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A.	Personal Statement

I am an Associate Professor at the Keck School of Medicine of the University of Southern California, with joint appointments in two basic science departments (Microbiology, Biochemistry) and a clinical department (Pediatrics). My research is highly translational, with a focus on the development of gene and stem cell therapies to treat chronic viral infections and genetic diseases. My work in this area uses gene editing technologies in particular, such as zinc finger nucleases (ZFNs), TALENs and CRISPRs, and my group has made a number of important technical advances that are accelerating their broader application. For example, we first reported on the ability of ZFNs to knock out the CCR5 gene in human hematopoietic stem cells, and demonstrated that this resulted in a potent anti-HIV effect in vivo using a humanized mouse model. These findings provided the preliminary data necessary to obtain a ‘Disease Team’ grant from the California Institute of Regenerative Medicine that has allowed us to move this therapy towards a clinical trial in HIV-infected individuals. My broader interest in the use of humanized mouse models also includes evaluating HIV drug therapies and modeling viral latency, and I have ongoing collaborations to look at the nature of CNS infections and to model to other human viral infections, in particular KSHV.

B.	Positions and Honors

Positions and Employment
1996-2001	Assistant Professor Research of Biochemistry & Molecular Biology, Keck School of Medicine USC, Los Angeles, CA
2001-2002	Assistant Professor of Microbiology and Immunology, Uniformed Services University, Bethesda, MD
2003-2008	Assistant Professor of Pediatrics and Biochemistry & Molecular Biology, Keck School of Medicine USC, Los Angeles, CA
2008-	Associate Professor of Pediatrics and Biochemistry & Molecular Biology, Keck School of Medicine USC, Los Angeles, CA
2009-	Associate Professor of Molecular Microbiology & Immunology, USC, Los Angeles, CA

Other Experience and Professional Memberships
2008-2012	Member, NIH Study Section, AIDS Molecular and Cell Biology
2012	Co-organizer, Cold Spring Harbor Laboratories Meeting on Retroviruses
2012	High Level Forum on HIV Cure Research (NIH, IAS and CAST)
2012-	Member, Recombinant DNA Advisory Committee, OBA, NIH
2013-	Board of Directors, American Society for Gene and Cell Therapy
2013-	International AIDS Society: Towards an HIV Cure
2014-	Forum for Collaborative HIV Research, Member of Animal Models Working Group
2014-2015	President, Keck School of Medicine Faculty Council, USC

C.	Contribution to Science

1.	Basic Studies of HIV and HIV Cure Research. My postdoctoral studies included research into HIV integration and post-integration latency. This is an interest that I maintain to the present day, because of the role this plays in HIV persistence and our inability to cure HIV with antiretroviral drugs. As an HIV researcher, I received a thorough training in cell and molecular techniques, and an understanding of viral infectivity that I now apply to the development of gene therapy tools. My interest in HIV persistence also motivated me to begin studies based on knockout of the CCR5 co-receptor gene as a potential gene therapy approach to this problem. My scientific contributions in this area are complemented by my involvement with several organizations and think-tanks focused on HIV cure research.
a. Cannon, P.M., Tenen, D.G., Feinberg, M.B., Shin, H.S. & Kim, S. (1993). Human immunodeficiency virus-1 infection of the human promyelocytic cell line HL-60: high frequency of low-level infection and effect of subsequent cell differentiation. Blood, 81, 437-445.
b. Cannon, P., Kim, S.H., Ulich, C. & Kim, S. (1994). Analysis of Tat function in human immunodeficiency virus type 1-infected low-level-expression cell lines U1 and ACH-2. J Virol, 68, 1993-1997. PMCID: PMC236665
c. Cannon, P.M., Byles, E.D., Kingsman, S.M. & Kingsman, A.J. (1996). Conserved sequences in the carboxyl terminus of integrase that are essential for human immunodeficiency virus type 1 replication. J Virol, 70, 651-657.
d. Cannon, P.M., Matthews, S., Clark, N., Byles, E.D., Iourin, O., Hockley, D.J., Kingsman, S.M. & Kingsman, A.J. (1997). Structure-function studies of the human immunodeficiency virus type 1 matrix protein, p17. J Virol, 71, 3474-3483.

2.	Site-specific Gene Engineering in HSC. My group has worked with targeted nucleases such as ZFNs, TALENs and CRISPR/Cas9 since 2007. We were the first to develop methods to efficiently use ZFNs in human HSC, and to demonstrate that knockout of the human CCR5 gene in those cells could lead to suppression of HIV replication in a humanized mouse model. I was subsequently involved in studies to scale-up this technology for use with clinically-relevant mobilized blood HSC, and to support an IND filing for a clinical trial to evaluate this approach (anticipated start, Spring 2015). To do this, we identified mRNA electroporation as a method that allowed large-scale single-batch modification of HSC in a method that is suitable for GLP. Most recently, I have been developing improved methods to enable homologous recombination repair in HSC (the focus of the current application).
a. Holt, N., Wang, J., Kim, K., Friedman, G., Wang, X., Taupin, V., Crooks, G.M., Kohn, D.B., Gregory, P.D., Holmes, M.C. & Cannon, P.M. (2010). Human hematopoietic stem/progenitor cells modified by zinc-finger nucleases targeted to CCR5 control HIV-1 in vivo. Nat Biotechnol, 28, 839-847. PMCID: PMC3080757 (cover story)
b. Hofer, U., Henley, J.E., Exline, C.M., Mulhern, O., Lopez, E. & Cannon, P.M. (2013). Pre-clinical modeling of CCR5 knockout in human hematopoietic stem cells by zinc finger nucleases using humanized mice. J Infect Dis, 208 Suppl 2, S160-S164. PMCID: PMC3807977
c. Li, L., Krymskaya, L., Wang, J., Henley, J., Rao, A., Cao, L.F., Tran, C.A., Torres-Coronado, M., Gardner, A., Gonzalez, N., Kim, K., Liu, P.Q., Hofer, U., Lopez, E., Gregory, P.D., Liu, Q., Holmes, M.C., Cannon, P.M., Zaia, J.A. & DiGiusto, D.L. (2013). Genomic editing of the HIV-1 coreceptor CCR5 in adult hematopoietic stem and progenitor cells using zinc finger nucleases. Mol Ther, 21, 1259-1269. PMCID: PMC3677314

3.	Viral Anti-tetherin Factors. Tetherin is an interferon-inducible protein that prevents the release of enveloped viruses from the surface of infected cells and also triggers an anti-inflammatory state. Several human viruses have been shown to express factors that antagonize its activity and my group studies the mechanism of action of these factors with a view to identifying new therapeutic approaches. These include the Vpu protein from HIV-1, the HIV-2 Env protein and the Ebola virus GP protein.
a. Hauser, H., Lopez, L.A., Yang, S.J., Oldenburg, J.E., Exline, C.M., Guatelli, J.C. & Cannon, P.M. (2010). HIV-1 Vpu and HIV-2 Env counteract BST-2/tetherin by sequestration in a perinuclear compartment. Retrovirology, 7, 51. PMCID: PMC2890665
b. Lopez, L.A., Yang, S.J., Hauser, H., Exline, C.M., Haworth, K.G., Oldenburg, J. & Cannon, P.M. (2010). Ebola virus glycoprotein counteracts BST-2/Tetherin restriction in a sequence-independent manner that does not require tetherin surface removal. J Virol, 84, 7243-7255. PMCID: PMC2898217
c. Yang, S.J., Lopez, L.A., Exline, C.M., Haworth, K.G. & Cannon, P.M. (2011). Lack of adaptation to human tetherin in HIV-1 group O and P. Retrovirology, 8, 78. PMCID: PMC3192746
d. Lopez, L.A., Yang, S.J., Exline, C.M., Rengarajan, S., Haworth, K.G. & Cannon, P.M. (2012). Anti-tetherin activities of HIV-1 Vpu and Ebola virus glycoprotein do not involve removal of tetherin from lipid rafts. J Virol, 86, 5467-5480. PMCID: PMC3347301

4.	Humanized Mouse Models for HIV Therapies. I use humanized mice to investigate the efficacy of anti-HIV gene therapies and novel drug regimens. In 2014, I was the Study Director on a >200-mouse toxicology study to evaluate the safety of CCR5 ZFN engineered HSC. As Study Director, I was responsible for putting together the study protocol, which was reviewed and approved by the FDA, for the planning and execution of the study, including ensuring strict accordance with the protocol, cataloging any study deviations, reviewing and reporting on all data generated during the study and aiding in the generation of the IND. I also use humanized mice to study other human pathogens and my expertise in this area lends itself to collaborations with other investigators, as reflected in some of my most recent grant awards.
a. Hofer, U., Henley, J.E., Exline, C.M., Mulhern, O., Lopez, E. & Cannon, P.M. (2013). Pre-clinical modeling of CCR5 knockout in human hematopoietic stem cells by zinc finger nucleases using humanized mice. J Infect Dis, 208 Suppl 2, S160-164. PMCID: PMC3807977
b. Gardner, M.R., Kattenhorn, L.M., Kondur, H.R., von Schaewen, M., Dorfman, T., Chiang, J.J., Haworth, K.G., Decker, J.M., Alpert, M.D., Bailey, C.C., Neale, E.S., Jr., Fellinger, C.H., Joshi, V.R., Fuchs, S.P., Martinez-Navio, J.M., Quinlan, B.D., Yao, A.Y., Mouquet, H., Gorman, J., Zhang, B., Poignard, P., Nussenzweig, M.C., Burton, D.R., Kwong, P.D., Piatak, M., Jr., Lifson, J.D., Gao, G., Desrosiers, R.C., Evans, D.T., Hahn, B.H., Ploss, A., Cannon, P.M., Seaman, M.S. & Farzan, M. (2015). AAV-expressed eCD4-Ig provides durable protection from multiple SHIV challenges. Nature, 519, 87-91. PMCID: PMC4352131
c. Holt, N.H., Exline, C.M., Mulhern, O., Hofer, O., Burke, K.A., Oldenburg, J.E. & Cannon, P.M. (2015). Zinc finger nuclease editing of human hematopoietic stem cells as an anti-HIV therapy. In: Humanized Mice for HIV Research. Poluektova, L.Y., Garcia-Martinez, J.V., Koyanagi, Y., Manz, M.G. & Tager, A.M. (eds.) (in press).

5.	Arenavirus Entry and its Inhibition. The arenaviruses are category A pathogens, with several members of the family causing severe viral hemorrhagic fevers with high fatality rates, such as Lassa fever virus. As part of the Pacific Southwest Regional Center for Excellence, my group studied the entry pathway of the New World arenaviruses, and in particular Junin virus, which causes Argentine hemorrhagic fever. We made discoveries about the nature of the receptor used in human cells, identified an attenuation signature motif in the vaccine strain and established a reverse genetics system that has allowed us to screen a large drug library for inhibitors. Work is ongoing to further develop the lead compounds we identified, including a compound which also has activity against Ebola.
a. Flanagan, M.L., Oldenburg, J., Reignier, T., Holt, N., Hamilton, G.A., Martin, V.K. & Cannon, P.M. (2008). New world clade B arenaviruses can use transferrin receptor 1 (TfR1)-dependent and -independent entry pathways, and glycoproteins from human pathogenic strains are associated with the use of TfR1. J Virol, 82, 938-948. PMCID: PMC2224602
b. Martin, V.K., Droniou-Bonzom, M.E., Reignier, T., Oldenburg, J.E., Cox, A.U. & Cannon, P.M. (2010). Investigation of clade B New World arenavirus tropism by using chimeric GP1 proteins. J Virol, 84, 1176-1182. PMCID: PMC2798354
c. Droniou-Bonzom, M.E., Reignier, T., Oldenburg, J.E., Cox, A.U., Exline, C.M., Rathbun, J.Y. & Cannon, P.M. (2011). Substitutions in the glycoprotein (GP) of the Candid#1 vaccine strain of Junin virus increase dependence on human transferrin receptor 1 for entry and destabilize the metastable conformation of GP. J Virol, 85, 13457-13462. PMCID: PMC3233171
d. Droniou-Bonzom, M.E. & Cannon, P.M. (2012). A systems biology starter kit for arenaviruses. Viruses, 4, 3625-3646. PMCID: PMC3528283



Complete List of Published Work in MyBibliography:
http://www.ncbi.nlm.nih.gov/pubmed/?term=cannon+pm

D.	Research Support

Ongoing Research Support
RT3-07848 	Cannon (PI)	04/15/15-04/14/18
CIRM
Site-specific Gene Editing in Hematopoietic Stem Cells as an Anti-HIV Therapy
The goal of this project is to identify novel AAV vectors that support in vivo engineering of HSC for anti-HIV therapies.
Role: PI

U19 HL129902	Cannon (PI)	04/01/15-03/31/20
Next Generation HSC Gene Therapy for HIV Control and Eradication
The goal of this U19 Program is to develop the next generation of gene/stem cell therapies to treat HIV-1.
Role: PI

R01 DE025167	Burton (PI)	09/25/14-05/31/19
Genomic Modification with Purified Nuclease Proteins for HIV-1 Therapy
The goal of this project is develop nuclease proteins to edit immunoglobulin genes in hematopoietic stem cells.
Role: Co-Investigator

R01 DA036171	Karn (PI)	07/01/13-03/31/18
Drugs of Abuse and the Epigenetic and Signaling Pathways Controlling HIV Latency
The goal of this project is to develop a mouse model of human microglia. 
Role: Collaborator

R21 AI110149	Cannon (PI)	11/21/13-10/31/15
HIV-specific Nucleases to Reservoir Cells
The goals of this project are to design and validate HIV-specific anti-HIV engineered nucleases, and to develop a humanized mouse model of latency.
Role: PI

U19 AI096111	Jerome, Kiem (Co-PIs)	07/08/11-6/30/16
Targeted Modification of Host and Proviral DNA to Treat Latent HIV Infection
The goals of this project are to develop technologies to deliver anti-HIV nucleases to the major reservoir cells, CD4+ central memory T cells, and CD34+ HSC using AAV vectors.
Role: PI on Supplemental Project

P01 CA180779	Jung (PI)	08/01/13-07/31/18
KSHV Persistence and Pathogenesis
The goals of this project are to oversee the development and customization of a humanized mouse model of KSHV infection, to enable in vivo studies of KSHV infection, persistence and pathogenicity.  
Role: Director, Genetic Core

R01 DE023926	Jung (PI)	09/17/13-06/30/18
KSHV Epigenetic Regulation
The goal of this project is to show that histone-modifying enzymes involved in the regulation viral gene expression ultimately serves as pharmaceutical targets to control KSHV-associated oral complications.
Role: Co-Investigator



Completed Research Support
[bookmark: _GoBack]ID10-USC-066	Cannon (PI)	09/01/11-08/31/13
California HIV/AIDS Research Program
Vpu Targets BST-2 to Deregulate the Interferon Response
The goal of this project was to investigate whether HIV-1 down-regulates BST-2 to deregulate the host’s interferon response.
Role: PI

DR1-01490	Zaia (PI)	03/01/10-08/31/14
California Institute for Regenerative Medicine
Zinc Finger Nuclease Based Stem Cell Therapy for AIDS
The goal of this project was to obtain sufficient pre-clinical data to allow the clinical use of zinc finger nucleases to disrupt the CCR5 gene in HSC from AIDS lymphoma patients undergoing chemotherapy and autologous HSC rescue. 
Role: Co-Investigator

ID12-USC-245	Cannon (PI)	03/01/13-02/28/15
California HIV/AIDS Research Program
Latent HIV - Targets and Tools
The goal of this project was to develop lentiviral vector based technologies to deliver agents specifically to latently infected HIV reservoir cells.
Role: PI

P01 HL073104	Kohn (PI)	04/01/03-03/30/15
Gene Therapy using Hematopoietic Stem Cells
The goals of this project were to design and construct retroviral and lentiviral vectors for gene transfer and expression in hematopoietic stem cells and their progeny. 
Role: PI on Project 2; Director, Vector Core

ARCHE 	Cannon (PI)	04/01/14-03/31/15
American Foundation for AIDS Research
Microglia and HIV-1 Latency
The goals of this project were to develop a humanized mouse model of human microglia, establish latent HIV-1 infections in these cells and evaluate the impact of latency reversing drugs.
Role: PI

U54 AI065359	Barbour (PI)	05/01/05-04/30/15
Targeting the Entry Pathway of New World Arenaviruses for Anti-viral Therapeutics
The goals of this project were to investigate receptor use by the New World arenaviruses and exploit their use of human TfR1 to develop targeted siRNA-based antivirals.
Role: PI on Project 2

