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facilitates implementation of clinical trial

less immunogenic compared to viral vectors
production at reduced costs

stable genomic integration: ideal for stem cells & iPS cells

large transgenes (>10 kb)

TRANSPOSON APPLICATIONS 

Gene Therapy

iPSCell Therapy

ADVANTAGES TRANSPOSONS



Sleeping Beauty PiggyBac

salmon looper moth

TRANSPOSONS: MOBILE GENETIC ELEMENTS



SLEEPING BEAUTY AND PIGGYBAC 
TRANSPOSONS FOR GENE DELIVERY

GENE

transposon

PB or SB transposase

genomic integration

2 component 
system

transposase
gene

transposon

GENE CUT & PASTE
MECHANISM



Kren et al 2009 
J Clin Invest 

nucleofection
electroporation

PEI
Lipofectamine

Belur et al 2007
Nature Protocols

Non-viral methods 

nanocapsules

Mates, Chuah et al 2009 
Nature Genetics



Generation SB library
PCR-based DNA shuffling

selection  evolutionary
conserved hyperactive  mutants

Sleeping 
Beauty (SB)

selection

hyperactive transposases

high-throughput (n = 2000) 

SB100XSB80XSB32XSB16X

NEED TO DEVELOP EFFICIENT TRANSPOSONS

Limitations of early generation SB transposons:
Transposition efficiency relatively low in most primary cells



Hyperactive SB selections in HeLa cells

NeoR selection



HSC muscle
Validation of novel hyperactive SB100 
for gene & cell therapy applicationsMSCliver iPS

Hyperactivating mutations in SB100X

muscleHSC MSCliver iPS

VALIDATION
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HYPERACTIVE SB TRANSPOSASES RESULT IN ROBUST
GENE EXPRESSION IN LIVER

novel hyperactive 
(SB100X)

TN-FIX/SB100X 2:1

HSP FIX
IR/DRIR/DR
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  not in genes70%   within genes30%

TRANSPOSON INTEGRATION SITE ANALYSIS

no preference 
for genes

retro / lenti

preference
for genes

SAFER



ROBUST GENE EXPRESSION IN HUMAN HSC

erythroid (CFU-E)

CD34+  

megakaryocyte (CFU-MK)

granulocyte / monocyte (CFU-GM)

GFP

SB100
+

original

CFU-GM CFU-Mk



SB100 MORE EFFICIENT THAN PB IN HSC





LONG-TERM ENGRAFTMENT AND HEMATOPOIETIC
RECONSTITUTION WITH GENE-MARKED  CD34+ HSC

TRANSFECTED WITH HYPERACTIVE SB



no CD34+CD34+/SB100

LONG-TERM ENGRAFTMENT AND HEMATOPOIETIC
RECONSTITUTION WITH GENE-MARKED  CD34+ HSC

TRANSFECTED WITH HYPERACTIVE SB

0.4 NeoR copies/human cell







Further validation of transposon mediated  
gene transfer into iPS

miPS-Nanog-GFP

transposon-DsRed
PGK-DsRed

SB100x  +

transfection

DsRed+ iPS colonies

Transposed RFP+ iPS colonies



Transposon integration sites in iPS

Transposon inverted repeat 



Are transposed  iPS pluripotent ? 

Transposed iPS
DsRed+ GFP+

hepatic

cardiomyogenic

neuronal

Differentiation

mesoderm 

ectoderm

endoderm 

Embryoid body 
differentiation



Transposed  iPS capable of cardiomyogenic differentiation

embryoid
body contracting

cardiomyocyte-like cells

DsRed+ GFP-

transposed iPS
DsRed+ GFP+

CARDIAC DIFFERENTIATION MARKERS



SB100 Transposed  iPS capable of neuronal and glial differentiation

Expression of neuronal and glial  differentiation markers



Expression of hepatic markers in hepatic cells 
derived from  transposed iPS

Transposed  iPS capable of hepatic differentiation



Can we use Transposition into  iPS: a technology platform
for “coaxed” differentiation

Coax diff. gene (Pax3)
+ SB100

transfection
iPS-derived EB

Coaxed
Differentiation

HYPOTHESIS: Can we “coax” differentiation of iPS into
myogenic precursor cells and myotubes by expressing 
the myogenic  transcription factor PAX3? 

IPS



Transposon-mediated PAX3 gene transfer in iPS:
A novel non-viral paradigm for coaxed myogenic differentiation

transposon-PAX3
PAX3SB100  +

transfectioniPS EB “myotube”





CONCLUSIONS

(implications for gene therapy of hematopoietic disease)

State of the art SB and PiggyBac transposons represent
an attractive platform technology for :

gene therapy
functional genomics
stem cell engineering
iPS generation / coaxed differentiation
regenerative medicine

successful and robust stable in vivo gene marking 
in bona fide HSC by non-viral gene delivery

Long-term expression in liver
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