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ABSTRACT

The positive role of platelet gel (PG) in tissue regeneration is well known, however, other characteristics of PG still remain to be determined.
We investigated cellular and molecular changes in cultured human retinal pigment epithelial (hRPE) cells when treated with different concen-
trations of PG named PG1, PGz, and PG3. hRPE cells were isolated from donor eyes of two newborn children, within 24 hours after their death.
The cells were treated with three concentrations of PG for 7 days: 3 x 10*/ml (PG1), 6 x 10*/ml (PGz2), and 9 x 10*/ml (PG3). Fetal bovine serum
was used as a control. Immunocytochemistry was performed with anti-RPE65 (H-85), anti-Cytokeratin 8/18 (NCL-5D3), and anti-PAX6 anti-
body. We used MT'T assay to determine cell viability. Gene expressions of PAX6, MMP2, RPE65, ACTA2, MKI67, MMP9, and KDR were ana-
lyzed using real-time PCR. A significant increase in viability was observed for PG3-treated cells compared to control (P = 0.044) and compared
to PG1 group (P = 0.027), on day 7. Cellular elongation together with dendritiform extensions were observed in PG-treated cells on days 1 and
3, while epithelioid morphology was observed on day 7. All cells were immunoreactive for RPE6s, cytokeratin 8/18, and PAX6. No significant
change was observed in the expression of MKI67 and PAX6, but the expressions of MMP2, MMPg, ACTAz, and KDR were significantly higher
in PGa-treated cells compared to controls (P < 0.05). Our results indicate that increased concentration of PG and extended exposure time have

positive effects on viability of hRPE cells. PG may be useful for hRPE cell encapsulation in retinal cell replacement therapy.
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INTRODUCTION

The retinal pigment epithelium (RPE) is a layer of tightly
connected hexagonal cells, which supports the structural and
functional integrity of the photoreceptors and exerts a critical
role in the visual process [1]. Age-related macular degenera-
tion (AMD) is a progressive degeneration of the retina and
represents the leading cause of blindness worldwide. AMD is
characterized by the dysfunction and death of RPE and pho-
toreceptor cells [2,3].

Cultured RPE cells are widely used in AMD research, to
investigate the molecular mechanisms of AMD, as well as to
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test the proposed treatment modalities. Moreover, given the
viability of RPE cells in culture media, absence of synaptic
connections between the cells and photoreceptors, and easy
imaging of the outer retina, novel cell replacement therapies
based on these cells have recently emerged for the treat-
ment of AMD [4,5]. In this regard, all attempts are applied to
increase the viability and improve the quality of the cells in a
culture, to achieve the best results [6].

Platelet gel (PG) obtained from the human blood is a bio-
compatible and biodegradable natural biopolymer used in tis-
sue engineering, It is the source of several cytokines as well as
fibronectin, platelet-derived growth factor (PDGF)-AA, -BB,
and -AB, transforming growth factor B (TGF-f) 1 and 2,
platelet-derived epidermal growth factor (PDEGF), plate-
let-derived angiogenesis factor (PDAF), insulin-like growth
factor-1 (IGF-1), and platelet factor-4 (PF-4). Due to its rich
content, PG is proposed to be used as a three-dimensional (3D)
structure for the cultivation of different cells [7-10]. However,
apart from the positive role of PG in cell cultivation, other

characteristics still remain to be determined. In this study, we
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evaluated the effect of three different concentrations of PG on
human RPE (hRPE) cells, in vitro. Our findings could provide
valuable information in the treatment planning of ocular dis-
orders that are difficult to treat and in need for transplantation
of healthy viable cells.

MATERIALS AND METHODS

Donor eyes of two newborn children (6 and 8 months old)
were obtained from the Central Eye Bank of Iran, within 24
hours after their death. The research approval was obtained
from the Institutional Review Board of the Central Eye Bank
of Iran and the Ethics Committee of the Ophthalmic Research
Center at the Shahid Beheshti University of Medical Sciences,
Tehran, Iran.

[solation and cultivation of hRPE cells

The isolation and cultivation of hRPE cells were performed
as described previously [11]. Briefly, the posterior parts of the
donor eyes were obtained from the Central Eye Bank of Iran,
Tehran, Iran. After the excision of the corneosclera for trans-
plantation purposes, the remaining posterior part of the eye
was stored at 4°C in a moist chamber containing antibiotics,
shipped immediately to the cell culture laboratory, and dis-
sected on the same day of shipping. The dissection of the pos-
terior eye cup was initiated by cutting off the iris/lens complex
carefully and removing the vitreous body. After dissecting the
posterior eye cup into four quadrants, the sensory retina was
removed and the RPE/choroid layer was gently peeled of the
sclera and incubated in 2% dispase solution for an hour at
37°C, with 5% CO . Then, the tissue was irrigated with phos-
phate-buffered saline (PBS) and the isolated RPE sheets were
cultured in T7s flasks (Nunc, Roskilde, Denmark) containing
Dulbeccos modified Eagle’s medium/Hams Fi2 [DMEM/
F12] (Sigma-Aldrich, Munich, Germany) supplemented with
20% fetal bovine serum [FBS] (GIBCO-BRL, Eggenstein,
Germany) and incubated at 37°C, with 5% CO_. The experi-
ments were performed using hRPE cells that were passaged

3-5 times.

Preparation of PG and treatment of cultured hRPE
cells

A citrated blood sample with 3 x 10°/dL platelets was pro-
vided from a healthy volunteer and centrifuged at 130 g for
15 minutes, at 25°C. Next, thrombin was applied to activate the
platelets. The platelet rich plasma (PRP), with three different
concentrations of platelets (3 x 10*/ml [PG1], 6 x 10*/ml [PGz2],
and 9 x 10*/ml [PG3]), was added into each well of a 96-well

cell culture plate. Thereafter, thrombin was added at a rate of

5% of the final volume. The resultant product was a gel that

remained solid at both room (25°C) and body (37°C) tempera-
tures. When the gel was formed, 1000 hRPE cells were seeded
into each well. The wells that were not treated with PG and

containing 20% FBS were considered as controls.

Immunocytochemical characterization of
PG-treated hRPE cells

The hRPE cells passaged 3-5 times and with the density of
5 x 10° cells/well were encapsulated with the three different
concentrations of PG, in 24-well microplates (Nunc, Roskilde,
Denmark), and incubated at 37°C, with 5% CO, for 24 hours.
The non-treated cells were considered as controls. After
7 days, following the irrigation of the wells with PBS, the hRPE
cells were fixed with ice-cold methyl alcohol [-10°C] (Merck,
Darmstadt, Germany) for 5 minutes at room temperature.
Then, the slides were blocked with a blocking solution con-
taining 1% bovine serum albumin [BSA] (Merck, Darmstadt,
Germany) in 1% Triton X-100 in PBS (Sigma-Aldrich, Munich,
Germany) for 20 minutes at room temperature. After remov-
ing the blocking agent and irrigating with PBS, the wells
were incubated with diluted solution of anti-RPE65 anti-
body [H-85] (rabbit polyclonal immunoglobulin G [IgGl],
Santa Cruz Biotechnology Inc., Dallas, USA), anti-cytokeratin
8/18 antibody [NCL-5D3] (mouse monoclonal IgG2a, Santa
Cruz Biotechnology Inc., Dallas, USA), and anti-PAX6 anti-
body (goat polyclonal IgG, Santa Cruz Biotechnology Inc.,
Dallas, USA) overnight at 4°C. Following irrigation with PBS,
fluorescein isothiocyanate (FITC)-conjugated goat anti-rabbit
IgG (1100, Santa Cruz, Carlsbad, CA, USA), FITC-conjugated
goat anti-mouse IgG (1:100, Santa Cruz, Carlsbad, CA, USA),
and FITC-conjugated donkey anti-goat IgG (1:100, Santa Cruz,
Carlsbad, CA, USA) were applied, respectively, on the coverslips
incubated with H-85, NCL-5D3, and anti-PAX6, for 45 minutes
inthe darkand atroom temperature. Subsequently, the cells were
stained with 4, 6-diamidino-2-phenylindole [DAPI] (1 mg/ml,
Santa Cruz, Carlsbad, CA, USA) for 5 minutes and examined
under an inverted microscope (Axiophot, Zeiss, Germany),
equipped with a 460 nm filter for DAPI and a 520 nm filter for
FITC-conjugated antibodies.

Cell viability assay

To test the cell viability, 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide [MTT] (Sigma-Aldrich, Munich,
Germany) was added to the cell culture wells at a rate of 10%
of the initial volume and the solution was incubated for 4
hours. Then, the medium and MTT were removed and 100
ul of dimethyl sulfoxide (DMSO) was added into each well.
The absorbance was read by an enzyme-linked immunosor-
bent assay (ELISA) analyzer (BioTek Instruments, Inc, USA)
at a wavelength of 540 nm.
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RNA isolation

The total RNA was extracted from hRPE cells with TRIzol
reagent (Ambion, USA). The samples were then reacted at
room temperature for 5 minutes. Chloroform was added to
further separate RNA from other cell components and 500 ul
of isopropanol was added to precipitate RNA. The RNA was
then washed with 75% EtOH and dissolved in nuclease-free
water. The concentration and purity of the isolated RNA were
determined by a NanoDrop spectrophotometer (Thermo
Fisher Scientific, USA) and the integrity of the RNA was
assessed with agarose gel electrophoresis.

Quantitative reverse transcription polymerase
chain reaction (qQRT-PCR)

The RT reaction was performed with oligo (dT) primers
and a SuperScript reverse transcriptase kit (Promega, USA).
Then, qPCR was performed using an EvaGreen qPCR master
mix (Solis BioDyne, Estonia). The PCR parameters were as fol-
lows: initial denaturation for one cycle at 95°C, for 15 minutes;
denaturation, amplification, and quantification for 40 cycles
at 95°C for 15 seconds, 56-64°C for 17 seconds, and 72°C for
25 seconds, respectively; generation of the melting curve at
65°C, with the temperature gradually increasing to 95°C. The
mRNA expression was normalized to the levels of glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) mRNA, and the
efficiency (E) for each primer was calculated according to the
slope of the standard curve. The primer sequences used for
qPCR are provided in Table 1.

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 22.0 (IBM Corp., Armonk, NY).
The qRT-PCR analysis was performed at least in three inde-
pendent experiments. Each sample was run and analyzed in
duplicate. Differences between the groups were analyzed using
non-parametric Kruskal—Wallis test and multiple comparison
tests. A value of P < 0.05 was considered statistically significant.

TABLE 1. Primer sequences

RESULTS

Morphological and immunocytochemical analysis
of PG-treated hRPE cells

Cellular elongation together with dendritiform extensions
were observed in PG-treated cells on days 1 and 3 [Figure 1].
However, on day 7, following the complete digestion of PG,
the cells migrated toward the two-dimensional surface of the
wells and revealed predominantly epithelioid morphology.
The digestion of platelet gel led to the formation of insoluble
residues in the culture medium. Since our experiments were
performed with cultured cells passaged 3-5 times, marked
pigmentation was not observed in the treated or control cells.
All PG-treated cells were immunoreactive for cytokeratin
8/18 (Figure 1E), RPE65 (Figure 11), and PAX6 (Figure 1M), and
this was not significantly different from the corresponding
controls (Figure 1G, K, and O, respectively).

Viability of PG-treated hRPE cells

On days 1 and 3, increased viability of PG-treated hRPE
cells was observed compared to the controls, however, this
increase was not statistically significant. On day 7, PG3-treated
cells showed a significant increase in viability compared to
control (P = 0.044) and PG1 group (P = 0.027) [Figure 2].

Gene expression of PG-treated hRPE cells

According to the gRT-PCR results [Figure 3], neither of the
three concentrations of PG had a significant effect on the gene
expressions of MKI67 (encodes antigen KI-67 important for
cellular proliferation), PAX6 (encodes the transcription factor
paired box protein Pax-6),and RPE65 (encodes retinal pigment
epithelium-specific 65 kDa protein, an RPE-specific protein).
On the other hand, the expressions of MMP2, MMPg (mem-
bers of metalloproteinase gene family that encode enzymes
involved in the degradation of extracellular matrix pro-
teins), ACTA2 (encodes smooth muscle alpha [o]-2 actin, a
marker of myofibroblast differentiation), and KDR (encodes

Gene name Sense primer Antisense primer

PAX6 CGGTGAATGGGCGGAGTTA GGGAACTTGAACTGGAACTGACAC
MMP2 TGGCAAGTACGGCTTCTGTC TTCTTGTCGCGGTCGTAGTC

RPE6S CGTATGGACTTGGCTTGAATC CTGGGTGAGAAACAAAGATGG
ACTA2 TTGAGAAGAGTTACGAGTTG GGACATTGTTAGCATAGAGG

MKI67, Qiagen, Germany, QT00014203
MMP9 Qiagen, Germany, QT00040040
KDR Qiagen, Germany, QT00069818
GAPDH Qiagen, Germany, QT01192646

The sequences are shown for PAX6, MMP2, RPE65, and ACTAZ, but the catalog numbers are provided for the MKI67, MMP9, KDR, and GAPDH genes.
PAXe6: Paired box protein-6; MMP-2: Matrix metalloproteinase-2; RPE65: Retinal pigment epithelium-specific protein 65 kDa; ACTA2: Alpha-actin-2;
MKI67: Marker of proliferation Ki-67; MMP-9: matrix metalloproteinase-9; KDR: Kinase insert domain receptor; GAPDH: Glyceraldehyde 3-phosphate

dehydrogenase
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FIGURE 1. Photomicrographs of cultured human retinal pigment epithelial (hRPE) cells seeded on platelet gel of 9 x 10%/ml concen-
tration (PG3) versus controls. Note the epithelioid morphology of the control cells on days 3 (A) and 7 (B), and elongated morphology
with dendriform extensions of PG3-treated cells on day 3 (C). The PG3-treated cells demonstrated epithelioid morphology on day 7 (D).
Both control (E, I, M) and PG3-treated cells (G, K, O) were positively stained (green) for the fluorescein isothiocyanate (FITC)-conjugated
cytokeratin 8/18 antibody (E and G), FITC-conjugated retinal pigment epithelium-specific protein 65 kDa (RPE65) antibody (I and K),
and FITC-conjugated paired box protein-6 (PAX6) antibody (M and O). Note 4, 6-diamidino-2-phenylindole (DAPI)-stained, hRPE cell
nuclei (blue) in images F, J,and N for the controls, and in images H, L, and Pfor PG3-treated cells. The magnification is X 200 in all images.

vascular endothelial growth factor receptor 2 [VEGFR-2])
were significantly higher in PGa-treated cells compared to
controls (P < 0.05).

DISCUSSION

Our study demonstrated for the first time that increased
concentrations of PG and extended exposure time have
positive effects on the viability of hRPE cells. Moreover, the
gene expression analysis showed that PG did not induced
neither tumorigenesis nor reprogramming of the hRPE cells.
However, the expression of angiogenic-, myofibroblast-, and
inflammation-related genes in PGa-treated hRPE cells was
significantly higher compared to the controls. Nevertheless,
these transcriptional changes were not significant in PG1- and
PG3-treated cells.

Platelets obtained from the human blood are a good source
of several cytokines and growth factors, and PG can be used
as a 3D scaffold for cell culture [12]. Consistent with this infor-
mation, in our study, the viability of PG-treated hRPE cells
increased over the 1-week period, especially in PG3-treated

cells on day 7, compared to control group. These results indi-
cate that a 1-week exposure of hRPE cells to 9 x 10*/ml of PG
have a considerable impact on the growth and function of
hRPE cells. In addition, this effect of PG on cultured hRPE cells
might be due to the partial encapsulation of the cells by the gel,
thus functioning as an appropriate scaffold for cell survival.

PG has essential, structural and compositional, similarities
to the extracellular matrix (ECM). In addition to providing
essential nutrients, it enables free exchange of nutrients and
oxygen between the encapsulated cells and their surrounding
environment. This characteristic of PG makes it an ideal can-
didate as a vehicle for hRPE cell delivery and a temporary sup-
port for RPE regeneration during transplantation in AMD, to
replace the damaged RPE cells [2]. However, it remains to be
investigated whether an autologous PG can reduce the immu-
nogenicity of non-autologous hRPE cells.

In RPE cell replacement therapy for dry AMD, the adher-
ence of the cells to the extracellular environment plays a pivotal
role in the survival of grafted cells [13]. Although no significant
difference was observed between RPE cell-suspension and
RPE-choroid sheet transplantation techniques, the apoptosis
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FIGURE 2. Viability of cultured human retinal pigment epithelial (WRPE) cells 24 hours, 72 hours, and 1 week after the treatment with
different concentrations of platelet gel (3 x 10%/ml [PG1], 6 x 10%/ml [PG2], and 9 x 10%/ml [PG3]). Note the increased viability of hRPE
cells treated with PG compared to the controls, on days 1 and 3. A higher viability of hRPE cells is observed after PG3 treatment on day 7,

as compared to control and PG1-treated cells (*p < 0.05).

of RPE cells is more likely to occur after the transplantation of
the cell suspensions into the pathological environment [14,15].
Therefore, different types of tissue-engineered scaftolds have
been used to increase the binding of transplanted cells to the
damaged tissue, while enabling the cells to cope with the sur-
rounding matrix [16]. One of the challenges with these sub-
strates is the occurrence of post-transplantation wrinkling
or contraction of synthetic scaffolds that were used for RPE
grafts [15]. As an autologous, highly nutrient and biodegrad-
able scaffold, we propose PG as a potentially ideal substrate
for easy injection and transplantation of RPE cell suspensions.
Moreover, the presence of bioactive factors in PG, such as
PDGF and TGF-B, which are autocrine stimulators of RPE
cell growth [17,18], may not only be effective in healing the
damaged tissue but may also enhance the attachment of the
grafted RPE cells and improve their functionality. Further
studies should investigate the accuracy of our assumptions.

Pathological changes in Bruchs membrane, a distinctive
feature of AMD, is one of the challenges encountered in RPE
cell transplantation. Extracellular ligands, such as laminin and
fibronectin, that are present in the uppermost layers of Bruch's
membrane, mediate the binding of RPE cells to Bruch's mem-
brane and also inhibit the cell apoptosis [16,19-23]. As a rich
source of these extracellular ligands [24], PG may significantly
enhance the proper attachment of grafted RPE cells.

In the current study, the hRPE cells exposed to PG did not
show multipotent capacity at the level of gene expression. Our
results are consistent with the study of Li et al. [25], in which
PG significantly enhanced the short- and long-term prolifera-
tion of human muscle-derived stem cells, without altering the
differentiation capacity of the cells. The same findings were
obtained by Rubio-Azpeitia et al. [26], in which PG stimulated
human mesenchymal stem cell (hMSC) proliferation and
preserved their multipotency; moreover, it did not interfere
with any lineage differentiation. Also, the PG maintained the
immunomodulatory properties of hMSCs [26].

Inaseries of studies, autologous PG reduced the expression
of matrix metalloproteinase-2 (MMP-2), while it promoted
the expression of tissue inhibitor of MMP-2 (TIMP-2) [6].
Giusti et al. [27] showed that the highest concentration of
platelet-rich plasma [PRP] (5 x 10° plt/uL) induced the MMP
production and proteolysis in cultured tenocytes. In our study,
the gene expression analysis of cultured hRPE cells, exposed
to different concentrations of PG, showed the upregulation of
MMP2 and MMPg genes in PG2- as compared with PG1- and
PGs-treated cells. In other studies, the digestion of PG has
been demonstrated as the result of MMP secretion, from
cultured RPE cells [28,29]. The digestion of PG, in our study,
may also be related to the increased expression of MAMP2 and
MMPg genes in the PG-treated hRPE cells. Furthermore, the
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FIGURE 3. Gene expression analysis of cultured human retinal pigment epithelial (hRPE) cells exposed to different concentrations
of platelet gel (3 x 10%/ml [PG1], 6 x 10*/ml [PG2], and 9 x 10*/ml [PG3]). The illustrated graphs depict the gene expressions of RPE65,
PAX6, MKI67, KDR, MMP2, MMP9, and ACTAZ in PG-treated hRPE cells compared to the controls. Note the high expressions of MMP2,
MMP9, ACTA2, and KDR genes in PG2-treated cells (*p < 0.05). RPE65: Retinal pigment epithelium-specific protein 65 kDa; PAX6: Paired
box protein-6; MKI67: Marker of proliferation Ki-67, MMP-2: Matrix metalloproteinase-2; MMP-9: matrix metalloproteinase-9; ACTA2:

Alpha-actin-2; KDR: Kinase insert domain receptor.

observed high expression of the MMP genes might be a phys-
iological response of the PG-treated hRPE cells, and could be
beneficial for PG absorption and remodeling. The digestion of
PG in our cultures led to the formation of insoluble, but bio-
compatible, residues in the culture medium, which might have
originated from the degradation of PG fibrin fibers. It has been
suggested that the MMP activity increases after short-time
exposure to fibronectin that is present in PRP-based scaffolds,
and this could be beneficial for transdifferentiation process in
cell replacement therapies [30,31].

Neither of the three concentrations of PG, in our study,
had a significant effect on the expression of MKI67 and PAX6

genes. Moreover, the expression of PAX6 protein was not sig-
nificantly different from the controls, based on the immuno-
cytochemical analysis. On the other hand, PGa-treated hRPE
cells showed a significant increase in the expression of ACTA2
gene. The increased viability of PG3-treated hRPE cells, with
no significant changes in the expression of MKI67 and PAX6
genes, and with comparable expression of PAX6 protein to the
controls, make PG a promising 3D substrate, with no risk of
tumorigenicity, myofibroblastic differentiation, and cell repro-
gramming, for the treated hRPE cells. The related i vivo stud-
ies should be conducted to investigate the potential of PG in
ocular, cell-based therapies.
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The KDR gene, encoding VEGFR-2, was significantly
amplified in our PGa-treated hRPE cells, which is not favor-
able for angiogenesis. The expression of KDR was the lowest
in PG3-treated hRPE cells compared to PGi- and PGa-treated
cells, therefore, the PG concentration of 9 x 10*/ml might
be appropriate to avoid altered vasculature in the subretinal
space, after RPE transplantation.

The RPE65 gene encodes retinal pigment epithelium-spe-
cific 65 kDa protein, also known as retinoid isomerohydro-
lase, which is located in RPE cells. During phototransduction,
RPE65 protein is responsible for the conversion of all-trans-ret-
inyl esters to 11-cis-retinol. 11-cis-retinol is then used in visual
pigment regeneration in photoreceptor cells [32-34]. In the
current study, the expression of RPE65 gene did not signifi-
cantly change in PG-treated hRPE cells. The qRT-PCR results
were also supported by the immunocytochemistry. Whether
different concentrations of PG affect the functionality of hRPE
cells during phototransduction, needs further comprehensive
investigations at the protein level as well as i vivo studies.

CONCLUSION

In summary, our results indicate that PG as a 3D substrate
and rich source of cytokines, nutrients and growth factors
has a positive effect on the viability of cultured hRPE cells.
Furthermore, given the effects of the triple concentration of
PG on the gene expression of cultured hRPE cells, the PG con-
centration of 9 x 10*/ml may be suitable for the encapsulation
and delivery of hRPE cells in regenerative medicine for retinal
diseases.
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