
(Figure 2). 
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Figure 2. Attachment of perfluorocarbon chain to folic acid-PEG molecule. 

The folate-conjugated perfluorocarbon was examined in a phantom imaging 
experiment as a potential ultrasound contrast agent. It was found to exhibit sufficient 
water solubility for this experiment, thus demonstrating that pegylation provides the 
solution to the problem of insolubility previously encountered. The experiment was 
performed as follows: The product was dissolved in water at a concentration of 20 
mg/mL. This solution was poured into the finger of a latex glove and the finger was 



sealed. The adjacent finger was filled with water and similarly sealed. The glove was 
subsequently immersed in water and ultrasound images were obtained. Figure 3 shows 
the two fingers of the glove along the long axis, with one finger containing the contrast 
agent and the other containing water. 

Water only        Contrast Agent 
Figure 3 

Figure 4 shows a cross-sectional view of the fingers, again with one finger 
containing contrast agent and the other containing water. 

Water only        Contrast Agent 
Figure 4 



The ultrasound images obtained with the folate-contrast agent conjugate are 
promising. Additional work now needs to be done to test the folate-specificity of the 
conjugate and its utility in imaging tumors that over express folate receptors.^ The 
methodology has been shown to be promising, however, and new classes of contrast 
agents may be anticipated. The work described here was performed in collaboration with 
colleagues at the Medical College of Ohio (Drs. Braun, Staren, Jankun, and Ratnam) and 
imaging experiments were undertaken with their equipment and performed by them. 

Key Research Accomplishments: 

The ultrasound images obtained with the folate-contrast agent conjugate are 
promising but uptake and specificity studies are yet to be performed in order to determine 
whether this agent will be a promising candidate for development in breast cancer 
imaging. 

Reportable Outcomes: 

There are no reportable outcomes at this time. 

Conclusions: 

Despite challenging problems of synthesis, purification and water solubility, progress has 
been made in developing folate-contrast agent conjugates that are suitable for uptake and 
specificity studies in order to determine whether such agents will be promising candidates 
for development in breast cancer imaging. 
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