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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 and two doctoral graduate students. 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.


Office:


Dr. Park has an office located in Hultz Hall. The Department of Animal Sciences provides secretarial services. Dr. Park maintains a networked IBM compatible PC computer in his office. Statistical consultation is available at North Dakota State University.


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 33 graduate students (13 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 Research Initiative. 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.



BUDGET JUSTIFICATION

Sections A & B ─ Personnel:


Chung Park, Ph.D., Principal Investigator will be responsible for overall administration and direction of the project; however, his time will not be charged to this grant.


Lawrence Mabasa, Ph.D. Graduate Student (effort = 12.0 calendar months; $15,300/first year) will develop protocols, perform experiments, analyze data, report/present results, and prepare a journal article. This research will be assigned as his dissertation research.


Undergraduate student. One undergraduate student (effort = 6.0 calendar months; $6,120/first year) will assist in animal care and in some laboratory analyses.

Fringe Benefits. As requested by North Dakota State University, fringe benefits will be paid as part of direct costs 2% of salary for students).


Section C ─ Equipment:

The purchase of a cell counter is requested. An automated cell counter (Cellometer®, Nexelom Bioscience; ca. $5,200 in year 2) is necessary for determination of counting and cell size analysis.


Section D ─ Travel:


Partial funding for domestic travel is requested for the Principal Investigator and graduate student to attend canola growers and national scientific professional meetings ($1,500/year).


Section F ─ Other Direct Costs:


Materials and Supplies (Consumables)

Materials and supply costs represent a reasonable estimate of what is required to carry out the proposed experiment ($15,000 year 1; $16,000 year 2; total $31,000).


Animal and Diet Costs: The cost of purchasing 60 plug-positive athymic BALB/C nude mice and experimental diet.


Chemicals and Supplies: Cell line; magnetic cell sorter; cell culture media and components such as fetal bovine serum, and antibiotics; reagents or kits for gas chromatography and membrane fluidity, and immunohistochemistry assays; chemical and fixative kits for histology; Doxorubicin and miscellaneous chemicals; and general laboratory supplies.

Funding is requested for publication in a refereed scientific journal ($800/first year).


Section H ─ Indirect Costs:


Not allowed.
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ABSTRACT

Although breast cancer is considered to be one of the more chemoresponsive tumors, the duration of response is relatively short, and most of the initially responsive breast tumors acquire resistance to anticancer drugs. However, it is reported that this resistance may be reversed by altering tumor cell membrane fluidity. Evidence suggests that when incorporated into the cell membrane, omega-3 fatty acids and oleic acid may alter lipid membrane fluidity, thereby rendering cancer cells more sensitive to cytotoxicity. Emerging evidence suggests that canola oil may reduce growth of human breast cancer cells. We hypothesize that canola oil, due to its fatty acid composition, may reverse multidrug resistance of human breast cancer cells by altering the tumor lipid cell membrane fluidity. The specific aims of the proposed study are to determine if dietary canola oil supplementation 1) reduces growth of implanted MCF-7/adr human breast cancer cells (drug resistant cell line) in female athymic BALB/c nude mice, 2) reverses multidrug resistance of mammary tumor cells, and 3) alters tumor cell membrane fluidity and P-glycoprotein expression (membrane protein, effluxing anticancer drugs from the cells). At 42 days of age, female BALB/c nude mice will be assigned randomly to either the control diet or diet supplemented with canola oil. At 56 days of age, mice will receive a subcutaneous injection of the human breast adenocarcinoma MCF-7/adr cells. Mice will be observed daily for tumor development and growth. At 65 days of age, mice will be assigned into four dietary groups: the control diet, canola oil supplemented diet, control diet plus Dox treatment, or canola supplemented diet plus Dox treatment. At 86 days of age, seven randomly selected mice per group will be sacrificed for tumor tissue collection. Remaining mice will be maintained for tumor measurement until 120 days of age, at which time, the experiment will be terminated. Collected tissues will be used to determine mammary cancer cell membrane fatty acid composition and fluidity, and P-glycoprotein expression. The information from this study may aid pharmaceutical and food industries in the development of nutraceutical products that reduce breast cancer risk. The proposed research requires 2 years to complete.
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A. Positions and Honors:

Professional Positions


1978-1982
 
Assistant Professor, Dept. of Animal Science, North Dakota State University, Fargo


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


1985-1986
 
Visiting Professor, Dept. of Medicine/Oncology, Stanford University Medical School, Stanford (Dr. Frank Stockdale)
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Professor, Dept. of Animal Sciences, North Dakota State University, Fargo


Honors and Professional Memberships
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The aims are to determine if canola oil inhibits the growth of human breast cancer cells in vitro. 
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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.
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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.


Canola Oil Reduces Breast Cancer Risk: Synergistic Effect with an Anticancer Drug

A.
INTRODUCTION


(1)
Long-term Goals and Supporting Objectives:


Rationale.  Over the last couple of years, the North Central Canola Research Program (NCCRP) has been supporting our studies on canola oil and breast cancer risk. Our first study was aimed at determining whether or not there is any correlation between canola oil supplementation and reduced breast cancer risk in vivo. Results from that study were encouraging as we found that canola oil may reduce breast cancer risk. The second year funding was requested to confirm the anticancer effects of canola oil using human breast cancer cells. Although the study is still ongoing, indications are that canola oil reduces the proliferation of human breast cancer cells. 

Data on positive effects of canola oil and breast cancer cell growth from these studies necessitates the need to further study the mechanism responsible for the anticancer effect of canola oil, entailing potential synergistic effects of combined canola oil and chemotherapeutic agents. Thus, we propose to investigate the effect of dietary canola oil supplementation on drug resistant cancer cells and the mechanism involved. The information from this study may aid pharmaceutical and/or food industries in the development of nutraceutical products that reduce breast cancer risk.

The proposed research, which is a continuation of the previously NCCRP funded projects, will require 2 years to complete. 


Breast cancer is the most common malignancy amongst women worldwide (1). It accounts for nearly 1 in 3 cancers diagnosed in American women. The geographical differences in incidence rates suggest a key effect of environmental factors, especially diet, in its etiology (2). Epidemiological studies have indicated that women consuming high-fat diets have a higher risk of breast cancer than women consuming low-fat diets (3). However, recent evidence suggests that it is not the quantity of lipid but the type of lipid intake that influences cancer risk (4). Current research on dietary oils and cancer prevention is focusing on vegetable and animal oils rich in monounsaturated fatty acids, particularly oleic acid, and long chain omega-3 polyunsaturated fatty acids, docosahexaenoic and eicosapentaenoic acids, which have been linked to the reduction in cancer risk (3, 5).  


Although the specific mechanism through which omega-3 fatty acids and oleic acid reduce cancer risk is still not clear, evidence suggests that when incorporated into the cell membrane, omega-3 fatty acids and oleic acid may alter lipid membrane fluidity (5, 6, 7). This alteration of the cell membrane integrity may also coincide with an increased susceptibility of cancer cells to cytotoxicity by anticancer drugs, and subsequently, reduced tumor growth and development. Thus, our long-term goal is to establish a mechanistic link underlying the role of dietary canola oil (a major source of both omega-3 fatty acids and oleic acid) supplementation in cancer prevention and chemotherapy.

(2)
Background:



Cancer is one of the main causes of mortality worldwide, with breast cancer constituting 10% of all cancer cases (1, 2). The United States currently has the highest breast cancer incidence (8). Breast cancer accounts for nearly 1 in 3 cancers diagnosed in American women (9).  The geographical differences in incidence rates suggest a key effect of environmental factors, especially diet, in its etiology (2). The possibility that canola oil may be a useful tool in cancer prevention and therapy seems to have ignited a great deal of interest among scientists and consumers. We therefore hope to establish a mechanistic link through which canola oil reduces human breast cancer risk, information to which may be of clinical significance to pharmaceutical companies.



Multidrug Resistance and Membrane Fludity. Although breast cancer is often considered to be one of the more chemoresponsive tumors, the duration of response is relatively short, and most of the initially responsive breast tumors acquire a multidrug resistance (MDR) phenotype (10). This has been a major impediment and a primary cause of failure in cancer therapy (11, 12). The common cause of MDR is believed to be the enhanced expression of a transmembrane glycoprotein termed P-glycoprotein (Pgp) in cancer cells (12). Pgp is an efflux plasma membrane protein overexpressed in tumor cells, acting as a pump, and effluxing anticancer drugs from the cells (13). A possible route to overcome this is by identifying alternative mechanisms of MDR reversal, such as nonspecific inhibition by membrane fluidizers (11).  Membrane fluidity is the extent of molecular disorder and motion within a lipid bilayer (14). It is regarded as a critical modulator of several cellular functions, including mitochondrial functioning, signal transduction, surface receptor binding, and membrane-protein interactions (15). Research on the properties of a tumor cell membrane suggests that alteration of the membrane fluidity affects a number of cellular functions, including chemotherapeutic cytotoxicity (16). It is suggested that altering the membrane fluidity may interfere with Pgp activity and then modulate the Pgp-mediated accumulation of MDR-type drugs such as doxorubicin (Dox) (11, 17). However, reversal of multidrug resistance may also be due to increased rate of passive transmembrane drug movement which is also correlated to altered tumor cell membrane fluidity (11). Evidence suggests that when incorporated into the cell membrane, omega-3 fatty acids and oleic acid may alter lipid membrane fluidity (5, 6; 7). This may result in enhanced accumulation of anti-cancer agents within the tumors (11). We therefore wish to investigate the effect of dietary canola oil supplementation on drug resistant cancer cells and the mechanism involved.

(3)
Preliminary Studies:


We have been studying the effect of canola oil on nitrosomethylurea (NMU)-induced mammary carcinogenesis in vivo, and the proliferation of MCF-7 and T47D human breast cancer cells in vitro. In vivo, canola oil supplementation (10%) reduced tumor incidence by 20% when compared with the control. Tumor volume was significantly higher in the control group when compared with the canola oil group (2.32 ± 0.06 mm3 and 1.61 ± 0.06 mm3, respectively, P = 0.01) [Fig. 1]. Survival of rats tended to be higher for the canola oil fed group when compared to the control group (P = 0.10) [Fig. 2]. Immune cell proliferation was higher on the canola oil fed group as compared to the control group (P = 0.01) (18). With the currently ongoing in vitro study, we are finding that canola oil reduces T47D and MCF-7 cancer cell proliferation, while there is no difference on the proliferation of MCF-10A normal mammary cells. These results suggest that canola oil may reduce human breast cancer incidence and growth.
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Figure 1. Tumor volumes (mm3) of rats fed either the control diet or diet supplemented with canola oil beginning 10 wks after NMU injection.
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Figure 2. Survival (%) of rats fed either the control diet or diet supplemented with canola oil after NMU injection.

B.
OBJECTIVES


The role of omega-3 fatty acids and oleic acid in cancer prevention has received attention over the years in cancer research, with evidence linking them with reduced cancer risk. Although the mechanism through which these fatty acids reduce cancer risk is still not clear, alteration of the tumor cell membrane fluidity needs consideration. We hypothesize that canola oil, due to its fatty acid composition, may reverse multidrug resistance of human breast cancer cells by altering the tumor lipid cell membrane fluidity. The long-term goal is to establish a mechanistic link underlying the role of dietary canola oil supplementation in cancer prevention and chemotherapy. The specific aims of the proposed study are to determine if dietary canola oil supplementation 1) reduces growth of implanted MCF-7/adr human breast cancer cells (drug resistant cell line) in female athymic BALB/c nude mice, 2) reverses multidrug resistance of mammary tumor cells, and 3) alters tumor cell membrane fluidity and Pgp expression (to identify possible mechanism through which a correlation between canola oil and the reversal of multidrug resistance may exist).

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. Canola oil has the lowest concentration of saturated fatty acids (7%) of all eight major vegetable oils, it is high in monounsaturated fatty acids (61%, particularly oleic acid), and it has an omega-6 to omega-3 fatty acid ratio of 1.9:1, which falls within the recommended range of dietary strategies in cancer prevention (19). A recently published study by Wang et al. (20) suggests a correlation between canola oil and reduced cancer risk compared to the use of corn oil. Hardman (21) found that canola oil suppresses growth of implanted MDA-MB 231 human breast tumors in nude mice. The latter study also observed that the amount of omega-3 fatty acids in breast tumor cell membranes increased when mice received a diet supplemented with canola oil as compared to the corn oil supplemented diet (21). These findings may be critical to the proposed study. It is suggested that once incorporated into the cell membrane, oleic acid and omega-3 fatty acids may alter membrane fluidity, thereby rendering cancer cells more sensitive to cytotoxicity.

(2)
Significance:


The prevention and treatment of cancer is one of the most pressing challenges facing scientists and public health policy-makers (22). Although breast cancer is often considered to be one of the more chemoresponsive tumors, the duration of response is relatively short, and most of the initially responsive breast tumors acquire an MDR phenotype (10). This has been a major impediment and a primary cause of failure in cancer therapy (11, 12). The common cause of MDR is believed to be the enhanced expression of Pgp in cancer cells, which pumps anticancer drugs out of the cancer cells (12). Clinical studies have demonstrated that approximately 40–50% of primary carcinomas express Pgp (10, 23). Therefore, the altered tumor cell membrane fluidity, enhanced drug uptake (as a result of reduced Pgp activity), and reduced tumor growth due to canola oil supplementation may have potentially significant implications in breast cancer prevention and therapy.

The implantation and growth of human breast cancer cells in athymic nude mice has been a very useful tool in prevention and treatment research for human cancers (24, 25). Therefore, the use of canola oil, athymic nude mice, Dox, and MCF-7/adr human breast cancer cells is vital in extrapolating the findings to the potential clinical application of breast cancer prevention and treatment. Although data on canola oil and breast cancer risk exists, the mechanism underlying this link is not yet understood, and this information may be important for dietary counseling of human breast cancer patients. If the proposed study demonstrates that dietary canola oil supplementation increases the sensitivity of the cancer cells to Dox, then there is a possibility of developing an effective nutritional regimen to aid in human breast cancer prevention and therapy. We understand that this concept has never been investigated. The information from the proposed study may aid food industries and/or pharmaceutical in the development of nutraceutical products that reduce breast cancer risk. In addition, dissemination of findings through publication and by presenting at meetings of canola producers as well as national scientific meetings may increase awareness of the health benefits of canola oil consumption. 

D.
APPROACH


(1)
Description of the Proposed Activities:


At 42 days of age, female BALB/c nude mice will be assigned randomly to either the control diet or diet supplemented with canola oil. At 56 days of age, mice will receive a subcutaneous (s.c.) injection of the human breast adenocarcinoma MCF-7/adr cells using 1 × 107 cells/inoculation. Mice will be observed daily for tumor development and growth. At 65 days of age, mice will be assigned into four dietary groups: the control diet, canola oil supplemented diet, control diet plus Dox treatment, or canola supplemented diet plus Dox treatment. At 86 days of age, seven randomly selected mice per group will be sacrificed for tumor tissue collection. Collected tissues will be used to determine mammary cancer cell membrane fatty acid composition and fluidity, and Pgp expression assays. The proposed research requires 2 years to complete.


(2)
Experimental Protocol:


Specific Aim 1. To determine if dietary canola oil supplementation reduces growth of implanted MCF-7/adr human breast cancer cells in female athymic BALB/c nude mice.

Animal and Diet. All animal procedures will be in accordance with institutional guidelines and approved by the University Institutional Animal Care and Use Committee. Sixty female athymic BALB/c nude mice (approximately 5 weeks old) will be obtained from Harlan (Indianapolis, IN). All mice will be maintained in autoclaved microisolator cages housed in a positive pressure containment rack (Thoren Caging Systems, Inc., Hazelton, PA) and acclimated for 1 week to the experimental environment of approximately 25°C and 50% relative humidity. Mice will be provided ad libitum access to autoclaved water and control diet (AIN-93) [Table 1]. At 42 days of age, mice will be assigned randomly to either the control diet or diet supplemented with 10% canola oil, based on our previous study [18]. The experimental diets will be formulated to be both isocaloric and isonitrogenous. Mice will have ad libitum access to respective autoclaved diets and water. The 2 week period in between the start of the dietary treatment and tumor injection is essential for dietary fatty acids to be incorporated into the lipid membrane phospholipids (21). Fig. 3 illustrates the experimental protocol starting from 42 days of age until the termination of the experiment at 120 days of age.

		Table 1. Composition of the experimental diets



		Item

		g/kg Diet



		Cornstarch

		                      397.5



		Casein

		                      200.0



		Dextrinized cornstarch

		                      102.0



		Sucrose

		                        80.0



		Soybean oil (control)

		                      100.0



		Canola oil (treatment)

		                      100.0



		Alphacel, non-nutritive bulk

		                        70.0



		Mineral mix (AIN-93M-MX)

		                        35.0



		Vitamin mix (AIN-93-VX)

		                        10.0



		L-Cystine

		                          3.0



		Choline bitartrate

		                          2.5



		Tert-Butylhydroquinone

		                          0.014



		Crude protein (g/kg)

		                      177.0 



		Gross energy (MJ/kg)

		                        17.8
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Figure 3. At 42 days of age, female BALB/c nude mice will be assigned randomly to either the control diet or diet supplemented with canola oil (30 mice/treatment). At 56 days of age, mice will receive a s.c. injection of the human breast adenocarcinoma MCF-7/adr cells using 1 × 107 cells/inoculation. Mice will be observed daily for tumor growth, and tumor size measured. At 65 days of age, all mice will be assigned into four dietary groups: the control diet, canola oil supplemented diet, control diet plus Dox treatment, or canola supplemented diet plus Dox treatment. At 86 days of age, seven randomly selected mice per group will be sacrificed for tumor tissue collection. Remaining mice will be maintained for tumor measurement until 120 days of age, at which time, the experiment will be terminated. Collected tissues will be used for cell membrane fatty acid composition and fluidity, and P-glycoprotein expression assays after the animal trial is terminated. Asterisk represents days in which randomly selected mice will be sacrificed for tissue collection.


Tumor Cell Line. MCF-7/adr (with a specific degree of resistance to Dox treatment, with overexpression of Pgp being the main cause for the MDR) will be obtained from the National Cancer Institute (Bethesda, MD). Cells will be grown in Dulbecco’s Modified Eagle Medium (Gibco Invitrogen, Carlsbad, CA), supplemented with 10% heat-inactivated fetal bovine serum (FBS, Gibco Invitrogen) and 1% antibiotic-antimycotic solution (Gibco Invitrogen) as recommended by the supplier. Cells will be maintained in monolayer or suspension culture in 25 or 75 cm2 tissue culture flasks (Falcon; BD Biosciences, Franklin Lakes, NJ) at 37°C in a 5% CO2-humidified atmosphere during experimentation.


Mammary Tumor Implantation and Dox Treatment. At 56 days of age, mice will receive a s.c. injection of the human breast adenocarcinoma MCF-7/adr cells using 1 × 107 cells/inoculation (17, 26). Mice will be observed daily for tumor growth and progression, and tumor size will be measured with a Vernier caliper every other day as described previously (27). Tumor volumes will be calculated using the following formula: [length × (width)2]/2. 

Specific Aim 2. To determine if dietary canola oil supplementation reverses multidrug resistance of MCF-7/adr human breast tumor cells.


At 65 days of age, mice will be assigned into four dietary groups: control group (no Dox), canola oil group (no Dox), control group receiving Dox (4 mg/kg) intraperitoneally every 2 days, and canola oil group receiving Dox (4 mg/kg) intraperitoneally every 2 days (17, 26). At 86 days of age, seven randomly selected mice per group will be sacrificed for tumor tissue collection (26). Remaining mice will be maintained for tumor measurement until 120 days of age, at which time, the experiment will be terminated. However, tumor size will not be allowed to exceed 2.5 cm each. In addition, if animals are seen to be in distress (e.g. body weight and breathing) they will be euthanized regardless of the size of the tumor. Collected tissues will be used for cell membrane fatty acid composition (gas chromatography) and fluidity (fluorescence polarization), and Pgp expression (immunohistochemistry) assays. 

Specific Aim 3. To determine if dietary canola oil supplementation alters tumor cell membrane fluidity and Pgp expression. This is aimed at elucidating the mechanism through which canola oil may reverse multidrug resistance.

Fatty Acid Composition. Tumor cell membrane fatty acid composition will be determined by gas chromatography. Seven mice per group will be sacrificed at 86 days of age and tumor tissues collected. Tissues from this experiment will also be used for membrane fluidity and Pgp expression assays. The fatty acid methyl esters will be prepared as described previously (21). Briefly, after the samples have been individually homogenized, membranes will be separated by ultracentrifugation. Lipids will be extracted by the use of Chloroform:methanol, methylated, and then esterified in acetyl chloride-methanol (28). Gas chromatography (6890N, Agilent Technologies, Sunnyvale, CA) will be used as described in the manufacturer’s manual. Peak identification will be done by the use of fatty acid methyl ester standards with a Chem Station (Agilent Technologies, Sunnyvale, CA) (29). The percent of the total methylated fatty acids represent the fatty acid methyl esters.


Tumor Cell Membrane Fluidity. Membrane fluidity will be determined by measuring fluorescence polarization as described by Tang et al. (30). Briefly, tumor tissue cells will be isolated from mice sacrificed for gas chromatography. The fluorescent dye 1,6-diphenyl-1,3,5-hexatriene (DPH) (Sigma Aldrich, St. Louis, MO) will be inserted into the lipid fraction of the plasma membranes. DPH stock solution in tetrahydrofuran will be prepared and stored. DPH stock solution will be diluted in PBS and vibrated until fully dissolved to prepare the working solution of the probe. This working solution will be prepared immediately before use. Once prepared, 2 mL of the working solution will be added to the harvested cells. After the addition of the working solution, the cell suspension will be incubated at 37°C for 30 min before washing with PBS. After washing, the cells will be resuspended in PBS. 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 (31).



P-glycoprotein Expression. Pgp expression will be determined by immunohistochemistry. This analysis will be performed using the avidin-biotin-peroxidase complex method. Mammary tissues collected above will be formalin fixed, processed, and paraffin embedded as described previously (27, 32). Briefly, after deparaffinization and blocking endogenous peroxidase activity, the mammary tissue sections will be incubated with FBS. The sections will then be reacted at 4°C overnight with anti-pgp monoclonal antibodies (Sigma Aldrich, St. Louis, MO) and incubated with biotinylated secondary antibodies (Vectastain Elite ABC Kit, Vector Laboratories, Burlingame, CA). After washing with PBS, avidin-biotin-peroxidase complex solution (Vectastain Elite ABC Kit, Vector Laboratories) will be added and incubated. Bound antibodies will be visualized using 3-3’-diamino-benzidine-tetrahydrochloride substrate solution (Vectastain DAB Substrate Kit, Vector Laboratories). Microscopic analyses will be carried out on a Nikon Microphot-FX upright microscope (Nikon, Melville, NY) with Image Pro-Plus Software (Media Cybernetics Inc., Silver Springs, MD). Positive cells will be counted and results will be expressed as the median of positive cells per mm2.

(3)
Statistical Analyses:


The number of mice (n = 30) to be used is the number required to detect a statistical difference (P = 0.05; power = 0.70) of one-third of the standard deviation between treatments. Tumor volume will be analyzed with the nonparametric Kruskal-Wallis test (33). Data on tumor cell membrane fatty acid composition, membrane fluidity, and p-glycoprotein expression will be analyzed by two-way analysis of variance (33). All data will be analyzed with SAS (SAS Institute, Cary, NC).


(4)
Potential Pitfalls:



We have experience in the experimental procedures described herein including the handling and propagation of human breast cancer cells (27, 32, 34). Fatty acid composition of the tumor cell membrane will be determined by gas chromatography, which is regarded as a precise and rapid method of choice in fatty acid analysis (35). Fluorescence polarization is regarded as the most trusted technique for monitoring membrane fluidity (14). We do not foresee any problems with the use of the technique. However, in case of any unexpected inaccuracy due to the restricted interactions between DPH and membrane lipids, flow cytometry will be used to determine membrane fluidity (36, 37). Immunohistochemistry will be used for determining Pgp expression. In case of any undesirable response, Western blot may be used (13).

(5)
Expected Outcomes, Uses for Results, and Future Studies:

Based on the results from our in vivo and in vitro studies, and results by others, we expect dietary canola oil to reduce tumor growth. We also expect that tumor growth will be slower on mice fed canola oil and Dox treatment as compared to the other three diet groups due to altered tumor cell lipid membrane fluidity and Pgp expression. If this study demonstrates an enhanced susceptibility of cancer cells to Dox due to canola oil supplementation, then there is a possibility of developing an effective nutritional regimen to aid in the efficacy of some chemotherapeutic and cancer prevention agents in human breast cancer. 

The goal is to investigate the extent to which canola oil affects efflux and influx of cancer drugs in cancer cells. Therefore, results from the proposed study will allow further investigation of canola oil either singly or in combination with anticancer drugs to reduce breast cancer risk. 

(6)
Time Line:

The proposed study requires 2 years to complete. Animal trial and mammary tumorigenesis experiment as well as mammary tumor tissue collection will be conducted during the first 12 months. Tissue sample processing and analyses will be performed during the next 7 months. Data analyses and report writing will be done during the remaining 5 months.


(7)
Research Team:


1)
Chung S. Park, Principal Investigator


As Professor and Lactation Biologist, he will be responsible for the overall administration and direction of the project.



2)
William D. Slanger, Collaborator

Dr. Slanger, Dir. Institutional Research & Analysis, will focus on data analysis and interpretation.

3) 
Lawrence Mabasa, Ph.D. Student in Lactation Biology will devote 100% of his time to the proposed studies and will be responsible for most aspects of the proposed study.


4)
Andrea Fowler, Research Technician in Dr. Park’s laboratory will assist in most aspects of the proposed experiment.

E.
OUTREACH/EXTENSION ACTIVITIES

Our findings will be disseminated through publications such as scientific journal articles and NDSU extension bulletins. Results will also be presented at meetings of canola growers and appropriate commodity groups as well as scientific conferences (e.g., American Society for Nutrition, American Society for Cell biology, and American Cancer Society meetings). 

Over the last couple of years, the North Central Region Canola Research Program supported our studies on canola oil and breast cancer risk. The in vivo data was recently presented at the 2008 Annual American Society for Cell Biology meeting in San Francisco, California (18). The in vitro data will be presented at the FASEB Experimental Biology Meeting in New Orleans, Louisiana, April 2009. A manuscript for the in vivo data was submitted for publication in a refereed scientific journal. 

It is hoped that this research will increase the awareness of the health benefits (reduction in breast cancer) of canola oil as well as possibly change the public perception on vegetable oil and carcinogenesis, which subsequently may increase consumer demand/market thereby benefiting the canola industry.
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