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A.	Personal Statement
	My research group develops next generation drug carriers that target disease microenvironments, including those in cancer, the liver, the kidney and the eye. We specialize in the use of genetic engineering to produce protein polymers that: (i) drive self-assembly of proteins and drugs into multivalent nanoparticles (10-200 nm in diameter); (ii) enable diagnostic imaging of distribution in the body; and (iii) promote selective activity or accumulation at target locations. Protein polymers are high molecular weight peptides that serve roles typically served by synthetic polymers, such as a high molecular weight, a platform for conjugating multiple agents, or assembly of a nanostructure. The nanoparticles we are developing are highly innovative, as they are composed entirely from genetically engineered protein polymers. Biologically inspired by the human gene for tropoelastin, these elastin-like polypeptides are biodegradable, biocompatible, switchable, and may be seamlessly fused with an array of biologically active peptides. Protein polymers are an emerging platform for co-encapsulating drugs and biopharmaceuticals and generating multi-functional drug carriers. 
	My role on this project is to assist in the development of peptide, lipid, oligonucleotide, and polymer-based therapeutics for the purpose of changing the activity of molecular targets that play a role renal pathophysiology. In addition, I have significant teaching and research experience in the quantification and interpretation of preclinical and clinical pharmacokinetics in locations including the brain, tumor, blood, eye, liver, and kidney. The following articles most closely illustrate my broad expertise related to this area:
1. Lee CC, MacKay JA, Frechet JM, Szoka FC. Designing dendrimers for biological applications. Nat Biotech. 2005. 23(12):1517-26. (PMID16333296, 1199 citations)
2. MacKay JA, Chen M, McDaniel JR, Liu W, Simnick AJ, Chilkoti A. Self-assembling chimeric polypeptide-doxorubicin conjugate nanoparticles that abolish tumors after a single injection. Nat Materials. 2009. 8(12):933-9. (PMC2862348, 205 citations)
3. Janib SM, Moses AS, MacKay JA. Imaging and drug delivery using theranostic nanoparticles. Adv Drug Deliv Rev. 2010 Aug 30;62(11):1052-63. (PMC3769170, 324 citations)
4. Shi P, Aluri SR, Lin YA, Shah M, Edman-Woolcott M, Dhandhukia J, Cui H, MacKay JA.  Elastin-based protein polymer nanoparticles carrying drug at both corona and core suppress tumor growth in vivo. J Cont Rel. 2013 Nov 10;171(3):330-8.  (PMC3795821)



B.	Positions and Honors
Positions and Employment
1998	Research Intern, Millennium Pharmaceuticals Inc., Cambridge, MA.
1997-1999	Undergraduate Research Assistant, Dept of Chemical Engineering, Mentored by Prof. R Langer,
	Massachusetts Institute of Technology, Cambridge, MA.
1999-2000	Bioprocess Engineer, Antigenics Inc., Woburn, MA.
2000-2005	Graduate Student, Joint Graduate Group in Bioengineering, Mentored by Prof. FC Szoka Jr,
	University of California at Berkeley and San Francisco, San Francisco, CA. 
2005	Instructor and Postdoctoral Fellow, School of Pharmacy, UCSF, San Francisco, CA.
2005-2008	Postdoctoral Associate, Dept of Biomedical Engineering, Mentored by Prof. A Chilkoti
 	Duke University, Durham, NC.
2008-	Assistant Professor, Dept of Pharmaceutical Sciences and Pharmacology, 
	University of Southern California, Los Angeles, CA.
2009-	Assistant Professor (secondary), Dept of Biomedical Engineering,
	University of Southern California, Los Angeles, CA.

Other Experience and Professional Memberships
2001-	Member, Biophysical Society
2009-	Member, Society for Thermal Medicine
2009-	Member, American Association of Pharmaceutical Scientists
2009-	Member, American Chemical Society
2010-	Member, Association for Research in Vision and Ophthalmology
Honors
1997	Abbott Award for Undergraduate Research in Biomedical Engineering
1997	NSF-Research Experience for Undergraduates Fellowship, University of Iowa
2001-2005	Howard Hughes Medical Institute Predoctoral Fellowship 
2006-2008	Kirschstein National Research Service Award Individual Postdoctoral Fellowship
2011-2013	Stop Cancer Foundation Research Career Development Award

C.	Contributions to Science
I. Modeling pH responsive PEG poly diortho ester liposomes 
My earliest contribution to science was to characterize and model the behavior of pH responsive lipids that incorporated poly ethylene glycol linked to a lipid core by a finely tuned diortho ester linkage. pH responsive lipids can respond to biological environments, most notably the decreased endo-lysosomal pH. In 2003, most pH responsive lipids depended on the protonation or deprotonation of charged functional groups. A major limitation was that charged surfaces produce undesirable biodistribution and interfere with electrostatic complexation of oligonucleotides. To overcome this, I supported a team to develop a neutral charged pH responsive lipid, which was used to deliver small molecules and plasmid DNA alike. My contribution was to develop a mathematical model to relate the pH and concentration destabilization of these systems. To this day, I maintain an active research interest in pH responsive systems. 
1. Guo X, MacKay JA, Szoka FC Jr. Mechanism of pH-triggered collapse of phosphatidylethanolamine liposomes stabilized by an ortho ester polyethyleneglycol lipid. Biophys J. 2003. 84(3):1784-95. (PMID12609880)
2. Choi JS, MacKay JA, Szoka FC Jr. Low-pH-sensitive PEG-stabilized plasmid-lipid nanoparticles: preparation and characterization. Bioconjug Chem. 2003. 14(2):420-9. (PMID12643753)
3. Li W, Huang Z, MacKay JA, Grube S, Szoka FC Jr. Low-pH-sensitive poly(ethylene glycol) (PEG)-stabilized plasmid nanolipoparticles: effects of PEG chain length, lipid composition and assembly conditions on gene delivery. J Gene Med. 2005. 7(1):67-79. (PMID15515149)
4. Huang Z, Guo X, Li W, MacKay JA, Szoka FC Jr. Acid-triggered transformation of diortho ester phosphocholine liposome. J Am Chem Soc. 2006. 11;128(1):60-1. (PMID16390121)

II. Convection enhanced delivery of liposomes to the brain
My graduate dissertation work described a major contribution to neurosurgery, during a period of intensive interest in the concept of convection enhanced delivery. Convection enhanced delivery is an approach to delivery therapies by directly pushing fluid through the brain. In 2005, there were no significant reports on the limitations of this approach with respect to nanoparticle size, charge, and contents. I contributed to two early papers describing and modeling how lipid systems can penetrate the rat brain. These findings have been widely cited; furthermore, they have influenced the design of nanoparticles undergoing clinical trials using this delivery strategy in diseases including glioblastoma multiforme and Parkinson’s Disease. 
1. MacKay JA, Deen DF, Szoka FC Jr. Distribution in brain of liposomes after convection enhanced delivery; modulation by particle charge, particle diameter, and presence of steric coating. Brain Res. 2005. 1035(2):139-53, cover. (PMID15722054) 
2. MacKay JA, Li W, Huang Z, Huynh G, Dy E, Tihan T, Collins R, Deen DF, Szoka FC Jr. HIV TAT peptide modifies the distribution of liposomes, DNA nanolipoparticles, and transfection following convection enhanced delivery. Mol Ther. 2008. 16(5):893-900. (PMID18388927)

II. Protein polymer nanomedicines
Protein polymers are repetitive amino acid sequences that can be obtained from bacterial bioengineering at unprecedented fidelity; furthermore, they can achieve many of the same goals accomplished using synthetic polymers. In 2009, I was the first author on the first study to recognize that these protein polymers could sterically stabilize nanoparticles with therapeutic cargo. At the time, it was not known that these polymers could be used to deliver a functional chemotherapeutic in vivo; however, we successfully demonstrated a potent anti-cancer response in a murine tumor model. More recently, my research group has published additional papers describing novel protein polymer medicines that deliver small molecules and proteins to cancer, anti-cirrhosis peptides for liver disease, and mitogenic growth factors to stimulate ocular repair. Thus, I have been intricately involved in the emerging field of protein polymer-stabilized nanomedicines.
1. MacKay JA, Chen M, McDaniel JR, Liu W, Simnick AJ, Chilkoti A. Self-assembling chimeric polypeptide-doxorubicin conjugate nanoparticles that abolish tumors after a single injection. Nat Materials. 2009. 8(12):933-9. (PMC2862348)
2. Pastuszka MK, Wang X, Lock LL, Janib SM, Cui H, DeLeve LD, MacKay JA. An amphipathic alpha-helical peptide from apolipoprotein A1 stabilizes protein polymer vesicles. J Control Release. 2014 Oct 10;191:15-23. (PMID: 25016969, PMC pending) 
3. Wang W, Despanie J, Shi P, Edman-Woolcott MC, Lin Y-A, Cui H, J. Heur M, Fini E, Hamm-Alvarez SF, MacKay JA.  Lacritin-mediated regeneration of the corneal epithelia by protein polymer nanoparticles J. Mater Chem B. 2014 Dec 14;2(46):8131-8141. Featured on inside front cover. (PMC4270104)
4. Aluri S, Shi P, Gustafson J, Wang W, Lin YA, Cui H, Liu S, Conti PS, Li Z, Hu P, Epstein AL, MacKay JA. A Hybrid Protein-Polymer Nanoworm Potentiates Apoptosis Better Than a Monoclonal Antibody. ACS Nano. 2014 Mar 25;8(3):2064-76. (PMC4004287) 

IV. 	Bioresponsive protein polymers
Some protein polymers undergo phase behavior, which can be finely tuned to respond to specific biological stimuli. Following upon my theme of pH responsive systems, in 2010 I first reported and modeled the phase behavior for a new class of pH dependent protein polymers. At the time, it was known that ionizable amino acids could change the solubility of protein polymers called elastin-like polypeptides; however, it was unknown how to appropriately tune their phase separation to occur at physiologically relevant conditions. I designed new protein polymers and collected a dataset that was fit to a model of concentration, pH, and molecular weight. Since then, my research group has developed additional bioresponsive strategies that respond to small molecules that induce dimerization. We have characterized and modeled extensively the conditions for which these polymers assemble, and we have even developed lipid-core peptide amphiphiles that are thermally responsive. 
1. MacKay JA, Callahan DJ, FitzGerald KN, Chilkoti A. A quantitative model of the phase behavior of recombinant pH-responsive protein polymers. Biomacromolecules. 2010 Oct; 11(11): 2873–9. (PMC3032028)
2. Janib SM, Pastuszka MK, Aluri SR, Folchman-Wagner Z, Hsueh P, Shi P, Lin YA, Cui H, MacKay JA. A quantitative recipe for engineering protein polymer nanoparticles. Polym. Chem. 2014; 5(5), 1614-25. (PMC3916011)
3. Dhandhukia J, Weitzhandler I, Wang W, MacKay JA. Switchable Elastin-Like Polypeptides that Respond to Chemical Inducers of Dimerization. Biomacromolecules. 2013 Apr 8; 14(4):976-85. (PMC3721738)
4. Aluri SR, Pastuszka MK, Moses AS, MacKay JA. Elastin-like Peptide-Amphiphiles form nanofibers with tunable length. Biomacromolecules. 2012 Sep 10;13(9):2645-54. (PMC3461336)

V. Intracellular assembly of protein polymers
Our more recent work focuses on the intracellular behavior for thermally-responsive protein polymers, and their use to build microdomains within living cells. We first described this effect in 2012, where we characterized the kinetics and tunability of assembly for a GFP fusion peptide. This past year, we have extended this work to assemble and sort two different fluorescent molecules within a cell; furthermore, our most recent paper in this area demonstrates that this approach can be used to sequester and shut down target endocytosis pathways within a cell. This is an emerging tool with possible implications in synthetic biology, cell biology, biosensors, and also high throughput drug screening. 
1. Pastuszka MK, Janib SM, Weitzhandler I, Okamoto CT, Hamm-Alvarez SF, MacKay JA. A tunable and reversible platform for the intracellular formation of genetically engineered protein microdomains. Biomacromolecules. 2012 Nov 12; 13(11):3439-44. (PMC3500625)
2. Shi P, Lin YA, Pastuszka M, Cui H, Mackay JA. Triggered Sorting and Co-Assembly of Genetically Engineered Protein Microdomains in the Cytoplasm. Adv Mater. 2014 Jan 22;26(3):449-54. doi: 10.1002/adma.201303356. Epub 2013 Oct 18. (PMC3947098)
3. Pastuszka MK, Okamoto CT, Hamm-Alvarez SF, MacKay JA. Flipping the Switch on Clathrin-Mediated Endocytosis using Thermally Responsive Protein Microdomains. Adv Func Mater. 2014 Sep 10;24(34):5340-5347. Featured on issue cover. (PMC4235962)

[bookmark: _GoBack]Complete List of Published Work in Google Scholar: (Includes 44 peer-reviewed publications)
http://scholar.google.com/citations?user=ZhPyrxUAAAAJ&hl=en
D. Research Support
Ongoing Research Support
1 R01 EB 020053-01										MacKay (PI) 			04/01/15 – 03/31/20
Intracellular switching using genetically engineered protein microdomains 
Dr. MacKay is the project leader and will oversee all aspects of this project to develop proteins that switch cellular pathways on or off within live cells. 
Role: PI													

USC Ming Hsieh Institute Pilot Project					MacKay (PI) 			06/01/14 - 06/30/15			
Bispecific hybrid nanoworms for immunotherapy of B-cell lymphoma
The major goal is to develop antibody-protein polymer fusions that assemble bispecific nanostructures that crosslink effector and target cells. 
Role: PI

Stop Cancer Foundation Career Development Award 	MacKay (PI)			03/01/11 - 02/28/15
Genetically engineered nanoparticles for cancer imaging and drug delivery
The major goal is to develop bioresponsive peptide and lipid-based drugs that target cancer. 
Role: PI

USAMRC/TATRC VRP Hypothesis Development Award	MacKay (PI)		09/01/12 - 08/31/15 (NCE) 
VRPD Treatment of the Cornea using Transcytotic Delivery into the Tear Film 
The major goal is to develop protein polymer nanoparticles that target the lacrimal gland to improve recovery from corneal injuries.
Role: PI

5 R01 EY 001545-34 										Hinton (PI) 			04/01/12 - 03/31/17
An experimental approach to maculopathy
The major goal (for Dr. Mackay’s contribution) is to study and develop novel peptide-drug conjugates as treatments for macular degeneration.
Role: Co-investigator

1 R41 EY 022514-01A1									Samudre (PI)			08/31/13 - 09/31/2015 (NCE)
A Thermo-responsive Biopharmaceutical to Enhance the Tear Production of Lacritin
The major goal for Dr. MacKay’s subcontract is to manufacture a small panel of ELP lacritin fusion proteins for evaluation using a rabbit model of tear stimulation.  
Role: Co-investigator
Completed Research Support
1 R21 EB 012281-02 										MacKay (PI) 			07/01/10 - 06/30/13 (NCE)		
A rapid, reversible switch for controlling intracellular trafficking 
The major goal is to develop genetically encoded protein polymers as tools that turn on or off clathrin mediated endocytosis. 
Role: PI

USC Whittier Foundation Pilot Project 					MacKay (PI)			01/01/12-05/30/14			
Genetically Engineered Cancer Nanomedicines
The major goal is to develop sustained release biopharmaceuticals for cancer therapy.
Role: PI

SC Clinical and Translational Science Institute Pilot Project MacKay (PI)		07/01/12 - 06/30/13
Preclinical evaluation of sustained-release disintegrins for cancer therapy
Developed a long-circulating disintegrin for evaluation as a diagnostic imaging and therapeutic agent for solid tumors, including prostate cancer.  
Role: PI

USC Ming Hsieh Institute Pilot Project(Renewed)		MacKay (PI) 			09/01/13 - 08/31/14			
Diagnostic imaging of smart genetically engineered nanomedicines
The major goal is to develop a new class of polypeptide drug carriers targeted to the extracellular proteolytic microenvironment of cancer. 
Role: PI

USC Ming Hsieh Institute Pilot Project 					MacKay (PI) 			11/01/11 - 10/31/12			
Diagnostic imaging of smart genetically engineered nanomedicines
The major goal is to develop a new class of polypeptide drug carriers targeted to the extracellular proteolytic microenvironment of cancer. 
Role: PI

Wright Foundation Young Investigator 					MacKay (PI)			07/01/11 - 6/30/12	
Biomolecular engineering of sustained-release disintegrins for cancer therapy
The major goal is to demonstrate in vivo that long-circulating protein polymers can enhance the pharmacokinetics and efficacy for a model protein drug.
Role: PI



