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Abstract: Age-related macular degeneration (AMD) is one of the major causes of irreversible blindness both in de-
veloped and developing countries. During the past decades, the managements of neovascular AMD (wet AMD) have 
dramatically progressed. However, still no effective treatment for non-neovascular AMD (dry AMD) which was char-
acterized by geographic macular atrophy. Recent advances in stem cell sciences have demonstrated that retinal 
pigment epithelium (RPE) cells can be generated from several types of stem cells (including embryonic stem cells, 
induced pluripotent stem cells, mesenchymal stem cells, et al) by cell co-culturing or defined factors. Additionally, 
studies also showed that visual function could be recovered by transplantation of these cells into subretinal space  
in vivo. Moreover, the United States Food and Drug Administration already approved several clinical trials to evalu-
ate the efficiencies of stem cell based cell transplantation for dry AMD patients. Till now, a few patients enrolled in 
these studies achieved promising outcomes. This review will summarize recent advances in stem cell based RPE 
differentiation, transplantation, and the preliminary results of clinical trials. The obstacles and prospects in this field 
will also be discussed.
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Age-related macular degeneration (AMD) is one 
of the leading causes of irreversible blindness 
in people over 65 years of age in the world. The 
incidence rate of AMD is still increasing in the 
past decades [1-4]. According to the presence 
or absence of choroidal neovascularization 
(CNV), AMD can be generally divided into two 
types: dry AMD and wet AMD. Wet AMD could 
be controlled by drugs that target vascular 
endothelial growth factor (VEGF), photodynam-
ic therapy, laser photocoagulation and vitrecto-
my at different stages of the disease. 

Dry AMD is primarily attributed to the accumu-
lation of reactive oxygen free radicals and lipid 
peroxide which evoke local activation of chronic 
inflammation and lead to apoptosis of retinal 
pigment epithelium (RPE) cell, ultimately dam-
age photoreceptors in the outer nuclear layer. 
Currently, not any drug is available for dry AMD 
[8]. Therefore, cell replacement and retinal 

microenvironmental regulation represent po- 
tential new approaches for dry AMD. 

Stem cells are pluripotent and renewable. They 
can efficiently differentiate into RPE cells or 
photoreceptors under defined conditions. 
Therefore, stem cells have been seemed as 
unlimited resource of cell transplantation. In 
addition, stem cells (particularly mesenchymal 
stem cells, MSCs) perform multiple functions, 
such as immunoregulation, anti-apoptosis of 
neurons and neurotrophin secreting. Many 
studies also suggested that MSCs could main-
tain and regulate the microenvironment in dif-
ferent models of retinal degeneration. With the 
progress in basic medical sciences, several 
phase I/II clinical trials were approved by the 
FDA and gingerly conducted by some leading 
ophthalmologists and companies. 

This review will focus on the following two 
aspects: 1, stem cell based RPE replacement; 
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2. Retinal microenvironmental regulation of 
MSCs.

Stem cell based RPE replacement 

Healthy and vigorous RPE cells are ideal donor 
cells for patients with dry AMD. According to the 
source of RPE cells, they can be divided into: 1, 
stem cell-derived RPE cells; 2, fetal/adult RPE 
cells; 3, iris pigment epithelial cells; and 4, 
autologous RPE cells [9-11]. The latter three 
types of cell are not the only source limited but 
also lacking in capacity of proliferation. More 
importantly, isolation and purification of prima-
ry RPE cells are time and labour consuming. 
Therefore, it is very difficult for clinical appli- 
cation. 

Embryonic stem cells (ESCs), induced pluripo-
tent stem cells (iPS), and adult stem cells can 
differentiate into functional RPE cells under 
certain defined conditions.

ESC-derived RPE cells

Nowadays, ESC-derived RPE cell is a hot spot in 
regenerative medicine. Seven protocols are 
now available to generate mature RPE cells 
from ESCs: 1, spontaneous differentiation; 2, 
stromal cell-derived inducing activity (SDIA); 3, 
serum-free floating culture of embryoid body-
like aggregates (SFEB); 4, small-molecule indu- 
ction; 5, retinal determination (RD); 6, spherical 
neural masses (SNMs) sorting; 7, three-dimen-
sional (3D) culture.

Spontaneous differentiation: Approximately 1% 
of ESCs can automatically differentiate into 
RPE-like cells [12] and express the mature 
markers of RPE cells. After transplantation of 
these cells into subretinal space of RCS (Royal 
College of Surgeons) rats (a well-known model 
of RPE degeneration, which has a mutation in 
MerTK, is characterized by losing phagocytic 
function of RPE cells), the donor cells displayed 
polarity and were demonstrated to integrate 
well with the photoreceptors of recipient. In 
functional evaluation, these cells were able to 
phage the photoreceptor outer segments and 
recover the visual function of RCS rats [12, 13]. 
Importantly, teratoma formation and other 
pathological changes were not observed under 
immunosuppression. 

Although the efficiency is relatively low, a 
remarkable advantage was noticed in this pro-

tocol that it does not depend on recombinant 
proteins produced in animal or Escherichia coli 
cells. This protocol provides a solution to the 
problem of cross-species antigenic contamina-
tion in cell-replacement therapy. This protocol 
has been approved by the FDA as a good manu-
facturing practice (GMP) standard [14]. In 
2011, Advanced Cell Technology (Santa Moni- 
ca, California, USA) performed phase I/II clini-
cal trials to elucidate the efficiencies of hESC-
derived RPE transplantation on dry AMD and 
Stargardt’s disease (registration numbers: 
NCT01345006 andNCT01344993) [14]. 
Subsequently, Schwartz et al published the pre-
liminary results: Two patients (dry AMD and 
Stargardt’s disease, respectively) received sub-
retinal transplantation of 5×104 induced RPE 
cells by vitrectomy, the safety and efficiency 
were analyzed subsequently [15]. Efficiency 
evaluations: the grafts were continually present 
within 4 months of follow-up. The best-correct-
ed visual acuity (BCVA) of both patients were 
slightly improved: 7 letters improvements were 
achieved in the patient with dry AMD (from 21 
letters to 28 letters) and 5 letters improve-
ments were achieved in the patient with 
Stargardt’s disease (from 0 letters to 5 letters)
(evaluated by the Early Treatment for Diabetic 
Retinopathy Study visual chart). Safety evalua-
tions: No signs of abnormal cell proliferation, 
immune rejection were noticed in both cases. 
They also found that differentiation stages of 
RPE cell were associated with cell attachment 
and survival: RPE cells with mild depigmenta-
tion had better proliferative and adhesive 
abilities.

Although preliminary studies have shown prom-
ising prospects for RPE cell transplantation, 
there are still some problems needed to be 
overcame: 1. the proliferation and viability of 
donor cell in vivo were depended on the differ-
entiated stages of RPE cells in vitro, thus, the 
crucial step for transplantation is choosing 
donor cell with proper differentiated stage. 2. 
hESCs used for differentiation should not con-
tain pathogenic genes. 3. The protocol for 
obtaining highly purified RPE cells is another 
concern.

SDIA (stromal cell-derived inducing activity): In 
2000, Kawasaki et al. identified stromal cell-
derived inducing activity (SDIA) protocol that 
promotes neural differentiation of mouse ES 
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cells. SDIA accumulates on the surface of PA6 
stromal cells and induces efficient neuronal 
differentiation of cocultured ES cells in serum-
free conditions without use of either retinoic 
acid or embryoid bodies. [16]. Two years later, 
they found about (8%±4%) pigmented cells 
could be generated from primate ESCs by this 
protocol [17]. These cells have the same marker 
(ZO-1, et al) and phagocytosis function similar 
with the primary RPE cells. More importantly, 
these cells could protect the photoreceptors 
and recover the visual functions of RCS rats in 
vivo [18]. The biggest advantage of this protocol 
is no exogenous reagent was used, but the 
target cells could be contaminated by PA6 
stromal cells. In addition, photoreceptor-like 
cells were not observed in their study. As 
photoreceptors play a key role in cell 
replacement, this shortage will restrict the 
application of this protocol. 

SFEB culture: In 2005, Ikeda et al. devised a 
protocol by which retinal precursors could be 
directly differentiated from mouse ES cells. 
Under serum-free suspension conditions (SFEB 
culture) in the presence of Wnt and Nodal 
antagonists (Dkk1 and LeftyA), 16% of the total 
cells could be differentiated into retinal 
precursor cells (Rax positive) [19]. After 4 years 
of condition optimized, the efficiency of 
differentiation has been greatly elevated, 
23.8%±2.7%, 11.5%±2.0% and 17.2%±1.8% of 
the total cells could be generated into RPE 
precursor cells, cones and rods, respectively 
[20]. Unfortunately, SFEB-induced cells have a 
poor capacity to be integrated into the host 
retina [21] primarily due to the low proportion 
of retinal precursor cells induced by SFEB. 
Another reason is that the differentiated cells 
are usually mature, thus, these cells have a 
poor integrative ability, although the 
differentiation mimic the process of retinal 
development [22].

Small molecule inductions: Using casein kinase 
I inhibitor CKI-7, the ALK4 inhibitor SB-431542 
and the Rho-associated kinase inhibitor 
Y-27632 in serum-free and feeder-free floating 
aggregate culture, Osakada et al found that 
ESC and iPS could be efficiently differentiated 
into RPE cells. These cells displayed the 
characteristic morphology of mature RPE cells, 
protein markers and phagocytic capacity. The 
small molecule induction has the following 

advantages: Firstly, the inducing reagents are 
chemicals, which are consistent between 
different batches and manufacturers. Secondly, 
this method avoids contaminations and cross-
reactions which were observed in biological 
inductions. Thirdly, the cost is relatively low, 
making this method easily applicable. However, 
till now, not any study evaluates the safety and 
efficiency of this protocol in vivo.

RD (retinal determination): Using Noggin (an 
inhibitor of the bone morphogenic protein 
(BMP) pathway), Dickkopf-1 (DKK1, an inhibitor 
of the Wnt/β-catenin pathway) and insulin-like 
growth factor-1 (IGF-1), Lamba D et al. [24] 
obtained up to 82%±23% Pax+ retinal precursor 
cells, among which 86% of the cells also 
express Chx10. After transplanted these cells 
into the subretinal space of Crx deficient mice 
(a well-established model of photoreceptor 
degeneration), restoration of some visual 
function were noticed. The most prominent 
benefit of this protocol is that: high percentages 
of target cells were generated from ESC within 
an especially short period. 

SNMs sorting: In 2008, Cho et al. [26] obtained 
SNMs by selecting neural precursor cells for 
further amplification after embryoid body 
formation. Among the SNMs, approximately 5% 
of the vesicle-like structures eventually 
differentiated into RPE cells [27]. The SNMs 
method has the following advantages: 1. No 
exogenous reagent is required, thereby avoiding 
contamination and immune responses. 2. 
SNM-derived RPE cells are produced in a 
process similar to the natural process that 
generates RPE cells. 3. SNMs shortens the 
transition time from ESCs to RPE cells. However, 
this method has not been examined stringently 
with animal experiments to test whether the 
resulting RPE cells are functional.

Three-dimensional culture: In 2011, Eiraku et 
al. [28] found the optic cup and mature RPE 
cells could be generated from a three-
dimensional culture of mouse embryonic stem 
cell aggregates. Subsequently, Zhu et al. [29] 
demonstrate the utility of this epithelial culture 
approach by achieving a quantitative production 
of retinal pigment epithelial (RPE) cells from 
hESCs within 30 days. Direct transplantation of 
this RPE into a rat model of retinal degeneration 
without any selection or expansion of the cells 
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results in the formation of a donor-derived RPE 
monolayer that rescues photoreceptor cells. 
The cyst method for neuroepithelial 
differentiation of pluripotent stem cells is not 
only of importance for RPE generation but will 
also be relevant to the production of other 
neuronal cell types and for reconstituting 
complex patterning events from three-
dimensional neuroepithelia.

Cell replacement by iPS-derived RPE cells

In 2006, Yamanaka et al. [30] reported that 
mouse fibroblasts could be induced into ESC-
like cells. These cells which were named as 
iPSCs, have similar morphological characteris-
tics and differentiation ability compared with 
the ESCs. Under various conditions, iPS cells 
can be easily differentiated into cells of all 
three germ layers. iPS cells also have several 
advantages in regenerative medicine: 1. These 
cells can be generated from a variety of cell 
types, including the RPE cell, thus, it is conve-
nient to be used as a disease model. 2. 
Theoretically, these cells are non-immunogen-
ic. Because iPS cells are derived from differen-
tiated cells of their host, transplantation using 
iPS derived cells avoids cross-species and 
cross-individual rejection. 3. No ethics concern 
is linked to iPS applications. 4. iPS cells can 
also be used to establish disease models and 
drugs screening. 

Similar to ESCs, iPS cells could be easily differ-
entiated into RPE cells and photoreceptors by 
defined protocols. iPS-derived RPE cells 
express markers of mature RPE and have 
phagocytic function in vitro. In vivo studies also 
demonstrated that subretinal injection of these 
cells could protect the visual functions of the 
RPE deficient animals [31-36].

Although most protocols for ESCs differentia-
tion are suitable for iPS, differentiation efficien-
cies between iPS cell lines are various. Hirami 
et al. suggested [20] that, under identical con-
ditions (SFEB/DL), 201B7 and 253G1 cell lines 
can differentiate into RPE cells, whereas 201B6 
cell lines cannot. Additionally, Rx+/Pax+ cells 
could be found after 6 days of differentiation in 
ESCs, whereas, 15 or more days were required 
in several iPS cell lines. This phenomenon may 
be due to the genomic characteristics of spe-
cific iPS cells or to the culture environment and/
or stages of differentiation. 

Despite the numerous advantages of iPS cells, 
their shortages cannot be ignored. Firstly, iPS 
cells originate from the patient and likely carry 
disease genes. iPS-derived cells can be safe 
for transplanting into the recipient only when 
the causative gene is repaired [37]. Secondly, 
iPS cells potentially carry tumorigenic risks. 
Hirami et al. [20] found that 0.60%±0.04% of 
the cells express Nanog by day 15 of 
differentiation.

Cell replacement by MSC-derived RPE cells

Although RPE cells and photoreceptors are 
derived from the ectoderm, MSCs have the abil-
ity of cross-mesodermal differentiation. Huang 
et al. [38] reported that mesenchymal stem 
cells (MSCs) could be differentiated into RPE 
like cells with similar morphological and phago-
cytic capabilities using the photoreceptor outer 
segments and RPE conditioned medium. 

In addition, under certain conditions, MSCs can 
be further differentiated when transplanted 
into damaged retina, thereby replacing dam-
aged retinal cells. Gong et al. [39] injected bone 
marrow (BM) -MSCs into the subretinal space of 
sodium iodide damaged retina (a model of RPE 
degeneration). Five weeks later, some BM-MSCs 
transformed into RPE cells, photoreceptors and 
glial cells. Tomita et al. [40] found that MSCs 
could primarily migrate into the inner nuclear 
layer and transform into retinal cells that 
express GFAP, Calbindin, Rhodopsin and 
Vimentin. Castanheira et al. [41] intravitreally 
injected MSCs into the vitreous cavity of laser-
damaged retina. After eight weeks, the majority 
of MSCs migrated to the ganglion cell layer, the 
inner nuclear layer, and the outer nuclear layer. 
These migrated cells expressed markers of 
photoreceptor cells, bipolar cells, amacrine 
cells and Müller glial cells.

Cell replacement with retinal stem cell (RSC)-
derived RPE cells

The RSCs of fish and amphibians are located in 
the ciliary marginal zone (CMZ). Following reti-
nal damage, the CMZ can continuously gener-
ate new neurons. Although the mature mam-
malian retina lacks regenerative ability, Tropepe 
et al. [42] suggested that CMZ cells in mature 
mice are capable of proliferating and differenti-
ating into retinal neurons (rods and bipolar 
cells) and glial cells. They believe that these 
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cells are RSCs. Upon isolating RSCs, Aruta et 
al. [43] added linoleic acid selenite, insulin, 
transferrin, thyroxin and other factors and suc-
cessfully induced RSCs into polarized and 
phagocytotic RPE-like cells. Similar to the MSCs 
derived RPE cells described by Huang et al, not 
any in vivo studies were conducted to evaluate 
the safety and efficacy. 

However, whether mammalian RSCs exist 
remains controversial. Cicero et al. [44] specu-
late that the so-called CMZ-derived RSCs are 
ciliary epithelial cells. They demonstrated that 
no significant differences in molecular, cellular, 
and morphological characteristics were 
observed between these cells and differentiat-
ed ciliary epithelial cells. They also suggested 
that differentiated cells can form colony 
spheres, undergo self-renewal, and express 
precursor markers. Gualdoni et al. [45] found 
that the so-called RSCs could not activate neu-
related lipocalin (Nrl, a key gene of photorecep-
tor differentiation) in photoreceptor differentia-
tion medium.

In addition, Müller cells were regarded as reti-
nal stem cells. Bernardos et al. [46] reported 
that Müller cells could express low levels of 
paired box 6 (Pax6, a marker of retinal precur-
sor cells) and cone-rod homeobox (Crx, a mark-
er of photoreceptor) inzebra fish. Song et al. 
[47] found that atonal homolog 7 (Atoh7, an 
inhibitor of the Notch pathway) can promote 
Müller cell transformation into retinal ganglion 
cells. Müller cells originate from neural retinal 
precursors and matureat the last stages of ret-
inogenesis, whereas RPE precursors and neu-
ral retinal precursors divided during early 
embryonic development (Neural retinal cells 
develop in the following order: retinal ganglion 
cells, cone cells, amacrine cells, horizontal 
cells, rod cells, bipolar cells, and Müller cells.). 
Therefore, straightforward transformation of 
Müller cells into RPE is extremely difficult.

Stem cell based microenvironmental regula-
tion

Oxidative stress, inflammatory cytokines, and 
retinal nutritional deficiency are some of the 
pathogenic mechanisms of dry AMD [8]. Stem 
cells, particularly MSCs, have numerous bio-
logical effects, including secreting neurotroph-
ins, promoting angiogenesis, regulating imm- 
une responses, antagonizing apoptosis, pro-

moting extracellular matrix remodeling and 
activating adjacent host stem cells [48]. 
Furthermore, due to their low immunogenicity, 
MSCs are also an ideal carrier for introducing 
exogenous neurotrophic factors. These factors 
may also be expressed in the host retina and 
play biological effects. Therefore, MSCs are 
excellent candidates for treating dry AMD. 

Based on different sources, MSCs can be clas-
sified into BM-MSCs, umbilical cord blood 
(UCB)-MSCs, umbilical cord (UC)-MSCs, placen-
ta-derived (PD)-MSCs, adipose-derived mesen-
chymal stem cells (ASCs) etc. BM-MSCs are the 
most extensively studied groups of MSCs. This 
article will focus on reviewing BM-MSC 
researches and applications in treating dry 
AMD.

Roles of MSC on retinal microenvironmental 
regulation 

MSCs can secrete neurotrophins: Inoue et al. 
[49] found that BM-MSC conditioned medium 
could delay photoreceptor apoptosis. After 
intravitreal injection of BM-MSCs, photorecep-
tor degeneration was decelerated, and retinal 
function was slightly protected in RCS rats. 
These results suggested that BM-MSCs may 
secrete soluble factors that inhibit photorecep-
tor apoptosis. In light-damaged retina, Zhang et 
al. [50] found that intravitreally injected 
BM-MSCs can express brain-derived neuro-
trophic factor (BDNF) and protect the outer 
nuclear layer. Xu et al. [51, 52] also reported 
that MSCs could release basic fibroblast growth 
factor (bFGF) and protect neurons in light-dam-
aged retina. Wang et al. [53] injected 1×106 
BM-MSCs into the tail veins of RCS rats, and 
found that the survival of the outer nuclear 
layer cells in the injected group was significant-
ly greater than that of the control group. Rats in 
the injected group achieved significant visual 
improvements and electrophysiological record-
ings, as well as alleviated vascular leakage. 
Additionally, RT-PCR and immunohistochemis-
try also confirmed that the injected group had 
increased levels of growth factors and retinal 
neurotrophins.

MSCs can inhibit local inflammation: Xu et al. 
[51, 52] found that intravitreal injection of 
BM-MSCs could suppress microglia activation, 
thereby reducing retinal injury. 
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MSCs can inhibit neuronal apoptosis

Otani et al. [54] showed that retinal anti-apop-
totic gene expression was significantly up-regu-
lated after intravitreal injection of BM-MSCs. 
These genes included low molecular weight 
heat shock proteins and transcription factors. 

MSCs integrate into the host retina

Arnhold et al. [55] found that intravitreal injec-
tion of BM-MSCs could significantly protect 
photoreceptors in rhodopsin knockout retinitis 
pigmentosa (RP) mice. They also showed the 
transplanted BM-MSCs were well integrated 
into the RPE layer and the neurosensory layer 
of the host retina. 

Notably, 1, MSCs with diverse origins differ in 
their abilities to survive and to integrate into 
the host retina. Intravitreally injected UCB-
MSCs rarely migrated to the retina and only sur-
vived for three weeks [56], whereas BM-MSCs 
survived for up to 20 weeks and had a good 
integrative ability [57]. 2, different species and 
types of MSCs have different protective effects 
on retinal cells. Levkovitch-Verbin et al. [58] 
found that human BM-MSCs could protect the 
retinal ganglion cells, whereas rat BM-MSCs 
had no protective effect. A study by Huang et al. 
[59] also suggested that fractalkine (CX3CL1) 
which were secreted by MSCs have the stron-
gest effects on restoration of light-damaged 
retina. 3, retinal protective effects of MSCs are 
not identical in different types of transplanta-
tion. Tzameret et al. [57] compared the effects 
between intravitreal injection and subretinal 
injection. They discovered the therapeutic 
effects of these two types of transplantation 
lasted 12 weeks and 20 weeks, respectively. 
The b-wave amplitudes of electroretinogram 
(ERG) were 56.4 μV in the intravitreal injection 
group and 66.2 μV in the subretinal injection 
group (P<0.01). 4, different retinal microenvi-
ronments in host eyes also affect MSC 
functions.

Based on the successful experimental studies 
in vivo, several phase I/II clinical trials of MSCs 
were prudently conductedby some leading oph-
thalmologists. In 2005, Kumar et al. [60] con-
ducted intravitreal injections of autologous 
BM-MSCs for 25 patients with dry AMD and RP. 
One month and 3 months post-injection, the 
best-corrected visual acuity of such patients 

has been mild improved. In 2010, Jonas et al. 
[61] (registration number: NCT01068561) 
reported the primary outcomes of three cases 
received BM-MSCs intravitreal injection (includ-
ing 1 case of dry AMD). The initial visual acu-
ities of patients were poor in terms of light per-
ception (poor light positioning). Twelve months 
after BM-MSC injection, no significant improve-
ment in visual acuity and no serious complica-
tion were observed. The only effect was fluctua-
tions of intraocular pressure (15 mmHg-30 
mmHg) at four weeks after treatment. Siqueira 
et al. [62] intravitreally injected 1×107 BM-MSCs 
per eye for three RP patients and two cone-rod 
dystrophy patients. The results indicated that 
the visual acuities improved more than one row 
in four patients after one week and that these 
improvements were maintained at the end of 
the follow-up. Electrophysiological recordings 
of two patients have been mild improved. 
However, no significant changes in angiogra-
phy, optical coherence tomography and visual 
field were observed. No complication was noted 
throughout the study. Although the current clini-
cal trials have not shown promising results, we 
must consider the following factors: 1. The 
patients enrolled were relatively old, and their 
BM-MSCs have limited proliferative capacity 
and viability. 2. The patients had advanced 
stage of diseases and poor eyesight. Therefore, 
vision recovery in these patients is difficult.

Effects of gene-modified MSCs

With the development of cell engineering, 
MSCs have gradually become a promising 
source of cell vehicle. Guan et al. [63] injected 
gene-modified MSCs into the subretinal spaces 
of sodium iodate damaged eyes. An increased 
level of erythropoietin (EPO) in gene-modified 
group was noticed and these cells conducted 
stronger protective effects on retinal neurons 
than conventional MSCs. Machalinska et al. 
[64] also found that gene-modified MSCs stably 
expressing the NT-4 gene could migrate to the 
retinal damage area and protect the damaged 
cells. More importantly, gene-modified MSCs 
expressing neurotrophin-4 (NT-4) can upregu-
late signals and transcription factors associat-
ed with cell survival, such as crystallin β-γ 
superfamily members. In addition, gene-modi-
fied MSCs expressing NT-4 also increase the 
expression of proteins that are associated with 
visual perception, visual signal reception, eye 
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development and other related functions. Park 
et al. [65] observed the effects of subretinal 
and intravitreal transplantations of gene-modi-
fied BM-MSCs over expressing BNDF. They 
found that approximately 15.7% of the MSCs 
integrated into the retina after 4 weeks. 
Additionally, the protein and mRNA level of 
BDNF was greatly increased in the retina. 

In addition, to regulate the retinal microenviron-
ment, gene-modified MSCs also have distinct 
functions corresponding to that of the intro-
duced genes and, therefore, have promising 
prospects of application. However, gene types 
and gene introduction methods for dry AMD 
remain to be elucidated. Additionally, the safety 
and efficiency of this approach require further 
evaluation.

Prospects

In-depth studies on biological characteristics of 
stem cell derived RPE, differentiation proto-
cols, and transplantation methods are gradu-
ally changing the current stem cell based thera-
py from a dream to reality. However, there con-
tinue to be many difficulties in using stem cell 
based sciences into clinical practice. Firstly, 
the sizes of the current trials are extremely 
small. The safety of stem cell based therapy is 
still to be subjected to multi-center studies. 
Secondly, although the subretinal space is con-
sidered to be immune privilege, studies have 
shown that [66] the transplanted cells in the 
host eye still require long-term immune sup-
pression for survival. Thus, the duration of 
immunosuppression and the recommended 
dose remains to be discussed in detail. Thirdly, 
distinct mechanisms of disease and pathologi-
cal processes could affect the visual recovery 
from RPE transplantation. The optimal cell 
types, differentiation stages, cell numbers and 
transplantation strategies are needed to be 
further explored.
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