


	
		×
		

	






    
        
            
                
                    
                        
                    
                

                
                    
                        
                    
                

                
                    
                        
                            
							
                        

                    

                

                
                    	
                            Log in
                        
	
                            Upload File
                        


                

            


            
                
                    	
                            Most Popular
                        
	
                            Art & Photos
                        
	
                            Automotive
                        
	
                            Business
                        
	
                            Career
                        
	
                            Design
                        
	
                            Education
                        
	
                            Hi-Tech
                        


                    + Browse for More
                

            

        

    



    
        
            
                
                

                
                	Home
	Documents

	[ ] Caged Drug Delivery P



                




    
        
            
                
                    
                        

                        
                        
                    

                    
                        
						1

48
                        
                    

                    
                        
                        100%
Actual Size
Fit Width
Fit Height
Fit Page
Automatic


                        
                    

					
                

            

            
                
                    
                    
                    
                

                
                    

                    

                    
                        
                         Match case
                         Limit results 1 per page
                        

                        
                        

                    

                

            

            
									
    
        
        

        

        

        
        
            a novel delivery platform: targeted delivery of diagnostics + therapeutics Inventors: Chester Drum, M.D., Ph.D. Fellow, cardiology Brigham and Women’s Hospital Robert Langer, Ph.D. Massachusetts Institute of Technology Commercialization: Camille Delebecque, Adam Friedma Elizabeth Gerstner, Daniel Moon, Vera Mucaj 
        

        
    






				            

        

    









                
                    [ ] Caged Drug Delivery P


                    
                                                Download PPT
                        
                        Report
                    

                    
                        	
								Upload

									simon23
								

							
	
                                View

                                    184
                                

                            
	
                                Download

                                    0
                                

                            


                    

                    
                    
                        
                        
                            
                                    
Facebook

                        

                        
                        
                            
                                    
Twitter

                        

                        
                        
                            
                                    
E-Mail

                        

                        
                        
                            
                                    
LinkedIn

                        

                        
                        
                            
                            
Pinterest

                        

                    


                    
                

                

                    
                    Embed Size (px)
                        344 x 292
429 x 357
514 x 422
599 x 487


                    

                    

                    
                                        Citation preview

                    Page 1
						

a novel delivery platform: targeted delivery of diagnostics +
 therapeuticsInventors: Chester Drum, M.D., Ph.D.
 Fellow, cardiologyBrigham and Women’s
 HospitalRobert Langer, Ph.D.
 Massachusetts Institute of Technology
 Commercialization: Camille Delebecque, Adam Friedman, Elizabeth Gerstner,
 Daniel Moon, Vera Mucaj

Page 2
						

The technology: a caged delivery platform
 human ferritin
 forms dodecameric cage to shuttle iron
 The innovation:1. Cage encapsulates
 drugs/chemicals2. Engineered protease sites in
 ferritin release contents
 Caged drug delivery – IBCS 2008 2
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Caged delivery - Market I: cardiology
 Large, established market for drugs given in ACS• Anticoagulants: ~$5.5B • Thrombolytics: ~$0.5B• Antiplatelets: ~$8.4B
 Opportunities for thrombus targeting technology1. Improved efficacy
 • Thrombolytics rate of failure to re-establish flow: 40% • Percutaneous Coronary Interventions rate of failure: 25%
 2. Improved safety profile • Reduced bleeding complications
 o Antithrombotics (e.g. bivalirudin) cause ~61K major bleeding events at an annual additional cost of $233M
 o Thrombolytics (e.g. TNK-ase) cause $45M of major bleeding events • Reduced strokes
 o Thrombolytics cause additional 1-yr costs of $31M and ~800 lives lost annually
 • Earlier dosing of reperfusiono ~37K additional lives could be saved if reperfusion were started earlier
 3. Reformulations • Enhancement: May boost efficacy and/or safety of existing
 compounds • Patent Extensions: new combination with compounds going off-
 patent or multiple drugs • Salvage: Improved safety profile may make previously rejected
 compounds viable
 3Caged drug delivery – IBCS 2008
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Caged delivery - Market II: oncologyLarge, growing market in oncology• Cancer is second leading cause of death in the industrialized world• Movement towards patient-specific, targeted therapy and precise diagnostics• Global sales of targeted therapies $17.3 billion, up 33% in a year
 Opportunities for cancer-targeted therapy• Combine targeted therapy with powerful cytotoxic
 therapy in one delivery system• Capitalize on tumor-specific expression of proteases
 to release powerful cytotoxic drugs directly into tumor.
 Opportunities for cancer imaging• Imaging in general has >9% growth rate; cancer
 imaging market ~ $1 billion• PET - molecular function / CT - anatomical detail for
 staging and following response to treatment• Encapsulate MRI contrast agent gadolinium in
 ferritin cage, with release by cancer-specific proteases
 • Advantages:- Single scan for anatomical detail and function- No radiation exposure to patient or facility- Less expensive than PET
 gadolinium
 4Caged drug delivery – IBCS 2008
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Caged delivery - Applications and development
 Cardiology Oncology Imaging Non-clinical
 application acute coronary syndrome chemotherapy
 cancer diagnosis, staging,
 response to treatment
 protease assay for in vitro diagnostics
 market size $14.4 billion $17.3 billion $1billion N/Atargeting
 mechanismthrombin
 clotting cascade MMPs MMPs, other any protease
 delivered package antithrombotic chemotherapeu
 ticGadolinium,
 other contrast agent
 assay reagent
 advantages over existing technology
 reduced bleedingreduced
 chemotherapeutic toxicity
 increased resolution,
 reduced toxicity vs. PET
 higher signal:noise,
 dynamic range
 challenges crowded marketexpensive trials
 poorly defined targeting
 poorly defined targeting crowded market
 timeline
 6 mo: in vivo toxicity
 12 mo: in vivo efficacy
 18 mo: Phase I
 6 mo: reagent12-18 mo: in
 vivo xenograft24 mo: Phase I
 6 mo: reagent12-24 mo: in vivo imaging
 30 mo: Phase I
 6-12 mo: testable reagent
 5Caged drug delivery – IBCS 2008
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Caged delivery - Intellectual Property
 • Extensive prior art demonstrating caged delivery (< 1980s, 90s) for imaging and potential therapeutics
 • Threats: Outstanding patent application for broad coverage of caged and modified caged delivery for therapeutics and diagnostics:
 • Owner: Montana State University• Licensing: public solicitation for licensing• Precedent: history of granting exclusive licenses on technologies
 • Strengths: Novel location of cage modification and first demonstration of targeting activity
 • Public disclosure 05/2008• Patent in preparation
 • Continue patent application process for specific application• Pursue exclusive license for ferritin-based caged delivery from
 MSU
 Position
 Recommendations
 6Caged drug delivery – IBCS 2008
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Caged delivery - Path to commercialization
 • The technology: a novel, targeted delivery platform based on natural protein cage and active release
 • Applications: cardiology, oncology therapeutics, oncology diagnostics• Intellectual property: patent in preparation, exclusive licensing potential for additional patent in portfolio
 • Path to market: a startup company directed towards1. Animal model validation of anti-thrombotic and cancer
 delivery vehicle2. Partnership with large biotech/pharma for encapsulation of
 antithrombotics and cancer therapeutics to begin Phase I studies
 • Exit: Acquisition or IPO 7
 0.5-1 year
 1-2 years
 2-4 years
 Caged drug delivery – IBCS 2008
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background information
 8Caged drug delivery – IBCS 2008
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intellectual property
 9Caged drug delivery – IBCS 2008
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IP position: prior art
 Major IP challenge from application US 2007/0258889 A1– Owner: Montana State University– Inventors: Trevor Douglas, Peter Suci,
 Mark Young– Filed November 9, 2006
 10Caged drug delivery – IBCS 2008
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IP position: 889 claims
 1. A delivery agent comprising a self-assembling protein cage comprising a) a plurality of subunits, wherein at least one of said subunits is a modified subunit; b) a first agent; and c) a targeting moiety. 7. The delivery agent according to claim 1, wherein said modified subunit is genetically
 modified.9. The delivery agent according to claim 6 or 7, wherein said modified subunit comprises a
 protein.11. The delivery agent according to claim 9, wherein said protein is a targeting moiety.19. The delivery agent according to claim 1, wherein said protein cage further comprises a
 disassembly mechanism.21. The delivery agent according to claim 19, wherein said mechanism comprises an
 enzymatic cleavage site.22. The delivery agent according to claim 21, wherein said enzymatic cleavage site is a
 hydrolase cleavage site selected from the group consisting of a protease cleavage site, a carbohydrase cleavage site, and a lipase cleavage site.
 23. The delivery agent according to claim 21, wherein said hydrolase cleavage site is a protease cleavage site.
 26. The delivery agent according to claim 1, wherein said protein cage comprises a non-viral subunit.
 30. The delivery agent according to claim 26, wherein said non-viral subunit comprises a mammalian ferritin protein.
 11Caged drug delivery – IBCS 2008
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IP position: 889 claims“possible matrix of protein cages and their corresponding features as contemplated by the present invention.”
 12Caged drug delivery – IBCS 2008
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IP position: 889 evidence• CCMV virion binds gadolinium
 MRI contrast agent• pH changes alters virion
 capsid assembly• Laminin-11 targeting of virion• Expression system for CCMV
 capsid• Integrin-targeting HSP cage• Iron oxide nanoparticle
 synthesized within apoferritin, with integrin targeting
 13Caged drug delivery – IBCS 2008
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IP position: prior art• Luzzago, A. and Cesareni, G. (1989) “Isolation of point mutations that affect the
 folding of the H chain of human ferritin in E. coli.” The EMBO Journal, 8(2): 569-572. – Mutations near thrombin cleavage site insertion cause folding mutations (but all
 are in E-helix). Novel finding that truncation is still permissible for ordered folding.• Hainfeld, J. (1992) “Uranium-loaded apoferritin with antibodies attached: Molecular
 design for uranium neutron-capture therapy.” Proc. Natl. Acad. Sci. USA, 89: 11064-11068.– Electron microscopists observed leakage of uranium negative stain into apoferritin
 core as early as 1982. Intention loading Meldrum, et al. (1991) in Nature. Hainfeld successfully loads uranium into ferritin with antibody fragments attached as a prelude to using as tumor-directed radiotherapy.
 • B. Webb, J. Frame, Z. Zhao, M. L. Lee, G. D. Watt (1994). Arch. Biochem. Biophys., 309, 178-183. – Process of trapping small molecules in ferritin
 • Wu, M., Brown, W., and Stockley, P. (1995) “Cell-Specific Delivery of Bacteriophage-Encapsidated Ricin A Chain.” Bioconjugate Chem, 6: 587-595.– Covalent attachment of ricin to bacteriophage RNA, MS2 bacteriophage
 assembled, covalent coupled to transferrin, given to cells for cytotoxicity.• Bothner, B., et al. (1998) J. Biol. 273: 673-676.
 – Trypsin sites introduced onto the surface regions of CCMV viral capsid cage and digested with trypsin, leads to rapid dissasembly of the cage.
 14Caged drug delivery – IBCS 2008
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IP position: patent space• 5358722 (Monsanto Company, 1994)
 – an apoferritin shell surrounding a spherule-shaped core devoid of iron; “core comprising a sweetener, a flavoring agent or a therapeutic agent.”
 • 5304382 (Monsanto Company, 1994): – method of preparing apoferritin with non-iron solute to form ferritin shells
 around solute.• 6180389 (Douglas and Young, 2001):
 – A virion-constrained nanoparticle comprising a plant virion coat protein shell surrounding a nanoparticle of non-viral origin
 • 6984386 (Douglas and Young, 2006):– A virion-constrained nanoparticle comprising a non-plant virion coat protein
 shell surrounding a nanoparticle of non-viral origin• 7097841 (New Century Pharmaceuticals, 2007):
 – Ferritin fusion proteins – Ferrigen™ Nanoparticle technology based on ferritin, a large self-assembling iron storage protein, which includes FerriVax™, a vaccine platform.
 • Application 11/430,632 (Young, Douglas, and Idzerda, 2006):– Method for making empty protein cage with medical imaging or therapeutic
 agent involving chemical modification of cage• Application 11/415,485 (Young, Douglas, and Idzerda, 2006):
 – Method for protein cage (virion or ferritin) with entrapped imaging or therapeutic agent
 15Caged drug delivery – IBCS 2008
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IP position: Licensing 889MSU Technology Transfer Office (tto.montana.edu)• “Getting university inventions into the marketplace is a
 priority for the Montana University System.” – > 100 licenses for MSU technologies– > 80 patents issued, 136 pending
 • “MSU-Bozeman has several inventions for which it is seeking licensing or sponsored-research agreements.” 
 • “Nanotechnology Platform Uses Proteins to Produce a Range of New Materials […] a suite of technologies for using protein cages to produce a range of nanomaterials.”
 • Examples of MSU-licensed technologies: – LigoCyte Pharmaceuticals, Inc. (Bozeman, MT)– Gag-enveloped virus-like particles for vaccine manufacture. – Phillips Environmental Products, Inc. (Belgrade, MT)– Developing portable, efficient, dry waste collection products– History of granting exclusive licenses on its technologies
 16Caged drug delivery – IBCS 2008
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oncology
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Oncology Market• Cancer is second leading cause of
 death in the industrialized world• Mortality is decreasing - people living
 longer with cancerCases per year
 Deaths Mortality trends*
 All cancers#
 1,437,180 565,650
 Lung 215,020 161,840 -1.4GI 271,290 135,130 -0.9Colon 108,070 49,960 -2.0Breast 184,450 40,930 -1.5Prostate 186,320 29,660 -1.1*per 100,000; # estimated cases for 2008
 http://seer.cancer.gov
 18Caged drug delivery – IBCS 2008
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Current Hot Topic in Oncology Research: Targeted Therapy
 • Most patients are now treated with cocktail of drugs with the hope that one will work
 • Role of molecular diagnostic testing increasing
 - Goal: tailor therapy to individual patient’s tumor expression pattern
 • Potential ways of targeting specific tumor markers:
 - monoclonal ABs (ex. rituximab) vs. small targeted molecules (ex sunitinib)
 19Caged drug delivery – IBCS 2008

Page 20
						

Current Targeted Therapies
 Monocolonal antibodieso IVo Highly selectiveo Minimal toxicityo Longer half-lifeo mABs will remain useful
 because of selectivity.
 Small molecule inhibitorso Oralo Broader activityo More toxicityo Shorter half-lifeo Small molecule inhibitors are
 oral and will become less toxic over time, thus, increasing their use.
 20Caged drug delivery – IBCS 2008
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Most Common mAbs- Earnings
 • Cituximab (Erbitux, ImClone Systems, Inc)o Oct. 2008: Eli Lilly bought ImClone for $6.5 billion
 Only drug ImClone makes is Erbituxwww.bloomberg.com
 Company 3rd Quarter 2008 Sales
 Increase
 Bevacizumab(Avastin)
 Genentech $704 million* 18%
 Rituximab (Rituxan)
 Genentech, Biogen Idec
 $655 million 15%
 Trastuzumab (Herceptin)
 Genentech $368 million 15%
 *more than the $688 million previously projected
 21Caged drug delivery – IBCS 2008
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Competitor Companies
 • Current market leaders:o Genentech
 biggest U.S. maker of cancer drugso Roche• Others in the field:o Eli Lillyo BMSo Pfizero Variety of small companies
 22Caged drug delivery – IBCS 2008
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Oncology Competition
 • There are more than 190 companies plus partners developing more than 430 antibody based oncology drugs in more than 770 developmental projects targeting around 50 different cancer indications.
 • The number of antibody targets has increased to over 170 molecular targets- likely to continue to increase.
 • Currently there are:o 13 marketed drugso 45 projects in Phase IIIo 170 projects in Phase II o 150 projects in Phase I o 370 projects in Preclinical
 www.marketresearch.com
 23Caged drug delivery – IBCS 2008
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Oncology Market• Targeted therapies expected to achieve sales of over $42
 billion by 2017o Includes both mABs and small molecule inhibitors
 • Currently, 24 different targeted cancer therapies commercially available in at least one of the seven major markets of the US, Japan, France, Germany, Italy, Spain and the UK.
 • Global sales of targeted therapies totaled $17.3 billion in 2007, up 33% in just 1 year (per Datamonitor).
 • Combined sales of the targeted therapy brands will grow at a compound annual growth rate of 11%, reaching over $42 billion in the seven major markets by 2017.
 o Eight new targeted therapy cancer brands will achieve blockbuster status by 2017 including: Pfizer: Sutent (sunitinib) OSI/Genentech/Roche/Chugai: Tarceva (erlotinib) Bayer Schering/Onyx: Nexavar (sorafenib)
 www.marketresearch.com
 24Caged drug delivery – IBCS 2008
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New Niche for Caged Therapeutics: Combine targeted therapy with powerful cytotoxic
 therapy• Reasoning: Targeted therapy alone does not cure
 most tumors.• Cytotoxic therapies (i.e. traditional chemotherapy agents)
 work synergistically with targeted drugs (e.g. “vascular normalization”)
 Jain, Nat Med 2001
 Vascular normalization postulates that combining a vascular targeting agent with cytotoxic chemotherapy improves the delivery of the chemotherapy agent and improves tumor cell kill.
 25Caged drug delivery – IBCS 2008
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Benefits of Caged Therapeutics Delivery System
 • Locally deliver effective cytotoxic drugs that are otherwise too toxic if given systemically.
 • Targeted delivery can minimize systemic or “off target” side effects.
 • Can reach therapeutic levels in tumor for drugs that are difficult to deliver to tumor site in high enough concentration.
 • Plan is to not compete directly with small molecule inhibitors or mABs but to work in combination with them.
 • Potential incorporate mAB into ferritin cage for even more specific targeting.
 26Caged drug delivery – IBCS 2008
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Caged Therapeutics in Oncology• Matrix metalloproteinases
 (MMPs) are overexpressed in tumors so could act as the mechanism to open the ferritin cage at the tumor site.
 • Allow release of a cytotoxic drug directly into tumor.
 • There are numerous MMPs with different roles and expression patterns in different tumor types.
 • Therefore, can very selectively target a patient’s tumor type by targeting a specific MMP.
 Nat Rev Cancer 2002 2(3):161-74
 27
 Nat Rev Cancer 2003 3(7):489-501
 Caged drug delivery – IBCS 2008
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Steps to Oncology Market• First- prove that ferritin delivery system:o Gets into tumor
 Ferritin has been shown to cross through tumor blood vesselso Releases its contents in tumor
 • Second- proteases (ex. MMPs) in high enough concentration to allow selective delivery of drug
 o MMPs known to be upregulated in cancers but also ubiquitously expressed Is increase in expression of tumor MMPs enough to selectively delivery contents? Different roles for each MMP
 Some pro-tumor, some anti-tumor: depends on tumor type and stage of tumor We can design specific delivery mechanism based on individual patient’s disease state
 – These 2 steps will need preclinical development of potential protease cleavage sites and then animal models of different tumor types.
 • What is the amount of work to develop each animal model?• Concern: MMPs in mice different from MMPs in humans
 • Third- Phase I testing initially in 1-2 specific human tumor types (selected based on preclinical data)
 28Caged drug delivery – IBCS 2008
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Oncology References
 • Nat Rev Cancer 2002 2(3):161-74• Nat Rev Cancer 2003 3(7):489-501• Int J Biochem Cell Biol 2008 40:1156-68
 29Caged drug delivery – IBCS 2008
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Interview: Bruce Chabner, MD
 Clinical Director, Massachusetts General Hospital Cancer Center Co-Leader, Translational Pharmacology and Early Therapeutic Trials
 Program
 • Potential applications:o Likely would not be able to compete with small molecule
 TKIs because these are oral and becoming less toxic.o Unmet need is local delivery of cytotoxic therapy and this
 is likely best role for this delivery system.o Concern is figuring out if tumor MMP concentration high
 enough to allow directed, local therapy considering ubiquitous nature of MMPs.
 o This technology is in early stage of development and there are several hurdles that need to be overcome to prove efficacy. Ex. gets into tumor and able to release contents into
 tumor.o There are additional potential roles for imaging tumor
 and diagnostics. 30Caged drug delivery – IBCS 2008
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imaging
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Cancer imagingImaging in cancer is used to:
 • Detect cancer for staging and location to determine treatment
 • Follow response to therapy
 A healthy field: An annual 9% growth rate - more than twice that of general medical expenditures (4.1%)
 Gadolinium
 32Caged drug delivery – IBCS 2008
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Existing cancer imaging technologies
 • Combined PET / CT cancer imaging uses two technologies in a same instrument to:• Characterize the tumor metabolism (PET)• Provide anatomical information about the tumor
 and the surrounding tissues (CT)
 • Drawbacks:1. Amount of Radiation the patient is exposed to: 6
 years of natural radiation / scan2. Two instruments: only large hospitals have these
 combined PET/CT machines ($2.5 millions each)3. Price: ~$1900/run
 33Caged drug delivery – IBCS 2008
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Cheaper and safer cancer imaging
 • Our technology can encapsulate a contrast agent, target it to tumors and be imaged by MRI
 • On cancer cells specific proteases, the MMPs, are known to be upregulated.
 • ->They could be used to specifically cut open the ferritin cage and release the contrast agent at tumor sites.
 MMP3Ferritin
 34Caged drug delivery – IBCS 2008
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Advantages of our technology• Safer
 • No exposure to radiation• Lowers the potential for allergies associated in classical MRI by injection
 of much lower dose.• It respects a widely used motto in this field: ALARA (Dosage should be
 As Low As Reasonably Achievable)
 • Cheaper• No need to buy new machines but can use the existing MRI and the
 expertise which goes with it• MRI scan are cheaper ($700 to $900)
 • Market size: • 110,000 oncology PET scans/year • $2000/scan• 200 PET/CT machines bought/year• $2 million/machine• ~$0,62 B
 35Caged drug delivery – IBCS 2008
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Imaging references
 • http://www.cancer.gov/• http://www.radiologyinfo.org/en/safety/index.cfm?pg=sft
 y_xray&bhcp=1&bhhash=1#6• http://www.imagingeconomics.com/issues/articles/2006-
 06_02.asp• http://www.imagingeconomics.com/issues/articles/2007-
 10_02.asp• http://www.imagingeconomics.com/issues/articles/2004-
 09_09.asp• Positron-emission tomography and assessment of cancer
 therapy., N Engl J Med. 2006 Feb 2;354(5):496-507.
 36Caged drug delivery – IBCS 2008
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cardiology
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CARDIOLOGY MARKET: ACUTE CORONARY SYNDROMENeed and Technical Opportunity
 Acute Coronary Syndrome remains a large cause of death in the US
 • Heart attacks, a.k.a. myocardial infarctions (MI), in 2008: o 600K newo 320K recurrent
 • An American dies approximately every minute due to a coronary event
 Thrombus (clot) formation can blocks a heart artery, causing an MI
 - Reactions ‘cascade’ to form clot - Thrombin, a protease enzyme,
 plays key role in clot formation
 Thrombin
 Fibrinogen Fibrin ThrombinXIIIa XIII
 Clot
 38Caged drug delivery – IBCS 2008
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Thrombin • Activity is increased at acute
 thrombus • Protease site (where thrombin
 cuts) can be introduced into ferritin molecule
 CARDIOLOGY MARKET: ACUTE CORONARY SYNDROMETechnical Rationale
 Thrombus is specifically targeted by requiring thrombin to cut ‘plug’ on ferritin and release drugs
 39Caged drug delivery – IBCS 2008
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CARDIOLOGY MARKET: ACUTE CORONARY SYNDROMEPotential Benefits and Market Opportunities
 Potential clinical benefits of targeting drugs to thrombus• Greater efficacy:
 - drug released at the thrombus, and not at older, irrelevant clots• Greater safety:
 o less drug needed overall for same effect, I.e. less systemic toxicityo less side effects at unrelated sites, like bleeding in the brain (i.e. stroke)
 Potential market implications of such benefits • Replacement of current market leaders with safer, more effective drugs • Expanded uses for existing drugs due to reduced contraindications • Extended patent protection for sunsetting compounds • Potential for packaged, targeted combinations
 Large markets already exist for drugs given in ACS setting • Anticoagulants: ~$5.5B
 o Heparins, e.g. UFH, LMWHo Direct Thrombin Inhibitors, e.g. Bivalirudin
 • Thrombolytics: ~$0.5B - e.g., t-PA, alteplase, tenecteplase
 • Antiplatelets: ~$8.4B - e.g., Clopidogrel, abciximab
 40Caged drug delivery – IBCS 2008
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Interview: Mark Fishman, M.D.• President, Novartis Institutes for Biomedical
 Research (NIBR)• Former Chief, Cardiology, Massachusetts General
 Hospital (MGH)• Topics:
 41Caged drug delivery – IBCS 2008
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biologics manufacturing
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Manufacturing Overview• Scale-up considerations
 o Wildtype Ferritin has been manufactured in large scale already: Istituto Biologico Chemoterapeutico Research Diagnostics NZP Synthesis Antibody research corporation Others 
 o Current method of production: E. coliOutsourcing:
 Initially protein can be produced at start-up level scale If industrial scale needed, then outsourcing Also, dependent on initial startup funds and on what
 direction we want to pursue.
 43Caged drug delivery – IBCS 2008
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Manufacturing: costs and recommendations
 Scale In vitro experiment
 s
 Animal experiment
 s
 First in human trials
 Phase I trials
 Method E. Coli production
 E. Coli production
 E. Coli or mammalian
 cells
 E. Coli or mammalian
 cellsResult Protein can be
 expressed and concentrated at
 20 mg/L
 Protein can be expressed and concentrated at
 20 mg/L
 Depends on system. Might
 get less protein but better purification
 Will need major scaling up. Substantial
 manufacturing costs
 Recommendation
 The expression system is optimal –
 time and price - efficient
 Stay with the bacterial system.
 Regulatory issues. Recommend to
 outsourcing/partnering with a big
 company
 Strongly recommending
 partnering/outsourcing.
 Conclusion – In a timeline of ~2 years, inventor will have to outsource manufacturing if the intention is to have a clinical application. Costs of manufacturing will vary with application. Currently low costs: $1000-5000
 range.44Caged drug delivery – IBCS 2008

Page 45
						

Interview: Elliot Ehrich• Topics:
 o Manufacturingo Scaleupo Costso Regulations
 45Caged drug delivery – IBCS 2008
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Non-clinical application: Protease activity assay
 Protease activity assay• Ferritin can have an interchangeable opening latch
 o Bioluminiscent or colorimetric assay can be used to detect whether protease is active or whether certain solution has protease in it
 o Can be used to screen for better protease drugs. Problems AdvantagesCrowded Market Easily developed, less
 expensive than a clinical application, few regulatory issuesDifferent “latch” per
 different assay.Can be used as a revenue source: Licensing the protease activity kit could make revenue for big trials for a cardiology application.
 46Caged drug delivery – IBCS 2008
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Market of Protease assays
 Competitors AssayPromega PepTag™ proteaase assay – can detect very low
 levels.Calpain Glo™ Protease assay – simple, fast.Sigma Aldrich Several assays, both specific and non-specific.
 Thermo Scientific Fluorimetric Assay kit,Colorimetric Assay kit. Fast assays, can detect even low levels of protease.
 Athena Enzyme Systems
 PDQ™ Protease AssayAnaSpec Generic protease assaysCalbiochem Colorimetric AssayInvitrogen EnzChek™ Peptidase/protease assay kit
 47Caged drug delivery – IBCS 2008
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0.5-1 year 1-2 years 2-4 years
 •Test efficacy of different proteases•Determine capacity of cage for different drugs•Solidify IP
 •Focus on oncology and imaging models•Test targeted delivery capability•Wrap up search for business collaboration opportunities
 •First in man studies based on most successful pre-clinical data•Begin talks with FDA for approval
 Development timeline: An overview
 48Caged drug delivery – IBCS 2008
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