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Abstract: Human embryonic stem cells (hESCs) serve as an unlimited donor source of retinal pigment epithelium 
(RPE) cells for transplantation and are currently used clinically. However, several problems including immunological 
rejection limit their clinical use. Tissue specific stem cells, such as human bone marrow stromal cells (hBMSCs), 
which can avoid the risk of immunological rejection can be isolated from patients. Our previous study demonstrated 
that by simply co-culturing hBMSCs with primary isolated RPE cells in a non-contact transwell system, hBMSCs can 
differentiate into RPE-like cells. Nevertheless, the efficacy of transplantation of hBMSC-derived RPE cells against 
retinal degeneration remains unclear. In this study, we first developed rat retinal degeneration models developed by 
tail-vein injection of NaIO3. The induction of hBMSCs and hESCs into RPE-like cells was performed by co-culturing 
hBMSCs and pig RPE cells in a transwell system and add of brain fibroblast growth factor (bFGF), respectively. In 
degenerated eyes treated with hBMSC-derived RPE cells, level of electroretinogram (ERG) was comparable to those 
observed in degenerated eyes treated with hESC-derived RPE cells. Both these two stem cells can provide signifi-
cant conservation of visual acuity to retinal degeneration in vivo. In conclusion, hBMSCs-derived RPE cells may be 
a potential type of donor cells against retinal degeneration. 
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Introduction

The retinal pigment epithelium (RPE), which is 
the monolayer cell residing at fundus oculi 
between the neural retina and the choriocapil-
laris and plays a crucial role in the function and 
survival of retina and its photoreceptors [1]. 
Prominent features of age-related macular 
degeneration (AMD) include degeneration, dys-
function, and loss of RPE cells. Unfortunately, 
there have been no successful therapeutic 
strategies to the degenerative process of RPE 
cells [2]. 

Stem cell-based therapeutics indicates the 
promising approaches to the treatment of reti-
nal degeneration and the restoration of vision. 
Human embryonic stem cells (hESCs) have 
been confirmed to be the promising sources of 
replacing cells for regenerative medicine [3]. 

hESCs may serve as an unlimited donor source 
of RPE cells for transplantation [4]. Several 
reports have demonstrated that mouse, pri-
mate, and human ESCs have the potential to 
differentiate into RPE-like cells [5-7]. After sub-
retinal transplantation of ESCs-derived RPE 
cells, retinal degeneration was attenuated and 
visual function was restored [8-10]. However, 
genomic stability, the risk of immunological 
rejection and the possibility of tumor formation 
can be found in hESCs-derived cells, which limit 
their use [11]. 

Compared with ESCs that are currently used 
clinically, adult stem cells, which are isolated 
from individual patients, can avoid the risk of 
immunological rejection. Among these adult 
stem cells, human bone marrow stromal cells 
(hBMSCs) can be induced to differentiate into 
RPE-like cells, thus proposed as a potential cel-
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lular source of stem cells for treating degenera-
tive diseases [12, 13]. Our previous study dem-
onstrated that simply by co-culturing hBMSCs 
with primary isolated porcine RPE cells in a 
non-contact transwell system, hBMSCs can be 
induced into RPE-like cells [14]. These hBMSC-
derived RPE cells showed typical RPE pheno-
type and RPE function such as phagocytosis of 
photoreceptor outer segments and secretion of 
the trophic factors [14]. However, the efficacy of 
transplantation of hBMSCs-derived RPE cells 
induced from our co-culture system against 
retinal degeneration remains unclear. 

In this study, an animal retinal degeneration 
model induced by NaIO3 was used to determine 
the function of these transplanted cells. Fur- 
thermore, the efficacy of transplantation with 
RPE cells induced from hESCs and hBMSCs 
against retinal degeneration was compared. 
Our results indicate that hBMSCs-derived RPE 
cells induced from our co-culture system have 
the comparable protective effects of visual 
function to hESCs-derived RPE cells in vivo.

Materials and methods

Isolation and culture of hBMSCs, hESCs, and 
pig RPE cells

Isolation and culture of hBMSCs and pig RPE 
cells were strictly performed according to our 
previous report [14]. 

The hESC line H1, described previously [15], 
was used in this study. The cells were main-
tained in T25 flasks coated with 0.1% Gelatine. 
Then mitomycin C-inactivated mouse embryon-
ic fibroblast (MEF) and basic hESC medium 
were used for cell culture [16]. The medium  
is constituted with high glucose (4.8 g/L) 
Dulbecco’s Modified Eagle’s Medium (DMEM, 
Invitrogen) with 20% knockout serum replace-
ment (Invitrogen), 1% non-essential amino acid 
solution, 1 mM L-Glutamine (Invitrogen), 4 ng/
ml human bFGF (Invitrogen) and 0.1 mM 
β-mercaptoethanol (Sigma). After removed 
from liquid nitrogen, the cells were kept for 20 
passages at 37°C in 5% CO2 with medium 
changes every other day. At each passage cells 
were split 1:4 thus maintaining culture of undif-
ferentiated colonies.

Induction of hBMSCs and hESC into RPE-like 
cells

Induction of hBMSCs to functional RPE cells  
by transwell-based co-culture with RPE cells 

was performed according to our previous study 
[14]. 

hESC-derived RPE cells were formed when 
hESC colonies become superconfluent on a 
MEF density of 6 × 103/cm2. When the borders 
of individual hESC colonies contacted each 
other (approximately 10 days post-passage), 
the medium was changed daily using basic 
hESC medium lacking bFGF (brain fibroblast 
growth factor). This factor was withdrawn from 
the media due to the link between bFGF and 
repression of RPE specification [17]. After 1-2 
weeks of superconfluent hESC cultures, pig-
mented foci appeared following implementa-
tion of the daily feeding regime. After formation, 
pigmented foci were excised mechanically with 
microsurgical blades and the tip of a glass 
Pasteur pipette. Once the foci had reached at 
least 1 mm in diameter, this approach was 
practical. During this procedure, we dissected 
away the surrounding; non-pigmented material 
ahead of the placement of pigmented foci onto 
35 mm tissue culture dishes, which is coated 
with growth factor, reduced Matrigel™ (BD 
Biosciences, diluted 1:30). A total of 10-pig-
mented foci were placed in each dish and 
hESC-derived RPE cells were allowed to expand 
on Matrigel for another 35 days in basic hESC 
medium minus bFGF (media was changed every 
2 to 3 days). 

Immunofluorescence

Immunocytologic analysis was performed acc- 
ording our previous reports. In brief, cells were 
fixed with 4% paraformaldehyde (Sigma-Aldrich 
Chemie GmbH, Taufkirchen, Germany) for 20 
min, permeabilized with 0.3% Triton X-100 for 5 
min at room temperature and blocked with 10% 
sheep serum at 37°C for 30 min. The primary 
antibodies were incubated at 4°C overnight: 
CRALBP (Thermo, 1:500), RPE65 (Millipore, 
1:500) and zonula occludens-1 (ZO-1) (Invi- 
trogen, 1:400). The secondary antibody conju-
gated with Cy3 (Santa Cruz, CA) was incubated 
at room temperature for 1 h.

Phagocytosis of photoreceptor outer segments 
isolated from porcine eyes

Retinas of freshly slaughtered porcine eyes 
were dissected from the RPE under sterile con-
ditions and the photoreceptor outer segments 
(POSs) were isolated using a continuous 
sucrose gradient as previously described [18]. 
The POS pellet was resuspended in 1 ml of 10 
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mM sodium phosphate, and then labeled with 
FITC (Invitrogen) in 0.1 M sodium bicarbon-
ate/5% sucrose in a light-tight microcentrifuge 
tube for 1 h at room temperature. Then, the 
labeled POSs were washed, resuspended in 
RPE culture medium containing 5% sucrose 
and seeded onto cells at 1 × 107 POS/ml. Cells 
were incubated at 37°C in 5% CO2 for 24 h, 
treated with trypan blue for 10 min to remove 
external fluorescence and then washed. The 
cultures were examined with combined confo-
cal microscopy (Leica TCS SP2, Leica, Wetzlar, 
Germany) and DIC to determine whether the 
FITC-labeled POS debris was phagocytosed by 
cells.

Animals and NaIO3 injection

All experiments were conducted after approval 
of the animal ethics committee of the Southwest 
Hospital, Chongqing, China, and adhered to the 
ethical guidelines of the Laboratory Animal 
Care and Use Committee of the Association for 
Research in Vision and Ophthalmology. In brief, 
Long-Evans rats (35 to 40 days) were restrained 
(TV-150, Braintree Scientific, Braintree, MA) 
and a single injection of sterile solution of NaIO3 
in saline (50 mg/kg in PBS, Sigma, St. Louis, 
MO) was administered into the tail vein of these 
rats as described previously [19-21]. After one 
day, cell transplantation was performed.

Transplantation

The cornea was punctured to reduce intraocu-
lar pressure and to reduce the efflux of cells. 
Cell suspensions containing approximately 5 × 
104 cells in 2 ml PBS was injected into the sub-
retinal space through a small scleral incision 
with a fine glass pipette (Hamilton, Reno, NV). A 
sham-injected group was treated in the same 
way, except PBS carrying medium alone was 
injected. Once after injection, the fundus was 
examined to check retinal damage or signs of 
vascular distress. The rats were immune-sup-
pressed by adding 210 mg/l cyclosporine A 
(Sandoz, Camberley, UK) to the drinking water 
48 h prior to the transplantation cells. The rats 
then remained on the same immunosuppres-
sant throughout the duration of the experiment 
[9]. The eyes were harvested on the 8th week 
after cell transplantation.

Electroretinograms (ERG)

ERG assay was performed on the recipient rats 
(n = 5 for each treatment condition of PBS, 

hBMSCs, hBMSCs-derived RPE cells, and 
hESCs-derived RPE cells) 8 weeks after NaIO3 
treatment. The rats were adapted to total dark-
ness for 12-18 hours prior to ERG measure-
ments. Rats were anesthetized and the pupils 
were dilated with ophthalmic solutions of atro-
pine and phenylephrine, after which they were 
subjected to sequences of scotopic flashes of 
-20 and 0 db, with measurements averaged 
over five flashes. We made comparisons of the 
mean of the maxima for A-wave and B-wave 
responses for the two sequences of five fla- 
shes at each intensity between treatment 
conditions. 

Phagocytosis assay

The protocol of phagocytosis assay was des- 
cribed in detail in our previous report [14]. In 
brief, the POS pellet was suspended in 1 ml of 
10 mM sodium phosphate, and labeled with 
FITC (Invitrogen) in 100 mM sodium bicarbon-
ate/5% sucrose in a light-tight microcentrifuge 
tube for 1 h at room temperature. POSs, which 
were labeled, washed and resuspended in RPE 
culture medium with 5% sucrose. Resuspended 
POSs were then seeded into cells at 1 × 107 
POS/ml. Cells were incubated in 5% CO2, 37°C 
incubator for 24 h. They were then treated with 
PBS for 10 min to remove external fluorescence 
and washed. The cells were examined with 
combined confocal microscopy (Leica TCS SP2, 
Leica, Wetzlar, Germany) and DIC.

Histological evaluation of transplanted eyes

Rats were provided with an overdose of pento-
barbital sodium (Sigma-Aldrich, St. Louis, MO) 
and perfused with PBS 8 weeks after surgery to 
examine donor cells. The cells were removed 
and immersed in 4% PFA/PBS for 2 h, then 
were infiltrated with 10% sucrose for 1 h, 20% 
sucrose for 1 h and 30% sucrose overnight, 
respectively and were embedded in OCT. 10 
mm horizontal sections were cut on a cryostat. 

Immunofluorescence staining

Immunocytologic analysis was performed 
according to previous studies [10, 22]. In brief, 
the cells were fixed with 4% paraformaldehyde 
for 20 min (Sigma-Alrich Chemie GmbH, Tauf- 
kirchen, Germany), permeabilized with 0.3% 
Triton X-100 for 5 min at room temperature and 
then blocked with 10% sheep serum at 37°C 
for 30 min. The following primary antibodies 
were incubated at 4°C overnight: CRALBP 
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(Thermo, 1:500) and RPE65 (Millipore, 1:500). 
Isotype control Ab was used at the same con-
centrations as the primary Ab. A secondary 
antibody conjugated with Cy3 (Santa Cruz, CA) 
was incubated at room temperature for 1 h. 
hBMSCs and hESCs without any treatment 
served as negative control.

Frozen sections were deparaffinized, rehydrat-
ed and probed with anti-CRALBP, anti-RPE65, 
and anti-Rhodopsin, followed by incubation 
with the appropriate FITC- and TRITC-conjugat- 
ed secondary antibodies. Sections were wash- 
ed 3 times with PBS and counterstained with 
DAPI. The expression of expected proteins was 
examined under a fluorescence microscope.

Protein extraction and western blotting analy-
sis

Total protein was extracted from tissues with 
RIPA buffer and 0.5% sodium dodecyl sulfate 

Data were shown as means ± S.D. We used 
Unpaired Student’s t test to compare data 
between two groups. P value < 0.05 using 
Sigma Plot software (Jandel Scientific) was con-
sidered as statistically significant. 

Results

Morphological and ERG changes of the retina 
in the rat retinal degeneration model by NaIO3 
injection

To evaluate the influence of NaIO3 on retina lay-
ers, NaIO3-induced rat retinal degeneration 
model was developed by NaIO3 tail-vein injec-
tion. Morphological and ERG changes were 
evaluated 2 weeks after injection. Hematoxylin 
and eosin staining of retinal section from NaIO3 
injected rat showed that compared with the 
confluent RPE monolayer in the uninjured eyes, 
the NaIO3-treated eyes showed a paucity of 
RPE cells with only very occasional rounded 

Figure 1. NaIO3-induced rat retinal acute injured model. A and B: Comparison 
of histological retinal structure in retinal sections between PBS and NaIO3-
treated retinas 2 weeks after NaIO3 injection. C: The ERG recordings before 
and after NaIO3 administration. D: Statistical analysis of the ERG recordings. 
Bars are mean ± SD from five independent experiments, *P < 0.05. 

(SDS) in the presence of 3% 
proteinase inhibitor cocktail 
(Sigma, St. Louis, MO, USA). 
After lysed on ice for 30 min, 
the lysate was centrifuged at 
12,000 rpm for 20 min, and 
the supernatant was collect-
ed. The lysates were separat-
ed with 12% sodium dodecyl 
sulphate polyacrylamide gel 
electrophoresis (SDS-PAGE) 
and transferred to a NC mem-
brane. For analysis of Rhodo- 
psin, blots were incubated 
with its specific antibodies 
(diluted with 5% BSA to 
1:1000) and then incubated 
with horseradish peroxidase 
(HRP)-labeled anti-rabbit sec-
ondary antibody (diluted with 
5% BSA to 1:1000). The pro-
teins were visualized by en- 
hanced chemiluminescence 
detection kit (ECL) (UK Am- 
ersham International plc). The 
intensities of the resulting 
bands were quantified by 
Quantity One software on a 
GS-800 densitometer (Bio- 
Rad). 

Statistical analysis
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RPE cells remaining on the underlying Bruch’ s 
membrane (Figure 1A and 1B). Figure 1C-E 
showed ERG before and 2 weeks after NaIO3 
injection. These results indicated the success-
ful establishment of NaIO3-induced rat retinal 
degeneration model in this study. 

In vitro differentiation of hESCs towards RPE 
cell phenotype and phagocytotic ability 

After induction, the hESCs-derived RPE cells 
turned into a polygonal shape and formed ‘cob-
ble stone’-like sheets of cells (Figure 2A). An 
immunofluorescence assay assessing the 
expression of typical RPE marker proteins 
including CRALBP, RPE65 and ZO-1 was 
observed in hESC-derived RPE cells (Figure 
2B-D). hESC-derived RPE cells were cultured 
with FITC-labeled POS to assess whether they 
acquired the function of RPE cells. Green fluo-
rescence was observed in hESC-derived RPE 
cells after 24-h incubation, suggesting that 
these cells acquired the phagocytotic ability 
(Figure 2E and 2F).

Survival and localization of hBMSC-derived 
RPE cells and hESC-derived RPE cells after 
subretinal implantation in the retinal degen-
eration model

The survival and the localization of the trans-
planted cells were confirmed by immunofluo-
rescence. Subretinal Dil-labeled cells were visi-
ble around the puncture site and were thought 
to be induced from hBMSCs and hESCs. 
Confocal microscopy showed that hBMSC-
derived RPE cells and hESC-derived RPE cells 
expressed almost the same level of mature 
RPE marker-CRALBP (Figure 3A) and mitochon-
drial (Figure 3B) on the 8th week after cell 
transplantation.

hBMSC-derived RPE cells and hESC-derived 
RPE cells rescue visual function in the rat reti-
nal degeneration model

To evaluate whether hBMSC-derived RPE cells 
and hESC-derived RPE cells can rescue visual 
function, ERG assay was performed. Figure 4 

Figure 2. hESC-derived pigmented cells are putative RPE cells. (A) Phase-contrast images of pigmented cells. (B-D) 
Immunostaining showing that the pigmented cells express typical RPE markers of CRALBP (B), RPE65 (C) and ZO-1 
(D). (E. Low magnification) and (F. High magnification), Z-stack fluorescent images and cross-section side views to 
show the location of pigment granules and phagacytosed labeled POS debris: x-z and y-z showing location of fluo-
rescence. Nuclei were counterstained with DAPI (blue). 
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showed that on the 8th week after cell trans-
plantation, both the A-wave amplitude and 
B-wave amplitude of the degenerated eyes 
treated with hBMSC-derived RPE cells were 
higher than those in the degenerated eyes 
treated with PBS or hBMSCs. Importantly, in 
the degenerated eyes treated with hBMSC-
derived RPE cells, levels of ERG were compara-
ble to those observed in the degenerated eyes 
treated with hESC-derived RPE cells.

Both transplanted hBMSC-derived RPE cells 
and hESC-derived RPE cells provide conserva-
tion of visual acuity

The relationship between observation of visual 
acuity in transplanted eyes and the preserva-
tion of photoreceptors in the host outer nuclear 
layer was identified by the expression of 
Rhodopsin at the posterior pole (Figure 5A). 
Immunofluorescence image of Rhodopsin sh- 
owed that there was no Rhodopsin expression 
at the posterior pole in the degenerated eyes 
on week 8 after PBS injection. Immunofluore- 
scence images of Rhodopsin in subretinal 

transplanted hBMSC-derived RPE cells and 
hESC-derived RPE cells showed that Rhodopsin 
expression at the posterior pole was higher 
than those in transplanted hBMSCs. In the 
degenerated eyes treated with hBMSC-derived 
RPE cells, expression of Rhodopsin was compa-
rable to those observed in the degenerated 
eyes treated with hESC-derived RPE cells. 

Expression of Rhodopsin was then verified by 
western blotting. As was shown in Figure 5B, 
the protein level of Rhodopsin in the degener-
ated eyes transplanted with hBMSC-derived 
RPE cells and hESC-derived RPE cells were 
higher than that in the degenerated eyes treat-
ed with hBMSCs. Importantly, the protein levels 
of Rhodopsin in the degenerated eyes treated 
with hBMSC-derived RPE cells or hESC-derived 
RPE cells had no significant difference.

Discussion

In this study, using the NaIO3-induced rat retinal 
degeneration model, we found that after trans-
plantation of hBMSCs-derived RPE cells, the 

Figure 3. The survival and the localization of the transplanted cells were confirmed by immunofluorescence. Con-
focal microscopy showing that hBMSC-derived RPE cells and hESC-derived RPE cells expressed almost the same 
levels of mature RPE marker-CRALBP (A) and mitochondrial (B) after 8-week cell transplantation.
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levels of ERGs were comparable to those 
observed in the degenerated eyes treated with 
hESCs-derived RPE cells. Both these two stem 
cells could provide significant conservation of 
visual acuity to retinal degeneration, and there 
were no obvious different protective effects 
between these two types of cells.

Age-related macular degeneration (AMD) is still 
the leading cause of blindness among people 
over 60 [23]. The retinal pigment epithelium 
(RPE), a pigmented, single-layered epithelium 
located between the sensory retina and the 

choriocapillaris, plays a critical role in the 
pathogenesis of AMD [24]. The healthy RPE 
supports cellular processes of retinal photore-
ceptors, shields the retina from light radiation, 
provides metabolic support for diurnal phago-
cytosis of the photoreceptor outer segments 
and actively maintains the chemical environ-
ment and homeostasis of the inner retina [25]. 
RPE dysfunction, which usually leads to the 
damage and death of photoreceptor cells, 
occurs in several retinal dystrophies (RD), such 
as retinitis pigmentosa (RP) [26]. Cell therapies 
are able to reverse degeneration and vision 
loss to a greater extent than any other treat-
ment available. The success in the use of such 
cells as biological therapy depends on the sur-
vival ability of grafted cells after transplanta-
tion, migration toward the desired location and 
differentiation into functional target cells [27]. 
Thus, RPE repair appears to be an interesting 
therapeutic target in dry AMD [28]. 

The two methods primarily used for the subreti-
nal transplantation of hESC-RPE are the injec-
tion of hESC-RPE cellular suspension or implan-
tation of hESC-RPE monolayer grown on a sub-
strate [29]. Over the past several decades, 
studies with the development of pluripotent 
stem cells (PSCs) for disease modeling and 
treatment of incurable diseases in the field of 
regenerative medicine have provided novel 
methods [30]. The ability of PSCs as an unlim-
ited supply of viable and specialized cell types, 
together with the advantages of the retina for 
this kind of therapy, makes cell therapy one of 
the most promising treatments for RD [31]. 
Human autologous RPE transplantation stud-
ies, primarily in patients with exudative AMD, 
have shown that intraoperative complications 
are infrequent [32, 33]. 

Several reports demonstrated that in the retina 
injury model induced with NaIO3, RPE cells were 
mainly damaged, and then photoreceptors 
close to RPE monolayer with visual function 
were subsequently injured [34, 35]. Consistent 
with other studies, we also found that com-
pared with the normal RPE monolayer in the 
uninjured eyes, the NaIO3-treated eyes demon-
strated a paucity of RPE cells with very occa-
sional rounded RPE cells on the underlying 
Bruch’s membrane. These results confirm the 
success of development of this rat retinal 
degeneration model in this study.

Figure 4. Comparison of ERG responses of the de-
generated eyes 8 weeks after transplantation of 
hBMSCs, hBMSC-derived RPE cells and hESC-de-
rived RPE cells in NaIO3-induced rat retinal acute 
injured models. The mean A-wave and B-wave ampli-
tudes, respectively, for low and high flash intensities 
averaged for n = 5 mice per treatment condition, *P 
< 0.05.



Protection effect of RPE cells in sodium iodate-injuried rat retinal

5281 Int J Clin Exp Pathol 2017;10(5):5274-5284

hESCs retain unlimited self-renewal potential 
and are thought to solve the problem of donor 
replacement therapy cell shortage [36]. Many 
reports demonstrate that hESCs can differenti-
ate into RPE-like cells [37, 38]. Therefore, they 
have been developing the treatment of AMD 
and Stargadrts disease in the stage of clinical 
trials [39]. However, considering the issue of 
immunological rejection, clinical use of hESCs 
may be encountered with many obstacles. 

Among extra-embryonic tissues, MSCs are 
characterized by carrying minimal somatic 
mutations and have shown high differentiative 
potential [40, 41]. These cells are not only able 
to differentiate into cells of mesenchymal lin-
eages in response to specific culture conditions 
in vitro but also into endoderm-derived cells, 
such as hepatocytes and astrocytes, olygoden-

were also observed in the subretinal space  
and they expressed mature RPE markers. 
Specifically, the level of ERG had no significant 
difference between degenerated eyes treated 
with hBMSCs-derived RPE cells and degener-
ated eyes treated with hESCs-derived RPE 
cells. Furthermore, the conservation effects of 
hBMSCs-derived RPE cells to visual acuity on 
retinal degeneration also had no difference 
with that of eyes transplanted with hESCs-
derived RPE cells. Our findings support the view 
that grafted cell is able to establish tight junc-
tions between each other and with host RPE 
cells, as shown by ZO-1 staining. We also show 
that grafted cells are positive for CRALBP (a 
typical RPE marker). Thus, the appropriate for-
mation of these junctions among grafted cells 
might be imperative to sustain their RPE cell 
fate and inhibit their proliferation, two key 

Figure 5. The expression of Rhodopsin at the posterior pole after transplan-
tation of hBMSC-derived RPE cells and hESC-derived RPE cells in NaIO3-in-
duced rat retinal acute injured models, respectively. A: Immunofluorescence 
images of Rhodopsin at the posterior pole in the degenerated eyes at week 
8 after hBMSC, hBMSC-derived RPE cells and hESC-derived RPE cells treat-
ment, respectively. B: Western blotting analysis of Rhodopsin expression in 
the degenerated eyes at week 8 after hBMSC, hBMSC-derived RPE cells and 
hESC-derived RPE cells treatment, respectively. Bars are mean ± SD from 
three independent experiments, *P < 0.05. 

drocytes and neurons [42, 
43]. Currently, only one study 
indicated that adenovirally 
transduced BMSCs can differ-
entiate into RPE-like cells and 
induce rescue effects in RCS 
rats [12]. However, there have 
been no reports of transplant-
ing hBMSCs-derived RPE cells 
in the NaIO3-treated rat reti-
nal degeneration model. Fur- 
ther studies are required to 
elucidate whether cell therapy 
may be effective. This is clini-
cally important, as cell-based 
therapies are more likely to 
be applied at a time when the 
vision in most patients is 
already compromised. More- 
over, a comprehensive study 
comparing the use of the two 
types of stem cells is still 
lacking. 

Thus, in the present study,  
we compared the efficacy of 
hESC-derived RPE cells and 
that of BMSCs-derived RPE 
cells. We found that like 
hESC-derived RPE cells treat-
ment, after the transplanta-
tion of BMSCs-derived RPE 
cells into the NaIO3-treated 
rat retinal degeneration mo- 
del, survival and localization 
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aspects in terms of functionality and safety of 
the procedure. These results suggest the feasi-
bility of the hBMSCs-derived RPE cells for reti-
nal degenerative disease transplantation ther-
apies, and the similar efficacy of these cells 
transplantation compared with hESC-derived 
RPE cells. 

However, there still exist limitations in the cur-
rent study. The NaIO3-treated rat retinal degen-
eration model cannot fully mimic chronic retinal 
degenerative diseases, as NaIO3 injection also 
induces acute RPE and photoreceptors injury 
and loss. Thus, it remains to be further investi-
gated whether the transplantation of hBMSCs-
derived RPE cells could exert an ameliorative 
effect on the animal model of chronic retinal 
degenerative diseases. In addition, the rela-
tionship between protective potency and the 
number of transplanted RPE cells are to be fur-
ther validated.

Notwithstanding this limitation, the current 
study shows that hBMSCs-derived RPE cells 
induced from transwell co-culture system can 
exert a protective effect of visual function on 
hESCs-derived RPE cells of the NaIO3-treated 
rat retinal degeneration model. Thus, consider-
ing the strong survival potency, protective 
effect, and anti-inflammatory nature of hBM-
SCs-derived RPE cell, its transplantation may 
provide promising therapeutic benefits for 
those who are suffering from retinal degenera-
tive diseases including RP or AMD.
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