Introduction. 
The early detection and treatment of primary breast cancer has made a significant impact in the overall survival rates of women for this disease.  However, in the US alone, approximately 40,000 lives are still claimed by breast cancer each year and this is primarily due to metastasis.  Although less than 10% of women present with overt signs of metastasis, metastatic relapse occurs in almost half the cases with apparently localized tumors.  Bone is the most common site of breast cancer metastasis as studies have shown that upon autopsy, almost 80% of the women who have died display evidence of tumor growth in the bone.  The most insidious aspect of this type of metastasis is associated with severe pain and a decrease in the patient’s quality of life.  In trying to identify why the breast cancer cells ‘seed’ the ‘soil’ of the bone more so than any other organ, researchers have made breakthroughs.  Recent advances in mircoarray and proteomics have begun to shed light on the markers which predispose breast tumor cells to metastasize to the bone (Table 1).  Potentially, therefore the detection of these markers in the primary biopsy or serum/urine would provide valuable information to the physician as to how the tumor will behave and whether it has a propensity to metastasize to the bone or not.  The major problem here though is to how to engineer molecules which will allow for the easy detection of the markers being expressed by rare metastatic cancer cells in the midst of so many other cell types?  Nanotechnology provides a new and exciting avenue with which to specifically address this issue and using a variety of tailor made molecules we can easily and quickly detect these metastatic cells.  

In the current project we will generate a number of nano-probes which will allow for the ex vivo detection of predisposed metastatic cells in the primary biopsy, blood or urine using animal models.  We will then hope to apply these nano-probes in the clinical setting.  Based on the outcome of these studies, we will adapt the diagnostic nano-probes to incorporate cytotoxic reagents in order to design new therapeutic approaches in the prevention of breast cancer metastasis to bone.  
Milestone 1
1a)  Generation of nano-probes to markers in table 1 and their use in animal models for the detection of metastatic tumor cells.  Current thinking is that we will have to detect at least 4-5 markers in order to successfully weed out metastatic tumor cells in the primary tumor or biological fluid.  The CXCR’s are a great 1st candidate to start with as Dr. Ann Richmond has vast experience in this molecule.  We propose to use a breast cancer cell line positive for CXCR-4 (MDA-MB-231).  We can inject these intracardiac or orthotopically into the mammary fat pad of immunocompromised animals and identify circulating metastatic cells in the primary tumor or blood using flow cytometry.  Dr. James Crowe has great knowledge on how we can possibly use several nano probes with different colors and sort for up to 12 markers that are represent on a tumor cell.  My knowledge of the new flow system is limited but I am always willing to learn!  At the moment the list of markers for the specific metastasis of breast cancer cells to the bone is pretty small.  If we can identify new markers then this would increase our specificity of being able to find tumor cells predisposed to bone metastasis.  In this regard is it possible to team up with orthopedics.  For example, would it be possible to do a human proteomic profiling study on bony metastases and the identification of common markers between patients in association with Dr. Herbert Schwartz, Dr. Ginger Holt and Dr. Bob Caldwell?  I think that the identification of new markers of breast to bone metastasis are important in fine tuning the way we hunt for tumor cells predisposed to metastasis in the primary tumor or circulating tumor cells in the blood or urine which are predisposed to bone metastasis.  
Milestone 2.  Having isolated and verified the nano-probes specific to metastatic breast cancer cells in animal models we will determine the effectiveness of the technology using an ex vivo approach in humans.  This will allow us to use the quantum dot technology which is currently deemed to toxic to administer to humans.  Again with the help of the Cancer Center and Orthopedic Dept. we could set up standardized protocols for the collection of biological fluids from patients presenting with primary breast cancer in order to determine if the technology will work as a diagnostic tool for the detection of cells predisposed to metastatic cells in the biopsy or that are already circulating in the blood.  
Milestone 3.  Manipulation of the nano-probes for chemotherapy or imaging of newly formed bone mets in the animal and human setting.
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Function

Secreted/cell membrane

Reference

Matrix Metalloproteinase-1 (MMP-1)

Extracellular matrix enzyme

secreted 

Connective Tissue Growth Factor (CTGF)

Angiogenesis

secreted 

Interleukin-11 (IL-11)

Inflammatory cytokine

secreted 

CXCR-4

Chemokine receptor invoved in migration

membrane bound

Ostoepontin (OPN)

Extracellular matrix protein

secreted

Various cytokeratins

markrs for epitheial cells

secreted

More to follow


Table 1.  List of markers relevant to breast to bone metastasis
