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One promising treatment for degenerative retinal diseases such as age-related macular degeneration (AMD) is the delivery of
retinal pigment epithelial (RPE) cells using degradable scaffolds. Tough-aligned scaffolds are promising candidates for some
applications of tissue engineering, such as peripheral nerve regeneration. However, aligned scaffolds have not been investigated in
retinal tissue engineering so far. Here, a comparison was made between aligned and random scaffolds fabricated from poly-
caprolactone (PCL) and human amniotic membrane powder (HAMP) as a scaffold for RPE cells. The effects of alignment on
mechanical properties, porosity, hydrophilicity, degradation of the scaffolds, and the cellular interaction of RPE cells were
investigated. The results revealed that the aligned scaffold has a lower average fiber diameter, porosity, hydrophilicity, and Young’s
modulus and also a higher maximum strain in failure compared with the random scaffold. However, the proliferation of RPE cells
increased on the random scaffold compared to the aligned scaffold. Hence, the rest of the specialized cellular evaluations, such as
immunohistochemistry, real-time PCR, and functional assessments were performed on random scaffolds. The seeded cells showed
an expression of RPE signature genes and functionally secreted VEGF and PEDF. Therefore, a HAMP-based substrate was
fabricated for potential use as a scaffold for RPE cell transplantation.

of transplanted cells, and inflammation. These challenges
have led researchers to tissue engineering solutions, espe-
cially scaffold-based methods [3]. Scaffolds were used to
support the cells to regenerate the extracellular matrix
(ECM). A suitable scaffold should be biocompatible and
biodegradable, with physical and mechanical properties
similar to those of native tissue for better simulation [4, 5].
Various scaffolds have been used for retinal pigment epi-
thelial cells; however, the long-term viability and function of
cells are still largely unknown [6]. Electrospun nanofibers
imitate the morphology of native extracellular matrix fibers,

1. Introduction

The retinal pigment epithelium (RPE), which is located
between the neuroretina and the choroids, is a monolayer of
pigmented cells [1]. The RPE cells interact with photore-
ceptor outer segments, causing the transfer of ions, nutri-
ents, fluids, and metabolites, the polar secretion of cytokines,
and the homeostasis between the photoreceptor and the
choroid [2]. In degenerative retinal diseases, RPE cells lose
their function, leading to the death of neural retinal cells and
eventually blindness. For a long time, RPE cell trans-

plantation has been under investigation as a treatment for
these diseases. There have been many promising early results
with free cell therapies; however, there are many challenges
to such therapies. These challenges include the inability of
free cells to attach and form a native structure, the migration

making nanofiber scaffolds ideal for cell culture and tissue
engineering applications [7].

PCL is a nontoxic, biodegradable polymer with good
mechanical properties. However, its low hydrophilicity to-
gether with a lack of functional groups often results in low
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cell adhesion and proliferation on these scaffolds [8-10]. The
amniotic membrane (AM), the inner membrane enwrap-
ping the fetus in the amniotic cavity [11], is considered an
important potential source for the material of scaffolds. The
extracellular matrix components of the basement membrane
of the amniotic membrane include collagen, fibronectin,
laminin, and other proteoglycans that are important for cell
growth. These components are ligands for integrin receptors
and therefore play an important role in cell adhesion. Other
properties of the amniotic membrane include anti-
inflammation, antifibrosis, antiscaring, antimicrobial, and
low immunogenicity, which are all important for use in
tissue engineering [12]. A combination of the PCL properties
with the unique features of the amniotic membrane can
result in a promising material for tissue engineering ap-
plications. Our study aimed to produce a biocompatible
scaffold supporting the proliferation of RPE cells (ARPE-19
line) that could be used for the treatment of degenerative
retinal diseases. In this research, two types of scaffolds with
random and aligned arrangements were investigated and
compared in terms of their physical and chemical properties
and also for the first time in terms of the behavior of retinal
pigment epithelium cells on them.

2. Materials and Methods

2.1. Materials. PCL (MW of 80000 g/mol) obtained from
Sigma-Aldrich Co. was used for this study (St. Louis, MO).
Formic acid (FA) and acetic acid (AA) were purchased from
Merck Co. (Darmstadt, Germany), and were used as re-
ceived without further purification or modification. Human
placentas were taken from the cesarean section of Milad
Hospital (Isfahan, Iran). ARPE-19 cells were purchased from
the Isfahan Royan Institute, Iran. Dulbecco’s Modified Eagle
Medium (DMEM (+) Glutamax. High glucose), fetal bovine
serum (FBS), trypsin/EDTA, phosphate-buffered saline
(PBS), penicillin-streptomycin, and MTT (3-(4, 5-Dimethyl-
2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium bromide), all
purchased from Bio-Idea, Tehran, Iran, were also used.
QIAzol Lysis Reagent, RevertAid First Strand cDNA Syn-
thesis, and RealQ Plus Master Mix Green high ROX™,
obtained from Qiagen (America), Thermo Scientific
(America), and Amplicon (Denmark), respectively, were
used in the real-time PCR test. For fixing the cells before
analyzing samples under the microscope, glutaraldehyde,
and paraformaldehyde (Sigma-Aldrich) were used.

2.2. Electrospinning of Random and Aligned PCL-HAMP
Fibrous Membranes. The electrospinning solution was
prepared similarly to the optimum solution in reference [13].
Briefly, after receiving the human amniotic membranes,
a 5% (wt/v) HAMP stock solution in a mixture of FA: AA
with a volume ratio of 70:30 was prepared as described
elsewhere. The steps of amniotic membrane powder prep-
aration are briefly described in Figure 1.

Also, a 20.8 wt/v% PCL solution in a mixture of FA: AA
with a volume ratio of 70:30 was prepared. Then, stock
HAMP solution was added to the PCL solution with a ratio
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of 30:70 (v/v) and stirred to prepare a homogenous solu-
tion. The concentration of the PCL solution was selected
based on the notion that after adding the HAMP solution,
the PCL concentration in the final solution is 16% (wt/v).
Consequently, PCL/HAMP fibrous scaffolds were developed
using the electrospinning approach. Typically, after filling
a 1 ml plastic syringe that is supplemented with a stainless
steel 23-gauge needle with PCL/HAMP suspension, the
electrospinning process was performed with a set of opti-
mized parameters. The applied flow rate, voltage, and the
distance between needle and collector were considered as
0.5ml/h, 20kV, and 12.5 cm, respectively.

For the collection of random (nonaligned) fibers, we
utilized a continuous aluminum sheet covered with alu-
minum foil (dimensions: 10 x 10 cm?), and for the collection
of aligned fibers, we used two parallel copper wires at
a distance of 3cm (Figure 2). After collecting the PCL/
HAMP fibrous scaffolds, they were dried in a vacuum
desiccator for at least 24 h at room temperature to dissipate
the remaining solvent before characterization.

2.3. Characterization of the Electrospun Scaffolds. The
morphological characteristics of the scaffolds were in-
vestigated by scanning electron microscopy (SEM; Philips,
XL30, Netherlands). The fiber’s diameters were determined
with Digimizer software by randomly selecting about
100-120 data points.

The water contact angle was used to measure the hy-
drophilicity of the fiber membranes. The contact angle was
monitored with a video contact angle machine (Sharif Solar,
CA-500, Iran). Droplets of 4 uL were placed on the surface of
membranes, and then the contact angle was recorded and
automatically calculated at 10 seconds (n=3).

The uniaxial mechanical properties were assessed by ap-
plying tensile loads to the membranes. The membranes were
cut into uniform sizes (4 x 1 cm?, n=3). The clips held the two
ends of the membranes. Mechanical properties were tested by
a material-testing machine (Hounsfield, H25K-S, England).
Young’s modulus was calculated by measuring the slope of the
initial linear region of the stress-strain curves. The thickness of
the fibrous scaffolds was measured with a micrometer (HD
digital outside micrometer 0-25 mm/0.001 mm).

To measure the porosity, the scaffolds were placed in an
alcohol-filled pycnometer. The scaffolds were removed, and
the pycnometer and the remaining alcohol were weighed.
The scaffold porosity was calculated using the equations
described as follows [6, 14]:

W, -W,-W,

percentage of porosity = W W
1= W3

, (1)
where W, is the weight of the pycnometer over alcohol, W,
refers to the weight of the pycnometer with alcohol and
scaffolds, W3 refers to the weight of the pycnometer and
alcohol after removal of the scaffolds, and Wy is the initial
weight of the scaffolds in a dry state.

To observe the biodegradability of the scaffolds, each

sample (n =3) was immersed in PBS and maintained for 3,
7, 14, and 28days at 37°C. In the specified days, the
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FIGURE 1: Schematic illustration of the preparation of HAMP.
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FIGURE 2: Schematic illustration of collectors for electrospinning of (a) aligned and (b) random fibers.

scaffolds were removed, washed 3 times with distilled
water, dried, and weighed (w,). The percentages of weight
loss were calculated from the equation described as fol-
lows [15, 16]:
WO — Wt
Wigoes% = ———L x 100,
Wy

(2)

where Wy,s% is the weight loss percentage of the sample
after time £, wy is the sample weight at the beginning of the
degradation test, and w;, is the sample weight after time ¢.

2.4. ARPE-19Cell Culture, Viability, and Morphological
Studies. The ARPE-19cells, the human retinal pigment
epithelial cell line, were purchased from the Isfahan Royan
Institute (Isfahan, Iran). The cells were cultured into 75 cm?
tissue culture flasks in Dulbecco’s Modified Eagle Medium
(DMEM (+) Glutamax. High glucose, Bio-Idea, Iran),
supplemented with 10% fetal bovine serum (FBS, Bio-Idea,
Iran), 1% penicillin/streptomycin (Bio-Idea, Iran), and in-
cubated at 37°C in 5% CO,. The culture medium was
changed every 3 days. The ARPE cells were cultured until
a suitable cell number was acquired for seeding.

Random and aligned PCL-HAMP fibrous scaffolds were
cut into circular sheets and sterilized by soaking them in 70%
ethanol for 30 min and exposing them to UV radiation for
both top and bottom surfaces in a laminar flow hood (each
surface for 30 min). Then, they were placed at the bottom of
a 24-well plate and fixed by hollow stainless steel rings, and
finally rinsed twice with sterilized phosphate-buffered saline
(PBS) solution. The ARPE cells were seeded on each scaffold
with a density of 10000 cells/well and incubated at 37°C and
their medium was refreshed every 3 days.

The viability of cultivated cells on the scaffolds was
measured using the (3-(4, 5-Dimethyl-2-thiazolyl)-2, 5-
diphenyl-2H-tetrazolium bromide) (MTT) cytotoxicity as-
say. After 1, 3, and 7 days of cell seeding in 24-well plates, the
scaffolds were washed with PBS and incubated with MTT
solution (5mg/ml). After 4h of incubation at 37°C in an
atmosphere containing 5% CO,, the formazan crystals were
dissolved in DMSO for 10min, and then aliquots were
pipetted into 96-well plates. The absorbance of the content of
each well was measured at 545nm using a spectrophoto-
metric plate reader (Hiperion, MPR4+, Germany).

The growth, proliferation, and cell adhesion of the ARPE
cells cultured on PCL-HAMP aligned and random fibrous
scaffolds after 1 and 7 days were investigated by SEM. The
scaffolds were rinsed twice with PBS and fixed in 3% glu-
taraldehyde for 30min. After that, the scaffolds were
dehydrated in graded alcohols of 50%, 70%, 80%, 90%, and
100% (twice), each time for 10 min. Finally, the scaffolds
were sputter-coated with gold and then observed under SEM
(Philips, XL30, Netherlands).

2.5. Immunocytochemical Analysis. Immunocytochemical
staining was done as a standard protocol for two RPE-
specific markers, microphthalmia-associated transcription
factor (MITF) and zonula occludens-1 (ZO-1) [17, 18].
Briefly, after one week, the cells were fixed with 4% para-
formaldehyde (PFA) and then permeabilized with 0.4%
Triton X-100 (Atocell, ABT9). Subsequently, the cells were
incubated with primary antibodies overnight and were ex-
posed to secondary antibodies for 2 h in a dark place at room
temperature. Nuclei staining was performed by DAPI (4, 6-
diamidino-2-  phenylindole dihydrochloride) (Sigma,
D8417).



2.6. Real-Time PCR for Gene Expression Analysis. The gene
expression of vascular endothelial growth factor (VEGF),
a major angiogenic stimulator, pigment epithelium-derived
factor (PEDEF), a potent angiogenic inhibitor, and MITF,
a key regulator for RPE cell differentiation and proliferation,
were performed by real-time polymerase chain reaction
(qQRT-PCR) assay (Table 1). According to the manufacturer’s
protocol, total RNA was extracted by using the High Pure
RNA Isolation Kit (Roche). In order to remove contami-
nating genomic DNA, the RNA samples were digested with
DNase I (Roche). Standard RT was carried out using 2 mg of
total RNA, oligo (dT), and Revert Aid First Strand cDNA
Synthesis Kit (Thermo Scientific) with primers. Real-time
RT-PCR was carried out with the SYBR Green Rox qPCR
master mix kit (Thermo Scientific). The qRT-PCR analysis
was carried out with the Step One Plus TM quantitative real-
time PCR detection system (Applied Biosystems), as pre-
viously described [19]. The samples were normalized to the
levels of GAPDH. Relative gene expression was assessed by
the 27T, All experiments were independently repeated at
least three times.

2.7. Functional Assay. One of the essential functions of the
RPE cells in vivo is the secretion of a variety of growth
factors that help to maintain the structural integrity of
the choriocapillaris endothelium and photoreceptors
[20]. To evaluate this function after 1 week of cell culture
on PCL and R-30 scaffolds, the media were collected for
72 h after the last change of the media. Secretion of VEGF
and PEDF was measured using the human VEGF and
PEDF enzyme-linked immunosorbent assay (ELISA) kit
(R&D Systems, Iran) according to the manufacturer’s
instructions.

2.8. Statistical Analysis. The data were obtained at least in
triplicate (n=3) averaged and expressed as the mean-
+ standard deviation (SD). Statistical analysis was carried
out using a one-way analysis of variance (ANOVA). A value
of p<0.05 was considered as statistically significant.

3. Results and Discussion

3.1. Morphological Study of the Electrospun Scaffolds.
Figure 3 shows the SEM images of the electrospun scaffolds,
R-30, and A-30, with the histogram of the fiber diameter
distribution. As can be seen, fibers with a good morphology
without any beads and defects were achieved in both scaf-
folds. Also, in the A-30 sample, the highly aligned fibers were
obtained using two parallel copper wires. The SEM mea-
surements of fiber diameters revealed that the aligned fibers
had a smaller average diameter than nonaligned fibers,
209+ 47 nm versus 293 +59nm, respectively. This addi-
tional whipping and stretching due to the electric field across
the gap may be responsible for the decreased diameter sizes
of the aligned fibers [21, 22].

The porosity values of the random and aligned fibrous
scaffolds are given in Figure 4. It is well known that the pores
or voids on R-30 are formed by the overlaying of randomly
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oriented fibers during electrospinning [Figure 3(a)]. By
aligning the fibers, A-30 exhibits a denser structure and
lower porosity than R-30 [Figure 3(b)].

Similar results were reported by Zhong et al. [23] for
random and aligned fibrous collagen scaffolds and also by
Jose et al. [24] for random and aligned fibrous PLGA/
Collagen scaffolds.

3.2. Hydrophilicity and Degradation Behavior of the Scaffolds.
Figure 5 presents the water contact angle measurements for
the R-30 and A-30 scaffolds. The contact angle of the ran-
domly oriented scaffold was slightly lower than that of the
aligned scaffold. Considering that each scaffold had the same
composition, the small differences in contact angle would
result from their fiber alignment [25] and porosity. Chan
and Ng [26], using ANOVA and Taguchi approaches,
showed that porosity has a great effect on the hydrophilicity
of the scaffolds. Also, Huang et al. [27] reported that the
polyvinylidene fluoride fiber with the highest porosity
property shows the lowest contact angle value.

The results of the R-30 and A-30 scaffolds bio-
degradability assessment are shown in Figure 6. As can be
seen, in the scaffold with aligned fibers, degradation occurs
at a very low rate, less than in the scaffold with random
fibers, and then after two weeks, the rate of degradation
increases significantly, so that the percentage of weight loss
in the R-30 scaffold after 28 days has reached 34.8 + 3.1 and
in the A-30 scaffold has reached 45.9 +4.4.

This behavior is due to the lower porosity percentage of
the aligned scaffold compared with the random scaffold.
The percentage of porosity has a great effect on the bio-
degradability behavior of the scaffolds. The effect of po-
rosity on the degradability behavior of the scaffolds is
controlled by water permeability and the effect of hydro-
lysis. When water permeability prevails, acidic by-products
can be quickly diffused outside and acid accumulation does
not occur, and higher porosity supplies a larger specific area
for hydrolysis and leads to faster degradation. On the other
hand, when the hydrolysis effect prevails, acidic by-
products largely gather inside the scaffold and induce
acid autocatalysis. Then, the higher porosity provides more
interconnected pores to reduce the accumulation of hy-
drogen ions (H") and results in a reduced degradation rate
[28-30]. Here, in the case of the A-30 scaffold, with a lower
porosity percentage than the R-30 scaffolds, the weight loss
is very low in the first two weeks due to the low water
permeability and fewer areas for hydrolysis. However, from
the second week, due to the predominance of the hydrolysis
effect and the accumulation of hydrogen ions, and the
induction of the catalysis effect, the degradation rate in-
creases significantly.

3.3. Study of Mechanical Properties of the Scaffolds.
Tensile tests were performed on the random and aligned
fibrous scaffolds (aligned with the fibers and perpendicular
to the fibers) and the results are presented in Table 2.
Mechanical properties of the aligned fibers are comparable
to the random ones (p < 0 0.05). The modulus of the aligned
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TABLE 1: Primers used for real-time PCR.

Gene names Forward sequence Reverse sequence

MITF AACAGCAAGGCGCAAAAGAAC GAGACCCGTGGATGGAATAAG
VEGF CGGCGAAGAGAAGAGACACA GGAGGAAGGTCAACCACTCA
PEDF GACCTGCAAGAGATCAACAA ATACTTTGTTACCCACTGCC
GAPDH GCA GGG ATG ATG TTC TGG CTT TGG TAT CGT GGA AGG AC

50 Mean 293.2
StDev 59.57
N 116
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FiGure 3: SEM images and the histogram of the fiber diameter distribution with the curve of normal-log distribution of the electrospun
scaffolds: (a) random scaffold (R-30) and (b) aligned scaffold (A-30).

fibrous scaffold in the direction of the fibers (12.8 MPa)  state. The different mechanical properties of the scaffold in
decreased significantly compared with the module of the  the direction of the fibers, and perpendicular to the fibers
random fibrous scaffold (25.6 MPa) and the maximum indicate the anisotropic structure of this scaffold [33, 34].
strain in its failure increased (p <0 0.05). A lower Young’s

modulus and a greater increase in length indicate the higher

flexibility of the aligned fibrous scaffold than the random  3.4. Study of Cytocompatibility. The results of the MTT assay
fibrous scaffold. Similar results were reported by Sub-  on the cell viability of seeded ARPE-19 cells on R-30 and
ramanian and Krishnan [31] in the case of poly (lactide- A-30 scaffolds after 1, 3, and 7days of cell culture are
coglycolide) (PLGA)/polycaprolactone (PCL) scaffold and depicted in Figure 7. As can be seen in Figure 7, these
also by Masaeli et al. [32] for poly (3-hydroxybutyrate)  scaffolds had no toxic effect on the cells, and the rate of cell
(PHB)/poly (3-hydroxy butyrate-co-3- hydroxyvalerate)  proliferation increased over time. Also, no significant dif-
(PHBYV). This reduction is probably due to the very high  ference was observed between these two scaffolds on days 1
flexibility of the PCL-HAMP single-fiber, and the absence and 3. However, on the seventh day, the rate of cell growth
of physical entanglement between the fibers in the aligned  and proliferation on the two scaffolds, R-30 and A-30 were
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significantly higher than the PCL scaffold (control sample).
These results are in good agreement with the results of
evaluating the wettability of these scaffolds.

SEM images of the R-30 and A-30 scaffolds, 1 and 7 days
after cell culture (Figure 8) shows that the cells were well
attached on both scaffolds after one day of cell culture.
However, it can be seen that although seven days after
culture the rate of cell proliferation and growth on both
scaffolds was high, on the R-30 scaffold there is a well-
formed cell plate compared to the A-30 scaffold.

The results of our study also showed that the proliferation
of ARPE-19 increased on the random scaffold compared to
the aligned scaffold, a possible reason for this being that the
random scaffold contains lots of interconnected pores and
rough surfaces that assist adhesion and proliferation of
a greater number of cells [35, 36]. Similar results have been
reported by Jahani et al. [9] for the culture of rat mesenchymal
stem cells (MSCs) on random and aligned PCL scaffolds.

3.5. Immunocytochemistry Analysis. Immunocytochemistry
was used to detect the ARPE-19 cells markers after 7 days of
incubation on the scaffolds. As shown in Figure 9, the ARPE-
19 cells stained positively for ZO-1 and MITF after 1-week
culture on the electrospun R-30 and PCL scaffolds (control
sample).

DAPI staining showed a uniform distribution of nuclei,
indicating monolayer construction without overlap. Positive
expression of ZO-1 suggested that the ARPE-19 cells formed
tight junctions. Moreover, MITF, a key regulator for RPE cell
differentiation and proliferation, was observed. Collectively,
these data demonstrated that complex ARPE-19 on the R-30
and PCL scaffolds maintained their cell characteristics in
vivo [6]. However, the ARPE-19 cells grown on the R-30
scaffold showed a higher level of expression of
characteristic genes.

3.6. Real-Time PCR Analysis. The results of the evaluation of
the transcriptional levels of RPE marker genes including
MITF, PEDF, and VEGF were examined by qRT-PCR after
seeding on R-30 and PCL electrospun scaffolds for a week
and are shown in Figure 10.

These results have shown that the ARPE-19 cells cultured
on these scaffolds strongly expressed MITF, VEGF, and
PEDF, suggesting that these scaffolds not only promote the
long-term viability of ARPE-19 cells but also enhance var-
ious differentiated features of functional RPE cells during
long-term coculture [6]. The ARPE-19 cells grown on R-30
exhibited higher levels of expression of signature genes.
These  results confirmed the results of the
immunocytochemical assay.

3.7. Functional Assay. The concentration of the VEGF and
PEDF proteins in the supernatant of different groups of cells
was evaluated by using Eliza are shown in Figure 11. The
VEGF concentration (pg/mL) of the R-30 group and the
PCL group (control) was 74.9 +17.9 and 23.3 + 3.1, and the
concentration of the PEDF of the R-30 group and the PCL
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TaBLE 2: Young’s modulus and elongation-at-break values of the scaffolds.

Scaffolds Young’s modulus (MPa) Max strain at failure (%)
Random scaffold (R-30) 25.6+1.6 38+7
Aligned scaffold (A-30) (in the parallel direction to fibers) 12.8+2.2 75+6
Aligned scaffold (A-30) (in the perpendicular direction to fibers) 2.8+0.5 82+14

Optical density (OD545 nm)
w
|

1 3 7
Time (days)

B Random scaffold (R-30)
M Aligned scaffold (A-30)

FIGURE 7: MTT results of the ARPE cells cultured on the electrospun scaffolds after 1, 3, and 7 days of cell seeding.

F1GURE 8: Morphology of the ARPE cells on scaffolds, (a) A-30 after 1 day of culture, (b) A-30 after 7 days of culture, (c) R-30 after 1 day of
culture, and (d) R-30 after 7 days of culture.
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(b)

FIGURE 9: Immunohistochemical staining of the ARPE-19 cells grown on the electrospun scaffolds for 1-week (a) R-30 and (b) PCL scaffold.

group (control) was 136.8+12.4 and 214.1+28.7, re-
spectively. Also, the ratio of VEGF/PEDF in the supernatant
of ARPE-19cells was calculated. The VEGF/PEDF of the
R-30 group and the PCL group were 0.5+ 0.1 and 0.1 £0.0,
respectively.

It has been seen that the balance between VEGF, a major
angiogenic stimulator, and PEDF, a potent angiogenic in-
hibitor, is critical for the regulation of vascular permeability

and angiogenesis. However, the regulation of the balance is
largely unclear [28]. It has been demonstrated that there is
a reciprocal interaction between VEGF and PEDF in the
retina. This result suggests that both factors are highly se-
creted. Due to the greater growth and proliferation of the
cells and as a result of increasing their number after one
week on the R-30 scaffold, the rate of VEGF secretion was
higher on the R-30 compared with PCL.
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4. Conclusion

In this study, fibrous scaffolds were electrospun with aligned
or random orientations, and the effect of these scaffolds on
cell attachment and proliferation of the ARPE-19 cells was
investigated. The properties of aligned scaffolds, such as
wettability, porosity, mechanical properties, and bio-
degradability were compared with those of the random
scaffolds. The aligned scaffolds have lower porosity (63%)
and hydrophilicity (a water contact angle of 102°) than the
random scaffolds (87% and 92°, respectively). The results of
our study suggested that although aligned scaffolds are
useful in tissue engineering, random scaffolds better sup-
ported the RPE cell proliferation. Also, random scaffolds not
only accelerated RPE cell growth and proliferation but also
promoted the functionality of RPE cells. The results suggest
that the random PCL/HAMP scaffold has the potential for
retinal tissue engineering in retinal cell replacement therapy
in the future.

Hyaluronic acid is a highly hydrophilic ECM component
with cell-binding sites for various cell types. However,
previous studies have shown that hyaluronic acid hydrogels
have the Young’s modulus of 1.3-10.6 kPa, which is lower
than the Young’s modulus of the Bruch’s membrane
(2-18.8 MPa) and random PCL/HAMP scaffold (25.6 + 1.6).
So, the mechanical strength of hyaluronic acid hydrogels is
weak during high cell traction. Also, the thickness of the
hydrogels is in millimeters, which is much thicker compared
to the thickness of PCL/HAMP electrospun scaffolds
(40-50 ym). The retinal tissue engineering scaffold must be
thin enough to accommodate the subretinal space (5-90 ym)
[37-39].

Future studies will aim to deliver an established
monolayer of RPE on the random PCL/HAMP scaffold into
the subretinal space of animals with nonfunctional or
atrophic RPE to determine the in vivo function of
transplanted RPE.
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