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• Definition 
• Resourcing 
• Ethics 
• FDA Approved Drug - Retasking  

Precise Medicine 



• Medical Model 
• Customizes Healthcare 
• Decision practice and products  
• Tailored to the individual patient  

Precision Medicine 



Precise Medicine- evolution of medical culture 



Precise Medicine 

• Definition 
• Resourcing 

• Ethics 
• Approved Drug retasking  





• 2015 Precision Medicine Initiative 
• Public trust 
• Accountability 
• Data sharing, quality integrity 

Precision Medicine 



• 2016 moon shot initiative 
• $1B initiative 
• Discovery 
• Delivery 

• Cancer Vaccine 
• Early cancer detection 
• Immunotherapy/combination 
• Genomic profiling- microenvironment 
• Pediatric Cancer 
• FDA- virtual center of excellence 

Moon Shot Initiative 



Barriers to Precision Medical Care 
• Financial barriers 

•  Reimbursement,  
• Discrimination 

• Medical insurers, employers 
• Legal barriers to innovation and development 

• Patent protection -Federal court- (Myriad ruling), Patent,  
• Incumbent inertia 

• Current dogma, financial incentive to status quo.  

Ethics of Precision Medicine 



1. Cell-cycle and cyclin D1 kinase 
2. Nuclear receptor acetylation 
3. CCR5 
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1. Cyclin D1 kinase inhibitors 



1. Cyclin D1 kinase inhibitors 

Cyclin   D1  genotype 
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Cyclin D1 gene  
deletion reduces tumor formation 

Lee, R, Pestell,R, (MCB) 2001 

Cyclin D1 gene  
Anti-sense reduces tumor formation 

Hulit, J, Pestell, R, (MCB) 2003 



1. Cyclin D1 kinase inhibitors 



1. Cell-cycle and cyclin D1 kinase 
2. Nuclear receptor acetylation 
3. CCR5 

Precision Medicine- Cancer Targets 



2. Nuclear Receptor Acetylation 
Governs tumor growth 
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2. Nuclear Receptor Acetylation 
Governs tumor growth 



1. Cell-cycle and cyclin D1 kinase 
2. Nuclear receptor acetylation 
3. CCR5 – HIV co-receptor 

Precision Medicine- Cancer Targets 



3. CCR5 Receptor is expressed in Breast Cancer 
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Breast oncogene induction of CCR5 
Receptor Signaling and Invasion 
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CCR5 Receptor Expression Promotes Breast 
Cancer Cell invasion 
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The HIV CCR5 Receptor Signaling and 
Function 



B 
Control               Maraviroc 100 nM           Vicriviroc 100 nM  

CCR5 Receptor Inhibition blocks  
Breast Cancer invasion 
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CCR5 Receptor Inhibition blocks Breast Cancer 
Metastases lung metastasis in vivo 



CCR5 Receptor Inhibition blocks Breast Cancer 
Metastases in vivo 

P<0.0001 



CCR5 Receptor Inhibition blocks homing step of 
Metastases in vivo 



Clinical Trial Breast Cancer 



CCR5 function in Breast cancer 

• CCR5 signaling induced in human basal breast cancer 
• Oncogenes induce CCR5 signaling 
• CCR5 overexpressed in basal breast epithelial cells  
• CCR5 induces invasion and metastasis 
• CCR5 inhibition blocks basal breast cancer metastasis in 

pre-clinical models 
• FDA approved safety- expedited Phase I/II clinical trial (in 

progress) 
 



Prostate Cancer 

• Most common cancer in American men (ACS 2012)(1/6 men) 
• 241,740 men will acquire this year 
• 28,170 deaths/per year 
• 2.5 M current survivors- no reliable predictors of survivors 
• Increasing incidence globally 
• Death from metastasis (bone, brain) 
• No reliable pre-clinical testing metastasis models 



Development of immune-competent metastatic 
prostate cancer model 

• Immune system participates in human prostate cancer 
• Immune competent systems (transgenics)- unreliable 

metastasis 
• Transgenic of Probasin-c-Myc- reflect human disease 
• Pre-clinical need for therapy testing in immune-competent 

animals  



Lung Metastases of Prostate 
Cancer lines 

2mm 2mm 2mm 2mm 30 days 16 days 30 days 30 days 50µm 

30 days 16 days 30 days 30 days 25µm 25µm 25µm 25µm 

c-Myc v-Src NeuT Ha-Ras 

c-Myc v-Src NeuT Ha-Ras 



• Vicriviroc blocks 
lung metastasis 

 
 

• Preclinical testing 
demonstrates 

efficacy 

Vicriviroc  
blocks lung metastasis 

Control 

Vicriviroc 



Isogenic Prostate Cancer Lines Reliably 
Metastasize to Brain in Immune-competent 

Mice 
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Maraviroc blocks brain metastasis 
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Isogenic Prostate Cancer Lines Reliably Metastasize 
to Bone in Immune-competent Mice 

 



CCR5 Receptor inhibition reduces bone 
metastasis in vivo 
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Maraviroc blocks bone metastasis 



Maraviroc blocks bone metastasis 
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Control Maraviroc 
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CCR5 in Prostate Cancer 

• CCR5 signaling activated in vivo in immune competent animals  
• Reliable metastasis of isogenic prostate cancer lines 
• CCR5 inhibitors reduce metastasis in immune-competent mice in 

vivo (total body, lung, bone and bone) 
• FDA approved safety- expedited Phase I/II clinical trial 



CCR5 in Human Cancer 

• Expressed in broad array of human cancers (breast,prostate,lung, 
brain, lymphoma) 

• Expressed in significant proportion of patients with cancer (>50% 
of BCa,PCa) 

• Expressed on CTC (surrogate for clinical trial/management) 
• Enhances DNA damage of chemotherapy- in tumor 
• CCR5 inhibitors reduce metastasis in immune-competent mice in 

vivo (total body, lung, bone and bone). 
• FDA repurposing 
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Spend more time with your family and friends, eat your 
favorite foods,  visit the places you love. 



CCR5 Receptor In Breast and Prostate Cancer 
Metastases 
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Isogenic Prostate Cancer Lines Reliably Metastasize 
to Liver in Immune-competent Mice 

 



Oncogene 
Signature 

Distinguishes 
Normal vs. 

Tumor 
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3. CCR5 Receptor Signals In Breast Cancer 
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Isogenic Prostate Cancer Lines Reliably 
Metastasize to Bone in Immune-competent Mice 
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• Vicriviroc blocks 
lung metastasis 

 

 

• Preclinical testing 
demonstrates 

efficacy 

Control 

Vicriviroc 

Vicriviroc  
blocks lung metastasis 2 weeks 



Prostate Cancer CCR5 Receptor Signaling 
activated in vivo 

CCL8 
CCL7 

CCL5 

CCR5 CCR1 



Isogenic Prostate Cancer Lines Reliably 
Metastasize to Bone in Immune-competent Mice 
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Isogenic Prostate Cancer Lines Reliably Metastasize to 
Bone in Immune-competent Mice 



CCR5 Signaling induction In Breast Cancer 
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CCR5 Receptor and Breast Cancer Outcome 



Spend more time with your family and friends, eat your 
favorite foods,  visit the places you love. 

Antisense 

Lee, R, et al, (MCB) 2001 
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Maraviroc blocks brain metastasis 
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