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Purpose
Transplantation of pigment epithelial cells expressing
recombinant pigment epithelium-derived factor (PEDF)
into the subretinal space is a promising treatment
modality for exudative age-related macular
degeneration (AMD). Previous studies have shown that
the non-viral Sleeping Beauty transposon system
(SB100X) ensures stable and consistent transgene
expression in pigment epithelial cells. To further
enhance transposition efficiency as well as safety
aspects, a new generation of vectors free of antibiotic
resistance markers (pFAR4) was evaluated.

Modified, original: Izsvák Z, Ivics Z et al: Translating Sleeping Beauty transposition into cellular therapies:
Victories and challenges. Bioessays. 2010;32(9):756-67

Methods
Primary bovine iris pigment epithelial (IPE) cells were
co-transfected with a SB100X transposase-encoding
plasmid and a transposon plasmid encoding the PEDF
gene at a ratio of 1:16 using electroporation protocols.
Conventional pT2-plasmids were compared to pFAR4-
plasmids. PEDF secretion was evaluated by Western
blot analysis and quantified by ELISA.

Results
Transfection of as few as 10’000 IPE cells resulted in
similar PEDF secretion rates using the pFAR4-plasmid in
comparison to the pT2-plasmid. Cells transfected with
the pT2-CMV-PEDF transposon plasmid secreted
5.40±3.642 ng PEDF/h/104 cells, showing a 270-fold
increased PEDF secretion in relation to non-transfected
control cells (0.02±0.028 ng PEDF/h/104 cells). Using
pFAR4-CMV-PEDF and pFAR4-CMV-SB100X, PEDF
secretion was enhanced 4.6-fold up to 24.93±21.472 ng
PEDF/h/104 cells in comparison to the pT2-plasmid and
1’245-fold compared to non-transfected control cells.
Cells were observed for more than 10 weeks to proof
stable transfection, as shown by Western blot analysis
of secreted PEDF.

Conclusions
The use of the innovative pFAR4-plasmids leads to
enhanced PEDF-secretion of primary IPE cells while
adding an additional safety aspect. This is an important
step towards the use of the non-viral SB100X
transposon system in a phase I clinical trial, in which
autologous pigment epithelial cells transfected with
the PEDF gene will be transplanted into the subretinal
space as a novel treatment for exudative AMD.
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The non-viral Sleeping Beauty transposon system and used plasmids. (A) cells are co-
transfected with a transposase- and a transposon-plasmid. In the cell, the transposase
cuts out the transposon, encoding the gene of interest, and inserts it into the host cells
genome to enable stable and long-term expression, as shown in (B). ARPE-19 cells were
transfected with a Venus- or a PEDF/EGFP-encoding plasmid, which resulted in 100%
efficiency and expression over 500 days. (C) Transposon-plasmids were modified and
optimized to enhance safety features and transfection efficiency in primary cells.
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Gene therapeutic approach to treat age-related macular degeneration. (A) AMD leads
to loss of central vision and in late stage to blindness. (B) ex vivo gene therapeutic
approach: autologous cells will be isolated, transfected with the anti-angiogenic and
neuroprotective factor PEDF and transplanted subretinally in one surgery.

PEDF secretion rate of primary bovine iris pigment epithelial cells (A) after
transfection with different transposon plasmids. Initially, 10’000 cells were
transfected. 21 days after transfection, culture supernatant was collected and cells
were counted. The supernatant was used to quantify PEDF secretion via PEDF-ELISA
(B,D), Western blot analysis was performed in parallel (C). Three independent
experiments were performed, non-transfected cells served as control to determine the
amount of endogenous PEDF.

Transfection of 10’000 bovine iris pigment epithelial cells. (A) Western blot analysis
21, 49, 77 and 218 days after transfection of bIPE cells using different PEDF-encoding
transposon plasmids. Transfection with pFAR4-CMV-PEDF resulted in PEDF secretion up
to 218 days the cells have been cultured. (B) Transfection of bIPE cells with pFAR4-
CMV-PEDF was performed in 8 different experiments. Western blot analysis after 21
days shows enhanced PEDF secretion in transfected cells compared to non-transfected
cells. Transfection was successful in every experiment in every culture.
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PEDF [ng/h/104 cells] Min Max Average Factor

Non-transfected cells 0.003 0.062
0.02

± 0.028

pFAR4-CMV-PEDF 7.551 62.234
24.93

±21.472
x 1’247

pT2-CMV-PEDF 1.572 11.789
5.40

±3.642
x 270

pFAR4-CMV-PEDF-HIS 4.754 29.949
14.58

±9.911
x 729

pT2-CMV-PEDF-HIS 1.163 8.119
3.83

± 2.918
x 192
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