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Abstract: Backgrou11d: Non-viral transposon-mediated gene del ivery can overcome viral vectors ' 
limitations. Transposon gene delivery offers the safe and life-long expression of genes such as Pig
ment Epithelium-Derived Factor (PEDF) and granulocyte-macrophage colony-stimulating factor 
(GM-CSF) to counteract retinal degeneration by reducing oxidative stress damage. 

Objective: The study aimed at using Sleepi11g Beauty transposon to transfect human Retinal Pig
ment Epithelial (RPE) cells with the neuroprotective factors PEDF and Grvf-CSF to investigate the 
effect of these factors on oxidative stress damage. 

Methods: Human RPE cells were transfected with PEDF and GM-CSF by electroporation, using 
the hyperactive Sleeping Beauty transposon gene delivery system (SBJOOX). Gene expression was 
determined by RT-qPCR, and protein level by Western Blot as well as ELISA. The cellular stress 
level and the neuroprotective effect of the proteins were determined by measuring the concentra
tions of the antioxidant glutathione in human RPE cells, and conducting immunohistochemical ex
amination of retinal integrity, inflammation, and apoptosis of rat Retina-Organotypic Cultures 
(ROC) exposed to Hp,. 

Results: Human RPE cells were efficiently transfected showing a significantly augmented gene ex
pression and protein secretion. Human RPE cells overexpressing PEDF and/or GM-CSF or pre
treated with recombinant proteins presented significantly increased glutathione levels post-HP, in
cubation than non-transfected/untreated controls. rPEDF and/or rGM-CSF-treated ROC exhibited 
decreased inflammatory reactions and cell degeneration. 

Conclusion: GM-CSF and/or PEDF could be delivered successfully to RPE cells with combined 
use of SB JOOX and electroporarion. PEDF andlor GM-CSF reduced HP,-mediated oxidative stress 
damage in RPE cells and ROC offering an encouraging technique to re-establish a cell protective 
environment to halt age-related retinal degeneration. 

Keywords: Sleeping beauty transposon, PEDF, GM-CSF, age-related macular degeneration, RPE cells, non-viral gene· deliv
ery, oxidative stress damage, ocular gene therapy. 

1. INTRODUCTION 

Among ocular degenerative diseases, Age-Macular De
generation (AMD) is the major cause of blindness in elderly 
people (>60 years) in industrialized countries with rising in
cidence due to the augmented lifetime and a growing senes
cent population [l]. There are two types of AMD, a neovas
cular (nvAMD) and an avascular (aAMD) form. Treatment 
for nv AMD consists of costly monthly intravitreal injections 
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of anti-vascular endothelial cell growth factor (VEGF) 
molecules (e.g., Avastin'\ Lucentis®·, and Eylea®); no treat
ment is available for aAMD [2]. The pathogenesis of both 
forms is caused by a multiple interworking metabolic, func
tional, genetic, and environmental elements [3). Particularly, 
the development of aAMD has been associated with the ac
cumulation of Reactive Oxygen Species (ROS) and immune 
cells, and the activation of the complement system, which 
lead to a decrease ofneuroprotective proteins generated by __ _ 
the Retinal Pigment Epithelium (RPE), specifically PigmenC 
Epithelium-Derived Factor (PEDF), Insulin-like Growth Fac-
tors (lGFs) and Granulocyte-Macrophage Colony-Stimulat-
ing Factor (GM-CSF), and finally the degeneration ofRPE 
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cells that leads to photoreceptor and Retinal Ganglion Cell 
(RGC) death [3-6]. 

A potential therapy approach to reconstitute the neuronal 
cell protective retina1 milieu and thus stop retinal degenera
tion is the transplantation of transfected RPE cells overex
pressing PEDF and GM-CSF to the RPE layer, which dimin
ishes the effects of oxidative stress, reduces inflammation, 
and promotes cell survival [7-12]. The protective effect me
diated by PEDF is because this factor inhibits VEGF-mediat
ed proliferation and migration of vascular endothelial cells 
[ 13, 14 ], protects RPE cells and retinal neurons from gluta
mate and oxidative stress as well as ischemic conditions [15, 
16]. In the central nervous system, in primary cortical neu
rons and cells of human neuroblastoma, GM-CSF inhibits 
programmed cell death by instigating B-cell lymphoma-2 (B
CL-2) and B-cell Lymphoma-extra Large (BCL-XL) gene 
transcription. In RGC cultures, GM-CSF decreased dose and 
time-dependently the expression of BCL-2 Associated 
Death promoter (BAD) (11]. A single injection of GM-CSF 
in the vitreous of RCS (Royal College of Surgeons) rats, a 
photoreceptor degeneration model, protected photoreceptors 
from death such that at 84 days post-natal, when photorecep
tor degeneration should be completed, there was a 4-fold in
crease of photoreceptors compared to untreated animals 
[12]. 

Most gene delivery systems used in the manufacture of 
Gene Therapy Medicinal Products (GHviP) on the market 
and for ongoing clinical trials testing gene therapies have 
used viral vectors [ 17]. Adenoviral and Adeno-Associated 
Viral (AA V) vectors are efficient and do not appear to trig
ger an immediate severe immune response; however, since 
these vectors deliver the gene episomally, often treatment re
quires repeated administration with the risk of off-target dis
semination and acute immune responses, especially when 
neutralizing antibodies are present [18-20]. Retroviral and 
lentiviral vectors integrate the transgene preferentially into 
active genes and oncogenes of the host cells' genome risk
ing cancerogenesis and insertional mutagenesis [21-24]. 

During the last decade, transposons have been examined 
extensively as gene delivery vectors [25]. Transposons are 
DNA sequences that can move to different locations within 
a genome, being useful tools for non-viral gene delivery into 
mammalian cells [26]. We propose to use the hyperactive 
Sleeping Beauty (SBJOOX) transposon system, which has 
been shmvn to have very low immunogenicity [27], im
proved safety/toxicity profiles [28, 29], and the ability for 
large DNA cargo [30, 31 ], combined with electroporation, 
which has proved to have high transfection rate and is being 
used in several clinical trials [32, 33]; safety and tolerability 
were demonstrated, and some reports are showing both local 
and systemic responses [33]. In our laboratory, we have de
monstrated that cultured primary RPE cells can be efficient
ly transfected with the PEDF gene using electroporation and 
the SBJOOXtransposon system. We have shown that PEDF 
is secreted in the media of transfected RPE cells over 2 
years and is expressed in viva following transplantation as 
evidenced by a reduction of choroidal neovascularini.-tion (C-
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NV) and corneal neovascularization in rats and rabbits 
[34-38]. 

Here, we report the successful and efficient transfection 
of human RPE cells with the genes coding for PEDF and 
GM-CSF, and show that in culture, the transfected cells are 
less affected by H10 1 treatment compared with non-transfecl
ed cells and that conditioned medium from transfected cells 
as well as rPEDF and rGl'vl-CSF protects rat retina-organo
typic cultures from H10" damage. 

2. MATERIALS AND METHODS 

2.1. Plasmid Constructs 

The hGA!·-CSF cloning cassette sequence was obtained 
from the GeneArt Synthesis Service (Them10Fisher Scienti
fic) and delivered in the commercial plvtK-RQ-hGMCSF 
plasmid. It was designed to have a consensus Kozak se
quence (5'-ACCATGT-3') at the N-tem1inal and a hinge se
quence appended to a 6X Histidine (His) Lag at the C-tem1i
nal, followed by the stop codon. Restriction enzyme sites for 
Nhel and Bc/Jwere added on 5'- and 3'-ends, respectively. 
The hGM-CSF cloning cassette was isolated on an agarose 
gel after enzymatic restriction with Nhel (NEB: #R313 l) 
and Bell (NEB: R3 l 60S). The pT2-CMV-P£DF-His transpo
son-plasmid (5,837 bp), encoding the recombinant His
tagged human PEDF protein [34] was used to clone the 
hGMCSF cloning cassette. The PEDF cloning cassette was 
removed from the pT2-CMV-PEDF-His construct by cutt
ing at 1,150 bp and 2,463 bp with Nhef and Bell restriction 
enzymes, respectively. The linearized backbone was then iso
lated and purified from agarose gel. For the pT2-CMV
GMCSF-His construct (5,015 pb), the hGMCSF cloning cas
sette and linearized backbone, both isolated from an agarose 
gel, were ligated and DH5a competent bacteria (Thermo 
Fisher Scientific: 18265017) were transformed with the liga
tion mix. Ampicillin resistant colonies carrying the pT2-
CMV-GMCSF-His plasmid were analyzed by PCR and veri
fied by Sanger sequencing. The plasmid isolation was done 
with PureLink HiPure Plasmid Filter Maxiprep Kit (Thermo
Fisher Scientific: 1<210016). 

The plasmid pT2-CAGGS- Ve1111s (39] coding for the 
Venus yellow fluorescent protein was used to determine the 
transfection efficiency by fluorescence microscopy and 
image-based cytometry. The commercial plasmid pCMV 
(CAT)T7-SBI00X (pSBJOOX) carrying the hyperactive 
Sleeping Bea11ty transposase (SBJOOX) was included in all 
transfections (39]; pSBJOOXand pT2-CAGGS-Ven11s were 
kindly provided by Prof. Zsuzsanna Izsvak from Max-Del
briick Center in Berlin. 

2.2. Cells and Culture Conditions 

The human cell line ARPE-19 (ATCC CRL-2302) was 
cultured as described in the study by Johnen et al. [ 40]. 

Human eyes from 8 donors (age 81±10 years; 1 male 
and 7 females) were obtained from the Lions Gift of Sight 
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Eye Bank (Saint Paul, MN) . Informed consent was obtained 
in accordance with the Declaration of Helsinki before the 
eyes were collected 11.2±4.5 hours post-mortem. Proce
dures for the use of human eye globes was authorized by the 
Cantonal Ethical Commission for Research (no. 
2016-01726). Primary human RPE cells were isolated as de
scribed before [37]. Cell survival and proliferation after 
transfection were optimized by supplementing the 
DMEM/Ham·s F-12 medium with 20% FBS, changed t'wo 
times per week. As soon as the cells reached confluence, the 
FBS concentration was reduced to I% to decrease cell prolif
eration. 

2.3. Electroporation of ARPE-19 and Primary Human 
RPE Cells 

Electroporation was carried out using the 10 ~tL Kit of 
the Neon Transfection System (Thermofisher Scientific) ac
cording to the manufacturer's instruction. For ARPE-19 
cells, the electroporation parameters consisted of two pulses 
of 1,350 V for 20 ms (pulse width); primary cells were elec
troporated with two pulses of 1,100 V for 20 ms [40]. lxl05 

ARPE-19 or 5xl0~ primary human RPE cells were transfect
ed with pSBJOOX transposase and pT2-CMV-P£DF-His 
and/or pT2-CMV-GMCSF-His transposon, using the ratios 
1 :16 for single (pSBJOOX + pT2-CMV-PEDF-His or pT2-
CMV-GMCSF-His) or 1:16:16 for double (pSBlOOX + pT2-
CMV-PEDF-His + pT2-CMV-GMCSF-His) transfected 
cells as described before [6, 37, 40]. Transfected ARPE-19 
and primary human RPE cells were seeded into 6-well and 
24-well plates, respectively, without antibiotics or antimy
cotics. Penicillin (80 U/mL), streptomycin (80 µg/mL), and 
amphotericin B (2.5 µg/mL) were added to the medium 
three days after electroporation with the first medium 
exchange. To determine cell growth and transfection effi
ciency, cells were monitored weekly microscopically. In ad
dition, ARPE-19 cells were analyzed for gene expression 
and protein secretion at 7, 14, 21, 28, 42, 57, and 70 days 
post-transfection, and human RPE cells at the end of the cell 
culture (76±45 days post-transfection). Because in primary 
cells there could be differences in cell growth due to donor 
variation, for the quantification of secreted PEDF and GM
CSF, before the cultures were terminated, the medium was 
changed to 0.5 mL of complete medium, and after 24 hours, 
the medium was collected, the cells were trypsinized using 
0.05% trypsin-0.02% EDT A and counted in a Neubauer 
chamber; the protein concentration was expressed as ng/d 
(day)/5xl03 cells. 

2.4. Transfection Efficiency 

At 7, 14, 21, 28, 42, 57, and 70 days post-transfection, 
ARPE-19 cells were monitored and photographed with 
bright field and fluorescence microscopy (EVOS FL Color 
Imaging System, ThermoFisher Scientific). To quantify the 
transfection efficiency, the percentage of yellow fluorescent 
cells was determined for each time point using Tali im-
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age-based cytomctry (Thermofisher Scientific) following 
the manufacturer· s instruction. Briefly, transfected AR
PE-19 cells were trypsinized and 25 µL of the cell suspen
sion was used for the analysis. The result was considered 
valid if at least 100 cells were counted by the device. A simi
lar analysis was carried out in transfected human RPE cells 
performing Tali image-based cytometry at the termination of 
cell culrures (76±45 days post-transfection); in this case, the 
Leica DMI4000B microscope (Leica Microsystems) was 
used. 

2.5. Reverse Transcriptase Quantitative PCR 

For the quantification of PEDF and GM-CSF gene ex
pression, Reverse Transcriptase quantitative PCR (RT
qPCR) ,vas performed as follows. Total RNA was isolated 
from pellets oftransfected ARPE-19 at 7, 14, 21, 28, 42, 57, 
and 70 days after transfection, and at 76±45 days for trans
fected human RPE cells using the RNeasy Mini Kit (QIA
GEN: 74204) in combination with the RNase-free DNase 
Set (QIAGEN: 79254) according to the manufacturer's in
structions. Reverse transcription was carried out on 0.5 µg to
tal RNA using the SuperMix qScript (Quantabio: 
95048-025) following the manufacturer's protocol. The cD
NA diluted 1:4 and 5 µL (approx. 30 ng ofcDNA/reaction) 
were used for qPCR in duplicates using the LightCycler 480 
Instrument II (Roche Molecular Systems) employing the Per
feCTa SYBR Green FastMix (Quantabio: 95072-012) in a fi
nal volume of20 µL. The primers (ThermoFisher Scientific) 
listed in Table 1 were used at a final concentration of 0.3 
µM. The used conditions were the following: initial denatura
tion at 95°C for 5 min, 40 cycles with denaturation at 95°C 
for 10 sec, annealing (Table 1), and elongation at 72°C for 
15 sec followed by a melting curve to confirm the specific 
amplification from each primer pair. Data were analyzed 
with the LightCycler 480 SWI.5.1 software and evaluated 
using the comparative Ct method (2-~c'), which calculates 
relative gene expression [41]; GAPDH was used as house
keeping gene and the expression was described relative to 
the non-transfected cells. 

The transposon copy number was quantified as devel
oped by Kolacsek et al. [42). Briefly, genomic DNA from 
transfected ARPE-19 cells was isolated 35 days post-trans
fection using the QIAamp DNA Mini Kit (QIAGEN: 51304) 
according to the manufacturer's protocol for cultured cells. 
DNA with known transposon insertions (kindly provided by 
Dr. Kolacsek) was used as a standard to calculate the copy 
number by interpolation of the 2·MCt. As internal control 
gene, the Ribonuclease P RNA component Hl (RPPHJ) was 
used since it is present in a single copy in the human 
genome, and inverted repeat/direct repeat left (IRDRL) to de
tect the transposon sequence. The final volwne of PCR reac-
tions was 20 µL with 30 ng of genomic DNA and a final_g;m~ --:-·
centration of 0.3 µM for the primers (Table 1) using the 
same conditions as described above. 
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Table 1. Primer pair sequences and annealing time/temperature used for RT-qPCR. 

Gene Sequence (5' - 3') Annealing Timc!Tcmpernrure 

GADPH F: ATC CCA TCA CC\ TCT TCC AG 15 scc/60°C 

- R: ATG AGTCCTTCC ACG ATA CC 

GM-CSF F: GAC ACT GCT GCT GAG ATG AA 30 scc/62°C 

- R: GGG GA T GAC AAG CAG AAA GT 

IRDRL F: CTC GTT TTT CAA CTA CTC CAC AAA TTT CT 15 scc/60°C 

- R: GTG TCA TGC ACA AAG TAG A TG TCC TA 

PEDF (endoge11011s) F: GCT GGC TIT GAG TGG AAC GA 15 scc/60°C 

- R: GTG TCC TGT GGA A TC TGC TG 

PEDF (recombinam) F: CCT GCA GGA GA T GAA GCT GCA 15 scc/60°C 

- R: TCC ACC TGA GTC AGC TTG A TG 

RPPHI F: AGC TGA GTG CGT CCT GTC ACT 15 scc/60°C 

- R: TCT GGC CCT AGT CTC AGA CCT T 

2.6. ELISA 

ELISAquant kit (BioProducts MD: PED6L3-10-Human) 
and DuoSet ELISA kit (R&D Systems: DY215-05) were 
used to quantify total PEDF and GM-CSF, respectively, in 
culture media of transfected ARPE-19 and primary human 
RPE according to the manufacturers' protocols. Absorbance 
was measured with the FLUOstar Omega plate reader (B
MG Labtech). For primary cells, the protein concentration 
was expressed in ng/d/5xl03cells. 

Phosphorylated Akt (pAkt) in cell lysates from transfect
ed ARPE-19 cells treated with 350 µM H20 2 was quantified 
using the DuoSet IC ELISA kit (R&D System: DY
C887B-2) according to the manufacturer's instructions. 

2.7. Retina-organotypic Culture (ROC) 

Adult healthy Brown Norway rats (8 to 10-week-old, 
Charles River Laboratories) were euthanized by an overdose 
of Pentobarbital (150 mg/kg, Thiopental Inresa, Ospedalia 
AG) diluted in 0.9% NaCl (Laboratorium Dr. Bichsel AG) 
injected intraperitoneally. Based on former work [43, 44], 
retinas were isolated immediately after euthanasia and cul
tured at standard conditions (3TC, 5% C02, 95% air) for up 
to 13 days in Ames' medium (Sigma-Aldrich: 
Al420-10XlL) supplemented with 2% B-27 (SOX) (Thermo
Fisher Scientific: 17504044), 1 % N-2 {lOOX) (TherrnoFish
er Scientific: 17502048), 80 U/mL penicillin, 80 µg/mL 
streptomycin, and 2.5 µg/ml amphotericin B, placed on 
stainless steel grid supports and protective nitrocellulose 
membranes at the medium-air interface. The medium was 
changed daily. 

For the studies of the neuroprotective function of PEDF 
and GM-CSF, after isolation, retina explants were treated 
with 500 ng/mL recombinant PEDF (BioProducts MD: PED
F-005) and/or GM-CSF (PeproTech: 300-03) for three 
consecutive days. On the third day of treatment, retinas were 
exposed to 350 µM Hydrogen Peroxide (H20J (Merck: 
107209) for 3 hours [45]. Retinas were fixed and stained 
with hemalum and eosin (H&E), and immunohistological 
staining was freshly done after isolation (untreated control) 
at 3-4 days and 1-2 weeks. 

2.8. Neuroprotection of PEDF and GM-CSF in Retinal 
Cells 

Five thousand ARPE-19 cells, see.ded in a 96-well plate 
in 200 µL/well of complete medium, were the day after, ex
posed to 50, 100,350,500, and 700 µM H20 2 for 24 hours. 
The oxidative stress damage was detem1ined by measuring 
the levels of the antioxidant glutathione using the GSH-Glo 
Glutathione Assay for adherent man1malian cells (Promega: 
V6912) according to the manufacturer's instructions. 

To detennine the effect of the proteins PEDF and GM
CSF on oxidative stress, different studies were carried out in 
96-well plates following protocols described before [6]. Brie
fly, 1) 3,000 non-transfected ARPE-19 cells were seeded in 
complete medium containing commercially recombinant 
PEDF (BioProducts, MD: PEDF-005) and GM-CSF (Pepro
Tech: 300-03) proteins (5, 50 and 500 ng/mL); the dose of 
the proteins selected was based on previous work [7, 11]. 2) 
3,000 non-transfected ARPE-19 or primary human RPE 
cells were seeded in 200 µUwell of medium containing 500 
ng/mL (PEDF) and/or 50 ng/mL (GM-CSF) of protein puri
fied from transfected ARPE-19 cell culture medium (see 
Supplementary Material_Sl). 3) 3,000 primary human RPE 
cells non-transfected were seeded and cultured for I O days 
with 200 µL/well of conditioned medium (100%) from trans
fected ARPE-19 cells. 4) 5,000 PEDF- and/or GM-CSF-
transfected ARPE-19 or primary human RPE cells were 
seeded in 200 µL/well of medium, and the day after, the 
cells were exposed to the H20 2 treatment for 24 hours. In 
each case after H20 2 treatment, as an index of oxidative 
stress, the level of glutathione was determined using the kit 
GSH-Glo Glutathione Assay for adherent mammalian cells 
according to the manufacturer's instructions. 

To define the protective effect ofGM-CSF on the human 
RPE against damage through induction of the Akt pathway 
[ 11 ], 300,000 GM-CSF-transfected ARPE-19 cells (21 days 
post-transfection) were seeded in 6-well plates, and the day 
after, the cells were treated with 350 µM H20! for 24 hours. 
The Ser473-phosphorylated Akt (pAkt) was determined in 
cell lysates by WB (Supplementary Material St) and ELISA 
as detailed in the study by Bascuas et al. [6]. 
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The neuroprotective effect of PEDF and GM-CSP was 
examined in rat ROC treated with the proteins (500 ng/mL 
PEDF and/or GM-CSF) for three consecmive days after iso
lation, and on the third day, exposed to 350 µM H20 2 for 3 
hours, by studying apoptosis with TUNEL assay using the in 
silu Cell Death Detection Kit Fluorescein (Roche: 
11684795910) following the manufacturer's instructions. In 
addition, the expression of the inflammatory markers GF AP 
and Iba- I, and rhodopsin for photoreceptor degeneration 
was examined by immunohistochemistry as detailed in Sup
plementary Material SI. The manipulation of animals was 
carried out by certified personnel using protocols in accor
dance with the Animal Welfare Department of the Canton 
de Geneve and European regulations for the care and use of 
laboratory animals and was approved by the Commission 
Cantonale pour Jes Experiences sur Jes Animaux (CCEA), 
Switzerland (approval no. GEJI 16/19). 

2.9. Statistics 

Statistical analysis was realized using GraphPad Prism 
software for Windows (Version 8.0, GraphPad). Student's t
test and analysis of variance (ANOV A) were performed for 
experiments carried out ,vith the human cell line ARPE-19. 
For primary human RPE cell experiments, the Mann-Whit
ney and Kruskal-Wallis tests were performed to account for 
the high variability of cells isolated from donors of variable 
age, gender, pathology, and time of enucleation. A value of 
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p<0.05 was considered statistically significant and is indicat
ed with * (<0.05), ** (<0.01), *** (<0.001), and **** 
(<0.0001). When the ANOVA or the Kruskal-Wallis test de
tected statistical differences, a post-hoe test was done using 
Tukey's multiple comparison test or Dunn's multiple com
parison test, respectively, to compare the individual groups: 
shown in the figures is only significance. Data are expressed 
as mean± SD. 

3. RESULTS 

3.1. Transfection Efficiency 

For ARPE-19 cells, the percentage of Venus" cells 
studied by Tali image-based cytometry was 98±6% (mean 
fluorescence intensity (MFI) of 5, 785±1,255) and stable for 
the 138 days that the cells were monitored (Fig. IA); this re
sult was corroborated microscopically as essentially all cells 
were fluorescent (Fig. IC). For primary human RPE cells 
(n=8 donors), transfection efficiency was 21±12% (MF! of 
1,845±279) and highly variable ranging from 40±12% for 
cells isolated from donor 5 to 5.7±1.5% for cells isolated 
from donor 8 (Fig. lB). This is also shown microscopically 
in Fig. (lD), left and right panel for donor 5 (104 days post
transfection) and donor 8 (27 days post-transfection), respec
tively. Table 2 shows age (81±9 years), gender, time from 
death to preservation ( 11.2±4.5 hours), days of cultivation 
before (72±50) and after (76±45) transfection, and symbol 
reference used for each donor in the dot plots. 

hRPE 

I 
! T 

2 3 4 5 6 7 8 

donor 

3000 
mvenus+ cells[%] 

2000 eMFI 
s: 
::!! 

1000 

Fig. (1). Study of the transfection efficiency using the reporter gene Venus. (A). Percentage of Venus- ARPE-19 cells followed for 138 days; 
the graph. shows o=3 replicates for each day. (B). Transfection efficiency for primary human RPE cells (n=8 donors) (the day of termination 
of the culture for each donor is shown in Table 2). The graph shows n=3 replicates for each donor. (C). Fluorescent micrograph of traosfect-- ,--:::
ed ARPE-19 cells at 21 days post-transfection. (D).Fluorescent micrograph of human RPE cells (donor 5 [left panel], donor 8 [right panel]) 
(magnification: 40x). (A higher reso/11tion I colo11r version of thisfig11re is available in the electronic copy of the article). 
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Table 2. Characteristics of human retinal pigment epithelial cell donor. 

- No Gender 
Death to Preservation Death to Isolation Cultirntion Culthntion 

. .\.ge 
(Hours) (Days) Before Transfection (days) After Transfrction (Days) 

Symbol in Graph 

. I 60 F 13 .7 7 

. 2 80 tv1 20.7 8 

. 3 S6 F 12.8 s 

. 4 86 F 8.5 5 

. 5 7S F 10.2 6 

- 6 95 F 7.8 5 

. 7 83 F 7.2 7 

- 8 83 F 8.9 6 

mean - 81 - 11.2 6.5 

SD - 10 - 4.5 J.-:> 

3.2. Gene Expression and Integration Analysis 

PCR analysis of the genomic DNA of the transfected 
cells revealed the integration of 1.00±0.04 and 5.00±1.00 
copies of the genes for PEDF and GM-CSF, respectively 
(Fig. 2A). For ARPE-19 cells, gene expression was deter
mined by RT-qPCR weekly for 10 weeks; for primary hu
man RPE cells (n = 8 donors), gene expression was deter
mined at the end of the cell culture (76±45 days post-trans
fection). Transfected ARPE-19 cells revealed a significant 
increased gene expression of both PEDF and GM-CSF com
pared with non-transfected cells. For PEDF, a 401±596-fold 
increase (rnin 70±30 [56 days post-transfection], max 
1747±446 [7 days post-transfection]} for single (p <0.0001) 
and 244±286-fold increase (min 50±34 [56 days post-trans
fection], max 880±142 [7 days post-transfection]) for double 
transfected cells (p <0.0001) was observed compared with 
non-transfected cells from day 7-70 post-transfection 

A. 
6 

~ 5 
a 
C 
<ll 4 
Ol 

::l 3 
0. 
8 2 

0 
z 

0 
C p G 

B. 
PEDF 6~:~i ~ .9 1500 

g? 1000 
:N 500 
~ I I 9 e 

' ~:~l 11 ~ ,., . ~ _ . I 
S 0.5 _ 

o.o 1 1°4 21 2s 42 49 s's 
days post-transfection 

131 114 • 140 36 0 
S5 45 'Y 
16 133 V 
28 104 • 
104 31 D 
40 116 • 
18 27 ~ 
72 76 -
50 45 

(Fig.2B). For GM-CSF, the increase was 2752±246-fold 
(min 593±39 [7 days post-transfection], ma.x 7012±1004 [70 
days post-transfection]) for single (p = 0.0003) and 
1278±1650-fold (min 92±11 [7 days post-transfection], ma.x 
4215±2415 [42 days post-transfection]) for double 
(p<0.0001) transfected cells (Fig. 2C). A significantly aug
mented gene expression was also observed in transfected pri
mary human RPE cells for both genes compared with non
transfected human RPE cells. For PEDF, an increase of 
1.9±0.5-fold was observed for single (p = 0.0094) and 
4. ?+4.3-fold for double (p = 0.0019) transfected cells (Fig. 
3A). For GM-CSF, the increase was 1217±2091-fold for sin
gle (p = 0.0006) and 697±1460-fold for double (p = 0.0067) 
transfected cells (Fig. 3B). Gene expression data for human 
RPE cells is the average of the measurements at the end of 
the cell culture (76±45 days post-transfection; the day of cell 
culture termination for each donor is sho\\•n in Table 2). 
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Fig. (2). Genomic analysis of PEDF and GM-CSF in transfected ARPE-19 cells. (A). Quantification of transposon insertions by RT-qPCR in
to the host cell (ARPE-19) genome (n=3 replicates). (B-C). Gene expression for both, single and double transfected PEDF and GM-CSF AR
PE-19 cells compared with non-transfected cells until tennination of the culture (n=3 replicates). mRNA values were normalized to the 
GAD PH gene and expressed relative to mRNA levels of the non-transfected cells. 
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3.3. Secretion of PEDF and Gl\l-CSF in Cells after Trans
fection 

The secretion of the proteins was confinned by WB spe
cific for penta-His in supernatant of single and double trans
fected ARPE-19 cells; since the blots were developed with 
anti-His antibodies, no signal was detected in control non-
transfected cells (C) (Fig.4A). The secretion of both PEDF 
and GM-CSF in double-transfected cells studied by im
munot1uorescence (described in Supplementary Material Sl) 
was illustrated by double staining of GM-CSF and PEDF 
(Fig.4B). 

For the 10 weeks that cells were followed in culture, 
APRE-19 cells secreted significantly more PEDF, 
1694±1450-fold (min 136±63 [56 days post-transfection], 
max 4550±1211 [7 days post-transfection]) for single 
(p=0.0022) and 1390±667-fold (min 607±396 [21 days post
transfection] , max 2494± 1662 [ 14 days post-transfection]) 
for double (p=0.0005) transfected cells compared with non
transfected from day 7-70 post-transfection (Fig. 4C). GM
CSF protein secretion was also augmented in transfected 
cells; 289±111-fold (min 200±24 [28 days post-transfec-
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tion] , ma.x 467± 186 [56 days post-transfection]) for single 
(p=0.0012) and 99±82-fold (min 39±6 [28 days post-trans
fection), max 281± 199 [56 days post-transfection)) for dou
ble (p=0.043 l) transfected cells compared with non-trans
fected cells from day 7-70 posHransfection (Fig. 4D). 

Significantly higher protein secretion was also observed 
in PEDF-transfected prin1ary human RPE cells; non-trans
fected human RPE cells secreted 0.6±0.4 ng PEDF/d/5xl03 

cells whereas PEDF transfected cells secreted 22 .2± 14.5 
ng/d/5xl03 cells for single (p = 0.0016) and 21±13.6 ng PED
F/d/5xl03 cells for double (p = 0.0042) transfected cells 
(Fig. SA). GM-CSF protein section was also significantly 
higher in GM-CSF-transfected cells; the protein secretion 
from non-transfected human RPE was not detectable by 
ELISA whereas Givt-CSF transfected cells secreted 4.2±4.2 
ng/d/5xl03 cells for single (p = 0.0003) and 2.8±4.2 ng PED
F /d/5x l 03 cells for double (p = 0.011) transfected cells (Fig. 
58). Protein secretion data for hwnan RPE cells is the aver
age of the measurements at the end of the cell culture 
(76±45 days post-transfection; the day of cell culture termi
nation for each donor is shown in Table 2). 

Fig. (5). Protein secretion in transfected primary human RPE cells. PEDF (A} and GM-CSF (B) protein quantification via ELISA in supema
tants of single and double transfected primary human RPE cells (n=8 donors, 2-3 replicates/donor). C: non-transfected cells, P: PEDF- trans
fected cells, G: GI\.1-CSF-transfected cells, P+G: PEDF, and GM-CSF double transfected cells. The symbol donor reference and day of cell 
culture termination are given in Table 2. 
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the negative control. (C). Effect of varying concentrations ofH10 2 on cell viability. Data are represented from n=3 replicates. 
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3.4. Neuroprotection of PEDF and GM-CSF in Retinal 
Pigment Epithelium Cells 

The effect of 24 hours treatment with varying concentra
tions ofH20 2 on glutathione production is shown in Fig. 6A 
for ARPE-19 and Fig. 68 for primary human RPE. H 20 1 at 
50 µM and 100 µM does not influence glutathione genera
tion; at 350 µM, there is a significant decrease of glu
tathione, 77% in ARPE-19 and 3 7% in primary human RPE. 
For ARPE-19 cells, a significant decrease in cell viability 
was observed from 350 µM onwards (Fig 6C). Morphologi
cally, cells treated with H20 2 treatment are rounder and 
spread less with increasing H10 2 concentration (Supplemen
tary Material S2, Fig. S2.l). 

Next, ARPE-19 and human RPE cell medium was sup
plemented with 5, 50, and 500 ng/mL GM-CSF and'or 
PEDF for three days, starting two days before the 24-hours 
Hp2 treatment. After incubation with 500 ng/mL PEDF, 
ARPE-19 cells produced 1.83 µM of glutathione, versus 
0.83 µM of glutathione when cell medium was not supple
mented with protective proteins (C) (p = 0.0261); treatment 
with 50 ng/mL showed a similar behavior but no significant 
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differences were observed (Fig. 7A). Comparable results 
were obtained with GM-CSF treatment (Fig. 7A), but in this 
case, glutathione levels differed significantly already with a 
concentration of50 ng/mL (1.3 µM) {p = 0.037). Thus, the 
concentrations chosen for further experiments were 500 
ng/mL for PEDF and 50 ng/mL for GM-CSF. Regarding pro
teins extracted from culture media of transfccted ARPE-19 
cells, similar results were observed using 500 ng/mL PEDF 
and 50 ng/mL GM-CSF, with ·glutathione levels of 0.9 µM 
for PEDF (p=0.0037), and 0.8 µM for GM-CSF (p=0.293), 
versus OA µM observed for the control (C) (Fig.78). Treat
ed primary human RPE cells produced higher glutathione 
levels (PEDF: 2.6 µM [purchased], 2.5 µM [purified]), (G
M-CSF: 2.9 µM [purchased], 3.3 µM [purified]), (PEDF 
plus GM-CSF: 3.0 µM [purchased], 2.9 µM [purified]) ver
sus 1.9 µM observed for the control (C) (p=0.0059 
[purchased], and p=0.0037 [purified]) (Fig. 7C). In addition, 
primary human RPE cells cultured in conditioned medium 
from transfected ARPE-19 cells for ten days presented in
creased glutathione level, 0.21 µM for the three protein-treat
ed group, compared with 0.19 µM observed for the control 
(C) (p = 0.0001) (Fig. 7D). 
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Fig. (7). (A). Neuroprotective effects of GM-CSF and PEDF. (A). Glutathione levels in ARPE-19 cells treated with 5, 50 or 500 ng/mL 
PEDF or GM-CSF conunercial proteins for three days. (B). Glutathione levels in ARPE-19 cells treated with 500 ng/mL PEDF or 50 ng/mL 
GM-CSF proteins purified from culture media of ARPE-19 cells transfected with the genes coding for the respective proteins. (C). Glu-
tathione levels in primary human RPE cells treated with 500 ng/mL PEDF and/or 50 ng/mL GM-CSF commercial and purified proteins (data. ___ _ 
shown for one donor). (D). Glutathione levels in primary human RPE cells treated with conditioned medium during 10 days before starting'· · · ··· 
the H]O] treattnent (data shown for one donor). Data are represented from n=3 replicates. C-: non-treated cells (either H,O, or proteins), C: 
cells treated only with HP~, P: cells treated with PEDF, G: cells treated with GM-CSF, P+G: cells treated with PEDF plus GM-CSF. 
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Fig. (8). Effect of H,O, on glutathione and Ser473-phosphorylated AKT levels in ARPE-19 and human RPE cells transfected by the 
genes coding for GM-CSF and PEDF. (A). Levels of glutathione nonnalized to conrrol (C) are shown for trnnsfected ARPE-19 cells incu
bated with 350 µM H,02 for 24 hours (56 days post-transfection). For normalization, the glutathione levels in transfected cells were divided 
by the control value (H,02 treated cells, not transfected) (n=3 replicates). (B). The graphs visualize the nom1alized values of glutathione for 
transfected human RPE cells (n=4 donors) after the H20 2 treatment. (C).Quantification ofpAkt performed by ELISA in GM-CSF-tnmsfect
ed ARPE-19 cells exposed to 350 µM H20 2 for 24 hours. C-: non-transfected cells without Hp2 treatment, C: non-transfected cells treated 
with HP,, UT: cells non-treated with H102. 

All groups of transfected ARPE-19 cells treated with 
350 µM H10 1 for 24 hours revealed significantly increased 
glutathione level (1.5-fold increase for GM-CSF- and PED
F-single transfected cells, and 1.7-fold increase for double 
transfected cells) in relation to non-transfected cells exposed 
to the oxidant agent (C) (p <0.0001) (Fig. SA). For transfect
ed primary human RPE cells, comparing the mean values of 
all donors (n = 4 donors), significant differences were ob
served only for double transfected cells (1.3-fold increase) 
versus the control (C) (p = 0.0246); however, analyzing the 
donors individually, significant differences were observed 
for all transfected groups compared with the control (C) for 
donor N°2 (p = 0.0222) and N°3 (p = 0.0010), with an ap
prox. 1.1-fold increase for all transfected groups for both 
donors (Fig. 8B). 

The quantification of Ser473-phosphorylated Ak1: 
showed higher amounts in lysates from GM-CSF-transfect
ed cells in relation to non-transfected cells exposed to H10 1 

in both the ELISA analysis (Fig. 8C) and the WB (Supple
mentary Material S2, Fig. S2.2). 

3.5. Ncuroprotection Effect of PEDF and GM-CSF in 
Retinal Organotypic Culture 

Cultured rat retinas (n = 6) maintained tissue integrity 
for up to 13 days (Fig. 9A). At 3-4 days of culrure, the reti
nal layers were still organized. however, some vacuolization 
has been present (arrow). At 6-8 days of culture, retinal mor
phology was largely nom,al with only a few signs of degen
eration (arrow). At 12-13 days of culture, photoreceptors 
were mostly lost (yellow arrow); however, the neuronal lay
ers were still distinguishable (white arrows), with only a mi
nor loss of cells. No microglial activation was observed 
(Iba-1) in retinas treated with 350 µM Hp2 for 3 hours, 
whether the retinas were treated or not with proteins for 3 
days before H20 2 treatment (Fig. 9B). Increased protein ex
pression of GF AP and loss of rhodopsin in photo receptors i 1-
lustratc in.flammation and cell damage detected by fluores
cent green GF AP and red RJ1odopsin stainil1g after oxidative 
stress induction by H10 l incubation at 3 days of culture (Fig. 
9C (H]). Treatment of retinas with 500 ng/mL recombinant 
PEDF (+P) and 500 ng/mL GM-CSF (+G) for 3 days before 
treatment with H10 2 for 3 hours reduced OF AP and rho-
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dopsin loss (Fig. 9C [H+P, H+G]). By TUNEL assay, we ob
served that retinas treated with 350 µM H,02 for 3 hours had 
a large number of apoptotic cells, comparable to the number 
of apoptotic cells observed when retinas were treated with 
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DNase I (Fig. 10 [H]). Three days of treatment with 500 
ng/mL recombinant PEDF or GM-CSF before 3-hours treat
ment with HP, reduced the number of apoptotic cells (Fig. 
10 [H+P], [H+GJ). 

Fig. (9). Impact of GM-CSF and PEDF on morphology of retinas treated with H20 2• (A). Histological study ofrat retinas cultured for 13 
days. (B). lmmunostaining with anti-Iba-I (green) of retinas treated with 350 µM H00 0 for 3 hours, exposed or not to 3 days of protein treat
ment before H,02 treatment. (C). Immunostaining with anti-GF AP (green) and anti-Rhodopsin (red) in H,O,-treated retinas, exposed or not 
to 3 days of protein treatment before H,O, treatment. Notice that due to limited availability of retinal tissue, not all treatment combinations 
could be tested with all antibodies at all time points. UT, untreated; RGC, retinal ganglion cell layer; IPL, inner plexiform layer; INL, inner 
nuclear layer; OPL, outer plexiforrn layer; ONL, outer nuclear layer; PR, photoreceptor layer. (A higher resolution I colour version ofrhis fig
ure is m•ailable in the electronic copy of the article). 

Fig. (10). Impact ofGl\•l-CSF and PEDF on viability of retinal cell treated with H,02 studied by TUNEL assay. H,O, treatment (H) increased 
the number of apoptotic cells (green). Pre-treatment with PEDF (P) or GM-CSF (G) was able to compensate the effect and reduce the _!!YID---~=-=-,::: 
ber of retinal apoptotic cells. PoCo: positive control. (A higher resolution I colour l'ersion of this figure is available in the electronic copy of 
the article). 
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4. DISCUSSION 

Even though gene therapy has eniered clinical routine by 
13 GTM P currently on the market, used gene delivery sys
tems still suffer from limitations. A possibili ty to overcome 
these limitations regarding the safety and efficiency of sever
al gene delivery systems may be the use oftransposon-medi
ated gene delivery in combination with electroporation. In 
particular, the hyperactive SB transposon system has the ad
vantage of high transfection efficiency, the ability to inte
grnte large inserts, stable and safe integration since it does 
not preferably integrate transcriptional active sequences, and 
enters the cells by plasmids, reducing the immunogenicity 
and facilitating its production [39, 46-48], features that led 
to the decision to develop a non-viral gene therapy against 
retinal degeneration based on the SB system. It is worth men
tioning that 12 clinical trials are being carried out using the 
SB transposon system, most of them based on the genetic 
modification ofT cells for the treatment ofB cell malignan
cies demonstrating high benefit but none acute or late toxici
ties [17]. The use of electroporation for its part has advan
tages such as yielding high transfection efficiency and usabil
ity with most cell types ; compared with other gene delivery 
systems, it is faster, inexpensive, and safe (non-mutagenic) 
[32]. There are several clinical trials using electroporation 
for both gene therapy and non-gene therapy approaches 
(e.g., delivery of chemotherapeutic drugs) [33, 49, 50]. Re
garding the potential negative impact that electroporation 
can have on cell viability because of the formation of pores 
in the cell membrane (51], we did not observe significant 

· cell death after transfection. This is consistent with studies, 
which have reported that with the use of capillary electropo
ration systems, such as the Neon transfection system, cell vi
ability and transfection rate, especially for primary cells, are 
higher than after applying conventional electroporation [52]. 
It is assumed that the capillary electroporation system pro
vides a uniform electric field that diminishes the side effects 
of electrolysis due to the small surface area of the electrode 
[52]. Thus, we combined the advantages of both, the 
SB I OOX transposon system and electroporation, achieving a 
significant transfection efficiency with negligible cellular 
toxicity. 

An ideal treatment for retinal neurodegeneration associat
ed with loss ofRPE cells would be the implantation of func
tional RPE cells secreting neuroprotective factors necessary 
to maintain the RPE cell layer, and in consequence, the pho
toreceptors and RGCs. The study conducted by Binder & 
col., in which a cell suspension of freshly harvested autolo
gous RPE was transplanted to patients with nAMD [53-55), 
showed moderate visual improvement in more than half of 
the cases, but with useful reading, acuity was observed only 
in a small group of patients. Recently, Da Cruz & col. ~ave 
described a phase I clinical trial using a RPE-patch denved 
from embryonic stem cells to treat AMD with promising re
sults [56) . In addition, different groups have published 
studies in which autologous RPE-Bruch's membrane
choroid patches were transplanted [57-59), and induced 
pluripotent stem cell (iPSC)-derived RPE patches have been 
generated [60]. The lack of improvement in several of these 
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studies may be due to the low number of transplanted cells, 
and/or the ·low levels of neuroprotective factors secreted by 
,he cells. Thus, the transplantation of pigment epi1hel ial 
cells transfected to overexpress the neuroprotective fac tors 
would be a promising approach. 

As expected from fonner work [40], the transfection effi
ciencies, as evidenced by fluorescence of the expressed 
Venus gene, were -100% for ARPE-19 cells and -20% for 
primary human RPE cells. We have shown that using the 
SBJOOXtransposon system in combination with electropora
tion, ARPE-19 cell and primary human RPE cells can be suc
cessfully transfected with the PEDF gene and the GM-CSF 
gene as well as with both genes. Secretion of both, GM-CSF 
and PEDF, was stable for the time the cells were maintained 
in culture (10 weeks). The lower level of PEDF secretion 
compared to GM-CSF secretion might be explained by the 
number of gene copies integrated into the genome, specifical
ly 1 copy for PEDF and 5 for GM-CSF; however, other un
known factors could be additionally involved. Secretion of 
PEDF and GM-CSF showed wide variation among donors, 
which can be expected considering differences of time from 
death to preservation of eyes (7 .2 to 20.7 hours), time from 
death to isolation (5 to 8 days), donor 's age, gender, and ex
isting pathologies. It should be noted that in our final clini
cal approach, in which it is planned to subretinal transplant 
transfected freshly isolated autologous iris pigment epithe
lial (IPE) cells in patients with dry AMD, variances are ex
pected to be smaller since the tissue is going to be fresher 
than in our in vitro system, without the impact of the time 
from death to enudeation and preservation conditions of the 
eye, i.e., in the clinic, the tissue is going to be used within 
-1 hour after isolation from an alive person vs. days (in the 
present work 6.5±1.2 days} after eye enucleation from a 
dead donor (Table 2). 

Since oxidative stress ofRPE cells is considered to be a 
key factor in the pathogenesis ofaAMD [61, 62), treatment 
of the disease should consider strategies to reduce oxidative 
stress in RPE cells. Since it has been reported that PEDF 
lowers oxidative stress in retinal neurons [7, 63-66] and that 
GM-CSF augments the activation of the PI3K/Akt and 
ERKl/2 pathways, which is implicated in cell survival of 
neuronal cells [11, 67, 68], we have investigated the effect 
of the proteins on H?01-mediated RPE cell functionality and 
survival. H,0, was chosen as oxidant agent since it is a wel-
1-establish;d ~ode! of oxidative stress damage in retinal 
cells [69-72). Using glutathione as an index of cell function
ality, we have shown that both PEDF and GM-CSt whether 
purchased or isolated from culture medium co~dino?ed by 
transfected cells increased the level of glutathrnne m AR
PE-19 and primary human RPE cells; in addition, a higher 
amount of phosphorylated Akt was observed in GM-CSF 
transfected ARPE-19 cells. Therefore, PEDF and GM-CSF 
prevent damage and protect RPE from the toxic impact of 
H,O,. All transfected groups had significantly increased lev
el~ ~f olutathione related to non-transfected cells; however, 
there \:as no sionificant alteration observed between the dif-

e . 
ferent transfected groups for both ARPE-19 and pnmary 
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cells. The higher differences observed in ARPE-19 com
pared wich primary cells are explained by a generally higher 
protein secretion level compared with primary cells (Fig. 4). 
In this regard, Pang & col. showed that trearmenr of RGCs 
with PEDF dose-dependently secured against glutamate-in
duced toxicity. Additionally, RGC viability was sensitive to 
trophic factors (bFGF, BDNF, CNTF) withdrawal, and 
PEDF successfully inhibited related damage in a concentra
tion-dependent manner [64]. In addition, Schallenberg & 
col. observed that RGCs treated with pro-apoptotic drugs (s
taurosporine or glutamate) diminished the numbers of dying 
cells in a dose-dependent manner after being treated with in
creasing concentrations of GM-CSF [ 11). In transfected pri
mary human RPE cells, differences are partly masked by the 
high inter-donor variability as already discussed. Thus, 
when all donors were analyzed together, significant diffe.r
ences were observed only in double transfected cells (Fig. 7, 
dot plot), but when donors were analyzed indiv idually, in 2 
out of 4 donors, differences were seen for all transfected in 
comparison to non-transfected cells under oxidative stress 
conditions. 

To define whether the beneficial effects of GM-CSF and 
PEDF can be translated from cell culture to tissues and even
tually to whole organisms, we analyzed the effect of the pro
teins in rat retinas organotypic cultures. The establishment 
of a ROC model for oxidative stress is important to test ther
apeutic approaches in the whole organ taking into account 
the complex interplay between the different neuronal retinal 
cells [73-75]. The results from the experiments with rat reti
nas after oxidative stress induction showed that the supple
mentation of the medium with the proteins improved tissue 
integrity, i.e. lower inflammation and better preservation of 
photoreceptors. In addition, exposure oftbe retinas to PED
F/GM-CSF decreased apoptotic cell death and increased cell 
viability compared with the non-treated control, and this ef
fect could be seen even after 6 days of culture. Supporting th
ese results, it was recently described that PEDF can support 
photoreceptor survival in rdlO retina models [76] and the res
cue of the photoreceptor cell degeneration in microph
thalmia (lvfitf) mice [77]. 

The monitoring of the glutathione redox state in biologi
cal samples is essential for evaluating the detoxification sta
tus of the cells and tissues against oxidative and free radicals 
mediated cell injury [6], therefore, we used a GSH assay to 
analyze the benefit of our therapy approach. Further, studies 
have described that oxidative stress is mostly generated in 
mitochondria (78], and particularly, PEDF attenuates the ef
fects of oxidative stress by increasing the mitochondrial un
coupling protein 2 (UCP2) expression [7, 65}. Thus, the 
gene expression analysis of UCP2, which acts as a sensor of 
mitochondrial oxidative stress [65, 79) is currently analyzed 
[6]. 

Since the final goal is to transplant IPE cells overexpress
ing the neuroprotective factors, we are currently carrying out 
experiments transfecting primary human IPE cells with 
PEDF and GM-CSF. Here, we have confirmed the long
term overexpression of the proteins in transfected human 
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RPE cells; similar experiments with human IPE cells are on
going showing promising preliminary results. The protective 
effect of PEDF and GM-CSF in the context of oxidative 
stress could be detem1ined. Furthem1ore, based on the re
sults presented here, we recently optimized a murine disease 
model of aAMD [80], and the first subretinal transplanta
tions with retinal pigment epithelial cells in ongoing experi
ments are promising. 

CONCLUSION 

The non-viral hyperactive SB transposon-mediated gene 
delivery system combined with eleclroporation has been 
shown to overcome crucial limitations of viral vectors, offer
ing an efficient and safe method for genetic modification of 
human cells as it was reflected in our results in which we ob
served a sustained gene and protein secretion of chosen 
GOis. PEDF and/or GM-CSF reduced oxidative stress dam
age in pigment epithelial cells. The results have been con
finned by studies in retinal organotypic cultures in which 
PEDF and GM-CSF improved tissue preservation and cell vi
tality. We believe our results support the hypothesis that PE 
cells overexpressing GM-CSF and PEDF, transplanted sub
retinally, would be a promising approach to treat aAMD pa
tients. 
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