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Abstract. Age-related macular degeneration (AMD) is asso-
ciated with the dysfunction and death of the retinal pigment
epithelium (RPE). Recently, there has been increasing
interest in stem cell-derived RPE cells for cell replacement
therapies, such as those for AMD. The present study inves-
tigated whether RPE-conditioned medium (RPECM) could
promote the differentiation of human adipose tissue-derived
mesenchymal stromal cells (hADSCs) into RPE cells,
and enhance the proliferation and migration of these cells.
Reverse-transcription quantitative polymerase chain reac-
tion analysis demonstrated that RPECM induced hADSCs
to differentiate into cells expressing RPE markers, including
retinoid isomerohydrolase (RPE65), cytokeratin (CKS)
and Bestrophin, which were identified to be significantly
upregulated by ~10-fold, 3.5-fold and 2.4-fold, respectively,
compared with the control group [hADSCs cultured in
ADSC-conditioned medium (ADSCCM)]. The immunocy-
tochemistry and western blot analysis results demonstrated
that the protein levels of RPE65, CKS8 and Bestrophin were
significantly increased in RPECM-treated hADSCs. In addi-
tion, Cell Counting Kit-8 analysis demonstrated that RPECM
promoted the proliferation of induced cells. RPECM also
increased the expression level of the cell proliferative marker
Ki-67. Furthermore, to evaluate the migration potential, cell
migration assays were performed. These assays demonstrated
that following RPECM treatment hADSCs migrated more
quickly compared with the control group. The results of the
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present study suggest that RPECM induces hADSCs to differ-
entiate into RPE cells with higher proliferative and migratory
potentials, which may aid in applications for hADSCs in RPE
regenerative therapy.

Introduction

The retinal pigment epithelium (RPE) is an epithelial cell
monolayer located between the neural retina and the choroids.
The RPE contributes to the long-term preservation of retinal
integrity and visual functions by absorbing stray light, trans-
porting nutrients and phagocytosing the shed photoreceptor
outer segments (1). Dysfunction of the RPE can result in the
loss of functional photoreceptor cells, leading to deteriora-
tion or total loss of vision, which serves an important role
in the pathogenesis of retinal diseases, including age-related
macular degeneration (AMD) (2). AMD is the leading
cause of blindness in individuals >60 years old, affecting
1.75 million individuals in Western countries (3). There
are two types of AMD: Nonexudative AMD and neovas-
cular AMD (4). Nonexudative AMD comprises 85-90% of
all AMD cases, for which there are currently no effective
conventional treatments.

A previous study explored the transplantation of RPE cells
as a treatment for nonexudative AMD (5). In another study,
autologous RPE cells were harvested from the mid-periphery
of the retina and transplanted as a cell suspension or patch of
RPE into patients with AMD (6). As harvesting autologous
RPE cells involves complex surgery with possible sight-threat-
ening complications it is important to consider other donor
sources, such as stem cells, for regenerative therapeutics.
Recently, a number of studies (7-10) have demonstrated the
potential of stem cells to replace damaged retinal cells and
improve visual function. The Food and Drug Administration
approved the first clinical trial using human embryonic stem
cell (hESC)-derived RPE cells for the treatment of nonexuda-
tive AMD and Stargardt disease (11). However, ethical issues
associated with obtaining hESCs and serious complications,
including xenotransplant rejection, have limited the clinical
application of this technique (12,13).

Adult induced pluripotent stem cells (iPSCs) possess
unlimited self-renewal capacity and can be obtained from the
patients' themselves to avoid the risk of rejection and ethical
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issues (14,15). However, certain epigenetic and genetic defects
have been detected in iPSCs (16). Therefore, further investiga-
tion is required to identify the optimal stem cell type(s) for
RPE cell replacement therapy. Bone mesenchymal stem cells
(BMSCs) possess multi-differentiation potential (17). BMSCs
can undergo osteogenesis, adipogenesis and chondrogenesis
differentiation, and can be induced to differentiate into retinal
cells and cells from photoreceptor lineages (18,19). However,
the specific induction of RPE cells from BMSCs remains in its
infancy (20). Additionally, the source of hBMSCs is inadequate
and accessing the cells increases the level of pain experienced
by patients (21). By contrast, adipose tissue-derived mesen-
chymal stem cells (ADSCs) possess the following notable
advantages: Abundant source and multilineage differentiation
capacity, including osteogenesis, chondrogenesis and neuro-
genesis (22-24). Thus, ADSCs are attractive candidates for cell
replacement therapies. A previous study reported that ADSCs
could differentiate into neuron-like cells with neuronal
markers (24). However, whether hADSCs can be induced to
differentiate into RPE cells remains unknown.

The present study investigated the influence of
RPE-conditioned medium (RPECM) on the differentiation
of hADSCs into RPE cells. The results of the present study
revealed that hADSCs incubated with RPECM could differ-
entiate into RPE-like cells, and the proliferation and migration
abilities of these induced cells were increased. These results
suggest that RPECM-induced hADSCs have potential future
applications in retinal degeneration treatment.

Materials and methods

hADSCs isolation, cultivation and tridifferentiation. The
Medical Ethics Committee of the Ninth People's Hospital of
Shanghai Jiao Tong University School of Medicine (Shanghai,
China) approved the protocols used in the present study.
Written informed consent was received from the 4 patients
included in the current study. hADSCs were acquired from
human subcutaneous adipose tissue: The process of isolation
and characterization of mesenchymal stem cells (MSCs) from
the subcutaneous adipose tissue acquired from 4 outpatients
(healthy adults; aged 20-28 years; 1 male, 3 female) who had
undergone blepharoplasties was performed as previously
reported (25). Patients were recruited between March and
September 2015. Briefly, adipose tissue was digested with 0.2%
collagenase type I (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) for 2 h at 37°C. To obtain stem cells containing
high-density stromal vascular fraction (SVF) pellets, the
digested adipose tissue was centrifuged at 4°C at 1,200 x g for
10 min. The resuspended SVF pellets were then plated into
culture flasks for 72 h in MSC growth-promoting medium
[Dulbecco's modified Eagle medium/Ham's F-12 Nutrient
mixture (DMEM/F12); Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA] supplemented with 100 U/ml penicillin
(Beijing Solarbio Science and Technology Co., Ltd., Beijing,
China) and 10% fetal bovine serum (FBS; Gibco; Thermo
Fisher Scientific, Inc.) and incubated in a humidified atmo-
sphere at 37°C with 5% CO,. Non-adherent cells were removed
by washing the plate 72 h after plating. The cells that remained
were plated in 75 cm? culture flasks and incubated in a humidi-
fied atmosphere at 37°C with 5% CO,. The medium was
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renewed every 2 days. Once the adherent cells reached 70-90%
confluence, they were removed with 0.25% trypsin/0.02%
EDTA (Gibco; Thermo Fisher Scientific, Inc.) and passaged
at a dilution of 1:2. All the cells used in the experiments were
obtained at passage two to three. The morphology of hADSCs
was observed by a phase-contrast microscope (Olympus
Corporation, Tokyo, Japan). The multipotency characteristics
of hADSC:s that enable them to differentiate into osteogenic,
adipogenic and chondrogenic lineages were assessed, and the
osteo-, adipo- and chondro-inductive medium was purchased
from Invitrogen (Thermo Fisher Scientific, Inc., Waltham,
MA, USA) was added as previously reported (25).

Flow cytometry. hADSCs were trypsinized, washed,
suspended in PBS and subsequently blocked in 2% bovine
serum albumin (Sigma-Aldrich; Merck KGaA) at room
temperature for 1 h, prior to incubation with PE mouse
anti-human antibodies targeting cluster of differentiation
(CD)40, CD73, CD9, CDI105 (1:200; all from BD Biosciences,
San Jose, CA, USA; cat. no. 555589, 550257, 555596 and
5608309, respectively) and rabbit polyclonal anti-CD133 (1:200;
Abcam, Cambridge, UK; cat. no. ab19898) for 1.5 h at 4°C. A
nonspecific mouse immunoglobulin G (IgG; BD Biosciences;
catalogue number: 555749) was substituted for the primary
antibodies as an isotype control. hADSCs incubated with
rabbit polyclonal anti-CD133 were subsequently stained with a
fluorescein isothiocyanate-labeled secondary antibody (1:800;
BD Biosciences; cat. no. 553881) for 30 min at room tempera-
ture. The samples were analysed utilizing a FACScan™
flow cytometer (BD Biosciences), which evaluated 100,000
cells/sample (FlowJo version 7.6; FlowJo LLC, Ashland, OR,
USA) (26).

Preparation of RPECM and ADSC-conditioned medium
(ADSCCM). ARPEI19 RPE cells (American Type Culture
Collection, Manassas, VA, USA) were plated into 6-well plates
at a density of 1x10° cells/well in MSC growth-promoting
medium supplemented with 100 U/ml penicillin and 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.)
and incubated in a humidified atmosphere at 37°C with 5%
CO,. ARPEI9 cells were collected every 2 days as conditioned
medium until the cells reached 80-90% confluence. RPECM
was harvested, centrifuged at 4°C, 12,000 x g for 15 min to
remove solid particles and stored at -20°C. The aforementioned
method was also used to collect ADSCCM from hADSCs.

RPE differentiation of hRADSCs. hADSCs and ARPEI19 cells
were separately seeded into 6-well plates at a density of
~2x10° cells/well and incubated in a humidified atmosphere at
37°C with 5% CO, overnight in complete DMEM/F-12 medium
(the control medium). The present study included the following
groups: The hADSC experimental group [ADSCs+RPECM
(RPECM was diluted 1:2 with the control medium)],the hADSC
negative control group [ADSC+ADSCCM (ADSCCM was
diluted 1:2 with the control medium)] and the RPE cell positive
control group [RPE+RPECM (RPECM was diluted 1:2 with
the control medium)]. For all groups, the culture medium was
replaced every 2 days. The cells were grown at 37°C with 5%
CO, for 10 days for the RPE differentiation experiment. At least
three independent experiments were performed in duplicate.
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RNA isolation and quality controls. The extraction of total
RNA from the cells was performed using TRIzol™ Reagent
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol. DNase I was used to digest and elimi-
nate any contaminating genomic DNA. The concentration and
purity of the extracted total RNA were assessed spectrophoto-
metrically at optical densities (ODs) of 260 and 280 nm. The
samples with OD 260/280 nm ratios between 1.9 and 2.1 were
used for complementary (c)DNA synthesis.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) analysis. Samples of the extracted RNA
(1 ug) from the cells of each group were reverse transcribed
using the PrimeScript™ RT reagent kit (Perfect Real Time;
Takara Biotechnology Co., Ltd., Dalian, China) according to
the manufacturer's protocol. Following reverse transcription,
the resulting cDNA was diluted 10-fold in nuclease-free water
(Invitrogen; Thermo Fisher Scientific, Inc.) and utilized as a
template for qPCRs, which were performed on an Applied
Biosystems® 7500 Real-Time PCR system (Thermo Fisher
Scientific, Inc.). The solutions used in the qPCRs had (10 pl)
contained 5 ul of 2X Power SYBR™ Green PCR Master mix
(Applied Biosystems; Thermo Fisher Scientific, Inc.), 1 ul of
diluted cDNA (1,000 ng/ul) and 300 nmol of gene-specific
primers. The primer sequences are presented in Table I. gPCR
was performed at 95°C for 10 min, followed by 40 cycles of
amplification (15 sec at 95°C and 1 min at 60°C). The relative
mRNA expression was analysed using the Pfaffl method (27).
The relative mRNA levels are expressed as the fold change
relative to the negative control following normalization to
GAPDH expression.

Western blot analysis. Cells were lysed with radioimmu-
noprecipitation assay lysis buffer (Beyotime Institute of
Biotechnology, Haimen, China) supplemented with 1 mM
phenylmethylsulfonyl fluoride (Invitrogen; Thermo Fisher
Scientific, Inc.). A bicinchoninic acid assay (Pierce™ BCA
Protein assay kit; Thermo Fisher Scientific,Inc.) and SDS-PAGE
were utilized to measure the protein concentrations. Proteins
(24 pl/lane) were separated by 10% SDS-PAGE. Following
SDS-PAGE, the proteins were transferred onto polyvinylidene
fluoride membranes (EMD Millipore, Billerica, MA, USA).
The membranes were blocked with 5% skimmed milk at room
temperature for 1 h, and they were then incubated with rabbit
monoclonal antibodies directed against fatty acid binding
protein 4 (FABP4), mouse monoclonal antibodies directed
against binding sialoprotein (BSP), rabbit polyclonal antibody
antibodies directed against sex determining region Y-box 9
(Sox9) (all 1:1,000; Abcam, Cambridge, UK) and mouse mono-
clonal antibodies directed against retinoid isomerohydrolase
(RPEG65; 1:200; Santa Cruz Biotechnology, Inc., Dallas, TX,
USA) at 4°C overnight, and mouse anti-f3-actin antibodies
(1:5,000; Sigma-Aldrich; Merck KGaA; cat. no. A1978) at
37°C for 2 h. Next, the membranes were incubated with horse-
radish peroxidase-conjugated secondary antibodies (1:5,000;
Sigma-Aldrich; Merck KGaA; cat. no. 12015196001) at 37°C
for 1 h. Protein bands were visualized using Immobilon western
Chemilum HRP substrate (Merck KGaA) and Odyssey soft-
ware (version 3.0; LI-COR Biosciences, Lincoln, NE, USA).
Quantification of the densitometric intensities of the protein

3701

bands was performed using ImageJ software (version 1.47;
National Institutes of Health, Bethesda, MD, USA). Data were
normalized to [3-actin.

Immunocytochemistry. hADSCs or RPE cells were plated onto
18 mm glass coverslips at a density of 8x10* cells/well (VWR
International, Radnor, PA, USA) in 12-well plates. After 2 days
in culture, when the cells reached 50-70% confluence, the cells
were fixed with 4% paraformaldehyde (Sigma-Aldrich; Merck
KGaA) at room temperature for 15 min, permeabilized with
0.3% Triton™ X-100 (Sigma-Aldrich; Merck KGaA) in PBS
and blocked with 10% normal goat serum (NGS; Invitrogen;
Thermo Fisher Scientific, Inc.) at room temperature for
1 h. Next, the cells were incubated with mouse mono-
clonal anti-proliferation marker protein Ki-67 (1:200; BD
Biosciences; cat. no. 556003), mouse monoclonal anti-RPE65,
mouse monoclonal anti-cytokeratin 8 (CK8) (both 1:50; Santa
Cruz Biotechnology, Inc.; cat. nos. sc-73616 and sc-58736) and
mouse monoclonal anti-Bestrophin (1:50; Novus Biologicals,
LLC, Littleton, CO, USA; cat. no. NB300-164) antibodies at
4°C overnight. Thereafter, the cells were incubated with fluo-
rescently-labelled secondary antibodies (1:800; Alexa Fluor®
546 goat anti-mouse; Invitrogen; Thermo Fisher Scientific,
Inc.; cat. no. A11030) at room temperature for 1 h, as previ-
ously described (28). The cells were then rinsed three times
in PBS and the cell nuclei were counterstained with Hoechst
33342 (2 mg/ml; ApexBio Technology, Houston, TX, USA) at
room temperature for 5 min.

Cells were cultured for 12 h in the presence of 10 mM
5-bromo-2-deoxyuridine (BrdU; Sigma-Aldrich; Merck
KGaA) and fixed in 4% paraformaldehyde for 15 min at room
temperature. The cells were then washed in PBS, incubated
with 2 M HCI for 30 min at room temperature and washed
with Hanks' Balanced Salt Solution followed by PBS at room
temperature. The cells were incubated with blocking buffer
(PBS containing 10% NGS, 0.3% Triton X-100 and 100 mg/ml
RNaseA) for 60 min at room temperature. Following incubation
with anti-BrdU antibodies (1:1,000; Santa Cruz Biotechnology;
cat. no. sc-32323) at 4°C overnight in the blocking buffer, the
cells were washed in PBS and incubated with Alexa Fluor®
546-conjugated goat anti-mouse secondary antibody (1:800;
Invitrogen; Thermo Fisher Scientific, Inc.; cat. no. A11030) for
1 h at room temperature. The cell nuclei were counterstained
with 2 mg/ml Hoechst 33342 at room temperature for 5 min.

The cells were visualized and imaged using a fluorescence
microscope (Olympus BX51; Olympus Corporation, Tokyo,
Japan). Following the merging of images of immunopositive
cells with nuclei stained with Hoechst 33342 and cells treated
with antibodies, the percentage of positively-stained cells was
counted using Image-Pro Plus software (version 6.0; Media
Cybernetics, Inc., Rockville, MD, USA).

Cell Counting Kit (CCK)-8 assay. The effects of RPECM,
ADSCCM and complete culture medium (DMEM/F12,
100 U/ml penicillin and 10% fetal bovine serum) on the
proliferation of hADSCs were assessed using the CCK-8 assay
(Dojindo Molecular Technologies, Inc., Kumamoto, Japan).
Briefly, the cells were seeded at a density of 1x10*cells/well
into 96-well plates. On days 0, 1 and 2 of culturing in a humidi-
fied atmosphere at 37°C with 5% CO,, 10 ul of CCK-8 solution
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Table I. Primers used for reverse transcription quantitative polymerase chain reactions.

Primer sequence (5'-3')

Annealing Product

Gene Accession no. Forward Reverse temperature (°C) size (bp)

RPE65 NM_000329 GCCAATTTACGTGA CCAGATAGTCTCGT 60 177
GAACTGGG CACTGCAC

Bestrophin NM_001139443 TCCCACCTGCCTAG TTGTAGATGCTGCC 60 186
TCGCCA CCGCCA

CKS8 NM_002283 TGTGCCTACCTGCG CTATGACCGAGGTG 60 133
GAAATC TCTGAGA

GAPDH NM_014364 TGTGGGCATCAATG ACACCATGTATTCC 60 116
GATTTGG GGGTCAAT

ALP NM_080621 GGCCTGTACCATAC CCACGTAGACGAG 60 121
AAGCCC GTAGTTGTG

BSP NM_012587.2 TGGAGATGCAGAG AGTTGGTGCTGGT 60 133
GGCAAGGCT GCCGTTGA

FABP4 NM_001442 ACTGGGCCAGGAA CTCGTGGAAGTGA 60 183
TTTGACG CGCCTT

AdpoQ NM_198504 GGTGCTGAAGCCT AGGAAGAACAGAC 60 93
ACCAAC GGCAGAAC

Col2A1 NM_001844 TGGACGCCATGAA TGGGAGCCAGATT 60 183
GGTTTTC GTCATCTC

SOX9 NM_000346 AGCGAACGCACAT CTGTAGGCGATCT 60 85
CAAGAC GTTGG

RPE65, retinoid isomerohydrolase; CK8, cytokeratin 8.

was added to each well. Following incubation for 4 h at 37°C,
according to the manufacturer's protocol, the absorbance at a
wavelength of 450 nm was measured using a microplate reader
(ELx800™; BioTek Instruments, Inc., Winooski, VT, USA).

Cell migration assays

Wound healing assay. The cells were seeded into 6-well plates
at a density of 3x10° cells/well and grown into monolayers.
Upon reaching 95% confluence, the cell monolayer was
scraped using a pipette tip to generate scratch wounds. To
remove floating debris, the cells were washed with PBS. The
cells were incubated with ADSCCM or RPECM for 0, 24 or
48 h in a humidified atmosphere at 37°C with 5% CO,. Images
were obtained by using a phase-contrast microscope and the
number of cells that had migrated and the total cell number
was measured and analysed using ImagelJ software (version
1.47; National Institutes of Health, Bethesda, MD, USA). The
cell migration rate (%) was calculated as follows: (Number of
cells that migrated/total number of cells) x100.

Transwell assay. Cells were suspended at a density of 1x10°
cells/ml. Then, 0.2 ml of each suspension was added to the
top of a Transwell chamber with a polyethylene terephthalate
membrane (8 mm pore size; EMD Millipore). Conditioned
medium (0.4 ml) supplemented with control medium
(0.2 ml) was added to the lower chamber of each well to act

as a chemoattractant. The cells were incubated for 24 h at
37°C and those that did not migrate through the pores were
removed by scraping the upper surface of the membrane with
a cotton swab. The cells that migrated to the lower surface
of the membrane were fixed at room temperature for 10 min
in 100% methanol and stained with 0.1% crystal violet at
room temperature for 5 min. Images were obtained by using a
phase-contrast microscope.

Statistical analysis. All data are from at least three indepen-
dent experiments and are presented as the mean + standard
deviation. Statistical evaluation of the data was performed
using one-way analysis of variance followed by a post hoc
Dunnett's multiple comparisons test. P<0.05 was considered to
indicate a statistically significant difference.

Results

hADSCs possess trilineage differentiation potential.
hADSCs were adherent to the plastic culture plates and
they exhibited typical MSC characteristics, namely a
spindle-shaped, fibroblast-like morphology (Fig. 1A). Flow
cytometry analysis revealed that the hADSCs were negative
for CD40 and CD133. However, hADSCs were positive for
CD73 (99.3%), CD90 (99.4%) and CD105 (92.3%), which
represent the characteristic phenotype of MSCs. Mouse IgG
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Figure 1. Characteristics of ADSCs. (A) Primary ADSCs exhibited a fibroblast-like morphology as observed under a phase-contrast microscope (Scale bars,
100 ym.) (B) Flow cytometry analysis demonstrated that ADSCs were positive for CD73, CD90 and CD105, whereas they were negative for CD40 and CD133.
(C) Reverse transcription-quantitative polymerase chain reaction analysis demonstrated that the mRNA expression levels of ALP and BSP increased at day 7
and day 14 in ADSCs cultured in osteogenic induction medium, FABP4 and AdipoQ mRNA expression was elevated when cultured in adipogenic induction
medium, and mRNA expression levels of Col2A1 and Sox9 were identified to be significantly increased following chondrogenic induction. (D) Western blot-
ting demonstrated that the protein expression levels of BSP, FABP4 and Sox9 were significantly increased during trilineage differentiation. Data from each
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time point were normalized to Day 0. "P<0.05, “P<0.01 and ““P<0.001. ADSC, adipose tissue-derived mesenchymal stromal cell; CD, cluster of differentiation;
ALP, alkaline phosphatase; BSP, binding sialoprotein; FABP4, fatty acid binding protein 4; AdipoQ, adiponectin, C1Q and collagen domain containing;

Col2A1, collagen type IT a 1; Sox9, sex determining region Y-box 9.

was used as an isotype control (Fig. 1B). Induction of osteo-
genesis, adipogenesis and chondrogenesis was performed
to analyse the trilineage differentiation potential of these
cells. RT-qPCR analysis revealed that the expression levels
of osteoblast-specific genes, alkaline phosphatase (ALP)
and BSP, were identified to be significantly increased under
osteogenic induction (Fig. 1C). Following adipogenic induc-
tion, the mRNA expression levels of adipocyte-specific
genes, FABP4 and adiponectin (AdipoQ), were also identified
to be significantly increased (Fig, 1C). The mRNA expres-
sion levels of chondrocyte-specific genes, collagen type II
o 1 (Col2A1) and Sox9, were identified to be significantly
increased when hADSCs were treated with the chondroin-
ductive medium (Fig. 1C). In a parallel approach, western
blot analysis demonstrated that the protein expression level
of BSP, FABP4 and Sox9 was also enhanced during trilin-
eage differentiation (Fig. 1D). These results demonstrated
that hADSCs with trilineage differentiation potentials were
successfully harvested.

RPECM promotes the differentiation of hADSCs into RPE
cells. There is potential for hADSCs to differentiate into RPE

cells, due to their easy isolation, relative abundance, multipo-
tency and rapid expansion. In the present study, the ability of
RPECM to enhance the differentiation of hADSCs into RPE
cells was evaluated (Fig. 2). RT-qPCR analysis was used to
investigate the mRNA expression levels of RPE markers,
including RPE65, CK8 and Bestrophin. Compared with the
hADSC control group (hADSCs cultured in ADSCCM),
RPECM caused a significant ~10-fold increase in the expression
level of RPE65 in hADSCs (Fig. 2A). The mRNA expression
levels of CK8 and Bestrophin in hADSCs were also identified to
be significantly upregulated in response to RPECM by ~3.5-fold
and ~2.4-fold, respectively, compared with the control group
(Fig. 2A). Immunocytochemistry was also utilized to evaluate
the effects of RPECM on the differentiation of hADSCs into
RPE cells. Immunocytochemistry analyses demonstrated that
in RPECM-treated hADSCs compared with ADSCCM-treated
hADSCs,specific RPE markers were identified to be significantly
increased, including RPE65 (69.33+2.33%), CK8 (47.04+2.08%)
and Bestrophin (36.80+2.08%) compared with the control
group (Fig. 2D and E). In a parallel approach, western blotting
demonstrated that the protein expression level of RPE65 was
significantly increased compared with the control group when
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Figure 2. RPECM promotes the differentiation of ADSCs into RPE cells. (A) RT-qPCR results demonstrated that RPECM caused an ~10-fold increase in the
expression level of RPE6S5 in the treated ADSC group (ADSC+RPECM) in comparison with the ADSC control group (ADSC+ADSCCM). RPE cells were also
cultured in RPECM as positive controls (RPE+RPECM). The mRNA expression levels of CK8 and Bestrophin in ADSCs were identified to be upregulated in
response to RPECM compared with ADSCCM (~3.5-fold and ~2.4-fold, respectively). (B) Western blotting and (C) western blot analysis demonstrated that
the protein expression level of RPE65 also increased when ADSCs were induced with RPECM. (D) Immunocytochemistry and (E) immunocytochemistry
analysis was also utilized to evaluate the effects of RPECM on the differentiation of ADSCs into RPE cells. These results were similar to the RT-qPCR and
western blotting data; RPE65, CK8 and Bestrophin expression increased in RPECM-treated ADSCs compared to ADSCCM-treated ADSCs (scale bars,
50 pum) "P<0.05, “P<0.01, ""P<0.001. RT-qPCR, reverse transcription-quantitative polymerase chain reaction; RPE, retinal pigment epithelium; RPECM,
RPE-conditioned medium; ADSC, adipose tissue-derived mesenchymal stromal cell; ADSCCM, ADSC-conditioned medium; CKS8, cytokeratin 8; RPE65,
retinoid isomerohydrolase.
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Compared with ADSCCM treatment, RPECM treatment significantly
promoted the migration of ADSCs into the scratched area (scale bars,
100 ym). (C) In a Transwell assay, RPECM-treated ADSCs exhibited a
stronger migratory ability compared with the control group. ““P<0.001.
ADSC, adipose tissue-derived mesenchymal stromal cell; RPE, retinal
pigment epithelium; RPECM, RPE-conditioned medium; ADSCCM,
ADSC-conditioned medium.

hADSCs were induced with RPECM (Fig. 2B and C). These
results indicate that RPECM promotes the differentiation of
hADSCs into RPE cells.

RPECM enhances hADSC proliferation. The data of
the present study demonstrated that RPECM can induce
hADSC differentiation into RPE cells. The proliferation
potential for these induced cells under RPECM was also
explored. Cell proliferation was examined using Ki-67 and
BrdU immunocytochemistry, and the CCK-8 assay. The
Ki-67 immunocytochemistry results demonstrated that the
percentage of Ki-67-positive cells among hADSCs incubated
with RPECM was significantly higher compared with that of
the hADSC control or the RPE control groups (65.97+2.22,
43.50+2.57 and 29.9+1.86%, respectively; Fig. 3A and B).
The immunocytochemistry results for BrdU were similar to
that for Ki-67 (Fig. 3A and B). This result was also confirmed
by the CCK-8 assay (Fig 3C). The CCK-8 data revealed that
there were no marked differences in the proliferation capacity
between any two groups at 24 h of culture. However, after
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48 h, when compared with RPECM-treated RPE cells and
ADSCCM-treated hADSCs, the proliferation capacity of
RPECM-treated hADSCs was significantly enhanced. These
results suggest that RPECM promotes the proliferation of
hADSC cells.

RPECM improves hADSC migration. As demonstrated above,
hADSCs incubated with RPECM could differentiate into
RPE cells and possessed a greater proliferative ability. It is
well known that cell migration serves a role in the success or
failure of stem cell transplantation. To evaluate the effect of
RPECM on cell migration, cell migration assays, including
a wound healing assay and Transwell assay were performed.
As shown in Fig. 4A and B, compared with ADSCCM treat-
ment, RPECM treatment significantly promoted the migration
of hADSCs to the scratched area. The cell migration rate of
the hADSCs incubated with RPECM was significantly higher
(34.43+0.57%) compared with the hADSC (24.47+0.80%) and
RPE cell (14.57+0.63%) control groups (Fig. 4B). According
to the Transwell assay, RPECM-treated hADSCs exhibited a
stronger migratory ability compared with those of the control
groups (Fig. 4C). These results indicate that following RPECM
induction, hADSCs exhibit more potential for migration,
which may make them ideal candidates for RPE replacement
therapy.

Discussion

The RPE is physiologically essential for the function of retinal
neurons. Degeneration of RPE cells is one cause of the loss of
macular function in AMD, a common cause of blindness and
major public health issue in the industrialized world. One of
the current treatments for AMD is RPE replacement therapy.
However, there are limited sources of RPE cells, highlighting
the necessity to develop stem cell-derived RPE cells. Recently,
ESCs and iPSCs have been proposed as sources of RPE cells
for regenerative medicine (7,29,30). However, there are disad-
vantages; for instance, the use of ESCs raises ethical concerns,
while the complications that arise when reprogramming
iPSCs limit their clinical application. Therefore, the present
study aimed to identify an abundant source of RPE cells with
autologous availability, in addition to exploring valid methods
for acquiring RPE cells.

In the present study, hADSCs were identified as attractive
candidates for cellular therapies since they are autologously
available, expandable and exhibit broad differentiation poten-
tial, including osteogenesis, chondrogenesis and neurogenesis.
As a result, hADSCs were selected as a source of RPE cells,
and their potential differentiation into RPE cells was explored.
To induce hADSC:s to differentiate, part of the microenviron-
ment in which RPE cell differentiation occurs was mimicked
by incubating the cells with RPECM. The results of the
present study revealed that in RPECM, hADSCs differentiated
into RPE-like cells. These induced hADSCs expressed RPE
markers, including CK8, Bestrophin and RPE65, and demon-
strated an increased proliferative and migratory ability. The
RPE differentiation state of the hADSCs was characterized
by their morphology and expression of RPE markers in accor-
dance with current scientific knowledge. CKS is an epithelial
cell marker and also an RPE marker (31). Bestrophin, which
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is expressed in the basolateral membrane of RPE, forms
calcium-sensitive chloride channels (32). RPE65, which is
required for the maintenance of photoreceptor visual cycles
and the regeneration of visual pigments by photoreceptors, is
also expressed by RPE cells (33). The expression of RPE65, a
rate-limiting enzyme for the visual cycle, decreases following
two to three passages in RPE cell culture (34). Thus, for use
in clinical therapy, hADSCs induced with RPECM present
a significant advantage due to their high expression levels of
RPEG65.

At present, the lack of RPE cell sources restricts cell
replacement therapy. The enhancement of proliferation
demonstrated in the present study allows the production of
abundant RPE cells for transplantation. Suspension transplants
have been frequently used in rodent models and ongoing
clinical studies (8,10). Cell migration, which allows cells to
spread out in the damaged site, is a prerequisite for cell-based
replacement therapy. Cell migration is closely associated with
successful cell transplantation. The present study demon-
strated that following RPECM incubation, hADSCs exhibited
increased migration compared with the hADSC and RPE
control groups; this may allow an improved success rate of
transplantation in vivo.

In conclusion, the present study demonstrated that
RPECM could induce the differentiation of hADSCs into
RPE-like cells, with enhanced proliferation and migration.
These findings indicate that RPECM-induced hADSCs are
candidates for efficient RPE replacement therapy. However,
whether these RPECM-induced hADSCs can incorporate
into the RPE layer and are functional in vivo requires further
investigation.
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