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Abstract

Degeneration and loss of retinal pigment epithelium (RPE) is the cause of a number of 

degenerative retinal diseases, including age-related macular degeneration (AMD), retinitis 

pigmentosa, and diabetic retinopathy, leading to blindness that affects three million Americans as 

of now. Transplantation of RPE aims to restore retinal structure and the interaction between the 

RPE and photoreceptors, which is fundamental to sight. Although a significant amount of progress 

has been made in the past 20 years in autologous RPE transplantation, sources for RPE cells are 

limited. Recent advances in stem cell culture and differentiation techniques have allowed the 

generation of RPE cells from pluripotent stem cells. In this review, we discuss strategies for 

generating functional RPE cells from human embryonic stem cells and induced pluripotent stem 

cells, and summarize transplantation studies of these derived RPEs. We conclude with challenges 

in cell-replacement therapies using human embryonic and induced pluripotent stem cell-derived 

RPEs.
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I. RETINAL PIGMENT EPITHELIUM PHYSIOLOGY AND FUNCTION

I.A. Retinal Pigment Epithelium

Retinal pigment epithelium (RPE) cells form the outermost layer of the retina, and are 

composed of a single layer of terminally differentiated cells lining photoreceptor cells that 

perform complex functions such as maintenance of photoreceptor physiology, absorption of 

light, formation of the blood-retinal barrier, and phagocytosis of shed outer segments of 

photoreceptors. To maintain the phototransduction machinery, RPE cells constantly 

phagocytose photoreceptor outer segments at a rate of 25,000 to 30,000 disks/cell/d.1 In 

addition, RPE transports metabolic wastes from the retina into the choriocapillaries. 

Intracellular RPE melanin absorbs extra light not captured by photoreceptors and thus 

prevents retinal damage.2 Light causes isomerization of 11-cis-retinal to trans-retinal in the 
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outer segments of the photoreceptors. RPE is involved in the re-isomerization of all-trans-

retinal to 11-cis-retinal,3 in the maintenance of structural integrity of the retina, and in the 

uptake of vitamin A from the choroidal capillaries and photoreceptors.4 All of these 

functions are dependent on the two-cell system of photoreceptors and RPE cells. This two-

cell system probably developed due to the enzymatic isomerization mechanism and/or the 

high packing density of the visual pigments in the rod and cone outer segments to achieve 

maximum optical density of structures. Overall, RPE cells are implicated in light absorption, 

epithelial transport, maintenance of visual cycle, phagocytosis of photoreceptor outer 

segments, and secretion of growth factors,5-8 as extensively described in the literature.9

I.B. RPE Development

The phenotype of RPE development is characterized by changes in morphology, gene and 

protein expression, and protein localization, including the formation of tight junctions.10 

Neuroepithelial cells destined to form the RPE or neural retinal cells oppose each other with 

a slight lumen between them after invagination of the optic cup. The RPE is generated as a 

result of expression of myocardin-related transcription factor (Mrtf) and inhibition of Chx10 

in the developing vertebrate eye via epithelial-mesenchymal interactions.11 A unique 

interrelationship between the RPE and photoreceptor differentiation is essential for proper 

development of the retina.

Expression of the tyrosinase promoter that marks the onset of melanogenesis promotes the 

maturation of RPE from neuroectodermal cells. The RPE and endothelial basement 

membrane form the Bruch’s membrane, which is comprised of inner collagenous layers, the 

basement membrane of the RPE, an elastin layer, an outer collagenous layer, and the 

basement membrane of choriocapillaris. Ezrin, a cyclic AMP-dependent protein kinase-

anchoring protein, is also shown to be essential for the formation of the microvilli of the 

RPE. Another important feature is the formation of tight junctions between the RPE cells. In 

the second phase of interaction between the RPE and photoreceptors, the photoreceptor cells 

extend outer segments, to which the RPE responds by elongating its apical microvilli into 

the subretinal space. The microvilli then start to surround the growing outer segments of the 

photoreceptors. In addition, a number of research articles have been published on protein 

expression of RPE during development. Amongst these proteins, alpha-5 integrin has been 

shown to be absent in the newborn rat but is detected at postnatal day 7 and increases to a 

steady-state level at postnatal day 11, a process that is correlated with the ability of RPE to 

phagocytose photoreceptors.12 Extracellular matrix metalloproteinase inducer (EMMPRIN) 

undergoes a reversal in polarity from basolateral to only apical expression during the 

postnatal to P14 stage of development.13

I.C. Retinal Degeneration

1. Age-related Macular Degeneration—Age-related macular degeneration (AMD) 

occurs in about 30% of the elderly population of the United States.14,15 Environmental, 

genetic, and nutritional factors contribute to the pathogenesis of AMD. Cigarette smoking, 

exposure to sunlight leading to generation of reactive oxygen species, and low dietary intake 

of antioxidant compounds are the leading factors for disease onset.16 There are two clinical 

subtypes of AMD, the dry form, corresponding to 90% of cases with geographic atrophy, 
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and the wet form, with choroidal neovascularization.17 Between the RPE and the Bruch’s 

membrane, deposits of lipids, glycosaminoglycans, and esterified/non-esterified cholesterol 

molecules are formed during the early stages of AMD.18,19 Iron overload has also been 

shown to be associated with AMD20; however, it is unknown if iron accumulation is a cause 

or effect of AMD. Primarily, mitochondrial damage and oxidative stress have been shown to 

be responsible for AMD.21 The RPE is highly susceptible to oxidative stress, especially in 

relation to phagocytosing outer segments of the photoreceptors and the presence of multiple 

photosensitizers that induce reactive oxygen species on exposure to intense visible light.16 

The imbalance between VEGF and PEDF leads to chronic neovascularization in AMD 

patients, probably due to amyloid protein accumulation.22 Indocyanine green angiography 

can be utilized to visualize the choroidal vasculature and choroidal neovascularization 

related to AMD23 that indicate deposits in Brusch’s membrane. Further supporting evidence 

for mitochondrial dysfunction with the generation of reactive oxygen species in human RPE 

cells has been shown to be implicated in AMD.16 Transplantation of fetal RPEs is limited by 

donor availability for treatment of RPE dysfunction in diseased states such as AMD and 

retinitis pigmentosa.

2. Retinitis Pigmentosa—Retinitis pigmentosa is the most common form of inherited 

retinal degeneration. It begins with night blindness and reduced or delayed 

electroretinograms, and is primarily caused by mutations in at least 180 genes,24 notably 

aryl hydrocarbon receptor-interacting protein-like 1 (AIPL1). Mutations in RPE65 lead to 

autosomal recessive retinitis pigmentosa.25 There are three forms of retinitis pigmentosa: 

non-syndromic, syndromic, and systemic. The disease is characterized by the progression of 

pigment deposits initially in the peripheral retina, tunnel vision, attenuation of blood vessels, 

and retinal atrophy.26 Mutations in the Mertk gene have been shown to induce retinitis 

pigmentosa in rat models using the RCS (Royal College of Surgeons) mutant strain of rats.27 

In addition, there could be a relationship between RPE-based endothelin-1 (ET-1) secretion 

and the pathogenesis of retinitis pigmentosa.28 There is also evidence for alterations in the 

deposition of cell surface proteoglycans from RPE in the retinitis pigmentosa pathological 

condition.29,30 Retinitis pigmentosa is also associated with progressive apoptosis of 

photoreceptors.31 Transcription factors, proteins involved in retinal metabolism, splicing 

factors, and intracellular proteins have also been implicated in the onset of retinitis 

pigmentosa pathogenesis.32 Further, alterations in retinal metabolism are associated with rod 

and cone involvement and deposition in the RPE.33 Electroretinogram measurements show 

reduction in retinal photoreceptor function before symptotic night blindness or decreased 

visual acuity arise.34 Gene therapy, retinal prosthesis, sunlight exposure, and vitamin 

therapy are some of the therapeutic options for retinitis pigmentosa disorders.

3. Diabetic Retinopathy—The early state of diabetic retinopathy is a nonproliferative 

stage with the formation of retinal vascular aneurysms and blot hemorrhages. The middle 

stage involves retinal capillary loss and ischemia, followed by neovascularization, 

fibrovascular proliferation, and retinal detachment in the advanced hyperproliferative 

stage.35 The onset of diabetic retinopathy is most likely associated with neuroglial 

abnormalities that are related to vascular and neuronal pathological effects. Diabetic 

complications are multifactorial, and include hyperglycemic effects on retinal degeneration 
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leading to the generation of reactive oxygen species; overexpression of vascular endothelial 

growth factors leading to leakiness, neovascularization, and collagen I and IV thickening in 

the basement membranes. One of the main deleterious products of diabetic retinopathy is 

advanced glycation end products (AGE) that stimulate the receptor for advanced glycation 

end products (RAGE) signaling cascade with downstream generation of tumor necrosis 

factor (TNF)-alpha, interleukin (IL)-6, and vascular endothelial growth factor (VEGF). 

Excellent research articles highlighting the significance of AGE-RAGE signaling in retinal 

diabetic complications are available in the literature.36-39 From a metabolic perspective, 

there is also information on the polyol pathway, the two-step conversion of glucose to 

sorbitol catalyzed by aldose reductase, followed by conversion to fructose that leads to 

downstream AGE product synthesis via fructose-3-phosphate and 3-deoxyglucosone 

precursors, with vascular complications implicated in pathogenesis of diabetic 

retinopathy.40,41 More recently, there has been supporting evidence for hyperglycemic-

mediated endoplasmic reticulum stress and amino acid deprivation that leads to the synthesis 

of VEGF implicated in the pathogenesis of diabetic retinopathy.42,43 There is also increasing 

evidence for immunological mechanisms implicated in the pathogenesis of diabetic 

retinopathy. Infiltration of macrophages and leukocytes into the choriocapillaries with 

subsequent losses in endothelial cells has been reported in the literature.44 It has been 

demonstrated that inflammatory cytokines and molecules contributing to early stages of 

diabetic retinopathy include iNOS, COX-2, ICAM-1, caspase1, and nuclear factor kappa 

beta (NF-κB), increased production of nitric oxide, and prostaglandin E2.45

I.D. Therapeutic Approaches to Retinal Degenerative Disease

1. Pharmaceutical Intervention—An excellent review discussing pharmacological 

drugs and naturally occurring molecules that have been developed and tested in clinical 

trials for inhibition of retinal neovascularization and thickening of capillary basement 

membranes is available.46 Prominent among these drugs is Lucentis (ranibizumab), a drug 

synthesized by Genentech that prevents leakiness of blood and neovascularization in AMD 

patients by blocking multiple forms of VEGF.47 In vitro studies confirm inhibition of human 

umbilical vein endothelial cells (HUVEC) proliferation. This is the first therapy for AMD in 

vision defect patients. Ranibizumab and bevacizumab48 are both potent anti-angiogenic 

molecules; however, these molecules partially overlap with the receptor-binding site of 

VEGF and act mainly via steric hindrance and therefore do not block VEGF activity 

completely.49 More recently, it has been shown that ranibizumab binds to VEGF-165, 

VEGF-110, and VEGF-121, and inhibits pharmacological activity. Novel anti-VEGF 

antibodies synthesized from synthetic phage display libraries possess the quality to bind to 

both mouse and human VEGF, and therefore have more applicability in animal model 

testing for various retinal diseases. The bevacizumab to ranibizumab cost ratio is 1:39; 

however, the latter is more efficacious in treating AMD. Further considerations in animal 

model testing and improving the efficacy of bevacizumab might improve AMD testing for 

approximately 25,000 cases in the UK annually.50 A variety of therapeutic approaches have 

been identified for the treatment of diabetic retinopathy, including aldose reductase, 

carbonic anhydrase, and protein kinase-C inhibitors. These interventions, however, do not 

have a dramatic effect on retarding the development of retinopathy.51
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2. Gene Therapy—Short-term studies of gene therapy have been found them to be safe 

and favorable for adeno-associated virus (AAV) carrier for human RPE65 DNA delivery to 

dogs for 8 years after treatment. This treatment is for Leber’s congenital amaurosis wherein 

seven genes are preferentially expressed in photoreceptor and RPE cells52; however, major 

issues with this technology include reproducibility of data, persistence of stable function, 

and systemic or ocular complications arising from high-dose vectors. Further, in recessive 

retinal pigmentosa Prph2Rd2/Rd2 knockout mice, injection of AAV carrying the gene has 

shown limited success in both young and older animals, with fewer numbers of outer 

segment induction, although with stabilization of structure due to delayed and inappropriate 

onset of transgene expression.53 It has been shown that the Rhodopsin kinase (RK) promoter 

enhances phosphodiesterase synthesis, a stabilizing molecule for rod and cone 

photoreceptors.54

Overall, although surgical, pharmacological, and genetic interventions have been utilized to 

treat retinal degenerative diseases, there has been limited success in clinical trials for 

inhibiting disease progression. Thus, there is a need to utilize a suitable cell source that has 

the potential to generate fully functional RPEs for transplantation in retinal disease 

conditions.

II. CELL TRANSPLANTATION FOR RETINAL REPAIR

Transplantation of RPE in the subretinal space has proven successful in many animal models 

and human trials of AMD and retinitis pigmentosa in which the degeneration of RPE leads 

to photoreceptor and subsequent vision loss. The goal of transplantation for retinal repair is 

to restore the subretinal anatomy and to re-establish the connection between the RPE and the 

photoreceptors that is critical to sight. Transplantation studies started about 20 years ago 

through transplantation of RPE cells into the dystrophic RCS rat, in which a defect in the 

RPE cells leads to death of the photoreceptors and makes the model suitable for RPE 

transplantation studies. It was shown that transplantation of freshly prepared cells within the 

first month of life rescued the photoreceptors and maintained visual function. Animal studies 

with the transplantation ARPE-19 cells (an immortalized human RPE cell line) 

demonstrated the efficacy of the technique by preventing the secondary damage to 

photoreceptors that resulted in an improvement of visual acuity without transplantation of 

photoreceptors.55,56 Clinical applications so far have focused on using fetal retinal sheets 

(neural retina and the underlying RPE) or autologous RPE/choroid from the peripheral retina 

to the macula as the donor tissue. A recent clinical trial for transplantation of fetal retinal 

sheets in AMD and retinitis pigmentosa patients demonstrated the efficacy of the technique 

and an improvement in visual acuity in 70% of the patients.57 However, because neither 

autologous or fetal tissues are abundantly available, the research focus has shifted toward 

exploring alternative sources of cells for retinal transplantation studies.

II.A. Cell Sources

There are two fundamentally different approaches to retinal transplantation. One is to limit 

the progress of photoreceptor loss by introducing cells before such loss occurs and thus 

maintaining surviving photoreceptors. The second approach is to replace the photoreceptors 

once they are gone. The strategy that is chosen depends on the primary reason for 
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photoreceptor loss. If the RPE cells are lost or degenerating as in the case of AMD and 

retinitis pigmentosa, the defective cells can be replaced with freshly harvested adult RPE 

cells. However, clinical studies have shown very little improvement in vision because the 

patients included in the study had end-stage disease in which secondary damage to the retina 

prevented functional recovery. In addition, adult RPE cells are known to poorly attach to the 

Bruch’s membrane upon transplantation, and this is necessary for their survival.58 

Moreover, there are the risks of immune rejection and transfer of infection with the 

transplantation of allograft RPE cells. To overcome these issues, autologous RPE harvested 

from the peripheral retina of the same eye has been used.59 Other researchers have explored 

the use of iris pigmented epithelial cells from the same eye, which have been found to have 

the capacity to expand in culture and then be transplanted.60,61 Limited human studies have 

shown some indication of functional rescue.62 Immortalized RPE has also been used as an 

alternative cell source in animal models,63 but this has not been attempted in human studies 

yet.

II.B. Embryonic Stem Cells

An attractive cell source for replacing RPE is to use embryonic stem cells. Human 

embryonic stem cells (hESCs) are pluripotent and have the capacity for indefinite self-

renewal when maintained under appropriate cell culture conditions. Given appropriate cues, 

they can form all three germ layers,64-66 so they are an invaluable cell source for therapies 

involving cell transplantation. Embryonic stem cell lines are derived from the inner cell 

mass of blastocyst stage embryos,64,67,68 and are cultured on various types of feeder cells or 

a suitable extracellular matrix under feeder-free conditions.69,70 The pluripotency of hESCs 

is maintained in culture with knockout serum replacement and supplemental basic fibroblast 

growth factor.71,72 The ethical issues related to the derivation and use of embryonic stem 

cells led to the generation of induced pluripotent stem (iPS) cells,73 which are made by 

introducing pluripotency factors into adult somatic cells. Initial studies used four 

transcription factors, Oct4, Sox2, c-Myc, and Klf4, which were introduced into adult mouse 

fibroblasts through retroviral transfection.73 Through unknown mechanisms, these 

transcription factors reprogram somatic cells into the pluripotent stage. Like hESCs, iPS 

cells have compact colony morphology and can be maintained in culture for prolonged 

periods. They express pluripotency markers such as Oct4, Nanog, SSEA-1, and can 

differentiate in vitro and in vivo into the three germ layers. One of the concerns about the 

use of iPS cells in cell therapy has been the use of oncogenes, c-Myc and Klf4, to induce 

pluripotency. However, later studies showed that replacing c-Myc and Klf4 with Nanog and 

Lin-28 was also successful.74 Small molecules such as valproic acid, a histone deacetylase 

inhibitor, have been used instead of c-Myc and Klf4, and have also been successful in 

inducing pluripotency in human fibroblasts.75 Another concern about the use of iPS cells 

involved the use of viral transfection, which integrates a viral genome into the recipient 

genome to deliver the pluripotency genes.73 Recent studies showed that gene delivery could 

be achieved by using the non-integrating adenoviruses76 or episomal vectors.77 Given that 

the directed differentiation of iPS cells into the cell type of interest can be efficiently 

achieved, iPS cells are considered a safe, promising alternative to hESCs to generate patient-

specific cells.
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II.C. Differentiation of hESCs and iPS Cells Into RPEs

The differentiation of ESCs into RPE cells was first shown for primate embryonic stem 

cells.78 Primate ESCs were cultured on PA6 feeders and induced to differentiate into 

neuronal lineage. Unexpectedly, 3 weeks after the induction of differentiation, large patches 

of pigmented cells were found in about 8% of the primate ESC colonies. These cells had 

polygonal epithelial morphology resembling the RPE of the eye. Further characterization of 

these cells revealed that they were positive for tight junction protein ZO-1, RPE65, and 

cellular retinaldehyde-binding protein, all markers of RPE cells.79 Later studies showed that 

pigmented cells also appear in overgrown hESC cultures on mouse embryonic fibroblast 

(MEF) feeders for 2 to 6 weeks, which can easily be manually picked out due to the 

pigment. We also observed pigmented cell colonies in H1 hESC cultures within 3 to 4 

weeks. These colonies were picked up manually and expanded on laminin resembling a 

morphology similar to human fetal RPE cells (Fig. 1). The cells were positive for adult RPE 

marker proteins and were capable of phagocytosis, an important RPE function.80 A 

comprehensive transcriptome analysis of RPE cell lines derived from several hESC lines 

revealed that the gene expression of the ESC-derived RPE cells were more similar to adult 

RPE cells than the immortalized RPE cell lines available.81 Further, the ESC-derived RPE 

cells were transplanted in developing chick embryos and were shown to integrate into chick 

retina, confirming the potential of these cells to generate retinal cells.82 When transplanted 

in dystrophic rat retina, the hESC-derived RPE cells were shown to improve visual 

performance by 100% over untreated controls.83,84 The spontaneous generation of 

functional RPE cells under MEF co-culture conditions suggest that the environment created 

by MEFs contains factors that may predispose cells to RPE differentiation.85

A recent study reported directed differentiation of hESCs into RPE cells under defined 

conditions.86 The rate generation of pigmented colonies was greatly enhanced after 

treatment with nicotinamide for 8 weeks: 72% of the colonies were pigmented compared 

with 13% observed without the nicotinamide treatment at 8 weeks. Dynamic gene 

expression analysis revealed that the RPE differentiation from hESCs followed the gene 

expression pattern observed during development. Further, it was reported that the efficiency 

of RPE differentiation was greatly improved through TGF-β signaling. Recently, 

differentiation of iPS cells into RPE cells similar to hESC differentiation has also been 

reported.87-89 These preliminary but promising results suggest that not only are human ESCs 

a valuable source for generating functional RPE cells for therapeutic purposes, but also can 

generate patient-specific cells using iPS cells for the treatment of retinal degenerative 

diseases.

II.D. Transplantation of hESC/iPS-derived RPEs

Early transplantation studies using non-human primate and hESC-derived RPE cells in 

dystrophic RCS rats indicated the survival of pigmented cells in vivo with an absence of 

tumor formation.79,83 There was also functional outcome in vivo. Haruta et al. showed 

improvement in vision through measurement of the optokinetic head-tracking response.79 

They also reported evidence for phagocytosis of rod outer segments by grafted primate-

derived RPE. The findings by Haruta et al. were confirmed in a later study using hESC-

derived RPE cells in which the visual function was assessed more comprehensively.83,84 
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RPE cells derived under defined conditions were also tested in dystrophic RCS rats.86 Upon 

transplantation into the subretinal space, there was no teratoma or tumor formation after 19 

weeks of observation. Eighty-nine percent of the transplanted cells were also RPE65 

positive, but only 50% of them were pigmented, suggesting the presence of non-RPE-like 

cells within the transplanted population. Photoreceptors near grafted cells were salvaged, 

and it was suggested that the effect might be due to trophic factors released, as well as the 

phagocytosis function provided by the grafted cells. More recently, similar results were 

reported for iPS-derived RPE cells.90 A long-term study to determine the safety and efficacy 

of hES-derived RPE cells in small animal models has also been published. 91 In accordance 

with previous reports, hESC-derived RPE cells did not form teratomas or tumors during the 

lifetime of NIH-III-immunodeficient mice, and after transplantation into the subretinal space 

of RCS rats, the transplanted cells survived for 8 months. The hESC-derived RPE cells 

rescued visual function in a dose-dependent manner in terms of measured visual acuity and 

luminescence threshold response. Rescue of visual function was also observed in Elov14 

mice, a genetic model of Stargardt’s macular dystrophy, which is the most common cause of 

juvenile macular degeneration, suggesting the efficacy of the hESC-derived RPE cells in a 

clinically relevant human disease.

III. CHALLENGES IN CELL TRANSPLANTATION FOR RETINAL REPAIR

III.A. Extracellular Matrix

A major issue in RPE transplantation is the failure of transplanted RPE cells to attach to the 

Bruch’s membrane, which must occur because if it doesn’t, anchorage-dependent apoptosis 

might result. In addition, a damaged Bruch’s membrane is ineffective as a substrate for RPE 

attachment,58 probably due to the accumulation of inhibitory molecules within the 

membrane that interfere with interactions between integrins and extracellular matrix 

ligands.92,93 Therefore, it may be necessary to chemically or mechanically treat the Bruch’s 

membrane or the cells to enhance attachment prior to cell transplantation.94-96 Such 

techniques include debridement of the Bruch’s membrane prior to transplantation97,98 or 

overexpression of integrins in donor RPE cells.99 Another approach is to use tissue-

engineering techniques to allow RPE cell monolayer formation on collagen or amniotic 

membrane in vitro prior to transplantation.100,101

III.B. Inflammation and Immune Responses

The immune status of the subretinal space is atypical in the sense that gross infiltration by 

lymphocytes is rarely seen after allograft transplantation. Therefore the subretinal space has 

been considered to be a partially immunologically privileged site.102,103 Even though 

prolonged survival has been described, foreign tissue in the subretinal space is not 

necessarily protected from immune attack, and the allogeneic grafts can still be lost despite 

immunosuppressive therapy. The mismatch in MHC haplotypes can lead to graft 

rejection.104 However, because ESCs fail to express MHC type II,105 they may have a lower 

potential for activating the immune system, especially if grafted in immune privileged 

sites.106 Moreover, the poor outcome in RPE transplantations in humans with AMD may be 

due to the loss of vascular integrity in advanced stages of the diseases, and these are the 
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patients in whom most transplantation trials have been performed.107,108 Therefore, the 

reformation of the blood-retina barrier is essential to supporting graft survival.

IV. CONCLUSIONS

RPE transplantation is the ultimate therapy for the survival of photoreceptors, the loss of 

which leads to blindness. The lack of functional and readily available cell sources is one 

obstacle to RPE transplantation studies. Recent advances in the RPE differentiation of 

pluripotent stem cells, either embryonic or induced, make them an attractive and promising 

cell source for generating a large number of functional RPE cells for use in cell-based 

therapies.

ABBREVIATIONS

AAV adeno-associated virus

AGE advanced glycation end products

AIPL1 aryl hydrocarbon receptor-interacting protein-like 1

AMD age-related macular degeneration

EMMPRIN extracellular matrix metalloproteinase inducer

ET-1 endothelin-1

hESC human embryonic stem cells

IL interleukin

iPS induced pluripotent stem cells

MEF mouse embryonic fibroblast

MHC major histocompatibility complex

Mrtf myocardin-related transcription factor

NF-κB nuclear factor kappa beta

RAGE receptor for advanced glycation end products

RCS Royal College of Surgeons

RK Rhodopsin kinase

RPE retinal pigment epithelium

TNF tumor necrosis factor

VEGF vascular endothelial growth factor
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FIGURE 1. 
Bright-field micrographs of (A) human fetal RPE and (B) hESC-derived RPE cells. (C) 

Cytokeratin staining of hESC-derived RPE cells.
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