
Summary. Induced pluripotent stem (iPS) cells
represent a recent innovation in the field of stem cells.
Commonly, iPS cells are generated by viral transduction
of core reprogramming genes, such as Oct4, Sox2, Klf4,
c-Myc, Nanog and Lin28. However, integrating viruses,
like retro- and lentiviral vectors, may cause insertional
mutagenesis and may increase the risk of tumor
formation. Therefore, alternative methods which avoid
these safety concerns are intensively investigated. Here,
we review the current status of transposon-based
methods to induce pluripotency. DNA transposons are
non-viral elements, which can be effectively integrated
into a genome by their corresponding transposase
enzyme. The advantages of transposon-based gene
transfer are their increased safety, their large cargo
capacity, their relatively simple design, and the
availability of hyper-active and mutated transposase
enzymes. For example, integration-deficient, excision-
competent transposase variants allow the complete
removal of the reprogramming transposon after
successful reprogramming to obtain transposon-free
reprogrammed cells. Transposon-based reprogramming
broaden the toolbox for iPS cell production and will
advance the establishment of safe, non-viral methods.
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Reprogramming, Transposition, Sleeping Beauty,
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Introduction 

Induced pluripotent stem (iPS) cells represent a
recent innovation in stem cell research and
developmental biology. Commonly, iPS cells are
generated by viral transduction of core reprogramming
genes, such as Oct4, Sox2, Klf4, c-Myc, Nanog and
Lin28 (Takahashi and Yamanaka, 2006; Okita et al.,
2007; Takahashi et al., 2007; Yu et al., 2007). The viral
gene delivery of the reprogramming factors is associated
with considerable risks of insertional mutagenesis and
genotoxicity (Wu and Dunbar, 2011). To overcome these
risks, alternative methods, such as non-integrating
adenoviral vectors (Stadtfeld et al., 2008), plasmids (Yu
et al., 2009), recombinant proteins (Zhou et al., 2009),
modified mRNAs (Warren et al., 2010), and small
molecules (Shi et al., 2008) were assessed for iPS cell
derivation. However, the efficiency of reprogramming
using these methods is significantly lower than that of
retro- or lentiviral vectors and the alternative methods
may require repetitive treatments to maintain
pluripotency (Kumar et al., 2015). 

Non-autonomous DNA transposon systems represent
a promising alternative to these approaches. Recently
generated hyperactive transposon elements have
improved gene delivery to levels similar to that obtained
with viral vectors (Mates et al., 2009; Yusa et al., 2011;
Li et al., 2013). DNA transposons, specifically Sleeping
Beauty (SB) and piggyBac (PB), have emerged as useful
alternatives to virus-mediated reprogramming of somatic
cells in different species (Table 1), including human
(Woltjen et al., 2009; Davis et al., 2013), mouse (Woltjen
et al., 2009; Muenthaisong et al., 2012; Grabundzija et
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al., 2013; Talluri et al., 2014; Tsukiyama et al., 2014),
pig (Kues et al., 2013), horse (Nagy et al., 2011), bat
(Mo et al., 2014), monkey (Debowski et al., 2015), rat
(Ye et al., 2015) and cattle (Talluri et al., 2015). The
different transposon systems have a number of
advantages over the viral vectors, such as: (i) no or
minimal bias for integration in expressed genes or
promoter regions, (ii) a DNA cargo capacity of up to 100
kb (Rostovskaya et al., 2012; Skipper et al., 2013), (iii)
the possibility of seamless removal of the transposon
after reprogramming (Woltjen et al., 2009), (iv) a cost-
effective production of the basic plasmids, (v) less innate
immunogenicity, (vi) the co-delivery of multiple genes,
and (vii) no requirement for a specialized biohazard
containment facility during production or handling. 

Transposons or mobile genetic elements were first
described by Barbara McClintock as “jumping genes”
responsible for color mosaicism of kernels in maize cobs
(McClintock, 1950). Transposons are discrete pieces of
DNA that can move from one site to another within a
genome, and sometime between genomes (Ivancevic et
al., 2013; Walsh et al. 2013). Species-specific
transposons are found in the genomes of all pro- and
eukaryotes, and in humans about 45% of the genome is
derived from retro- (RNA) and DNA transposons
(Lander et al., 2001), however the gross majority of the
naturally occurring transposons accumulated mutations
and lost the ability to jump. Due to their wide
distribution and diversity, they are a considerable source
of genomic variation and as such, they constitute
powerful drivers of genome evolution (Ivancevic et al.
2013; Ayarpadikannan and Kim, 2014; Erwin et al.,
2014; Chenais, 2015; Ayarpadikannan et al., 2015). 

To obtain a clinically relevant transposon that could
be used for cellular reprogramming, it was important to
identify transposable elements, which are capable of
efficient transposition in mammalian cells. In this
direction, SB and PB DNA transposon systems have
been developed as efficient cellular reprogramming
vectors. SB originates from salmonid fish species, where
it existed as inactive element, which was reawakened by
an in vitro mutagenesis approach (Ivics et al., 1997). PB
was identified as an active element in the moth
Trichoplusia ni (Fraser et al., 1996). Importantly, no
orthologous elements to SB and PB are known in
mammalian species, thus the re-mobilisation by potential
endogenous transposases is unlikely. In transgenic mice
and pigs this has been experimentally verified (Dupuy et
al., 2002; Garrels et al., 2012a).

Importantly, the hyperactive SB (SB100X) and PB
(hypPB) transposases have similar activity levels in
mammalian cells, and are independent of cellular co-
factors (Mátés et al., 2009; Doherty et al., 2012). Both
transposon systems have been shown to be suitable for
the derivation of iPS cells (Woltjen et al., 2009; Nagy et
al., 2011; Grabundzija et al., 2013; Salewski et al., 2013;
Kues et al., 2013; Talluri et al., 2014, 2015). Here, we
review the current status and perspectives of transposon-
based methods to induce pluripotency. 

Transposon systems and reprogramming by
engineered transposons

Several DNA transposon systems with active
transpositional competence in mammalian cells and
organisms have been developed in recent years. The best
characterized transposon systems, such as SB, PB, Tol2,
Frog Prince and Passport originate from non-mammalian
species (Kawakami et al., 2000; Miskey et al., 2003;
Ivics et al., 2009; Clark et al., 2009), but active
mammalian DNA transposons, like Hsmar1, also have
been reconstructed (Miskey, 2007). 

For genetic engineering the SB and PB transposon
are commonly designed as non-autonomous systems,
splitting the functional elements into two bacterial
plasmids, which can be amplified in E. coli under
standard laboratory conditions. One plasmid (helper
plasmid) carries the transposase gene, and a second
plasmid carries the inverted terminal repeat (ITR)
flanked gene of interest (transposon) (Fig.1). Here, the
transposon plasmid carries the reprogramming factors on
a polycistronic construct driven by a single promoter
(Fig. 1). Co-delivery of both plasmids into mammalian
cells, results in transcription of the episomal helper
plasmid and expression of the transposase, which
subsequently transposes the ITR-flanked reprogramming
factor cassette into the genome. Transposition includes
two basic basepair-accurate enzymatic reactions, a
precise cutting at the ends of the ITRs, and an
introduction of the transposon into a genomic site (cut-
and-paste mechanism) as shown in Fig. 1. Both steps are
performed by the transposase protein. In the first step of
transposition, the transposase binds to the ITRs followed
by formation of a synaptic complex. The minimal
consensus sequence for SB-catalyzed integrations is a
TA-dinucleotide (Ivics et al., 1997), and for PB
transposition a TTAA-tetranucleotide sequence is
required (Ding et al., 2005; Collier and Largaespada,
2007; Cadinanos and Bradley, 2007). Tol2 does not seem
to use a specific recognition site (Grabundzija et al.,
2010; Meir et al., 2011), but all transposases seem to
require additional, less well explored topological
conformations of the target DNA. In particular,
chromatin condensation and CpG-methylation patters
seem to affect the transposition rate (Jursch et al., 2013;
Claeys-Bouuaert and Chalmers, 2013). Genomic regions
with higher AT content organized in a palindromic core
unit were found to be the preferential insertion sites for
SB (Vigdal et al., 2002; Yant et al., 2005), while a recent
study showed that the first 100 nucleotides surrounding
the TTAA integration site are important for PB
transposase target selection (Meir et al., 2011). 

Nevertheless, at a genomic scale, SB transposon
integrations appear to be randomly distributed (Vigdal et
al., 2002; Yant et al., 2005; Berry et al., 2006; Huang et
al., 2010), whereas PB and Tol2 show a slight bias for
promoter and exonic regions (Skipper et al., 2013).
Saturation analyses indicated a minor correlation
between the integration profile of transposons and the
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transcriptional status of targeted genes (Yant et al.,
2005). Consequently, the integration pattern of the
transposon systems seem to be safer as compared to
retroviral vectors, which show a strong bias for promoter
and exonic regions of transcribed genes (Wu et al., 2003;
Berry et al., 2006; Hackett et al., 2007). Importantly,
both SB and PB seem to favour transcriptional
permissive loci in the genome, ensuring robust
expression of the reprogramming factors (Talluri et al.,
2014).

For iPS cell reprogramming, the transposon is used
as a bi-component vector system for delivering of the
reprogramming factors. The transposon is excised from
the donor plasmid and is integrated at a chromosomal
site by the transposase through the cut-and-paste
mechanism. The mobilisation of the transposon requires
that the transposase gene is transcribed; the matured
messenger transcript is exported into the cytoplasm, and
then becomes translated. The transposase protein is then
folded, and enters the nucleus, where transposition
occurs (Fig. 1) (Beall et al., 2002).

The transposon could accommodate individual
cDNAs or polycistronic constructs (Fig. 2). The
employment of 2A self-cleaving peptide sequences allow
the stochiometric co-expression of several protein
products from a single transcript (Kues et al., 2013;
Grabundzija et al., 2013; Davis et al., 2013; Mo et al.,

2014; Tsukiyama et al., 2014; Talluri et al., 2014, Talluri
et al., 2015). The design of 2A constructs requires the
removal of the stop codons and the in-frame integration
of 2A sequences. The 2A sequences encode short
oligopeptides (18-22 amino acids) that auto-catalytically
cleave the nascent protein sequence inside the 2A
oligopeptide before the last proline (de Felipe, 2004;
Szymczak et al., 2004; Yusa et al., 2009; Kaji et al.,
2009; Szymczak-Workman et al., 2012). Thus, the
resulting individual reprogramming factors will carry
short 2A peptides on the carboxy terminal ends.
Recently, 2A peptide mediated co-expression of
transgenes has gained much popularity due to its small
size, efficacy, stoichiometry and availability of various
functional variants. Its small size is an invaluable feature
in terms of designing reprogramming vectors assembling
several protein-coding cDNA on a single construct. The
use of 2A variants dispenses with the need for several
promoter elements and thereby reduces potential
intermolecular homologous recombination events and
promoter crosstalk (Henikoff, 1998).
Transposon removal and maintenance of
pluripotency

Maintaining genomic integrity is critical for
therapeutic applications of iPS cells. Transposon-based
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Fig. 1. Transposit ion of a multi-gene
reprogramming transposon. A non-
autonomous transposon system consists of
two plasmids, which are separately amplified
in bacteria. The transposon plasmid carries an
ITR-flanked reprogramming construct of a
strong promoter driving a multi-gene
arrangement of reprogramming factors. The
transposase (helper) plasmid carries the
corresponding transposase gene driven by a
strong promoter. Upon co-transduction into
mammalian cells, the transposase gene is
expressed, and catalyzes precise integration
of the ITR-flanked transposon into the
genome.



delivery systems offer the possibility of seamless
removal of the reprogramming cassette. This was
demonstrated as a proof-of-principle in murine iPS cells
(Woltjen et al., 2009; Yusa et al., 2009), and then in
human iPS cells (Woltjen et al., 2011; Igawa et al.,
2014). The integrated PB transposon can be re-mobilized
by supplying the transposase in trans (Fig. 3)
(VandenDriessche et al., 2009; Woltjen et al., 2011) and
permits the isolation of transgene-free iPS cells, which
makes the system more attractive and relevant in
producing safe and clean iPS cells (Yusa et al., 2009;
Ivics et al., 2009; Woltjen et al., 2011, Mo et al., 2014).
The integrated PB transposon could be excised from iPS
cells at a rate of higher than 90% by transient expression
of PB transposase (Hotta et al., 2009). During PB
transposon excision the TTAA integration sites used by
PB transposase are repaired to the original sequence
(Fraser et al., 1996), resulting in a seamless removal of
transposons. 

In contrast, Davis et al. (2013) were unable to
generate a transgene-free iPS cell line following re-
expression of the SB transposase in the reprogrammed
cells. SB mediated iPS cells containing a single copy of
the transposon might improve the likelihood of
generating transgene-free iPS cells. However, these
excision approaches are complex and time consuming,
since they require the identification of iPS cells with
minimal copy insertions, mapping of integration sites,
excision of the reprogramming cassette, and validation

of factor-free clones (Park et al., 2008). 
Alternatively, recombinase-specific sites such as lox

P could be incorporated into the transposon vector to
enable recombinase mediated excision (Kaji et al.,
2009). In this case, the short terminal repeat sequences
would remain in the genome (Cadinanos and Bradley,
2007; Walisko et al., 2008).

Recently, an inducible PB transposon-based system
to regulate protein stability of the reprogramming factors
by the small molecule, trimethoprim (TMP), was
established for murine and porcine iPS cell derivation
(Sui et al., 2014). Here, the half-life of one or more
reprogramming factors is reduced by engineering fusion
proteins with the destabilizing domain of E. coli
dihydrofolate reductase, which targets the fusion protein
to proteasomal degradation (Iwamoto et al. 2010; Sui et
al, 2014). The media supplementation of TMP prevents
degradation in a reversible and dose-dependent manner
(Sui et al., 2014), allowing a fine-tuning of the levels of
domain-tagged exogenous reprogramming factors.
Transposon-mediated induced pluripotent stem cells

The most commonly applied methods for the
generation of iPS cells rely on the introduction of
different combinations of reprogramming factors in the
form of DNA, mRNA or protein into somatic cells. The
early studies applied multiple retro- and lentiviruses
integrations into the host genome for high expression of
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Fig. 2. Translation of reprogramming factors from
a transposon 2A construct . A single transcript is
formed from the multigenic construct. During
translation, the self-cleaving 2A peptide
sequences catalyze the production of individual
reprogramming factors.



the encoded cargo genes (Takahashi and Yamanaka,
2006; Sommer et al., 2009). But, oncogenicity of the
factors used in cell reprogramming and the potential for
insertional mutagenesis caused by integrating viral gene
transfer vectors limited the value of the resulting iPS
cells for clinical applications (Okita et al., 2007;
Nakagawa et al., 2008; Aoi et al., 2008), and it is
believed that avoiding viral insertions will be a strict
requirement for clinical translation of iPS cells.
Therefore, transposon- mediated generation of iPS cells
is now an alternative choice due to their high gene
delivery efficiency along with the ability to be excised
from the cells after reprogramming. The introduction of
the reprogramming factors into somatic cells using
transposon systems is relatively straightforward,
requiring only one transfection. The overall efficiency of

transposons-mediated cellular reprogramming is ~
0.02% (Grabundzija et al., 2013, Davis et al., 2013;
Talluri et al., 2014), which comes close to the initially
obtained reprogramming efficiencies by viral vectors.
This is higher than that reported for non-integrative
delivery strategies using either replicating episomal
vectors or minicircles (Yu et al., 2009; Jia et al., 2010),
although lower than Sendai viral vectors or synthetic
mRNA (Fusaki et al., 2009; Warren et al., 2010).
Transposons-mediated delivery of core reprogramming
factors have been successfully used to derive pluripotent
cells in various species, including human (Woltjen et al.,
2009; Davis et al., 2013), mouse (Muenthaisong et al.,
2012; Grabundzija et al., 2013; Talluri et al., 2014;
Tsukiyama et al., 2014), pig (Kues et al., 2013), horse
(Nagy et al., 2011), bat (Mo et al., 2014), monkey
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Fig. 3. Removal of a reprogramming transposon
from iPS cells. By supplying an excision
competent/integration-deficient transposase
variant, the integrated transposon can be
effectively removed from the genome. In the
case of PB transposon this happens seamlessly,
in the case of SB a pentameric footprint remains
in the integration site.

Table 1. Transposon-based reprogramming approaches.

Species Cell type Transposon Reprogramming Differentiation Chimera Germline Reference
system factors contribution

in vitro in vivo

Bat Fetal fibroblasts PB OSKMNL + Nr5a2, EBs Teratoma NA NA Mo et al., 2014
and miR302/367

Cattle Fetal fibroblasts PB/SB SOKMNL EBs Teratoma NA NA Talluri et al., 2015
Horse Fetal fibroblasts PB OSKM EBs Teratoma NA NA Nagy et al., 2011
Human Skin fibroblasts PB OSKML EBs Teratoma Ethically not allowed Ethically not allowed Igawa et al., 2014

Fetal fibroblasts SB OSKM EBs NA Ethically not allowed Ethically not allowed Davis et al., 2013
Monkey Skin fibroblasts PB OSKMNL EBs Teratoma NA NA Debowski et al., 2015
Mouse Fetal fibroblasts PB OSKM EBs Teratoma Yes Yes Yusa et al., 2009

Fetal fibroblasts PB OddKddSdd/ OddKS NA NA NA NA Sui et al 2014
Fetal fibroblasts PB SOKMNL/SOKM/SOK EB Teratoma NA NA Talluri et al. 2014
Fetal fibroblasts SB OKSM EB Teratoma NA NA Talluri et al., 2014

Pig Fetal fibroblasts SB OSKM Neuronal lineage Teratoma NA NA Kues et al., 2013
Rat Fetal fibroblasts PB OSKM chondrocyte NA NA NA Ye et al., 2015

O, Oct4, S, Sox2; K, Klf4; M, c-Myc; N, Nanog; L, Lin28; EBs, Embryoid bodies; NA, Not application; PB, piggyBac; SB, Sleeping Beauty; dd,
Destabilizing domain



(Debowski et al., 2015), rat (Ye et al., 2015) and cattle
(Talluri et al., 2015), which showed typical hallmarks of
pluripotency, such as differentiation in vivo and teratoma
formation (Table 1). Importantly, multiple previous
attempts with embryonic stem cells (ESC), primordial
germ cells (PGC) and other stem cells from non-rodent
and non-human species failed to achieve teratoma-
competent pluripotent stem cells over the last 20 years
(Gandolfi et al., 2012; Nowak-Imialek and Niemann,
2012; Kumar et al., 2015). In contrast to these ESC and
PGC approaches, iPS cells can be conveniently
reprogrammed from different somatic cells. Thus, the
iPS methodology advanced the stem cell field with a
huge leap over previous attempts, and allowed to
identify discrete, critical reprogramming factors.

The progress in iPS cell development in farm
animals lags behind those in rodents, but large
mammalian models will be instrumental for preclinical
tests of novel cell therapies, enhanced pharmaceutical
studies and regenerative studies, including the
restoration of fertility (Kumar et al., 2015). The pig is an
attractive large animal model for preclinical testing of
safety and efficacy of cell based therapies (Gün and
Kues, 2014). Porcine organs are largely similar in size
and physiology to their human counterparts rendering
the domestic pig a suitable model for cardiovascular
disease (Turk and Laughlin, 2004), muscular dystrophies
(Emery, 2002), atherosclerosis (Ishii et al., 2006), wound
repair (Graham et al., 2000), diabetes (Dyson et al.,
2006), ophthalmological diseases (Petters et al., 1997)
and xenotransplantation. Recently, we reported the first

SB reprogrammed porcine iPS cells (Kues et al., 2013)
(Fig. 4). The porcine iPS cells maintained long-term
proliferation in vitro (>40 passages), expressed
transcription factors typical of embryonic stem cells,
such as OCT4, NANOG, SOX2, REX1, ESRRB,
DPPA5, and UTF1 and surface markers of pluripotency,
including SSEA-1 and TRA-1-60. In vitro differentiation
resulted in derivatives of ecto-, meso- and endodermal
cell types. Upon injection of putative iPS cells under the
skin of immunodeficient mice, we observed mature
teratomas (Kues et al., 2013). In addition, we
successfully applied the PB transposon system for
induction of pluripotency in porcine somatic cells
(unpublished data), demonstrating the suitability of both
transposon systems for reprogramming of porcine
fibroblasts.

Most of the iPS cells derived through transposon-
mediated reprogramming showed the in vitro
differentiation to embryoid bodies (EBs) and readily
formed teratomas in vivo (Table 1). Teratoma formation
demonstrated that the reprogrammed iPS cells had the
developmental potential to differentiate into tissues of all
three primary germ layers, i.e. ectoderm, mesoderm and
endoderm (Fig. 5). Perhaps the most stringent test for
pluripotency of iPS cells is their ability to form
germline-competent chimeras. The formation of murine
chimeras from transposon reprogrammed iPS cells has
been demonstrated (Woltjen et al., 2009). However, most
of the current transposon iPS lines carry constructs, in
which a strong promoter is constitutively driving the
reprogramming factors (Nagy et al., 2011; Kues et al.,
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Fig. 4. SB transposon reprogramming of porcine fibroblasts. A) Initial cell colonies formed 9-13 days after electroporation of the SB transposon
system. B) Control culture. Bar = 20 μm. C) Stable porcine iPS line. D) Histochemical determination of alkaline phosphatase expression (red) in iPS
colonies. Bar = 50 μm. E) Immunodetection of neuronal markers in in vitro-differentiated porcine iPS cells. Tuj1 (green) axonal marker, nuclei (blue
(Hoechst 33342)). F) Immunodetection of neuronal marker in in vitro-differentiated porcine iPS cells. Nestin (red) neuronal progenitor, nuclei (blue
(Hoechst 33342)). Bar = 10 μm. (modified from Kues et al., 2013).



2013; Talluri et al., 2015), which will prevent their
contribution to a regular ontogenesis. Thus the
transposon iPS lines from several species have not yet
been tested for their capability to contribute to chimera
formation and germline transmission. The recent
development of integration-deficient, but excision-
competent transposase variants (Yusa et al., 2011) will
simplify the transposon removal after complete
reprogramming and the achievement of autonomous
stemness.
Application of transposons in gene therapy,
transgenesis and genetic engineering

A highly efficient genetic modification system holds

remarkable potential for biomedical research, but also
for facilitating the advancement of molecular medicine,
including gene and cell therapies. Transposon systems
have been applied for genetic modification of human ES
cells (Wilber et al., 2007). More recently, transposons
have also been used to insert bacterial artificial
chromosomes (BACs) in human ES cells (Rostovskaya
et al., 2012). Both SB and PB have been used to
genetically modify hematopoietic stem cells
(Grabundzija et al., 2010). Recently, a hyperactive
transposase variant of SB showed efficient transgenesis
in mouse, rabbit and pig (Garrels et al., 2011, 2012b;
Ivics et al., 20014a-c), with a preferential integration
into transcriptionally permissive genomic loci (Garrels et
al., 2012c; Bosch et al., 2015). This has been verified for
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Fig. 5. Teratoma of transposon-derived bovine iPS cells. A-D) Representative images of a mature teratoma depicting fully differentiated cells of the
three germ layers. About 1 x 106 bovine iPS cells were injected under the skin of an immuno-deficient nude mouse. Four weeks later the tumor was
removed and formaldehyde fixed. Paraffin-embedded tissue was sectioned in 10 μm slides, and stained with hematoxylin and eosin (modified from
Talluri et al., 2015, Supplementary data). Bar: 40 μm.



PB-mediated transgenesis in the pig (Li et al., 2014). In
contrast, random transgenesis by non-facilitated methods
frequently resulted in silencing of transgenes (Henikoff,
1998; Kues et al., 2006; Bosch et al., 2015). Importantly,
the SB transposase has a close-to-random insertion
profile in mammalian genomes (Mátés et al., 2009;
Skipper et al., 2013). The majority of SB insertions
occur in intergenic regions, unlike retro- and lentiviral
integrations, which favour promoter and exonic regions
(Nakagawa et al., 2008; Stadtfeld et al., 2008; Yu et al.,
2009). Thus, the SB catalysed DNA integration reduces
the risk of insertional mutagenesis and represents a
rather safe method of gene delivery (Mátés et al., 2009;
Garrels et al., 2012a). Thus transposon-mediated gene
transfer provides an effective mechanism for permanent
or reversible genetic modification of several cell types,
which may be developed to novel cell therapies. 

For the first time transposon vectors were used as
tools for gene therapy in liver of mice by Yant et al.,
(2000). Since then, there have been many successful
preclinical gene therapy studies benefiting from the use
of transposon vectors. For example, the SB system has
been used for delivering blood clot factors VIII (Kren et
al., 2009), IX (Yant et al., 2000; Yant et al., 2002), and
lysosomal enzyme (Aronovich et al., 2007).
Furthermore, transposon mediated in vivo gene delivery
had been achieved by poly ethylene-imine (PEI) into
lung (Liu et al., 2006a) and brain tumors (Ohlfest et al.,
2005). PEI-based systemic administration of SB
transposon encoding endothelial nitric oxide synthase
resulted in endothelial nitric oxide synthase expression
in pulmonary endothelial cells, leading to inhibition of
induced pulmonary hypertension in rats (Liu et al.,
2006b). Further, transposon systems have been used for
the treatment of epidermolysis bullosa (Ortiz-Urda et al.,
2003), tyrosinemia type I (Montini et al., 2002), Fanconi
anemia type c (Smith and Wagner, 2012), Huntington’s
disease (Chen et al., 2005), sickle cell anaemia (Belcher
et al., 2010), T cell malignancy (Nakazawa et al., 2011),
liver disease (Burnight et al., 2012) and hepatic gene
deficiency disorders (Anderson et al., 2013). 

The first clinical trials using SB vector for patients
with B lineage malignancies are in progress at the MD
Anderson Cancer Centre, in which T cells with
engineered CD19-specific chimeric antigen receptors
(CAR) have been developed using a binary transposon
system (Switzer et al., 2012; Singh et al., 2014). This
approach is a combination of immunotherapy with gene
therapy techniques (Singh et al., 2014). Previously,
CAR-positive T cells were generated by several groups
using viral vectors, which was time-consuming and
costly (Singh et al., 2014). The SB system has also been
approved for a human clinical trial involving
immunotherapy for CD19-positive malignancies
(Hackett et al., 2010). Further, the successful
introduction of a SB therapeutic transgene into CD34-
positive cells from sickle cell anaemic patients and in
vitro evidence of its ability to improve the disease
characteristics are important milestones in progressing

toward transposon-mediated gene therapies (Sjeklocha et
al. 2011). Recently, Nakazawa, et al. (2013) reported that
the long-term transgene expression in PB-modified
human T lymphocytes is encouraging for therapies that
are dependent on prolonged gene expression.
Perspectives

The development of transposon-mediated
reprogramming of somatic cells has considerable
potential in speeding up patient-specific cell based
therapies. The advancement in cellular reprogramming is
likely to develop faster than gene therapy due to the
available improved methodologies. Recent promising
results highlight the potential of transposon-mediated
somatic cells reprogramming, bringing the hope of cell-
based therapies closer to reality (Filareto et al., 2013).
The continuing efforts in transposase engineering have
recently resulted in the emergence of robust transposon
platform technologies that can now be explored to
genetically modify clinically relevant stem cells. This
should pave the way toward the validation of these
emerging technologies for cell-based gene therapies in
preclinical disease models that mimic the cognate human
diseases (Di Matteo et al., 2012). Currently, transposon-
based gene delivery in primary stem/progenitor cell such
as hematopoietic stem cells, mesenchymal stem cells,
muscle stem/progenitor cells, and iPS cells resulted in
prolonged and relatively robust expression of the gene of
interest (Di Matteo et al., 2012). However, it will be
crucial to conduct additional preclinical studies in both
small and large animal models to further evaluate the
efficacy and safety of emerging transposon technologies.
In addition, the functional consequences of transposition
on tumorigenic risk need to be assessed in the
appropriate cellular models or by in vivo analysis in
tumor-prone mouse models (Di Matteo et al., 2012;
Vand Rajabpour et al., 2014).
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