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Study of Hvmar1 transposition in human cells

ABSTRACTS 
These descriptions are meant to serve as succinct, accurate descriptions of the proposed work when separated from the application. Project 
objective and technical abstract may be posted on the CSUPERB website only if project is funded. Do not include proprietary information. Non-
technical abstract will be used for public information or program promotion, only if funded. Use only single-spaced text; project objective and two 
abstracts combined are limited to one page total. See instructions for more information. 
PROJECT OBJECTIVE: (Provide a 1-2 sentence, non-technical description of the project’s overall objectives and key milestones.)     
The overall objective of this project is to test the activity of the Hvmar1 transposon in human cells and develop a Hvmar1 
transposon-based system that could be used potentially as a nonviral means for introducing therapeutic genes into cells and 
tissues. 
TECHNICAL ABSTRACT: (State the application’s broad, long-term objectives and specific aims for expert reviewers)  
Currently, viral and nonviral gene transfer technologies are being developed for gene therapy applications.  Vectors based 
on several viruses, including adenovirus, retroviruses and adeno-associated viruses have been generated for in vivo gene 
delivery and can stably transduce different cell types, including humans.  However, their safety is a concern.  This is due to 
the fact that administration of the unintegrating viruses has been associated with immune and inflammatory risks.  Nonviral 
approaches, in which nucleic acids are delivered either bare or complexed with liposomes and polypeptides are much 
safer and less toxic than viral vectors.  However a limitation to this approach is that therapeutic transgene expression is 
transient due to lack of stable integration of the transgene into the host genome.  One strategy to overcome these 
limitations and to prolong transgene expression is to increase chromosomal integration through the use of plasmid-based 
transposon vectors.  The long term goal of this project is to develop a transposon system from the mariner-like transposon 
Hvmar1, as a means of integrating new gene sequences in human cells for therapeutic purposes.  The Hvmar1 element, 
identified from the tobacco budworm Heliothis virescens, has been studied in our laboratory and recently shown to be 
active in vivo in Drosophila melanogaster.  The specific aim of this project is to evaluate the potential of the Hvmar1 
element to mediate transposition and stable transgene expression in human cells (HeLa and adult mesenchymal stem 
cells).  The frequencies of transposition will be determined using a binary system that consists of transposase-expressing 
helper plasmid and a donor plasmid with terminal sequences bearing a neomycin resistance gene.  This approach will 
allow us to detect Hvmar1chromosomal integration events and compare its transposition efficiencies to those of other 
transposons, such as piggyBac (PB) and Sleeping Beauty (SB).  If the frequency of transposition is low, we propose to 
overcome this by generating hyperactive Hvmar1 transposase mutants.  Both PB from the cabbage looper moth and SB 
from the salmonid fish have been adapted for use in cultured human cells and can efficiently transpose in HeLa cells, 
primary T lymphocytes, and embryonic stem cells.  So far neither of these elements nor the use of any other transposable 
element have been reported in human adult stem cells.  We will next test the ability of Hvmar1 to transpose in human adult 
mesenchmal stem cells (MSCs) derived from adipose tissues.  A Hvmar1 donor transposon encoding a green fluorescent 
protein will be delivered to human MSCs with the transposase-making helper plasmid.  Recently, MSCs genetically 
modified with adenoviruses or adeno-associated viruses to express therapeutic proteins such as cytokines and angiogenic 
factors have demonstrated potential therapy for cancer and improved cardiac function.  Successful completion of this study 
should lead to improved non-viral integrating vectors for use in adult stem-cell based gene therapy. 
NON -TECHNICAL ABSTRACT: (State in layman's terms the application’s broad, long-term objectives and specific aims, making reference 
to the potential public benefits of the project for California.)         
Transposons or transposable elements are discrete DNA sequences that are found in multiple copies in most, if not all 
organisms.  They move (i.e. transpose) through a “cut-and-paste” mechanism in which the DNA transposon gets excised 
from one chromosomal site and is subsequently reinserted elsewhere in the genome by a transposase protein.   This 
process appears to require only a single transposase protein that acts in trans on virtually any piece of DNA sequence 
containing the transposon.  Thus, there is very little dependence on host factors.  This feature allows the DNA transposon 
to be active in a broad host range and different cell types.  While transposons have been developed into gene delivery 
tools and used for transformation of bacteria, fungi, plants, and insects for a very long time, they have only very recently 
been demonstrated to be capable of jumping at high frequencies in vertebrate, including human cell lines.  This progress 
has led to the development of a new generation of “cut-and-paste” transposons for gene therapy applications.  Currently, 
most gene therapy trials have used viral vectors for permanent or transient transfer of therapeutic genes.  However, the 
use of viral vectors presents serious drawbacks.  These range from failure to establish stable transgene expression or 
elimination of the gene-modified cells to triggering of acute systemic toxicity because of immune reactions, and even 
inadvertent risk of oncogenesis and cancer development. Transposable elements provide a potentially powerful alternative 
to viral vectors and several transposon systems are being developed to overcome some of these limitations.  The long-
term goal of this proposal is to develop Hvmar1 tranposon-derived vectors that are suitable for gene therapy and other 
transgenic applications.  We have recently detected transposition activity of the Hvmar1 transposon from the butterfly 
Heliothis virescens using genetic mobility assays performed in developing Drosophila embryos.  We will explore Hvmar1’s 
potential for gene therapy by testing the transposition and gene transfer ability of Hvmar1 into cultured human cells, which 
will include studies in adult stem cells.  To date, transposon-based gene delivery in human adult stem cells has not been 
reported.  The transposon created in this study could potentially be used as an improved non-viral integrating vector for 
use in gene therapy experiments and have an important impact in the area of stem cell therapy.  
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