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EQUIPMENT 
 


Major equipment includes laminar flow hood, incubators, environmental orbital shaker, 
microscope, electrophoresis units (PAGE/agarose, transfer apparatus), centrifuges 
(high speed, microcentrifuges), freezer (deep and ultralow), circulator, vacuum oven, x-
ray film processor, hybridization oven, Polaroid camera/transilluminator, tissue 
homogenizer, pH meter, microwave oven, and thermal cycler. Available in nearby 
laboratories are gamma counters, chromatographs (gas), UV/Vis spectrophotometer, 
microplate reader, liquid scintillation counter, embedding and staining apparatus, 
microtomes, gel drier, Speed-Vac, sequencing gel apparatus, table-top ultracentrifuge, 
analytical balances, atomic absorption spectrophotometer, water purification systems, 
freeze driers, bomb calorimeter, autoclave, Immulite 1000, Dako autostainer, Agilent 
2100 Bioanalyzer and ABI Prism 7000 sequence detection system (real time thermal 
cycler), Kjeldahl apparatus, and additional microscopes and cameras. Most equipment 
needed for the studies proposed herein is located in the Department of Animal Science. 








PROJECT SUMMARY 
 


Studies from our laboratory and elsewhere suggest that dietary canola oil or 
lipotropes (methyl nutrients such as vitamin B12, folic acid, choline, and methionine) 
may inhibit the development and growth of breast cancer cells. The specific aim of the 
proposed research is to determine if canola oil diet containing lipotropes inhibits growth 
of human breast cancer cells in culture and in chemically-induced mammary 
carcinogenesis in female mice. The cell culture portion will be used to study the effect of 
canola oil diet containing methyl nutrients on growth of human breast cancer cells. The 
animal trial will investigate the effect of these dietary components on mammary 
carcinogenesis induced in mice by injection of a chemical carcinogen, N-nitroso-N-
methylurea. Tumor tissues from mice will be isolated and used for analyses of gene 
expression, DNA methylation (epigenetic process), and the extent of cancer cell death. 
We expect to show that dietary canola oil and lipotropes synergistically inhibit growth of 
breast cancer cells both in vitro and in vivo. Information from the studies will provide the 
basis for future epigenetic studies, where we aim to investigate if in utero (during 
pregnancy) exposure to canola oil diet containing methyl nutrients reduces breast 
cancer risk of the offspring. Further, data derived from this research will be essential to 
a U.S. patent (invention) application for a canola oil-based novel anti-breast cancer 
nutraceutical which is intended to benefit canola growers and NDSU research. Overall, 
results from our studies have the potential to benefit the canola industry by contributing 
to the enhancement of the market potential. 
 


 
 








 


BIOGRAPHICAL SKETCH 
Provide the following information for the applicant, PI and all key personnel. Please attach a separate biosketch for each person. 


Follow the sample format for each person found in Biosketch Sample. DO NOT EXCEED FOUR (4) PAGES. 
 


NAME 
William D. Slanger 
 


POSITION TITLE 
Director of the Office of Institutional Research 
and Analysis and Statistical Collaborator 


EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.) 


INSTITUTION AND LOCATION DEGREE 
(if applicable) 


YEAR(s) FIELD OF STUDY 


Montana State University, Bozeman, MT BS 1967 Animal Science 
Cornell University, Ithaca, NY MS 1972 Animal Breeding 
Cornell University, Ithaca, NY PhD 1975 Animal Breeding 
    
    


 
A. Personal Statement 
 
I was trained deeply in statistical theory and practice as a graduate student.  I have an innate ability in 
experimental design and statistical data analysis.  I have 30 years of experience applying this 
theoretical and practical statistical knowledge to biological and other data. 
 
B. Positions and Honors: 
 
Professional Positions 
 
2000-present Director of the Office of Institutional Research and Analysis, North Dakota State 


University, Fargo 
1987-present Professor, Dept. of Animal Science, North Dakota State University, Fargo 
1980-present Adjunct Professor Statistics, North Dakota State University, Fargo 
1995-2000 Interim Dean of Graduate Studies, North Dakota State University, Fargo 
1995-2000 Interim Dean of University Studies, North Dakota State University, Fargo 
1988-1989 Visiting Professor, National Institutes of Health’s Laboratory of Statistical and 


Mathematical Methodology Division of Computer Research and Technology, 
Bethesda, MD 


1981-1987 Associate Professor, Dept. of Animal Science, North Dakota State University, Fargo 
1976-1981 Assistant Professor, Dept. of Animal Science, North Dakota State University, Fargo 
 
Honors and Professional Memberships 
 
Examiner (2003-2005) and Senior Examiner (2006 & 2007) for the Baldrige National Quality Program 
Association for Institutional Research for the Upper Midwest, Past Chair (2006) 
Association for Institutional Research 
Association for the Study of Higher Education 
American Society of Animal Science 
 
Student Mentoring 
 
Graduate student committee memberships in Institutional Analysis and Animal Sciences 







 


C.  Refereed Publications: 
 
1. Loy TW, Lardy GP, Bauer ML, Slanger WD, Caton JS. Effects of supplementation on intake 


and growth of nursing calves grazing native range in southwestern North Dakota. J Anim Sci 
2002; 80:2717-2725. 


2. Slanger WD, Carlson JK. 2002. Performance of least squares Lehmann-Scheffe estimators of 
variances far superior to those of Reml, Anova, Minque, and Ml. Joint Statistical meetings. 
Abstract #300884, activity 321 at www.amstat.org/meetings/ jsm/2002. 


3. Slanger WD, Carlson JK. A comparison via simulation of least squares Lehmann-Scheffe 
estimators of two variances and heritability with those of restricted maximum likelihood. J Anim 
Sci 2003; 81:1950-1958. 


4. Schauer CS, Lardy GP, Slanger WD, Bauer ML, Sedivec KK. Self-limiting supplements fed to 
cattle grazing native mixed-grass prairie in the northern Great Plains. J Anim Sci 2004; 82:298-
306. 


 
 
D. Research Support 
 
    Ongoing Research Support 
 


Effect of Mid-term grading on student performance and retention 
National Survey of Student Engagement 
Effectiveness of College Student Inventory 
Collegiate Learning Assessment 
Reducing salary costs of teaching at institutions of higher education 
Student Satisfaction Inventory 
 
Completed Research Support 
 
Building a Caring Community of Leaders and Problem-solvers (CCLP): A National Model for 
Reconsidering the Role of Higher Education in Society; funded by the Bush Foundation of 
Minneapolis, MN; $300,000; Directed Assessment of Student Learning portion of the research 
 


 



http://www.amstat.org/
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Provide the following information for the Senior/key personnel and other significant contributors. 


Follow this format for each person.  DO NOT EXCEED FOUR PAGES. 


NAME 
Sajin Bae 


POSITION TITLE 
Master’s Degree Candidate 


eRA COMMONS USER NAME (credential, e.g., agency login) 
 
EDUCATION/TRAINING  (Begin with baccalaureate or other initial professional education, such as nursing, include postdoctoral training and 
residency training if applicable.) 


INSTITUTION AND LOCATION DEGREE 
(if applicable) MM/YY FIELD OF STUDY 


Yonsei University, Wonju, South Korea BA 12/2009 Biotechnology 


North Dakota State University, Fargo, ND MS Expected 
06/2011 Nutritional Physiology 


    
    
    


 
Please refer to the application instructions in order to complete sections A, B, C, and D of the Biographical 
Sketch. 
 


A. Personal Statement 
 
I have been doing research in the laboratory since I was an undergraduate student. During this time, I 
have gained experience in different types of experiments (e.g., cell proliferation assay, northern 
blotting, real-time PCR, and animal handling, which includes tumor injection and measurement, and 
dissecting). These practical experiences will allow me to effectively carry out the tasks outlined in the 
proposed study. I’m currently in the master’s degree program, and my research focuses on the role of 
dietary canola in reduction of breast cancer risk. The proposed study will be assigned as my doctoral 
dissertation.  
 
 


B. Positions and Honors 
 
Undergraduate Lab Assistant, North Dakota State University, Fargo, ND. January 09 – June 09. 
 
Undergraduate Lab Assistant, Younsei University, Wonju, South Korea. September 09 – December 09. 
 
 Master’s Degree Candidate, North Dakota State University, Fargo, ND. January 10 – present. 


 
 


C. Publications 
 


Refereed Articles 
 
L. Mabasa, K. Cho, S. Bae, D.M. Walsh and C. S. Park. 2010. Lipotropes (Methyl Nutrients) Inhibit  
Growth of Feline Lymphoma in Vitro. Res Vet Sci. [submitted] 
 
K. Cho, S. Bae, L. Mabasa, D.M. Walsh and C.S. Park. 2011. In utero Exposure to Methyl Nutrients  
Affects Breast Cancer Risk of Female Rat Offspring. Cancer Prev Res. [submitted] 
 
 
Abstract 
Cho, K., Mabasa, L., Bae, S., Fowler, A.W., Park, C. (2009). Effects of Canola Oil on Breast Cancer 
Cell Growth and Multi-Drug Resistance. Mol. Biol. Cell 20 (suppl), 96/B43. 







 
Mabasa, L., Cho, K., Fowler, A.W., Bae S., Park, C.S. 2010. Dietary Canola Oil and Reduction of 
Breast Cancer Risk. American Society of Agronomy Annual Meetings [abstract]. ASA-CSSA-SSSA 
Annual Meeting. Oct.31-Nov. 4, 2010, Long Beach, CA. CD-ROM.#142.2 
 
Mabasa.L., Cho, K., Bae, S., Walsh, D.M., Asija, P., Park, C. 2010. Effect of Dietary Canola Oil on 
Drug-resistant Breast Cancer. AICR Annu.Reserach.Conference.   
 


  
D. Oral Presentations 


 
Dietary Canola Oil and Reduction of Breast Cancer Risk. 2010. Northern Canola Growers 
Association Annual Meeting, Fargo, ND, USA. 


 
 


E. Research Support 
 
None 
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Provide the following information for the Senior/key personnel and other significant contributors. 


Follow this format for each person.  DO NOT EXCEED FOUR PAGES. 


NAME 
Chung S. Park 


POSITION TITLE 
Professor and Principal Investigator 


eRA COMMONS USER NAME (credential, e.g., agency login) 
CHUNG.PARK 
EDUCATION/TRAINING  (Begin with baccalaureate or other initial professional education, such as nursing, include postdoctoral training and 
residency training if applicable.) 


INSTITUTION AND LOCATION DEGREE 
(if applicable) MM/YY FIELD OF STUDY 


Seoul National University, Seoul, Korea BS 02/64 Animal Science 
University of Georgia, Athens MS 06/72 Nutrition 
Virginia Polytechnic & State Univ, Blacksburg PhD 06/75 Nutritional Physiology 
Virginia Polytechnic & State Univ, Blacksburg Postdoc 09/77 Nutrition/Lactation 
Purdue University, West Lafayette Postdoc 10/78 Mammary Biology 
 
Please refer to the application instructions in order to complete sections A, B, C, and D of the 
Biographical Sketch. 
 


A. Personal Statement 
 


Centering on maternal nutrition, epigenetic control of mammary development, and breast 
cancer, the PI’s lab at present has three avenues of study on nutrition and cancer. The first area, 
in which the present research proposal falls, investigates the potential anti-breast cancer effect of 
dietary canola oil. Using cell systems and animal models, two graduate students (1 Ph.D. and 1 
M.S.) in the PI’s lab are currently studying dietary canola oil and drug resistance of human breast 
cancer cells. The present proposal to the National Canola Research Program was based on 
results from our previous work that was financially supported by both the National Canola 
Research Program and the Northern Canola Growers’ Association. A portion of the data from this 
study has recently been published (Lipids, 45:777-784, 2010). Also, results of the study were 
presented at annual meetings of the ASCB (2009), FASEB (2010), the Keystone Symposia 
(2010), and AICR (2010). The second area of study examines nutritionally-directed compensatory 
(catch-up) growth and its epigenetic influence on mammary development, life-long lactation 
potential, and mammary tumorigenesis. The third avenue concerns the role of lipotropic (methyl) 
nutrients in mammary cancer, which entails the development of a mechanistic link between DNA 
methylation, epigenetic alterations in gene expression (imprint), and breast cancer. 
 


The PI has mentored 22 graduate students. Most of them are in professional positions at such 
places as University of Michigan School of Dentistry, University of Pennsylvania Medical School, 
New Mexico State University, Iowa State University Veterinary School, University of Illinois, South 
Dakota State University, North Dakota State University, and five major universities in South Korea 
(Seoul National, Yeungnam, Jinju, Chunnam, and Kyunghee universities). They have also been 
placed in industry and non-academic research institutions. He is currently mentoring two doctoral 
students and one masters student in the area of nutrition and mammary cancer. Over the years, 
the PI has received grant funds from the NIH-National Cancer Institute twice, the DOD-Medical 
Research Program twice, USDA-NRI twice, and the American Institute for Cancer Research; 
these funds were procured for research on nutrition and mammary cancer.  
 


Also, the PI maintains working relationships with scientists in a variety of disciplines: Dr. Mina 
Bissell, cell biologist at UC-Berkeley; Dr. Michael Akers, lactation physiologist at Virginia 
Polytechnic Institute; Dr. Hyung Kim, molecular biologist at University of Pennsylvania Medical 
School, Dr. Frank Stockdale, breast cancer oncologist at Stanford University Medical School; Dr. 







Lilian Thompson, nutritionist at University of Toronto Medical School; Dr. Ronald Gorewit, 
lactation physiologist at Cornell University; Dr. Nam Joo, cell biologist at University of Michigan 
School of Dentistry; Dr. Jeffrey Rosen, mammary molecular biologist at Baylor College of 
Medicine; and Dr. Gary Williams, reproductive physiologist at Texas A&M. It is anticipated that 
the interaction with these established scientists will be conducive to rapid completion of objectives 
in the proposed study. 


 
 
B. Positions and Honors 


 
Professional Positions 
 
1978-1982  Assistant Professor, Dept. of Animal Sciences, North Dakota State University, 


Fargo 
 
1982-1988  Associate Professor, Dept. of Animal Sciences, North Dakota State University, 


Fargo 
 
1985-1986  Visiting Professor, Dept. of Medicine/Oncology, Stanford University Medical 


School, Stanford (Dr. Frank Stockdale) 
 
1986-1986  Visiting Professor, Dept. of Cell Biology, Lawrence Berkeley Laboratory, University 


of California, Berkeley (Dr. Mina Bissell) 
 
1994-1994  Interim Chair, Dept. of Animal Sciences, North Dakota State University, Fargo 
 
1988-present Professor, Dept. of Animal Sciences, North Dakota State University, Fargo 
 
Honors and Professional Memberships 
 
Honorary member of the Korean National Research Council for Agricultural Affairs (1992-
present); Excellence in Lactation Research, American Dairy Science Association (1993); 
Distinguished Professor Lectureship at University of New Hampshire (1993) and at Seoul 
National University (2002); The 42nd Faculty Lectureship, North Dakota State University (2000); 
The Eugene R. Dahl Excellence in Research Award, North Dakota State University (2005). 


 
At present, active member of American Society for Cell Biology; American Dairy Science 
Association; American Society of Animal Science; American Society for Nutritional Sciences; The 
Protein Society; Federation of American Societies for Experimental Biology; American Society for 
Parenteral & Enteral Nutrition; American Chemical Society. 


 
C. Selected Peer-reviewed Publications  


(From a total of 62 refereed journals/book chapters; 6 invited) 
 
1. Wiens D., C.S. Park, F.E. Stockdale. Milk protein expression and ductal morphogenesis in the 


mammary gland in vitro: Hormone-dependent and -independent phases of adipocyte-
mammary epithelial cell interaction. Dev Biol 1987;120:245-258. 
 


2. Aggeler J., C.S. Park, M.J. Bissell. Regulation of milk protein and basement membrane gene 
expression: The influence of the extracellular matrix. J Dairy Sci 1988; 71:2830-2842. 
 


3. Park, C.S., Y.J. Choi, W.L. Keller, R.L. Harrold. Effects of compensatory growth on milk 
protein gene expression and mammary differentiation. FASEB J. 1988;2:2619-2624. 


 







 
4. Choi CB, M.G. Baik, W.L. Keller, C.S. Park. Lipotrope-modified diets enhance 


nitrosomethylurea-induced mammary carcinogenesis in female rats. Nutr Cancer 
1993;20:215-221. 
 


5. Kim, S.H., Y.S. Moon, W.L. Keller, C.S. Park. Compensatory nutrition-directed mammary cell 
proliferation and lactation in rats. Br. J. Nutr. 1998;79:177-183. 
 


6. Moon Y.S., S.H. Kim, C.S. Park. Lipotrope-mediated c-jun and ornithine decarboxylase 
mRNA expression in mammary acinar cells. In Vitro Cell Dev Biol Anim 1996;32:313-314. 
 


7. Moon Y.S., W.L. Keller, C.S. Park. Dietary lipotrope-mediated mammary carcinogenesis in 
female rats. Nutr Res 1998;18:1605-1614. 


 
8. Wu D., W.L. Keller, C.S. Park. Lipotrope deficiency inhibits cell growth and induces 


programmed cell death in human breast cancer cell line MCF-7. Nutr Cancer 1998;32:13-19. 
 


9. Kim H.H., C.S. Park. Lipotropes regulate bcl-2 gene expression in the human breast cancer 
cell line, MCF-7. In Vitro Cell Dev Biol Anim 2002;38:205-207. 


 
10. Kim H.H., C.S. Park. Methionine cytotoxicity in the human breast cancer cell line MCF-7. In 


Vitro Cell Dev Biol Anim 2003;39:117-119. 
 


11. Kim, H.H., C.S. Park. A compensatory nutrition regimen during gestation stimulates mammary 
development and lactation potential in rats. J. Nutr. 2004;134:756-761.  


 
12. Park C.S., G.L. Lindberg. The Mammary Gland and Lactation. 2004. Pages 720-741 in 


Dukes’ Physiology of domestic Animals 12th ed. (W.O. Reece, ed.) Cornell University Press, 
Ithaca, NY. 


 
13. Park C.S. Role of compensatory mammary growth in epigenetic control of gene expression. 


FASEB J  2005;19:1586-1591.  
 


14. Park, C.S., K.S. Cho, L. Mabasa, A.W. Fowler. Canola oil inhibits human breast cancer 
growth by regulating caspase-3 and p53. FASEB J. 2009;23:897.9. 
 


15. Park C.S., K.S. Cho, D.R. Bae, N.E. Joo, H.H. Kim, L. Mabasa, A.W. Fowler. Methyl-Donor 
Nutrients Inhibit Breast Cancer Cell Growth. In Vitro Cell Dev Biol-Anim 2008;44:268-272. 


 
16. Cho, K., L. Mabasa, A.W. Fowler, D.M. Walsh, C.S. Park. Canola Oil Inhibits Breast Cancer 


Cell Growth in Cultures and In Vivo and Acts Synergistically with Chemotherapeutic Drugs. 
Lipids 2010;45:777-784.  


 
17. Park, C.S. Lipotropes (Folate, Vitamin B-12, Methionine and Choline) Reduce Breast Cancer 


Risk. 2010. In Advances in Medicine and Biology, Vol. 12 (L.V. Berhardt, ed.). [In Press.] 
 


18. Mabasa, L., K. Cho, S. Bae, D.M. Walsh, C.S. Park. Lipotropes (Methyl Nutrients) Inhibit 
Growth of Feline Lymphoma in Vitro. Res Vet Sci 2010. [In revision]. 
 


19. Cho, K., S. Bae, L. Mabasa, D.M. Walsh, C.S. Park. In Utero Exposure to Methyl Nutrients 
Affects Breast Cancer Risk of Female Rat Offspring. Cancer Prev Res 2011. [Submitted.] 


 
 
 







 
 
 


D. Research Support 
 
Current Research Support 
 
USDA-NIFA              Park (PI)    06/30/07-07/01/11 
Canola Oil Suppresses Human Breast Cancer Cell Growth In Vitro 
The aims are to determine if canola oil inhibits the growth of human breast cancer cells in vitro.  
Role: PI 
 
Department of Defense–CDMRP   Park (PI)              09/01/09-08/31/11 
In Utero Exposure to Dietary Methyl Nutrients and Breast Cancer Risk in Offspring 
The objective of this project was to determine the extent to which in utero exposure to methyl 
nutrients affects breast cancer risk. 
Role: PI 
 
Completed Research Support (past 5 years) 
 
Morris Animal Foundation           Park (PI)    10/01/08-09/30/09                       
Lipotropes Inhibit Feline Lymphoma Growth 
The objective of this project is to investigate the effect of lipotrope supplementation on the growth 
and apoptosis of feline lymphoma cells. 
Role: PI 


    
NIH-National Cancer Institute    Park (PI)              08/1/03-1/31/07 
Lipotrope Stimulates Breast Cancer Cell Death 
This study investigates the effect of excess lipotropes on the susceptibility of human breast 
cancer cells to apoptosis. 
Role: PI 


       
USDA-National Research Initiative  Park (PI)    11/15/03-11/30/06 
Role of Compensatory Growth in Lactation 
The major goal of this project was to study the role of nutritionally directed compensatory 
mammary development in the regulation of mammary gene expression and lactation. 
Role: PI 








FACILITIES AND OTHER RESOURCES 
 


Laboratory: 
 
Dr. Park’s laboratory occupies approximately 1,500 square feet in Hultz Hall with 580 
square feet of laboratory bench top. Dr. Park’s laboratory currently consists of one full-
time technician two doctoral graduate students, and one master’s graduate student. 
There are two networked computers in the laboratory available to the laboratory 
technician and graduate students. 
 
Animal: 
 
The Animal Nutrition and Physiology Center includes a separate area to maintain mice 
and is available for use by Dr. Park. This research building has large, small, and 
laboratory animal preparation, surgery, and recovery rooms. This building also has 
laboratory space for processing of samples, with microscopes, centrifuges, freezers, 
etc. The nude mice for the current study have been housed in a pathogen-free facility in 
the Pharmaceutical Sciences Department on campus. 
 
Office: 
 
Dr. Park has an office located in Hultz Hall. The Department of Animal Sciences 
provides secretarial services. Dr. Park maintains a networked computer in his office.  
 
Department: 
 
The department of Animal Science has had a long history of successful scholarship. 
The Animal Science Department has 31 tenure-track faculty, 350 undergraduate 
majors, and currently 23 graduate students (12 PhD). Consistent with the University’s 
goals, scholarship, as reflected by research effort, is a focus of the mission of the 
department. In fact, the department has been successful in obtaining federal research 
grants from NIH, NSF, and the USDA’s National Institute of Food and Agriculture. The 
goal of the department is to become one of the most successful and well-recognized 
small departments of its kind in the country. In fact, we have been recognized as such in 
several recent external reviews (for example, the most recent external review of Animal 
Sciences by the Cooperative State Research, Education, and Extension service). 
 
Other: 
 
The departments of Plant Pathology (HPLC), USDA-ARS (densitometer), Veterinary 
and Microbiological Sciences (flow cytometer), Zoology, Entomology, and Biochemistry 
(fluorescence polarization) are very cooperative in sharing their facilities with us when 
needed. These departments are located either within or close to Hultz Hall. 
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Canola Oil and Breast Cancer Risk: Synergistic Effect with Methyl Nutrients 
 


A. INTRODUCTION 
 
(1) Long-term Goals and Supporting Objectives: 


 
For the last three years, the North Central Canola Research/National Canola 


Research Program and the Northern Canola Growers’ Association have been 
supporting our studies on canola oil and breast cancer risk. Using both animal models 
(rats and nude mice) and cell culture systems (human breast cancer cells), we have 
begun to establish that canola oil may inhibit growth and development of breast cancer. 
Along with canola oil and breast cancer studies, our laboratory has been investigating 
the role of dietary lipotropic nutrients in mammary carcinogenesis. Lipotropes are 
methyl group containing essential nutrients (methionine, choline, folate, and vitamin 
B12). To date, these studies have indicated that dietary supplementation of lipotropes 
reduces mammary cancer development via epigenetic modification of gene expression. 


 
Hence, based on our findings of the anti-breast cancer potential of both canola oil 


and lipotropes, we propose an investigation into the extent to which canola oil diet 
containing methyl nutrients may produce a pharmacologically significant synergistic 
(working together) effect for the inhibition and possible prevention of breast cancer. Our 
long-term goal is to develop a canola oil-based nutraceutical product (a food product 
that provides medical and health benefits) to aid in prevention of breast cancer. The 
supporting objective is to document detailed responses of dietary treatment of canola oil 
and lipotropes to mammary carcinogenesis.  


 
Further, data derived from this research will be essential for a U.S. patent 


(invention) application for a canola oil-based novel anti-breast cancer nutraceutical. This 
patent is intended to benefit canola growers and NDSU research. 
  
(2) Background: 
  


Recently, interest in the role of various dietary fat types on breast cancer risk has 
been renewed since the discovery that oils rich in omega-3 fatty acids and oleic acid 
may have anticancer benefits (1, 2). In contrast, omega-6 fatty acids have been shown 
to increase tumor progression (3). It has also been suggested that the anticancer effect 
of omega-3 fatty acids depends on the corresponding levels of omega-6 
polyunsaturated fatty acids (4). Currently, for general health benefits, an omega-6 to 
omega-3 fatty acid ratio between 1:1 and 4:1 is recommended for general consumption. 
For anticancer benefits, a 2:1 ratio of omega-6 to omega-3 fatty acids is recommended 
for human consumption (5, 6). 
 


Canola oil has the lowest concentration of saturated fatty acids (7%) of all major 
vegetable oils, it is high in monounsaturated fatty acids (61%), and consists of the 2:1 
omega-6 to omega-3 fatty acid ratio. Until recently, the role of canola oil on breast 
cancer risk was largely unknown. Our laboratory at NDSU has been studying the effect 
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of canola oil on breast cancer risk, and findings have been positive and documented (7). 
Research elsewhere also shows that canola oil reduces breast cancer risk (8). 


 
 In addition to canola studies, our laboratory has been studying the role of 


lipotropes in breast cancer risk for the past two decades, where progress has been 
made in understanding the mechanistic link between lipotropic nutrients and mammary 
tumorigenesis. Lipotropes are important methyl donors and cofactors which play key 
roles in one-carbon (methyl) metabolism. This process supplies methyl groups for all 
biological methylation pathways. Dietary lipotropes directly affect genomic DNA 
methylation, an epigenetic mechanism (change in gene expression without altering DNA 
sequences) controlling the expression of genes involved in cell growth and metabolism. 
DNA methylation is implicated in inhibition of cancer development. Most studies have 
been concerned with the effects of methyl deprivation upon mammary carcinogenesis; 
however, dietary methyl deficiency has minimum relevancy because normal human 
diets are unlikely to be deficient in lipotropic methyl nutrients. Our laboratory at NDSU 
has been the sole group studying the potential therapeutic benefits of dietary lipotropic 
supplementation (abundance) on breast cancer reduction. To date, results of these 
studies show that dietary supplementation of lipotropes suppresses mammary cancer 
development (9). 


 
(3) Preliminary and Relevant Studies: 
 


Previous studies in our laboratory have shown that dietary canola oil 
supplementation may reduce growth of tumors induced in rats by a chemical carcinogen 
(Fig. 1A) (7). Also, tumor incidence was lower, while survival was higher in rats fed 
canola oil supplemented diet as compared to the control group (Fig. 1B). We have also 
found that canola oil treatment reduces growth of human breast cancer cells in culture 
(7). The most recent study reveals that canola oil reduces growth of human breast 
cancer cells in nude mice (Table 1). In this study, treating tumor-bearing mice fed 
canola oil supplemented diet with an anticancer drug further reduced growth of the 
tumors as compared to the control group (data not shown). We are currently 
investigating the effect of canola oil on membrane fluidity, and its role in mammary 
cancer growth and development. Others have reported that maternal exposure to 
dietary canola oil diet may reduce risk of breast cancer in offspring (10). Thus far, 
results from these studies, including those from our laboratory, clearly suggest a strong 
correlation between canola oil and suppression of breast cancer risk. 


 
In addition, studies suggest that proper nutrition for methyl metabolism is 


important for maintaining DNA methylation to prevent cancer in rodents and humans 
(11, 12). We have documented that lipotropes suppress chemically-induced mammary 
carcinogenesis and growth of human breast cancer cells (9, 13). Currently, we are 
showing that maternal exposure to methyl-supplemented diet reduces the risk of breast 
cancer of the offspring (14). Accordingly, the joint use of canola oil with lipotropes 
should bring about a substantial synergistic anticancer effect. 
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B. OBJECTIVES 
 
Evidence indicates that complete development of the mammary tissues has a 


protective effect against breast cancer (15). We postulate that, by altering membrane 
fluidity, canola oil stimulates the uptake and increases the availability of the intracellular 
pool of methyl nutrients, which is likely to stimulate methyl (one-carbon) metabolism for 
DNA methylation and nucleic acid production. Therefore, this canola oil-directed 
increase in methyl metabolism could lead to complete development of the mammary 
tissues, which may in turn exert a lifelong protective effect against breast cancer risk. 
The specific aim of the proposed research is to determine if canola oil diet containing 
lipotropes inhibits growth of human breast cancer cells in culture and chemically-
induced mammary carcinogenesis in female mice. This entails investigating the effect of 
canola oil and lipotropes on breast cancer cell proliferation, gene expression, tumor cell 
membrane fluidity, DNA methylation, and subsequent death of tumor cells. 


 
C. RATIONALE AND SIGNIFICANCE 


(1) Rationale: 


The consumption of canola oil has been increasing over the last few years in 
North America due to its many health benefits. As indicated above, growing evidence 
suggests a strong correlation between dietary canola oil supplementation and reduced 
breast cancer risk. Although how canola oil reduces breast cancer risk is yet to be 
established, we believe that canola oil-mediated alteration of tumor cell membrane 
fluidity may be a possible mechanism. 


 
About 20 years ago, our laboratory proposed a correlation between dietary 


supplementation of lipotropes (methyl nutrients) and mammary tumorigenesis. Our 
investigations, involving a dozen graduate students, have shown that supplementation 
of lipotropes inhibits growth of breast cancer cells by epigenetic alteration of the 
expression of genes involved in cell growth and metabolism (supported by the National 
Institute of Health twice, the Department of Defense – Breast Cancer Research 
Program twice, and the American Institute for Cancer Research). Studies have shown 
that fuller development of the mammary tissues has a protective effect against breast 
cancer due to induction of specific genomic signatures for mammary alveolar 
development and differentiation (15). Furthermore, dietary lipotropes have been linked 
with complete development of mammary tissues and reduced breast cancer risk (9). We 
also know that methyl nutrients readily cross the cell membrane (gatekeeper of nutrient 
absorption), a process regulated by the fluidity of the membrane, which is in part 
affected by lipid composition.  


 
Therefore, we hypothesize that, by altering membrane fluidity, canola oil may 


stimulate the uptake and increase availability of methyl nutrients, which may result in 
the elevation of methyl (one-carbon) metabolism. This could lead to complete 
development of the mammary tissues, which may in turn exert a lifelong protective 
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effect against breast cancer risk. If proven effective, data from this experiment will have 
a direct impact on the future development of anticancer nutraceuticals. 


 
(2) Significance: 


 
The prevention and treatment of cancer is a major challenge for scientists and 


public health policy-makers (16). Using nutrition as a preventative measure is currently 
a topic of interest for these people. Our proposed research combines two aspects of 
nutrition in order to develop a unique method of cancer prevention. Our concept is 
innovative in that it has never been studied elsewhere. The joint use of canola oil with 
lipotropes may result in a substantial synergistic anticancer effect. Further, data derived 
from this research will be the basis for our application for a U.S. patent which 
specifically establishes that our unique combination of canola oil and lipotropic nutrients 
is a new compound (i.e., invention category). This patent would initiate the development 
of low cost and risk-free canola-oil based novel anti-breast cancer nutraceuticals. 
Moreover, the patent is intended to generate direct and indirect benefits for canola 
growers and NDSU research. 


 
In 2010, the North Dakota canola industry experienced a rapid increase in 


production as compared to 2009. In addition, ground was recently broken on the 
construction of a canola processing plant in Minnesota. Thus, it is clear that the future of 
the canola industry in the United States is bright. Since canola oil may reduce the risk of 
the two main causes of death in the United States, which are cardiovascular diseases 
and cancer, the plant may find itself in high demand. As such, canola producers have 
good reason to be optimistic.    
 


Our priority is to document the anticancer benefit of canola oil. This involves 
conducting both the animal and cell culture cancer models, followed by dissemination of 
findings through publications and presentations to different stakeholders (e.g., meetings 
of canola producers and national scientific meetings) in order to increase awareness of 
the anticancer benefits of canola oil consumption. We are already receiving a number of 
requests for future collaborations on our canola oil projects, indicating the growing 
interest in the subject. We are also currently developing a mutually informative and 
collaborative relationship with the Nutrition/Food Research Group at Cargill Corporation. 
Overall, increasing the demand for canola through discovery and dissemination of its 
health benefits will stimulate local production, a positive sign for agriculture.  


 
D. APPROACH 
 
(1) Description of the Proposed Activities: 
 


This research is a one year intensive and time-sensitive experiment 
encompassing both cell culture and animal models. The cell culture portion will be used 
to study the effect of canola oil and lipotropic nutrients on growth of human breast 
cancer cells, and will be synchronous with the animal trial. The animal trial will 
investigate the effect of these dietary components on mammary carcinogenesis induced 
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in mice by injection of a chemical carcinogen, N-nitroso-N-methylurea (NMU). Here, at 
35 days of age, mice will be assigned randomly to either the control diet, canola oil 
supplemented diet, methyl-supplemented diet, or a combination of canola oil and 
methyl-supplemented diet. At 49 days of age, mice will receive injection of NMU to 
induce mammary cancer. Mice will be observed daily for tumor development and 
growth.  At 160 days of age, mice will be sacrificed and tumors collected for tumor 
tissue analyses. Assay and data analyses and reporting will be performed immediately 
after the completion of the animal trial at 160 days. 


 
(2) Experimental Protocol: 
 
Specific Aim 1. To determine if a combination of dietary canola oil and lipotropes 
shows a synergistic inhibitory effect on growth of breast cancer cells both in vitro 
and in vivo. 
 
Cell Culture. Three cell lines (two breast cancer cell lines, MCF-7 and T47D, and a 
normal mammary cell line, MCF-10A) will be obtained from the American Type Culture 
Collection (ATCC, Manassas, VA). Cells will be cultured in basal media supplemented 
with 10% heat-inactivated fetal bovine serum (FBS, Gibco Invitrogen) and 1% antibiotic-
antimycotic (Gibco Invitrogen) as recommended by the supplier. General cell culture 
procedure will follow that from previous studies (7, 9). 
 
Cell Proliferation Assay. Cells will be grown in either control medium, 1mM canola oil 
supplemented medium, lipotropes supplemented medium (10 times), or 1mM canola oil 
and lipotropes (10 times) supplemented medium. Cell proliferation will be measured 
using MTS colorimetric assay (CellTiter 96 AQueous One Solution Reagent; Promega, 
Madison, WI) as described previously (7). The absorbance will be measured at 490 nm 
with a microtiter plate reader (Molecular Devices, Sunnyvale, CA). 
 
Animal and Diet. All animal procedures will be in accordance with institutional guidelines 
and approved by the University Institutional Animal Care and Use Committee. Eighty 
female Balb/c mice (approximately 4 weeks old) will be obtained from Harlan 
(Indianapolis, IN). All mice will be acclimated to the experimental environment of ~25oC 
and a 12:12-hour light-dark cycle for 1 week with ad libitum access to water and control 
AIN-93G diet [Table 2]. At 35 days of age, mice will be utilized in a 2X2 factorial 
experiment. The treatment variables will consist of two levels of canola oil (0 and 10% 
canola oil) and two levels of lipotropes [1 and 5 times more folic acid, choline, and 
vitamin B12 than in the control AIN-93G diet, except methionine (1.8 times)] (7, 14). 
Animals will be randomly assigned to four treatment diets involved in the factorial 
experiment: (A) control, (B) canola oil diet, (C) lipotropes diet, (D) canola oil and 
lipotropes diet. The experimental diets will be formulated to be both isocaloric and 
isonitrogenous. Mice will have ad libitum access to their respective diets and water. Fig. 
2 illustrates the experimental protocol starting from 28 days of age until the termination 
of the experiment at 160 days of age. 
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Mammary Tumor Induction. Eighty female Balb/c mice will be injected intraperitoneally 
with a single dose (50 mg/kg body weight) of NMU (Sigma-Aldrich, St Louis, MO) at 49 
days of age to induce mammary cancer. The mice will be palpated twice weekly to 
detect the presence of mammary tumors. The time of appearance of the first tumor and 
location of tumors will be recorded and the tumor size measured. The tumor volume will 
be calculated using the following formula as previously described: (length X width2)/2 
(13). 
 
Specific Aim 2. To determine if dietary canola oil and lipotropes alter tumor cell 
membrane fluidity and DNA methylation, respectively. 
 
Tumor Cell Membrane Fluidity. At 160 days of age, seven mice per group will be 
sacrificed for collection of tumor tissue cells to determine membrane fluidity by 
fluorescence polarization as described by Tang et al. (17). Briefly, tumor tissue cells will 
be isolated using Panomics’ Cancer Cell Isolation Kit (Affymetrix, Inc, Santa Clara, CA) 
based on the manufacturer’s instructions. The fluorescent dye 1,6-diphenyl-1,3,5-
hexatriene (DPH) (Sigma Aldrich, St. Louis, MO) will be inserted into the plasma 
membranes. To check light scattering, cell suspensions with no DPH will be assessed 
similarly. Analyses will be performed with a spectrometer (LS50B, Perkin-Elmer, USA). 
Vertically polarized light (357 nm) will excite the prepared samples, and emission (430 
nm) measured through the polarizer both horizontal (H) and vertical (V) at four 
fluorescence intensities (IVV, IHV, IHH, IVH) to the excitation polarizer. The degree of 
polarization will then be calculated using a formula (Pr): Pr = (IVV - G × IVH) / (IVV + G × 
IVH), G = IHV / IHH. Membrane fluidity = 0.5 - P / P2. Therefore, the lower the Pr, the more 
fluid the membrane is. 


 
Global DNA Methylation. At 160 days of age, an additional seven mice per group will be 
sacrificed and tumor tissues collected on RNAlater (Ambion, Austin, TX) prior to 
freezing. Genomic DNA will be purified by the GenElute Mammalian Genomic DNA 
Miniprep Kit (Sigma-Aldrich). The concentration of DNA will be quantified using 
NanoDrop 2000c (Thermo Fisher Scientific, Waltham, MA). Global levels of cytosine 
methylation in DNA samples will be measured using Imprint Methylated DNA 
Quantification Kit (Sigma-Aldrich) per manufacturer’s recommendations (14). 
 
Specific Aim 3. To determine the extent to which dietary canola oil and lipotropes 
affect the expression of tumor cell death-related genes. 
 
p53 and Bcl-2 Expressions. Expression of apoptosis (cell death)-related genes, p53 
tumor suppressor gene and Bcl-2 will be determined by real-time RT-PCR from tissues 
collected for the global DNA methylation experiment. Tissues will be placed in RNAlater 
(Ambion) prior to freezing, and then disrupted into small pieces as previously described 
(14). RNA will be extracted using TRI-Reagent (MRC, Cincinnati, OH), and RNA 
concentration quantified using NanoDrop (Thermo Fisher Scientific). A total of 1 μg RNA 
of each sample will be reverse-transcribed to cDNA with QuantiTect Reverse 
Transcription Kit (Qiagen) and a 2720 Thermal Cycler (Applied Biosystems, Foster City, 
CA), in accordance with the manufacturer’s recommended protocol. Real-time RT-PCR 
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will be performed with QuantiTect Primers (Qiagen, Valencia, CA) and SYBR Green 
PCR Master Mix (Applied Biosystems) using a 7500 Fast Real-Time PCR System 
(Applied Biosystems). 
 
Tumor Cell Death. Cancer cell death will be determined from cells harvested for 
membrane fluidity by double-staining with fluorescein isothiocyanate (FITC)-conjugated 
annexin V and propidium iodide (PI) (Sigma-Aldrich) and analyzed by an Accuri C6 
cytometer and Cflow software (Accuri Cytometers, Ann Arbor, MI, USA) as described 
previously (7). 


 
(3) Statistical Analyses: 
 


Cell culture experiments will be conducted at least three times in triplicate or 
quadruplicate. The number of mice (n = 20/group) to be used is the number required to 
detect a statistical difference (P = 0.05; power = 0.73) of one-third of the standard 
deviation among treatments. Results will be expressed as means ± SEM of independent 
determinations. Data will be analyzed by two-way analysis of variance, and means 
separated using Student’s t-test with the general linear model and Tukey’s procedure of 
the Statistical Analyses Software (SAS Institute, Cary, NC, USA) (18). 
 
(4) Potential Pitfalls (Feasibility): 
 
 We have experience in the experimental procedures described herein for both 
cell culture and animal trial (7, 9, 13, 19). Due to their genetic similarities to humans, 
mice are a suitable model for the proposed research. Our laboratory has routinely used 
the NMU-induced mammary carcinogenesis rodent protocol (13). The levels of both 
lipotropes and canola oil to be used have been shown to elicit the desired anticancer 
action without any adverse effect from our previous studies (14). Fluorescence 
polarization is regarded as the most trusted technique for monitoring membrane fluidity 
(20). While we do not anticipate any problem with the assay, in case of any unexpected 
inaccuracy, flow cytometry will be used to determine membrane fluidity (21). Imprint 
Methylated DNA Quantification Kit is a widely accepted analysis for global DNA 
methylation. The technique is currently being used in our laboratory with a 100% 
success rate. p53 and Bcl-2 will be analyzed by RT-PCR, the most commonly used and 
responsive procedure for analyses of gene expression. Alternatives for analyses of p53 
and Bcl-2 include the use of an enzyme immunometric assay kit and Northern blot, 
respectively. We have experience with these techniques (7). Alternatives for cell death 
analyses include the Promega Apoptosis Detection System. 
 
(5) Expected Outcomes, Uses for Results, and Future Studies: 
 


Based on previous studies, we expect canola oil diet to inhibit proliferation of 
human breast cancer cells in culture and retard tumor growth in mice. We also expect 
that cell proliferation in vitro as well as tumor growth in vivo will be low in mice fed the 
lipotropes diet. Further, we expect that the canola oil and lipotropes diet will have a 
significant inhibitory effect on cell proliferation and tumor growth as compared to canola 
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oil or lipotropes diets alone. We expect that canola oil will change the tumor cell 
membrane fluidity, resulting in a higher tumor cell uptake of lipotropes. As critical 
components of DNA methylation modifiers, lipotropes will increase DNA methylation 
which regulates cancer cell metabolism. F