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A. Personal Statement
I have more than 10-year experience leading an active laboratory to carry out research in the field of bioengineering and nanomedicine, which qualifies me to successfully participate in the proposed research project. I have a broad background in biomolecular engineering, with specific training and expertise in protein engineering. I then applied the protein engineering principle into viral vector engineering and became expert in designing novel gene delivery vectors for targeted gene therapy and vectored vaccines. The ongoing research in my laboratory focuses on developing design principles by which to engineer virus-based nanovectors for modulating immune responses and for targeted delivery of genes and drugs. We primarily engineer viral vectors derived from lentiviruses and adeno-associated viruses for novel vaccines and gene therapy. With respect to synthetic nanovectors, our work is aimed at creating nanoparticles capable of controlled delivery of multiple drugs and making nanocapsules for delivery of protein therapeutics.  
B. Positions and Honors
Positions and Employment

2014-


Kaprielian Faculty Fellow, Viterbi School of Engineering, USC

2014-


Professor, Department of Pharmacology and Pharmaceutical Sciences, USC

2014-


Professor, Department of Biomedical Engineering, USC

2014-


Professor, Department of Chemical Engineering and Materials Science, USC

2011-


Associate member, USC Center for Regenerative Medicine and Stem Cell Research
2010-2013

Associate Professor, Department of Pharmacology and Pharmaceutical Sciences, USC

2010-2013

Associate Professor, Department of Biomedical Engineering, USC

2010-2013

Associate Professor, Department of Chemical Engineering and Materials Science, USC
2010-


Member, USC Norris Comprehensive Cancer Center

2010-


Member, Joint Center for Translational Medicine

2007-


Member, West Coast Translational Consortium, Caltech/UCLA/USC
2005-2010

Assistant Professor, Department of Chemical Engineering and Materials Science, USC
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2011


DoD Breast Cancer Idea Award
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Viterbi School of Engineering Innovation Award
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C. Contributions to Science 
1. My independent research career started with the work to engineer lentiviral vectors (LVs) for general cell-specific gene delivery. My team demonstrated a general method to engineer LVs capable of mediating cell-specific gene delivery. It involves uncoupling the target cell recognition function from the fusion function by arranging such functions in separate proteins. For recognition, we used antibodies, and for fusion, we used a viral glycoprotein that had been mutated to inactivate its binding ability. In addition to the intact antibody, we further expanded this strategy to utilize ligands alike, such as membrane-bound single chain antibody or other general ligands. We also demonstrated that LVs co-displaying the HIV ligand CD4 and a fusogenic molecule could target cells infected by HIV to express HIV envelope protein gp120. Such a recombinant vector is able to target a broad range of HIV envelope proteins, irrespective of their CCR5 or CXCR4 tropism. This body of work will impact the field of gene therapy and facilitate the development of the next generation in vivo gene medicine. I served as the principal investigator in all of these studies.
a) Yang, L., Bailey, L., Baltimore, D., Wang, P., Targeting lentiviral vectors to specific cell types in vivo. Proc. Natl. Acad. Sci. USA, 2006, 103, 11479-11484.  
b) Ziegler, L., Yang, L., Joo, K., Lei, Y., Yang, H., Baltimore, D., Wang, P., Targeting lentiviral vectors to antigen-specific immunoglobulins”, Hum. Gene Ther., 2008, 19, 861-872.
c) Yang, H., Joo, K., Ziegler, L., Wang, P., Cell type-specific targeting with surface-engineered lentiviral vectors co-displaying OKT3 antibody and fusogenic molecule, Pharm. Res., 2009, 26, 1432-1445. 
d) Lee, C.L., Dang, J., Joo, K.I., Wang, P. Engineered lentiviral vectors pseudotyped with a CD4 receptor and a fusogenic protein can target cells expressing HIV-1 envelope proteins, Virus Res., 2011, 160, 340-350. (doi: 10.1016/j.virusres.2011.07.010; PMCID: PMC3495169)
2. My group also pioneered the effort to explore the potential of dendritic cell (DC)-directed vaccines delivered by engineered LVs. Through our vector engineering work, we created a mutant form of Sindbis virus glycoprotein (SVGmu) and demonstrated that LVs enveloped with SVGmu could target DCs through DC-SIGN, a cell surface receptor predominately expressed in immature DCs. We carried out experiments to assess the potential of this DC-directed LV (DC-LV) vaccine vector for eliciting antigen-specific immune responses against cancer and HIV. In a mouse melanoma model, a single immunization by DC-LV encoding the melanoma antigen gp100 could elicit a high frequency (up to 10%) of gp100-specific CD8+ T cells in the peripheral blood, which resulted in significant inhibition of the growth of the aggressive B16 murine melanoma. We evaluated DC-LV encoding murine prostate stem cell antigen (PSCA) as a novel tumor vaccine for prostate cancer in mouse models. Direct immunization elicited robust PSCA-responsive T cells, which could provide protection from lethal tumor challenge in a prophylactic model and slow tumor growth in a therapeutic model. We also assessed the anti-HIV immune responses in mice resulting from the delivery of an HIV-1 Gag antigen by this vectored vaccine. The subcutaneous immunization resulted in a strong anti-Gag CD8+ T cell response. To address the issue of exhaustion of CD8 T cells observed in individuals chronically infected with HIV, we found that blocking of the programmed death 1 (PD-1)/PD-1 ligand (PD-1L) inhibitory signal via an anti-PD-L1 antibody could generate an enhanced Gag-specific immune response following DC-LV immunization. In an effort to further augment DC-LV immunization, we demonstrated that glucopyranosyl lipid A (GLA), a chemically synthesized TLR4 agonist, could significantly boost DC-LV-induced humoral and cellular immune responses. This vector system has been licensed by a startup company, Immune Design Corp., who has initiated clinical trials to testing this vector approach for therapeutic vaccines against solid tumors (ClinicalTrials.gov Identifier: NCT02035657). I served as the principal investigator and co-investigator in all of these studies.
a) Yang, L., Yang, H., Rideout, K., Cho, T., Joo, K., Ziegler, L, Elliot, A., Walls, A., Yu, D., Baltimore, D., Wang, P., Engineered lentivector targeting of dendritic cells for in vivo immunization, Nat. Biotech., 2008, 26, 326-334. 

b) Dai, B., Yang, L., Yang, H., Hu, B., Baltimore, D., Wang, P., HIV-1 Gag-specific immunity induced by a lentivector-based vaccine directed to dendritic cells, Proc. Natl. Acad. Sci. USA, 2009, 106, 20382-20387. 
c) Dai, B., Xiao, L., Bryson, P.D., Wang, P. PD-1/PD-L1 blockade can enhance HIV-1 Gag-specific T cell immunity elicited by dendritic cell-directed lentiviral vaccines, Mol. Ther., 2012, 20, 1800-1809. (doi: 10.1038/mt.2012.98; PMID: 22588271)
d) Xiao, L., Kim, J., Lim, M., Dai, B., Yang, L., Reed, S.G., Baltimore, D., Wang, P. A TLR4 agonist synergizes with dendritic cell-directed lentiviral vectors for inducing antigen-specific immune responses, Vaccine, 2012, 30, 2570-2581. (PMCID: PMC3360926)
3. My team has significant research efforts on engineering of synthetic nanoparticles for nanomedicine applications. We utilized a formulation of crosslinked multilamellar liposomes (CMLs) as a nanocarrier platform for drug delivery applications. We found that CML formulation could have sustained release of doxorubicin (Dox) and reduce systemic toxicity. Furthermore, enhanced vesicle stability with higher Dox bioavailability resulted in improved in vivo therapeutic activity to tumors. We also demonstrated that CML nanoparticles could be readily applied to a combinatorial therapy, especially for co-delivery of hydrophobic and hydrophilic drugs, which can offer several potential advantages, including synergistic effects and suppressed drug resistance. We are currently in the process of writing two manuscripts to report these combination studies. Overall, we believe that this liposomal formulation could have significant impact on advancing current nanomedicine research and offering many new options in the treatment of a wide range of diseases. In addition to CML nanoparticle, with a close collaboration with Prof. Yi Tang at UCLA, our group has been involved in designing and evaluating polymeric nanocapsules for intracellular protein delivery. Through this collaborative study, we have developed a degradable polymeric delivery system, which could be useful in the preparation and administration of protein drugs, vaccines, and other macromolecular therapeutics. I served as the principal investigator and co-investigator in all of these studies.

a) Gu, Z., Yan, M., Hu, B., Joo, K., Biswas, A., Lu, Y., Wang, P., Tang, Y., Protein nanocapsule weaved with enzymatically degradable polymeric network, Nano Lett., 2009, 9, 4533-4538.
b) 53. Joo, K.I.*, Xiao, L.*, Liu, S., Liu, Y., Lee, C.L.*, Conti, P.S., Wong, M.K., Li, Z., Wang, P., Crosslinked multilamellar liposomes for controlled delivery of anticancer drugs, Biomaterials 2013, 34, 3098. (doi: 10.1016/j.biomaterials.2013.01.039. Epub 2013 Jan 30)

c) Liu Y, Fang J, Kim YJ, Wong MK, Wang P. Codelivery of doxorubicin and paclitaxel by cross-linked multilamellar liposome enables synergistic antitumor activity. Mol Pharm. 2014, 11(5):1651-61. 

d) Zhao M, Liu Y, Hsieh RS, Wang N, Tai W, Joo KI, Wang P, Gu Z, Tang Y. Clickable Protein Nanocapsules for Targeted Delivery of Recombinant p53 Protein. J. Am. Chem. Soc. 2014, 136(43), 15319-15325. 
4. My group also conducted some trafficking studies on engineered viral vectors. These studies indeed improved our understanding of vector-target cell interactions and provided some insights for designing LVs for targeted gene delivery. Our initial study resulted in a general method of labeling AAV2 with semiconductor quantum dots (QDs) for enhanced visualization of the intracellular behavior of viruses in target cells. This was the first report to use QDs for labeling non-enveloped viruses, and the study revealed new information on the intracellular dynamics of virus-host cell interactions and the molecular mechanism of AAV2-mediated infection. We further compared the intracellular trafficking routes of AAV8 with those of AAV2 and revealed several distinct mechanisms for AAV8 to enter and transduce target cells. This study not only begins to define a paradigm for cellular trafficking of AAV8, but also provides several previously unidentified rate-limiting steps required for successful transduction of AAVs. We also explored new methods to improve AAVs for gene delivery applications. One method involves the site-specific modification of AAVs by genetically incorporating a short aldehyde tag peptide in the viral capsid. Because of the unique chemistry of the aldehyde group, the bio-orthogonal conjugation chemistry can be directly applied to this chemical handle for site-specific modifications. We demonstrated that targeted transduction of AAV2 could be achieved after conjugation with antibodies and peptide ligands. Another method involves the utilization of cell-permeable peptides (CPPs). We found that CPPs could increase internalization of AAV particles into cells and significantly enhance the endosomal escape process, resulting in elevated transduction to cells and tissues that otherwise are not permissive to AAVs by their impaired intracellular processing of the vector. Both methods are broadly applicable to various serotypes of AAVs and can expand the utility of AAVs for human gene therapy. I served as the principal investigator in all of these studies.

a) Joo, K., Lei, Y., Wang, P., Site-specific labeling of enveloped viruses with quantum dots for single virus tracking, ACS Nano, 2008, 2, 1553-1562. 

b) Liu, Y., Joo, K.I., Wang, P. Endocytic processing of adeno-associated virus type 8 vectors for transduction of target cells, Gene Ther. 2013, 20: 308-317. (doi: 10.1038/gt.2012.41; PMID: 22622241)

c) Liu, Y., Fang, Y., Zhou, Y., Zandi, E., Lee, C.L., Joo, K.I., Wang, P. Site-specific modification of adeno-associated viruses via a genetically engineered aldehyde tag, Small, 2012, Oct. 5. (doi: 10.1002/smll.201201661; PMID: 23038676) 

d) Liu, Y., Kim, Y.J., Ji, M., Fang, J., Siriwon, N., Zhang, L., Wang, P., Enhancing in vitro and in vivo gene delivery of adeno-associated virus type 2 by cell-permeable peptides, Molecular Therapy – Methods & Clinical Development, 2014, 1, 12.  

5. My research group also collaborated with Prof. Richard Roberts’ group in developing a new class of SUPR peptide drugs. When a protease-resistant selection is incorporated into the regular selection cycle, mRNA display can now design a new class of SUPR (Scanning Unnatural Protease Resistant) peptides. Our group assisted the Roberts team to show that the tail vain injection of such peptides could have a half-life of 2 hours for SUPR and 18 hours for a variant modified to enhance plasma protein binding. In addition, feeding the peptide to mice via oral gavage showed that a modified SUPR peptide achieved almost 10% oral bioavailability. This strategy provides a new means to design drugs capable of targeting traditionally undruggable proteins. I served as the principal investigator in all of these studies.
a) Xiao, L., Hung, K.C., Takahashi, T.T., Joo, K.I., Lim, M., Roberts, R.W., Wang, P., Antibody-mimetic ligand selected by mRNA display targets DC-SIGN for dendritic cell-directed antigen delivery, 2013, 8, 967-977. (doi: 10.1021/cb300680c)
b) Howell SM, Fiacco SV, Takahashi TT, Jalali-Yazdi F, Millward SW, Hu B, Wang P, Roberts, RW. Serum stable natural peptides Designed by mRNA display. Scientific Reports. 2014, 4: 6008. 
Complete List of Published Work in SciENcv:

https://www.ncbi.nlm.nih.gov/myncbi/pinwang@era%20commons/cv/
D. Research Support
Ongoing Research Support
National Institute of Health, NCI, R01CA170820      Wang (Multi-PI)          

10/01/2012-09/30/2016

SUPR Peptide to Inhibit Undruggable Cancer Target (PQ18)

The object is to design peptide inhibitors for undruggable proteins. 

Role: PI

National Institute of Health, NCI, R01EB017206       Wang (Multi-PI)             
09/01/2013-08/31/2018 

In Situ Redirection of T Cell Specificity by Targeting Chimeric Antigen Receptor Expression

The objective is to test the vectors for targeted delivery of CAR into T cells. 

Role: PI

USC Ming Hsieh Institute for Nanomedicine            Wang (PI)             


 06/01/2014-05/31/2015
Nanoparticle-Mediated Delivery Targeting TAK1 as a Metastatic Breast Cancer Therapy
The goal is to evaluate the efficacy of CML nanoparticle-mediated delivery of drugs targeting TAK1 for inhibiting breast cancer metastasis. 

Role: PI

National Institute of Health, P01CA132681             Batimore (PI)
     



12/01/2010-11/30/2015
Stem Cell-Engineered Tumor Immunity in Man
Project 5: Optimization of Mart-1 TCR Gene Transfer for Anti-melanoma Immunity
The goal is to optimize the components involved in TCR gene transfer so that this treatment can be translated into a reliable therapeutic modality.
Role: Project Leader. 

Completed Research Support
National Institute of Health (NIH), R01AI068978      Wang (PI)                          
02/01/2006-01/31/2012
Targeting Lentiviruses to Infect Chosen Cells

The goal of this project is to evaluate the therapeutic potential of a lentiviral vector system for in vivo targeting.

Role: PI

CIRM Tools and Technology Award, RT1-01028     Wang (PI) 




04/01/2009-12/31/2011

Development of Baculoviral Vectors for Gene Editing of Human Stem Cells
The objective of this project is to test the concept of combining baculoviral vectors with its versatility and large insert capacity as the delivery tool and mRNA display as a powerful molecular design tool to efficiently and precisely manipulate stem cell genomes.
Role: PI
Bill and Melinda Gates Foundation                           Baltimore (PI)                   
10/01/2009-09/30/2011

Dendritic Cell Targeting for an HIV Vaccine

The goal is to thoroughly evaluate and perfect the use of a non-integrating lentiviral vector (NILV) and to establish proof-of-concept that this vaccine will safely generate productive immune response in preclinical animal models.
Role: Co-PI
California HIV/AIDS Research Program IDEA Award     Wang (PI)                  
 04/01/2010-03/31/2012

Dendritic Cell-Directed Vaccine against HIV

The goal of this project is to thoroughly test the hypothesis that the DC-targeting IDLV is a potent antigen delivery vehicle that is capable of eliciting strong HIV-specific immune responses in mice.   
Role: PI

Joint Center for Translational Medicine 




Wang (PI)                  
  04/01/2010-03/31/2012

Dendrtic Cell-Targeted Melanoma Immunotherapy 

The goal of this project is to evaluate various strategies to combine cancer vaccines with other treatments for curing melanoma.

Role: PI         

DoD Breast Cancer Idea Award                                        Wang (PI)                   
   06/01/2011-05/31/2013

Intracelluar Protein Delivery for Treating Breast Cancer

The goal of the project is to test a new nanocapsule for delivery of therapeutic reagents to breast tumor cells. 

Role: PI
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