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Cells Stably Expressing Basic Fibroblast Growth Factors
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Abstract: The transplantation of Retinal Pigment Epithelium (RPE) cells was a potential therapeutic strategy
in some retinal diseases. To construct RPE cells capable of stably and efficiently expressing basic Fibroblast
Growth Factors (bFGF) using a lentivirus system, we performed the current study. The genes of bFGF were
cloned into a lentivirus expression vector then the recombinant lentivirus was packaged and harvested. RPE
cells were infected and the expression of the bFGF was detected by western blot. The results showed that the
lentivirus vector can efficiently transfer genes into RPE cells with long-term expression. Therefore, it 15 likely
to culture a great number of human RPE cells in vitro to provide adequate and safe low-cost donor cells for RPE

cells transplantation.
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INTRODUCTION

The Retinal Pigment Epithelium (RPE) is a very
umportant component in maintaining the mtegrity of the
retinal structure and function and the dysfunction of the
RPE cells is closely related to the nosogenesis of many
retinal diseases such as retinitis pigmentosa, age-related
macular degeneration, etc. Many studies have shown that
the transplantation of the RPE cells had a rescue effect on
photoreceptor cells (Little ef al., 1996; Woch et al., 2001,
Algvere et al., 1994; Peyman et al., 1991). Recently, it is
one of the focal point that the gene-transfected RPE cells
were culture in vitre and transplanted on therapeutic
strategy in some retinal diseases.

The basic Fibroblast Growth Factors (bFGF) were
mitially purified from bovine pituitary extracts. This
growth factor is produced by many cell types and tissues
and plays an important role in cell differentiation,
cell proliferation, mitogenesis and angiogenesis
(Bikfalvi et al., 1997). The bFGF has five isoforms of 18,
22, 22,5, 24 and 34 kDa. Although, devoid of signal
peptide, 18 kDa Bfgf as the main isoform could be
secreted. It acts in a paracrine and autocrine manner
(Arnaud et al., 1999). The bFGF plays an important role in
the development and growth of retina. At present,
recognized as photoreceptor cells survival factors, bFGF
is capable of promoting the survival of degenerating
photoreceptor cells and rescuing the phagocytosis of RPE
cells.

In this study, human RPE cells which stably express
18 kDa bFGF have been established by a lentiviral vector
system and the human RPE cells lay the foundation for
providing preferable RPE cell donors for RPE cell
transplantation and treating related retinal diseases.

MATERIALS AND METHODS

Main experiment materials: Lentiviral vector system
(contaming lentivirus expression vector pLVX-IRES-
ZsGreen and Lenti-X HT Packaging system, Clontech),
293T cells (Clontech), restriction enzymes and T4 DNA
Ligases (TaKaRa), FuGENE® HD Transfection Reagent
(Roche), human RPE cell line (from ATCC, akind gift from
Shanghai Institute of Ophthalmology), plasmids pLN-F
{contaming bFGF ¢cDNA constructed and reserved by this
laboratory), RIPA lysate and BCA Protein Assay (Watson
Biotech inc.), mouse anti-human bFGF antibodies,
GAPDH antibodies (Santa Cruz) and Super ECL Plus
detection reagent (Applygen Technologies Inc.).

Construction and identification of recombinant lentivirus
vectors: A BamHI/EcoRI fragment of the human bFGF
c¢DNA was obtained from plasmid pLN-F. Briefly, a 490 bp
fragment containing the coding region of bFGF was cut
out from the plasmid. After purification by gel
electrophoresis, this fragment was mserted into the
plasmid pLVX-IRES-ZsGreen. The constructed plasmid
PLV-bFGF-IRES-ZsGreen was 1dentified by gel
electrophoresis after restriction enzyme digestion (Kpn I;
Xba I and Nhe I).
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Packaging and harvesting of lentiviruses: The 1 day
before the transfection, the 293T cells were trypsinized
and plated the cells in six-well plate to achieve 70-80%
confluency on the day of the transfection. Briefly,
PLV-bFGF-TRES-ZsGreen/pLVX-IRES-ZsGreen  was
transfected together with Lenti-X HT packaging mix into
293T cells using FUGENE® HD Transfection Reagent.
After 8 h later, the culture medium was replaced.
Harvesting was undertaken at 48 h. These viruses were
kept at -80°C until just before use.

Infection of RPE cells with recombinant lentiviruses: The
RPE cells were placed in a six-well and incubated at 37°C,
5% CO, overnight. The culture medium was changed
when the RPE cells were approximately 70% confluent.
Then 200 pl, virus was added mto the six-well plate.
About 24 h after infection, another fresh culture medium
was used for replacement. About 48 h after infection, the
RPE cells were observed by a fluorescence microscope.
The cells expressing ZsGreen fluorescent protein were
expanded in culture.

Protein extraction and western blotting assay: The
infected RPE cells (cultured for 1, 4 and 12 weeks) were
lysed in RIPA lysis buffer and cocktail protemase
inhibitor. Cells lysates were centrifuged at 10000x g
for 3 min at 4°C and then supernatant was collected. The
protein concentrations were quantitated by BCA Protein
Assay kit. The uninfected RPE cells were prepared by the
same method above. After SDS-PAGE, the protein were
transferred to a PVDF membrane and the membrane were
blocked and probed with mouse anti human monoclonal
bFGF antibody in 5% nonfat dried milk with a solution of
TBS containing 0.05% Tween-20 overnight. After 30 min
washes 1n TBS-0.05% Tween-20, blots were mcubated
with  horseradish peroxidase-conjugated secondary
antibodies for 60 min followed by 30 mm washes in
TBS-0.05 Tween-20. The protein bands were visualized by
enhanced chemiluminescence detection reagents after
exposure of the membrane to film for 30-60 sec.

Statistical analysis: Results were presented as mean+SD.
Statistical significance was analyzed by t-test. The value
of p<0.05 is considered significant.

RESULTS AND DISCUSSION

The results demonstrated that the bFGF gene was
inserted into the plasmid without any mutation by
sequencing. The expression of ZsGreen fluorescent
protein could be observed clearly 24 h after being

Fig. 1: 293T cells were transfected by PLV-bFGF-TRES-
ZsGreen (a) and PLVX-IRES-ZsGreen (b)

transfected (Fig. 1). We transfect >99% of 293T cells
easily by the lentiviral vector systems. As shown in
Fig. 2, recombinant lentiviruses infected the RPE cells
efficiently and completely.

After 1, 4 and 12 weeks when RPE cells were infected
by the carrying bFGF genes, bFGF
expression could be detected by Western Blot but in the
control (unminfected RPE cells and the RPE cells nfected
by PLVX-TRES-ZsGreen), bFGF expression could not be
detected (Fig. 3a). The protein levels were represented by
the ratio of net density of bFGF and GAPDH (Fig. 3b). The
expression level of the bFGF of the mfected cells was
significant compared with the control groups (p<<0.01).

Tt has been reported that the retinal degeneration can
be widely rescued by the mjection of bFGF protein
(Faktorovich et al., 1990, LaVail et al, 1998). The
intravitreally and subretinally injected bBFGF protein
remarkably delayed the retinal degeneration in such cases.
However, there are some problems that limit the
climcal application of the bFGF (e.g., the short half-life

lentiviruses
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Fig. 2. RPE cells were infected by PLV-bFGF-TRES-
ZsGreen (a, b) and PLVX-TRES-ZsGreen (c, d).
Photographs were taken at 48 h (left under
fluorescence microscopy, right: under phase
contrast microscopy)

period of the factors and the effective concentration is
retained difficultly, so it is necessary to administrate many
times or increase dose; related complicating diseases
such as cataract, retinal vascularization and the like
can be caused (Perry ef al., 1995); exogenous recombinant
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Fig. 3: The level of the expression of bFGP in RPE cells; a)
Western blot result; b) The result of bGFP/GAPDH
1: RPE cells; 2: RPE cells mfected by PLVX-IRES-
ZsGreen 3, 4 and 5: 1, 4 and 12 weeks after
mfection

protein i expensive). Moreover, compared with
exogenous recombinant protein, endogenous protein has
higher biological activity (Kang et al., 2000), researchers
attempt transmitting 5FGF genes mto eyeballs to rescue
the degeneration of photoreceptors by using the gene
therapy, including the electroporation method
(Ogata et al., 1999), the K&/TTS-1-mediated transfection
technique (Neuner-Jehle et al, 2000), recombinant
adenoviral vector (Akimoto et al., 1999) and recombinant
adeno-associated virus vector (Lau et al., 2000}, etc. The
results showed that the amount of secreted protein was
much smaller than that of recombinant bFGF injected as a
control however, the effect of rescue of photoreceptor cell
achieved by recombinant adenovirus injection was greater
than that of recombinant bFGF (Akimoto et af., 1999) and
the side effects such as cataract or tumor-like cell
proliferation and the like were not detected
(Neuner-Tehle et al., 2000). Recent research indicated that
neural retina limits the nonviral gene transfer to retinal
pigment epithelium (Pitkanen ez al., 2004).

Meanwhile with the development of wvectors,
Lentiviral vectors have become some of the most widely
used vectors for fundamental biological research,

functional genomics and gene therapy. The lentiviral

1229



J. Anim. Vet Adv., 10 (9): 1227-1231, 2011

vectors can stably integrate into the genome of target
cells and result in persistent expression of the gene of
mterest. Lentiviral vectors are able to transduce dividing
and non-dividing cells (Lai and Brady, 2002). Moreover,
Lentiviral vectors can accommodate larger transgenes
(up to~10 lkilobases) compared to other vectors.
Importantly, lentiviral transduction results in low mtrinsic
immunogenicity (Blomer et al., 1997).

Lenti-X HT Packaging system, used in this study is
the fourth-generation packaging systems and 1t easily
produces high titer lentiviral supermatants suitable for
safe use. The supernatant can be used to infect target
cells directly without prior concentration. We have
observed stable transgene expression of a ZsGreen
fluorescent protein i greater than 99% of cells >3 months
after transduction.

The transplantation of RPE cells brought the hope of
the therapy of retinal diseases caused by abnormal RPE
function (Little et al., 1996, Woch et al., 2001,
Algvere et al., 1994, 1997, Peyman ef al., 1991). The RPE
cells can release factors, e.g. bFGF and these factors can
provide nutrition for the retina and promote the
differentiation and survival of  photoreceptors
(Sheedlo et al., 1992, Aymerich et al., 2001) (according to
the results of the study, the RPE cells secrete few bFGF
which can not be inspected by western blot). Thus in
addition to the transplantation of normal RPE cells, the
transplantation of gene-transfected RPE cells not only
prevent the degeneration of photoreceptors but also
regulate the bFGF levels at retina which would be of wide
application for treating retinal diseases (Saigo et al., 2004).

CONCLUSION

This study demonstrated that lentiviral vectors can
efficiently transfer AFGF genes mto RPE cells with stable
long-term expression ix vitro. Therefore, it is likely to
culture a great number of human RPE cells in vitro to
provide adequate and safe low-cost donor cells for RPE
cell transplantation.
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