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Abstract: The aim of this study is to investigate the use of elas-
tin-like recombinamers (ELRs) as a substrate that can maintain
the growth, phenotype, and functional characteristics of retinal
pigment epithelial (RPE) cells efficiently and as a suitable car-
rier for the transplantation of autologous RPE cells for treat-
ment of age-related macular degeneration (AMD). ELR films
containing a bioactive sequence, RGD (ELR-RGD), and one
with no specific sequence (ELR-IK) as control, were obtained
by solvent-casting onto glass and subsequent cross-linking.
ARPE19 cells were seeded on sterilized ELR films as well as on
the control surfaces. Cells were analysed after 4, 24, 72, and
120 h to study cell adhesion, proliferation, cell viability, mor-
phology, and specificity by staining with Trypan blue, DAPI,
Rhodamin-Phalloidin and RPE65, ZO-1 antibodies and observ-
ing under fluorescence as well as electron microscope.

ARPE19 cells seeded on both ELR films and controls were
100% viable and maintained their morphology and set of char-
acteristics at the different time points studied. Cell proliferation
on ELR-RGD was significantly higher than that found on ELR-IK
at all time points, although it was less than the growth rate on
polystyrene. ARPE19 cells grow well on ELR-RGD maintaining
their phenotype. These results should be extended to further
studies with fresh human RPE cells and in vivo studies to deter-
mine whether this ELR-RGD matrix could be used as a Bruch’s
membrane prosthesis and carrier for transplantation of RPE
cells in patients suffering with AMD. © 2011 Wiley Periodicals, Inc.
J Biomed Mater Res Part A: 97A: 243-250, 2011.
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INTRODUCTION

Age-related macular degeneration (AMD) is the leading
cause of irreversible severe vision loss and legal blindness
in patients over 65 years. Furthermore, the prevalence of
this disease (8%) increases steeply with age.'?

There are basically two clinical forms of AMD: wet (or
neovascular) and dry (or atrophic). Wet AMD can currently
be treated with anti-vascular endothelial growth factors
(anti-VEGF), whereas dry AMD, which accounts for the ma-
jority of cases (60-80%), cannot as yet be treated, even pal-
liatively.® Despite intense basic and clinical research efforts,
the pathology of AMD is not completely understood,
although it appears to be a multifactorial disease involving
a complex interaction between metabolic, functional,
genetic, and environmental factors.* It is well known that
disease-related alterations, at least in the initial stages of
AMD, are limited to the external layers of the retina, which
in theory can be repaired using cell therapy approaches.”™
Retinal pigment epithelium (RPE) plays a pivotal role in
normal retinal functioning, including the transport of
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nutrients from the choroidal blood vessel layer to the pho-
toreceptors, elimination of their waste and formation of the
blood-retina barrier that controls the transport of substan-
ces into the retina.’ The accumulation of drusen, basal
deposits and advanced glycation end products (AGEs) below
the RPE layer as a result of dysfunction of the diseased RPE
are typical signs of AMD that probably contribute to damage
of the Bruch’s membrane (BrM), which supports the RPE
cells and maintains their health, polarity and functionality,
and photoreceptors.’’ Over the last 25 years, several
approaches, such as patch graft transplant, RPE transplanta-
tion and macular translocation, have shown that replacing
diseased RPE with healthier autologous RPE in selected
cases can rescue photoreceptors, prevent further visual loss,
or even promote visual improvement in both humans and
animals.'*~1®

It is also known that ex vivo expansion of adult RPE
cells offers the potential to partially reverse the influence of
aging, although there is a high risk of cell transdifferentia-
tion.'”"?! The best results are obtained when these adult
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autologous RPE cells are in contact with an appropriate
extracellular matrix (ECM) that provides appropriate physio-
logical signals to maintain their differentiated state, polarity,
phenotype, and functional characteristics.?*> Numerous bio-
compatible natural or synthetic ECMs have been investi-
gated as transplant vehicles in the last few years, although
the latest studies in this field have shown that unfavorable
characteristics of these ECMs lead to neural retinal atro-
phy.!® The development of an appropriate biocompatible
substrate is therefore vital. This substrate must be in the
form of a flexible thin film so that it can be handled easily
during surgical transplantation. It must also be able to sup-
port and maintain an organized monolayer of healthy RPE
cells and must have bioactive domains that provide physio-
logical signals to cells to ensure they maintain all their char-
acteristics in vivo after transplantation, a porous structure
to allow exchange of materials in and out of the RPE mono-
layer, thereby supporting the survival of other cell layers in
the retina, including, photoreceptors, and must not form
toxic by-products upon biodegradation. The elastin-like
recombinamers (ELRs) developed by a group at our univer-
sity could be useful in this respect?®?* as other ELRs pro-
vided by the same group have been shown to be suitable
for tissue engineering to restore vision by reconstructing
the ocular surface.?®

Genetic engineering techniques involving protein-based
polymers have allowed the design and synthesis of new
advanced materials with an unrivalled degree of complexity
and control that can incorporate structural and functional
domains derived from ECM proteins almost at will. These
recombinant polymers offer the possibility to obtain materi-
als that combine some of the complex properties found in
natural proteins with functions of particular interest that
are not displayed in the living organism. ELRs have been
attracting interest because of their excellent biocompatibil-
ity, mechanical properties and bioactivity, —amongst
others.?6728

In this study, we investigated the suitability of an ELR
film containing bioactive RGD sequence for allowing the
growth of a monolayer of RPE with maintaining their char-
acteristics for future subretinal transplantation.

MATERIALS AND METHODS

ELR expression and purification

Standard molecular biology techniques were used to con-
struct two ELR genes containing a bioactive domain (ELR-
RGD and ELR-IK). ELR-RGD contains a peptide loop present
in the human fibronectin protein with the well-known argi-
nine-glycine-aspartic acid (RGD) sequence for cell adhe-
sion.2930 ELR-IK, which has no bioactive domain, was used
as negative control.

Polymer production was carried out using cellular sys-
tems for genetically engineered protein biosynthesis in Esch-
erichia coli. Synthetic oligonucleotides were purchased from
IBA GmbH (Goettingen, Germany), and Taqg DNA polymerase
and the restriction enzyme Eam 1104 I were purchased
from Stratagene (La Jolla, CA). The restriction enzymes Xbal,
Hindlll, Dpnl, EcoRl, and Sapl were purchased from Fermen-
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tas (Burlington, ON), and T4 DNA ligase, Shrim Alkaline
Phosphatase (S.A.P), and Antartic alkaline phosphatase were
purchased from New England Biolabs (Beverly, Ma). PCR
amplifications were performed in an Eppendorf AG 22331
thermocycler. Gel photographs were taken with the Gel logic
100 Imaging System running the Kodak 3.6 software. Esche-
richia coli BLR (DE3) strain and the expression vector pET
(25+) from Novagen (Madison WI), and Ampicillin from
Apollo Scientific (Bredbury, UK), were used during elastin-
like recombinamer (ELR) production, which was performed
with several cycles of temperature-dependent reversible
precipitation, as described elsewhere.**

The purity and molecular weight of the proteins were
verified by SDS-PAGE gels and mass spectrometry (MALDI-
TOF/MS), whereas the correctness of the sequence was
checked by amino acid analysis and amino acid sequencing.
Physical properties were characterized by differential scan-
ning calorimetry (DSC) and turbidity measurements.

The amino-acid sequences of the ELRs used in this work
are depicted below:

ELR-RGD: MGSS-H¢-SSGLVPRGSHMESLLP-{[(VPGIG),(VPGKG)
(VPGIG),] ,AVTGRGDSPASS[(VPGIG),(VPGKG) (VPGIG),]}6
(M,, = 60,661 Da).

ELR-IK: MESLLP-(VPGIG-VPGIG-VPGKG-VPGIG-VPGIG)4-V
(M,, = 51,980 Da).

Preparation of ELR films

ELR-films were obtained by solvent-casting onto glass and
subsequent cross-linking with hexamethylene diisocyanate
(HDI), a lysine-targeted homobifunctional crosslinker, as
described elsewhere.*

Thus, an aqueous ELR solution (80 pL, 50 mg/mL) was
deposited on circular cover glasses (diameter: 12 mm;
Thermo Scientific, Madrid Spain). After incubation for 8 h at
60°C, the dry films were cross-linked by immersion in 10%
HDI/acetone solution overnight and then exhaustively
washed with type I water. All reagents were purchased from
Sigma Aldrich, Madrid Spain.

The ELR films and controls (glass, polystyrene) were
placed in a 24-well cell-culture plate, sterilized for 12 h
under UV light, and then incubated in Dulbecco’s Modified
Eagle Medium (DMEM; Invitrogen, Paisley, UK) with antibi-
otics for 2 h before cell seeding.

Cell culture

ARPE19 cells were used for all quantitative and qualitative
analysis in this study. These cells*? were obtained from the
American Type Culture Collection ATCC (Manassas, VA) and
maintained in a 1:1 (v/v) mixture of DMEM/F12 supple-
mented with 10% FBS, 2 mM L-glutamine, 50 U/mL penicil-
lin G, 50 mg/mL streptomycin, and 2.5 mg/mL amphotericin
B (Invitrogen-Gibco, Paisley, UK). Cells were maintained in a
humidified atmosphere at 37°C in the presence of 5% CO,,
and the medium was replaced every 3 days until confluence
was reached. Cells were then detached with 0.1% trypsin
and 0.04% tetrasodium ethylenediaminetetraacetate (EDTA)
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FIGURE 1. SEM of ELR-RGD film showed 652.8 nm thickness of the
polymeric film.

(Invitrogen-Gibco, Paisley, UK), mixed with complete me-
dium to block the trypsin-EDTA activity, and washed and
resuspended in phosphate-buffered saline (PBS; Invitrogen-
Gibco, Paisley, UK).

Cell numbers and viability were determined by standard
Trypan blue exclusion assay. 1 x 10* ARPE19 cells were
seeded on ELR-RGD film scaffold and controls (ELR-IK, the
polystyrene substrate of standard tissue culture plates and
glass) and incubated under standard conditions for up to
120 h.

Cell number quantification

At defined time periods after cell seeding, the substrates
were washed with PBS to remove nonadhered cells and the
cell numbers were determined by manual counting using a
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FIGURE 2. Percentage of ARPE19 cells adhered to different substrates
at 4 h. The data presented are the mean number of cells (phase-con-
trast microscopy as well as nuclear counts of cells, assuming 1 nu-
cleus per cell) per field (x10) attached to each surface at 4 h as a
percentage of the control (polystyrene) =1 SD. This histogram shows
that the ELR-RGD surface supports adhesion of ARPE19 cells to lesser
extent than polystyrene surface but is nevertheless higher than that
for ELR-IK and glass. p < 0.05 is considered significant for comparing
the percentage of adhered cells on different surfaces.
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FIGURE 3. Growth of ARPE19 cells on each substrate studied. The his-
togram shows the mean number of cells (phase-contrast microscopy
as well as nuclear counts of cells, assuming 1 nucleus per cell) on dif-
ferent substrates (ELR-RGD, ELR-IK, polystyrene, and glass) at differ-
ent time intervals (24, 72, and 120 h). The data are presented as mean
number of cells per field (x10) =1 SD. The ELR-RGD, polystyrene,
and glass substrates are more favorable for cell growth than ELR-IK.
p < 0.05 is considered significant for comparing the number of cells
growing on different surfaces.

phase contrast and fluorescence microscope (Leica Micro-
systems, Mannheim, Germany). Cells were nuclear stained
with DAPI (Invitrogen, Eugene, OR) for 1 min at room tem-
perature (RT), mounted in a fluorescent mounting medium
(Invitrogen, Paisley, UK), and visualized using a fluorescence
microscope. Twenty fields (x10) were photographed at ran-
dom per substrate. The cells, and their nuclei, contained in
each field were counted using Adobe Photoshop Elements
software. The mean number of nuclei per field of view
(x10) was calculated for each time interval for each treat-
ment and presented as a histogram showing the average nu-
clear count per field of view *1 standard deviation (SD)
versus time.

Cytotoxicity

The cytotoxicity of all substrates was analyzed after 4, 24,
72, and 120 h incubation. Thus, the substrates were washed
with PBS, the cells stained with Trypan blue and viewed im-
mediately under an optical microscope. Twenty fields (x10)
of each substrate were photographed at random and the
mean number of nonstained cells per field of view (x10)
was taken as the number of surviving cells. The total num-
ber of stained and nonstained cells at 4, 24, 72, and 120 h
was calculated as detailed above.

Cell adhesion

Cells were counted after 4 h, under a phase-contrast micro-
scope, to determine the cell attachment to ELR films and
control surfaces, as detailed above. For cell adhesion deter-
mination, the average number of cells on the polystyrene
substrate (positive control) was set to 100% and the aver-
age number of cells on the other substrates (ELR-RGD, ELR-
IK, and Glass) calculated as a percentage of the cells grow-
ing on the polystyrene surface. For the quantification at 4 h,
the values presented are the mean number of cells per field
(x10) attached to each substrate as a percentage of the
polystyrene control £1 SD.
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FIGURE 4. Growth of ARPE19 cells on different substrates. Phase-contrast microscopy demonstrates the cell density as well as the hexagonal
morphology and the mosaic pattern of ARPE19 cells on each substrate studied at 120 h. ELP-IK does not support the growth of ARPE19 cells.
(A) Polystyrene; (B) glass; (C) ELR-IK; (D) ELR-RGD. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Cellular morphology and specificity assessment
The epithelial morphology of the cells growing on each sub-
strate was determined by staining cytoskeleton actin fila-
ments with Rhodamine-Phalloidin (Molecular Probes-Invi-
trogen, Paisley, UK) and tight junction with anti-ZO-1
antibody (Invitrogen, Camarillo, CA), whereas cell specificity
was studied by an immunostaining technique against the
RPE65 antigen (Novus Biologicals, Inc., Littleton, CO), a spe-
cific marker of RPE3* At each time point the cells were
washed with PBS (3 x 5 min), fixed with 4% paraformalde-
hyde for 10 min, permeabilized with PBT (0.2% TritonX-
100 in PBS) for 10 min, washed with PBS (3 x 5 min) and
blocked for 1 h in antibody blocking buffer (10% Normal
goat serum, 1% Bovine serum albumin in PBT). The cells
were then incubated with a 1:100 dilution of anti-RPE65
antibody or with a 1:50 dilution of anti-ZO-1 antibody in
PBT overnight at 4°C, then washed with PBT (3 x 5 min)
and incubated with a 1:100 dilution of anti-mouse IgG-FITC
(Jackson Immunoresearch Laboratories, Inc., West Grove,
PA) in PBS for 1 h at room temperature. The cells were also
costained with a 1:40 dilution of Rhodamine-Phalloidin
(200 unit/mL) in PBS for 20 min, then mounted and
observed under a fluorescence microscope, as described
above.

The presence of intercellular tight junction and gap junc-
tion between the cells grown on each substrate was con-
firmed by electron microscopy. Briefly cell cultures were

fixed for 2 h in 0.5% paraformaldehyde and 0.5% glutaral-
dehyde in phosphate buffer (0.1M, pH 7.4), washed in the
same buffer and postfixed in 1% O0s04 in phosphate buffer.
After dehydration in alcohols the pieces were embedded in
low-viscosity epoxy resin (Spurr resin embedding kit. TAAB
Laboratories Equipment Ltd, Berks, UK). Thin sections were
examined in a JEOL 1200-E Il electron microscope after
staining with uranyl acetate and lead citrate.

Statistical analysis

The results for each substrate were expressed as mean per
field of view (x10) =1 standard deviation (SD). Data were
tested for normality and investigated for statistical signifi-
cance using Student’s t-test. Statistical significance was set
at p < 0.05.

RESULTS

Cell adhesion

The average number of cells adhered to the ELR-IK, ELR-
RGD films (each 652.8 nm thickness, Fig. 1), and glass sub-
strates as a percentage of the polystyrene control after 4 h,
as shown in figure 1, demonstrated that the average num-
ber of cells adhered to the ELR-RGD and polystyrene sub-
strates was significantly higher (p < 0.05) than that
attached to the other substrates after 4 h. There were no
significant differences (p > 0.05) between the number of
cells attached to the ELR-IK and glass substrates (Fig. 2).

FIGURE 5. Cytotoxicity test using Trypan blue stain. ARPE19 cells growing on different substrates were stained with Trypan blue and observed
under a phase-contrast microscope. The cells growing on each substrate are viable at all time points. The above pictures, taken at a field view
of x10, are representative pictures at 120 h. (A) Polystyrene; (B) glass; (C) ELR-IK; (D) ELR-RGD. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]
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FIGURE 6. Cell morphology of ARPE19 cells on different substrates demonstrated by F-actin staining with fluorescent Rhodamin-Phalloidin stain
at 120 h. A more homogenous hexagonal mosaic morphology with higher cell density is seen for polystyrene than for ELR-RGD, glass and ELR-

IK. (A) Polystyrene; (B) glass; (C) ELR-IK; (D) ELR-RGD.
wileyonlinelibrary.com.]

Cell proliferation

Cell proliferation was evaluated by quantifying the number
of cells on the surface of all substrates at 24, 72, and 120 h,
as shown in Figure 3. The histogram shows that cell growth
on ELR-RGD was significantly higher (p < 0.05) than that
found on ELR-IK at all time points (24, 72, and 120 h).
However, both these films showed a significantly lower (p <
0.05) average number of cells on their surface than that
observed on the surface of the polystyrene at all time inter-
vals (Fig. 3). At 120 h, the cells growing on the surface of
ELR-RGD, polystyrene and glass were nearly confluent,
whereas the cells growing on ELR-IK needed more time to
become confluent (Fig. 4), thus showing that the growth
rates on ELR-RGD, polystyrene and glass are higher than on
ELR-IK.

Cell viability

The Trypan blue exclusion assay was used to detect dead
cells before seeding and also after growth of the cells on
the different substrates. The results of this assay showed
that the cells were 100% viable at the time of seeding (data
not shown) and also after growing on each substrate at dif-
ferent time intervals (Fig. 5).

[Color figure can be viewed in the online issue, which

is available at

Cell morphology and RPE65 expression

Phase-contrast microscopy showed that the cells appeared
to have reached confluence on the surface of all substrates,
except ELR-IK, after 120 h (Fig. 4), although there was a
clear difference in cell density on different substrates from
the centre to the periphery. Thus, the cells growing on poly-
styrene surface were more closely packed and homogenous,
showing a more mosaic morphology in both the central and
peripheral regions, whereas the cell density and homogene-
ity of the mosaic pattern decreased from the centre to the
periphery on the ELR-RGD, glass, and ELR-IK substrates
(data not shown).

Immunofluorescence staining with Rhodamin-Phalloidin
demonstrated good hexagonal circumferential actin fibers in
the cells growing on all substrates (Fig. 6) while immuno-
staining with anti-ZO-1 antibody (Fig. 7) and electron mi-
croscopy (Fig. 8) study showed the presence of tight and
gap junction confirming the epithelial morphology of the
cells growing on each substrate. Under electron microscopy
tight junctions (zonula occludens) were characterized by
groups of union points where the plasma membranes of
two adjacent cells were connected. Gap junctions (nexus)
were observed as zones of membrane apposition with a
dense line between the membranes (Fig. 8). A rounded cell

FIGURE 7. Epithelial cell morphology of ARPE19 cells on different substrates demonstrated by ZO-1 staining at 120 h. A more homogenous hex-
agonal mosaic epithelial morphology with higher cell density is seen for polystyrene than for ELR-RGD, glass and ELR-IK. A: Polystyrene; (B)
glass; (C) ELR-IK; (D) ELR-RGD. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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FIGURE 8. Presence of intercellular tight junctions (arrow) and gap junctions (doubleheaded arrow) among the ARPE19 cells growing on differ-
ent substrates as observed by electron microscopy at 120 h. (A) Polystyrene; (B) ELR-IK; (C) ELR-RGD. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]

nucleus was observed in all cases, as detected by DAPI
staining (Fig. 6 and 7).

Immunofluorescence staining with RPE65 antibody
showed that the cells growing on the different substrates
maintained their RPE-type characteristics and that there
was no transformation into, or contamination by, other cell

types (Fig. 9).

DISCUSSION

It is well known that the stimuli provided by a substrate to
cells influence their behavior>*7*° A large number of sub-
strates, including cryoprecipitated membranes, anterior lens
capsules, cadaver Bruch’s membranes, Descemet’'s mem-
branes, natural or synthetic biodegradable or nonbiodegrad-
able polymers films and collagens, to name but a few, have
been studied for the replacement of RPE cells.'®3¢~*2 Most
of these, however, have proved to be either very difficult to
handle or are unable to deliver and maintain appropriate
signals at the level of the RPE-substrate interface. Such sig-
nals are required to maintain RPE cells in their differenti-
ated state under in vitro or in vivo conditions. The develop-
ment of an appropriate synthetic, flexible, biocompatible
film with an appropriate pore size for transportation that is
easy to handle during surgery and results in minimum post-
surgical complications is therefore currently vital for the
success of dual-layer biomimetic transplants consisting of a

layer of healthy RPE cells cultured on a support mem-
brane.*® Such a film must also have appropriate surface
characteristics that can provide the stimuli required to
maintain the RPE cells in their subretinal localization. The
ELR films of 652.8 nm thickness used in this study, which
are composed of polymers containing repeat sequences of
elastin, an extracellular elastic protein found in the verte-
brate ECM, could be useful in this respect as their elastic
and biocompatible characteristics are similar to those of
naturally occurring ECMs and the elastic layer of BrM.**
The recombinant nature of these polymeric films enables
the insertion of peptide sequences through genetic engi-
neering to extend their properties, including bioactive
domains. These polymers have previously been used for the
formation of hydrogels with different pore sizes using a
salt-leaching technique®' ELRs biodegrade into natural
amino acids by normal routes, thus allowing enough time
for the transplanted cells to synthesize their own substra-
tum and establish the correct pigment cell-neural retina
architecture. Thus, the ELR films used in this study are flexi-
ble, biocompatible, biodegradable and with appropriate
thickness (652.8 nm), and would appear to be highly suita-
ble for use in RPE cell transplantation in AMD patients.

The RGD sequence is found in a number of ECM struc-
tural proteins that promote cell attachment, spreading, dif-
ferentiated phenotype, and survival.*® Indeed, in this study,

FIGURE 9. Expression of RPE65 by ARPE19 cells on different substrates. At 120 h, immunostaining with RPE65 antibody demonstrates the
expression of RPE65 antigen by ARPE19 cells growing on different surfaces. (A) Polystyrene; (B) glass; (C) ELR-IK; (D) ELR-RGD. [Color figure
can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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interactions between RPE and RGD supported stability of
RPE. Thus, the ELR must be able to maintain RPE quies-
cence, adherence, polarity and viability whilst also promot-
ing proliferation after damage and migration into a wound.
Therefore, inserting an RGD sequence in the bioactive do-
main of recombinant ELR and growing ARPE19 cells on
these polymers will help to determine the suitability of this
substrate for transplantation.

Despite having fewer adherences at 4 h than the polysty-
rene surface, ELR-RGD was nevertheless found to be a good
support for the growth of ARPE19 cells. Indeed, there was a
very clear difference between ELR-RGD and ELR-IK at 4, 24,
72, and 120 h. At 120 h, the difference between the number
of cells attached to ELR-RGD, polystyrene and glass and those
attached to ELR-IK, which did not support the growth of
ARPE19 cells well, was notable. This shows that inserting
bioactive sequences into ELR-IK modifies the adhesion and
proliferation characteristics of the polymer and that an ELR-
RGD film promotes the attachment of the cultured cells to
the film. Furthermore, the total absence of dead cells, expres-
sion of RPE65 protein and presence of intracellular tight and
gap junction, which means that the ARPE19 cells maintained
their epithelial morphology and specificity for the whole
120-h growth period, strongly suggests that none of the ELRs
used in this study are cytotoxic and that they all deliver opti-
mal signals for promoting stability of the RPE cells including
barrier formation for transportation under in vitro condi-
tions. They could therefore be suitable carriers for RPE trans-
plantation in the sub-macular region. A previous study has
highlighted differences in the expression of different proteins
between RPE-derived cell lines and human primary RPE
cells,*® therefore the response of human primary RPE cells to
these substrates might also differ. ARPE19 cells, spontaneous
immortalized RPE cells,>? were used in this study to over-
come several problems: the supply of cells, heterogeneity, the
ease of culture, and the fast growth of cells as well as they
have been used previously in several similar studies.***
These experimental results showed that in contact with
ELRs, ARPE19 cells maintained certain properties which
could be useful data for further study of interaction of ELRs
with primary RPE cells. In addition, as stated previously, ex
vivo expansion of primary RPE cells leads into partial rever-
sion of the influence of ageing but with high risk of transdif-
ferentiation which also needs to be ruled out with cells
grown on these substrates. Further studies in these respects
are currently underway. Furthermore, in vivo studies can also
lead to different responses to those observed in vitro. This
also needs to be ruled out with further studies before an
RPE-ELR transplant can be performed in a clinical setting.

In summary, genetic engineering techniques are highly
suitable for the production of complex polymers with a
well-defined sequence that mimic the rich complexity of the
natural ECM in terms of functionality and bioactivity.
Herein, a ELR containing a bioactive sequence (RGD) found
in the ECM produced using such genetic engineering techni-
ques showed good adhesion and proliferation while main-
taining the phenotype of ARPE19 cells and could therefore
be suitable carriers for RPE transplantation.
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