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Genetics based medicine offers exciting opportunities in permanently treating a 

condition or disease. Gene therapy can be generally described as delivering a gene to a 

cell to enable production of a particular protein. To facilitate gene therapy, viral or non-

viral vectors are commonly used. This research investigated the possibility of using the 

non-viral Sleeping Beauty (SB) transposon system for delivering a gene systemically and 

enhancing that gene expression in endothelial cells. Endothelial cells were chosen 

because they are involved in regulating vascular homeostasis and controlling 

angiogenesis seen in tumor formation. Endothelial cell-specific Tie2 and endothelin-1 

promoters were placed within the transposase and transposon system, respectively. Two 

SB configurations were evaluated. The first had the transposase delivered on a separate 

vector (Trans), while the second was configured with the transposase and transposon on 

the same vector (Cis). The Tie2-driven transposase was tested in a transposition assay, 

and achieved transposition activity similar to the CMV-driven transposase in an 



x 

endothelial cell line. Using the endothelial-specific SB system complexed to 

polyethylenimine, secreted alkaline phosphatase (SEAP) and luciferase expression were 

evaluated following administration into mice. Stable long term SEAP expression was 

detected at day +84 post-injection using both endothelial-specific SB configurations. In 

evaluating tissue expression, robust luciferase activity was detected in lungs. The highest 

activity was recorded in the no specific cell-targeted (Nonspec) group, followed by the 

Trans and Cis groups. The heart and liver had lower levels of expression. However, there 

was a significantly higher level of activity in the liver for the Nonspec group compared to 

the Trans and Cis groups. The lower expressions in the Trans and Cis groups may be an 

indication of the endothelial-specific Tie2 promoter’s low activity in non-vascular 

endothelial cells in the liver. No activities were detected in the kidney or spleen. Overall, 

the Trans plasmid system had higher activities in organ tissues compared to Cis. These 

results suggest that SB can be adapted to target specific cells for expression. In this case, 

cells successfully targeted were of endothelial origin. In addition, the Trans configuration 

appears to work better in vivo. Adapting SB towards endothelial specificity may be useful 

for future gene therapy approaches in treating cardiovascular and other endothelial-

related diseases.   
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CHAPTER 1 
INTRODUCTION 

Gene therapy holds the promise of revolutionizing health care in the 21st century 

for some diseases. The general concept of gene therapy can be described as the delivery 

of a functional gene into a patient who harbors a genetic mutation, thereby enabling 

production of the missing protein. In other words, gene therapy can replace defective or 

disease-causing genes. Alternatively, gene therapy can also be used to add a new function 

to a cell. While the purpose of gene therapy varies with each medical condition, the end 

result sought is similar. Such genetics-based medicine, rather than conventional 

chemistry-based approaches, offers exciting opportunities at providing long-term and 

permanent treatment that addresses the root cause of some medical conditions. This 

approach alleviates the difficult and costly task of symptom management over prolonged 

periods of time. However, most current gene therapy techniques are still undergoing 

refinement and carry some elements of risk. At present, gene therapy treatments are only 

offered after careful evaluation of the risk-return benefits. As more gene therapy 

improvements are made, we hope that the risk component will some day be negligible.  

Gene Therapy Models: Viral and Non-Viral 

By 2004, over 900 clinical trials on human gene therapy have been conducted, are 

on-going, or approved. Non-viral systems such as naked DNA and lipofection accounted 

for a quarter of those trials [1]. Gene therapy approaches can be broadly categorized as 

either viral or non-viral vector based. Viral systems include the use of retroviruses, 

adenoviruses, lentiviruses and adeno-associated viruses (AAV), amongst others. Non-
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viral systems include the use of naked DNA, lipids, and transposons. Each of these 

systems has its own advantages and disadvantages [2]. 

Viral based approaches are traditionally favored for gene therapy due to viruses’ 

ability to infect cells. Many integrate their own viral nucleic acids into their hosts’ cell 

genetic material to produce progeny. These viruses offer the possibility of efficient 

chromosomal integration and thus, possible long-term expression of transgenes. Viral-

based systems are traditionally more efficient at gene delivery and chromosomal 

integration compared to non-viral techniques such as using naked DNA. Their natural 

viral capability of entering cells is their biggest advantage.  

However, while viral systems are popular platforms for gene therapy research, 

many issues remain unanswered. Depending on the viral vector of choice, there are 

concerns over host responses to viral components [3], non-sustainable gene expression 

[4], therapeutic gene size restriction [5], and the propensity of some viruses to prefer 

genes and integrate near transcription units [6]. These are all valid concerns pertaining to 

safety and efficacy. A recent study also suggested that viral vectors have negative effects 

on human endothelial cell phenotype, activation, and function [7]. Therefore, viral-based 

gene therapy may not be best suited for diseases affecting the endothelium such as 

cardiovascular diseases.  

Such concerns with viral vectors have fueled the development of non-viral 

methods. Because conventional non-viral methods also have limitations of their own [8], 

new non-viral systems such as ΦC31 [9] and Sleeping Beauty (SB) were developed. 

Transposons 

Transposons are genetic elements that can move within a genome through a process 

called transposition. They have some virus-like characteristics, but they do not cause cell 
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lysis. Transposable elements are grouped into two classes. Class I Retrotransposons move 

via RNA intermediates while Class II transposase dependent elements move through 

DNA intermediaries with the aid of a transposase protein [10]. Autonomous transposons 

encode their own transposase protein for transposition while non-autonomous ones 

depend on transposase from another transposon for its own mobility [11]. 

Transposons can be sub-classified under several families. The Tc1/mariner 

superfamily of DNA transposons is one of the most widespread in nature. They are found 

in nematodes, arthropods, fish, frogs, and humans. Tc1/mariner elements are about 1300 

– 2400 base pairs (bp) long and contain a single transposase gene that is flanked by 

inverted repeats [12]. Given their wide-range presence in hosts, this transposon family 

probably spread through horizontal transmissions [13]. Evolutionary pressure to survive 

may have led to this cross-species transposition capability [14]. Interestingly, such 

ancient evolutionary adaptation millions of years ago may be leading us into a whole new 

approach towards medical treatment in the future.  

Sleeping Beauty Transposon System 

The Sleeping Beauty system is a Tc1-like transposon (TCE) and is a member of the 

Tc1/mariner superfamily. Ivics et. al. identified a nuclear localization signal in TCE and 

evidence of possible cross species transposition capabilities [15]. Mariner transposon’s 

cross-species capability was later demonstrated in 1996 [13]. Having these attractive 

features in a vertebrate transposon prompted the team to reconstruct a TCE transposon 

from fish in 1997 using phylogenetic data. With the data as a guide, the synthetic 

transposon was made to closely resemble an extinct 10-15 million year old TCE element 

that likely possessed high transposition capability. For the transposase, they re-

engineered the gene by using a majority-ruled consensus derived from the salmonid 
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family. Mutations in the transposase’s present genetic sequence were removed to enable 

it to regain its function. A working transposase with 340 amino acids was recreated and 

named SB10. For the first time, an active vertebrate DNA transposon with transposition 

capability in a human cell line was available. The revived transposon system was aptly 

named Sleeping Beauty [16].  

Rationale for Using Sleeping Beauty in Gene Therapy 

For the past few years, major improvements were made to SB as a gene therapy 

system. With a greater understanding of its transposition mechanism, SB vectors are 

being optimized to make it into a gene therapy vector. SB is a promising system for gene 

therapy because it possesses many of the required attributes. This system offers many 

advantages over viral and existing non-viral techniques, such as:  

Minimal Host-specific Responses 

Because SB components are completely non-viral, it is unlikely that host antigen-

specific responses will be mounted against repeated therapy attempts. Viral-based 

therapies, such as adenovirus models, elicit immune responses towards the viral vector 

which will neutralize any attempts to re-deliver the therapeutic gene to the host [3]. Such 

problems will severely limit the potential uses of intended multiple dosing treatments. 

Controlled Delivery 

Since SB transposition requires the transposase protein, delivery of the transposase 

can be easily controlled or stopped once the therapeutic gene is delivered. The newly 

introduced gene will not be mobile as long as no transposase protein is available. This 

requirement assures that transposition activity can be somewhat controlled once SB is 

introduced into the human body.   
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Integration and Long-term Expression 

SB integrates into the chromosomal DNA. This capability overcomes the most 

significant disadvantage of previous non-viral models. Because of its integrating abilities, 

SB enables long-term expression of transgenes in hosts [17-19]. 

Safety 

There are no active DNA transposons found in humans. Humans harbor only 2-3% 

of transposon DNA in our genome and all have been inactivated [20]. More importantly, 

the TCE IR/DR element is not present in the human genome. As such, the introduction of 

SB transposase will have minimal risk of re-activating any resident DNA transposons in 

patients.  

Larger Gene Load 

Some viral-based methods, such as AAV, have a cargo load limit of about 4 

kilobases (kb) long and cannot be used for delivery of bigger genes. SB is capable of 

delivering transgenes that are as large as 6 kb. Since most human genes are less than 7 

kb, this attribute is attractive for gene therapy [21]. When a sandwich SB transposon 

configuration is deployed, where two pairs of transposon sequences flank a transgene, 

“cargo” as large as 10kb can be successfully transposed [22]. 

Ease of Production 

Components for gene therapy applications have to be easily produced on a large 

scale to meet clinical demands. SB components can be manufactured easily. This feature 

is an advantage over viral vectors where production quantity, cost, feasibility, and safety 

are pressing issues. 
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Efficacy 

Remnants of Tc1/mariner transposons are found in humans and across many 

species [12]. These inactive fragments suggest that Tc1/mariner transposons may have 

transposed into human cells years ago. As SB is a member of the Tc1/mariner family, it 

is expected that it too can have the ability to transfect human cells. In addition, as 

mariner elements do not require species-specific enzymes for transposition [23], SB will 

also likely be able to transpose across a wide host range, especially in humans.   

Structure of the Sleeping Beauty System 

The revived SB structure is similar to other TCEs. However, SB consists of a 

separated transposon and transposase system that are supplied on plasmids. The removed 

transposase gene is replaced by a therapeutic gene of interest. The transposon is made up 

of inverted repeats that are about 230bp long that flank both ends of the element. Within 

each of the inverted repeats are two direct repeats (DR) of about 30bp long that serve as 

binding domains. This direct repeat within inverted repeats is called the IR/DR sequence. 

The two DR in each inverted repeats are about 165bp apart, and studies have 

demonstrated they are not interchangeable. The outer DR has a stronger transposase 

binding affinity compared to the inner DR. The spacing between the DR elements is also 

important and affects transposition rates. Such length requirements and affinity 

characteristics suggest the likelihood of a synaptic complex formation prior to 

transposition [24]. 

The transposase contains conserved regions that are required for transposition. 

There is a Nuclear Localizing Signal (NLS) in the N-terminal half of the transposase. A 

typical recombination enzyme containing a DDE motif (two aspartic acids and one 

glutamic acid) is found on the catalytic C-terminal half. The center of the transposase 
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contains a glycine-rich motif [16]. The transposase can be supplied in cis on the same 

plasmid or in trans on a separate plasmid. 

 
 
Figure 1-1. Components of the Sleeping Beauty system. IR/DR, inverted repeat-direct 

repeat; Lo, left outer repeat; Li, left inner repeat; Ro, right outer repeat; Ri, 
right inner repeat; NLS, nuclear localization signal. The upper figure depicts 
what the ancient element probably looked like. The revived SB system is split 
into two components (trans system), where one plasmid carries the transposon 
and gene of interest while another plasmid carries the transposase gene that is 
often driven by a promoter. Both plasmids can also be combined as one (cis 
system).  
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Delivery 

Unlike viruses, transposons generally cannot pass through the cell membrane. 

Therefore, a mechanism must be employed in order to introduce the transposon into the 

cellular environment where they can then transpose into the chromosomal DNA.  

Polyethylenimine (PEI) is a frequently used non-viral delivery method. It tightly 

packages plasmid DNA together onto itself to form polyplexes. Their stronger DNA 

compaction capacity over other polycations makes them a popular choice for gene 

delivery. PEI works by essentially promoting cellular uptake of the complex and taking 

the compacted plasmid DNA with it through receptor-mediated endocytosis on a cell’s 

membrane. Once inside the cell, the polyplexes are released into the cytoplasm and the 

cell contains many copies of the plasmid DNA [25]. PEI has successfully delivered SB-

carrying plasmids into the cellular environment in previous studies [26, 27]. 

Apart from systemic delivery into the bloodstream, SB can be delivered locally 

through directly injecting an area [28] or even by using an adenovirus [29]. In addition to 

delivering the transposase gene on the same or on a separate plasmid, a transposon-

mRNA transposase combination was recently documented [30]. Delivering the 

transposase mRNA is viewed as a safer method compared to delivering the transposase 

gene. If a cell has continuously available transposase proteins, it may trigger constant and 

multiple transposition events causing genomic instability. Other proposed methods 

include delivering SB as a pre-transposing complex [31, 32]. In short, there are many 

possibilities of delivering SB into cells. Customized cell delivery and targeting for SB 

will be an interesting research area for the near future.  
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Figure 1-2. Delivery of SB into a cell. SB, Sleeping Beauty; PEI, polyethylenimine. SB 

vectors are packed into a polycomplex that facilitates entry into a cell through 
a process called endocytosis.   
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Transposition 

The Transposition Mechanism 

SB transposes through a cut and paste mechanism. Frequency is influenced by the 

amount of transposase protein available [33]. While some protein is needed, too much 

transposase can cause overproduction inhibition, a condition where oversupply of 

transposase actually inhibits or interferes with transposition [34]. The transposase has 

helix-turn-helix sub domains that interact with the transposon’s DR. Cleavage of the 

donor transposon occurs in a staggered manner, leaving GTC overhangs on the 3’ ends 

[35]. Before cleaving the transposon, the transposase mediates protein-protein 

interactions that result in stable tetramers forming the synaptic complex. Transposition 

rates decrease when the transposon size becomes larger, with a maximum size of 9 kb in 

order to achieve high transposition rates [36].  

Other Cellular Factors 

A DNA bending protein named HMGB1 assists in the crucial synaptic formation 

process [37]. A scaffolding protein called DNA-dependent protein kinase (DNA-PK), and 

the cell cycle signaling Ataxia-telangiecstasia mutated (ATM) kinase are also believed to 

be present prior to the transposition process [38]. Apart from proteins, CpG methylation 

of the transposon was demonstrated to enhance the transposition process [39].  

 Integration 

TA dinucleotides are always the insertion sites for SB transposition. Apart from 

helping form synaptic complexes, the transposase cleaves the TA base pair in the 

recipient DNA and creates staggered 5’ overhangs at the recipient site. The transposon 

carrying the transgene then integrates into the donor site [40]. Researchers believe that 
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physical properties of the DNA such as bend-ability at the AT site, rather than base pair 

interactions, are the reasons for integration site selection [41, 42]. 

Once integrated into its new location, the DNA strands need to be repaired. Studies 

have indicated that the DNA-PK non-homologous end joining pathway is responsible for 

the majority of post-SB transposition repair [43]. At the donor site, a footprint sequence 

of TAC(A or T)GTA is usually left behind after each transposition occurrence. Excision 

assays have been used to semi-quantify such transposition activities [44]. 

Compared to viral vectors, SB has a significantly lower preference towards genes 

so it lessens the risk of gene disruption or unintended oncogene activation [45]. This trait 

is another advantage for using SB as a gene therapy vector. 

Expression 

Non-transient Expression 

Once integrated into a cell, the newly introduced gene can be expressed by cellular 

mechanisms. SB transposition enables chromosomal integration so that a transgene is not 

merely transiently expressed. Transient expression occurs when a non-integrated plasmid 

is maintained only temporarily in the cellular environment. In such situations, transgene 

expression is only for the time being or “transient” and therefore, not indefinite. Studies 

show that a transgene can be successfully integrated into the chromosome for long-term 

expression using SB. Non-homologous recombination events where the transposon 

integrates into a cell without the aid of the transposase occur at very low frequencies [46, 

47]. Therefore, the transposase must be co-delivered with the transposon to stimulate 

integrative transposition and to facilitate long-term expression. 
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Figure 1-3. Overview of the transposition, integration, and repair processes. IR/DR, 

inverted repeat-direct repeat. 
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Promoters 

SB has demonstrated its transgene delivery ability in mouse embryonic stem cells 

and human cells [21]. SB mediated transposition has maintained long-term transgene 

expression activity after 3 months in mammalian cells [19]. A research study showed that 

the transposase may also play a role in transgene expression [48].  

Weaker promoters driving the transposase appear to lead to better long-term 

expression when compared to strong promoters like CMV. Weaker promoters are 

unlikely to cause overproduction inhibition, a condition where too much transposase 

inhibits or interferes with transposition [34].  

Long-term Expression 

In theory, integrated transgenes will allow the host to express the required protein. 

However, transgenes can undergo epigenetic modifications in hosts. Modifications such 

as methylation are meant to silence foreign genes as a safety precaution. At present, 

studies are inconclusive on the nature of SB methylation. Some SB transpositions 

triggered the methylation process while others did not. A better understanding of 

methylation activation is required if long-term transgene expression is sought.  

Applications 

SB has successfully delivered transgenes into targeted tissues and organs. These 

studies demonstrate the potential uses of SB for gene therapy treatment in diseases 

affecting the organs and tissues of interest. The following is a table summarizing 

successful experiments documenting SB uses for various treatments (Table 1-1). Apart 

from gene therapy, SB is also used in cancer-related studies and in other creative 

applications (Table 1-2).  
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Table 1-1. SB mediated gene therapy applications 
 
Organ Application 
Lung  Gene therapy targeting endothelial cells demonstrated 

[19, 26] 
Lung  Gene therapy for Hemophilia A demonstrated [49] 
Liver  Gene therapy for Tyrosinemia I demonstrated [50] 
Liver  Gene therapy for Hemophilia B demonstrated [18] 
Skin  Gene therapy for Epidermolysis bullosa demonstrated 

[51] 
Glia Gene therapy targeting human glial tumors demonstrated 

[27, 28] 
Liver Gene therapy for Hemophilia A demonstrated [52] 
 
Table 1-2. Other documented research work using SB  
 
Purpose 
Mutagenesis [53-57] 
Demonstrated chromosomal transposition in embryonic stem cell [58] 
Mutagenesis of somatic cells [59, 60] 
Cancer screening and discovery [61-64] 
Gene transfer into human primary T-cells [65] 
Knockdown cell-line generation [66] 

 

Improvements to Sleeping Beauty 

Since the awakening of SB, improvements were made to make it into an efficient 

and safe gene therapy system. Most improvements were focused on increasing 

transposition rates by generating better transposon and/or transposase sequences. Since 

SB was synthetically reconstructed, improvements were made to bring it closer to its 

perceived native form where transposition would be highly efficient. For example, SB10 

was the initially reconstructed transposase. By 2003, an improved transposase designated 

SB11 was made [21]. By 2005, SB16 with a 17-fold activity increase compared to SB10 

was successfully tested [67].  
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Improvements to the transposon were also made to increase transposition rates. 

After studying the structure-function relationship on the transposon sequences, 

improvements were made in 2002 resulting in a more efficient transposon named pT2. By 

2005, variants of next generation and improved transposons have emerged [22, 67]. 

Apart from modifying the structure of the SB system, some studies also 

investigated the configuration of the SB plasmids. Investigators were curious to see 

whether transposition activity differed when the transposase was delivered in trans on a 

separate plasmid compared the delivery of the transposase on the same plasmid as the 

transposon (in cis). The first cis-plasmid was tested in 2002, but transfection rate was low 

at an estimated 0.5%. A finding of lower transposition by a cis vector compared to a trans 

plasmid system was similarly reported in 2003 [19]. However, Converse et al. reported 

that their cis-plasmid actually had better transfection rates in Huh7 cells, a traditionally 

difficult cell line to transfect [46]. These results suggest optimal SB transposase delivery 

may be dependent on and varies with cell type. 

 
Table 1-3. Milestones on Sleeping Beauty Improvements 
 
1997 Reconstruction of Sleeping Beauty [16] 

Generation of an improved transposon, pT2 [24] 2002 Construction of a cis vector [68] 

2003 Development of an improved transposase, SB11 with 2.3 fold activity increase 
over SB10 [21] 
Development of endothelial targeting SB [26] 
Development of hyperactive transposase 12 with 8-fold activity increase over 
SB10 and transposition using the sandwich method [22] 2004 
Development of hyperactive transposase mutants with 9-fold activity increase 
over SB10 [69] 
Development of SB16 with 17-fold in increased activity [67] 2005 Delivery of transposase in mRNA form [30] 
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Moving Forward: Cell Specific Expression Using Sleeping Beauty 

Improvements have been made to optimize the SB transposition system. Studies are 

increasingly focused on optimizing delivery, directing site-specific integration, and 

targeting expression in specific cells or organs. Site selection using SB was attempted 

previously but has not been successful [32]. Once achieved, sustainability and long-term 

safety issues can be further investigated. 

As a natural progression, this study aims to achieve advances in the areas of 

delivery and expression. Cell specific expression will be attempted using the endothelin-1 

and Tie2 endothelial cell-specific promoters, with each driving the transposon and 

transposase respectively.  

The Tie2-driven transposase will be the focus of this study. The Tie2 promoter has 

demonstrated preferential activity in the arteriolar endothelium [70] and has uniform gene 

expression in endothelial cells from embryonic stage to adulthood [71]. Highly specific, it 

is also a weak promoter and therefore suitable for use to prevent overproduction 

inhibition [18]. Weaker promoters may also be better at driving long-term expression 

[34]. Endothelial targeting using endothelin-1 for the transposon was previously 

successfully demonstrated [26, 49].  

An endothelial-specific transposase has never been tested before. This study hopes 

to demonstrate endothelial-specific expression by SB using both an endothelial-specific 

transposon and transposase.   

Using improved versions of the transposon and transposase, this study also seeks to 

investigate the optimum delivery configuration of SB for endothelial cells by comparing 

cis and trans plasmids. 
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Rationale for Endothelia Cell Expression 

Endothelial cells play important roles in the human body. They are involved in 

vascular homeostasis regulation [70, 72, 73] and angiogenesis of tumor cells [74]. 

Therefore, any gene therapy applications that can be directed towards endothelial cells 

offer the promise of highly needed therapeutic applications for cardiovascular diseases. 

This study investigates the possibility of enhancing the SB system towards endothelial 

cell specificity where only such cells will express the delivered transgenes.  
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CHAPTER 2 
MATERIALS AND METHODS 

Plasmid Construction 

Endothelial-specific Transposase 

Construction of the endothelial-specific transposon and transposase were generated 

over several cloning steps using plasmids. The pTRUF-HSB16 plasmid contains a 

hyperactive SB16 transposase (1.0kb) and a poly(A) (0.2kb) signal. SB16 has a 17-fold 

activity over the original SB10 (67). The pTRUF-HSB16 plasmid was first restriction-

digested with XbaI. Using oligonucleotides and Polymerase Chain Reaction (PCR), a 

NotI site and a XhoI site were introduced to flank the SB16 and poly(A) sequence (Figure 

2-1). Once the sites were created, the plasmid was restriction-digested with NotI and 

XhoI, isolating the fragment containing the SB16 and poly(A) signal cassettes. To remove 

an existing SalI site between the SB16 and poly(A) sequences, the isolated fragment was 

cloned into pBluescriptIISK, generating pBluescript-SB. The pBluescript-SB plasmid 

was cut with SalI, and that single SalI site was replaced by a PvuI.  

pTRUF-HSB16
7229 bp

poly A

CBA PromoterHSB16XbaI (68)

 
 
Figure 2-1. Generation of SB16 and poly(A) fragment. After XhoI and NotI sites were 

introduced into the plasmid via PCR, the XhoI-NotI fragment was isolated. 

XhoI 

NotI 
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To obtain the Tie2 promoter (2.0kb) and enhancer (1.6kb) cassettes, the 

pSPTg.T2FXK plasmid (a kind gift from Dr. Tom Sato, Southwestern Medical Center, 

TX) was cut with NotI and XhoI. These two restriction sites are located between the Tie2 

promoter and enhancer, thereby allowing the insertion of a NotI / XhoI fragment in 

between the two cassettes (see Figure 2-2).  

pSPTg.T2FXK
8004 bp

Tie Enhancer

Tie2 Promoter

XhoI (1317)

NotI (19)

SalI (3016)

SalI (5917)

 
 
Figure 2-2. Addition of SB16 to the plasmid containing Tie2 promoter and enhancer. 

XhoI and NotI fragment was removed and replaced with the NotI / XhoI 
fragment from pBlueScript-SB that contains SB16 and poly(A) sequences. 

The NotI / XhoI SB16 fragment from pBluescript-SB was then cloned into 

pSPTg.T2XK. The resulting plasmid called pBS-Tie-SB contained a Tie2 promoter-

driven SB16 transposase (Figure 2-3) 

.

pBS-Tie-SB
7911 bp

Tie2 Enhancer

Poly A

T ie2 Promoter

HSB16

SalI site removed

SalI (3017)

SalI (5824)

 
 
Figure 2-3. Tie2-driven Sleeping Beauty transposase with a third SalI site removed. 
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 Since pBS-Tie-SB was about 7.9kb long, it may not be the best plasmid for 

transposition use as long plasmids may reduce transposition efficiency. To remove excess 

sequences, the pBS-Tie-SB plasmid was cut with SalI, isolating a fragment containing the 

Tie2 promoter, enhancer, SB16, and poly(A) cassettes (4.8 kb). This isolated fragment 

was then cloned into pRKZ, a small 0.9kb plasmid containing an SV40 enhancer, RKII 

replication origin and a Zeocin selective marker (Figure 2-4). The final endothelial-

specific transposase plasmid was named pTie-HSB16 and is only 5.8kb long (Figure 2-5). 

pRKZ
908 bp

SV40 Enhancer

RKII Ori

Zeocin

SalI (537)  
 
Figure 2-4. Illustration of the endothelial-specific transposase backbone, a short sequence 

containing an origin of replication, a selective marker, and an SV40 Enhancer. 

 

pTie-HSB16
5819 bp

T ie2 Enhancer

SV40 Enhancer

RKII Ori

Zeocin

PolyA

T ie2 Promoter

HSB16
 

 
Figure 2-5. Final components of the endothelial-specific transposase, pTie-HSB16. The 

transgene is driven by a Tie2 promoter. 
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Endothelial-specific Transposon 

The transposon plasmid pMSZ contains the IR/DR elements (0.23kb each) that 

flank a unique NotI site, making it convenient for transgene insertion. This transposon is 

driven by the endothelial cell-specific promoter endothelin-1 (0.43kb, a kind gift from 

Dr. Sean Sullivan, University of Florida) with an enhancer (0.19kb), a poly(A) signal 

(0.08kb) and contains a Zeocin selective marker as well (Figure 2-6). This modified 

transposon was previously constructed in our lab and has enhanced transposition activity 

over the originally revived pT transposon (26). Endothelial-specific transposons carrying 

a Neomycin resistance gene (0.88kb), a SEAP reporter gene (1.5kb), and a luciferase 

gene (1.67kb) were separately constructed and named pMSZ-Neo (3.7kb), pMSZ-SEAP 

(4.2kb), and pMSZ-Luc (4.4kb) respectively. 

pMSZ-Neo
3748 bpNeo (Transgene)

Zeocin

ET-1 Enhancer

R IR/DR

L IR/DR

RKII Ori

poly A

ET-1 Promoter

SalI (3745)

NotI (2361)

NotI (3257)

 
 
Figure 2-6. Endothelial-specific transposon. Illustrated here is pMSZ-Neo. The transgene 

cassette is flanked by NotI sites that ease cloning of a transgene of choice into 
the plasmid.  
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Cis Plasmid 

To generate the single transposon-transposase cis plasmid, the pMSZ-Neo, pMSZ-

SEAP, and pMSZ-Luc transposons were cut with SalI to obtain linear plasmids. After 

treating with 0.7µL calf intestine phosphatase for 45 minutes at 37˚C to prevent self-

ligation, the plasmids were ligated to the 4.9kb SalI fragment of pTie-HSB16 containing 

the endothelial-specific transposase. Correct orientation was verified using NotI cuts that 

resulted in 5.0kb, 2.5kb and the transgene fragments. The resulting transposon-

transposase plasmids were named pMSZ-Neo-Tie-HSB16 (8.2kb), pMSZ-SEAP-Tie-

HSB16 (9.0kb), and pMSZ-Luc-Tie-HSB16 (9.17kb) (Figure 2-7).  

pMSZ-SEAP-Tie-HSB16
9012 bp

Tie2 Enhancer

Zeocin poly A

ET-1 Promoter

RKII Ori

IR/DR

IR/DR

SEAP (Transgene) Tie2 Promoter

ET-1 Enhancer

HSB16

 
 
Figure 2-7. Two-in-one plasmid containing both transposon and transposase components. 

Illustrated above is the pMSZ-SEAP-Tie-HSB16.  

Cell Culture and Transient Transfection 

HeLa (cervical) and human umbilical vein endothelial cells (HUVECs) were grown 

in DMEM high glucose from Invitrogen (Carlsbad, CA, USA) in 10cm tissue culture 

dishes. Fetal Bovine Serum (10%) from JRH Bioscience (Lenexa, KS, USA) and 
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penicillin-streptomycin-glutamine mixture (Invitrogen) were added as supplements to the 

DMEM prior to use. The day before transfection, approximately 400,000 HUVECs or 

500,000 HeLa were plated on 6cm dishes in triplicates and incubated in a 37˚C 5% CO2 

environment. LipofectAMINE Plus (Invitrogen) reagent was used to transfect HeLa cells, 

while GeneJammer from Strategene (La Jolla, CA, USA) was used for HUVECs. 

FACS Analysis 

Two days following transfection, transfection control plates with pMSZ-GFP were 

trypsinized and the cells scraped off. Collected cells were subjected to FACS analysis 

using Becton-Dickinson FACScan (San Jose, CA, USA). The results were analyzed using 

WinMDI to plot forward scatter versus fluorescence to estimate transfection efficiency.   

In vitro Transposition Assays 

Both endothelial-specific SB configurations were first tested in HeLa and HUVECs 

for activities. Approximately 3µg of total transposon and transposase plasmid DNA was 

used for each transfection experiments in specific ratios. Five transfection groups were 

tested in duplicates and repeated three times independently. Transfection control groups 

consisted of the reporter plasmid pGreenLantern and were used to gauge overall 

transfection rates in each of the experiments. Negative control groups (Neg) consisted of 

pMSZ-Neo and pUC19. For no specific cell-targeted controls (Nonspec), groups 

comprised of pMSZ-Neo and the CMV promoter-driven HSB16 were used. Separately-

delivered transposase groups (Trans) were made up of pMSZ-Neo and pTie-HSB16. 

Lastly, the Cis group consisted of the transposon-transposase 2-in-1 plasmids. 

Due to differences in plasmid length and weight, transfection ratios were calculated 

based on molar amounts. Weight conversions were made using the formula: [µg DNA x 
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(660pg/pmol) x (106 pg/1 µg) x (1/N)] where N = number of nucleotides and 660pg/pmol 

is the average molecular weight of a nucleotide pair.  

Once the respective molarity was determined, the amount of transposase was 

calculated based on a 2 to 1 transposon:transposase ratio. Using 1.5µg of pMSZ-Neo with 

0.629 pmol, the amount of transposase volume required was 0.6µL pTRUF-HSB16 and 

0.6µL pTie-HSB16. As for pMSZ-Neo-Tie-HSB16, a total of 1.5µL was used. When 

needed, pUC19 was used to bring the total DNA to 3.0µg. 

For HeLa using LipofectAMINE, a preparation containing 250µL Serum Free 

Media (SFM), 3.0µg of total DNA, and 10µL PLUS reagent was made for each plate. 

After 15 minutes of incubation, a second tube of mixture containing 250µL SFM and 

12µL LipofectAMINE was added into the earlier mixture. When the second 15-minute 

incubation period was over, 500µL of the total mixture was added as drops onto each 

plate. The plates were incubated for 3 hours, and the media was replaced by 3mL fresh 

serum enriched DMEM. 

For HUVECs, 18µL of GeneJammer was added to 250µL of SFM. After 7 minutes 

of incubation time, 3µg of DNA was added and mixed well. The mixture was further 

incubated for another 7 minutes. Fresh serum-enriched DMEM (2mL) are added onto 

each plate. The transfection mixture was then added drop-wise onto the plates. After 

incubating the plates for 3 hours, another 2.5mL of serum enriched DMEM was added. 

The day following transfection, the media in the plates was replaced with fresh serum 

enriched DMEM.   

Two days after LipofectAMINE or GeneJammer transfection, the cells were 

trypsinized and counted. A total of 40,000 cells per 10cm plate were plated in duplicate 
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in medium containing Neomycin (1mg/ml). After 7 days of undisrupted incubation, fresh 

Neomycin-containing media replaced the old ones. At day 14, the cells were washed with 

PBS, fixed for 15 minutes using 3.7% formaldehyde in PBS, stained for 30 minutes with 

0.35% methylene blue in PBS, and finally rinsed with water to remove the staining 

solution. Individual colonies on each plate from the three independently run experiments 

were manually counted (Figure 2-8). The results were then tabulated and are reported in 

the next chapter. 

 
 
Figure 2-8. Example of stained Neomycin-resistant colonies after transposition assay. 

Left and center plates are controls. The plate on right has tissue cells that were 
successfully transfected with SB.  

Animals and In vivo Gene Delivery 

Once activity is tissue culture was established, both endothelial-specific SB were 

tested in animals. Four-week old C57B1/6 SCID mice from Jackson Laboratories (Bar 

Harbor, ME, USA) were housed under specific pathogen-free conditions. The animals 

were treated according to NIH Guidelines for Animal Care with approval of the IACUC 

of the University of Florida. A total of 60µg DNA was used for SEAP assays while a 

constant 50µg of DNA was used for luciferase localization studies. As an example, a 3:1 

transposon-transposase ratio for luciferase studies was calculated as follows: 
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Table 2-1. Volumes of DNA for in vivo luciferase experiment. 
 

 Negative Control Non-specific 
Control Trans Cis 

Transposon None  
(pcDNA3.1 used) 18.2µL (37.5µg) 12.5µL (37.5µg) 

Transposase None 3.04µL (12.5µg) 5µL (12.5µg) 

16.67µL 
(50µg) 

Total 50µg 50µg 50µg 50µg 
 

In SEAP experiments involving the use of mice, the negative control group (Neg) 

was injected through the tail-vein with a transposon and non-functional transposase 

combination. For the no specific cell-targeted control group (Nonspec), non-endothelial 

specific transposase was co-delivered with the transposon. For Trans and Cis, 

endothelial-specific transposase were co-delivered with the transposon and delivered as 

part of the transposon respectively. 

In the luciferase expression study using mice, the Neg Group was injected through 

the tail-vein with pcDNA3.1 while the Nonspec Group was injected with CMV-driven 

transposons and transposase. Endothelial-specific transposon and transposase were co-

delivered in the Trans Group and delivered in a single plasmid for the Cis Group.    

Endotoxin-free DNA was extracted using Qiagen’s Endofree Giga Kit (Hilden, 

Germany). For SEAP studies, 60µg of DNA and 10.8µL of linear PEI from MBI 

Fermentas (Hanover, MD, USA) were separately prepared in 100µL 5% glucose solution. 

For luciferase studies, 50µg of DNA and 10µL of Qbiogene’s in vivo jetPEI (Irvine, CA, 

USA) were separately prepared in 100µL 5% glucose solution. 

PEI solutions were immediately added into DNA aliquots, vortexed, and 

centrifuged briefly. The DNA-PEI complex was calculated at a PEI nitrogen to DNA 

phosphate ratio of 1:6 for SEAP and 1:10 for luciferase studies. After 15 minutes of 
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incubation at room temperature, the polyplexes were immediately administered into mice 

using tail-vein injection.  

SEAP Assay 

For the SEAP studies, serial blood sampling was obtained via tail bleeds on days 

+3, 7, 14, 28, 56, and 84. After tail bleeding, the samples were microcentrifuged (x8000 

rpm) at 4ºC for 15 minutes. The serum was then stored at -20ºC. Using a 

chemiluminescence kit from Roche, Molecular Biochemicals (Mannheim, Germany), 

SEAP activity was detected and recorded. Briefly, 10µL of samples were diluted 1:5 in 

1x reaction buffer and incubated for 30 minutes at 65ºC. After heat inactivation, the 

samples were centrifuged for 30 seconds at room temperature. It was then cooled on ice 

for 3 minutes. Next, the samples were transferred to a 96-well plate prior to 50µL of 

substrate reagent being added. The incubation continued for another 10 minutes with 

gentle rocking. Once the incubation period is over, the plate was analyzed using a FLEX 

Station Benchtop Scanning Fluorometer from Molecular Devices Corp. (Sunnyvale, CA, 

USA). The amount of SEAP protein was quantified by comparison to a standard curve, 

and plotted using the Prism 4 software from GraphPad (Aurora, CO, USA).  

Luciferase Assay 

Animals used for the luciferase assays were sacrificed at +28 days post-injection. 

Following anesthesia, the mice were perfused with ice-cold PBS and the lungs, heart, 

liver, spleen and kidneys were harvested. The fresh organs were briefly washed in PBS, 

and immediately quick-frozen. After 5 minutes of immersion in liquid nitrogen, the 

tissues were stored at -80ºC until needed. 

The luciferase assay was performed by preparing a liquid-nitrogen chilled mortar 

and pestle. Frozen fresh tissues were individually pulverized into a fine powder by hand 
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grinding. After that, 300µL of 1x Cell Culture Lysis Reagent from Promega (Madison, 

WI, USA) was added to the pulverized tissues for protein extraction. The lysis mixtures 

were vortexed regularly for 60 minutes. Next, the tubes containing the lysis mixture were 

quickly frozen in liquid nitrogen and thawed at 37ºC in a water bath. This process was 

repeated three times. The tubes were then centrifuged at maximum speed for 5 minutes at 

4ºC. The supernatants were collected in fresh tubes.  

Luciferase activity was analyzed by adding a specific volume of sample into 100µL 

of Luciferase Assay Reagent. Luminescence emitted over 10s by each sample was 

measured using Zylux’s Sirius Luminometer (Oakridge, TN, USA). The readings were 

repeated three times for each sample. In order to determine the total protein concentration 

in the assayed tissue samples, Bio-Rad’s Bradford DC Protein Kit (Hercules, CA, USA) 

was used. Luciferase activity is expressed as relative light units (RLU) per mg protein. 

Using results from the protein assays, each sample’s protein concentration were 

converted from µg/ml to mg/µl. Dividing the RLU units with the volume of sample used 

resulted in RLU/µL. As such, RLU/mg protein can be calculated from the information 

obtained.   

Immunohistochemistry 

Animals were sacrificed at +28 days post-injection. Following anesthesia, the mice 

were perfused with ice-cold PBS and 4% paraformaldehyde (PFA) in PBS via cardiac 

puncture. The lungs were also inflated with this fixative followed by Tissue Tek Optimal 

Cutting Temperature compound in PBS in situ to prevent collapse. Lungs were harvested 

and post-fixed in 4% PFA overnight at 4ºC. After that, the tissues were immersed 

overnight in 30% sucrose in PBS at 4ºC, quick-froze the next day and stored at -80ºC 

until needed.  
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Cryosections (5µm) were cut and the tissues were permeabilized by incubation with 

100% methanol at -20ºC for 5 minutes. Next, the tissues were blocked for 2 hours with 

30% normal horse serum in PBS. The primary antibody for luciferase was a goat anti-

luciferase (Promega) and the primary antibody for endothelial cells was a rat anti-mouse 

CD31 (PECAM-1) (Becton Dickinson, Franklin Lakes, NJ). Samples were incubated 

with primary antibodies overnight at 4ºC at 1:50 dilutions. After 3 washes with PBS 

totaling an hour, Alexa Fluor red-conjugated donkey anti-goat and Alexa Fluor green-

conjugated rabbit anti-rat (Invitrogen) secondary antibodies were added at 1:300 at room 

temperature. After two hours, the slides were washed in PBS for 1 hour. Glass coverslips 

were then mounted using Vectashield Mounting Media (Vector Laboratories, 

Burlingame, CA) and samples were imaged using a Spot camera on a Nikon Eclipse 1000 

Microscope. Images were printed using Adobe Photoshop 5.5. 
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CHAPTER 3 
RESULTS 

Endothelial-Specific Sleeping Beauty Transposition 

In order to further restrict expression within endothelial cells, a Sleeping Beauty 

transposase driven by a Tie2 promoter was constructed. This transposase was meant to 

further augment the previously tested endothelin-1 driven transposon. That transposon 

has demonstrated robust endothelial expression [26].   

Transfection Efficiency 

Before transposition assays commenced, transfection of HUVECs and HeLa cells 

was tested using pMSZ-GFP, a transposon that contains a GFP reporter gene. This 

preliminary test was performed to gauge transfection efficiency in the HUVECs and 

HeLa cell lines. FACS analysis showed transfection rates of 13% - 18% in HUVECs and 

50% in HeLa cells.  

 
 
Figure 3-1. On the right is the evaluation of transfection using pMSZ-GFP in HUVECs. 

On the left is an analysis of cells transfected with pcDNA3.1. FACs analysis 
was performed at 48hours post-transfection. 
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Figure 3-2. On the right is the evaluation of transfection using pMSZ-GFP in HeLa cells. 

Graph on the left is the negative control with pcDNA3.1-transfected cells.  

In vitro Transposition Assay Analysis 

Once transfection using the GFP expression vector was verified, transposition assay 

in tissue culture commenced as described in Material and Methods. The in vitro assay 

was designed to evaluate transposition activity by comparing Tie2-driven expression in 

HUVECs, an endothelial cell line, with the non-endothelial HeLa cell line. 

Experiments were carried out in duplicates in three separately conducted 

experiments previously described. Colonies from Neg (negative control; pMSZ-Neo + 

pUC19), Nonspec (no specific cell-targeted control; pMSZ-Neo + pTRUF-HSB16), 

Trans (separately delivered transposase; pMSZ-Neo + pTie-HSB16) and Cis (single 

plasmid containing transposon and transposase; pMSZ-Neo-Tie-HSB16) groups were 

manually counted. Each plate was divided into 8 quadrants for ease of counting. The 

following results were representative of the data obtained. Groups 1 to 6 are HUVECs 

while Groups 7 to 12 are HeLa cells. 
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Table 3-1. Results from Groups 1 to 6 in HUVECs, conducted in duplicates, from three 
separately administered experiments. Neg, negative group with only 
transposon; Nonspec, no specific cell-targeted group with transposon and 
CMV-driven transposase; Trans, trans group with transposon co-delivered 
with endothelial-specific transposase; Cis, cis group with transposon and 
Tie2-driven transposase on a single plasmid. 

 
Group 1 Neg Nonspec Trans Cis Group 2 Neg Nonspec Trans Cis

0 13 5 21  3 16 6 10 
3 9 9 19 7 17 7 12 
4 6 9 17 2 17 10 17 
4 13 10 14 3 11 10 19 
4 12 5 28 1 15 15 18 
1 14 4 25 1 9 14 18 
1 16 7 15 6 9 6 15 
1 13 14 14 4 17 6 12 
5 12 18 16 0 7 2 10 
1 8 17 12 0 4 3 11 
1 6 16 14 1 5 2 16 
2 8 14 14 0 11 4 9 
3 13 14 11 0 8 7 11 
4 8 13 15 0 6 6 10 
5 8 11 16 2 9 3 11 

N
um

be
r o

f c
ol

on
ie

s 

6 7 20 12 

N
um

be
r o

f c
ol

on
ie

s 

2 13 7 13 
 
Group 3 Neg Nonspec Trans Cis  Group 4 Neg Nonspec Trans Cis

3 16 20 22  2 17 19 30 
3 19 14 13  1 20 16 30 
2 20 9 17  4 24 13 22 
5 25 6 22  7 21 12 29 
2 20 6 25  6 16 12 30 
2 20 9 26  6 9 14 24 
2 23 14 23  6 19 13 25 
4 24 17 28  4 31 16 26 
0 14 15 34  6 18 10 22 
7 20 17 36  1 15 10 19 
1 22 10 31  2 23 13 27 
0 23 10 28  3 17 11 25 
2 24 7 18  5 20 10 27 
1 13 17 24  2 20 18 33 
2 15 24 21  1 15 19 29 

N
um

be
r o

f c
ol

on
ie

s 

4 17 30 30  

N
um

be
r o

f c
ol

on
ie

s 

3 15 15 25 
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Group 5 Neg Nonspec Trans Cis Group 6 Neg Nonspec Trans Cis

4 4 0 2  1 7 2 6 
2 4 2 5 4 9 3 7 
1 11 6 4 3 8 1 1 
0 7 4 8 1 1 5 3 
2 12 2 6 1 11 3 3 
1 11 6 2 0 8 1 5 
0 7 3 3 0 14 3 4 
0 5 6 3 3 9 6 2 
2 6 8 3 2 11 7 4 
4 5 4 5 3 9 5 5 
0 5 5 5 3 7 3 7 
1 14 3 2 2 7 7 4 
3 4 2 1 0 7 1 4 
0 17 4 5 3 14 4 7 
5 6 5 2 0 8 4 11 

N
um

be
r o

f c
ol

on
ie

s 

3 5 3 4 
N

um
be

r o
f c

ol
on

ie
s 

2 12 4 7 
          

 

 Negative Nonspec Trans Cis 

Total 232 1220 862 1436 

Mean 19.33 101.67 71.83 120.00 

Standard Deviation 8.44 41.50 40.44 74.51 

Standard Error 2.44 11.98 11.68 21.51 

 
Comparable expression activity was achieved in HUVECs between the endothelial-

driven transposase and the CMV-driven transposase for the positive control group. When 

compared to the positive control, both the Tie2-driven transposase groups achieved 

similar transposition rates. The mean transposition between the non-specific control and 

the Trans and Cis groups were statistically indifferent (t-Test for differences in two 

means, p>0.05). 
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Figure 3-3. Results of HUVECs transposition. Neomycin resistant colonies were counted 

after 2 weeks post-transfection. Neg, negative group with only transposon; 
Nonspec, no specific cell-targeted group with transposon and CMV-driven 
transposase; Trans, trans group with transposon co-delivered with endothelial-
specific transposase; Cis, cis group with transposon and Tie2-driven 
transposase on a single plasmid. The number above each bar denotes the mean 
while the standard deviations are reported as Y-error bars.  
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Table 3-2. Results from Groups 7 to 12 in HeLa cells, conducted in duplicates, from three 
separately administered experiments. Neg, negative group with only 
transposon; Nonspec, no specific cell-targeted group with transposon and 
CMV-driven transposase; Trans, trans group with transposon co-delivered 
with endothelial-specific transposase; Cis, cis group with transposon and 
Tie2-driven transposase on a single plasmid. 

 
Group 7 Neg Nonspec Trans Cis Group 8 Neg Nonspec Trans Cis

1 89 37 45  1 110 23 60 
0 48 37 34 2 145 26 40 
4 53 34 34 1 100 31 55 
3 71 34 38 1 84 40 63 
4 99 28 26 2 136 30 69 
1 51 22 32 2 166 49 51 
3 70 23 38 2 122 39 57 
1 90 35 37 1 87 25 42 
1 74 46 62 1 64 50 42 
2 84 60 53 2 50 41 30 
1 150 86 45 2 60 32 39 
0 113 44 50 1 134 36 44 
0 90 33 48 1 95 50 42 
2 100 28 60 0 78 44 41 
1 120 33 46 0 112 33 24 

N
um

be
r o

f c
ol

on
ie

s 

1 101 34 65 

N
um

be
r o

f c
ol

on
ie

s 

1 83 48 29 
 
Group 9 Neg Nonspec Trans Cis Group 10 Neg Nonspec Trans Cis

2 90 29 34  1 155 35 37 
0 153 23 33 1 136 26 40 
0 148 19 29 0 94 15 41 
2 153 31 28 2 89 20 34 
1 98 29 38 1 102 16 25 
3 94 32 40 1 115 33 36 
1 100 17 32 0 132 24 30 
0 78 19 25 1 140 29 24 
2 122 35 34 0 150 20 46 
0 145 34 36 0 112 40 39 
0 89 22 23 0 85 40 32 
2 83 19 44 1 102 16 39 
1 84 21 30 0 90 17 30 
0 89 24 32 0 73 19 27 
0 140 27 23 3 86 30 35 

N
um

be
r o
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ie

s 

0 138 31 20 

N
um
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r o
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ol

on
ie

s 

0 120 30 47 
          



36 

 

 
Group 11 Neg Nonspec Trans Cis Group 12 Neg Nonspec Trans Cis

0 134 36 32  3 125 24 20 
0 93 36 22 1 95 20 20 
3 81 9 19 1 70 21 32 
1 111 23 27 3 103 27 40 
2 73 25 25 1 93 26 34 
1 94 20 29 0 57 19 30 
1 102 29 26 0 81 20 31 
1 94 19 20 0 110 21 26 
0 95 21 28 0 125 32 18 
0 73 18 23 2 95 20 34 
0 62 14 23 0 70 20 37 
0 50 19 28 0 103 21 23 
2 80 23 32 0 93 21 31 
3 80 18 27 2 57 30 26 
1 100 22 25 0 81 28 20 

N
um

be
r o

f c
ol

on
ie

s 

1 112 19 26 
N

um
be

r o
f c

ol
on

ie
s 

0 110 18 19 
 

 Neg Nonspec Trans Cis 

Total 99 9516 2752 3357 

Mean 8.25 793 229.33 279.75 

Standard Deviation 3.60 124.20 63.26 78.44 

Standard Error 1.04 35.85 18.26 22.64 
 

In HeLa cells, the strong CMV promoter-driven transposase had almost three times 

the expression activity over the weaker endothelial cell-specific Tie2 promoter. Using a t-

Test, the results were significantly different between the non-specific control and the 

Trans and Cis groups (p<0.05). By comparing results from both transposition activities in 

HeLa and HUVECs, robust endothelial specific expression was observed using the Tie2 

promoter in HUVECs as the activity was comparable to the CMV-driven transposase. As 

expected, the Tie2 promoter’s activity in the non-endothelial HeLa cells appears to be 

more restricted when compared to the CMV promoter. 
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Figure 3-4. Results of HeLa transposition. Neomycin resistant colonies were counted 

after 2 weeks post-transfection. Neg, negative group with only transposon; 
Nonspec, no specific cell-targeted group with transposon and CMV-driven 
transposase; Trans, trans group with transposon co-delivered with endothelial-
specific transposase; Cis, cis group with transposon and Tie2-driven 
transposase on a single plasmid. The number above each bar denotes the mean 
while the standard deviations are reported as Y-error bars. 
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Endothelial-Specific Sleeping Beauty Expression 

In vivo Long Term SEAP Secretion 

The previous experiment demonstrates that the designed constructs work in tissue 

culture, yet they still have to be tested in vivo to gauge their efficacy in a real biological 

environment. The SEAP studies serve to answer not only whether the endothelial specific 

SB system works in an animal, but also whether such expression can be maintained over 

the long term. Mice were injected through the tail-vein with the four test groups as 

described under Materials and Methods. Blood was collected and SEAP expression in the 

bloodstream was analyzed over an 84-day period: 

Table 3-3. Results of SEAP detection at 6 different time points post-injection. Numbers 
reported represent ng/ml of SEAP protein present in the bloodstream. Neg, 
negative group with transposon and non-functional transposase; Nonspec, no 
specific cell-targeted group with transposon and CMV-driven transposase; 
Trans, trans group with transposon co-delivered with endothelial-specific 
transposase; Cis, cis group with transposon and Tie2-driven transposase on a 
single plasmid. 

 
 

Day 3 Avg Day 
7 Avg Day 

14 Avg Day 
28 Avg Day 

56 Avg Day 
84 Avg 

897.9 101.5 45.9 62.4 1.6 16 

1414.7 101.8 71.3 61.5 28 57.2 Neg 

1168 

1160 

107.7 

103.6 

39.5 

52.2 

20 

47.9 

60.7 

30.1 

28.2 

33.8 

1142.3 305 337.4 353.4 244.2 284 

1588.8 265.3 266 254.2 303 244.8 Nonspec 

1229.3 

1321 

269.5 

279.9 

256.6 

286.6 

237.2 

281.6 

364.1 

303.7 

335.2 

288 

864.5 235 152.7 160.4 207.6 154.8 

1425.7 196.3 150.6 207.5 233 181 Trans 

1300.1 

1197 

150.2 

193.8 

152.2 

151.8 

158.6 

175.5 

211 

217.1 

292.1 

209.3 

1719.4 149.1 115.2 147.2 228.2 244.9 

861.3 185.3 102.1 172.9 165.6 198.6 Cis 

1392.9 

1325 

136.7 

157 

82.2 

99.8 

174.6 

164.9 

210.9 

201.5 

138.8 

194.1 
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Long Term SEAP Activity in Mice
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Figure 3-5. Long term SEAP expression in mice, up to day +84. Neg, negative group 

with transposon and non-functional transposase; Nonspec, no specific cell-
targeted group with transposon and CMV-driven transposase; Trans, trans 
group with transposon co-delivered with endothelial-specific transposase; Cis, 
cis group with transposon and Tie2-driven transposase on a single plasmid. 

 
Long term SEAP activity was observed at 12 weeks in mice injected with SB 

transposon and transposase. The amount of SEAP protein for each sample was quantified 

by comparison to a standard curve and reported as ng/ml. The Nonspec group that was 

injected with the CMV-driven transposase had the most robust activity, while the Neg 

group that was injected with just a transposon but with no functional transposase had only 

background levels of activity. The two groups injected with the endothelial-driven 
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transposase, Trans and Cis, also showed stable long term activity. Both the trans and cis 

plasmids have similar expression levels. These data suggests that the endothelial-driven 

transposase works in an animal model, facilitates integration, and enables long term 

expression in vivo.  

Luciferase Assay and In Vivo Expression in Tissues 

Once systemic long-term expression of the transgene in mice was demonstrated, 

non-specific and endothelial-specific SB carrying the luciferase reporter gene was 

injected into mice through the tail-vein. This part of the experiment sought to determine 

the location and amount of luciferase protein being expressed in major organs. The 

organs investigated were lungs, heart, liver, spleen, and kidneys. Detection was through 

the measurement of relative light units (RLU) emitted per mg protein. When luciferase 

protein is detected in an organ, it is an indication that the luciferase transgenes were 

successfully delivered and are being expressed by cells in the organs.  

The following tables are representative of luciferase expression detected in lungs, 

heart, liver, spleen, and kidneys at day +28 post-injection. There were three mice in the 

Nonspec and Trans test groups, while two mice were used for the Neg and Cis groups. 

Supernatant was taken from each tissue type of each animal and read three times for RLU 

detection on a luminometer. The protein amount in each sample was also determined and 

expressed as mg/µl. Tables 3-4 to 3-8 summarize the average RLU and protein 

concentrations detected in the various organs. In order to calculate RLU per mg of 

protein, the average RLU/mg of each mouse was determined. Next, averages were 

calculated for each group. Tables 3-9 to 3-13 summarize the RLU per mg of protein 

calculations. 
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Robust luciferase expression was detected in lungs on day +28 post-injection in the 

Nonspec, Trans and Cis groups (see Figure 3-6). Negative control readings of the lung 

registered at a low 2.5 X 102. Readings of 6.9 X 104 from the Nonspec tissue were 

highest. The Trans and Cis tissues had lower readings, but still in the robust 104 and 103 

ranges respectively. Trans also had twice the activity of Cis. 

Interestingly, there was a high level of activity in the Nonspec liver tissue (see 

Figure 3-7). The results were rather unexpected, as one might expect only low levels of 

activity in liver tissues following tail-vein administration. The luciferase activities in 

Nonspec tissues turned out to be much stronger and were in the 1.4 X 104 range. 

However, much lower activity was detected in Trans and Cis tissues when compared to 

Nonspec.  This lower reading could signal the effects of the Tie2 promoters. Activity in 

Trans tissues were again higher than the Cis counterpart. 

RLU / mg readings of 1.4 X 103 were detected in heart tissues from the Trans 

group, while results from the Cis group were lower at 8.5 X 102 (see Figure 3-8). Both 

levels of expression in Trans and Cis were similar to the Nonspec group. In addition, the 

results suggest positive activity in the heart when compared to the negative control. 

However, activity is not as robust as those observed in the lung.   

There was no luciferase expression detected in spleen. Nonspec, Trans, and Cis 

tissues had no significant activity levels (see Figure 3-9). 

There were no luciferase activities detected in the kidneys in any of the groups. All 

RLU / mg readings were registered in the 102 range (see Figure 3-10). 

In summary, results from the luciferase study indicate that the most robust 

expression obtained was in lung tissues. The Nonspec, Trans, and Cis groups registered 
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high levels of activity. A high level of activity was also detected in the liver for the non-

endothelial specific Nonspec group. Trans and Cis on the other hand, had low levels of 

activity in the liver.  

The second highest level of activity for the Trans and Cis groups was detected in 

the heart. However, the levels detected in the heart were much lower than the activities 

found in the lungs. This finding of the Trans and Cis groups differs from the Nonspec 

group. In Nonspec, the second highest level of activity was found in the liver, not the 

heart. No activities were detected in either spleen or kidney for all groups. Figure 3-11 

summarizes the activities detected in each of the organ tissues. 

Table 3-4. Average relative light units and protein concentrations detected in lung. Neg, 
negative group with only pcDNA3.1; Nonspec, no specific cell-targeted group 
with CMV-driven transposon and CMV-driven transposase; Trans, trans 
group with ET-1 driven transposon co-delivered with Tie2-driven transposase; 
Cis, cis group with ET-1 driven transposon and Tie2-driven transposase on a 
single plasmid. Samples from the tissue from each mouse in each group were 
read three times. N.A., not applicable.  

 

Lung  Mouse 1 
(RLU/5µl) 

Protein 
(mg/µl)

Mouse 2 
(RLU/5µl)

Protein 
(mg/µl)

Mouse 3 
(RLU/5µl) 

Protein 
(mg/µl) 

Neg 42 0.037 46 0.031 N.A. N.A. 

Nonspec 9069 0.025 17301 0.036 4306 0.020 

Trans 557 0.033 4865 0.033 2741 0.015 

Cis 1871 0.024 838 0.026 N.A. N.A. 
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Table 3-5. Average relative light units and protein concentrations detected in heart. Neg, 
negative group with only pcDNA3.1; Nonspec, no specific cell-targeted group 
with CMV-driven transposon and CMV-driven transposase; Trans, trans 
group with ET-1 driven transposon co-delivered with Tie2-driven transposase; 
Cis, cis group with ET-1 driven transposon and Tie2-driven transposase on a 
single plasmid. Samples from the tissue from each mouse in each group were 
read three times. N.A., not applicable. 

 

Heart Mouse 1 
(RLU/5µl) 

Protein 
(mg/µl)

Mouse 2 
(RLU/5µl)

Protein 
(mg/µl)

Mouse 3 
(RLU/5µl) 

Protein 
(mg/µl) 

Neg 60 0.028 47 0.035 N.A. N.A. 

Nonspec 120 0.042 242 0.043 164 0.042 

Trans 124 0.029 147 0.046 317 0.022 

Cis 154 0.033 103 0.025 N.A. N.A. 

 
 
Table 3-6. Average relative light units and protein concentrations detected in liver. Neg, 

negative group with only pcDNA3.1; Nonspec, no specific cell-targeted group 
with CMV-driven transposon and CMV-driven transposase; Trans, trans 
group with ET-1 driven transposon co-delivered with Tie2-driven transposase; 
Cis, cis group with ET-1 driven transposon and Tie2-driven transposase on a 
single plasmid. Samples from the tissue from each mouse in each group were 
read three times. N.A., not applicable. 

 

Liver Mouse 1 
(RLU/2µl) 

Protein 
(mg/µl)

Mouse 2 
(RLU/2µl)

Protein 
(mg/µl)

Mouse 3 
(RLU/2µl) 

Protein 
(mg/µl) 

Neg 79 0.141 79 0.135 N.A. N.A. 

Nonspec 4840 0.164 3600 0.153 4237 0.128 

Trans 105 0.144 673 0.153 210 0.136 

Cis 195 0.172 89 0.144 N.A. N.A. 
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Table 3-7. Average relative light units and protein concentrations detected in spleen. Neg, 
negative group with only pcDNA3.1; Nonspec, no specific cell-targeted group 
with CMV-driven transposon and CMV-driven transposase; Trans, trans 
group with ET-1 driven transposon co-delivered with Tie2-driven transposase; 
Cis, cis group with ET-1 driven transposon and Tie2-driven transposase on a 
single plasmid. Samples from the tissue from each mouse were read three 
times. N.A., not applicable 

 

Spleen Mouse 1 
(RLU/30µl) 

Protein 
(mg/µl)

Mouse 2 
(RLU/30µl)

Protein 
(mg/µl)

Mouse 3 
(RLU/30µl) 

Protein 
(mg/µl)

Neg 48 0.012 73 0.008 N.A. N.A. 

Nonspec 80 0.005 121 0.014 103 0.006 

Trans 76 0.009 91 0.015 83 0.008 

Cis 98 0.012 69 0.007 N.A. N.A. 

 
Table 3-8. Average relative light units and protein concentrations detected in kidney. 

Neg, negative group with only pcDNA3.1; Nonspec, no specific cell-targeted 
group with CMV-driven transposon and CMV-driven transposase; Trans, 
trans group with ET-1 driven transposon co-delivered with Tie2-driven 
transposase; Cis, cis group with ET-1 driven transposon and Tie2-driven 
transposase on a single plasmid. Samples from the tissue from each mouse 
were read three times. N.A., not applicable. 

 

Kidney Mouse 1 
(RLU/5µl) 

Protein 
(mg/µl)

Mouse 2 
(RLU/5µl)

Protein 
(mg/µl)

Mouse 3 
(RLU/5µl) 

Protein 
(mg/µl) 

Neg 50 0.097 54 0.093 N.A. N.A. 

Nonspec 71 0.098 46 0.060 58 0.087 

Trans 47 0.086 51 0.076 65 0.112 

Cis 67 0.109 65 0.099 N.A. N.A. 
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Table 3-9. Average relative light units per mg in lung. Neg, negative group with only 
pcDNA3.1; Nonspec, no specific cell-targeted group with CMV-driven 
transposon and CMV-driven transposase; Trans, trans group with ET-1 driven 
transposon co-delivered with Tie2-driven transposase; Cis, cis group with ET-
1 driven transposon and Tie2-driven transposase on a single plasmid. N.A., 
not applicable. 

 

Lung Mouse 1 
RLU/mg 

Mouse 2 
RLU/mg

Mouse 3 
RLU/mg

Group Average
RLU/mg 

Neg 223 287 N.A. 255 
Nonspec 72349 95139 42382 69957 

Trans 3327 29307 35311 22648 
Cis 15624 2895 N.A. 9259 
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Figure 3-6. Luciferase expression in lung illustrated on a log scale. Neg, negative group 

with only pcDNA3.1; Nonspec, no specific cell-targeted group with CMV-
driven transposon and CMV-driven transposase; Trans, trans group with ET-1 
driven transposon co-delivered with Tie2-driven transposase; Cis, cis group 
with ET-1 driven transposon and Tie2-driven transposase on a single plasmid.  
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Table 3-10. Average relative light units per mg in liver. Neg, negative group with only 
pcDNA3.1; Nonspec, no specific cell-targeted group with CMV-driven 
transposon and CMV-driven transposase; Trans, trans group with ET-1 driven 
transposon co-delivered with Tie2-driven transposase; Cis, cis group with ET-
1 driven transposon and Tie2-driven transposase on a single plasmid. N.A., 
not applicable. 

 

Liver Mouse 1 
RLU/mg 

Mouse 2 
RLU/mg

Mouse 3 
RLU/mg

Group Average
RLU/mg 

Neg 279 291 N.A. 285 

Nonspec 14707 11738 16555 14333 

Trans 367 2191 770 1109 

Cis 567 307 N.A. 437 
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Figure 3-7. Luciferase expression in liver illustrated on a log scale. Neg, negative group 

with only pcDNA3.1; Nonspec, no specific cell targeted group with CMV-
driven transposon and CMV-driven transposase; Trans, trans group with ET-1 
driven transposon co-delivered with Tie2-driven transposase; Cis, cis group 
with ET-1 driven transposon and Tie2-driven transposase on a single plasmid.  
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Table 3-11. Average relative light units per mg in heart. Neg, negative group with only 
pcDNA3.1; Nonspec, no specific cell-targeted group with CMV-driven 
transposon and CMV-driven transposase; Trans, trans group with ET-1 driven 
transposon co-delivered with Tie2-driven transposase; Cis, cis group with ET-
1 driven transposon and Tie2-driven transposase on a single plasmid. N.A., 
not applicable. 

 

Heart Mouse 1 
RLU/mg 

Mouse 2 
RLU/mg

Mouse 3 
RLU/mg

Group Average
RLU/mg 

Neg 426 264 N.A. 345 

Nonspec 563 1123 773 820 

Trans 830 627 2863 1440 

Cis 912 794 N.A. 853 
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Figure 3-8. Luciferase expression in heart illustrated on a log scale. Neg, negative group 

with only pcDNA3.1; Nonspec, no specific cell-targeted group with CMV-
driven transposon and CMV-driven transposase; Trans, trans group with ET-1 
driven transposon co-delivered with Tie2-driven transposase; Cis, cis group 
with ET-1 driven transposon and Tie2-driven transposase on a single plasmid.  
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Table 3-12. Average relative light units per mg in spleen. Neg, negative group with only 
pcDNA3.1; Nonspec, no specific cell-targeted group with CMV-driven 
transposon and CMV-driven transposase; Trans, trans group with ET-1 driven 
transposon co-delivered with Tie2-driven transposase; Cis, cis group with ET-
1 driven transposon and Tie2-driven transposase on a single plasmid. N.A., 
not applicable. 

 

Spleen Mouse 1 
RLU/mg 

Mouse 2 
RLU/mg

Mouse 3 
RLU/mg

Group Average
RLU/mg 

Neg 127 288 N.A. 208 

Nonspec 499 287 559 448 

Trans 267 200 324 264 

Cis 258 298 N.A. 278 
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Figure 3-9. Luciferase activity detected in spleen illustrated on a log scale. Neg, negative 

group with only pcDNA3.1; Nonspec, no specific cell-targeted group with 
CMV-driven transposon and CMV-driven transposase; Trans, trans group 
with ET-1 driven transposon co-delivered with Tie2-driven transposase; Cis, 
cis group with ET-1 driven transposon and Tie2-driven transposase on a 
single plasmid.  
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Table 3-13. Average relative light units per mg in kidney. Neg, negative group with only 
pcDNA3.1; Nonspec, no specific cell-targeted group with CMV-driven 
transposon and CMV-driven transposase; Trans, trans group with ET-1 driven 
transposon co-delivered with Tie2-driven transposase; Cis, cis group with ET-
1 driven transposon and Tie2-driven transposase on a single plasmid. N.A., 
not applicable. 

 

Kidney Mouse 1 
RLU/mg 

Mouse 2 
RLU/mg

Mouse 3 
RLU/mg

Group Average
RLU/mg 

Neg 102 116 N.A. 109 

Nonspec 144 154 134 144 

Trans 109 135 117 120 

Cis 123 131 N.A. 127 
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Figure 3-10. Luciferase expression in kidney illustrated on a log scale. Neg, negative 

group with only pcDNA3.1; Nonspec, no specific cell-targeted group with 
CMV-driven transposon and CMV-driven transposase; Trans, trans group 
with ET-1 driven transposon co-delivered with Tie2-driven transposase; Cis, 
cis group with ET-1 driven transposon and Tie2-driven transposase on a 
single plasmid.  
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Figure 3-11. Summary of luciferase expression in organ tissues on day +28 post-injection 

illustrated on a log scale. Expression reported on a log scale. Neg, negative 
group with only pcDNA3.1; Nonspec, no specific cell-targeted group with 
CMV-driven transposon and CMV-driven transposase; Trans, trans group 
with ET-1 driven transposon co-delivered with Tie2-driven transposase; Cis, 
cis group with ET-1 driven transposon and Tie2-driven transposase on a 
single plasmid.  

 
Localization of Transgene in Organ Tissues 

Once expression in some tissues was established, immunohistochemistry was 

performed to determine cellular localization of luciferase in lung through delivery of SB 

using PEI. Using anti-luciferase and anti-endothelial primary antibodies, perfusion-fixed 

tissues were labeled with red-conjugated secondary antibody for Luciferase and green-

conjugated secondary antibody for endothelial cells as described in Materials and 

Methods. Localization of luciferase in endothelial cells was evaluated by locating cells 

that exhibit both colors. 
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Figure 3-12. Luciferase localization in lung tissue of Trans group. Green denotes staining 

of the endothelial marker CD31. Red denotes luciferase protein while blue 
denotes nuclei stain.  

Luciferase marker in red was observed in what are possibly capillary tissues, which 

are immuno-labeled in green. This preliminary observation suggests the likelihood of 

specific transgene expression within endothelial cells. We are working on the antibody 

dilution factors to obtain even higher quality pictures of the transgene localization in lung 

tissues.   
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CHAPTER 4 
DISCUSSION 

For any gene therapy technique to advance to the clinical stage, it must first be 

proven effective and safe in preclinical studies. In Sleeping Beauty’s (SB) case, most 

current research is focused on three major areas that will help advance its gene therapy 

candidacy: overall efficacy, best delivery method, and tissue-specific targeting. This 

research project was focused on two of the three mentioned areas. More specifically, this 

research sought to answer the following questions: 

1) Can SB be adapted to induce specific expression in targeted cell types? Since SB 

relies on popular co-delivery platforms such as polyplexes to penetrate cell walls, 

transposition is usually random in regards to cell type. The majority of such 

delivery mechanisms are also usually non-specific. As a result, SB will integrate 

into many different cell types. To minimize expression of transgene in certain cell 

types, promoters can be used to drive expression in selected cells. This 

countermeasure strategy is especially useful if targeted treatment of an area or cell 

type is sought. In this study, endothelial cells were chosen as target cells because 

of their important roles in vascular homeostasis, blood pressure regulation and 

cardiovascular diseases. In addition, they play a role in vascular angiogenesis and 

thus are important for tumor growth. Using the Tie2 and endothelin-1 promoters, 

an endothelial-specific Sleeping Beauty transposon system may therefore 

potentially be a useful tool for treating cardiovascular diseases or targeting tumor 

vasculature in the future. This study is the first demonstrated case where each 
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component of the SB system is driven in a cell-specific manner targeting 

endothelial cells. 

2) What is the best delivery configuration for an endothelial-specific SB? Previous 

reports have conflicting findings (19, 46). Whether a trans or cis configuration is 

more efficient for transgene delivery is probably dependent on cell and tissue 

types, as well as the site and method of delivery. This research hopes to provide 

us with a better understanding of SB’s best configuration for systemic delivery in 

a controlled setting. 

To answer both questions, a series of experiments was planned to test the use of an 

endothelial-specific SB system. Transposition assays were first performed by comparing 

an endothelial-specific SB to a non-endothelial specific SB. The endothelial-specific 

SB’s activity was lower compared to the non-endothelial SB in the HeLa cell line (Figure 

3-4). Its activity was almost three times lower when compared to the CMV-driven SB. 

However, endothelial-specific SB activity was robust in the endothelial HUVECs. In fact, 

it reached levels of activity similar to the CMV promoter-driven SB (Figure 3-3). 

Statistical analysis suggests there were no differences in transposition activity for the 

CMV-driven and Tie2-driven SB within endothelial cells. This finding supports the 

notion that SB expression can be restricted in specific cell types by using an appropriate 

promoter.  

Results of the transposition assay also suggest that both Trans and Cis vectors had 

similar in vitro activities in HUVECs. Using a t-Test, both results were found to be 

statistically similar (p<0.05). Thus, preliminary findings suggested that the plasmid 

configuration may not influence transposition activity in vitro. 
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Once evidence of possible endothelial specificity in tissue culture cells was 

documented, confirmatory tests were conducted to gauge an endothelial-specific SB’s 

overall activity in vivo. Because the cellular environment in a body is different and more 

complex than a tissue culture’s controlled setting, in vivo tests using mice were 

performed to evaluate SB expression and stability. Four-week old mice were injected 

through the tail-vein with the four plasmid groups containing either the controls or 

endothelial-specific SB carrying a SEAP gene. Blood was collected at various time points 

and long-term SEAP expression in the bloodstream was detected up to day +84 post-

injection (Figure 3-5). Similar long-term SEAP expression using an endothelial-specific 

transposon was previously reported (26). For the first time, this study demonstrates 

prolonged SEAP expression using SB with an endothelial-restricted transposase. This 

finding is promising, as it suggests successful transposition within endothelial cells in 

vivo enabling long-term transgene expression in an animal model.  

As indicated from the in vitro studies, the Trans and Cis groups had similar 

activities in vivo. Both SEAP secretions in the bloodstream were of similar levels. Again, 

preliminary findings suggest that transposition may not be affected by plasmid 

configuration in vivo, so long as delivery and chromosomal integration are presumably 

successful to allow transgene protein secretion. 

Once expression in an animal model was demonstrated, the next step was to 

determine the transposition sites. Hence, a luciferase assay was conducted to evaluate the 

amount of transgene protein expression in various organs of mice in each test group. 

Again, four-week old mice were injected with the controls and endothelial-specific SB 

carrying a luciferase reporter gene. This part of the experiment looks at sites where SB 
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delivery in mice was most successful when administered systemically through 

intravenous injection. According to the results, lungs were the most targeted tissue when 

SB is administered through the tail vein (Figure 3-11). The finding was expected as 

previous studies have demonstrated successful delivery of SB to the lungs through veins 

(19, 26, 49). There was some activity detected in the heart for Trans and Cis, but Cis had 

lower activity compared to Trans (Figure 3-8). There was a high level of activity in liver 

in the Nonspec group, but significantly less readings were detected in the livers of Trans 

and Cis groups (Figure 3-7). This muted activity may be the result of the Tie2 promoters 

that may not be as active in non-vascular endothelial cells. No activity was found in the 

kidney or spleen (Figures 3-9 and 3-10). Because there were three animals in the 

Nonspec and Trans test groups, the finding is significant and suggests an interesting 

outcome that warrants further evaluation. We are in the process of analyzing more 

animals to reach statistical significance in other groups, but we expect similar results will 

be obtained. 

Based on data from the transposition assay and SEAP expression study, one might 

have expected that both Trans and Cis would have similar expression activity in organ 

tissues. Surprisingly, there is preliminary evidence to suggest that Trans may have better 

expression activity compared to Cis in lung, heart, and liver tissues. Trans has twice the 

activity compared to Cis in lungs (Figure 3-6). It will be interesting to see the outcome 

when an additional mouse is used for the Cis group in a future study, making it three 

animals for the group studied.  
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Last, for physical verification, immunohistochemistry was performed to identify 

expression sites within lung tissues in the Trans animal. Present staining results suggest 

the likelihood of luciferase expression in endothelial cells. 

As for the next steps, an expanded study involving more animals per group may be 

helpful to verify and substantiate luciferase expression within organ tissues. We can 

further study the possibility of gene therapy targeting the lung and liver using vein 

administration. Immunohistochemistry of the other major organs can also be performed 

to look for additional physical evidence of endothelial targeting. 

For the future, studies can be done to investigate the possibility of targeted site-

delivery using SB and special polyplexes with specific conjugated peptides or ligands so 

that only targeted cells will engulf the transfection complexes. Such strategies have been 

demonstrated previously (75). If the development of a targeted SB delivery is successful, 

then expression within specific cell types will be further enhanced on both delivery and 

expression aspects. Along with expected continued developments in increasing 

transposition efficiency, these advancements will likely propel SB to the forefront of 

gene therapy. 

In conclusion, a newly constructed endothelial-specific Sleeping Beauty system 

was successfully developed that showed activity in both cell culture and in animal model 

systems. Tie2 promoters can be used to restrict expression to endothelial cells and to 

minimize levels in other cell types. Trans appears to be more efficient as a delivery 

configuration in vivo. It is hoped that this research has helped advance Sleeping Beauty 

towards becoming a gene therapy application for cardiovascular and cancer-related 

diseases.   
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